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~ customer-premises communications equipment is timed independently of the
" network communications equipment (e.g., the public switched telephony network)

that interconnects the customer-premises equipment. A particularly significant

example thereof is the code-division multiplexed-access (CDMA) radio-telephone

system, which is an important type of digital cellular mobile-telephone system. In

the CDMA system, nodes that contain radios, i.e., the mobile radio-telephones and

cell-site base stations (cells for short), are synchronized to clock signals received by

the cells from a global-positioning system (GPS) satellite, whereas the radio-

telephone switching systems which interconnect the base stations with each other

and with the public telephone network by means of digital communications are

synchronized to clock signals which may also be received from the GPS satellite but

are distributed by the telephone network. '

For purposes of this discussion, two series of events, signals, or

operations are considered to be synchronized with each other, or synchronous, if (a)

they either occur at the same nominal frequericy or one occurs at a frequency that is

an integral multiple of the frequency of the other, and (b).they occur in a fixed phase

relationship with one another. Operations that are not synchronous are considered to

be asynchronous for purposes of this discussion. _

. The 'ihdc-p;ndent-tiinin'g of the operation of different units of a

communication system destroys the assumption that the units provide call traffic to

each other at a predetermined steady and unvarying frequency at steady and

unvarying points in time i.e. a fixed phase. Rather, independent timing results in the

units providing call traffic to each other at a rate and at points in time that fluctuate

about a fixed frequéncy and phase. This asynchrony must be compensated for

somehow, " o

v

14

* Independent timing is but one cause of this asynchrony. Another cause
that may be present in communication systems, such as the CDMA radio-telephone
system mentioned above, is the lack of a predetermined and fixed transmission delay
between the communicating units. Assuming that both the originating and the
destination units are timed either by a common clock or by different clocks that are
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and with the public tel ephone network by neans of digital conmunications
are synchroni zed to clock signals which may al so be received fromthe GPS
satellite but are distributed by the tel ephone network. For purposes of
this discussion, two series of events, signals, or operations are

consi dered to be synchroni zed with e&h ot her, or synchronous, if (a) they
ei t her occur at ‘the same nom nals frequency or one occurs at a frequency

that is g&&‘hrnﬂ‘ékéﬂ ﬁ&hﬁ- gﬁh%gﬁlsﬁﬁﬁdi?ﬁﬁé(y Bém&&‘?th@é%ﬁé is fied (b) they

occur in ase re S her erations that are
not sync mndmdetamnablnsuwl@opm@cwt for dm Etherrommynication Sps&Bs of this

Commun o Sesighel BBAROURG nilsToofertle SyiehiORsEy waflodin il miest i (o of 2
traffic t‘ii 3&&)&8{% de%t"%?leﬁfgg‘gr’?nv?'f%&%?%@ff”%ﬁ a}‘?\/‘ﬁ 9‘?‘??8 %tP®quency at
st eady arsimerasdf thengitpwieretindépendenty timed. Thefflucaditiphrsthe delay ey, beiandependent
timng reg 1I5f k& &Qx%ptéh&%c%xpﬁa‘?‘éh 91 e trah{fsbiofi phifis AR lreGblihedt 2 rate

and at p0| Pn.t uctua out a fixe requencgl and phase.
Thi s asyrhﬁmmum%qonmqymadpnwmwwmcamg units, or variances in the

communication traffic load that flows between --and that must be handled by-- the
communicating units. This asynchrony must likewise be compensated for.

A partial though inadequate solution to the problems caused by
independent timing is to conduct communications between the communicating units
in analog instead of digital form. Analog communications can be received
asynchronously with their transmission. And while the asynchrony may introduce
errors or “glijches" into the communications, the problem is often tolerable for

_)-

voice-only communications. Thus, in the CDMA radio-telephone system, the radio-
telephone switching systems may also be synchronized to the GPS satellite clock
signals and hence operate synchronously with the radio-telephones and base stations,
if the switching systems are interfaced to the telephone network via analog voice-
only communications. Of course, such an arrangement suffers all of the
disadvantages that are associated with analog communications, such as low quality
and capacity and susceptibility to interference, plus the problem of asynchrony-
induced glitches that make the arrangement unsuitable for data communications. .

Likewise, a partial though inadequate solution to the problems caused
by fluctuating transmission delays is to circuit-switch communication traffic,
whereby the dependency of transmission delay on communication traffic load is
avoided. However, circuit-switching is inefficient or undesirable for other reasons in
many applications. Furthermore, circuit switching does not eliminate fluctuation of
transmission delay that is caused by changes in the transmission path, such as wxll
typically arise during CDMA call “soft handoff™.
Summary of theInvention.. .. ... ... . . ...

This invention is directed to solving these and other disadvantages of the

" prior art. Broadly according to the invention, in a telecommunications system that

interconnects communicating units via a transmission medium that experiences
fluctuating transmission delay (such as a packet-switched communications medium,
for example) there is provided an interface between the communicating units which
is nominally synchronized with ones of the units but which operates within a
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sonmehow. | ndependent timng is but one cause of this asynchrony. Another
cause that may be present in communication systens, such as the CDVA

radi o-tel ephone system nenti oned above, is the |ack of a predetermn ned and
fixed transm ssion del ay between the communicating units. Assum ng t hat
both the originating and the destinat3on*units are tinmed either by a common
clock or by different clocks that are -2- synchroni zed with each other,

e AR AR B P Ao g ] Bl Gl o0l
al | ow t heofuhe usits: andmeeasianally pdjubts its otheryisgifixed phase relarenshippyith the t he del ay
cannot b%ﬁfﬁ%ﬂt&&m SR oP e unfts ¥4 dhidve And Michi At iiGits e ition Wi @e ef fect is
D SaMe S sdfined window. The Sperations oF the vanoud uits thereby cifectivély begome " ' " e
del ay nayPrEde pe *0¥ ¥

synchronized with the operations of the interface arrangement, and thus are able to

proceed substantially as if they were synchronized with each other and

interconnected by a transmission medium having a fixed transmission delay.

More specifically, in a communications system that comprises a first

unit for either receiving incoming communication traffic or transmitting outgoing

communication traffic at times dictated by first clock signals having a nominal

frequency and a first phase, a second unit for either transmitting incoming

‘communication traffic to the first unit or transmitting outgoing communication traffic

received from the first unit at times dictated by clock signals having the nominal

frequency, a third unit for interfacing communications between the first and the

second units, and a communications medium that connects the second unit with the

third unit to convey communication traffic therebetween and that has a fluctuating -

transmission delay, the interfacing operations are conducted as follows. The third

unit either transmits to the first unit incoming communication traffic received from

the second unit or transmits to the second unit outgoing communication traffic

received from the first unit at times dictated by clock signals having the nominal

frequency and having a second phase that is offset by an adjustably fixed amount

from the first phase. A determination is made of either whether the second unit

receives outgoing communication traffic from the third unit within predetermined

windows of time prior to the times of transmission by the second unit of the received

outgoing communication traffic, or whether the third unit receives incoming

communication traffic from the second unit within predetermined windows of time

prior to the times of transmission by the third unit of the received incoming _

communication traffic. Then, in response to a determination that receptions of either

communication traffic type fall outside of the respective predetermined windows, the

amount of the offsét 6f the second phase from the first phase is either increased or

decreased, as necessary, in order to move the subject receptions into the réspective

windows.

Specifically according to an illustrative embodiment of the invention, in

a CDMA radio-telephone system having radio-telephone switching systems and base

stations (cells) interconnected by a packet transmission medium, each radio-

telephone switching system includes a digital communications interface arrangement
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result of, for exanple, occasional changes in the transm ssion paths that
are follomed by communi cati ons novi ng between conmuni cating units, _or
variances in the communication traffic |load that flows between --and that
must be handl ed by-- the conmunicating units. This asynchrony nust |ikew se
be conmpensated for. A partial though-édnadequate solution to the problens
caused by independent timng is €0 conduct communications between the

communi ¢tk iikSidis o8 8 @8pAR HAFLrR are'bAk izt 81 SBBAG of And

conmuni cati_.ons can e I’ECEI ve asynchnronou ransm SSI on.
whi | e t he 'ASRRoBR PERNPrepd WHOSO SRRECtiaNs 4 dhechase srtionsi{gells) preneminally

communi catlsognchirdrtized tohheoperatioafdfane kﬁpﬂbﬁ@éﬁtchﬁbut%lélﬁowtds for

di o-
C ol ephono At Pt el Puhlds sre8inkd Wity bERAST IR o C ol

P WéﬂeGPS satellite
cl ock si gﬁm@u@mdf mbascstauparﬂam hapdling ﬂnmaldla;xdnccablonbl@ adjukitgits plasphones and

base st al rafonship WilPuE WpbaBbR e ﬁx\é?&l@?%g@rsgstéxﬁtt%ﬁfﬁgéﬂa&%? he tel ephone

network via ana conpun such an

arr angemaFF(““%’EI‘IS‘F’@H%l chéy ﬁ“%tf‘a?‘ﬁ’é cxpeticngethby thednedinm sa%t%@ém¢ k@ with
anal og comaintaindtsiopemtion withirtiche lpestlefined window. Since the interface

arrangement utilizes packet-switched communications between the base stations and
the switching system, the phase relationship fluctuations and the timing adjustments
are absorbed and hidden by variations in inter-packet intervals, Further according to
the illustrative embodiment, however, the interface arrangement utilizes circuit-
switched communications between the switching system and the telephone network,
wherein the timing adjustments are absorbed by slips --bit insertions or deletions-- in
the communications bit stream.

The perceived asynchrony between the operations of the switching
systems and telephone network and the base stations (cells) which results from
transmission delay fluctuations, that are caused by variations in the communications
traffic load carried by the medium or by changes in the transmission paths taken by
the communication traffic during soft handoff, are compensated for and
accommodated by the interface arrangement, as required for proper digital
communications system operation. .

While the discussion of an illustrative embodiment that follows makes a
distinction between level-3 "packets" and level-2 "frames”, for purposes of clarity,
the use of the term "packet” herein and in the claims is intended to encompass either
or both "packets"” and "frames”. |

These and other advantages and features of the i invention will become

- apparent from the following description of an illustrative embodiment of the
invention considered together with the drawing,
Brief Description of the Drawing .. = .. ...... ... . ...-
FIG. 1 is a block diagrdm of a conventional cellular radio-tclephone

( LI)

system;
FIG. 2 is a block diagram of a ¢ellular radio-telephone system that
incorporates an illustrative embodiment of the invention;

-
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and capacity and susceptibility to interference, plus the probl em of
asynchrony- induced glitches that nmake the arrangenent unsuitable for data
comuni cations. Likew se, a partial though inadequate solution to the
probl ens caused by fluctuating transm ssion delays is to circuit-switch
communi cation traffic, whereby the dependency-of transmi ssion delay on
comuni cation traffic load is aveided. However, circuit-switching is

i nefficient or %’aﬂ% | |ications.
Furthernore, ci rcgs? qtﬁﬂ&p&la oe fna(r)cf.éﬁe Qﬁcgﬁ@e éi ugfg’atlon of

transm ssion del ayt ‘F‘h‘b’csﬁ@ Wﬁg@?@ﬂ%#@dﬂkﬁm systesmobat h, such
as wll tFig.eally arise during CDIVA call "soft handoff". Summary of the

I nvention This in t onlsdrecte t o sol vi.ng thesge d ot her
di sadvant ages of ﬁ@.%}saot?lo% cﬁs}’eﬁg’&?pﬂ\%@ﬁ‘é"?ﬁ esYRCfon, .in a
tel ecoomliG i ons systemthat i nterconnects eomuni cating units via a . )
transm ssi on nedi t pat ?Hﬁﬁ;f !EH% d ay (suc
as a packet -sw tcm'&g%ﬁ%@ﬁ%&al? ons U %Pééggné{'g@?f%hﬁﬂ&lere ‘l%s provi ded
an inter fB&e Bet ween the communi cating units which

FIG. 7 is a block diagram of a LAPD frame of the system of FIG. 2;

FIG. 8 is a block diagram of a modified LAPD frame of the system of

FIG. 2;

FIG. 9 is a block diagram of a level-3 protocol used for carrying voice
and/or signalling information in the frames of FIGS. 7 and 8;

FIG. 10 is a block diagram of a level-3 protocol used for carrying
signalling information in the frames of FIGS. 7 and §;

FIGS. 11-14 are a flow diagram of received-packet processing functions
of the processor of the unit of FIG. 6;

FIG. 15 is a flow diagram of transmit-packet processing functions of the
processor of the unit of FIG. 6;

FIG. 16 is a flow diagram of clock adjustment functions of a cluster
controller of the cell of FIG. 3; |

FIG. 17 is a flow diagram of clock adjustment functions of the processor
of the unit of FIG. 6 performed at step 970 of FIG. 11;

FIG. 18 is a flow diagram of clock adjustment functions of the processor
of the unit of FIG. 6 performed at step 912 of FIG. 11; .

FIG. 19is a timing diagram of packet-transmission clock-adjustments
performed at call setup for a service circuit of the unit of FIG. 6; '

. FIG. 20 is a timing diagram of packet-reception clock-adjustments

performed at call setup for a service circuit of the unit of FIG. 6;

FIG. 21 is a timing diagram of packet-transmission clock-adjustments
performed during an established call for a service circuit of the unit of FIG.6; - - -

FIG. 22 is a timing diagram of packet-reception clock-adjustments
performed during an established cali for a service circuit of the unit of FIG, 6;

FIG.23isa s1gnalhng diagram of setup of a mobile-originated call in
the system of FIG. 2;
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I's nomnally synchronized with ones of the units but which operates within
a -3- predefined window, i.e., a range, of phase relationships to the
operation of the others of the units and occasionally adjusts its

ot herwi se-fi xed phase relationship with the operation of the ones of the
units to achieve and maintain its opefation within the predefined w ndow.
The operations of the various units thereby effectively becone synchronized

with the Operatl0@@@4&%@&%&asgraawf%ea@rmtmtm6&@% &uaR! e to

proceed s stantlafl I{\g Z’i they were synchroni zed wth each ot her and
I nt erconn rénsm ssion medi um having a fixed transm ssion del ay.

More specifi cal |y, FIGh28iscosignatlingdiagram cfiesmebild-taginaeddiscomecaord of st uni t
out goi ng RS SRE  FGr P ot i mme. i ct at od by {11t ol ock Sl gnal s
havi ng a nomi nal FIG. 26 is a signalling diagram of a network-originated disconnection of
a call in the system of FIG. 2;

FIG. 27 is a signalling diagram of the beginning of a soft-handoff of a
call in the system of FIG. 2;

FIG. 28 is a signalling dzagram of the end of a soft-handoff wherein a
master cell drops off;;

FIG. 29 is a signalling diagram of theend of a soft-handoff wherein a
slave cell drops off; '

FIG. 30 is a signalling diagram of a mobile-originated disconnection of
a call during soft-handoff in the system of FIG. 2; -

FIG.31lisa signalling diagram of a network-originated disconnection of
a call during soft-handoff in the system of FIG. 2;

FIG. 32 is a signalling diagram of a semi-soft-handoff of a call in the
system of FIG. 2;

' FIG. 33 is a signalling diagram of 2 CDMA-to-CDMA hard-handoff of a
call in the system of FIG. 2;

FIG. 34 is a signalling diagram of a CDMA-to-analog hard-handoff of a
call between cells served by the same digital cellular switch in the system of FIG. 2;
and ] :

FIG. 35 is a signalling diagram of a CDMA-to-analog hard-handoff of a
call between cells served by different digital cellular switches in thé system of
FIG.2.

Detailed Description .

Before commencing a discussion of an illustrative implementation of
the invention, it may be helpful to consider an existing cellular mobile radio- -
telephone system to serve as a basis for comparison. Such a-system-is shown in
FIG. 1. A description of such a system may be found in K. W. Strom, "On the Road
with AUTOPLEX System 1000, AT&T Technology, Vol. 3, No. 3, 1988, pp. 42-51,
and W. J. Hardy and R. A. Lemp, "New AUTOPLEX Cell Site Paves The Way For
Digital Cellular Communications”, AT&T Technology, Vol. 5, No. 4, 1990, pp. 20-
25.
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frequency and a first phase, a second unit for either transmtting incom ng
comuni cation traffic to.the first unit or transmtting outgoi ng

comuni cation traffic received fromthe first unit at times dictated by

cl ock signals having the nom nal frequency, a‘third unit for interfacing
communi cati ons between the first and-7The™second units, and a conmuni cations
medi um t hat connects the second wnit with the third unit to convey

comuni cation trafpG gtgﬁrogmmpﬁl@hﬁ@géglgﬂ r?%? M’#‘ﬁ*’%‘h@rﬁ ansm ssi on

delay, the interfacing operatlons are e third unit
i thor {1 AR Bades §nowa a5 pel sitegnprcellnd HoR6AGh 0Re of BHICh DEVRAE T ecei ved

fro][nf t he ﬁam&dumds@mésrtarvﬁfexm u"si? téﬂtinﬁ?meqmmd tn?olgwxﬁ&bflg comuni fatlon
t firs un a S | CtL at.e Cl OC Sl gnal S
i ng- nERaR 0> Pl oy o Bl pole- CEBRE SRR Lokt RESET 207 by
adj ust abl sadic-teleghomasii3 sémmbyldeffdremmllph%.andbewaeambnhmdm- is made of
ei t her m&ié&ﬁ?més'l@%%ﬁ&%hg%dﬁﬁe‘rt%égfogb ﬁﬂﬁ@@'é&ﬂs‘i@ﬁ*ﬁ?&%ﬁﬁ? e‘&'}ﬁ”aff'c from

the third pri or e times of

t ransni ss$ash ?h@t%mﬁtk 19 WQ?B“M“\%‘&@P%‘GPW@W‘F? ing apdesni cat i on
traffic, ﬁ:lfcrlfdd&b herein Redighalrcdilntar §witchies (DESs) 1010HaBH switch 101 is

illustratively the AT&T Autoplex® cellular telecommunications system digital
cellular switch. Each digital cellular switch 101 is connected to a plurality of
different cells 102 by COmmunication trunks 107, and is connected to network 100
by communication trunks 106. Each trunk 106 and 107 is illustratively a DSQ

(64 Kbps time-division multiplexed) channel, a plurality of which are implemented
by a DS1 facility which may be transported via land line (T1 line), optical
transmission, microwave, etc., facilities. Control over the system of FIG. 1 and
coordination of the activities of the various cells 102 and DCSs 101 is exercised by
an Executive Cellular Processor (ECP) 105, which is connected to each cell 102 and
cellular switch 101 through an Interprocess-Message Switch (IMS) 104 by control
links 108. ECP 105 and IMS 104 together make up an ECP complex 134. ECP
complex 134 and DCS 101 make up a mobile switching center (MSC) 199. ECP 105
and IMS 104 are illustratively the AT&T Autoplex ECP and the AT&T

Autoplex IMS (which includes a plurality of cell site node processors, digital switch
node processors, and database node processors, interconnected by an IMS ring), and
links 108 are illustratively RS-449 data links within MSC 199, Alternatively,
control links 108 may bé implemented as 64 Kbps DSQ channels on DS1 facilities
between cells 102 and mobile switching center 199.

Each mobile radxo—tclephone 103 typ1cally comprises an analog FM
rad:o-tclcphonc capablc of operating at any one of a plurality of radio frequency
pairs. Each cell 102 comprises a plurality of analog FM radios 143 each operating at
one of the radio frequency pairs of-the mobile radio-telephones 103, Radios 143 of _
adjacent cells 102 operate at different frequency pairs, to avoid interfering with each
other. However, each mobile radio-telephone 103 is typically capable of operating at
any of the frequency pairs of all of the cells 102.

In an alternative embodiment, digital radios and radio-telephones
operating in time-division multiple-access (TDMA) mode are substituted for the
analog FM radios and radio-telephones. Vocoding functions can be a part of the
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comuni cation traffic fromthe second unit within predeterm ned wi ndows of
time prior-to the times of transmssion by the third unit of the received
jncom ng comunication traffic. Then, in response to a determ nation that
receptions of either comunication trafflc type fall outside of the

respecti ve predeterm ned w ndows,

t he &mount of the offset of the second

phase fromthe first phase is either i ncreased or decreased, as necessary,

i n order

Speci fi cal y accor

i fEs &Qj‘, isehbcdthernts |&r1§caltég£s&,8&ersq§@ect ive w ndows.

ngtoanll ustrativ

t of the invention,

in a

CDMA r adi o- t el epholdulsyia g eetlwiar syiste adnepileapdiptielpphonsisireqeives seaps Berrs and
base st at Isemf préddtdrining afgirfg(miaﬂﬁélﬁdAhi!rl%clﬂﬁgK% thé swmgestpagingmedi um  each

radi o- t eI ?ég?s Wgwﬁacle ra@qr@fepthonc 10% ggts ‘lensstt%cndoln Iﬁ:[o%ll m%%?g@m” 'and tions

interface®

receives incoming calls. A mobile radio-telephone 103 also transmits on a channel
to originate a call. When a call is established (incoming or outgoing) the receiver is
assigned to a particular voice channel and instructed to tune to that transmit and
receive frequency pair, At the same time, a connection is established between the
cell 102 and the telephone network 100 through a digital cellular switch 101, which
completes the voice path for the telephone conversation.

Once this voice connection is established, the radio signal levels are
monitored by the cell’s radio 143. As the mobile radio-telephone 103 moves from
one cell into another, the serving cell 102 detects the reduction in signal strength and
requests that measurements be made by surrounding cells 102, If these
measurements indicate that another cell 102 can provide better service, then the
voice connection is switched to that cell 102 through a process known as "hard
handoff". The process of hard handoff is under control of ECP 105 and requires that
a DCS 101 first form a 3-way connection which extends the voice circuit from the
serving trunk 106 to radio channels in both the serving cell 102 and the target
cell 102. When this connection has been confirmed, the radio-telephone 103 is
instructed to retune to the frequency of the assigned radio 143 in the target cell 102,
Upon confirmation of the radio-telephone’s communication with the target cell 102,
the DCS 101 is then instructed to remove the voice connection to the original serving
cell 102, leaving the connection between the new serving (target) cell 102 and the

- serving trunk 106. The telephone conversation continues largely uninterrupted

through this handoff process. Meanwhile, the original voice channel is made
available for use by another subscriber.

Hard handoffs performed in this way use processor capacity in both the”
ECP complex 134 and the digital cellular switch 101. For the duration of the 3-way
connection, the hard handoff also usés additional switch fabric (TDM bus 130)
capacity. If the target cell 102 containing the selected radio 143 is connected to a
switching module 120 other than the one containing the serving trunk 106, then the
connection must be extended through a time-thultiplexed switch (TMS) 121, using
additional switching fabric in that switch element. As the number of cells 102 in a
system grows larger, the number of handoffs increases and uses an increasing
proportion of the system processor and switch fabric resources, thus reducing the
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whose connections to the tel ephone network are synchronized to the
operation of the tel ephone network, and whose connections to the base
stations (cells) are nomnally also synchronized to the operation of the

t el ephone system but which operates for each individual call within a
predefined wi ndow of phase relationst@ps to t-he operation of a base station
that is handl ing the call and oecasionally adjusts its phase relationship
W th the E!o%}am:pﬁ teI ephone systemto conpensate for transm ssion
del ay qu P OnG texpari tneed by the nmedium so as_ to achieve and to

mai ntain i ts oper&ﬁﬂb@ﬁlb\m}ﬂisﬁoﬂﬁ@f@rﬁaéﬂd abighwiperddime-diviien t he i nterface

arr angerremhmﬁle;deanaw%kqneswB@mmmﬁshaﬁdl e 2048/¥812 TOM base
stations e I?ig tem, the Ehase el a pry}#suct uati ons and
The t 1 m nERSRRAIA TR e EE R icriaRs YA AR
i nter- pacimysmaﬂy eomphscs ohe ot mere TOM bukies gachchaving 256It1mﬁ-sims |p¢efrembodi nment ,
h I

e e e T R

conmuni cat | ons elep one net wor k,
wher ei n t Hierete padhlg m&aﬁlmrmtasaém buschayipe mpigple.of 256 68Mcr t i ons or

del et i onsslotsiper friieC BACA e 3ot BikSa ftd of 64 KEBEE. Within a cell 102, radios 143
are connected to TDM bus 140. Radios 143 accept communications for radio
transmission from, and supply received radio communications to, TDM bus 140 in

. DS0 channel format at a rate of 64 Kbps. The input to, and output from, each radio -
is full-rate pulse-code-modulation (PCM)-coded speech. Also connected to TDM
bus 140 are one or more interfaces 142, each one of which couples TDM bus 140 to
trunks 107. Ilustratively, trunks 107 are carried by T1 facilities employing the DS1
communication format and operating at a rate of 1.544 Mbps, and so interfaces 142
are DS1 interfaces. The DS1 and the aforementioned DSO format are described by
T. H. Murray in “The Evolution of DDS Networks: Part 1", Telecommunications,
February 1989, pp. 39-47. An interface 142 accepts from TDM bus 140
communications that have been supplied by a plurality of radios 143, multiplexes
them into the DS1 format, and transmits them onto trunks 107. In the reverse
direction, interface 142 receives from trunks 107 communications formatted in the

DS1 format, demultiplexes them, and supplies them to TDM bus 140 for conveyance
~ toradios 143. TDM bus 140 operates under control of a controller 141, which

allocates time slots on bus 140 to individual ones of the radios 143 and

interfaces 142. Tllustratively, controller 141 makes these allocations on the basis of

control information supplied thereto by ECP complex 134 over a contro} link 108;

alternatively, controller 141 may have a database that allows it to make the

allocations autonomously.

Each digital cellular switch 101 comprises one or more digital switching
modules (DSMs) 120. A module 120 structurally resembles a cell 102 in that it -
comprises a TDM bus 130 which is similar to TDM bus 140, a controller 131 which
provides the same TDM bus control functions as controller 141, and a plurality of
interfaces 132 connected to bus 130 which provide the same functionality as
interfaces 142, On the basis of control communications originating from ECP
complex 134, controller 131 canses communications to be switched by TDM
bus 130 between interfaces 132, Each trunk 107 extending from a cell 102 is
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The perceived asynchrony between the operations of the switching systens
and tel ephone network and the base stations (cells) which results from
transm ssion delay fluctuations, that are caused by variations in the
comuni cations traffic load carried by the mediumor by changes in the
transm ssion paths taken by the commup@geation-traffic during soft handoff,
are conpensated for and accompdated by the interface arrangenent, as
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TMS 121, Interface 133 is illustratively the Module Control Complex (MCC) of an
AT&T Definity communications system Universal Module. TMS 121 provides
direct switched interconnection between modules 120 of one mobile radio-telephone
switch 101. Interconnection between modules 120 of different mobile radio-
telephone switches 101 is provided by public telephone network 10Q or by trunks
that interconnect switches 101 directly. .

Overall control of a digital cellular switch 101 and coordination of
activities between its modules 120 and 121 is exercised by a DCS controller 161.
DCS controller 161 is in direct communication with ECP complex 134 over a control
link 108. Controller 161 has its own control connection to TMS 121 through
link 150, and to controllers 131 of switching modules 120 through link 150 and TMS
interfaces 133. Controller 161 is illustratively the 501 CC processor of an AT&T
Definity communications system.

Turning now to FIG. 2, it shows an illustrative example of a cellular
mobile radio-telephone system constructed according to the invention. Same
numerical designations as were used in FIG. 1 are used in FIG. 2 to designate .
elements that are common to both systems. .

“FIG. 2 shows a system topology that resembles the one of FIG. 1 in
many respects, though it is not identical. The system of FIG. 2 includes a plurality
of geographically-dispersed cells 202, each one of which provides radio-telephony
services to mobile radio-telephones 203 in its vicinity. As used herein, cell 202
refers either to a geographically separate cell site or to one of a plurality of "faces"
on a given cell site, where a “face" is a cell sector as is typically implemented by
using directional transmit antennas at a cell site. The operation of all mobile radio-
telephones 203 and cells 202 is synchronized to a common master clock, such as to
timing signals generated and broadcast by a global positioning system satellite.
Interconnection between cells 202, and between cells 202 and public telephone
network 100, is accomplished by digital cellular switches 201, in two stages. First,
individual cells 202 are connected to one or more cell interconnect modules
(CIMs) 209 of a DCS 201 by trunks 207. Cell interconnect modules 209 of
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FIG 1 is a block diagramof a conventional cell ul ar radi o-t el ephone
system FIG 2 is a block diagramof a cellul ar radio-tel ephone systemthat

incorporates an illustrative enbodinent of the invention;  -5- FIG 3 is
a block diagramof a cell of the systemof FIG 2; FIG 4 is a block
di agram of a cell interconnect nodul eibf 'the systemof FIG 2; FIG 5is a

bl ock di agram of a speech codi ngsnodule of the systemof FIG 2; FIG 6 is

a bl ock diggiamPcss SPCGE Radl BGHHToRTectdd b 2ih %&@cl@&ﬁﬁf mdfu! G O
(SCM) 220 of that DCS 201 by fiber-optic packet-switched trunks 210, Digital
cellular switches 201 are each connected to public network 100 by a plurality of
trunks 106, analogously to FIG. 1, and directly to each other by trunks 206 that
functionally duplicate trunks 106. The operation of switches 201 is synchronized to
master timing signals (not shown) of public telephone network 100. Further
analogously to FIG. 1, cells 202 and digital cellular switches 201 operate under
control of ECP complex 134, to which they are connected by control links 108.
Likewise, the various modules 209 and 220 of a DCS 201 are connected by control
links 208 to a common DCS controller 261 and operate under its control. Physically,
DCS controller 261 is _illusu'aﬁvely again the 501 CC processor.

In the system of FIG. 2, some, but not necessarily all, mobile radio-
telephones 203 are digital radio-telephones. While illustratively shown as mounted
in a vehicle, a mobile radio-telephone 203 may be ariy portable radio-telephone, and
may even be a stationary radio-telephone. The digital radio-telephones use voice-
compression techniques to reduce the required digital transmission rate over the
radio channel. Each digital radio-telephone includes voice-compression circuitry in
its transmitter and voice-decompression circuitry in its receiver. Each radio-
telephone is capable of operating at any one of a plurality of wideband radio
frequency pairs.,

For handling non-packetized traffic analogous to that handled by the
system of FIG. 1, side-by-side with packetized traffic, a DCS 201 of the system of
FIG. 2 includes the elements shown in dashed lines: a TMS 121 connected by
trunks 109 to modules 209 and 220, and trunks 106 connecting CIMs 209 d:rectly to
public telephone network 100. Their use is enlightened further below, =~~~

' Digital radio-telephones 203 may operate in one or more of time-
division multiple-acéess (TDMA) mode or code-division multiple-access (CDMA)
mode or some other digital or analog radio mode. TDMA is a technique, known in
the art, that provides multiple users access to a radio channel (frequency) by dividing
that channel into multiple time slots. A single user can be assigned to one or more of -

. these time slots. A TDMA radio 203 is illustratively the TIA 1S54 digital cellular
radio. TDMA employs different frequencies in adjacent cells and therefore requires
the "hard handoff” procedure described previously. :

In the present illustrative example, digital radio-telephones 203 are
assumed to operate in CDMA mode, or as a fallback in the FDMA (analog) mode.
CDMA is a direct-sequence spread-spectrum technique which allows reuse of the
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FIG 7 is a block diagramof a LAPD franme of the systemof FIG 2; FIG 8
is a block diagramof a nodified LAPD frame of the systemof FIG 2; FIG 9
is a block diagramof a level-3 protocol used for carrying voice and/ or
signalling information in the frames of FIGS. 7 and 8, FIG 10 is a block
di agram of a |l evel -3 protocol used foracarryi-ng signalling information in
the frames of FIGS. 7 and 8; FIGb. 11-14 are a flow di agram of
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proccdure, described previously. Howcvcr, a CDMA mobile radio-telephone 203 in
the system of FIG. 2 may alternatively and preferentially undergo a "soft handoff"
procedure, during which it communicates with both of the cells 202 on the same
frequency pair at the same time. The CDMA technique and its associated procedures
and equipment are also known in the art. The basic principle of direct-sequence
code-division multiple-access is the use of a plurality of individual and distinct
high-speed digital signals_which are absolutely or statistically orthogonal to each
other, each to modulate one of a plurality of low-speed (i.e., baseband) user signals
and to combine the plurality of modulated signals into common digital signals which
then are used to control radio frequency modulation functions. Recovery and
separation of the original baseband signals is accomplished using the corresponding
digital modulation signals to demodulate within a time-synchronous manner. Fora
description of CDMA seg, e.g., U. S. Patent No. 4,901,307, and published
international patent applications WO 91/07020, WO 91/07036, and WO 91/07037.

A cell 202 is shown in FIG. 3. Similarly to a cell 102 of FIG. 1, cell 202
includes TDM bus 140 operating under control of controller 241, and DS1
interfaces 242 couple TDM bus 140 to trunks 207. Controller 241 is illustratively
the control complex of an AT&T Autoplex Series II cell site. It functionally
duplicates controller 141 of a cell 102, but now performs additional functions,
described below, on account of the fact that cell 202 comprises a plurality of digital
radios 243. Every digital radio’s signal input and output are interfaced to TDM
bus 140 by corresponding one or more channel elements 245 and a cluster
controller 244. A channel element 245 is an interface to digital radios 243 serving
an individual user. Channel elements 245 provide signal processing functions --

- baseband and spread-spectrum (CDMA) signal processing functions in this
example -- for individual calls bemg transmitted and received by their associated
radios 243,

Each cluster control_ler 244 includes a C-bus 390. C-bus 390 is
illustratively a conventional computer input and output (I/O) bus, and channel
elements 245 are connected to C-bus 390 as computer I/O devices. C-bus 390 and
channel elements 245 operate under control of a controller 393. Controller 393 is
illustratively a general-purpose microprocessor, and it is served by a bus 391 which
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FIG 18 is a flow diagramof clock adjustment functions of the processor of
the unit of FIG 6 perforned at step 912 of. FIG 11; FIG 19 is a timng
di agram of packet-transni ssion cl ock-adj ustments performed at call setup
for a service circuit of the unit of FIG 6; FIG 20 is a tinng diagram of
packet -reception clock-adjustnents pdBforned at call setup for a service
circuit of the unit of FIG. 6; MG 21 is a timng diagram of
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for each channel element 245 every 20 msecs.), performs operation, administration,
and maintenance (OA & M) functions on cluster controller 244, handles cell-site
signalling and other specialized functions, and performs level-2 and level-3 protocol
formatting and deformatting functions on data (call traffic and signalling) passing
| between channel elements 245 and TDM bus 140, A memory 394 is connected to
bus 391 and serves as a scratch-pad traffic-buffer memory and an instruction
memory for controller 393. Also connected to bus 391 is an HDLC controller 395.
It performs HDLC formatting and deformatting functions on traffic flowing between
channel elements 245 and TDM bus 140, including traffic conversion between byte-
oriented form used in cluster controller 244 and bit-oriented form used on TDM
bus 140, including bit stuffing and LAPD flag insertion functions. HDLC
controller 395 receives and transmits HDLC serial bit streams from/to TDM bus 140
through a TDM bus interface 396, of conventional design, which connects controller
395 to bus 140.

Compressed call traffic and signalling are transported between channel
elements 245 and cluster controller 244 in the form of segments of byte-oriented
information. Each channel element 245 transmits and receives a segment of byte-
oriented information at regular intervals, illustratively every 20 msecs. Cluster
controller 244 formats each segment of byte-oriented information in LAPD protocol
format which includes a level-3 protocol, for transmission to DCSs 201. While any
suitable level-3 protocol may be sed; illustrative levél-3 protocols 350 and 351 are
shown in FIGS. 9 and 10.

FIG. 9 shows a protocol 350 that is used to convey either call traffic or
signalling or both, while FIG. 10 shows a protocol 351 that is dedicated to conveying
a particular type of signalling. Both protocols 350 and 351 are carried by frames of
FIGS. 7 and 8. A level-3 protocol data unit carried over a level-2 protocol is
commonly referred to as a packet, and a level-2 protocol data unit is commonly
referred to as a frame. Protocol 350 of FIG. 9 comprises at least the information
fields 320-327. Additional fields for other types of information may be included in
packet 350, but these are not germane to the present discussion. Sequence number
field 320 carries a sequential number of this packet 350 within the sequence of
packets transmitted in a given direction. In the case of packet 350 outgoing to a
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-6- FIG 24 is a signalling diagramof setup of a network-originated call
in the systemof FIG 2; FIG. 25 is a signalling diagramof a

mobi | e-ori gi nated di sconnection of a call in the systemof FIG 2; FIG 26
is a signalling diagram of a network-originated di sconnection of a call in
the systemof FIG 2; FIG 27 is a silgrnalling di agram of the beginning of a
sof t - handoff of a caII in the swstemof FIG 2; FIG 28 is a signalling
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all mobile telephones 203 and cells 202 are synchronized. Packet type field 321
identifies the packet type as either a traffic packet, corresponding to packet 350 of
FIG. 9, or a signalling packet, corresponding to packet 351 of FIG. 10. Clock adjust
field 322 carries information from cluster controllers 244 to DCSs 201 that is used to
compensate for real and virtual drift between the master clock to which mobile
telephones 203 and cells 202 are synchronized and a master clock to which public -
telephone network 100 and DCSs 201 are synchronized. Field 322 is used only in
the reverse direction, and is null in the forward direction. Air CRC field 323 is the
result of a conventional check-sum, computed by a mobile telephone 203 over its
transmitted traffic, and is sent by mobile telephone 203 along with that traffic.
Signal quality field 324 carries reports computed by channel elements 245 on the
quality of call-traffic signals that they are receiving from mobile telephone 203.
Fields 323 and 324 are also used only in the reverse direction and are null in the
forward direction. Power control field 325 carries information from a cell 202
concerning the trend of power control instructions sent by a channel element 245 to
its corresponding mobile telephone 203. Normally, this field is also used only in the
reverse direction, but is used in both directions during soft handoff, as will be |
explained further below. Voice/signalling type field 326 identifies the type of
information that is carried by packet 350: voice traffic only, voice plus signalling, or’
signalling only. And voice/signalling data field 327 carries call voice traffic or
sxgnallmg mformauon, or a mix of both, to and from channel elements 245,

" " A signalling packet 351, shown in FIG. 10, is simpler than traffic
packet 350 of FIG. 9: it has fields 321 and 328-331 that are relevant to this
discussion. Packet type field 321, already discussed in conjunction with FIG. 9,
identifies packet 351 as a signalling packet. Message type field 328 identifies the
type of signalling carried by packet 351. Channel element ID field 329 identifies the
particular channel element 245 participating in this message exchange. Frame -
selector ID field 330 identifies a particular virtual port on a processor 602 (see
FIG. 6) participating in this message exchange. These fields 329 and 330 may be
used for security, maintenance, performance tracking, billing, routing, etc. Channel
element 245 and frame selector IDs are assigned administratively at system
configuration time, and remain fixed thereafter. And signalling data field 331 carries
the signalling information that is being conveyed.
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FIG 31 is a signalling diagramof a network-originated di sconnection of a
call during soft-handoff in the systemof FIG 2; FIG 32 is a signalling
di agram of a sem -soft-handoff of a call in the systemof FIG 2; FIG 33
is a’‘signalling diagramof a CDVA-to- CDMA hard-handoff of a call in the
systemof FIG 2; FIG 34 is a signall§ing di agram of a CDVA-t0-anal og
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plurality of (e.g., four) time slots (i.e., four 64 Kbps channels) on TDM bus 140. In

the reverse (inbound) direction, cluster controller 244 queues traffic segments

received from channel elements 245, formats them into packets, wraps the packets

into inverted-HDLC-format LAPD (level-2 protocol) frames, and transmits the

LAPD frames one after another into its allocated output "pipe" on TDM bus 140. In

the forward (outbound) direction, cluster controller 244 receives LAPD frames from

its allocated input "pipe" on TDM bus 140, terminates the LAPD protocol, deformats

the packets, and then distributes the contents of these packets to channel

elements 245 according to an address ficld embedded in the received frames. Asa

consequence of the operations of cluster controllers 244, frames being conveyed to

and from them are statistically multiplexed onto TDM bus 140, thereby greatly

increasing the traffic-carrying capacity of the bandwidth of TDM bus 140 over

alternative transmission techniques.

An illustrative LAPD frame 300 is shown in FIG. 7. For purposes of
this discussion, it comprises a plurality of fields 301-305: a flag field 301, used for
delimiting frames; a Data Link Connection Identifier (DLCI) field 302; a control
field 303 which specifies the type of LAPD frame this is; a user data field 304 which
contains the level-3 protocol (packet).350 or 351 referred to above; and a frame
check sequence (FCS) field 305, used for error checking. The DLCI field 302 is the
frame end-to-end address field. It contains a virtual link number or index (DLCI)
that associates the frame with a particular call. In the forward direction, the DLCI
identifies a particular channel element 245; in the reverse direction, the DLCI
identifies a particuiar one of a plurality (illustratively two) of virtual ports of
processor 602 which correspond to a particular speech processing unit 264 service
circuit 612 (see FIG. 6). Within a cluster controller 244, the DLCI identifies the
channel element 245 which is the sourcé or destination of the frame. ‘In this’
embodiment, DLClIs are assigned to ports and channel elements administratively at
system configuration time, and remain fixed thereafter.

The transmission of frames to and from cluster controllers 244 is
effected using the frame-relay technique of transmission, whereby protocol
termination of the frames occurs only at the transmission endpoints, thereby greatly
increasing the efficiency and speed of those frame transfers through the system of
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t el ephone systemto serve as a basis for conparison. Such a system s shown
in FIG 1. A description of such a systemnmay be found in KW Strom "On
the Road with AUTOPLEX System 1000", AT&T Technolory, Vol. 3, No. 3, 1988,
pp. 42-51, and W 1. Hardy and R A. Lenp, "New AUTOPLEX Cell Site Paves
The Way For Digital Cellular Conmuni<Hi+ons", ~AT&T Technol ogy, Vol. 5, No.
4,1990, pp. 20- 25. -7- The systemof FIG 1 includes a plurality of
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system, analog FM or TDMA digital radios 143 may also be connected to TDM

bus 140 in cells 202, in the manner described for cells 102, as suggested by the

dashed blocks in FIG. 3. Alternatively, conventional cells 102 may be used side-

by-side with cells 202 within the system of FIG. 2. TDMA traffic may be carried

through the system of FIG. 2 either in circuit-switched form, like the analog radio

traffic, or in packet-switched form, like the CDMA traffic.

In the cell 202 of FIG. 3, DS1 interfaces 242 perform their conventional -
functions of gathering 64 Kbps time slots from TDM bus 140 and multiplexing them
into DS1 format for transmission on trunks 207, and vice versa. Itis important for
purposes of this application that each interface 242 ensure that the delay undergone
by signals of every DSO channel within interface 242 be constant; many commercial

- DS1 interfaces, such as the AT&T TN 464C, do in fact meet this condition. On
account of the functions performed by cluster controllers 244, frames are statistically
multiplexed onto trunks 207 and the format of facilities that implement trunks 207
is, from a logical perspective, no longer the purely conventional DS1 format of
facilities that implement trunks 107 of FIG. 1: as opposed to comprising 24
independent DSO channels, as it does on DS1 facilities, each facility now comprises

. multiple independent "pipes" each consisting of the bandwidth of one or more DSO
channels. Each of the "pipes"” carries the LAPD frames created by or destined for a
single cluster controller 244, The traffic-carrying capacity of the bandwidth
provided by trunks 207 is thereby greatly increased over alternative transmission
techniques, such as the conventional circuit-switching technique. Any remaining
trunks 207 (i.e., DSO channels) that are not bundled into "pipes" continue to be used
on an independent individual circuit-switched basis, e. g., to carry communications to
and from conventional radios 143,

A cell interconnect module (CIM) 209 is shown in FIG. 4. .Cell. - -
interconnect module 209 is illustratively founded on the Universal Module of the
AT&T Definity communications system. It includes a local area network (LAN)
bus 250 operating under control of a controller 251. Universal DS1 (UDS1)
interfaces 252 connect trunks 207 to LAN bus 250. Each interface 252 includes a
DS1 trunk interface 442 which duplicates the DS1 facility-interface circuitry of DS1
interface 242, and a packet processing element (PPE) 401, interconnected bya
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t el ephones 103 and the public tel ephone network 100, cells 102 are
interfaced to each other and to network 100 through nobile radio-tel ephone
switching nodes referred to herein as digital cellular switches (DCSs) 101.
Each switch 101 is illustratively the AT&T Autoplex[err] cellular

t el ecommuni cations systemdigital cetBlitar switch. Each digital cellular
switch 101 is connected to a plukality of different cells 102 by
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contains a board and a port address for each DLCI 302. Translation table 411 is

administered at initialization. PPE 401 is administered to receive LAPD frames 300

on designated time slots of concentration highway 400. For each LAPD frame 300

received on concentration highway 400, PPE 401 uses the contents of the frame’s

DLCI field 302 to find the corresponding board and port address in table 411. The

board and port addresses identify the intended recipient of frame 300 on LAN

bus 250. PPE 401 then strips flag field 301 from frame 300 and prepends the found

board and port addresses to the frame to form a modified LAPD frame 310 shown in

FIG. 8. A comparison with FIG. 7 shows flag field 301 to have been replaced by

board address 311 and port address 312 . PPE 401 then transmits modified LAPD

frame 310 on LAN bus 250. In the other direction, PPE 401 examines modified

LAPD frames 310 transmitted on LAN bus 250 for its board address 311. It receives

any frame 310 having the looked-for address 311, strips the addresses 311 and 312

from frame 310, replaces them with flag field 301 to form a LAPD frame 300, and

then transmits frame 300 on concentration highway 400. The stripped-off port

address 312 identifies to PPE 401 the particular time slots on which that particular

frame 300 is to be transmitted. - T

Also connected to LAN bus 250 of cell interconnect module 209 are

expansion interfaces (EIs) 253. Each expansion interface 253 couples an optical

fiber trunk 210 to LAN bus 250. Expansion interfaces 253 merely act as routing

elements. Each cxpainsion interface 253 includes a LAN bus interface 450 which

monitors LAN bus for modified LAPD frames 310 having a pre-administered

DLCI 302, board address 311, and port address 312. Interface 450 captures any

frame 310 having the looked-for DLCI 302, board address 311, and port address 312,

strips off the prepended board address 311, and stores the frame 310 in a FIFO

buffer 451. FIFO buffer 451 outputs the prepended port address 312 and DLCI 302

of the frame 310 to a translation table 452, and outputs fields 302-305 of frame 310

to a translation inserter 453. Table 452 is a pre-administered table of board and port
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and I M5 104 are illustratively the AT&T Autopl ex ECP and the AT&T Autopl ex
I M5 (which includes a plurality of cell site node processors, digital

swi tch node processors, and database node processors, interconnected by an
IMS ring), and links 108 are illustratively RS-449 data |links within MSC
199. Alternatively, control |inks 1088rmYy be -i npl emented as 64 Kbps DSO
channels on DS1 facilities betwaen cells 102 and nobile swi tching center
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merely discards the received frame 310. Fiber interface 454 transmits the frame 310

on optical fiber trunk 210. Any desired protocol and transmission format may be

used on trunks 210. In the reverse direction, fiber interface 454 receives frames 310 _

on trunk 210 and stores them in a FIFO buffer 455. LAN bus interface 450 extracts

the stored frames 310 from FIFO buffer 455 and transmits them on LAN bus 250.

Consequently, expansion interface 253 merely transmits on LAN bus 250 those

frames 310 that it receives on the attached fiber trunk 210, These frames 310 have

board addresses 311 that identify the destination interfaces 252 on LAN bus 250, and

port addresses 312 that are not looked for by any expansion interfaces 253 on LAN

bus 250.

For purposes of handling conventional, circuit-switched, cellular radio
telephone communications, cell interconnect module 209 includes elements shown
in dashed lines in FIG. 4, Specifically, CIM 209 includes a TDM bus 230 which
duplicates TDM bus 130, and each UDS1 interface 252 includes a time-slot
interchanger (TSI) 402 which couples concentration highway 400 to TDM bus 230.
TSI 402 performs-conventional time-slot interchange functions. Itreceives
designated 64 Kbps channels (time slots) on concentration highway 400 and TDM
bus 230 and transmits them on designated time slots of TDM bus 230 and =~~~
concentration highway 400, respectively. TSI 402 is programmed on a per-call
basis. For the purpose of switching these conventional cbmmunications, TDM
bus 230 is coupled by a TMS interface 133 and trunk 109 to a TMS 121 (see FIG. 2),
in the manner described for FIG. 1. For the purpose of connecting these
conventional communications to public telephone network 100, TDM bus 230 is also
coupled by a DS1 interface 132 and a trunk 106 to network 100. :

A speech coder module 220 of a digital cellular switch 201 is shown in
FIG. 5. Each DCS 201 comprises one or more identical modules 220. Module 220
is illustratively the Universal Module of AT&T Definity communications system.

Module 220 includes TDM bus 130 and a LAN bus 260 which is a duplicate of LAN
bus 250, both operating under control of a controller 231. As in FIG. 1, TDM
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anal og FM radi os and radi o-tel ephones. Vocoding functions can be a part of
t he radio units in this enbodi nent, or can be | ocated at switches 101.
Wiile in a cellular system a nobile radio-telephone's receiver scans a set
of predeterm ned pagi ng channels. After |ocking onto the strongest paging
channel, the nobile radio-tel ephone -1193- dets instructions fromthe system
and receives incomng calls. A mebile radio-tel ephone 103 al so transmts on

a channel vasﬁlS@rxk SbiiRERI Byqss 1 mteW&@E's 32Lad trd n?%‘a r dbﬁggéig Hg%%gm ggdor
s eruct sprpes IR0 geftwgﬁfé o GelLipiericpet modles &ﬁaﬁwoaawr. d i@ the sane
time, a CbANdﬂISlZGﬁ biyexparisidn intenfades 263 wekioh dislicar) dxpi&k?or&mbrfablese%?é efﬂgne
Cgf \é\gr Eat %Q: t&nqﬁgﬁf‘gﬁ ﬂbﬁ%lﬁgb% gﬁver ﬁqlslycgﬁ%gégtjt% ¥n ﬁ'hect ion is
est abl | shagduleR20 pﬁmabDQngmL Intexaongection between DCSs 201 is provxded by

network 100 through trunks 106.

Buses 260 and 130 are interconnected through a plurality of call-

processing nodes referred to herein as speech processing units (SPUs) 264. Based on

the board address 311 prepended to each frame 310 by expansion interfaces 253 of

cell interconnect modules 209, each speech processing unit 264 receives frames 310

that are addressed to it, depacketiges their contents (i.e., terminates their protocol),

performs various processing functions — including speech decompression -- on the

contents of each received frame, and outputs the processed frame contents on TDM
bus 130 in time slots which are assigned to calls on a call-by-call basis. In the
reverse direction, a speech processing unit 264 receives communications over TDM
bus 130 in time slots which are assigned to calls on a call-by-call basis, performs
various processing functions -- including speech compression -- thereon, packetizes
the processed communications, includes in each frame a DLCI 302 identifying a
particular channel element 245 of a particular cell 202, prepends to each frame board
and port addresses 311 and 312 that identify the frame’s destination on LAN
bus 260, and transmits the frames 310 on LAN bus 260.

As a consequence of the operations of cell interconnect modules 209

~ and speech coder modules 220, frames 310 being conveyed between them are

statistically multiplcxcd onto, and framc-rclayed over, trunks 210 thereby gmatly
alternative transmission techniques such as circuit-switching.

As was mentioned in conjunction with FIG. 3, DCS 201 opuonally
includes a TMS 121 for servicing conventional radio telephone communications.
Speech coder module 220 is connected to TMS 121 by a trunk 109 and a TMS
interface 133, in the manner described for switching modules 120 of FIG. 1.

An illustrative speech processing unit 264 is shown in FIG. 6. Each
SPU 264 includes a LAN bus interface 601. It monitors frames 310 traversing LAN
bus 260 for pre-administered board addresses 311, and captures those having the
sought-for addresses 311. LAN bus interface 601 includes a buffer 620. Upon
capturing a frame 310, LAN bus interface 601 appends to it a time stamp, stores it in
the buffer 620, and issues an interrupt to a processor 602. The time stamp is the
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noni tored by the cell's radio 143. As the nobile radio-tel ephone 103 noves
fromone cell into another, the serving cell 102.detects the reduction in
signal strength and requests t hat measurenents be nade by surrounding cells
102. 1f these measurements indicate that another cell 102 can provide
better service, then the v0| ce connecd-ont is switched to that cell 102

t hrough a process known as "hardshandoff". The process of hard handoff is

e o oS hoor s e SaMBS el obCs 1L L1 (oI Sy
Fadi o channel's. i n IBEARAAORSS (4 oep Gupt J1dudeaiesone o anliivar 102, wen
thi s connsatice cirtuis Gl2émpleardntedtydSPU R64.r Adervidedinnh @12 isl3ig Pid tdehft Lgﬂ ed
62! L pmchfecianiEn & of i e B R B, L
t ar get cecllmultﬁlz hag éts @B apdio-processing qunslmyumalliscrvwsmmtstm arei ce et veen
fhe now seror® “‘*‘Elﬁ“f'baf”?"%%*ﬁ’* %Qﬁ’é‘i‘*ﬁ%@? itk GRRRGTME], 071 000
conver sat PP H u ‘b‘&s o gl WP?GH‘@G@%P a®APYR64. Mhedof f process.
Meanwhi | efunctiensqerfprmed by protesson60Ben framesiBilereceived from LAN bus

interface 601 are shown in FIGS. 11-14, and 17-18, and functions performed by

processor 602 on traffic segments (hereinafter also referred to as traffic frames)

received from service circuits 612 are shown in FIG. 15. Processor 602 performs

cach of these functions for each service circuit 612 every 20 msecs. The

performance of the functions is interrupt-driven, by interrupt signals provided by an

adaptive synchronization circuit 611 and interface 601.

The exchange of traffic frames of incoming and outgoing call traffic is

carried on between processor 602 and service circuits 612 through buffers 603 of

processor 602. Each service circuit 612 has its own corresponding buffer 603. A

buffer 603 buffers traffic frames passing between processor 602 and a vocoder 604

of a service circuit 612 to compensate for minor differences and fluctuations in the

timing of input and output operations of processor 602 and vocoder 604.

Each service circuit 612 has its own vocoder 604. Vocoders 604

. provide voice compression and decompression functions. Each is a digital signal

processor that receives a traffic frame of compressed speech from processor 602 via

buffer 603 at regular intervals (e.g., every 20 msecs.) and decompresses the traffic

frame into a predetermined number (€.g., 160 bytes) of pulse-code-modulated ®PCc™m)

speech samples. Each byte has a duration of 125 usecs. in this example, referred to

as a “tick". In the opposite 'directidn, a vocoder 604 receives 160 bytes of PCM

speech samples, performs speech compression functions thereon, and outputs a

traffic frame of the compressed speech to processor 602 via buffer 603 at regular

intervals (every 20 msecs:). “Exchanges of traffic frames between vocoder 604 and

processor 602 are umed by clock signals generated by vocoder 604 internal input

and output clocks 621 and 622, while receipt and transmission of PCM samples by

vocoder 604 are timed by clock signals generated by a clock circuit 600. Clocks 621

and 622 are edge-synchronized with circuit 600 clock signals at system initialization

and service circuit 612 reset. Vocoders are well known in the art. Each vocoder 604

is illustratively implemented using the AT&T 16A digital signal processor (DSP)
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avail abl e for use by another subscri ber.

Hard handoffs perforned in this

way use processor capacity in both the ECP conplex 134 and the digital

cell'ular 'switch 101. For the duration of the 3-way connecti on,

handoff al so uses additional switch fabric (TDM bus 130) capacity.

target cell 102 containing the sel ect-@d-radio.143 is connected to a

the hard
If the

swi t chi ng nodul e 120 ot her than téhe one containing the serving trunk 106,

then th o tch
(T 151 SRR QlRoGh é(;?géﬂ%m“bﬁ#%ﬁﬁﬂm* FHOSBEE 0 CRs the
nunmber of e@qonmgids:zoqlmg alggyxgtr@nﬁl‘ger &}é?mmtm%“ﬂ%ﬁfﬁéﬁe"&nmﬁlf s

i ncr eases ﬁﬂ%ﬁhﬁi@ﬁdﬁﬂntﬂ&ﬁ@dﬁdﬂ&»@fﬁ@%&t@ﬁmﬁﬁwt flﬂieﬂﬁie&fﬂn@ﬁ&fessor and
switch fabric, resougges, fhys ag mlsadoveral I
mechanism of this ém mentx c apts to Ume-varymg naf%

capacity.

In the case of a system handling both CDMA and TDMA traffic wherein

the TDMA traffic is also frame-relayed, some of the service circuits 612 are

dedicated to handling the TDMA traffic, and their vocoders 604 are illustratively the
AT&T 16A digital signal processor programmed according to the TIA IS-54
standard for TDMA communications. :

PCM samples on their way from vocoders 604 pass through tone-
insertion circuits 605. Each service circuit 612 has its own tone-insertion
circuit 605. Upon command from processor 602, a tone-insertion circuit 605
momentarily blocks and discards PCM samples output by vocoder 604, and in their
place substitutes PCM samples of whatever Touch-Tone signals were specified by
the command. Tone-insertion circuit 605 has no effect on PCM samples being input
to vocoder 604. Operation of tone-insertion circuit 605 is synchronized with the
output of vocoder 604 by clock signals generated by clock circuit 600.

Tone-insertion circuits 605 are followed in the sequence of service
circuit 612 circuitry by echo cancellers 606. Each service circuit 612 has its own
echo canceller 606. Each cancels echoes of telephone network 100 - bound call
traffic from telephone network 100 - originated call traffic, by keeping an attenuated
copy of the vocoder-generated network-bound traffic and subtracting an
appropriately-delayed copy from received network-bound traffic. Echo cancellers
are well known in the art. Timing of echo canccller 606 operatlons is controlled by
clock s1gnals generated by clock circuit 600,

Echo cancellers 606 receive network-originated traffic from, and
transmit network-bound traffic to, a concentration highway 607. Concentration
highway 607 is a passive serial TDM bus that carries 64 kbps time slots. Each echo
canceller 606 is statically assigned its own input time slot and its own output time
slot on concentration highway 607.

Concentration highway 607 is coupled to TDM bus 130 by a TDM bus
interface 608. Interface 608 performs time-slot interchange (TST) functions between
highway 607 and bus 130. Its operation is timed by clock signals generated by
circuit 600, and is controlled by a translation and maintenance (XLATION. AND
MTCE.) unit 609. Unit 609 performs highway 607-to-bus 130 time-slot assignment
functions on a per-call basis, under the direction of controller 231 of that speech
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Each cell 102 is configured around a hi gh-speed tinme-division nultiplexed
(TDM bus 140. TDM bus 140 is illustratively the 2.048 MHz TDM bus of an
AT&T Definjty[err] conmuni cations system Universal Mdule, and physically
conpri ses one or nore TDM buses each having 256 time-slots per frane.

|l lustratively, nmultiple TDM buses ai22-uSed si nul taneously by units
connected thereto and |l ogically -wperate as a single TDM bus having a

mul tiple e?éx@dﬁlbfﬁgo ﬁnﬁt@%ﬂﬂﬂxﬁ&ees VAt Borftioler 23 DéiaAapniol chasinedf 64

Kbps. W't cell I,0S 14g E onne ed,to T% 140. Radi os
143 accep‘?nlﬂ@ﬁ?ﬂ!?ﬂ%f’?%@f is GOfHHOG é"i’%ﬁe‘? fogt d-HEoHﬁBI y received
radi o conjwiface 509 ad b&6ﬂ§DMrﬁtﬂ)91p¥6vﬂdas ﬁSﬁtaiaamlﬁhcﬁmrsrmLAa! bus rate of 64
Kbps. The, | ut ngv and from each radio is full-rate

pul se- cod‘é1 W°FB%‘B(C éd speech. Also connected to TDM bus 140 are
one or nore |nterﬂhnwmnsmlomm(crﬁnmﬁﬂﬁ‘d@@mwslaMS 140 to trunks

107. 111 ughy, ?%d 63 Qontiof HENE13] /LR bEH drt €6heted ! Siraflinly Z:k&%ss%mi’yl ng the
DS1 conmunicati on 1orm oper t| ng at a rate of and so
i nt er f aceconols Gircaity5d1,i693 T 2 PECCsser coneel QP% EQrent i oned DSO

format ar eoﬁhﬁﬁﬁidabeﬁk.&tween processor 602 and unit 609 are facilitated by a buffer 614
which couples bus 610 with bus 613,

Clock circuit 600 is connected to TDM bus 130 and derives timing
information therefrom, in-a conventional manner. Clock circuit 600 distributes this
information, in the form of clock signals of various rates, including 2.048 MHz,

8 KHz, and 50 Hz (corresponding to intervals of 500 nsec., 125 usec., and 20 msec.
intervals, respectively), all of which are synchronized with each other, via a clock
bus 615 to circuits 604-606, 608, and 611, in order to synchronize their operation
with TDM bus 130. Clock circuit 600 also distributes this information to LAN bus
interface 601 for bit-time synchronization of LAN bus 260. Operation of TDM
bus 130 is synchronized to network 100 -- hence, clock circuit 600 synchronizes
operations of the various elements with the master clock of network 100.

Adaptive synchronization circuit 611 uses the clock signals obtained
from clock circuit 600 to generate clock signals which are synchronized in frequency
with, but are offset in phase -- in amounts controlled by processor 602 -- from, the
20 msec. clock signals generated by clock circuit 600. These offset clock signals are
used to time the operations of processor 602. The generation and use of these offset
clock signals is explained further below. Physically, circuits 611 and 600 may be
implemented as a single device.

Circuit 611 also includes a present-time counter 623. Counter 623
increments its count once every PCM sample tick, e.g., once very 125 usecs. This
count is reset by every 50 Hz clock pulse from clock circuit 600, e.g., every 20
msecs. Counter 623 thus indicates present time relative to signals generated by
clock circuit 600. A second portion of counter 623 keeps 2 modulo-8 count that is
incremented by the 20 msec. clock pulses that reset the 125 usec. count.

Counter 623 provides its counts to LAN bus interface 601 for use as a time stamp of
received frames 310.
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T. H Mirray in "The Evol ution of DDS Networks: Part 1",

Tel ecommuni cati ons, February 1989, pp. 39-47. An interface 142 accepts from
TPOM bus 140 conmmuni cati ons that have been supplied by a plurality of radios
143, nultiplexes theminto the DS1 format, and transmts themonto trunks
107. In the reverse direction, interf23ce™142.receives fromtrunks 107
comuni cations formatted in the«sS 1 format, denultiplexes them and

supplies themto adi bus 140
opgfat es under cowggﬁ%?&g‘gé%n Potfp}e@x%%goi\/\%d%dﬁ# %%aééesfﬁg\ﬂrre sI ots on
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"'ustrat%}sg Cﬁﬂﬂéﬁ%ﬁgﬁﬁmerkﬁéss §%oﬁ:hio%afer&ﬁa:@as d&ﬁetbaS' s of

contr ol rna Lon S e er, control |ink
108; al t ePregessipgy The FF‘?ﬂslpé °TE¥ %9&%@' A’toﬁﬁ‘fe“éﬂ%I ows it to
make the fibindCANIbRE26@ bieshown is FYGS.Hdeld, dProtdsadr &Elﬂcrfbans theset ch 101

COm ! BB oA o S R iy BB ¢ 120
i s sim| atheseofungiionsder 4 poticulacssvice ciranit @3113 \iggered by receipt of
corresponding receive interrupt signals from LAN bus interface 601 and adaptive
synchronization circuit 611.

As was mentioned above, upon receiving a frame addressed to the
corresponding SPU 264, LAN bus interface 601 appends a time stamp to the
received frame, stores the received frame in buffer 620, and issues an interrupt to
processor 602. Upon being invoked by the receive interrupt signal from LAN bus
interface 601, at step 900, processor 602 retrieves the received frame from
buffer 620 of LAN bus interface 601, at step 902. Processor 604 then performs
conventional level-2, i.e., LAPD protocol, processing on the frame, at step 904. This
processing may include acknowledging receipt of the frame. Upon completing
level-2 processing, processor 604 checks control field 303 to see if this is a level-2
only frame (e.g., a loop-around test frame), at step 906. If so, processing of the
frame is completed, and processor 602 merely retums to the point of its invocation,
at step 908. But if this is not a level-2 only frame, i.e., its user data field 304 carries
a level-3 protocol, processor 602 uses the frame's DLCI 302 to select from its
memory the stored call state of the call to which the frame pertains, at step 910.
Next, processor 602 checks, at step 911, packet type field 321 of the received level-3
protocol to determine the packet type: traffic or signalling. If field 321 identifies the
packet as a signalling packet, it means that the packet carries cell-to-switch
signalling information, i.e., signalling intended for DCS 201. Processor 602
therefore performs the signalled function, at step 970. This may be any one of 3
functions: to update call state by either setting up or tearingdown a call or adding or
removing a second cell in soft handoff, to insert tones into the telephone network- - - - - -
bound portion of the call, or to perform initial clock synchronization (discussed in
conjunction with FIG. 17). Processor 602 then returns to the point of its invocation,
at step 946. Voice/signalling packets 350 are sent and received at 20 msec.
intervals, while signalling-only packets 351 may be sent at any time as required to
send signalling information.
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provi des the same TDM bus control fuctions as controller 141, and a
plurality of interfaces 132 connected to bus 130 which provide the sane
functionality as interfaces 142. On the basis of control comrunications
originating fromECP conplex 134, controller 131 causes conmunications to
be switched by TDM bus 130 between i nR4rfaces 132. Each trunk 107 extendi ng
froma cell 102 is -10- termynated at a switching nodule 120 by an

i enface 132 O haind it b, iblet Kithepda0, bRelllii 1 unks 106,
100. |f swerformsclock adjnstenent andisynehiramizatinn fupetians, at3@p 312, st thacl udes a
i e~ MUl t i bRk s ifls(gENBhcl bY. cirEORT512 FOMBCIbB SRS enbated By connect ed to
TOM bus. 130 L1 638} all st detcmbed ty STl n s e Byt ot €09 10
field 322 of the received packet. These are described in conjunction with FIG. 18,
Processor 602 then checks voice/signalling type field 326 of the received level-3
packet, at step 914, to identify the type of information carried by the packet:
voice only, voice plus signalling, or signalling only. If the traffic packet is a voice-
only packet, processor 602 checks the retrieved call state to determine if the call is in
soft handoff, at step 916. If not, processor 602 checks air CRC field 323 of the frame
(containing the result of a check-sum computed over the CDMA transmission
between cell 202 and mobile telephone 203), at step 918, If the air CRC does not
check out, it means that the packet carries defective information, and so
processor 602 discards the packet, at step 923, and then returns, at step 946.
Vocoder 604 will mask the loss of that traffic. If the air CRC checks out at step 918,
processor 602 checks signal quality field 324 of the packet to determine whether the
voice quality meets a predetermined threshold value, at step 919. If the voice quality
does meet the threshold value, processor 602 marks the packet as "good" by
appending a command thereto, at step 920, stores the packet of voice information in
buffer 603 which is allocated to the appropriate service circuit 612, at step 922, and
then returns to the point of its invocation, at step 926. If the voice quality does not
meet the minimum threshold value, processor 602 marks the packet as "bad", at
step 921, stores the packet in buffer 603 of the appropriate service circuit 612, at
step 922, and then returns, at step 946. | _ ' |
During the procedures just described, processor 602 uses contents of
sequence number field 320 of the received packet to detect and handle lost or out-
of-sequence packets, in a conventional manner. . _

_ Returning to step 916, if the call is in “soft handoff”, processor 602
should be receiving two packets for the call every 20 msecs., each from a different
cell 202 but generally carrying identical information. So processor 602 checks
whether it has yet received both duplicate packets, at step 932. The duplicate
packets are identified by having the same sequence number in field 320. If not,
meaning that processor 602 has received either only one of the expected duplicate
packets, or has received packets from both cells but bearing different sequence
numbers, processor 602 checks the sequence number of the just-received packet, at
step 933, to determine whether its sequence number is greater than, equal to, or less
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TMS 121. Interface 133 is illustratively the Mddul e Control Conplex (MCC)
of an AT&T Definity communi cati ons system Uni versal Mdule. TMS 121

provi des direct switched interconnection between nodul es 120 of one nobile
radi o-t el ephone switch 101. Interconnection between nodul es 120 of

di fferent nobile radio- tel ephone swidk&hés 101 is provided by public

t el ephone network 10Q or by trunks that interconnect switches 101 directly.
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packet is equal to the expect sequence m proccssor proceeds to

steps 918 et seq. to process the packet as described previously. And if the sequence
number of the received packet is less than the expected sequence number,
processor 602 discards the received packet, at step 936, and then returns, at step 946.
Again, vocoder 604 will mask the loss of that traffic.

Returning to step 932, if processor 602 finds that it has received both
expected packets, processor 602 updates the call state to so indicate, at step 938.
This includes storing the contents of power control field 325 of the received packet.
It then retrieves the first-received expected packet (now stored in a buffer 603) and
compares the air CRC and the signal quality indicia of both packets to determine
which packet is better, at step 940. Processor 602 then checks the voice quality field
of the better packet to determine whether the voice quality meets a predetermined
threshold value, at step 941. If not, processor 602 marks the better packet as "good"
by appending a command thereto, at step 943; if so, processor 602 marks the better
packet as "bad”, at step 942. Processor 602 then discards the worse packet and stores
the better packet in buffer 603 of the corresponding call channel, at step 944.
Processor 602 then returns, at step 946.

Tuming to FIG. 12, following step 946, when processor 602 is invoked
at step 950 by a receive interrupt signal RX_INT_X for a particular (Xth) service ~
circuit 612, processor 602 checks buffer 603 cotresponding to that service
circuit 612 to determine if buffer 603 is empty, at step 951. If not, processor 602
retrieves the contents of that buffer 603 and passes the retrieved contents to
vocoder 604 of that service circuit 612, at step 952. If buffer 603 is empty,
processor 602 invokes a function in vocoder 604 of the appropriate service
circuit 612 to mask the loss of the voice segment carried by the discarded packet, at
step 953. Vocoder 604 masks the loss by generating at its output to circuit 605 PCM
samples that it generates as a function of previously-received packets. Processor 602
then retumns to the point of its invocation, at step 954.
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nunerical designations as were used in FIG 1 are used in FIG 2 to
designate elenents that are common to both systens. FIG 2 shows a system
t opol ogy that resenbles the one of FIG 1 in many respects, though it is
not identical. The systemof FIG 2 includes a plurality of '

geogr aphi cal | y-di spersed cells 202, eagh™one .of which provides

radi o-t el ephony services to nobike radi o-tel ephones 203 in its vici ni ty. As
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or to one of a plur ere a "face" is .
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i nt er connagingBiikihAed BPP cAf 202 and destined for a mobile telephone 203,
processor 602 merely stores the packet, at step 956, and then returns, at step 970, If
both signalling directions are indicated, processor 602 stores the forward signalling,
at step 957, and then proceeds to step 958. If the direction is reverse, identifying the
signalling as being originated by a mobile telephone 203 and destined for cells 202,
processor 602 checks, at step 958, whether it has received signalling packets from
both sides (i.e., from both of the cells 202 involved in the "soft handoff™"). If not,
processor 602 stores the packet, at step 960, and then updates the corresponding
call’s state to indicate that a signalling packet from one side has been received, at
step 962. Processor 602 then returns, at step 970. If the check at step 958 reveals
that signalling packets from both sides have been received, processor 602 updates
the corresponding call’s state to so indicate, at step 964, and then compares the air
CRC and signal quality fields 323 and 324 of the two packets to determine which
packet carries the better quality signals, at step 966. Processor 602 then discards the
worse packet and stores the better one, at step 968, and then returns, at step 970.
Returning to step 914, if processor 602 determines that the packet
carries both voice and signalling mformauon, processor 602 proceeds to step 985 of
FIG. 14, and performs signalling-processing steps 985-998 of FIG. 14 which |
duplicate steps 955-968 of FIG. 13, and then proceeds to step 932 of FIG. 11 to
perform the voice-processing steps.
The functions performed by processor 602 on traffic frames (segments
of voice information) received from vocoders 604 are shown in FIG. 15. '
Processor 602 pcrfofms these functions for each service circuit 612 every 20 msecs. -
The performance of the functions for a particular service circuit 612 is also
interrupt-driven, by receipt of a corresponding transmit interrupt signal provided by
adaptive synchronization circuit 611.
Upon being invoked by a transmit interrupt signal TX_INT X to start
processing for a particular (Xth) service circuit 612, at step 1200, processor 602
checks the stored call state of the call that is being served by this service circuit 612
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I ndi vidual DCSs 201 are each in turn connected to each speech codi ng nodul e
(SCM 220 of that DCS 201 by fiber-optic packet-sw tched trunks 210. :
Digital cellular switches 201 are each connected to public network 100 by a
plurality of trunks 106, anal ogously to FIG 1, and directly to each other
by trunks 206 that functionally duptRZate trunks 106. The operation of
switches 201 is synchronized to~master tining signals (not shown) of public
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sone, butthewaffio fmeesathd bvdl-?o protazibl, lak stepdR30. This includes prepending a
sequence number and a traffic type to the call traffic. Processor 602 then
conventionally encapsulates the formatted traffic frame in LAPD frame format, at
step 1232, to form a LAPD frame 300 (see FIG. 7). This includes remcvmg the
DLCI which is associated with the mobile-bound direction of the call and which
identifies a particular channel element 245 of a particular cell 202 (see FIG. 3) that is
serving the call, and including it in LAPD frame 300. Processor 602 then uses this
DLCI to find in a table the board and port addresses 311 and 312 that correspond to
this DLCI, and prepends the found addresses 311 and 312 to LAPD frame 300 to
form a modified LAPD frame 310 (see FIG. 8), at step 1234, Processor 602 hands
frame 310 over to LAN bus interface 601 for transmission onto LAN bus 260, at
step 1236. Processor 602 then returns to the point of its invocation, at step 1238.

Returning to step 1202, if processor 602 determines that the call is in

soft handoff, it checks the stored call state of the call to determine whether any
forward signalling is stored for this circuit, at step 1204. Forward signalling would
have been received only from the cell 202 that has been handling the call (referred to
as the master cell 202) and stored at step 956 or 957 of FIG. 13, or step 986 or 987 of
FIG. 14. If forward signalling is not stored, processor 602 accesses vocoder 604 of
the service 612 circuit that is being served and requests therefrom a traffic frame of
full-rate-coded communication information, at step 1206. But if forward signalling
is stored, processor 602 must reserve room in a packet for the forward signalling
information, and so it accesses vocoder 604 and requests therefrom a traffic frame of
only partial-rate-coded communication information, at step 1208.

. Vocoder 604 typically supplies traffic frames of full-rate-coded
information, and it may not be able to respond to the request for 2 traffic frame of
partial-rate-coded informiation instantly. Further, given a pause in speech activity, a
partial-rate coded traffic frame may be supplied even if a full-rate-coded traffic frame
has been requested. Processor 602 will check for this condition, at step 1218.

' When it has received a traffic frame from vocoder 604, at step 1209,
processor 602 duplicates the traffic frame, at step 1210, so as to have duplicate
copies to send to both cells 202 that are involved in the soft handoff. At step 1212,
processor 602 then retrieves power control information that will have been stored at
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t el ephones 203 are digital radio-tel ephones. Wiile illustratively shown as
nmounted in a vehicle, a nobile radio-tel ephone 203 nay be any portable

radi o-tel ephone, and may even be a stationary radio-tel ephone. The digital
radi o-t el ephones use voi ce- conpression techniques to reduce the required
digital transmission rate over the r-28-0 chamnel. Each digital

radi o-t el ephone includes voice-oeonpression circuitry inits transmtter and
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( CDVR) of FIG. 14, at stcp 1214. If reverse signalling is available, processor 602 appends it

to both of the duplicate packets, at step 1216.. Following step 12186, or if no reverse
signalling is available, processor 602 checks whether it had been supplied by
vocoder 604 with a frame of full-rate-coded or partial-rate-coded information, at
_step 1218. If the traffic frame is full-rate-coded, it has no room for forward
signalling information, and so processor 602 proceeds to steps 1230 et seq. to
format, packetize, and transmit both of the duplicate packets. Packetization at
step 1234 involves including in each duplicate packet’s frame protocol 300 a
different DLCI, so that the two packets will each travel to a different cell 202
involved in the soft handoff. Returning to step 1218, if the traffic frame is partial-
rate-coded, processor 602 checks the call’s state to determine whether forward
signalling for the call had been received and stored at step 956 of FIG. 13 or step 986
of FIG. 14, at step 1220. If forward signalling is available, processor 602 appends it
to both of the duplicate packets, at step 1222, Following step 1222, or if no forward
signalling is available, processor 602 proceeds to steps 1230 et seq.

The synchronization of cell 202 and SPU 264 operations will now be
explained in greater detail in conjunction with FIGS. 16-22.

FIG. 19 represents the scenario for initial timing adjustments for traffic
flow from network 100 fo mobile radio-telephones 203. As was mentioned above,
the operations of all mobile radio-telephones 203 and all channel elements 245 of all
cells 202 are driven and synchronized to a common timing signal, which may be a
signal broadcast by a global positioning satellite. Each cell 202 derives therefrom a
20 msec. cell clock 1000 signal, which triggers each channel element 245 involved
in a call to make a transmission to the corresponding mobile telephone 203 every 20 SRR
msecs, at time 1300. A programmed, constant, offset (which may be zero) may exist
for a given call (i.e., an offset between the rising edge of cell clock 1000 and time
Tx 1300). This constant offset affects the relative positions of signals 1304, 1307,
1308, and 1309 by the amount of said offset.
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node or some other digital or analog radio node. TDVA is a techni que, known
in the art, that provides nmultiple users access to a radi o channel
(frequency) by dividing that channel into nultiple tine slots. A single
user can be assigned to one or nore of these tine slots. A TDVA radi o 203
is illustratively the TIA 1S54 digit@P-cellular radio. TDVA enpl oys.
different frequencies in adjacent cells and therefore requires the "hard

handof f" procedur g, &eéﬂblblte%mbwmlcun thaffid 41€ink K390) clianhelst r at i ve .
o ae o relPBEASIRIS e e ol B e RSO R TR L) BLERE e
spr ead- s peaime 1300; atmiime e,yti30h. Ehamed elemest248 prefesbly receives ther equencies in
g hev) Aol e BHAORI 058 Ly s0sr mensat maghace cell
re-use t h@mc 1300 of the prior transmission and a little before time 1301 of the present
transmission. Window 1302 thus provides some leeway for minor time fluctuations.
However, when a call is being established, it is uncertain when channel element 245
that is handling the call will receive a packet of call traffic for transmission from
SPU 264. This is because, as was mentioned previously, the operations of mobile
telephone switches 201 are controlled by a different clock than that of cells 202,
which clock is not synchronized with, but is independent of, cell clock 1000.
Furthermore, other factors, such as differences in distances between mobile
telephone switches 201 and different cells 202 and different traffic loads being
conveyed between them -- and consequent different transmission delays. between
them -- also make the time of receipt uncertain, Therefore, when a call path is first
established between a channel element 245 and an SPU 264 and null traffic begins to
flow between them, packets from SPU 264 may be received by channel element 245
at times 1303 that are outside of windows 1302 and --in the worst case-- are after
times ty;, 1301, If that is the case, the channel element’s corresponding channel
controller 244 sends a signalling packet to SPU 264 indicating a need to adjust the
time of transmission of packets from SPU 264 and also indicating the amount of
time by which that transmission time must be adjusted to position the time of receipt
of the packets at channel element 245 safely within windows 1302.
The clock adjustment functions performed at cell 202 are shown in
FIG. 16. ‘They constitite a processor-performed routine invoked upon receipt of a
packet at cluster controller 244. When the routine is invoked, at step 1001, it checks
whether the received packet is the first traffic packet received for the call, at
step 1002, If so, the routine compares the time at which the packet was received
with a window 1302 (the definition of which is stored in cluster controller 244), at
step 1004, to determine, at step 1006, when in relation to window 1302 the packet
was received. If the packet was received substantially in the center of window 1302,
no clock adjustment is necessary and the routine merely returns to the point of its
_invocation, at step 1022. If the packet was received too.early, the routine causes a
cell-to-switch type of signalling packet to be sent to processor 602 of SPU 264 that
is handling the call, at step 1008, requesting processor 602 to delay the time of the
TX_INT_X interrupts for this call by a time, also speciﬁed in the packet, such as will
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sane frequencies. Wien noving fromthe vicinity of one cell 202 to the
vicinity of another cell 202, a nobile radio-tel ephone 203 nay undergo a
"hard handoff" procedure, described previously. However, a CDVA nobile
radi o-tel ephone 203 in the systemof FIG 2 may alternatively and
preferentially undergo a "soft handeB®* procedure, during which it
connunicates with both of the cells 202 on the sane frequency pair at the
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Packet receive times 1303 at channel element 245 correspond to packet
transmit times 1304 at SPU 264, As was mentioned previously, transmission of
packets to channel element 245 from SPU 264 is triggered by transmit interrupt
signals 'IX__INT__X issued to ﬁmccssor 602 by adaptive synchronization circuit 611.
Consequently, adjustment of the packet receive times at channel element 245 by a
certain amount requires an adjustment of TX_INT X signals at circuit 611 by the
same amount. Therefore, when processor 602 receives the abovementioned
signalling packet from channel element 245, it responds thereto at step 970 of
FIG. 11 by commanding adaptive synchronization circuit 611 to adjust the TX_INT
signal for the corresponding service circuit 612 by the specified amount. Circuit 611
obliges and shifts that transmit interrupt signal by the specified time period,
designated as 1310 in FIG. 19. Packet transmission time is thus shifted from
times 1304 to times 1305 at SPU 264, which corresponds to packet receive
times 1306 at channel element 245. Packet receive times 1306 lie within
windows 1302.

However, in order to be able to transmit a packet at a given time,
processor 602 must receive the traffic frame (segment of call traffic) which is
included in that packet from vocoder 604 at some time prior to the transmit time.
Packet transmit times 1304 correspond to frame receipt times 1307, which in tumn
correspond to vocoder 604 traffic frame transmit times 1308, whereas shifted packet
transmit times 1305 correspond to shifted traffic frame receipt times 1311, which in
turn correspond to vocoder 604 traffic frame transmit times 1309. Consequently, -
processor 602 must cause vocoder 604 to shift its traffic frame transmit times from
times 1308 to times 1309.

Vocoder 604 uses the output of an internal output clock 622 to time its
traffic frame transmissions. Clock 622 of an Xth service circuit 612 is initially
synchronized to clock input signals received from clock circuit 600. Processor 602
sends a command to vocoder 604 to adjust the offset of its output_ clock 622 signals
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I nternational patent applications WO 91/07020, WO 91/07036, and WO
91/07037. A cell 202 is shomm in FIG 3. Simlarly to a cell 102 of FIG 1,
cell 202 includes TDM bus 140 operating under control of controller 241,
and DS1 interfaces 242 couple TDM bus 140 to trunks 207. Controller 241 is

illustratively the control conplex of3&n™AT&T.- Autoplex Series Il cell site.
It functionally duplicates control I er 141 of a cell 102, but now perfﬁr ne
addi ti onal t ki t&n wvERERtioned ihltSetiBg13jdat cell 202
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signalling packet from cell 202 is charted in FIG. 17. Upon determining that the
received signalling packet requests clock adjustment to be performed, at step 1050,
processor 602 checks contents of the packet to determine the direction in which the
timing signals are to be moved, at step 1052. If they are to be delayed,

processor 602 sends a command to adaptive synchronization circuit 611 to retard
subsequent TX_INT X interrupt signals by the amount of time specified in the
packet, at step 1054. Processor 602 also sends a command to vocoder 604 to
increase the offset of its output clock 622 from clock 600 signals by the same
amount of specified l_ime; at step 1056, and then returns, at stép 1062, If the timing
signals are to be moved forward in time, processor 602 sends a command to adaptive
synchronization circuit 611 to advance subsequent TX_INT X interrupt signals by
the amount of time specified in the received signalling packet, at step 1058.
Processor 602 also sends a command to vocoder 604 to decrease the offset of its
output clock 622 from clock 600 signals by the same amount of specified time, at
step 1060, and then returns, at step 1062,

FIG. 20 represents the scenario for initial timing adjustments for traffic
flow from mobile radio-telephones 203 to network 100. As was mentioned above,
mobile radio-telephones 203 and cells 202 are synchronized with each other. A
clock corresponding to cell clock 1000 (derived by mobile telephone 203 from traffic
received by it from cell 202) causes a mobile radio-telephone 203 to make a |
transmission every 20 msecs. to channel element 245 that is handling the call,
causing channel element 245 to receive those transmissions at times 1400 and to
convey them in packets to SPU 264 at times 1403. Packet transmit times 1403 at
channel element 245 correspond to packet receive times 1404 at processor 602 of
SPU 264. Receive times 1400 are relatively offset from cell clock 1000 by the
amount of a programmed, constant, offset at cell 202 with respect to transmit
times 1300. Thus, an offset in transmit times 1300 results in a like offsct in receive
times 1400. This offset is compensated for by the mechanisms described herein.
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il lustratively a conventional conputer input and output (1/0O bus, and
channel el enments 245 are connected to C bus 390 as conmputer 1/0 devices.
C-bus 390 and channel el enents 245 operate under control of a controller
393. Controller 393 is illustrati veI a general - purpose m croprocessor, and
it is served by a bus 391 which 23 * is-llustratively a conventional
m croprocessor nmein bus. Bus 39kis connected to C-bus 390 by a C- bus

interface 392 whi REc 6k bf pitﬂzeﬁ&'rcﬂﬂc]hdn@dl dlé:ﬂéritémg fafa Wﬂt(mnal desi gn.
Controller 393 .orc raf e nmovene bet wee. elements 245 and
cell 202 *W%ﬂ?"&%i% i} WQPFV@F?”%@ & %\F%F‘é’? "} T‘? SW i rection for
each charRX| INT gbforth 46rviceahgnipd 612, generpted pyrafaptive synehwenization
S ey DR DRtk M s Rl o0n1 0]
per f or s ‘FWEPQSE’“&?W“? @jie‘%}gc PB’%B fn thc pac ckets to Yocoder 604, 1o
give processor 602 sufficient time for processing of the packets. Initially,
vocoder 604 expects to receive traffic frames at times 1408, which correspond to
traffic frame transmission times 1406 from processor 602. Consequently, in order to
be able to transmit traffic frames to vocoder 604 at times 1406, processor 602 must
receive corresponding packets from channel element 245 no later than at
times t, 1401. Processor 602 preferably receives each packet within a time
window 1402, which exists a little after transmit time 1406 of the prior frame
transmission to vocoder 604 and a little before time tmin 1401 of the present frame
transmission. Window 1402 thus provides some leeway for minor time fluctuations.
However when a call is being established, it is uncertain when
processor 602 will receive a packet of information from channel element 245, for the
same reasons as it is uncertain when channel element 245 will receive a packet from
processor 602, discussed above. Therefore, when a call path is first established
between a channel element 245 and an SPU 264 and null traffic begins to flow
between them, packets from channel element 245 may be received by processor 602
at times 1404 that are outside of windows 1402 and --in the worst case-- are after
times tpi, 1401, Processor 602 cannot change the times 1403 at which channel
element 245 transmits packets, and therefore it cannot change the times 1404 at
‘which it receives those packets; processor 602 can only change the times 1406 when
it transmits frames to vocoder 604. Hence, if times 1404 lie outside of =~ '
windows 1402, processor 602 determines a time period 1410 by which it needs to
adjust its time of transmission of frames to vocoder 604 in order to position the
times 1404 of its receipt of packets safely within windows 1402. Processor 602 then
commands adaptive synchronization circuit 611 to adjust the receive interrupt signal
RX_INT_X for the corresponding service circuit 612 by the specified amount.
Circuit 611 obliges and shifts that receive interrupt signal by the specified time
period 1410. Frame transmission times from processor 602 is vocoder 604 are thus
shifted from times 1406 to times 1407, which shifts packet receive times 1404 at
processor 602 inside windows 1402,
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formatting and deformatting functions on data (call traffic and signalling)
passi ng between channel elenents 245 and TDM bus 140. A nenory 394 is
connected to bus 391 and serves as a scratch-pad traffic-buffer nenory and
an instruction nemory for controller 393. Al so connected to bus 391 is an
HDLC controller 395. It performs HDLGX-ormatting and deformatting functions
on traffic flowi ng between channel elenents 245 and TDM bus 140, i ncl udi ng

traffic conversi orHQ@% VSR oPder $6 bOSHIE RS @ikt §19 Fraimd TRdsthil timhed %ﬁﬁ controller
244 and bit-oriented
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so, thereby shifting its framc receive times from times 1408 to times 1409. Again,
the net result is that the asynchronous operations of channel element 245 and service
circuit 612 and processor 602 have been synchronized with each other.

The just-described clock adjustment functions are performed by
processor 602 at step 912 of FIG. 11, and are shown in FIG. 18. Upon commencing
to perform the clock adjustment function, at step 1070, processor 602 determines
from the retrieved call state and the received packet type whether the received packet
is the first traffic packet for the call, at step 1072, If so, processor 602 compares the
packet’s receive time stamp (appended to the packet by LAN interface 601) with a
window 1402 (the definition of which is computed and stored by processor 602 for
each call that it is handling), at step 1073, to determine, at step 1074, when in
relation to window 1402 the packet was received. If the packet was received
substantially in the center of window 1302, no clock adjustment is necessary, and
processor 602 proceeds to step 1090. If the packet was received too early,
processor 602 commands adaptive synchronization circuit 611 to advance
subsequent RX_INT_X interrupt signals by the amount of time determined by
processor 602 to be necessary to move the time of receipt substantially to the center
of window 1402, at step 1075. Processor 602 also sends a command to vocoder 604
to increase the offset of its input clock 621 from clock 600 signals by the same
amount of specified tiiné, at step 1076. Conversely, if the packet was received too
late, processor 602 commands adaptive synchronization circuit 611 to retard
subsequent RX INT X interrupt signals by the amount of time determined by
processor 602 to be necessary to move the time of receipt substantially to the center
of window 1402, at step 1077. Processor 602 also sends a command to vocoder 604
to decrease the offset of its input clock 621 from clock 600 signals by the same
amount of specified time, at step 1078. Following step 1076 or 1078, procéssor 602
proceeds to step 1090 (described further below).
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controller 244 formats each segnment of byte-oriented information in LAPD
protocol format which includes a |evel-3 protocol, for transm ssion to DCSs
201. While any suitable |l evel-3 protocol may be used, illustrative |evel-
protocols 350 and 351 are shown in FIGS. 9 and 10. FIG 9 shows a protocol
350 that is used to convey either caB4-traffi< or signalling or both, while
FIG 10 shows a protocol 351 that is dedicated to conveying a particul ar

type of signalli n‘ﬁevﬁo a@p%@%&ﬁ?lcﬁétﬁé 'gﬁgte%f% A\ of A b@mvgeﬁanes of

FIGS. 7 and 8. A t carrie over | evel -2 protocol
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due to changes in system trafﬁc load will tend to be in the same direction with
respect to times 1306 and 1404: drift that advances time 1306 with respect to
window 1302 (shown in FIG. 21) will typically also advance time 1404 with respect
to window 1402 (not shown), whereas drift that retards time 1404 with respect to
window 1402 (shown in FIG. 22) will typically also retard time 1306 with respect to
window 1302 (not shown). Conversely, the drift due to asynchrony between the
master clocks will tend to be in opposite directions. |
Drifting of times 1306 out of windows 1302 is detected by the channel
element’s corresponding cluster controller 244. Its response thereto is shown in
FIG. 16. Upon receipt of a packet at cluster controller 244, the routine of FIG. 16 is
~ invoked, at step 1001, and it checks whether the received packet is the first traffic
packet received for the call, at step 1002. Since the call is in progress, this will not
be the first received traffic packet, and the routine continues at step 1014. There, the
routine compares the time at which the packet was received with window 1302, the
same as at step 1004, to determine, at step 1016, when in relation to window 1302
the packet was received. If the packet was received within window 1302, no clock
adjustment is necessary, and the routine merely returns, at step 1022. If the packet
was received prior to occurrence of window 1302, the routine causes the next traffic
packet for this call that is sent to processor 602 of the SPU 264 that is handling the
call to convey in its clock adjust field 322 a request to retard the time of the
TX INT_X interrupts for this call by one tick (e.g., one PCM speech sample nme).
at step 1018. Conversely, if the packet was received after occurrence of
window 1302, the routine causes the next traffic packet for this call to convey in its

clock adjust field 322 a request to processor 602 to advance the time of the - -~~~ . - - - =

TX_INT_X interrupts for this call by one tick, at step 1020. Following step 1018
or 1020, the routine returns to the point of its invocation, at step 1022,

Upon recexpt of the traffic packet, processor 602 proceeds to make the
requisite adjustment, at step 912 of FIG. 11. Drifting of times 1404 out of
windows 1402 is detected by processor 602 itself. Processor 602 notes the need for
adjustment and the direction of adjustment, and proceeds to make the requisite
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-14- channel elenment 245 froma DCS 201, the sequence nunbers begin at 0 at
the start of every newcall. In the case of packets 350 incomng froma
channel elenment 245 to a DCS 201, the sequence nunbers are derived fromthe
master timing signals to which all nobile tel ephones 203 and cells 202 are
synchroni zed. Packet type field 321-Bfentifies the packet type as either a
traffic packet correspondi ng te packet 350 of FIG 9, or a signalling

packet, 5 ré%r%w& hgk’ tm,'ﬁ@}zg}gﬁl;q 10. Cock adjust field 322

carries i om’cluster-contr ers 244 to DCSs 201 that is used
to conpensate for Whsalchapge initiming pf processon@i2qactivity pdvanges packey ock to whi ch
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conput ed \mﬁeﬁicl{gﬂ%{: i ﬁ&&ﬁf@#&%&&&%ﬂ%@ﬁvi& Zdvances windows 1402 and frame
transmit times 1406 with respect to times 1404, the result is new frame transmit
times 1606 and packet receive times 1404 which are positioned back inside -
windows 1402, as shown in FIG. 22.
The shift in the TX_INT_X and RX_INT_X signals output by
circuit 611 reguires a corresponding shift to be made in the signal outputs of
clocks 621 and 622 of vocoder 604, thereby changing vocoder 604 traffic frame
transmit times from times 1309 to times 1509 and changes vocoder 604 traffic frame
receive times from times 1409 to times 1609 in the example of FIGS. 21 and 22, and
thus realigning opcrations of vocoder 604 with the time-shifted operations of
processor 602. At the instant of realignment, however, vocoder 604 must present a
traffic frame of call traffic to processor 602 after vocoder 604 has had time to collect
either 159 or 161 PCM samples from circuit 605 instead of the normal 160 samples
corresponding to a 20 msec. time interval, and must output a frame of call traffic to
circuit 605 within a time interval of either 159 or 161 PCM samples instead of the
normal 160, depending upon whether the adjustment is, respectively, to advance or
to delay the interrupt signals. . To compensate for this condition, when processor 602
commands circuit 611 to effect the shifts in its TX_INT_X and RX_INT X signals
for this service circuit 612 that are shown in FIGS. 21 and 22, respectively, at the
same time processor 602 commands vocoder 604 of this same service circuit 612 o
drop one PCM sample byte from its PCM output and to create an additional one
PCM sample byte at its PCM input. Vocoder 604 does so, and the effect is to again
align vocoder 604 traffic frame input and output activities with PCM sample output
and input activities, respectively.
In the case of drift opposite to that shown in FIGS. 21"and 22, the steps - -
taken to compensate for the drift are the inverse of those described for FIGS. 21 and
22, Specifically, processor 602 commands circuit 601 to retard its TX_INT X and
RX_INT_X interrupt signal outputs for this service circuit 612 by one PCM sample
interval, and commands vocoder 604 to create an additional one PCM sample byte at
its PCM output and to drop one PCM sample byte from its PCM input.
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transmtted traffic, and is sent by nobile tel ephone 203 along with that
traffic. Signal quality field 324 carries reports conputed by channel

el enments 245 on the quality of call-traffic signals that they are receiving
from nobil e tel ephone 203. Fields 323 and 324 ‘are al so used only in the
reverse direction and are null in the36eorward-direction. Power control
field 325 carries information frema cell 202 concerning the trend of power

control instructi Ofgesé ativities @ﬁ&gg&?%l "BiprardéPin' G, 18 ar%ésﬁﬁjtgﬁndi ng

- verse
RSy oM NI o S e A
expl ai ned afljustiieai adrivitey. of \éepH2%f mgtan 11, lagsgép’e IIFIgf ié@h\é/bk@ﬁﬁxemﬁq jggtgﬁl '; he
ype o | BEBVI R A AP BRI e L RS Bt T o o
327 carr i seceivedipackat ydllmotibe the finst recetyed phcket) and soproatsson60Dproeeeds X nofF | lc)iot h,
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328-331 t N4t IEFEive Wi %{JQ‘*dn ©OFfles todeserung, ahsteppt8lewhey the macketwvas21,
al ready dreseiveddn relationo]therwinidow. VIf the patket wils received within window 1404,
no timing adjustment is necessary, and so processor 602 proceeds to step 1090. If
the packet was received prior to window 1404, processor 602 commands adaptive
synchronization circuit 611 to advance RX_INT X signal for the corresponding
service circuit 612 by one tick, at step 1082, and commands vocoder 604 to decrease
the offset of its input clock 621 by one tick, at step 1083. Vocoder 604 does so by
causing clock 621 to reset after a count of 159 instead of the usual count of 160. But
vocoder 604 still receives a full traffic frame of incoming call traffic holding the
equivalent of 160 PCM sample bytes of information. So vocoder 604 discards one
of those sample bytes to mask the timing realignment at its PCM output.
Returning to step 1081, if the packet is found to have been received after
window 1404, processor 602 commands adaptive synchronization circuit 611 to
retard RX INT_X signal for the corresponding service circuit 612 by one tick, at
step 1084, and commands vocoder 604 to increase the offset of its input clock 621
by one tick, at step 1085. Vocoder 604 does so by causing clock 621 to reset after a
count of 161 instead of the usual count of 160. But vocoder 604 still receives a
traffic frame of incoming traffic holding the equivalent of 160 PCM sample bytes of
information. So vocoder 604 generates an additional sample byte to mask the timing
realignment at its PCM output. : - ’
‘ Following steps 1083 or 1085, prot:essor 602 proceeds to step 1090.
There, processor 602 examines clock adjust field 322 of the received traffic frame to
determine what clock adjustment, if any, has been requested by cell 202 that is
handling the call. If an adjustment has been requested, processor 602 commands
adaptive synchronization circuit 611 to adjust the time of occurrence of the
TX_INT_X interrupts for the call’s corresponding service circuit 612 by one tick in
the requested direction, at step 109i, and commands vocoder 604 to adjust the offset
of its output clock 621 by one tick in the same direction, at step 1092. Vocoder 604
does so by causing clock 621 to reset after a count of 159 or 161 instead of the usual
count of 160. Consequently, vocoder 604 accumulates either 159 or 161 PCM bytes
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I dentifies packet 351 as a signalling packet. Message type field 328
identifies the type of signalling carried by packet 351. Channel elenent ID
field 329 identifies the particular channel el enment 245 participating in
this nmessage exchange. Frare selector ID field 330 identifies a particular
virtual port on a processor 602 (see3FLG: 6) -.participating in this nessage
exchange. These fields 329 and 330 may be used for security, nmintenance,
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Alternatively, clocking adjustments may be made in multiplés of one

125 usec. ticks in order to achieve synchronization at a faster rate. Also, a

combination of multiple-tick and single-tick adjustments (in different 20 msec.
cycles) could be used in order to control the speed with which synchronization may

be achieved. Further, toarse adjustments (i.e., involving multiple 125 usec. ticks)

may be made in order to make major synchronization changes during a call. Said
large adjustments are advantageously made during the periods when speech activity

is low.

At the start of a soft handoff, a channel element 245 of a second cell 202
commences to handle the call in parallel with channel element 245 of a cell 202 that
has been handling the call alone until now. It is not known a priori whether packet
receive times 1306 at the second channel element 245 will fall inside or outside of
windows 1302 (see FIG. 19) or whether packet receive times 1404 of packets sent by
second channel element 245 will fall inside or outside of windows 1402 (see
FIG. 20) at processor 602, just as when the call is initially established. If receive
times 1306 and 1404 do fall outside of windows 1302 and 1402, respectively, for the
second channel element 245, however, the clock adjustment technique of FIGS. 19
and 20 which was used when the call was initially established, cannot now be used.
This is because the call is'now an establishied and ongoing call, and the use of that
technique would result in noticeable disruption -- an audible "glitch"-- in the call.
Consequently, the more gradual but effectively “glitch-less" clock adjustment
technique of FIGS. 21 and 22 is used to try and move receive times 1306 and 1404
within windows 1302 and 1402, respectively, for the second channel element 245.
Multiple iterations of this adjustment may need to be performed in order-to achieve - .. . -

the desired effect.

It is important to note, however, that the adjustment of FIGS. 21 and 22
affects the receive times 1306 and 1404 for both of the channel elements 245 that are
handling the call. Consequently, it is possible that an adjustment which attempts to
move times 1306 and 1404 into windows 1302 and 1402 for the second channel
element 245 will result in moving times 1306 and 1404 out of windows 1302 and
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typically done at systeminitialization. Each "pipe" illustratively
constitutes a plurality_of (e.g., four) tinme slots (i.e., four 64 Kbps
channel s) on TDM bus 140. In the reverse (i nbound) direction, cluster
control |l er 244 queues traffic segnments received from channel el enents 245,
formats theminto packets, waps the3gackets~into inverted-HDLC format LAPD
(level -2 protocol) franes, and &ransmts the LAPD franmes one after another

into its 0, u TDM bus 140. In the forward (outbound)
di rect | onﬂd&@h&&* %WF@P’%% recel ves LAPD franes fromits all ocated
i nput "pipe" on TN fmperathd; thaetimenti0éanil 604 abaritheoobiboltwo ¢binpelat s t he
packets, gg%g&* Pa channel

el enent s legcg@%? %@t%‘*gﬁff%@g@s I e "3‘“&%{%‘352%0 ﬁgﬁrg‘gel ved franes.
As a conseQiasic imss 13 t‘h‘tfr’n%addf%qcﬁgl't‘%qf°@bﬁleﬂd’F$P§F%V°244 frames being
conveyed {indang 1f302’ﬁhdm@h%%mpbﬁﬁatﬁdbfbywmmrmmwp&mmraw bus 140,

oY oS5 Il ntt o SR AR, el O
LAPD f r ankar@ioff dne chamnehelemem 235 i3 repogtingnilepdiag simef 1306 while the other ,
channel element 245 is reporting a lagging time 1306, the clock adjustment requests
of the channel element 245 which is reporting leading times 1306 are ignored and
only the requests of the other channel element 245 which is reporting lagging
times 1306 are responded to by processor 602. |
It is conceivable that differences in propagation delays between
processor 602 and the two channel elements 245 that are involved in the soft handoff
are so great that packets sent by both channel elements 245 during the same clock
cycle of cell clock 1000 are received at processor 602 during different clock cycles
of processor 602 receive interrupt clock RX_INT X for that channel element 612,
and that duplicate packets sent by processor 602 during the same clock cycle of
transmit interrupt clock TX_INT_X to both channel elements 245 involved in the
soft handoff are received by those channel elements 245 during different clock
cycles of cell clock 1000. To associate the received packets with the proper clock
cycles is the purpose of the sequence numbers carried by sequence number field 320
of traffic frames 350 (see FIG. 9) The association is done at steps 932-936 of
FIG. 11,
 As was alluded to previously, sequence numbers used by channel
“elements 245 are calculated from, and hence bear a defined relationship to, clock
cycles of cell clock 1000. Hence, during any clock cycle of cell clock 1000, all
channel elements 245 transmit packets having the same sequence number.
Conséquently, by comparing the sequence numbers of two received packets,
processor 602 can immediately determine whether both packets correspond to the
same clock cycle of clock 1000, and if they do not, what their relative sequence is.
In the opposite direction of packet flow, from processor 602 to channel
elements 245, no defined relationship exists between sequence number and clock
cycle of cell clock 1000. However, at the beginning of the soft handoff, the channel
element 245 that has been handling the call until now causes a message
(HANDOFF_REQ; see discussion of FIG. 27, below) to be sent to the channel
element 245 that is now commencing to handle the call, which message reports the
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this discussion, it conprises a plurality of fields 301-305: a flag field

301, used for delimting franes; a Data Link Connection lIdentifier (DLCl)

field 302; a control field 303 which specifies the type of LAPD frane this
is; a user data field 304 which contains the |evel-3 protocol (packet). 350
or 351 referred to above; and a franygcheck sequence (FCS) field 305, used
for error checking The DLCl field 302 is the franme end-to-end address

field.
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time, an@omespends.fi xed thereafter The transm ssion of frames to and from
cluster control | ef il 46w b explained in conjunction with FIGS. 23-35 how calls are
set up, handed off, and torn down in the system of FIG. 2. The illustrated activities
take place as a result of exchanges of level-3 packetized signalling messages,
illustratively between pairs of elements, e.g., SPU 264 to cells 202, cell 202 to ECP
complex 134, or ECP complex 134 to DCS controller 261. The Figures imply
timing relationships for message exchanges between the element pairs only, and not
across element pairs. All messages to and from ECP complex 134 are assumed to
flow through control links 108; all packets between channel elements 245 and
service circuits 612 are assumed to be frame-relayed through trunks 207 and 210.
_ FIG. 23 shows control signalling for setting up a packet-switched call
path for a call originating at a mobile telephone 203. Mobile telephone 203 initiates
the call by transmitting an ORIGINATION signal (illustratively one or more digital
messages) conveying the called telephone number on an access channel. Over-the-
air transmission or reception of signals is indicated in the Figures by a vertical
segment of a signal arrow. The ORIGINATION signal is received by channel
element 245 designated as a CDMA access channel in one of the cells 202, which
passes it on in a message to its cluster controller 244, which forwards it to )
" controller 241 of its cell 202. Each controller 241 assigns a free CDMA air channel
to carry the call, and then passes the message along with identity of the assigned |
channel’s correspondmg channel clcmcnts 245 on to ECP complex 134,in a
conventional manner. .
ECP complex 134 receives the CELL_ORIGINATION message and
- selects a DCS 201, a CIM 209, an SCM 220, and a service circuit 612 and a group of
trunks 106 of the selected speech coder module 220, to handle the call. ECP
complex 134 then sends an MSC_FS_ASSIGNMENT message to controller 241 of
the call-originating cell 202, conveying a DLCI of the selected service circuit 612.
ECP complex 134 also sends a SETUP message conveying the called telephone
number and identifying selected module 220, groups of trunks 106, and service
circuit 612, to DCS controller 261 that controls the selected module 220.
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effected using the franme-relay technique of transm ssion, whereby protocol
termnation of the frames occurs only at the transm ssion endpoints,

t hereby gready increasing the efficiency and speed of those frane transfers
t hrough the system of -16- FIG 2. The frame-relay technique is
described in U. S. Patent No. 4,894.882. "It is hereby incorporated herein
by reference. Advantageously, imorder to provide radio tel ephone services
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TDVA tr afqiereeqég} 51@(@3; ¥ee@c§elected to handle the ¢ g@lecte&' channel ement
sets itself up to handle the call and then sends an FS_CONNECT packet 351 to the
selected service circuit 612, using the frame-relay technique to transport the packet
through the interconnecting facilities’ channels. Packet 351 uses the received DLCI
of the selected service circuit 612 as the packet address in field 302, and conveys the
DLCI of the selected channel element 245 in its data field 304.

When processor 602 serving the selected service circuit 612 receives the
FS_CONNECT packet, it returns an FS_ACK packet 351 to selected channel
clement 245 in acknowledgment of receipt of the FS_CONNECT packet, using the
DLCI contained in field 304 of the FS_CONNECT packet as the packet address in
field 302 of the FS_ACK packet. Illustratively at this time processor 602 also sends
to cell 202 all DLCIs that correspond to selected service circuit 612. Processor 602
performs these tasks as part of LAPD processing at step 904 of FIG. 11.

Processor 602 then stores the conveyed DLCI of selected channel element 245 as
part of the call state that is associated with selected service circuit 612, and marks
the call state as corresponding to an active call. A connection is now established
between selected channel element 245 and service circuit 612. Cluster controller 244
of the selected channel elements 245 next responds with an FS_CLOCK_ADJUST
packet in which it conveys to processor 602 serving the selected serving circuit the
initial clock-adjustment information. This packet was discussed in conjunction with
FIG. 16, steps 1001-1010. Processor 602 responds, by returning an FS_ACK
packets to cluster controller 244 and processing the received packet in the manner
discussed in conjunction with FIG. 17, A call path is now established between
channel element 245 and service circuit 612, and they begin to exchange null traffic
packets every 20 msecs. until call traffic becomes available. Selected channel
element 245 responds to receipt of the second FS_ACK packet by causing a
CHANNEL_CONFIRMATION message to be sent by its cell’s controller 241 to
ECP complex 134 to advise it of completion of this end of the connection.

DCS controller 261 that receives the SETUP mcs'sage responds by
causing controller 231 of the selected SCM 220 to seize a trunk 106 (DSO channel)
of the identified groups of trunks 106 and to outpulse the called telephone number on
the seized trunk 106. The selected trunk 106 corresponds to a particular time slot on
TDM bus 130. Controller 261 also causes translation and maintenance
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through the systemof FIG 2 either in circuit-switched form like the
analog radio traffic, or in packet-switched form like the COMA traffic. In
the cell 202 of FIG 3, DSl interfaces 242 performtheir conventional
functions of gat hering 64 Kbps time slots from TDM bus 140 and mul ti pl exi ng”
theminto DS | format for transm ssi ofl on trunks 207, and vice versa. It is
i nportant for purposes of this agplication that each interface 242 ensure

that the o?%@@%%ﬂl@ctpyxm Sk &%4%? %&Rﬁ%&&@@&@& :JJi | nterface
ARt COnmer cra # KLIJ‘

242 be co aces &T TN 464C,
do in factcxméﬁlzm@nomtdhqabmen@nmmchemnetlﬁ@mmbd b@mk:’:Op\saforrred by

cl ust er - CombbisahErt24/S081> MR S soroF BbicShirith gAY 603 @Hes Nt 0 L unks
an e or ,

Coni oot heated Bselbited Serutcs it 61 ety SRR A B TR SRR b

faciliti eshantiletthe suybjeetreail. Contraller 26X7therd send&a CONNA C¥pmessage tctECBrrprl 5| ng 24

'ndepender&mﬁlpﬁa 385 128 shdoni8 SoRBIcHGn be [ELI df B oot 211 Ly oW

conpri ses e1n epen consi andwi dt h of
one or QS@WEWP@MSIOEWQ}Wd friem: t@mnummqneéaouln@smpo frames

created bmeaﬁoﬂtqwowadhé Sélecied trunk 106 by controller 231, it notifies DCS
controller 261, which in turn sends an ANSWER message to ECP complex 134 to
notify it of call completion. The call is now established fully through the system of
FIG. 2, and call traffic can flow between selected channel elements 245 through
service circuit 612 and trunk 106 to and from the telecommunications facilities of
network 100 and the call’s destination, _

FIG. 24 shows control signalling for setup of a call path for a call
originating at public telephone network 100. Network 100 initiates the call by

' seiiing a trunk 106 and outpulsing thereon the digits of the called telephone number,
in a conventional manner. Controller 231 of a speech coder module 220 serving that
trunk 106 detects the seizure on the trunk’s corresponding time slot of TDM bus 130
and collects the dialed digits, again conventionally, and then notifies DCS
controller 261. Controller 261 in turn notifies ECP complex 134 by sending it an
INCALL message. The INCALL message conveys the called telephone number, and
module 220 and trunk 106 LD.s.

ECP complex 134 responds to the INCALL message by broadcasting to
all cells 202 in the system of FIG. 2 an MSC_ PAGE_REQUEST messagc The
MSC PAGE _REQUEST message identifies the called mobile 203 (e.g., conveys the
called phone number).

Controller 142 of each cell 202 responds to the .
MSC_PAGE_REQUEST message by conveying the MSC_PAGE_REQUEST
message to a CDMA access-channel element 245 via cluster controller 244, The
access-channel element 245 responds by paging the called mobile 203, in the manner
specified for the CDMA arrangement. _

~ When the called mobile 203 responds by transmitting a RESPONSE
signal, one or more of the paging channel elements 245 receive the signal, and each
passes it on to its respective cluster controller 244. Cluster controllers 244 forward
the messages to controllers 241 of their respective cells 202. Controllers 241 of all
cells 202 are continually exchanging messages (not shown) to update each other’s

ﬁ
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single cluster controller 244. The traffic-carrying capacity of the
bandwi dt h provi ded by trunks 207 is thereby greatly increased over
alternative transm ssion techni ques, such as the conventi onal
circuit-swtching technique. Any remaining trunks 207 (i.e., DSO channel s)
that are not bundled into "pipes” caAﬂFnDe t o-be used .on an i ndependent

I ndi vidual circuit-sw tched basis, to carry conmuni cations to and

from ConVcFa'?éhhﬁg Intercgﬁﬁ&éésmésﬁflémshag%&gl i cdIRIoRurbfidvR42@P 1S shown

in FIG 4 ect nod 097i s rati é aﬁunde on the
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DS1 f aci |oftthaticall'sistlectéonctorhendlethe ¢all. DS1 i nterface 242, and a packet
processing el enenECPRBmp1AOB4 rbdkiRis GRICELLE PATE RESPONSE message and

selects a service circuit 612 of module 220 to which the call is connected to handle

the call at the other end of the call path. ECP complex 134 then sends an

MSC_FS_ASSIGNMENT message to controller 241 of the selected cell 202, The

message is the same as described for the mobile call-origination, and elicits the same

response -- to wit, an FS_CONNECT, FS_ACK, FS_CLOCK_ADJUST, and

FS_ACK packet exchange sequence between cell 202 and SPU 264, followed by a

CHANNEL_CONFIRMATION message from cell 202 to ECP complex 134,-as

described for FIG. 23. ECP complex 134 also sends a TONE_REQ message to DCS

controller 261 that controls the module 220 to which the call is connected.

Controller 261 responds by causing controller 231 of module 220 to apply ringback

to the trunk 106 that carries the call to and from telecommunications facilities of

network 100.

Following sending of CHANNEL_CONFIRMATION message to ECP

complex 134, selected channel element 245 transmits RINGING signals to called

mobile 203. When called mobile 203 responds with an ANSWER signal, selected

channel element 245 causes an ANSWER message to be conveyed from its cell’s

controller 241 to ECP complex 134. ECP complex 134 responds by sending an

ACCEPT message to DCS controller 261 of module 220 to which the call is

connected. The message conveys the LD. of service circuit 612 that had been

selected to handle the call. Controller 261 responds by causing controller 23110

remove ringback tones from the call, and then causing a connection to be made

between the DSO channel carrying the call on TDM bus 130 and selected service

circuit 612, in the manner described for a mobile-originated call. ‘Controller 261

then sends a CONNACK message to ECP complex 134 to advise it of successful

completion of this end of the connection. The call path is now established fully

through the system of FIG. 2, and packets bearing call traffic can flow between

selected channel element 245 and the call’s source, through service circuit 612,

FIG. 25 shows control signalling for call disconnection initiated by
mobile telephone 203. Mobile telephone 203 initiates disconnection of an
established call in which it is participating by transmitting a HANGUP signal. This
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-17- concentration highway 400. Concentration highway 400 is a _
time-division multiplexed bus of 64 time slots each having a 64 Kbps rate.
The DS1 trunk interface 442 perforns the functionsof gathering 64 Kbps time
slots fromconcentrati on highway 400, inverting the inverted HDLC format
(discussed in conjunction with cell 2@3-6f FIG 3) back to nornal, and
mul tipl exing the data into DS1 fermat for transm ssion on trunks 207, and
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The is handling the call to show that the call has been disconnected. Trafficforthecall ..

now ceases to flow between chanriel element 245 and service circuit 612, and
channel element 245 causes as RELEASE_MSC message to be sent by its cell’s
controller 241 to ECP complex 134, to advise it of disconnection of this end of the
call path.

ECP complex 134 responds by sending a CLEAR message to DCS .
controller 261 of speech coder module 220 that is handling the call, and by sending
an MSC_ RELEASE_ACK message to controller 241 of cell 202 that was handling
the call, to advise it that channel element 245 which had been handling the call is
now free and available to handle a new call. Controller 261 responds to the CLEAR
message by causing controller 231 of module 220 to release trunk 106 that carries
the call, and causing translation and maintenance processor 609 of the speech
processing unit 264 that contains service circuit 612 which is handling the call to
disconnect the DSQ channel which is carrying the call from the concentration
highway 607 time slot that is assfgned to that service circuit 612. Controller 261
then sends a CLEAR -:ACK message to ECP complex 105 to notify it that this end of
the call path has also been disconnected.

FIG. 26 shows control signalling for call disconnection initiated from
public telephone network 100. Network 100 releases trunk 106 which carries the
call. The release is detecied by controller 231 of speech coder module 220 that is
handling the call, which ndtiﬁes DCS controller 261, and controller 261 in turn
notifies ECP complex 134 by sending it a DISCONNECT message.

ECP complex 134 responds to receipt of the DISCONNECT message by
sending an MSC_ NETWORK_RELEASE message through cell controller 241 and
cluster controller 244 to channel element 245 that is handling the call, Channel
element 245 responds by transmitting a RELEASE signal to mobile telephone 203
that is involved in the call, and causing an FS_REMOVE packet 351 to be sent to
service circuit 612 that is handling the call. The FS_REMOVE signal is the same as
described for the mobile-initiated disconnection, and elicits the same response.

—
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board and port addresses identify the intended recipient of frame 300 on
LAN bus 250. PPE 401 then strips flag field 301 fromframe 300 and prepends
t he found board and port addresses to the franme to forma nodified LAPD
frame 310 shown in FIG 8. A conparison with FIG 7 shows flag field 301 to
have been replaced by board address 3#8-and pert address 312. PPE 401 then
transmts nodified LAPD frame 316 on LAN bus 250. In the other direction,
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CLEAR message is the same as described for the mobile-initiated termination, and
elicits the same response.

FIGS. 27-29 show control signalling for soft handoff of the call from
one cell 202 to another. FIG. 27 shows signalling for the beginning of soft handoff,
when a second cell 202, referred to as a slave cell, commences to handle the call
jointly with cell 202 that had been handling the call until then, referred to as a master
cell. A mobile telephone 203 that is involved in a call monitors the strength of pilot
channel signals that it receives from g plurality of cells 202 including master
cell 202, and it periodically sends to master cell 202 a PWR.INFO. report on these
received power levels. Channel element 245 that is handling the call passes this
report on to controller 241 of master cell 202, On the basis of this information, and
information exchanged between the cells 202 themselves, controller 241 of master
cell 202 determines whether only master cell 202 should continue to handle the call,
or whether another cell 202 should be added to the call. If controller 141 of master
cell 202 determines that another cell 202 should be added to the call, and that this
slave cell 202 can handle the call using CDMA and the same mobile channel as
master cell 202, controller 241 of master cell 202 sends a HANDOFF_REQ message
through control links 108 and IMS 104 to controller 241 of slave cell 202.
HANDOFF_REQ message conveys the DLCISs of call-handling service circuit 612
which are not used by master cell 202 for this call, and the LD. of the mobile
channel on which the call is being conducted.

Controller 241 of slave cell 202 receives the HANDOFF_REQ message
and selects a channel element 245 of slave cell 202 and one of the received DLCIs of
call-handling circuit 612 to handle the call. (Alternatively, the HANDOFF_REQ
message may convey the DLCI of call-handling service circuit 612 which is used by
master cell 202 for this call, and controller 241 of slave cell 202 merely toggles the
value of the least-significant bit of that DLCI which is contained in the message, to
change the DLCI value to a second DLCI that corresponds with service circuit 612
that is handling the call.) Controller 241 then forwards the selected DLCI along with
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el ements. Each expansion interface 253 includes a LAN bus interface 450

whi ch nonitors LAN bus for nodified LAPD frames 310 having

apre-adm ni stered DLCI 302, board address 311, and port address 312.
Interface 450 captures any franme 310 having the | ooked-for DLCI 302, board
address 311, and port address 312, stugsas™off .the prepended board address
311, and stores the frame 310 in @ FIFO buffer 451. FI FO buffer 451 outputs

t he pr epend ort and Cl 302 of
transl ati oH 'Eenﬁ%%%ﬁfﬁe‘ﬁﬁ‘gﬂﬁf?g? elyst %’ gpﬁ?r arregi%‘_‘ﬂﬁ‘?fugl a
transl ati onhamslaerl&.ment&gs. Saletsedchatbel ¢lement P45 setd itiself wp tor lpardieathe ealbf boar d

and port LRGP SRP8 the port
address 313" gﬂéﬂ %&ﬂéﬂﬁﬁﬁa e %ﬁfﬁ%@%%@i&%fqﬁ%?;ﬁsta poi nt er

recei v
to find a Ffbwfﬁﬁ%\?‘&“é'cﬂlzé@%?‘%haﬂ HHE"M"& °t3‘f%s FFXIE 310, and
sends the Bﬁﬁﬁlﬁdmﬁﬁiﬁli‘@agiébembﬁlaeét&ibﬁﬁiﬁﬁlcﬂémﬂﬂ 245 froni eontdfler 24Inser t er

453 prepe ncaiss tl{[eri)eacl?e% ad g%rlg ﬁaf&dsoQ ind conveys the DLCI of selected channel
element 245 initsdata field 304, . o o et e
When processor 602 serving service circuit 612 that is handling the call
receives the FS_JOIN packet, it returns an FS_ACK packet 351 to selected channel -
element 245 in acknowledgment of receipt of the FS_JOIN packet, as part of LAPD
processing at step 904 of FIG. 11. Processor 602 then stores the conveyed DLCI of
‘selected channel element 245 as part of the call state that is associated with service
circﬁit 612 that is handling the call, and marks the call state as being in soft handoff.
A connection is now established between selected channel element 245 of slave
cell 202 and service circuit 612 that is handling the call, and they begin to exchange
call traffic packets.
Channel element 245 of slave cell 202 responds to receipt of the
FS_ACK packet by causing a HANDOFF_ACK message to be sent by its cell’s
controller 241 via control links 108 and IMS 104 to controller 241 of master cell 202
to advise it of completion of the connection. Controller 241 of slave cell 202 also
sends a HANDOFF_INFORMATION message to ECP cdmplcx 134 to notify it of
the soft handoff, and ECP complex 134 updates its database. Call traffic packets
now flow between the one service circuit 612 and channel elements 245 of both
master and slave cells 202 that are handling the call. '
~ FIGS. 28 and 29 show signalling for the end of soft handoff, when one
of the two cells 202 that is handling the call ceases to do so. Typically, though not
‘necessarily, this will be the master cell 202. This scenario is shown in FIG. 28,
During soft handoff, master and slave cells 202 receive PWR.INFO. reports on pilot
channel power levels measured by mobile telephone 203. Note-that this PWR.INFO.
is different from the power control trend information which is received during soft
handoff from both cells 202 by processor 602 and is swapped between the two
cells 202. Each cell 202 includes the received PWR.INFO. as reverse signalling in
the next packet 350 that it sends to service circuit 612 that is handling the call.
Processor 602 serving service circuit 612 that is handling the call
receives the PWR.INFO. as reverse signalling from both cells 202, selects and saves
the PWR.INFO. from only one cell 202, at steps 968 of FIG. 13 or 998 of FIG. 14,
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addresses 311 and 312 received fromtable 452 to the franme 310 fields that
It received fromFIFO buffer 451, and sends the new frane 310 to fi ber

i nterface 454. If no correspondi ng addresses are found in and sent from
tabl @ 452, inserter 453 nerely discards the received frane 310. Fi ber
interface 454 transnits the frame 3k@6cn" opti-cal fiber trunk 210. Any
desired protocol and transm ssian format may be used on trunks 210. In the

reverse diffgbh Qs Ricd BWILIRFO, $adk {oPSh KA J022MARpd 1010Md T unk 210 and

stores themin a r 455. LAN bus_interface 45 tracts the stored
frames 318236SHIG o Borrequnyelthg aetions aceiprmed bypreceisor e 250.
Consequengdly202ak@as sivelved lih tHeflaadof? pétcives PIWR JINEQs sant by die deli30Rulsat250 t hose

frames 310 that.it receives t t e ' . sJhese franes
310 have 5685‘1"5‘53?}‘:??'83@ sf?ﬂﬁt oé{lgfogg%?lﬁ%qp%{é&gé's Ii)ﬁw;ﬂltélngléle'l Merfaces 252
on LAN bufor@atied smthepeseivingicelisi conradless 24dat are not | ooked for by any
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conventional , circurt-swtc ular. radio telep onmyni cati ons,
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cel | i nt esheyithesase handling thersalli Whancontrollergd of mantee etermines
that is should cease handling the call, it sends a HANDOFF_DIRECTION signalling

packet to processor 602 that serves the call-handling service circuit 612. The packet
indicates that handling of the call is being turned over to slave cell 202. Processor
602 duplicates the signalling and returns it to both master and slave cells 202, as
shown in FIG. 15. :

Upon receiving the HANDOFF_DIRECTION signalling, channel
elements 245 of both master and slave cells 202 transmit the
HANDOFF_DIRECTION information to mobile telephone 203 to appraise it '
thereof. Controller 241 of master cell 202 then sends a MASTER_TRANSFER
message via control links 108 and IMS 104 to controller 241 of the other cell 202
that is involved in the soft handoff, to notify it of completion of the handoff and that
it is to become the new master cell 202, and also forwards a copy of that information
to channe! element 245 of its own cell 202 which is handling the call. Channel
element 245 responds by ceasing to communicate call traffic to and from mobile
telephone 203 and causing an FS_REMOVE packet to be sent to service circuit 612
that is handling the call to advise it of cessation of its involvement in the call, '

Processor 602 responds to the FS_REMOVE packet by returning an
FS_ACK packet to sending channel element 245 as part of the protocol processing of
the FS_REMOVE packet, and by updating the call state for service circuit 612 to
show that the call is no longer in soft handoff. Controller 241 of former master
cell 202 receives the FS_ACK packet and responds by ceasing its cell’s involvement
in the call. Traffic for the call ceases to flow between channel element 245 of former
master cell 202 and service circuit 612 that is handling the call, but continues to flow
between service circuit 612 and channel element 245 of the former slave cell 202.
Controller 241 of former master cell 202 now sends a HANDOFF_INFORMATION
message to ECP complex 134 to notify it of completion of the handoff and the result
thereof. ECP complex 134 updates its database accordingly.
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in dashed lines in FIG 4. Specifically, CIM 209 includes a TDM bus 230

whi ch duplicates TDM bus 130, and each UDSl interface 252 includes a
time-slot interchanger (TSI) 402 which couples concentration highway 400 to
TDM bus 230. TSI 402 perforns conventional tinme-slot interchange functions.
It receives designated 64 Kbps channef&-(time-slots) on concentration

hi ghway 400 and TDM bus 230 and &ransnmits them on designated tinme slots of

TDM bus 230 and cqaesmbéagteamlm:lgm\eahﬂﬁr26p§ms§drvmgy>csTﬁn refhinsS

r ogr ammed r-=c asi s., For p. W
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and trunk1&6190hmnuoWMScmpt(osbanE|n®ﬁaj of tha coinpletrmrmfnhmcadum for FIG
1. For th s to
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alone. Once again, the procedure begins with the master and slave cells 202
providing pilot channel PWR.INFO. reports to processor 602 that serves the call--
handling service circuit 612, and return to both cells 202 of the PWR.INFO. that
was provided by the cell 202 that is receiving better signals from mobile

telephone 203. When controller 241 of master cell 202 determines on the basis of
these and other reports that slave cell 202 should cease handling the call, it sends a
HANDOFF_DIRECTION signalling packet to processor 602 which indicates that
handling of the call is being regained by master cell 202, Processor 602 duplicates
the signalling and returns it to both master and slave cells 202, again as shown in
FIG. 15.

Upon receiving the HANDOFF_DIRECTION signalling, channel
elements 245 of both master and slave cells 202 transmit the HANDOFF-
DIRECTION information to mobile telephone 203 to appraise it thereof.

Controller 241 of master cell 202 then sends an INTRA/INTER_CELL
HANDOFF_REMOVE message via control links 108 and IMS 104 to controller 241
of slave cell 202 to notify it of completion of the handoff and that it is to drop out of
handling of the call. Controller 241 of slave cell 202 notifies channel element 245 of
slave cell 202 which is handling the call. Channel element 245 responds in the saine
manner as was described in conjunction with FIG. 28 for channel element 245 of -
master cell 202: by ceasing to communicate call traffic to and from mobile
telephone 203 and initiating an FS_REMOVE, FS_ACK packet exchange with
processor 602. Traffic flow ceases between channel element 245 of slave cell 202
and service circuit 612 that is handling the call, but continues between service
circuit 612 and channel element 245 of master cell 202. Controller 241 of former
slave cell 202 now sends a INTRA/INTER_CELL_HANDOFF . ACK message to
master cell 202, and a HANDOFF_INFORMATION message to ECP complex 134,
to notify them of completion of the handoff and the result thereof. ECP

complex 134 updates its database accordingly.
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Modul e 220 i ncludes TDM bus 130 and a LAN bus 260 which is a duplicate of
LAN bus 250, both operating under control of a controller 231. As in FIG
1, TDM-  -19- bus 130 is connected by DS 1 interfaces 132 and trunks 106
to public tel ephone network 100. Fiber trunks 210 fromcell interconnect
nodul es 209 are connected to LAN bus- 460 'by expansion interfaces 263 which
duplicate expansion interfaces 253 Each cell interface nodule 209 of a DCS

201 is connected t egﬁaﬁse‘ﬁ%ig rggqrw gv%gg,tgfptbébnmrégi

| nt erconnection b virde: etwork 100 t hrough trunks
106. Buse&ndﬁ@?amdup]ﬁ()l'ﬂrm mmmendnfﬁnmr@aonn rosedtea plurality of call-

Brocessi ng, nodes 1AieEnD bW diioP ianAing REA! dcoRRESITBIANA By (SPUS) 264,
ansi on
i ﬁf gr f 22 egmgz;tg(zglgphone 26% %vshlle the call is 1r? goeft hando?fa (i\HobJe wquhone 28¥ exp
initiates disconnection of the call by transmitting a RELEASE signal. This signal is
received by channel elements 245 which are handling the call in both master and
slave cells 202. Each channel element 245 responds by sending cell-to-mobile
reverse signalling conveying the RELEASE signal in the next packet 350 that it
sends to service circuit 612 that is handling the call.
Processor 602 serving that service circuit 612 receives the signalling
from both cells 202 but saves only one copy, at step 968 of FIG. 13 or 998 of
FIG. 14, and returns the saved copy of the RELEASE signalling back to channel
elements 245 of both master and slave cells 202 in the next traffic packet, at
steps 1216 or 1222 and 1236 of FIG. 15. Controller 241 of master cell 202 responds
to return of the RELEASE signalling by sending cell-to-mobile
MOBILE_DISCONNECT forward signalling in the next packet 350 that is sent to
service-circuit 612 that is handling the call.
Processor 602 serving that service circuit 612 receives and stores the
 signalling, at step 956 of FIG. 13 or step 986 of FIG. 14, and then returns it to
channel elements 245 of both master and slave cells 202 in the next traffic packet, at
steps 1222 and 1236 of FIG. 15. Channel elements 245 of both master and slave
cells 202 each respond to receipt of the MOBILE_DISCONNECT signalling by
transmitting a RELEASE signal to mobile telephone 203, Controller 241 of master
cell 202 then sends a cell-to-mobile signalling NULL_TRAFFIC command in the
next packet to service circuit 612. This command is returned to both cells 202by
processor 602, in the manner just described for MOBILE_DISCONNECT signalling.
Channel elements 245 of both master and slave cells 202 each respond to receipt of
the NULL_TRAFFIC command by ceasing to transmit call traffic and instead
commencing to transmit null traffic to mobile telephone 203. Both channel
elements 245 also each cause an FS_REMOVE packet 351 to be sent to service
circuit 612 that is handling the call. The packets are the same as has been described
previously, and elicit the same responses from processor 602. Upon receipt of an
FS_ACK packet from processor 602, each cell’s channel element 245 stops
communicating with mobile telephone 203, and causes a RELEASE_MSC message
to be sent by its cell’s controller 241 to ECP complex 134 to notify complex 134 that
the corresponding cell 202 has ceased to handle the call. ECP complex 134 updates
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cell interconnect nodul es 209, each speech processing unit 264 receives
frames 310 that are addressed to it, depacketizes their contents (i.e.,’
term nates their protocol), perforns various processing functions -

i ncl udi ng speech deconpression - on the contents of each received frane,
and outputs the processed franme conteg9s dbn TDM bus 130 in tinme slots which
are assigned to calls on a call-by-call basis. In the reverse direction, a

h 130 t
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destinati qhe Qdiné-ﬂ\ﬂdmﬂ:ea@&m@stmdwm&ekhﬁcfdsmsfﬁﬁﬂ)ds LAN bus 260. As
a consequence %@t&e operations of cell interconnect nodules 209 and speech

coder nodfioBE° frames 310 bei ng conveyed between them are statistically
mul ti pl exed onto, EK3 Flrshows cettolsignelling for catlidiscomxctiominiddted frovut | y

public telephone network 100 while the call is in soft handoff. Network 100 releases
trunk 106 that carries the call. The release is detected by controller 231 of speech
coder module 220 that is handling the call, and controller 231 notifies DCS
controller 261, which in turn notifies ECP complex 134 by sending it a
DISCONNECT message.

. ECP complex 134 responds by sending an MSC_
NETWORK_RELEASE message to cell controllers 241 of master and slave
cells 202. Controller 241 of master cell 202 responds by sending cell-to-mobile
forward signalling conveying a RELEASE signal in the next packet 350 that it sends
to service circuit 612 that is handling the call.

Processor 602 serving that service circuit 612 receives the RELEASE
signal and stores it, at step 956 of FIG. 13 or step 986 of FIG. 14, and then sends the
stored RELEASE signal to channel elements 245 of both master and slave cells 202
in the next traffic packet, at steps 1222 and 1236 of FIG. 15. Channel clements 245
of both master and slave cells 202 each respond to the signalling information by
transmitting a RELEASE signal to mobile telephone 203 that is involved in the call.

In response to receiving the RELEASE signals transmitted by channel
elements 245, mobile telephone 203 hangs up the call and transmits a MOBILE
DISCONNECT signal as confirmation. This signal is received by channel
clements 245 of both master and slave cells 202. Each channel element 245 that is
handling the call responds thereto by causing a FS_REMOVE packet 351 to be sent
to service circuit 612 that is handling the call. The packets are the same as has been
described previously, and elicit the same responses from processor 602. Upon
receipt of the FS_ACK packet from processor 602, each channel element 245
responds by causing a RELEASE_CONFIRMATION message to be sent to ECP
complex 134 to inform it of the call disconnection.

Following receipt of the second RELEASE CONFIRMATION
message, ECP complex 134 sends a CLEAR message to DCS controller 261 of
speech coder module 220 that is handling the call. The message is the same as
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I ncreasing the traffic-carrying capacity of the bandw dth provided by
trunks 210 over alternative transm ssion techni ques such as
circuit-switching. As was mentioned in conjunction with FIG 3, DCS 201
optionally includes a TM5 121 for serV|C|ng conventional radio tel ephone
comruni cations. Speech coder npdul e-308 Ts cennected to TM5S 121 by a trunk
109 and a TMS interface 133, inshe manner described for sw tching nodul es

120 of FI t he ) ssing.unit 264 is shown in FIG
6. Each #ﬁf% ﬁd?ﬁ&g%&%@gg&gﬁ%pﬁ%e 601. It monitors frames 310
traversing LAN buEIQG@ shews spatrelsignallingdpre seaizsoft handeit of the call from g
captures é&%amkmleﬂﬁnimwahkrfarse@ﬁidéf@ﬁmﬂmurslbe{w&n&hmmrface 601

appends. 1 Gements 23 Ry seE 3 07 it e tp cops gt SmEC
i nt er r upt DC8 201 pardcisesioes HEltangd incthe inmbile chaymel that isearrying the call. As

for soft handoff, controller 241 of cell 202 that is handling the call -- the serving cell
-- monitors PWR.INFO. supplied by mobile telephone 203 to determine whether
serving channel element 245 should continue to do so, or whether the call should be
handed off to a new channel element 245 in either the same or a different -- a new --
cell 202, If controller 241 of serving cell 202 determines that it should hand off the
call to a new channel element 245, and that new cell 202 can handle the call using
CDMA, controller 241 of serving cell 202 sends a HANDOFF_REQ message
through control links 108 and IMS 104 to controller 241 of new cell 202. (If serving
cell 202 and new cell 202 are the same cell, this message is not sent outside of the
cell.) The message is the same as described for soft handoff, and elicits the same
response from new cell 202 as it does from a slave cell 202. However, because new
channel element 245 does not operate on the same mobile channel as mobile
telephone 203 and serving channel element 245, new channel element 245 is not in
communication with mobile telephone 203 and only null traffic packets flow from
new channel element 245 to service circuit 612 that is handling the call.

The HANDOFF_ACK message that is sent by new cell 202 back to
serving cell 202 specifies the mobile channel on which new channel element 245
operates. Controller 241 of serving cell 202 receives the HANDOFF_ACK message
and responds thereto by causing serving channel element 245 to transmit a signal to
mobile telephone 203 telling it to sWitch its operations to the mobile channelon ™~ =~
which new channel element 245 operates. When mobile telephone 203 does so,
traffic begins to flow between mobile telephone 203, new channel element 245, and
service circuit 612, but ceases to flow between mobile telephone 203 and serving
channel element 245, and only null traffic packets commence to ﬂow from serving
channel element 245 to service circuit 612, I

New channel element 245 responds to commencement of receipt of call
traffic from mobile telephone 203 by causing a HANDOFF_INFORMATION
message to be sent to ECP complex 134, and an INTERCELL_HANDOFF message
to be sent to serving cell 202, to notify them of the handoff. ECP complex 134
updates its database, while controller 241 of serving cell 202 causes the cell to drop
out of serving the call. Specifically, channel element 245 of serving cell 202 causes

i




-20- present count of a counter 623, discussed further below The port
address 312 of a frame 310.identifies one of a plurality of service
circuits 612 inplenmented by SPU 264. A service circuit 612 is assigned to a
call either for the duration of the call or until a hard handoff occurs.
Each service circuit 612 has its own $udi-o-processing circuitry. But all
service circuits 612 are served ©n a tine-shared basis by processor 602,
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database.

Once again, it will be noted that DCS controller 261 of the serving
DCS 201, remains wholly uninvolved in the procedure of FIG. 31, and that ECP
complex 138 is also uninvolved except for being notified of the completion of the
procedure. Consequently, the call-handling capacity of controller 261 and ECP
complex 134 is not adversely impacted by the semi-soft handoff procedure.

FIG. 33 shows control signalling for a hard handoff from one CDMA
cell 202 to another. In CDMA, hard handoff does not necessarily involve a change
in the mobile channel, but it does involve a change in the digital cellular switch 201
(see FIG. 2) which is handling the call.

As for soft and semi-soft handoff, controller 241 of cell 202 that is
handling the call --referred to as serving cell 202-- monitors PWR.INFO. supplied by
mobile telephone 203 and uses it along with other status information to determine
whether serving cell 202 should continue to handle the call, or whether it should
hand the call off to another cell 202 --referred to as new cell 202-- that is connected
to a different mobile telephone switch 201 than serving cell 202. If controller 241 of
serving cell 202 determines to hand off the call, it sends a '

HARD HANDOFF_REQUEST message to ECP complex 134. The message

identifies the call, the proposed new cell 202, and the ‘mobile channel that is being

used for the call by servmg cell 202.

_ ECP complex 134 responds to the message by determlmng which

DCS 201 is connected to new cell 202, and selecting a new speech coder module 220
- within that DCS 201 and as service circuit 612 of the new module 220 to handle the
_call. ECP complex 134 then selects a trunk 206 connecting serving speech coder

module 220 of serving DCS 201 with new speech coder module 220 of new

DCS 201, and sends a SETUP message to controller 261 of serving DCS 201

identifying the selected new speech coder module 220, service circuit 612, and

trunk 206, and also identifying the trunk 106 of scrvmg speech coder module 220

which carries the call.
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The exchange of traffic frames of incom ng and outgoing call traffic is
carried on between processor 602 and service circuits 612 through buffers
603 of processor 602. Each service circuit 612 has its own correspondi ng
buffer 603. A buffer 603 buffers traffic frames passing between processor
602 and a vocoder 604 of a service cis2cui't 622 to conpensate for mninor

di fferences and fluctuations in«he timng of i nput and out put operations

of processor 602 v 604 rvic Ir as_lts own
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buffer 603 atatiiSkbA'of the connection between serving and new modules 220, while

controller 231 of new module 220 sends the collected outpulsed information to

controller 261 of new DCS 201, which sends an INCALL message conveying the

collected outpulsed information to ECP complex 134 to advise it of the incoming

call, ' ,

ECP complex 134 associates the received CONNACK and INCALL
messages on the basis of their contents; the messages serve as confirmation to ECP
complex 134 that TDM buses 130 of new and serving modules 220 are now
interconnected through trunk 206. ECP complex 134 then sends a
MSC_NEW_HANDOFF message to controller 241 of new cell 202. This message
notifies new cell 202 that it has been selected to handle the call, and conveys to it the
identification of the mobile channel that is presently carrying the call. New cell
controller 241 responds by determining whether new cell 202 can handle the call,
and if so, on which mobile channel. New cell controller 241 then sends a
CHANNEL_ACTIVATION_CONFIRMATION message conveying this
information back to ECP complex 134, Assuming that new cell 202 can handle the
call, ECP complex 134 sends to new cell controller 241 an
MSC_FS_ASSIGNMENT message conveying the DLCIs of the service circuit 612
of new module 220 which has been selected to handle the call. This message is the
same as discussed previously in conjunction with FIG. 23, and elicits the same
responses. New cell 202 returns an FS_CONFIRMATION message to ECP
complex 134, and ECP complex 134 in turn sends an MSC_OLD_HANDOFF
message to serving cell 202, advising them of completion of the connection between
new channel element 245 and new service circuit 612, and the mobile channel on
which new channel element 245 operates.

ECP complex 134 tesponds to the FS_CONFIRMATION message by
sending an ACCEPT message to controller 261 of new DCS 201. Controller 261 of
new DCS 201 responds by causing controller 231 of new module 220 to make
connection between new service circuit 612 and trunk 206 connecting new
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intervals (every 20 nsecs.). Exchanges of traffic franmes between vocoder
604 and processor 602 are tined by clock signals generated by vocoder 604
internal input and output clocks 621 and 622, while recei pt and

transm ssi'on of PCM sanpl es by vocoder 604 are tined by clock signals
generated by a clock circuit 600. G B8%ks  621-and 622 are edge- synchroni zed
with circuit 600 clock signals at systeminitialization and service circuit

612 t
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vari abl e-yefiger &H&ﬁ@t&ﬁ@@ﬂh@%@@ﬁ@&’I'DMb@IZiGd&'FBervTﬁ?g%—d%&} gorithm

Dot vi . mednle PR eParfeehe enshaBaR: If ol et Sha3EuH efti deal |y adapts
t o ti ne- wlemems245 artfoperatingds the same mobile channel, this results in
superimposition of duplicate outputs on the same time slot, and thus has
substantially no effect on the time-slot contents. If the two channel clements 245 are
not operating on the same mobile channel, this results in superimposition of real
traffic and null traffic samples --speech or data, and silence-- on the same time slot,
and thus again has substantially no effect on the time-slot contents. Controller 261
of new DCS 201 then returns a8 CONNACK message to ECP complex 134 to advise
it of completion of the connection. Controller 231 of serving module 220 detects
completion of the connection and notifies controller 261 of serving DCS 201, which
returns an ANSWER message to ECP complex 134 to notify it thercof,
 Serving cell controller 241 responds to MSC_OLD_HANDOFF

message that it receives from ECP complex 134 by checking the message contents to
determine if new channel element 245 is operating on the same mobile channel as
serving channel element 245, If not, serving cell controller 241 causes serving
channel element 245 to transmit a signal to mobile telephone 203 commanding it to
switch operation from the mobile channel that it is now using to the mobile channel
used by new channel element 245, as shown in dashed lines in FIG. 33. When
mobile telephone 203 does so, traffic flow is switched from serving cell 202 to new
cell 202, as shown in dashed lines.

Channel element 245 of new cell 207 responds to commencement of

" receipt of the call traffic by causing new cell controller 241 to send a

HANDOFF_VOICE_CHANNEL_CONFIRMATION message to ECP complex 134.
This message advises ECP t:binplcx 134 of success of the handoff, ECP
complex 134 responds by sending an MSC_CHANNEL_DEACTIYAT-ION message
to serving cell 202 and a CLEAR message to controller 261 of serving DCS 201 to
cause serving cell 202 and serving SPU 264 to drop out of handling of the call.

" Controller 241 of serving cell 202 forwards the '
MSC_CHANNEL DEACTIVATION message to serving channel element 245,
which responds by causing an FS_REMOVE packet to be relayed to serving service
circuit 612. The packet is the same as described previously, and elicits the same
response. When serving cell 202 has ceased to handle the call, its controller 241
sends an FS_CONFIRMATION inessage to ECP complex 134 to advise it thereof.
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In the case of a system handling both COVA and TDVA traffic wherein the
TDVA traffic is also frane-rel ayed, sone of the service circuits 612 are
dedi cated to handling the TDVA traffic, and their vocoders 604 are
illustratively the AT&T 16A digital signal processor programed according
to the TIA 1S-54 standard for TDVA cef#uni cations. PCM sanpl es on their way
from vocoders 604 pass through tane- insertion circuits 605. Each servi ce

circuit 612 has it

processor 602, a tgn@@%gg?%ﬁf‘?cw Q%fgéé%srr@%t&gfw %i ocEs ang di scards
PCM sanpl de coniraiier 231 of ssaviag masiyle Zancqwoé Rei}l respends By sausingut es PCM
sanpl es ofranklaticy &id ?ﬁ@medamfrm&o&swr&ios ofgpéech eédijmﬁm&hﬁhi@ﬁ nmand.
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612 o Piﬁ.r%hﬁ%wﬂ*g* o0 PR O, JRE e b lIBe SERIERAR clond 1 LE° 7 T Ol

ncw m ule 220 is now connected to trunk 106 that carries the call to and from

TDM bus 130 of serving module 220 via trunk 206, controller 231 of serving

module 220 does not release that trunk 106 and TDM bus 130 time slot.

Controller 261 of serving DCS 201 then sends a CLEAR_ACK message to ECP

complex 134 to advise it that serving SPU 264 of serving module 220 has ceased to

serve the call. Receipt of both the CLEAR_ACK and FS_CONFIRMATION

messages indicates to ECP complex 134 that the handoff has been completed.

FIGS. 34-35 show control signalling for a hard handoff from a CDMA
radio 243 of a serving cell 202 to a conventional analog radio 143 of a new cell 102
or 202. FIG. 34 shows control signalling for the handoff between two cells
connected to the same DCS 201, while FIG. 35 shows the handoff between two cells
connected to different DCSs 201.

Considering FIG. 34, a conventional mobile telephony cell 102 may be
equipped with a CDMA pilot channel. If it is, control communications proceed with
a new cell 102 as they would with a new cell 202, and are shown in FIG. 33; if new
cell 102 is not equipped with a CDMA pilot channel, the control communications
shown in FIG. 34 for new cell 102 instead also proceed with serving cell 202. In
other words, if new cell 102 is not equipped with a CDMA pilot channel, conversion

" of the call to conventional mobile telephony occurs on serving cell 202, and only
then is the call handed off from serving cell 202 to new cell 102, in the conventional
hard-handoff manner. |

As for handoff types discussed previously, controller 241 of serving
cell 202 monitors PWR.INFO. supplied by mobile telephone 203 to determine
whether or not to hand the call off to another cell. If controller 241 of serving
cell 202 determines that it should handoff the call to a conventional radio 143 in a
cell 202 or 102, and the new cell 202 or 102 is connected to the same mobile
telephone switch 201 as serving cell 202, controller 241 sends an
ANALOG_HANDOFF_REQUEST inessagc to ECP complex 134. The message
identifies the proposed new cell 102 or 202. ECP complex 134 responds by selecting
a trunk 109 of a switching module 120 or 220 to which new cell 102 or 202 is
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echo cancell er 606. Each cancel s echoes of tel ephone network 100 - bound
call traffic fromtel ephone network 100 - originated call traffic, by
keepi ng an attenuated copy of the vocoder-generated network-bound traffic
and subtracting an appropriatel y-del ayed copy fromrecei ved network- bound
traffic. Echo cancellers are well knosg in the art. Tinming of echo
cancel | er 606 operations is contkolled by clock signal s generated by clock

om
nd o ancgtmeREdiaietfing 28 MSCNERC A ORE Milsioeo BB A S
Concent r a241of navyeaihi0200r202¢ '@epmﬁgﬁedmﬁcameimtbdmnhw wekries 64 kbps
time sl ot guerfes ¢ neRe 641 Hi!{'&ei&%n T tﬁne%raﬂt U&ﬂﬁ-bﬂcraﬁli gﬁ o ;@yoé%?' nput
Concent ?é‘e«ﬁﬂﬂ’in? A is i CHIBSEE ACHABIGNL68 s i nt erf ace
608. | nt emessage 6GDBCPepmplexsl 3diidentifyiag therdoawahﬁnelanbﬂ'ﬁodhaﬁnbﬁ 6?] l;;}.gtﬂx bet ween
gener at et i Randih il aid 88 Bl My bl ERfeY o feleoiig 01
Tai nt en anE'%Xl( ;é_g cox)mbx 134 responds by selecting a trunk 109 that is connected to
serving module 220, and sends a CONNECT message to DCS controller 261 of
serving DCS 201 identifying new module 120 or 220 to which new cell 102 or 202 is
connected, the selected trunk 109 that is connected to new module 120 or 220, and
the selected trunk 109 outgoing from serving speech coder module 220.
DCS controller 261 of serving DCS 201 receives the CONNECT
message and responds by causing controller 231 of serving module 220 to connect
the call (the TDM bus 130 time slot) to the identified outgoing trunk 109 in a
conference arrangement, and causing TMS 121 to connect the two identified
trunks 109 to each other. Controller 261 of serving DCS 201 then sends a
CONNACK message to ECP complex 134 to advise it of completion of the
connection between the serving and the new modules.
ECP complex 134 responds by sending an MSC_OLD_HANDOFF
message to controller 241 of serving'cell 202 conveying the mobile channel on
which the new cell 102 or 202 will handle the call. In response, controller 241
. causes serving channel element 245 to transmit a signal to mobile telephone 203
commanding it to switch to conventional mobile telephony operation and to use the
mobile channel that was specified in the MSC _NEW_HANDOFF message.
When mobile telephone 203 does so and commences transmltung onthe
new mobile channel, new cell 102 or 202 receives the transmissions and notifies
ECP complex 134 via a HANDOFF_VOICE_CHANNEL,_CONFIRMATION
message. ECP complex 134 responds with an MSC_CHANNEL_DEAC’I‘IVA’I‘ION
message to serving cell 202 and a CLEAR message to DCS controller 261 of sérving
DCS 201, to cause serving cell 202 and serving SPU 264 to drop out of handling of
the call. The messages are thé same as discussed for CDMA-to-CDMA hard
handoff, and elicit the same responses. As in that case, receipt of both the
CLEAR_ACK and FS_CONFIRMATION messages indicates to ECP corhplcx 134
that the handoff has been completed.
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MICE.) unit 609. Unit 609 perforns highway 607-to-bus 130 tine-sl ot

assi gnnent functions on a per-call basis, under the direction of controller
231 of that speech -22- coder nodul e 220. Unit 609 conmunicates with
controller 231 via a control channel inplenmented by bus 130. This control
channel is interfaced to unit 609 thrggugh interface 608 and bus 613. Unit
609 provides mai ntenance functians to LAN bus interfaace 601 via control

mai nt enance. cont r diTBEEE8LY IOFI0, a1 F nanbff ko SRR A e F0g 115 T O "
processor cﬁmbctcdm adifﬁcrmtrswmch 40606r1201aban §&Géing aolll 202 Staxts autthe samessor
](c:ont |r0| b%% ﬁm QQtB&'}ﬁlhﬂﬁh%%chf %’ﬁé{ﬁfoﬁ% &il%ﬁ%ﬁ 1599 are
acilitate ecY by a ngw DéS ?&l ox\'l%l contmﬂgr fi] ofléscm ceV\i 5& segas a
ANALOG_HANDOFF__REQUEST message to ECP complex 134 to request the
handoff. The message identifies the proposed new cell 102 or 202, ECP
complex 134 responds to this message by determining which switch 101 or 201 is
- connected to new cell 102 or 202, and selecting a new switching module 120 or 220
of that switch 101 or 201 and a trunk 106 connected to that selected module 120 or
220 to handle the call. ECP complex 134 then selects an outgoing trunk 106
connected to serving module 220 and sends a SETUP message to DCS
controller 261 of serving DCS 201 identifying the selected new module 120 or 220
and its connected trunk 106, the trunk 106 outgoing from serving speech coder
module 220, and the trunk 106 of serving speech coder module 220 which carries the
call.
The SETUP message is analogous to that described in conjunction with
FIG. 33, and elicits like responses. Hence, the handoff proceeds as described for
FIG. 33. However, no SPU 264 will be involved in handling the call at new
DCS 101 or 201, so instead of sending an FS_ASSIGN message to new cell 102 or
202 as in FIG. 33, ECP complex 134 instead proceeds directly to send an ACCEPT
message to DCS controller 161 or 261 of new DCS 101 or 201. DCS controller 161
or 261 responds by causing controller 131 of new module 120 or controller 251 of a
cell interconnect module 209 to connect the selected trunk 106 of new module 120 or
220 to the call (i.e., to the call’s corresponding time slot or either TDM bus 130 of
module 120 or TDM bus 230 of CIM 209), thereby establishing a connection
between that selected trunk 106 and new cell 102 or 202, Akin to FIG. 33, this
- results in the output of bath new cell 102 or 202 and serving cell 202 being
connected to the same time slot of TDM bus 130 of serving speech coder
module 220. DCS controller 161 or 261 of new DCS 101 or 201 then returns a
CONNACK message to ECP complex 134 to advise it of completion of the
connection, while controller 231 of serving module 220 detects completion of the
connection and notifies serving DCS controller 261, which responds by returning an
ANSWER message to ECP complex 134,
ECP complex 134 responds to receipt of the CONNACK message by
sending an MSC_OLD_HANDOFF message to controller 241 of serving cell 202.
The message is the same as discussed in conjunction with FIG, 34, and henceforth
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Clock circuit 600 is connected to TDM bus 130 and derives timng
i'nformation therefrom in a conventional manner. C ock circuit 600 .
distributes this information, in the formof clock signals of various
rates, including 2.048 MHz, 8 KHz, and 50 Hz (corresponding to intervals of
500 nsec., 125 usec., and 20 nsec. infkrvals, ~respectively), all of which
are synchronized with each other » via a clock bus 615 to circuits 604-606,

gogckagﬁrcw tmggg%rg,%dme%m 9£9&bﬁﬁezfﬂ&?FfG%eﬁﬁﬁl'%deEBm felbpus 130.

distri e ormation to LAN bus interface
601 for bit-time ﬁ%?ﬂfiﬁﬂitz%?‘i'gr&?e ﬁgtmus anges A% of TDM bus 130

i's synchr (NM fchtibns taﬁhwrdsuliﬁ)& embdd&m_ et desdribed abovecwill beGdppareynohr OEI i 88
oper ation S

Aapti v ek YRl A s ERRANE ditbadnt SIS SR crRlauBE BB £ 1000
cl ock ci r@aﬁsy@@mnwsg‘mfmhéoclﬁ (ddM)s¢agrmlt5edA/rﬁ)cnhep@u99moapﬁn| zed in

f requency ﬁi‘ﬁééi&nal'ﬂ tbeﬁv&nqﬁé é&&rol amaiaeapme-cerw Eq‘p; ge Plef, Qb el J‘Eﬂﬁ‘oc ’

processor -- rom ted b

circuit e6ellulanpiches F%'bbe ‘31388‘1? a‘P%‘f“éﬁs %é digital Berati ons of
processor (b6R.CIM¥2(9aind SCMO226) ﬁﬂhylb&in&i'cohhaﬁai by & &eiter-stage switch

instead of just directly by trunks. Furthermore, the system described above can be
applied to pseudo-synchronous wireless-access systems other than mobile telephony
--for example, to personal communications networks (PCNs). Such changes and
modifications can be made without departing from the spirit and the scope of the
invention and without diminishing its attendant advantages. It is therefore intended
that all such changes and modifications be covered by the following claims.
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clock signals is explained further below Physically, circurts 6it—and—666—
may. be inplemented as a single device. Circuit 611 al so i RGLYHESHR Been od
present-time counter 623. Counter 623 Increnents its count

sanple tick, e.g., once very 125 usecs. This count is resetcﬂw H
clock pulse fromclock circuit 600, e58-," every 20 nsecs. : ! S

i ndi.cates present tine relative &o signals generated by clock circuit 600.

A second pEjatmen of counter 623 keeps a nodul 0-8 count that is increnented

by the 20 msec. clock pul ses that reset the 125 usec. count. Counter 623
provides its countls /4 ¢PMINNIGHIONS SYUEMLOMPESING! or use as a tine stanmp of

recei ved franes 31 first unit 26t at 1dasEsHeoTI(A trMRIMIkIR L WuipdidgloRimtfisson 602 and
'ts pac ket&%ﬁg a;xi a)qerécciving incoming communication traffic, at times dictated by first
clock signals having a nominal frequency and a first phase;

a second unit for transmitting at least one of received (a) incoming
communication traffic and (b) outgoing communication traffic, at times dictated by
second clock signals having the nominal frequency; -

a third unit for interfacing communications between the first and the
second units by at least one of (a) transmitting to the second unit outgoing
communication traffic received from the first unit at times dictated by third clock
signals having the nominal frequency and having a second phase that is offset by an
adjustably fixed first amount from the first phase, and (b) transmitting 1o the first unit
incoming communication traffic received from the second unit at times dictated by
fourth clock signals having the nominal frequency and having a third phase that is
offset by an adjustably fixed second amount from the first phase;

a communications medium connecting the second unit with the third
unit and conveying communication traffic transmitted by, respectively, the second
unit and the third unit to, respectively, the third unit and the second unit for
reception, the communications medium having a fluctuating transmission delay;

delay determining means comprising at least one of

(a) first means for determining whether the second unit receives
outgoing communication traffic from the third unit within first predetermined
windows of time prior to the times of transmission by the second unit of the received
outgoing communication traffic, and ~ < e T

(b) second means for determining whether the third unit receives
incoming communication traffic from the second unit within second predetermined
windows of time prior to the times of transmission by the third unit of the received
incoming communication traffic; and ‘

third means responsive to a determination that either receptions of the
outgoing communication traffic at the second unit fall outside of the first windows or
receptions of the incoming communication traffic at the third unit fall outside of the
second windows for either increasing or decreasing the amount of the offset of either
the second phase or the third phase from the first phase to move the receptions that
fall outside of their corresponding windows into the corresponding windows.
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processi ng functions. (Level-2 protocol processing is coyny eferred to
as franme processing, while level -3 protocol processing is ced d
to as packet processing.) The functions performed by proc

frames 310 received from LAN bus 260 are shown in FIGS. 1%

602 perforns these functions for eaclggservice circuit every 20 nsecs.
Performance of different ones ofsx these functions for a particular service
circuit 612 is trjggered correspondi ng receive interrupt
signals from LAN %ggh ‘Wt“g %chﬁgxo]?&hQrg édapt ive synchronization circuit

611. As was nenti chethirdoneass aggosponsive lo/a deferminationcbiha fizss seadns hat he
Co”espongéaagté&ﬂctf%ﬁ: %@%P&ﬁmh%ﬁ’ﬁ&?&ﬁﬁ@%%@?&ﬁﬁ%&ligiﬁEﬁ?&ta”p to the

recei ved tores recel v&% &rage E 20,_and 1 ssues an

i nt errupt wigdoyrs, far desreasiprthe amonni ffi the,oifset 9 81? I8t er r upt

si gnal ?mldeAN bus interface 601, at step 900, processor 602 retrieves the
received frane frombuffer 620 of LAN bus interface 601, at step 902.
Processor 604 then performs conventional |evel-2, i.e., LAPD protocol,
processi ng on t hed.f Thesystent ofxdaim D@herelmhi s—- - -~ :

the third means are further responsive to a determination by the first

means that receptions of the outgoing communication traffic at the second unit lead
the first windows, for increasing the amount of the offset of the second phase from
_ the first phase. '

4. The system of claim 1 wherein:
the third means are responsive to a determination by the second means
that receptions of the incoming communication traffic at the third unit iag the second
windows, for increasing the amount of the offset of the third phase from the first
phase.

5. The system of claim 4 wherein:
the third means are further responsive to a determination by the second
means that receptions of the incoming communication traffic at the third unit lead
the second windows, for decreasihg the amount of the offset of the third phase from
the first phase.

6. The system of claim 1 wherein:
the third means adjust the first amount and the second amount of offset
at commencing of a communication each in one step by any amount required to .
move the receptions that fall outside of their corresponding windows into the
corresponding windows, and adjust the first amount and the second amount of offset
during the communication in a seri¢s of sequential steps by an integral multiple of a
same predetermined amount during each step.

7. The system of claim 1 further compﬁsing:
fourth means cooperative with the third means for inserting additional
traffic into the outgoing communication traffic transmitted from the first unit and
causing the third unit to receive the additional traffic while the amount of the offset
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processing nmay i nclude acknow edgi ng recei pt of the frame. Upon conpleting
| evel -2 processing, processor 604 checks control field 303 to see if this

is alevel-2 only frame (e.g., a loop-around test frane), at step 906. If

so, processing of the franme is conpleted, and processor 602 nerely returns
to the point of its invocation, at st 908. -But if this is not a level-2

only franme, i.e., its user datanéleld 304 carries a level-3 protocol

nory th
D or e calf 4R st (5B iforbdsbel andpderftheditbn Of @ oblgbudPo) ¥ 100,
Next, pro€emgwnicgtion gafficiemnsmitted byghefirst unibfremtthe wsomg@pwnamcaaﬁn t he
recei ved L@ receividobyome thifPurd€WEiléihe ndokft &'&EK@EfsétbPﬂ}e seécnldfphaseds

f | k i
Teane. t hate 's&le%r'aas&f’ Fseing pfdionad gRRaito BRURORIEE T ot or mat on. | e
si gnal | i ngomniunitiddn trafficezived by the ﬂﬁﬂaaﬁxranﬁ@ﬂnkrhﬂﬁmg theadgieiohalr s the
si anal | e b 0 esPheif bl SEmobll o MBUSERS o e (RS pflse s ButRE | o1,

updat e caI Set or addi ng or
r enovi ng anoseasgchmd: letinga pastion Q%thamcpnnwcqmgmpaum& receivediby t el ephone

net wor k- %Jﬂhﬁ'd Rfetft R tlﬁfméd?ﬁng Bbmmuficatiéh REMRE Mahirhided tetthe Br@ Wit

synchroni 2850 dbgnctu of{‘set of the third phase is bemg decreased.

8. The system of claim 1 wherein:

the first unit is for transmitting a stream of outgoing communication
traffic and feceiving a stream of incoming communication traffic;

the second unit is for transmitting packets of received incoming
communication traffic, and receiving packets of outgoing communication traffic for
transmission of the outgoing communication traffic; '

the third unit includes

fourth means responsive to receipt of the stream of outgoing
communication traffic from the first unit for packetizing the received outgoing
communication traffic and transmitting the packets of the received outgoing
communication traffic to the second unit at times dictated by the third clock signals,
and |

fifth means responsive to receipt of the packets of the incoming
communication traffic from the second unit for depacketizing the received incoming
communication traffic and transmitting the depacketized received incoming
communication traffic toward the first unit at times dictated by the fourth clock
signals; )

the first means are for detcrmining whether the second unit receives the
packets of outgoing communication traffic from the third unit within the first
predetermined windows; and i e

the second means are for determining whether the third unit receives the
packets of incoming communication traffic from the second unit within the second
predetermined windows.

- 9. A call-traffic processing apparatus for a cellular radio-telephone
system that includes the apparatus, a communications medium connected to the
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conjunction with FIG 17). Processor 602 then returns to the point of its

I nvocation,. at step 946. Voice/signalling packets 350 are sent and received
at 20 nsec. intervals, while signalling-only packets 351 may be sent at any
time as required to send signalling information. -24- 1f field 321
identifies the packet as a traffic pagiket’; precessor 602 performs clock

adj ust nent and synchroni zati on fwnctions, at step 912, to shift the offset

o 1 00K 3RS REREAAL il SR (LLOTAOLRS e BetEithy ol ock
adj ust fi &%FQB‘Z‘E“@FN’&%& medinm m&jcaphéqxretransmmg fizst packescedntaining firstonj unct i on
with FI G frhfhes Bf esRASAonfR camearﬁe b&eked\tRint s&&s 'E@éﬂh'oﬂﬂ igmee fi ]?' d 326 of
;[ Efe o: ﬁ;te : ‘éﬁé’aggﬁ‘?’ ?c!gassotg afr}‘?éx ] : ggns%]ﬁf'tm gt tg tﬂx I310 te}::phonc outgoemg0

call traffic received across the medium from the apparatus in second packets

containing second frames of coded outgoing call traffic, and a mobile-telephone

switching system for interconncéting cells with each other and with a telephone

network by routing a first digital stream of incoming call traffic received from the

apparatus to a destination and by routing a second digital stream of outgoing call

traffic received from a source to the apparatus, and wherein the first and the second

digital streams are synchronized with first clock signals having a nominal frequency

and a first phase and derived from the telephone network, and the transmissions of

the incoming and the outgoing call traffic by the cell are synchronized with second

clock signals having the nominal frequency, the call-traffic processmg apparatus

comprising:
outgoing vocoder means for receiving the second digital stream of
~ outgoing call traffic synchronously with the first clock signals, coding the received
outgoing call traffic, and transmitting second frames of the coded outgoing call
traffic synchronously with third clock signals having the nominal frequency and a
second phase that is offset by an adjustably fixed first amount from_the first phase,
incoming vocoder means for receiving first frames of the coded
incoming call traffic synchronously with fourth clock signals having the nominal
frequency and a third phase that is offset by an adjustably fixed second amount from _
the first phase, 'decoding the received incoming call traffic, and transmitting the
- second digital stream of incoming call traffic synch:onously with the first clock
signals;
outgoing processing means for receiving the second frames of the coded
outgoing call traffic from the outgoing vocoder means; packetizing the received
second frames into the second packets, and transmitting the second packets to the
cell synchronously with fifth clock signals having the nominal frequency and a
fourth phase that is offset by an adjustably fixed third amount from the first phase;
incoming processing means for receiving the first packets from the cell,
depacketizing the received first packets into the first frames, and transmitting the first
frames to the incoming vocoder means synchronously with sixth clock signals
having the nominal frequency and a fifth phase that is offset by an adjustably fixed
fourth amount from the first phase;
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voi ce only, voice plus signalling, or signalling only. If the traffic
packet is a voice- only packet, processor 602 checks the retrieved call
state to determine if the call is in soft handoff, at step 916. If not,
processor 602 checks air CRC field 323 of the frame (containing the result
of a check-sum conputed over the CDIVAé%ans_m' ssi on between cell 202 and
nobi | e tel ephone 203) at step 918 he air CRC does not check out, it
means that the pack carrje Siffth sor 602
di scards the packeF Etslgg?ie% ﬁgﬁf&%ﬁkﬁgﬁv Eﬂr?gﬂugﬁﬂgfep B{hg%@ocoder
604 will remgkthe bigtH deck signalhfromithe:first glock signMls ai r CRC checks out at step
918, processor 602tﬁﬁ§i s%raelémﬂwgwayméﬂtséﬂacaaﬁngaﬁmeésein agdans to

e

det er m ne whet her Vol ce det er.m ned, t shol d val ue,
at step 9119061}’15‘*!6{@3\/1&05%‘5&&@!‘1@1? 8@@”@%"'&%%&1’6‘0&& '38 pr ocessor
602 narks #mes feekiinision mﬁdﬁrsb&amepbylmeﬁgccmmglpmskmgmemdo thet st ep 920,
stores the packet of ,voice information in buffer 603 which is allocated to
the appr op"FAPRECONTMEAS it 612, at step 922, and then returns to the
point of its i nvocatéomd means fordptepming whether thorelkregeines thy sepaad not neet

the m ni myn g brexih decbRl PRedeREAREE SRAARNPof TR PridrS tRARkE ofas “bad”, at

transmission by the cell of the received outgoing call traffic to the mobile telephone; )

and .
third means responsive to a determination that either receptions of the -
first packets fall outside of the first windows or receptions of the second ?ackets fall
outside of the second windows for causing the clock signal generating means to
either increase or decrease the amounts of the offsets of either both the second and
the fourth phases or both the third and the fifth phases, with respect to the first phase,
to move the packet receptions that fall outside of their corresponding windows into
the corresponding windows.

10. A method of operating a communications system comprising a first

unit for at ieast one of (a) transmitting outgoing communication traffic and (b)
receiving incoming communication traffic, a second unit for transmitting at least one '
of received (a) incoming communication traffic and (b) outgoing communication
traffic, a third unit for interfacing communications between the first and the second
units, and a communications medium having a fluctuating transmission delay and
connecting the second unit with the third unit, the method comprising the steps of: -

at least one of (a) transmitting outgoing communication traffic from the
first unit and (b) mceiving incoming communication traffic at the first unit, at times
dictated by first clock signals having a nominal frequency and a first phase;

transmitting at least one of received (a) incoming communication traffic
and (b) outgoing communication traffie; from the second unit at times dictated by
second clock signals having the nominal frequency; '

at least one of (a) receiving at the third unit the outgoing communication
traffic transmitted by the first unit, and transmitting from the third unit to the second
unit outgoing communication traffic received from the first unit at times dictated by
third clock signals having the nominal frequency and having a second phase that is
offset by an adjustably fixed first amount from the first phase, and
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step 921, stores the packet in buffer 603 of the appropriate service
circuit 612, at step 922, and then returns, at step 946. During the
procedures just described, processor 602 uses contents of sequence nunber
field 320 of the received packet to detect and handle | ost or out-

of - sequence packets, in a conventionag3manner. Returning to step 916, if
the call is in "soft handoff", processor 602 should be receiving two

packets for the c ever ecs.. each froma diftf el |l 202 but
eneral |y car ryi nth FERMTEA heRES Rk AiincepingoRutinigaBRR PR i s “ahet her
it has yetransmitied dy thesdcontlimdii, and wagsatikitgsrom thesthirg udis o theHfiestamisl i cat e

packets ag :‘Fcohﬁﬁgkb&}n%ﬂxcgﬁoﬁ@ég H#:ﬂ‘éd ?&E?th%§9éb‘?@%n%‘£ﬂlﬁ§ dfcl.QawIdf d 320 '

not , meani n as receilve
expect ed cﬂ@mhelaelesxsa@kbwns@pnmai &eaw%uap@bk‘é@saf hmtlha'clél | s but

bearing dickfsendn SN Axdlieidamdin® GOREME fiBRphadsecks the sequence
nunber of the Just-recel vecl‘ packet, at step 933, to determ ne whether its

sequence numnber d?%é? t han, equal to, or |ess
(a) conveying outgoing communication traffic transmitted by the third

unit via the communications medium to the second unit for reception, and

(b) conveying incoming communication traffic transmitted by the
second unit via the communications medium to the third unit for reception;

at least one of' _ -

(a) determining whether the second unit receives outgoing
communication traffic from the third unit within first predetermined windows of time
prior to the times of transmission by the second unit of the received outgoing
communication traffic, and

(b) determining whether the third unit receives incoming
communication traffic from the second unit within second predetermined windows
of time prior to the times of transmission by the third unit of the received incoming
communication traffic; and ' |

either increasing or decreasing the amount of the offset of either the
second phase or the third phase from the first phase, in response to a determination
that either receptions of the outgoing communication traffic at the second unit fall
outside of the first windows or receptions of the incoming communication traffic at
the third unit fall outside of the second windows, to move the reccpnons that fall
outside of their corresponding wmdows into the corresponding windows. o

-

11. The method of claim 10 wherein : _
the step of either increasing or decreasing the amount of the offset
comprises the step of:
decreasing the amount of the offset of the second phase from the first
phase, in response to a determination that receptions of the outgoing communication
traffic at the second unit lag the first windows.

12. The method of claim 11 wherein
This Sheet Has Been Reﬁlaced
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-25 - than the expected sequence nunber. |If the sequence nunber of the
recei ved packet is greater than the expected sequence nunber, processor .602
stores the received packet, at step 934, updates the associated call's
state to indicate that one of the packets that will be expected in the
future has been received, at step 93%4-.afd returns, at step 946. Updating
of the call state at step 935 in¢ludes storing the contents of power

control field 325 of th cel ved.packet . | f Mgper of the
recei ved packet i éhce’(ﬁq.l’a cﬁlﬂ‘g ‘ic&r? ‘&éttg %,ﬁ gg‘%opr ocessor 602

proceeds funthst equapriz¢sthetstepad. t o process t he packet as descri bed

previously. And 'inc}aﬁngmzBpma%ffse{oftth@séc@ﬁ@pmdﬁwihetﬁms l ess than
t he expected sequence nu rocessor 602 Rbi' cards.t he recei ved packet,

st ep SBES.IR dESpARH h & Beieainbtion GREIBeRHns A HiE U SIS RSOGO | ok
t he | oss giffitAdthetsecnfiivgit 1€3dithe filshwindowat ep 932, if processor 602 finds
that it has received both
13. The method of claim 10 wherein e = e et e om
the step of either increasing or decreasing the amount of the offset -
comprises the step of:
increasing the amount of the offset of the third phase from the first
phase, in response to a determination that receptions of the incoming communication
traffic at the third unit lag the second windows.

14. The method of claim 13 wherein
the step of either increasing or decreasing the amount of the offset
further comprises the step of:
decreasing the amount of the offset of the third phase from the first
phase, in response to a determination that receptions of the incoming communication
traffic at the third unit lead the second windows.

15. The method of claim 10 wherein
the step of either increasing or decreasing the amount of the offset
comprises the steps of: | '

_ adjusting the first amount and the second amount of offset at
commencing of a communication each in one step by any amount reqmred tomove
the receptions that fall outside of their corresponding windows into the
corresponding windows; and ,

adjusting the first amount and the second amount of offset during the
communication in a series of sequential steps by an mtegral multiple of a same
predetermined amount during each step.

16. The method of claim 10 further comprising the steps of:
inserting additional traffic into the outgoing communication traffic
transmitted from the first unit and causing the third unit to receive the additional
traffic while the amount of the offset of the second phase is being increased;
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expect ed packets, processor 602 updates the call state to so indicate, at
step 938. This includes storing the contents of power control field 325 of
the received packet. It then retrieves the first-received expected packet
(now stored in a buffer 603) and conpares the air CRC and the signal
quality indicia of both packets to detéSr-ni ne which packet is better, at
step 940. Processor 602 then cheeks the voi ce quality field of the better

packet to determ nchQﬁggggdﬁ%fm&ﬁ kbﬁﬁhﬁﬁ%&lgnﬁaﬂ{g

threshold val ue, at st cessor t er packet

as "good" Hi fuppwitdrom the %89%@’9%?'&9@“ Gaffigressived by the “%RS‘ u“fbtr ocessor 602

mar ks the Miléﬁfcd?@&iﬁ@bfﬂx&off@ét%f&h@éec&i@ﬂua@é?sbdﬂﬂ 9¢d; 602 then discards
t he worse packet and st ter ac.ket in buffer "%8}1 t he

correspondi ng cal | -l%%g'%q%aug’f’a tfag c Aﬁ PRETBUSSPIREIMG Qrns, at
step 946. Taceivedby the thirGunit 2nd fradsmittingghe additiOnd traffiveto thwﬁusewnt)whﬂﬂz is

I nvoked at ot %“%5&‘mé’ﬁé‘%w"\*ﬁ“a@hf{gdg%ﬂéi‘%@i {bgg&rrx for a particular

(Xth) service circult process r 603 corresponding to
that service circuideleing apgrtipaiof the weomngsepmanicaion;taffigreceivediby theep 951.

I f not, prasRsest fréidzhe incoming communication traffic transmitted to the first unit while
the amount of the offset of the third phase is being decreased.

17. The method of claim 10 in a communications system wherein the
first unit is for transmitting a stream of outgoing communication traffic and receiving
a stream of incoming communication traffic, and the second unit is for transmitting
packets of received incoming communication traffic, and receiving packets of
outgoing communication traffic for transmission of the outgoing communication
traffic, wherein: '

the step of receiving at the third unit the outgoing communication traffic
transmitted by the first means comprises the steps of

receiving the stream of outgoing communication traffic from the ﬁfst
unit, and '

packetizing the received outgoing communication traffic;

the step of transmitting from the third unit to the second unit outgoing
communication traffic comprises the step of

transmitting the packets of the received outgomg commumcauon trafﬁc
to the second unit at times dictated by the third clock signals;

the step of receiving at the third unit the incoming communication
traffic transmitted by the second unit comprises the steps of

receiving the packets of the incoming communicatior u'afﬁc from the
second unit, and

depackctizirig the received incoming communication traffic;

the step of transmitting from the third unit to the first unit incoming
communication traffic comprises the step of

transmitting the depacketized received incoming communication traffic
toward the first unit at times dictated by the fourth clock signals;

-
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retrieves the contents of that buffer 603 and passes the retrieved contents
to vocoder 604 of that service circuit 612, at step 952. |If buffer '

enpty, processor 602 invokes a function in vocoder 604 of the appropriate
service circuit 612 to mask the | osSs of the voice segnent carried by the
at step 953. Vocodeb6604 masks the | oss by generating at
It generates as a function of

di scarded packet,
its output to circuit 605 PCM saaples that

previousl y-recei ve&le9@5%Paaenﬁmfgeﬁﬁaﬁerﬁﬁesécmumwmsb& biag point of its

i nvocation, at ste

Chect: af i aBoh o MRIEOR Rk R o Rt B ool 1
an

the step of determining whether the third unit receives incoming
communication traffic comprises the step of

determining whether the third unit receives the packets of incoming
communication traffic from the second unit within the second predetermined
windows.

18. A method of processing call traffic in an interface arrangement of a

cellular radio-telephone system that includes the arrangement, a communications
medium connected to the apparatus and having a fluctuating transmission delay, at
least one cell connected to the communications medium and each for transmitting
first packets containing first frames of coded incoming call traffic received from a
radio telephone to the arrangement across the medium and for transmitting to the
radio telephone outgoing call traffic received across the medium from the
arrangement in second packets containing second frames of coded outgoing call
traffic, and a mobile-telephone switching system for interconnecting cells with each
other and with a telephone network by routing a first digital stream of incoming call

- traffic received from the arrangement to a destination and by routing a second digital

stream of outgoing call traffic received from a source to the arrangement and
wherein the first and the second digital streams are synchronized with first clock

signals having a nominal frequency and a first phase and derived from the telephone

network, and the transmissions of the incoming and the outgoing call traffic by the
cell are synchronized with second clock signals having the nominal frequency, the
method comprising the steps of:

receiving the second digital stream of outgoing call traffic
synchronously with the first clock signals;

coding the received outgoing call traffic;

transmitting second frames of the coded outgoing call traffic
synchronously with third clock signals having the nominal frequency and a second
phase that is offset by an adjustably fixed first amount from the first phase;

urning to step 914, a trafflc packet

-26 -7 Ret
that carri 8@’%‘1"@9?&%ﬂ'ﬁﬁ"rclmﬁhﬁﬁm’sﬁencountered by processor 602 only
during "soft handOdd‘tennnﬁagvmdﬁrerﬂmrs&abndmnimu&iﬁanhepaddegmbbigbmgi s sent
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processor 602 proceeds to step 955 of FIG 13. There, processor 602 checks
further contents of voice/signalling type field 326, to determ ne the
signalling direction: forward and/or reverse. If the direction is forward,
identifying the signalling as being originated by a cell 202 and desti ned
for a nobile tel ephone 203, processorG@OZ'nerely stores the packet, at step
956, and then returns, at step 9%0. If both signalling directions are

i ndi cat ed, processggcefiilip ieGecmd fiamek of wrrodded gikgbingregll rafficst ep 957, and

then proceeds to ste 58. If the dir ron is. reverse. identifying the
Si gnalol I ng as bei nga‘gﬁf’aﬁlﬂﬁé % yeggeéﬁ frgmfgné%ﬁﬂg%gcsogsga%q%;degt [ %ed for
cells 202, processtansdiiRtingibe kecond packetstodhscellvia thesgommunicationsecei ved
signallin h,egya rfSSock si 02

[ ngol ved igweﬁle sgﬁe@aﬁmﬁ@ | f rf(l) alspl?aér.c s@g&&gg%l fsf?glre g‘? %rﬁleazpacket,
at step oetpurthphasethat is pHisttdy anrpdinseblydfixsd third gmount from the firet Phase; ndi cat e

that a signalling paekeig fhediRtPackets fiemhscdlbEn thesommi@icatiohs St ep 962.
Processor 602 then returns, at step 970. If the check at step 958 reveal s
t hat signa lt"f&"packets fromboth sides have been received, processor 602
updat es the corr esyepatketizingthe recedredtfastipackals imol thedfirst fraates;st ep 964, and

then conpares the @lapsmitting the first frames synchronously with sixth clock signals

having the nominal frequency and a fifth phase that is offset by an adjustably fixed
fourth amount from the first phase; ~

receiving the first frames of the coded incoming call traffic
synchronously with fourth clock signals having the nominal frequency and a third
phase that is offset by an adjustably fixed second amount from the first phase;

decoding the received incoming call traffic; '

transmitting the second digital stream of incoming call traffic
synchronously with the first clock signals;

determining whether the interface arrangement receives the first packets
within first predetermined windows of time prior to the times of transmission of the
first frames by the interface arrangement; _

determining whether the cell receives the second packets within second
.predetermined windows of time prior to the times of transmission by the cell of the
received outgoing call traffic to the mobile telephone; and -

either increasing or decreasing the amounts of the offsets of either both

- the second and the fourth phases or both the third and the fifth phases, with respect to

the first phase, in response to a determination that either receptions of the first
packets fall outside of the first windows or receptions of the second packets fall
outside of the second windows, to move the packet receptions that fall outside of
their corresponding windows into the corresponding windows.
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CRC and signal quality fields 323 and 324 of the two packets to determ ne
whi ch packet carries the better quality signals, at step 966. Processor 602
then di scards the worse packet and stores the better one, at step 968, and
then returns, at step 970. Returning to step 914, if processor 602
determines that the packet carries both vdi ce -and signalling information
processor 602 proceeds to step 986 of FIG 14, and perforns

signal I i ng- processin st s 9 4 ate steps
955-968 of FIG 13, XE%‘?%&%&JSM&&Q&@%@@@N@ to performthe
VoI ce- pr ocesabigaet eps The functlons performed by processor 602 on traffic
frames (segnents of vo rmatlo ceived fromvqcoders, .604 are shown
in FIG 15. Pr ocesso E@g\«é ‘E}Frrﬁ?d n%?@ﬁ?'ffrfé’ftf%s forq’éﬁéw @B‘P%l ce circuit
612 every 20sysmm(20Thqnplmohacdrmmﬂ>hoftclbpimnﬁmmqrbﬁﬁ)OD tming ggnals,cul ar
oot Ol 1B rlicleBns f203) R E4Pbasd é{a\ESﬁ's (20 $yRERLRtzcR o AaffRfenf SPON] 10

transmt interrupt si %ert onlzation ciLrcuit 611.
Upon bei ng i #9eked by bransmissian delayg wagt §Fg}hh¢scmnpnsrarx! the telephene

network are variable, Switching systems include digital communications
interfaces to the telephone system, whose connections to the telephone system
are synchronized to the telephone system, and whose connections to the cells are
nominally also synchronized to the telephone system but whose processor -
operates for each call within predefined windows . of phase relationships
to the operation of the cell that is handling the call, and occasionally adjusts

its phase relationships to the operation of the telephone system to
achieve and maintain its operation within the predefined windows. Packet-switched
communications " between the cells and the switching systems absorb the phase
relationship fluctuations and the timing adjustments in inter-packet intervals.
Circuit-switched digital communications between the switching systems and the
telephone system absorb the timing adjustments by means of vocoder
implemented slips --bit insertions or deletions-- in the communications traffic bit
stream.
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processing for a parti Qbis 8ieet ke circuit 612, at step 1200, :
processor 602 checks th tate of the call that is being served
by this service circuit determ ne whether the call is in
soft handoff, at step 12 not processor 602 accesses vocoder 604 of
the service circuit 612 that IS belng served and

traffic frameF?qul | 4r at e- coded ¢al | informati bﬂdﬁwg_@?ﬁﬁmﬁm.
receiving at ame fro gcoder 604k |&EP £0MﬂiE)1228 108

602 formats thepjorafrii ¢ frame /s | evel \3 prlgtiqcors Pl 12 'nhls

I ncl udes prepen mgasequene\% atra}ffl e C TR
traffic. Processor 602 then fqpy 'y &ncagsjul at es [t he feolf ted:

traffic frane in LAPD frane /f ste 234,{[to ojgT a D frang 300
(see FIG 7),,,This includes/r ' t Cl | (W-ph—irs—a=s d wijth
the nobi | e- bbdnd™ &(recti on/q4 R \Q,h'c: 108 |
\ wre[" |\ }
|
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Identifies a particular channel el enent 245 of a partlcul ar ceI 202 (see

FIG 3) that is serving the call, and including it o
Processor 602 then uses this DLCI to find in a tabl e port
addresses 311 and 312 that correspond to this DLC, e found

addresses 311 and 312 to LAPD frame 300 to ferma modi fi ed LAPD frarre 310
(see FIG 8), at step 1234. Proaessor 602 hands franme 310 over to LAN bus
interface 601 for transm ssi t step 1236.
602 then returns to the pgint of its |nvocat|o§>at S - Returning\to
step 1202, if process 02 determines that EnE &l is in soft handoff, \
checks the stored ca te of the call to %\ ne whet her any forward

his circuit, at step%:ia-'m Fo

pard signal ling
woul d have been received o Tomjhe tet+—29 -Em e
call (referred to as thgé%i——eei 202) _and] —~4{
FIG 13, FIcP4. 1€ ' i d
stored, p 602 accebses|vacoller 604 of |the serwice 613 3t
i s being sg ve‘d'dn r geesis—thetef om-a—try J.c_.f.Larre_.oi_.iul.L__rfaHe-ﬁ d
comruni caf i pn |i pf oy ngtii on,| at ptep JL206. tHf—forwar-d—stogngt+imyg
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I's stored, processor 602 nust reserve roomin a packet for the forward
signalling information, and so it accesses vocoder 604 and requests
therefroma traffic frane of only partial -rate-coded comuni cati on
informati on, at step 1208. . Vocoder 604 typically supplies traffic franes
of full-rate-coded information, and it nay not be able to respond to the
request for a traffic frame of partial-rate-coded information instantly.
Further, given a pause in speech activity, a partial-rate coded traffic
frame may be supplied even if a fU||_g?€f€de§§ traffic frame has been
requested. Processor 602 will check f rS ndition, at step 1218. Wen
it has received a traffic frame fromvocoder 604, at step 1209, processor
602 duplicates the traffic frame, at step 1210, so as to have duplicate
copies to send to both cells 202 that are involved in the soft handoff. At
step 1212, processor 602 then retrieves power control information that wll
have been stored at

202
CELL . -
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¢ [DIGITAL] _ [CHANNEL
RADIO | —JELENENTIS) (U
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-28 - gg@t}ggﬁeegg ,a%gga of FIG 11 fromboth cells 202 that are involved in

t he sof ps it so that each of the two cells 202 will be sent.
t he pommmnfﬂﬂ mormation that was received fromthe other of the two
cells s the swapped information into the duplicafe packets
as power control field 325, at step 1212. Proecessor 602 then checks the
call's state to determ ne whethek reverse signalling for the call has been
received and stored at step 968 of FIG 13 or step 998 of FIG 14, at step
1214. 1f reverse signaldding i sslvail able, prsagessor 602 appends i&jto both

of the duplicate packet®,; at Seep 1216. Fol I8pi ng step 1216, or i&K|no
reverse signalling is avgil abl ey processor 60 checks whether it had been

suppl i ed by vocogder—604—yi-th—a—p+are—of—fu-l-fate-coded—or
partial -rate-coded information,lat step 1218.{1f the traffic franejis-
full-rate-coded,{it has do roonlfor forvvard sfgnalling inforngf fon, and $o
processor 602 prpceeds td stepsl123( et seq. yo formaf, packe& ze, ang
transmt both off{the duplicate ackdt s Packistgdzat i gn|at step&234 i njol yes
including in each duplicate packet'g frhme fEdEocol [300 a
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different DLCI, so that the two packets will each travel to a different
cell 202 involved in the soft handoff. Returning to step 1218, if the
traffic frame is partial- rate-coded, processor 602 checks the call's state
to determ ne whether forward S|gnaII|ng for the call had been received and
stored at step 956 of FIG 13 or step 986-of FIG .14, at step 1220. If
forward signalling is avail abl e, ¢processor 602 appends it to both of the
duplicate packets, at step 1222. Follow ng step 1222, or if no forward
signalling is avail able, processor 602 proceeds to steps 1230 et seq. The
synchroni zation of cell 202 and SPU 264 operations will now be explained in
greater detail in conjunction with FIGS. 16-22. FIG 19 represents the
scenario for initial timng adjustnents for traffic flow fromnetwork 100
to nobile radio-tel ephones 203. As was nentioned above, the operations of
all nobil e radi o-tel ephones 203 anda?#k han el ements 245 of all cells
202 are driven and synchroni zed to 6§D nlng signal, which may be a
si gnal broadcast by a global positioning satellite. Each cel| 202 derives
therefroma 20 nsec. cell clock 1000 signal, which triggers each channel
el ement 245 invol ved ‘ C
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inacall to mwmplmdto t he correspondi ng nobil e tel ephone 203

every 20 nsecs. A programred constant, offset (which may be
zero) my exi st m“LH II (i.e., an offset betvveen the rising edge
of cell clock 10 X 1300). This constant offset affects the

rel ative positions of si gnal s- 1304, 1307‘ 1308, aEdal@09 by the anount of

sai d of fset. 29 - In order ta be able to transm® valN traffic at tinme
1300, a channel ele east sone

m ni mum peri od of t%mi prior—to tTme 1300 —at a trje {err] 130T
el ement 245 pref gralgtysecei ves the information foH' transm ssion w

time wi ndow 1302, FHlexists a little after—trmetIpo—of—the pri
transm ssion and |a &l e before tine 1300 of theg pr&sent trqnsm’s

W ndow 1302 t hus |pr@vi m nor Egﬁl uct uat
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However, when a cal
el ement 245 t hat

previ ously,

is handling the call
for transm ssion from SPU 264. This is because,
t he operations of nobile tel ephone switches 201 are controlled

is being established,

wi |

is uncertai n when channel
traffic

it
recei ve a packet of cal
as was nentioned

by a different clock than that of cells 202, which clock is not

synchroni zed with, but
ot her factors,

swi tches 201 and di f f eflSAL; celP's 202 an
conveyed between them™-" and consequent

i s independent of,
such as differences in distances between nobile tel ephone

kil

cell clock 1000. Furthernore,
ifferent traffic |oads being
fferent transm ssion del ays
rydiin. Therefore, when a

(Al aVa¥al

bet ween them also nmake the tine
cal |

| CcCouVulT

path is first established be1meen

urTe

hannel el enent 245 and an SPU 264

and nul |
recei ved by channel el enent 245 ai
1302 and - in the worst case- are

traffic begins to flow between them pqgkgﬁ
— U1 megc

after ti

s from SPU 264 may be
at are outside of w ndows
rr] 1301. If that is the

303
nmes | §

case, the channel elenent's corre
signalling packet to SPU 264 i ndi
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time by which that transm ssion tine nmust be adjusted to position the tine
of receipt of the packets at channel elenent 245 safely within w ndows
1302. The clock adjustnent functions perfornmed at cell 202 are shown in
FIG 16. They constitute a processor-performed routine invoked upon recei pt
of a packet at cluster controller 244. Wen the routine is invoked, at step
1001, it checks whether the received packet is the first traffic packet
received for the call, at step 1002. If so, the routine conpares the tine
at which the packet was received wgpﬁw ndqw 1302 (the definition of
which is stored in cluster controll ) t step 1004, to determ ne, at
step 1006, when in relation to window 1302 the packet was received. |If the
packet was received substantially in the Bnter of wi ndow 1302, no cl ock
adj ustnment is necessary and the routine ely returns to the point of its
i nvocation, at step 1022. If the packetywas received too early, the routine
causes a cell-to-swtch type of|si gnaﬁp{c‘(ﬂg]-\{pgc?et Zl?é sent to processor
602 of SPU 264 that is handli ngft step 0&8 requesting
processor 602 to delay the tinejof SEQQENOE NlMBER(ln—e'f- pts for this call by.

a time, also specified in the pW_/HZ

AR CRC /325
SIGNAL QUALITY /324
POWER CONTROL /323
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-30- nove the tinme of receipt substantially to the center ofW
Conversely, if the packet was received too |ate, the routi ngh s Been Re; lac
cell-to-switch type of signalling packet to be sent to proces
step 1010, requesting that the time of the TX INT X interrupt
call be advanced by a specified tine. +i%9 then returns to the p |
of its invocat ftfp 1022. <Al t er nat , the rou?b e need not

he ifr

respond ner el st tfra ....«,-, @ZMJ y cal cul ate an
receipt of a

average tinme of required cl ock—aurd
plurality of received traffic—packs S ecelve t BPdes 1303 at channe
PU 264. As was

el ement 245 correspond to pacIPFORMéE%Z EAPH%ERQQEWN :
gggannel el ement 245 from

menti oned previously, transm ssion of pac ets tg
SPU 264 is triggered by transmt inte
DOE FRAME
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signals TX_INT X issued to processor 602 by adaptive synchronization
circuit 611. Consequently, adjustment of the packet receive tines at
channel el ement 245 by a certain anount requires an adjustnent of TX INT_X
signals at circuit 611 by the sane anount. Therefore, when processor 602
recei ves the abovenentioned signalling packet -from channel element 245, it
responds thereto at lsj;fi)é f. Rl G 11 by commrggong adapti ve

synchroni zation circ 11t &dj ust tt gi gnal for the
correspondi ng service circuit 612 by the—s ed amount. Circuit 611
obliges and shifts that transmt |nterrupt 3§ by the specified tine
period, designated as 1310 in Fl hsnkésion time is thus
shifted fromtines 1304 tg h_corresponds to
packet receive tg s 1306 >~ Packet redeive glggres 1306
lie within w ndows T802. 0 be able to tragn n(t packet

at a given tine, prmsgs;emmm)arrrﬂst recei ve the traffifqny E%C@Bﬁﬂ”ﬁm of

call traffic) whi ISR ijn that packet from vdco some
time prior to th il EUFFERW Wt@d};ﬂ msw
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Packet transmt tinmes 1304 correspond to frane receipt tinmes 1307, which in
turn correspond to vocoder 604 traffic frame transmt tines 1308, whereas
shifted packet transmt times 1305 correspond to shifted traffic fane
recei pt times 1311, which in turn correspond to vocoder 604 traffic frane
transmt tines 1309. Consequently, processor 602 nust cause vocoder 604 to
shift its traffic franme transmtytines fromtinmes 1308 to tinmes 1309.
Vocoder 604 uses the output of an internal output clock 622 to tine its
traffic frame transm ssions. C ock 622 of an Xth service circuit 612 is
initially synchronized to clock input signals received fromclock circuit
600. Processor 602 sends a command to vocoder 604 to adjust the offset of

its output clock 622 signals -31- f t he Ai(nut 600 cl ock i nput
signals by the abovenentioned tine pe 131
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that was specified in the signalling packet which processor 602 recei veel-——-—
from channel el ement 245. Vocoder 604 does so, thereby shiflngelitSs Sde

frame transmt tines fromtinmes 1308 to tinmes 1309. The net

t he asynchronous operations of channel el enent 245 and serw E& ﬁ
and processor 602};\2\/'@ be ynchroni zed WwtH28hch ot her.
scenari o of procegs 60 reced pt klhe) cl ock- adj ust si gnal l'ing packet
fromcell 202 is charted in FIG 17. Upgn determ ning that the received

si gnal I i ng packet requests clock adjusgsmepnt 1202 be performed, at step 1050,

del ayed, processor 602 YN, ptive sy hroni zati on circuit
611 to retardligpsequert TX_INT_X i nts z nt of tine
specified in t ckenp at step 1054. Pfocessor 682 & ends a command

to vopoder 604 dU %ﬁlﬁfeﬂwe of fset of |tﬁp but FQRWA&D( 62% fIYEyn cI ock

' 600 signals by t meSICNALLING SFORED 56 >—emre 208
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signals are to be noved forward in tinme, processor 602 sends a command to
adaptive synchroni zation circuit 611 to advance subsequent IﬁBBﬂmRelmwd
interrupt signals by the amount of time specified in the rec
signalling packet, at step 1058. Processor 602 al so sends a
vocoder 604 to decrease the offset of it$ outdut clock 622 fron1c|ock
signals by the sane anount of specified tinme, at step 1060, and then
returns, at step 1062. FIG 20 represents the scenario for initial timng
adjustnents for traffic flow from nobile radio-tel ephones 203 to network
100. As was mentioned above, nobile radio-tel epgpnes 203 and cells 202 are
synchroni zed with each other. A clock correspon 0 cell ¢l ock 1000
(derived by nobile tel ephone 203 fromtraffic re @yiit ffromcell 202)
causes a nobile radio-tel ephone 203 to make a tran ﬁ1§%§p§§eyery 20 msecs.
to channel elenment 245 that is handling the call, ﬁy?iagﬁiﬁhnnel el ement

245 to receive those transm ssions at ti gjﬁb:ng Tient] n
packets to SPU 264 at tinmes 1403. Packet fransmit f{¥EbRIZOE; jat chanpel
el ement 245 correspond togacket recei vemtl mes 140 S5 Egg:essor 602f of
S
o o
x S =
.'_l—-; -—
L = (=]
5=8 B 1=
- L) = 2 =
- =5 Z2= =
- Ly X o i >
o = i3 <t o=
=L O =
ggH
e
S
= Lt
=L =6
L) }l—u
S==3=
— wn = 0 2 -
S P= Ler N T ~
= 45K o~
S a3 re =
< /5 2ox~
5 5 g B°
wad - tad 5
o, 2= =
& T 8Huw S L
> ExO oz
- o= o
[ b o~
S e & .
[ %] -7 - |
U g e
LSLLmoOoTa
= Ob_’gll:u >
Led =y 2 —
w2 =
Eo‘—
-
o =
b = - 3=
§§% — 8
QO (=] Lt —
== S2= =
g — X Qo i . —
© S8@
oo
T~ o
= oo
- g
O = SOEES
~ oE=
ke, E’J:n-zs'z >
o8kwsS
._,_.BZOP-
o =
(BSEET
© =2
=4




SPU 264. Receive tinmes 1400 are relatively offset fromcell clock 1000 by
t he anbunt of a programmed, constant, offset at cell 202 with respect to
transmt times 1300. Thus, an offset in transmt tinmes 1300 results in a
li ke offset in receive tinmes 1400. This offset is conpensated for by the
mechani snms descri bed herein. -32- Reception of packets from channe

el ement 245 for a particular (XtR) service channel 612 is triggered at
processor 602 by a receive interrupt signal RX INT X for that service
channel 612, generated by adaptive synchronization circuit 611. Reception
of the packets nust precede by sonme mininmumtine the transm ssion of the
call traffic franmes contained in the packets to vocoder 604, to give
processor 602 sufficient tine for processing of the packets. Initially,
vocoder 604 expects to receive traffic franmes at times 1408, which
correspond to

CFIG. 17
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traffic frame transm ssion tinmes 1406 from processor 602.-- Consequently, —in

order to be able to transmt traffic frames to vocoder 6041ﬁtstit s._1406,
processor 602 nust receive correspondi ng packets from chann f cn gaplaced
no later than at tines [err] 1401. Processor 602 preferabl yjm H

packet within a tine w ndow 1402, which exists a little aft

1406 of the prior franme transm ssi on to vocoder 604 and a little before
time [err] 1401 of the present frame transm ssion. Wndow 1402 t hus

provi des sone | eeway for minor tine flyctuationg, However when a call is
bei ng established, it is uncertain whefspLocessg-602 will receive a packet
of information from channel elenment 2457 flaor th reasons as it is

uncertai n when channel elenment 245 will regetjve et from processor
602, discussed above. Therefore, when a dafkipat|f® B54fli rst established
between a channel el ement 245 and an SPU|Z%#[an St Ftraffic begins to
fl ow between them packets from channe i1 e received by
processor 602 at tines 1404 that are oyt qiufie= 402 and - in the
- worst case - are after B nes [err] 140{1. gg: nnot change the
times 1403 at which chafhey =
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el ement 245 transmts packets,
1404 at which it receives those packets;

times 1406 when it transmts frames to vocoder
lie outside of windows 1402, processor 602 determnes a tinme perio

its tinme of transm ssion of frames to vocoder
of packet
synchroni
X for the
it 611 obl
e period 1p10. Frane

04 are thu

which it needs to adjust

in order to position the tifpes 1404 jof its receipt
wi ndows 1402. Prpcess§® 602]then co nds adapti ve
611 to adjust t recet i pterrupt Jsignal RX_I NT_
service circuit y gecified amount. Circy

that receive interr

processor 602 insidg w ndowsRL402.
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-33 - However, in order to be able to shift its frane ﬂhﬁsﬂﬁummh&ﬁ%ﬁ
times 1406 to times 1407, processor 602 nmust cause vocod |ts
frame receive times fromtlnes 1408 to times 1409. Voco Mm ”i
output of an internal input clock 621 to tine its frame re ke
out put clock 622, input clock 621 is synchroni-zed to cl ock 600 i nput
signals. Processor 602 thereforexsends a conmand to vocoder 604 to adj ust

the offset of its input clock 621 si ut skgn S

shifting its franme receive tinmes fro he
net result is that the asynchronous and
service circuit 612 and processor 60 e been S nchroni zed w t h Jeath
ot her. The just-degcribed clo s are perforned by
processor 602 at stlep 912 of HIG 11, angl are sho
commencing to perfdrmthe clogk adj ustmept fuggti

tfa¥e and thq received

processor 602 deterjm nes fromjthe retrieyed c
packet type whet her | recei Jed pac
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Is the first traffic packet for the cal
602 conpares the packet's receive tine stanp (appended to
interface 601) with a wi ndow 1402 (the definition of mhlch
stored by processor 602 for each cal
at] step 1074,
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processor 602 to be necessary to nove the tine of receipt substantially to

the center of window 1402, at step 1077. Processor 602 aly n B d
to vocoder 604 to decrease the offset of its input clock 600
signals by the sanme anount of specified time, at step 107 ep

1076 or 1078, processor 602 proceeds to step 1090 (described further

bel ow) . -34- As the call progmresses, changes in systemtraffic |oad, or
drift between the master clock to which cellg 202 are synchroni zed and the
master clock to which nobile tel ephone swit&es 201 are synchroni zed, may

cause packet receive]tines

w ndows 1302, as illpstrati
receive tinmes 14 procefpsor
1402, as illustrptively shopn in
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with respect to tinmes 1306 and 1404: drift that advances time 1306 wi'th -
respect to window 1302 (shown in FIG 21) wll typicall %nsaﬂ;m}ladﬂe’%ﬂlﬁ léc&{fe
1404 with respect to w ndow 1402 ( not shovvn) “wher eas dr|

time 1404 wth respect to w ndow 1402 (shown tn FIG 22)

also retard tine 1306 with respeat to w ndow 1302 (not shown

the drift due to asynchrony between the master clocks wll tend to be |n
opposite directions. Drifting of tinmes 1306 out of w ndows 1302 is detected
by the channel elenent's corresponding cluster controller 244. Its response
thereto is shown in FIG 16. Upon recei pt of a packet at cluster controller
244, the routine of FIG 16 is invoked, at step 1001, and it checks whet her

due to changes in systemtraffic load will tend to be in the sane direction

the received packet is the first traffjc gpacket received for ghe call, at
step 1002. Since the call is in progregssf this will not be first
received traffic packet, ‘and the routighesicontinues at step ZJl4. There, the
routine conpares thg&tinme at which thg ket was received wth w ndow

1302, the same as,aE@step 1004, to det¢&¥H ne, at step 1016, en in

relation to w ndo&s SB& 'y
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t he packet was received. If the packet was received within w ndow 1302, no
cl ock adjustnent is necessary, and the routine nerely returns, at step
1022. If the packet was received prior to occurrence of w ndow 1302, the
routi ne causes the next traffic packet for this call that is sent to
processor 602 of the SPU 264 that is handling~-the call to convey inits
clock adjust field 322 a request«to retard the tine of the TX INT X
interrupts for this call by one tick (e g., one PCM speech sanple tine), at
step 1018. Conversely, if the packet was received after occurrence of

wi ndow 1302, the routi e lcauses the next tg#affic packet for this call to
convey in its clock ag GHt field 322 ar est to processor 602 to advance
the time of the TX IKF]XR}interrupts for tf}s call by one tick, at step
1020. FoIIomnng:ﬁtep“I or 1020, the rc&8jine returns to the point of its

i nvocati on, agﬁg) 10PZ¥ Unon receipt of - lhe traffic packet, processor 602
proceeds to nﬁkg;?he requi s|te adjustnedt, at step 912 of FIG 1R} i fting
of tinmes 1404 o8 of w ndowp 1402 is detlected by processor 602 itkelff.
Processor 602 notes the neefl for adjustrent and the direction of
adj ustment, and proceeds tofnmake the redquisite
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-35 - adjustnent, tick-by-tick, also at step 912 of FIG 11. \Wen_change in
timng of processor 602 activity advances packet transmit tines 1305 from
times 1305 to times 1505, and hence advances packet re&bsﬁvdﬂhﬂﬂsmk

respect to wi ndows” 1302, the result is new packet recei

are positioned back inside w ndows 1302, as shown in Fl

intimng of processor 602 actividty advances w ndows 140 an r
transmt times 1406 with respect to times 1404, the result is neM/frane
transmt times 1606 and packet receive tinmes 1404 which are positioned back
i nsi de wi ndows 1402, as shown in FIG 22. The shift in the TX INT_X and

~ RXINT X signals output by circuit 611 requires a corresponding shift to be
made in the signal outputs of
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cl ocks 621 and 622 of vocoder 604, thereby changi ng vocoder 604 traffic
frame transmt tines fromtinmes 1309 to-tines 1509 and changes vocoder 604
traffice frame receive tines fromtinmes 1409 to tines 1609 in the exanple

of FIGS. 21 and 22, and thus realigning Opi§pagestasBecpiRe der 604 with the
time-shifted operations of processor 602. m of realignnent,
however, vocoder 604 nust presents a traffi | traffic to

processor 602 after vocoder 604 has had time to collect either 159 or 161
PCM sanples fromcircuit 605 instead of the normal 160 sanpl es
corresponding to a 20 nsec. tine interval, and nust output a frame of cal
traffic to circuit 605 within a tinme interval of either 159 or 161 PCM
sanpl es instead of the normal 160, dependi ng upon whet her the adjustnent

is, respectively, to advance orjto delay the interrupg signals. .To
conpensate for this conditionwphen processor 602 c nds circuit 611 to
effect the shifts inits TX I$§ X and RXINTX si gnal or this service
circuit 612 that are sh@n ingE GS. 21 and 22, respem ively, at the sane
time processor 602 coqnqus vocpder 604 of this sane gervice circuit 612 to

drop one PCM sanpl e beEfR
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PCM sanpl e byte at its PCMinput. Vocoder 604 does so, andhisiS&eceHis®ebn Redlated
again align vocoder 604 traffic franme input and output acti

sanpl e output and input activities, respectively. In the c

opposite to that shown in FIGS. 21 and 22, the steps taken to co

for the drift are the inverse of those described for FIGS. 21 and 22.
Specifically, progessor 602 conmands circuit 601 to retard its TX_INT X and
RX_I NT_X interrgosgqnal outputs for this service circuif 612 by ope PCM
sanpl e int erval,c@ﬂ" comands vocoder 604 to create an additional one PCM
sanple byte at it& PCM output and to drop one PCM sanple byte fromits PCM
I nput . -36- These activities of processor 602 are diagraned in FIG 18
at steps 1080 et seq. As was stated previously, when processor 602
commences the cl ock
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adj ustment activities of step 912 of FIG 11, at step #ié@heet fas BBERE Slace
whet her the just- received packet is the first traffic p al | .
While the call is in progress, a received packet w || noﬂm[’mwul m
recei ved packet, and so processor 602 proceeds to step 1 . A

processor 602 aggen conpares the received packet's tinme stanp with receive
w ndow 1404 in @r to determna, at step 1081, when the packet was

recei ved in rel&E To e W TdoOW T e pacRerWasS T ecer Ve W T

wi ndow 1404, no t&mi ng adjustnment is necessary, and so processor 602
proceeds to step €090. If the packet was received prior to w ndow 1404,
processor 602 conmands adaptive synchroni zation circuit 611 to advance RX

I NT X signal for the corresponding service circuit 612 by one tick, at step
1082, and conmands vocoder 604 to decrease the offset of its input clock
621 by one tick, at step 1083. Vocoder 604 does so by causing clock 621 to
reset after a count of 159 instead of the usual count of 160. But vocoder
604 still receives a full traffic frame of incomng call traffic hol ding

t he equi val ent of 160 PCM sanple bytes of information. So vocoder 604

di scards one of those sanple bytes to mask the timng realignnment at its
PCM out put . >
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to
retard RX INT X signal for the corresponding service circ

tick, at step 1084, and conmands vocoder 604 to increase its
i nput clock 621 kpgg one tick, at step 1085: Voecoder 604 does so by causing
clock 621 to regeti after a count <of 161 instead of the usual count of 160.
But vocoder 60%§Iﬁ recervesTatrat T ' f

t he equi val ent of&160 PCM sanpl e bytes of information. So vocoder 604
generates an adit?bnal sanple byte to mask the timng realignment at its
PCM out put. Fol |l ow ng steps 1083 or 1085, processor 602. proceeds to step
- 1090. There, processor 602 exam nes clock adjust field 322 of the received
“traffic frame to determ ne what clock adjustnment, if any, has been
requested by cell 202 that is handling the call. If an adjustnent has been
request ed, processor 602 conmands adaptive synchroni zation circuit 611 to
adjust the tinme of occurrence of the TX INT X interrupts for the call's
correspondi ng service circuit 612 by one tick in

Returning to step 1081, if the packet is found to have UB®ShéeqRi
w ndow 1404, processor 602 commands adaptive synchroni zat MIIM ’j\ﬁ
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the requested direction, at step 1091, and c commands_ vogo el 604 to adj ust

the offset of its output clock 621 by one Thi d| rection, at
step 1092. Vocoder 604 does so by causing cl ‘“4“ et after a count
of 159 or 161 instead of the usual count of tly, vocoder 604
accunul ates either 159 or 161 PCM bytes -37 - of outgoing traffic

sanples to supply to processor 662 in a frame holding 160 PCM sanpl e byted.

To mask theztl mng realignment at its output to processor 602, vocoder
creates anjddltlonal PCM sanmple in the first instance and di scards one o
t he PCM sa@l es in the second instance. Follow ng step 1092, cl ock o

adj ust nent gm—h—es—m—e—eﬁﬁﬁet-ed—ma-d—mheeeeeﬁh-eee—ﬁeﬂﬁs, i
1093, to tke call processing activities of FIG 11. Alternatively, clock{n
adj ust mantgrray be made in nmultiples of one
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125 usec. ticks in order to achieve synchronization at a-faster rate. Al so,
a conbination of nultiple-tick and single-tick ' ts (in different 20
nsec. cycles) could be used in-order to controlrrﬁgbmn'%hlfgSEB eRlacedini ch
synchroni zati on may be achi eved. Furthér, coar sﬂmgmﬂ i.e.,
involving nmultiple 125 use ticks) may be made ' ke maj or
synchroni zati on changes gJ ing axall. Said | arge adjustnents are "
advant ageously made duriggf the periods when speech activity is low A} he
start of a soft hamadoff, “® channel el enent 245 of a second cell 202
comrences to hand=d the | in parallel with channel elenment 245 of
202 that has be&d SBageH =RV -S—Rre t—lcR oW

priori whet her pa(get recei ve
will fall inside & outside ¢f wi ndows 1302 (see FIG 19) or whet her

receive times 1404 of packetg$ sent by second channel elenment 245 wll -
I nsi de or outside of w ndovyg_ 1402 (see FIG 20) at processor 602, just} af
when the call is initially @$tablished. If receive tines 1306 and 14043
fall outside of wi ndows 13CE{and 1402, respectively, for the §:|
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second channel el ement 245, however, the clock adj usq-m?g;eett}ggﬁ&hﬁ c

FIGS. 19 and 20 which was used when the call was initi |

cannot now be used. This is because the call is now admmlm UWH

ongoing call, and the use of that technique would res

di sruption - an audible "glitch"- in the tall.- Consequently, the rmre
gradual but effectivaky "glitch-less" clock adjustnent technique of FIGS
21 and 22 is used to§r‘x and nove receive tines 1306 and 1404 within

wi ndows 1302 and 1488 &

Mul tiple iterations this adj ustrrent may need to be perfornmed in order to
achi eve the desired fect. It is inportant to note, however, that the

adj ustment of FIGS. 21 and 22 affects the receive tinmes 1306 and 1404 for
bot h of the channel elenents 245 that are handling the call. Consequently,
It is possible that an adjustnent which attenpts to nove tinmes 1306 and
1404 into w ndows 1302 and 1402 for the second channel elenent 245 w ||
result in noving times 1306 and 1404 out of w ndows 1302 and
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-38- 1402 for the first channel elenment 245. It is |rrpeanS|SM&tH£§qieentﬁe
1306 and 1404 of neither of the two channel elenents 245

after) their respective wi ndows 1302 and 1402. In contras Mﬂﬂlﬁand
1404 that” | ead (i.e. occur before) their respective w ndovvs

can be conpenisated for by buffering of the prematurely- received packets at

channel el ntly if during soft handoff one

channel elgsnt 245 is repprfing a | eading tinme 1306} while the ot her
channel elen®nt 245 is reppr g a lagging tine 130 t he cl ock adj ust nent
requests of the channel e t} 245 which is repoftihg leading times 1306
are ignored and only the r EHt S of the other c&ijhdel el enment 245 which is
reporting lagging tines 13[e51 gile responded to b essor 602. It is
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processor 602 and the two channel elenments 245 that are involved in the
soft handoff are so great that packets sent by both-channel—elenents-245
during the sanme clock cycle of cell clock 1000 are recejve t ocegsor
602 during different clock cycles of processor 602 ﬂg BB cl ock
RX INT X for that channel elenent 612, and that dupli Ient by
processor 602 during the same claock cycle of transmt Bick TX

I NTX to both channel elenents 245 involved in the soft handoff are received
by those channel elenents 245 during different clock cycles of cell clock
1000. To associate the received packets with the proper clock cycles is the
pur pose of the sequence nunbers carried by sequence nunber field 320 of
~traffic franes 350 (see FIG 9). The association is done at steps 932-936
of FIG 11. As was alluded to previously, sequence nunbers used by channel
el ements 245 areygal cul ated from and hence bear a defined relationship to,
cl ock cycl es of G%Ej cl ock 1000. Hence, during any clock cycle of cel

cl ock 1000, al | g]g]'— otee 245t r [nen"i p:\r\l{nf s hai ng‘f he_sahs

sequence nunber.Z = ‘
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Consequently, by conparing the sequence nunbers of two received packetrs,”
processor 602 can imediately determ ne whether both paniShest HeBEARRGRD] t O
t he sane clock cycle of clock 1000, and if they do not, ative
sequence is. In the opposite direction of packet flow, f F@EH 602
to channel el emehts 245,. no defined rel ati onshi p exists be ce
nunber and cl ock ‘cycle of cell ckock 1000. However, at the beginning of the
soft handoff, the channel el enment 245 that has been handling the call until

now causes a messgge (HANDOFF_REQ see discussion of FIG 27, below) to be
sent to the chaghtd eI%nent 245 that is now commencing to handle the call,

whi ch nessage r&b =39 of _a recent_cell clack 1000 clack
—— . “'I .
cycle and the s&pgence fnunber of ppcket | whi ch the|first channel el enent
245 has receive® &uring that clo cle.|Since
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sequence-nunbers are sequential.,. the sec@pg %%Dg|uep%§ﬂ?0%hga%g&f'é83)ldg e
conpute fromthis received information whih sequérdeClaimkr s* apgsd = to pag d ..
associ ated with which subsequent clock cycl!§Sof ¢dll| Dravdrg(s)10pagedTpdo paged.’.ég
second channel el enent 245 thus determ nes the cel IﬂcAbsltactLOOOpaged . o ypapedl .
to which a received packet corresponds. lgg Will now be explained in
conjunction with-FIGS. 23-35 how-calls are set u DATEIOP RECEM_L,QEHE?J%,
down in the system ADAREHIVESYNGHRONAZAEION AENERTS A eRee? HAS BEE

result of exghapses of |evel -3 packetized signalling nessages, RE@M\QED
illustrati ween | rs elements, e.qg., SPU 264 to cellk _202
I_202ut0 Ecibvm 13@8%&&%@%&6@?&%%‘% cont M&§ $WIchng — The

F: gur ets i fTP|sYstEhﬂi(M)rsgﬂl@ﬁ'éxﬁiﬂhbrpﬁbﬁ?tcldpheﬁamwe_ Me?pmmgmm theOI f

el enen air . no [ 0SS . e n rom
Cop comp! ox TR e bnRelpo3Fhir e s FRlomT0H syptnrollFar@iaintn 0 | 100
bet ween charsledkeel emefirsnstissiomdelaysibeiveendhe coli base stadonsrandabeswlepbioneo be
frame-rel ay qlnl SO Paridble! @n@&ggﬁﬁp&%lﬁa&igﬁﬁ colfhiGtiohs ©!  signal ling

for setting up a packet-swtc .
interfaces to the telephone system, whose connections to the telephone system

are synchronized to the telephone system, and whose connections to the cells are
nominally also synchronized to the telephone system but whose processor -
operates for each call within predefined windows - of phase relationships
to the operation of the cell that is handling the call, and occasionally adjusts
its phase relationships to the operation of the telephone system to
achieve and maintain its operation within the predefined windows. Packet-switched
communications " between the cells and the switching systems absorb the phase
 relationship fluctuations and the timing adjustments in inter-packet intervals.
Circuit-switched digital communications between the switching systems and the
telephone system absorb the timing adjustments by means of vocoder
implemented slips --bit insertions or deletions-- in the communications traffic bit
stream.
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ETS 3G %006‘)0'5 e
pat IREEL EN&S}?EO gechbT & nobil e tel ephone | (1%65 oTTe—203
i nigi thscf‘ﬁémbal % G_fl_“l g an ORI G NATI ON |gna ?‘iAI S iPel y SOG
one msm tpé{??%%% % Bpohveyi ng the cal | ed Hebephpia Npughel . 0Ro piked =......
acc ansm ssion or recdddiOningt) Si gﬁ;@&@mﬁag mpaged ___6"_-(—.
i ndifc ed)stm:tt hé Hagifhr"e‘é’ We ftical segnment of DARH(H' F28kd TN (6 paged .— ..
OR TION signal is réﬂ‘ gy-éd b channel- Bt enent @@mé,gna.t ed’i._s.-a d 63&
accdss pARPOYF RECHRE. .0 s 202, which pasdds_it_on in a mes'é'éqe """""

its 'crouster controlleré@r qﬁﬁ 1 of its ceII
202. Each controller assi gns a ? W@W anne*s 0 Carry the caII
and then passcEechnicahFigldge along with identity of the assigned channel'

correspondi ng channel Thid ThVEnbioR ilatedlsdrRr oc‘tﬂmrﬁfhuﬂﬁénods&n%n ti onal
manner. ECP conpl ex 134 [ecel vie hﬁe ness and se ects a
DCS 201, a Cl NBesein tapsmisgionsiglays, W&°%E?WP8§‘°&PP&WES %’&2%&8"

trunks 106 of BdvkeseumloftheIaeationcoder modul e 220, to handle t he cal I ECP

conpl ex 134 then sen Snag %@qclr&eoﬁrﬁ cgé)on%%y&&% Lh%E 241 of
customer-premises communications equipment is timed independently of the
network communications equipment (e.g., the public switched telephony network)

~ that interconnects the customer-premises equipment. A particularly significant
example thereof is the code-division multiplexed-access (CDMA) radio-tclcphone |
system, which is an important type of digital cellular mobile-telephone system. In
the CDMA system, nodes that contain radios, i.e., the mobile radio-telephones and
cell-site base stations (cells for sh'ort), are synchronized to clock signals received by
the cells from a global-positioning system (GPS) satellite, whereas. the radio-
telephone switching systems which interconnect the base stations with each other
and with the public telephone network by means of digital communications are .
synchronized to clock signals which may also be received from the GPS satellite but

. are distributed by the telephone network. |

For purposes of this discussion, two series of events, signals, or
operations are considered to be synchroni_zc.d with each other, or synchronous, if (a)
they either occur at the same nominal frequency or one occurs at a frequency that is
an integral multiple of the frequency of the other, and (b).they occur in a fixed phase
relationship with one another. Operations that are not synchronous are considered to
be asynchronous for purposes of this discussion.

The independent timing of the operanon of different units ofa
communication system destroys the assumption that the units provide call traffic to
each other at a predetermined steady and unvarying frequency at steady and
unvarying points in time i.e. a fixed phase. Rather, independent timing results in the
units providing call traffic to each other at a rate and at points in time that fluctuate
about a fixed frequency and phase. This asynchrony must be compensated for
somehow.

Independent timing is but one cause_ of this asynchrony. Another cause
that may be present in communication systems, such as the CDMA radio-telephone
system mentioned above, is the lack of a predetermined and fixed transmission delay

~ between the communicating units. Assummg that both the originating and the
destination units are timed either by a common clock or by different clocks that are
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the call-originating cell 202, conveying a DLCI of the selected service
circuit 612. ECP conplex 134 al so sends a SETUP nessage conveying the
cal | ed tel.ephone nunber and identifying sel ected nodul e 220, groups of
trunks 106, and service circuit 612, to DCS controller 261 that controls
the: sel ected nodul e 220. -40- Controllep.241 that receives the M5C FS
ASSI GNVENT nessage forwards the nessage to cluster controller 244 of

sel ect ed channel el epent ,245. CI ust, r contrDI J er conve s t.h
i nformation i n®inghropized wi TARSSSIO éﬂé?ﬁw mﬁ&?’%een
selected to haﬂd!;ﬁcide&nmialble.ﬁehmbeem Ifoein&heobmﬂﬂﬁxcadmsystmlf up to

Mandl e e o2 b8 o R i AR AR B B

packet t hr oughtheidelay rcammtchcmmlﬂedcbut istviacigbleaind fluctuates Rhe ketteffestlis thee s

the received Difde as if the units were independenily timed. The fluctuation in the delay may be a
result of, for example, occasional changes in the transmission paths that are followed
by communications moving between communicating units, or variances in the
communication traffic load that flows between --and that must be handled by-- the
communicating units. This asynchrony must likewise be compensated for.

_ A partial though inadequate solution to the problems caused by
independent timing is to conduct commumcauons between the communicating units
in analog instead of' dlgnal form. Analog commumcauons can be received
asynchronously with their transmission. And while the asynchrony may introduce
errors or “glijches” into the communications, the problem is often tolerable for
voice-only communications. Thus, in the CDMA'radio-telephone- system, the radio-
telephone switching systems may also be synchronized to the GPS satellite clock
signals and hence operate synchronously with the radio-telephones and base stations,

-if the switching systems are interfaced to the telephone network via analog voxce-
only communications. Of course, such an arrangement suffers all of the
disadvantages that are associated w_1th analog communications, such as low quality
and capacity and susceptibility to interference, plus the problem of asynchrony-
induced glitches that make the arrangement unsuitable for data communications.

Likewise, a partial though inadequate solution to the problems caused

by fluctuating transmission delays is to circuit-switch communication traffic,
whereby the dependency of transmission delay on communication traffic load is
avoided. However, circuit-switching is inefficient or undesirable for other reasons in
many applications. Furthermore, circuit sWitchihg does not eliminate fluctuation of
transmission delay that is caused by changes in the transmission path, such as wxll
typically arise during CDMA call "soft handoff"
Summary of the Invention - =

~ This invention is directed to sblv_ing these and other disadvantages of the

" prior art. Broadly according to the invention, in a telecommunications system that
interconnects communicating units via a transmission medium that experiences
fluctuating transmission delay (such as a packet-switched communications medium,

. for example) there is provided an interface between the communicating units which
is nominally synchronized with ones of the units but which operates within a
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of the selected service circuit 612 as the packet address in field 302, and
conveys the DLCI of the selected channel elenent 245 in its data field 304.
When processor 602 serving the selected service circuit 612 receives the
FSCONNECT packet, it returns an FS ACK packet 351 to sel ected channel

el ement 245 in acknow edgnent of receipt %CN t he FS_CONNECT packet, using
the DLCI contained in field 304 of the FS NECT packet as the packet
address in field 302 of the FSACK packet. Illustratively at this tine
processor 60 2pwdeﬁnahvdrdowQ1 €. fang€ df phasedelationships todhe operationcofithe ethersct ed

' PD
orocessi g at PhEE] 8555@?962%%5@%%?%%%ésor Eﬁﬁﬁﬁéﬁﬁéfﬁﬁﬁﬂ%ﬁﬁ&%@eyed
DLCl of sel ecpwacmqﬁ@p onescofithe units30 achicwe andymaintein s operstion withinghe | s
associ at ed W pRdefh@vitdows %ee»seﬁhémﬂm%&mmﬂnm&&ytémaﬂw as

S SR I TR W Nt S ST R T
244 of the seprceabsubsantsly lif thepwerd symchronizedogittoeath other andn FSCLOCK
ADIUST packet @é‘ﬁm&m& ORI R A PR SRR R
More specifically, in a communications system that comprises a first
unit for either receiving incoming commumcauon traffic or transmitting outgoing
communication traffic at times dictated by first clock signals having a nominal
frequency and a first phase, a second unit for either transmitting incoming
communication traffic to the first unit or transmitting outgoing communication traffic
received from the first unit at times dictated by clock signals having the nominal
frequency, a third unit for interfacing communications between the first and the
second units, and a communications medmm that connects the second unit with the
third unit to convey communication traffic thercbetwecn and that has a fluctuating
transmission delay, the interfacing opetauons are conducted as follows. The third
unit either transmits to the first unit incoming communication traffic received from
the second unit or transmits to the second unit outgoing communication traffic
received from the first unit at times dictated by clock signals having the nominal
frequency and having a second phaS_c‘ that is offset by an adjustably fixed amount
from the first phase. A determination is made of either whether the second unit
receives outgoing communication traffic from the third unit within predetermined
windows of time prior to the times of transmission by the second unit of the recewed
outgoing commumcanon traffic, or whether the third unit receives incoming
communication traffic from the second unit within predetermined windows of time
prior to the times of transmission by the third unit of the received incoming
communication traffic. Then, in response to a determination that receptions of either
communication traffic type fall outside of the respective predetermined windows, the
amount of the offset of the second 'phase from the first phase is either increased or
- decreased, as necessary, in order to move the subJect receptions into the rcspecnve
windows.

Specifically according to: an illustrative embodiment of the invention, in
a CDMA radio-telephone system having radio-telephone switching systems and base
stations (cells) interconnected by a packet transmission medium, esch radio-
telephone switching system includes a digital communications interface arrangement
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initial clock-adjustnent information. This packet was di scussed in
conjunction with FIG 16, steps 1001-1010. Processor 602 responds, by
returning an FS ACK packets to cluster controller 244 and processing the
recei ved packet in the manner discussed in conjunction with FIG 17. A call
path is now established between channel elenent 245 and service circuit
612, and they begin to exchange null trafdc packets every 20 nmsecs. until
call traffic beconmes avail able. Sel ected channel eI enent 245 responds to

SCEL5L 7L Akl e atons grenCHMIS a6
advi- sg it of t& QB?‘BP%P t&’ﬁf’&fﬁﬂ? pyhose fopnget O‘?'}?éo é%%&?ée stappns %%gg ?‘l&* 261
t hat recei vealsbls &Eﬂx&dmsbagmrammmhs telephoneisystem but-which bmratzsafo_rof t he
Sreloﬁ;tsegf St r unks W@iéﬁ&%x@%ﬁ%ﬁﬁ ﬁ@ﬁdﬁ!ﬁs%ré?%%égg gﬁﬂrl ];Ine?he
sei zed t r unkoperationrpfa base station that ishan ﬁe@asmaay jpsts gsphasetime
sl ot on TDM gipstich3fip withihe dpkRitior 6ﬁﬂ1%|t§l@plfo’ﬂ¢%9§tehrn6%§in9éﬂﬁt% fond mai ntenance
transmission delay fluctuations experienced by the medium so as to achieve and to
maintain its operation within the predefined window. Since the interface
arrangement utilizes packet-switched communications between the base stations and
the switching system, the phase relationship fluctuations and the timing adjustments
are absorbed and hidden by variations in inter-packet intervals. Further according to
the illustrative embodiment, however, the interface arrangement utilizes circuit-
switched communications between the switching system and the telephone network,
wherein the timing adjustments are absorbed by slips --bit insertions or deletions-- in
the communications bit stream.
The perceived asynchrony between the operations of the sthchmg
systems and telephone network and the base s_tanons (cells) which results from
transmission delay fluctuations, that are ca'used'b'y variations in the communications
traffic load carried by the medium or by changes in the transmission paths taken by
the communication t_rafﬁ(: during soft handoff, are compensated for and
accommodated by the interface arrangemeni. as required for proper digital
communications system operation. ' | |
_ While the discussion of an illustrative embodiment that follows makes a
distinction between level-3 "packets” and level-2 "frames”, for purposes of clarity,
the use of the term "packet” herein and in the claims is intended to encompass either '
or both “packets” and "frames". -
These and other advantages and features of the invention will become
apparent from the following description of an illustrative embodiment of the
invention considered together with the drawmg |
Brief Description of the Drawing . - :
FIG.lisa block diagram of a convennonal cellular radio-telephone

system;
FIG. 2 is a block diagram of a cellular radio-telephone system that
incorporates an illustrative embodzmcnt of the mvennon,
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-41- processor 609 of speech processing unit 264 which contains the

sel ected service circuit 612 to connect the abovenenti oned DSO channel from
TDM bus . 130 via TDM bus interface 608 to that tinme slot of concentration

hi ghway 607 which is assigned to selected service circuit 612, thereby .
assigning that service circuit 612 to hdhdl e the subject call. Controller
261 then sends a CONNACK nessage to ECP conplex 134 to advise it of )

successful ~conpl eti Oﬁ@fs ﬁg'bf?&r]ﬂ%%;mto?ﬁcg?%ﬂfet#g@ cWﬁ@ answer

supervision is receivedfrom I'ons | ties“of network 100
over the sel ected trEKk 4ige bigckdiagran|of acell intercppnech modnleof thessystem ob1 | er
261, which ipGtayn sends an ANSV\ER nmessage to ECP conplex 134 to notify it

of call conpletion. ow est.abl i 51ed ful h the yst em of
FIG 2, and call traﬁl?‘csc &h’l aspPesehe "EMR]%&HS 245

through ser\HIGe2circuit 612 and trunk 106.to and fromthe

tel econmuni cati ons fﬁfd.'é i ia%focﬁfdiagram of a speech processing unit of the module of

FIG. 5; .
FIG. 7 is a block diagram of a LAPD frame of the system of FIG. 2;
FIG. 8 is a block diagram of a modified LAPD frame of the system of
FIG. 2; - '

FIG. 9 is a block diagram of a level-3 protocol used for carrying voice
and/or signalling information in the frames of FIGS. 7 and 8;
FIG. 10 is a block diagram of a level-3 protocol used for carrying
signalling information in the frames of FIGS. 7 and 8;
' FIGS. 11-14 are a flow diagram of received-packet processing functions
of the processor of the unit of FIG. 6;
FIG. 15 is a flow diagram of transmit-packet processing functions of the
processor of the unit of FIG. 6;
FIG. 16 is a flow diagram of clock adjustment functions of a cluster
controller of the cell of FIG. 3; |
FIG. 17 is a flow dxagram of clock adJustment functions of the processor
of the unit of FIG. 6 performed at step 970 of FIG. 1 1; )
FIG. 18 is 2 flow diagram of clock adjustment functions of the processor
of the unit of FIG. 6 performed at step 912 of FIG. 11;
' FIG. 19 is a timing diagram of ‘packet-transmission clock-adjustments
performed at call setup for a service circuit of the unit of FIG. 6;
FIG. 20 is a timing diagram of packet-reception clock-adjustments
performed at call setup for a service circuit of the unit of FIG. 6;
FIG. 21 is a timing diagram of packet-transmission clock-adjustments
performed during an established call for a service circuit of the unit of FIG. 6; - - -
FIG. 22 is a timing diagram of packet-reception clock-adjustments
performed during an established cali for a service circuit of the unit of FIG. 6;
FIG.23isa signalling diagram of setup of a mob:le-ongmated callin
the system of FIG. 2;
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network 100 and the call's destination. FIG 24 shows control signalling
for setup of a call path for a call originating at public tel ephone network
100. Network 100 initiates the call by seizing a trunk 106 and out pul sing
thereon the digits of the called tel ephong nunber, in a conventi onal

manner. Controller 231 of a speech coder” Wbdul e 220 serving that trunk 106
detects the seizure on the trunk's corresponding time slot of TDM bus 130

and col |l ects the di al FiGQ40s asignallingrdiagramof setap af b petwork-origimatedatallfines DCS

controller 2 [ 4,261 in turn notifies ECP conplex 134 by sending
It an INCALL%S&QLO?#L@%'NCALL nmessage conveys the called tel ephone

nunber, and nodul e 22E1GR$ is asignaling diagnm of Ecmobileriginateddiscannperionoft o t he
VSC PAGE RecOLal ms R0 B Page RECUEST rossage. dent i 1es the ~ -
cal | ed robile 203 (e. 5’0‘? %ﬁ@é&@ﬂhﬁ’&%@@ BIRG m%@ra}edn petio,of 142
of each cell ¢hll inahesysttn 6OFIC)2;
FIG. 27 is a signalling diagram of the beginning of a soft-handoff of a
call in the system of FIG. 2; _
FIG. 28 is a signalling diagram of the end of a soft-handoff wherein a
master cell drops off; : ' '
FIG. 29 is a signalling diagrdm of the _énd of a soft-handoff wherein a
slave cell drops off; | | '
FIG. 30 is a signalling diagram of a mobile-originated disconnection of
a call during soft-handoff in the system of FIG. 2; _
FIG. 31 is a signalling diagram of a network-originated disconnection of
a call during soft-handoff in the system of FIG. 2
FIG. 32 is a signalling diagram of a semi-soft-handoff of a call in the
system of FIG. 2; . ,
FIG. 33 is a signalling diagram of a CDMA-to-CDMA hard-handoff of a
call in the system of FIG. 2; .
FIG. 34 is a signalling diagram of a CDMA-to-analog hard-handoff of a
call between cells served by the same digital cellular switch in the system of FIG. 2;
FIG. 35 is a signalling diagram of a CDMA-to-analog hard-handoff of a
call between cells served by different digital cellular switches in the system of |
FIG.2. - -
Detailed Description _
Before commencing a discussion of an illustrative implementation of
‘the invention, it may be helpful to consider an existing cellular mobile radio-
telephone system to serve as a basis for éo_mparison. Such a systemris shown in
FIG. 1. A description of such a system may be found in K. W, Strom, "On the Road
with AUTOPLEX System 1000", AT&T Technology, Vol. 3, No. 3, 1988, pp. 42-51,
and W. J. Hardy and R. A. Lemp, "New AUTOPLEX Cell Site Paves The Way For
Digital Cellular Communications”, AT&T Technology, Vol. 5, No. 4, 1990, pp. 20-
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MSC PAGE REQUEST nessage by conveying the MSC_PAGE_REQUEST nessage to a
CDMA access-channel el ement 245 via cluster controller 244. The
access-channel el enment 245 responds by paging the called nobile 203, in the
manner specified for the CDVA arrangenent._Wen the called nobile 203
responds by transmtting a RESPONSE signaT?'one or nore of the paging
channel el enents 245 receive the signal, and each passes it on to its

respective cluster contmhelsy@ém##1GQ insludes a phiralityl of igeographitallyvdispersede

o Al . cel1 o waueepoled Kapmmds et Sl HERBF 102 13 B8k S e of Rl ol 101
each other's radioelephonederviess toiwitcless useretetpmoalwblmmobxlwradm sting and
pend 0 a1 RTS8 iy 1 £ GRS 16 i g om
radio-telephones 103 served by different cells 102, and between mobile radio-
telephones 103 and the public telephone network 100, cells 102 are interfaced to
each other and to network 100 through mobile radio-telephone switching nodes
" referred to herein as digital cellular switches (DCSs) 101. Each switch 101 is
illustratively the AT&T Autoplex® cellular telecommunications system digital
cellular switch. Each digital cellular switch 101 is connected to a plurality of
different cells 102 by communication trunks 107, and is connected to network 100
by communication trunks 106. Each trunk 106 and 107 is illustratively a DSO
(64 Kbps time-division mulnplexed) channel, a plurality of which are implemented
by a DS facility which may be transported via land line (T1 line), optical
transmission, microwave, etc., facilities. Control over the system of FIG. 1 and
coordination of the activities of the various cells 102 and DCSs 101 is exercised by
an Executive Cellular Processor (ECP) 105, which is connected to each cell 102 and
cellular switch 101 through an Interprocess-Message Switch (IMS) 104 by control
links 108. ECP 105 and IMS 104 together make up an ECP complex 134. ECP
complex 134 and DCS 101 make up a mobile switching center (MSC) 199. ECP 105
and IMS 104 are illustratively the AT&T Aufoplex ECP and the AT&T
Autoplex IMS (which includes a plurahty of cell site node processors, digital switch
node processors, and database node processors, interconnected by an IMS ring), and
' links 108 are illustratively RS-449 data links within MSC 199. Altemnatively,
control links 108 may be implemented as 64 Kbps DS0 channels on DS1 facilities
between cells 102 and mobile switching center 199.

Each mobile radio-telephone 103 typically comprises.an analog FM
radio-telephone capable of operating at any one of a plurality of radio frequency
pairs. Each cell 102 comprises a plurality of analog FM radios 143 each operating at
one of the radio frequency pairs of the mobile radio-telephones 103. Radios 143 of
adjacent cells 102 operate at different frgqucnéy'pairs, to avoid interfering with each
other. However, each mobile radio-telephone 103 is typically capable of operating at
any of the frequency pairs of all of the cells 102.

" Inan alternative embodiment, digital radios and radio-telephones
operating in time-division multiple-access (TDMA) mode are substituted for the
analog FM radios and radio-telephones. Vocoding functions can be a part of the
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to handle the call. Controller 241 of the selected cell 202 then sends a
CELL_PAGE_RESPONSE message on to ECP conplex 134 to notify conplex 134 of

that cell's selection to handle the call. ECP conplex 134 receives the CELL
PAGE RESPONSE nmessage and sel ects a service circuit 612 of nodule 220 to
which the call is connected to handl e the gall at the other end of the call

path. ECP conpl ex 134 then sends an MSC FS ASSI GNVENT nessage to control l'er
241 of the selected cell 202. The nessage is the sane as described for the
mobi | e cal | - ortadiounitsdm this embediment, or cancbe logated gt ywitehes 10ko wit, an

FS_CONNECT, FS_ACK, FSQf#idin R PRSERL SESLARS €
bet ween cel|l 202 and SPU 64%??-5”\?3% wble e 6“‘@%?%\' messgge

fromcell 202 %omde'smn&p&sascwnabs&ﬂ%%%0w C SEONZGSERREIRG | ex 134
al so sends a T Qherackiltaadio-tElefhore 103 etseinstaﬁhoﬁmmctmsyscehsaﬂme nodul e

o e eI NSyl DA bk Mol LB

carries the cafoloriginaeal céll. oWﬂcn laccall isrestablizhédofincoming or outgemg)‘thc receiver is
assigned to a particular voice channel and instructed to tune to that transmit and
receive fre'qucncy pair. At the same time, a connection is established between the
cell 102 and the telephone network 100 through a digital cellular switch 101, which
completes the voice path for the telcphone'éonvérsaﬁon.

Once this voice connection is established, the radio signal levels are
monitored by the cell’s radio 143. As the mobile radio-telephone 103 moves from
one cell into another, the serving cell 102 detects the reduction in signal strength and
requests that measurements be made by surrounding cells 102, If these
measurements indicate that another cell 102 can provide better service, then the
voice connection is switched to that cell 102 through a process known as."hard
handoff™. The process of hard handoff is under control of ECP 105 and requires that
a DCS 101 first form a 3-way connection which extends the voice circuit from the
serving trunk 106 to radio channels in both the serving cell 102 and the target
cell 102, When this connection has been confirmed, the radio-telephone 103 is
instructed to retune to the frequency of the assigned radio 143 in the target cell 102.
Upon confirmation of the radio-telephone’s communication with the target cell 102,
the DCS 101 is then instructed to remove the voice connection to the original serving
cell 102, leaving the connection between the new serving (target) cell 102 and the
serving trunk 106." The telephone conversation continues largely uninterrupted
through this handoff process. Meanwhile, the original voice channel is made
available for use by another subscriber, _

~* Hard handoffs performed in this way use processor capacny in both the’

ECP complex 134 and the digital cellular switch 101. For the duration of the 3-way
connection, the hard handoff also usés additional switch fabric (TDM bus 130)

- capacity. If the target cell 102 containing the selected radio 143 is connected to a
switching module 120 other than the one coritaining the serving trunk 106, then the

~ connection must be extended through a time-multiplexed switch (TMS) 121, using
additional switching fabric in that switch element. As the number of cells 102 in a
system grows larger, the number of handoffs increases and uses an increasing
proportion of the system processor and switch fabric resources, thus reducing the
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network 100. Fol | owi ng sendi ng of CHANNEL_CONFI RVATI ON nessage to ECP
conpl ex 134, selected channel elenent 245 transmts RI NG NG signals to

cal ] ed nmobil e 203. Wien called nobile 203 responds with an ANSWER si gnal ,
sel ected channel el enent 245 causes an ANSWER nessage to be conveyed from
its cell's controller 241 to ECP conplex 1 ECP conpl ex 134 responds by
sendi ng an ACCEPT nessage to DCS controller 261 of nodule 220 to which the

call is connected. Ihegﬁsage conveys the |I.D. of service circuit 612 that-
had been sel ectEUCTS WEHRN @PEAY cal | . Controller 261 responds by causing
controll er 231 to renovEachicel}i162 lis configered aroundrachighrspeed sime-diMisioncausi ng a

130 ‘and sel cor HERPEATONIF R 10, TOMNRIIA0k: Uikl 4 CREMHETDR D
mobi | e- or.i gi nabusiofan AT&TRefinity® communicAEonSSYFHEM %wﬂm&%ﬁdge to ECP
conpl ex 134 t 05RGéals comppisessote st Tdre TDM IBRLE! daB hVing D56 tiBQI0t périTiime,
connection. The.call “path J.s tablished .fully t ugh.the syst.em of
A AR T AV I AT
thereto and logically operate as a single TDM bus having a multiple of 256 time-
slots per frame. Each time slot has a rate of 64 Kbps. Within a cell 102, radios 143
are connected to TDM bus 140. Radios 143 accept communications for radio
transmission from, and supply received radio communications to, TDM bus 140 in
DSO0 channel format at a rate of 64 Kbps. The input to, and output from, each radio
is full-rate pulse-code-modulation (PCM)-coded speech. Also connected to TDM
bus 140 are one or more interfaces 142, each one of which couples TDM bus 140 to
trunks 107. Dlustratively, trunks 107 are carried by T1 facilities employing the DS1
communication format and operating at a rate of 1.544 Mbps, and so interfaces 142
are DS1 interfaces. The DS and the aforementioned DSO format are described by
T. H. Murray in "The Evolution of DDS Networks: Part 1", Telecommunications,
February 1989, pp. 39-47. An interface 142 accepts from TDM bus 140
communications that have been supplied by a plﬁrality of radios 143, multiplexes
them into the DS1 format, and transmits them onto trunks 107. In the reverse
direction, interface 142 receives from trunks 107 communications formatted in the
DS1 format, demultiplexes them, and supplies them to TDM bus 140 for conveyance
to radios 143. TDM bus 140 operates under control of a controller 141, which
allocates time slots on bus 140 to individual ones of the radios 143 and
interfaces 142, Iilustraﬁvely, controller 141 makes these allocations on the basis of
- control information supplied thereto by ECP complex 134 over a control link 108;
alternatively, controller 141 may have a database that allows it to make the
allocations autonomously. | .

Each digital cellular switch 101 comprises one or more digital switching
modules (DSMs) 120. A module 120 structurally resembles a cell 102 in that it -
comprises a TDM bus 130 which is similar to TDM bus 140, a controller 131 which
provides the same TDM bus control functions as controller 141, and a plurality of
interfaces 132 connected to bus 130 which provide the same functibnality as
interfaces 142. On the basis of control communications originating from ECP
complex 134, controller 131 cauées'commdnicaﬁons to be switched by TDM
bus 130 between interfaces 132. Each trunk 107 extending from a cell 102 is
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sel ected channel elenent 245 and the call's source, through service circuit
612. FIG 25 shows control signalling.-for call disconnection initiated by
nobi | e tel ephone 203. Mbile tel ephone 203 initiates di sconnection of an
established call in which it is participajing by transmtting a HANGUP
signal. This -43- signal is received byothannel el ement 245 which is
handling the call. Channel elenent 245 responds by sending an FS _REMOVE -

pac kﬁt 35|1| t g;mnatm{tsai sﬁrﬁtt'lFx)ing(Ciixé’ddw'lmlob ' & imﬂdgb rl?z.t Pﬁ‘&%*’fﬁ?’&?‘g # Eeit t
o the oo | i o ST 8 08 A 1 B
protocol procpsblicitelephortemetwGkRIIOVE packet, and by de?tingoaﬁf ;ﬁllhztate
o heenenes Concot i 101 i oA nd B 0 PuibALAIEL
time-multiplexed switch (TMS) 121. Then a TMS interface 133 is connected to
~ TDM bus 130 in each module 120 and terminates a link 109 which extends to
TMS 121. Interface 133 is illustratively the Module Control Complex (MCC) of an
AT&T Definity communications system Universal Module. TMS 121 provides
direct switched interconnection between modules 120 of one mobile radio-telephone
switch 101. Interconnection between modules 120 of different mobile radio-
telephone switches 101 is provided by public telephone network 10Q.or by trunks
that interconnect switches 101 directly.
Overall control of a digital cellular switch 101 and coordination of
activities between its modules 120 and 121 is exercised by a DCS controller 161.
- DCS controller 161 is in direct communication with ECP complex 134 over a control
link 108. Controller 161 has its own control conne_ctibn to TMS 121 through
link 150, and to controllers 131 of switching modules 120 through link 150 and TMS
interfaces 133. Controller 161 is illustratively the 501 CC processor of an AT&T
Definity communications system. :
Turning now to FIG. 2, it shows-an illustrative example of a cellular
mobile radio-telephone system constructed according to the invention. Same
numerical designations as were used in FIG. 1 are used in FIG. 2 to designate .
elements that are common to both systems. N
FIG. 2 shows a system topology that resembles the one of FIG. 1 in
many respects, though it is not identical. The system of FIG. 2 includes a plurality
of geographically-dispersed cells 202, each one of which provides radio-telephony
services to mobile radio-telephones 203 in its vicinity. As used herein, cell 202
refers either to a geographically separate cell site or to one of a plurality of "faces”
on a given cell site, where a "face" is a cell sector as is typically implemented by
using directional transmit antennas at a cell site. The operation of all mobile radio-
telephones 203 and cells 202 is synchronized to a common master clock, such as to
timing signals generated and broadcast by a global positioning system satellite.
. Interconnection between cells 202, and bet_weén cells 202 and pu_blic' telephone
network 100, is accomplished by digital cellular switches 201, in two stages. First, .
individual cells 202 are connected to one or more cell interconnect modules
(CIMs) 209 of a DCS 201 by trunks 207. Cell interconnect modules 209 of
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now ceases to fl ow between channel el ement 245 and service circuit 612, and
channel el ement 245 causes as RELEASEMSC nessage to be sent by its cell's
controller 241 to ECP conplex 134, to advise it of disconnection of this
end of the call path. ECP conplex 134 respﬁ)ggs by sending a CLEAR nessage
to DCS controller 261 of speech coder nodi 220 that is handling the call,
and by sendi ng an MSC RELEASE ACK nessage to controller 241 of cell 202

t hat was handl md;vxﬂhﬂm@SSZOtmadohmumomhemed:mbﬁp@Cbﬂmgm%| ch had

been handlin m&
Control |l er 2%1 Mé Qofﬁla'?ﬁgﬁ%f%ﬁgesga ga{# ?égggl n ﬁﬁﬁlofl gﬁzltSl of
nodul e 220 to mﬂdm@d@hmhw%somw n@&wr &M&'

translation angnmRé 106;2A4168oRIPHFFIER, ﬁflﬂd@‘cu EfefhVther by tamks 206 thauni t 264
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607 tine slot timter timing signals (natshown) ofgmblic telephone netwosk 200.Chunthes| | er 261

then sends & CyfAR ACl) FY1ERT5cdiR 2098 TR shiichRl 0 opetard tier! i
control of ECP complex 134, to which they are connected by control links 108.
Likewise, the various modules 209 and 220 of a DCS 201 are connected by control
links 208 to a common DCS controller 261 ahd operate under its control. Physically,
DCS controller 261 is illustratively again the 501 CC processor.

In the system of FIG. 2, some, but not necessarily all, mobile radlo-
telephones 203 are digital radio-telephones. While illustratively shown as mounted
in a vehicle, a mobile radio-telephone 203 may be ary portable radio-telephone, and
may even be a stationary radio-telephone. The digital radio-telephones use voice-
compression techmques to reduce the required digital transmission rate over the
radio channel. Each digital radlo-telephone includes voice-compression circuitry in
its transmitter and voice-decompression circuitry in its receiver. Each radio-
telephone is capable of operating at any one of a plui'ality of wideband radio
frequency pairs.

' For handling non-packenzed traffic analogous to that handled by the
system of FIG. 1, side-by-side with packetized traffic, a DCS 201 of the system of
FIG. 2 includes the elements shown in dashed lines: a TMS 121 connected by
trunks 109 to modules 209 and 220, and trunks 106 connecting CIMs 209 d:rectly to
public telephone network 100. Their use is enhghtened further below.

Digital radio-telephones 203 may operate in one or more of time-
division multiple-access (TDMA) mode or code-division multiple-access (CDMA)
mode or some other digital or analog radio mode. TDMA is a technique, known in
the art, that provides multiple users access to a radio channel (frequency) by dividing
that channel into multiple time slots. A single user can be assigned to one or more of
these time slots. A TDMA radio 203 is illustratively the TIA IS54 dxgxtal cellular
radio. TDMA employs different frequencies in adjacent cells and therefore requires
the "hard handoff" procedure described previously. |

In the present illustrative example, digital radio-telephones 203 are
assumed to operate in CDMA mode, or as a fallback in the FDMA (analog) mode.
CDMA is a direct-sequence spread-spectrum technique which allows reuse of the

‘This is the replacement sheet .

e 1 AUG 1336



the call path has al so been disconnected. FIG 26 shows control signalling
for call disconnection initiated from public tel ephone network 100. Network
100 rel eases trunk 106 which carries the call. The rel ease is detected by
controller 231 of speech coder nodul e 220 jhat is handling the call, which
notifies DCS controller 261, and controlré 261 in turn notifies ECP
conplex 134 by sending it a DI SCONNECT nessage. ECP conplex 134 responds to
recei pt of thefreuendsnache tartonige stryed binadjaesnbeellsR02NConaruemty, Bdjsetntessage

oL o1 Sl 20 e A e O o Tk e T
a RELEASE si griamedisquensitse Whenmouing foom the4einjty 0? ﬁ%?@bﬁ’% 'n Heyeiciatty of and
cav 1, S SIS oM A 1 o s ettt
Bl et 1T atReeed, escabet BrvioRsly- dawe vt “@@nﬁ’&gﬁ%@%g‘@%m 23 in

the system of FIG. 2 may alternatively and preferentially undergo a "soft handoff"

procedure, during which it communicates with both of the cells 202 on the same

frequency pair at the same time. The CDMA technique and its associated procedures

and equipment are also known in the art. The basic principle of direct-sequence

code-division multiple-access is the use of a plurality of individual and distinct

high-speed digital signals which are absolutely or statistically orthogonal to each

other, each to modulate one of a plurality of low-speed (i.e., baseband) user signals

and to combine the plurality of modulated signals into common digital signals which

then are used to control radio frequency modulation functions. Recovery and

separation of the original baseband signals is accomplished using the corresponding

digital modulation signals to demodulate within a time-synchronous manner. For a

~ description of CDMA seg, e.g., U. S. Patent No. 4,901,307, and published

international patent applications WO 91/07020, WO 91/07036, and WO 91/07037.

A cell 202 is shown in FIG. 3. Similarly to a cell 102 of FIG. 1, cell 202
includes TDM bus 140 operating under control of controller 241, and DS1 '
interfaces 242 couple TDM bus 140 to trunks 207. Controller 241 is illustratively
the control complex of an AT&T Autoplex Series II cell site. It functionally

- duplicates controller 141 of a cell 102, but now performs additional functions,
described below, on account of the fact that cell 202 comprises a plurality of digital
radios 243. Every digital radio’s signal input and output are interfaced to TDM
bus 140 by corresponding one or more channel elements 245 and a cluster
controller 244. A channel element 245 is an interface to digital radios 243 serving -
an individual user. Channel elements 245 provide signal processing functions -
baseband and spread-spectrum (CDMA) signal processing functions in this
example -- for individual calls being transmitted and received by their associated
radios 243. .

Each cluster controller 244 includes a C-bus 390. C-bus 390is
illustratively a conventional computer input and output (/O) bus, and channel
elements 245 are connected to C-bus 390 as computer I/O devices. C-bus 390 and
channel elements 245 operate under control of a controller 393. Controller 393 is
illustratively a general-purpose microprocessor, and it is served by a bus 391 which
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In response to receiving the RELEASE signal, nobile tel ephone 203 hangs up
the call and transmts a HANGUP signal. This signal is received by channel
el enent 245 that is handling the call, and it responds by causi ng a RELEASE
CONFI RVATI ON nmessage to be sent by |ts celda' s controller 241 to ECP conpl ex
134, to informit of disconnection of this end of the call. ECP conpl ex 134
responds by sending a CLEAR nessage to DCS controller 261 of speech coder
nmodul e 220 t hais iBusiragiely aconMen mistepspqessor mairbusn Bus3%Lig ccongeated:tos ane

e porce "E L et s i it OISl e e
fr olr?1 one cel | %’Ze‘ﬁp“éﬁa s W@u°§#&£W8$ﬁ“g§°§ ﬁéﬁalq"?lvgf“FBF g?tﬁ'&“bgljf‘ﬂﬂl ng of
soft handoff, eents 245 andicel-202 TDN bus Bilgiihsdatvely ©ne rahsferineath cbrecuon
Che cal | -unt | 110Ffesh Cuplid Hompnf 223 blesy' 2h BsbiR, piatirmly bratpf %*f*?ﬂ? 209
that is invol vand maintenardel (Ofo& Mp functiors an ¢lusten qongrpllen 244; handles cell-site
signalling and other specialized functions, and performs level-2 and level-3 protocol
formatting and deformatting functions on data (call traffic and signalling) passing
between channel elements 245 and TDM bus 140. A memory 394 is connected to
bus 391 and serves as a scratch-pad traffic-buffer memory and an instruction
memory for controller 393. Also connected to bus 391 is an HDLC controller 395,
It performs HDLC formatting and deformatting functions on traffic flowing between
channel elements 245 and TDM bus 140, including traffic conversion between byte-
criented form used in cluster conn'olier 244 and bit-oriented form used on TDM
bus 140, including bit stuffing and LAPD flag insertion functions. HDLC
controller 395 receives and transmits HDLC serial bit streams from/to TDM bus 140
through a TDM bus interface 396, of convennonal design, which connects controller
395 to bus 140, .
Compressed call trafﬁc and signalling are transported between channel _
elements 245 and cluster controller 244 in the form of segments of byte-oriented
information. Each channel element 245 u_-anszhits and receives a segment of byte-
oriented information at regular intervals, illustratively every 20 msecs. Cluster
controller 244 formats each segment of byte-oriented information in LAPD protocol
format which includes a level-3 protocol, for transmission to DCSs 201. While any
suitable level-3 protocol may be used, illustrative level-3 protocols 350 and 351 are
shown in FIGS. 9 and 10.

FIG. 9 shows a protocol 350 that is used to convey either call traffic or
signalling or both, while FIG. 10 shows a protocol 351 that is dedicated to conveying
a particular type of signalling. Both protocols 350 and 351 are carried by frames of
FIGS. 7 and 8. A level-3 protocol data unit carried over a level-2 protocol is
commonly referred to as a packet, and a level-2 protocol data unit is commonly

" referred to as a frame. Protocol 350 of FIG. 9 comprises at least the information
fields 320-327. Additional fields for other types of information may be included in
packet 350, but these are not germane to the present discussion. Sequence number
ficld 320 carries a sequential number of this packet 350 within the sequence of
packets transmitted in a given direction. In the case of packet 350 outgoing to a
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channel signals that it receives froma plurality of cells 202 including
master cell 202, and it periodically sends to master cell 202 a PWR | NFO
report on these received. power |evels. Channel elenment 245 that is handling
the call passes this report on to controller 241 of master cell 202. On the
basis of this information, and infornatioﬂ4exchanged bet ween the cells 202
t hensel ves, controller 241 of master cell 202 determ nes whether only

202 Shoul d be oo f gt o cn | D0 the Kfeadt fumiRs bTgih BP0 apmeishstofcel
shou e added t 0 call . ontRll er . 0 ster .ce

determi nes t h&re el ?"g ﬂe%oém%ﬁgz%é@ negauee %8“\%&“83& element 2%3&? 3t hi s
sl ave cel | 20DC$20haheisequerice nuaibersiare derivedi\ffom the mhasterstimingraignaletookitich el

assage 1 hr oudlh aobnerBpbiies 303 htoctl 2 akityncichizAt pASRE o A pEL | UC°

cel | 202. HANEJ_m:ﬁP&@}e Packes bipe @s githera traffic ppckes comespandingn anfkﬁg 38@ofi ce
[ £he NS sl gorsginn s il o, ol
541 of sl ave &s informatiol pop@@?% gbﬁ&gs that is used to
compensate for real and virtual drift between the master clock to which mobile
telephones 203 and cells 202 are synchronized and a master clock to which public -
telephone network 100 and DCSs 201 are synchronized. Field 322 is used only in
the reverse direction, and is null in the forward direction. Air CRC field 323 is the
result of a conventional check-sum, computed by a mobile telephone 203 over its
transmitted traffic, and is sent by mobile telephone 203 along with that traffic.
Signal quality field 324 carries reports computed by channel elements 245 on the
quality of call-traffic signals that they are receiving from mobile telephone 203.
Fields 323 and 324 are also used only in the reverse direction and are null in the
forward direction. Power control field 325 carries information from a cell 202
concerning the trend of power control instructions sent by a channel element 245 to
its corresponding mobile telephone 203. Normally, this field is also used only in the
reverse direction, but is used in both directions during soft handoff, as will be
explained further below. Voice/signalling type field 326 identifies the type of
information that is carried by packet 350: voice traffic only, voice plus signalling, or
signalling only. And voice/signalling data field 327 carries call voice traffic or
signalling information, or a mix of both, to and from channel elements 245.

A signalling packet 351, shown in FIG. 10, is simpler than traffic
packet 350 of FIG. 9: it has fields 321 and 328-331 that are relevant to this
discussion. Packet type field 321, already discussed in conjunction with FIG. 9,
identifies packet 351 as a signalling packet. Message type ficld 328 identifies the
type of signalling carried by packet 351. Channel element ID field 329 identifies the
particular channel clement 245 participating in this message exchange. Frame
selector ID field 330 identifies a particular virtual port on a proccssbr 602 (see
FIG. 6) participating in this message exchange. These fields 329 and 330 may be
used for security, maintenance, performancé tracking, billing, routing, etc. Channel
element 245 and frame selector IDs are assigned administratively at system
con_ﬁguration time, and remain fixed thereafter. And signalling data field 331 carries
the signalling information that is being conveyed.
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and sel ects a channel elenent 245 of slave cell 202 and one of the received
DLCls of call-handling circuit 612 to handle the call. (Alternatively, the
HANDOFF REQ message nay convey the DLCI of call-handling service circuit
612 which is used by master cell 202 for this call, and controller 241 of

sl ave cel | 202 nmerely toggles t he val ue oflSt-he Ieast significant bit of
that DLCI which is contained in the nessage to change the DLCI value to a

second DLCl that corre&}p&&g{?}ormr |€°g ?méﬂb?ég"f' lélémgﬁﬁ%SW t he

call.) Controller 241 -45-
ot her content sTWbWéWe@éFWébsﬁ@é et' %WHEP@EPEIQ@MFMQ@F oughs t o

sel ected chanpg u?é:ﬁa:ﬁ@&zgﬁtt ?g%&h%eauo@hemmussksmdﬁelf up

to handl e the ca ont specl fj

%g t)a,nr],eikil {hen causes an
FS_JO N packettypically donseat sxsiemigitiaizarione Fach PHRUYEYY GORSEES A ng t he
call. This pagi@alitysstyelgfomd) Gmeaslots @ &/j foar 64 Kbps channels) on TDM bus 140. In

the reverse (inbound) direction, cluster controller 244 queues traffic segments
reccived from channel elements 245, formats them into packets, wraps the packets
into inverted-HDLC-format LAPD (level-2 protocol) frames, and transmits the
LAPD frames one after another into its allocated output "pipe” on TDM bus 140. In
the forward (outbound) direction, cluster controller 244 receives LAPD frames from
its allocated input "pipe" on TDM bus 140, terminates the LAPD protocol, deformats
the packets, and then distributes the contents of these packets to channel

elements 245 according to an address field embedded in the received frames. Asa
consequence of the operations of cluster controllers 244, frames being conveyed to
and from them are statistically multiplexed onto TDM bus 140, thereby greatly
increasing the traffic-carrying capacity of the bandwidth of TDM bus 140 over
alternative transmission techniques.

An illustrative LAPD frame 300 is shown in FIG. 7. For purposes of
this discussion, it comprises a plurality of fields 301-305: a flag field 301, used for '
delimiting frames; a Data Link Connection Identifier (DLCT) field 302; a control
field 303 which specifies the type of LAPD frame th_is is; a user data field 304 which
contains the level-3 protocol (packet) 350 or 351 referred to above; and a frame
check sequence (FCS) field 305, used for error checking. The DLCI field 302 is the
frame end-to-end address field. It contains a virtual link number or index (DLCI)
that associates the frame with a particular call. In the forward direction, the DLCI
identifies a particular channel element 245; in the reverse direction, the DLCI
identifies a particular one of a plurality (illustratively two) of virtual ports of
processor 602 which correspond to a particular speech processing unit 264 service
circuit 612 (see FIG. 6). Within a cluster controller 244, the DLCI identifies the
channel element 245 which is the sourcé or destination of the frame. 'In this
embodiment, DLCIs are assigned to ports and channel elements administratively at
system configuration time, and remain fixed thereafier.

- The transmission of frames to and from cluster contmllers 244 is
effected using the frame-relay technique of transmission, whereby protocol
termination of the frames occurs only at the transmission endpoints, thercby greatly
increasing the efficiency and speed of those frame transfers through the system of
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circuit 612 which was received by sel ected channel elenent 245 from
controller 241 as the packet address in field 302, and conveys the DLCl of
.sel ected channel elenent 245 in its data field 304. When processor 602
serving service circuit 612 that is handling the call receives the FS JO N
packet, it returns an FSACK packet 351 to.gglected channel elenent 245 in
acknow edgnent of receipt of the FS JO N packet, as part of LAPD processing

Sl act ed channElG o s Aema A shaiaue s depeted i Us SaPUeRite 404800, 3P g
W th servi ce Chéx@b}" incOfporitbdhereih tkysmﬁimr@. t he__ call, and nar ks the call
el cot od ohannel el onorfiasrpusty, 3§ BREElQ Fidyss RS eTabRle VBl BT 075", oy
i s handling t heomehtionzhaoalog oy digitai TDMA mobiie tejephones 103r within shersapieet s.
packet by caus/Tacia Galch M e APNAgu SRRGPLR ity b5 Bt Bbnrtyet (S TOMCE | | |
241 via cont r obu$ 14(kin cels 20 dn tharmanner descaibed fascelds 182415 Sieertied by thee| | 202
dashed blocks in FIG. 3. Alternatively, conventional cells 102 may be used side- :
by-side with cells 202 within the system of FIG. 2. TDMA traffic may be carried
through the system of FIG. 2 either in circuit-switched form, like the analog radio
traffic, or in packet-switched form, like the CDMA traffic.

In the cell 202 of FIG. 3, DS1 interfaces 242 perform their conventional
functions of gathering 64 Kbps time slots from TDM bus 140 and multiplexing them
into DS1 format for transmission on trunks 207, and vice versa. It is important for
purposes of this application that each interface 242 ensure that the delay undergone
by signals of every DSO channel within interface 242 be constant; many commercial

- D81 interfaces, such as the AT&T TN 464C, do in fact meet this condition. On
account of the functions performed by cluster controllers 244, frames are statistically
multiplexed onto trunks 207 and the format of facilities that implement trunks 207
is, from a logical perspective, no longer the purely conventional DS1 format of
facilities that implement trunks 107 of FIG. 1: as opposed to comprising 24
independent DSO channels, as it does on DS1 facilities, each facility now comprises
multiple independent "pipes" each consisting of the bandwidth of one or more DSO
channels. Each of the "pipes” carries the LAPD frames created by or destined for a
single cluster controller 244. The traffic-carrying capacity of the bandwidth
provided by trunks 207 is thereby greatly increased over alternative transmission
techniques, such as the conventional circuit-switching technique. Any remaining
trunks 207 (i.e., DSO channels) that are not bundled into "pipes" continue to be used
on an independent individual circuit-switched basis, ¢.g., to carry communications to
and from conventional radios 143, _

A cell interconnect module (CIM) 209 is shown in FIG. 4. Cell -
interconnect module 209 is illstratively founded on the Universal Module of the
AT&T Definity communications system. It includes a local area network (LAN)
bus 250 operating under control of a controller 251. Universal DS1 (UDS1)
interfaces 252 connect trunks 207 to LAN bus 250. Each interface 252 includes a
DS1 trunk interface 442 which duplicates the DS1 facility-intexface circuitry of DS1
interface 242, and a packet processing element (PPE) 401, interconnected by a
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to advise it of conpletion of the connection. Controller 241 of slave cel
202 al so sends a HANDOFF | NFORMATI ON nessage to ECP conplex 134 to notify
it of the soft handoff, and ECP conpl ex 134 updates its database. Cal
traffic packets now fl ow between the one service circuit 612 and channel
-elements 245 of both master and slave cells 202 that are handling the call
FIGS. 28 and 29 show signalling for t he- Ehed of soft handoff, when one of
the two cells 202 that is handling the call ceases to do so. Typically,

t hough not n scenario is
shown in FI GE%EQ%A&% E%ﬁ% tod&? F%@gﬁﬁg iFave -dﬂLFgl&&OZ receive
PVR. | NFO. r epwitiplexad Qn5|q564mi@ts each/kavinga &4 Kb

tel ephone 20gy Me%f]ﬁfohmﬂwl?m&oh‘?@ dtﬁerﬂi uxﬁéaatstmnpower contr ol
trend information g l, ved ﬁw?off om t.th cells 202
by processorcmngﬁt&m 3§ g@ﬁﬂb‘@ﬂ&% Rei| 202

i ncl udes t hecorjonetiondvith\Eell 202f HG. B}abwksenenmiadﬁdumglnplcxiﬂgahﬂdm imacket
350 that it q§ ﬁ?&ﬁsﬁ'ﬁss%nr&xu ?kg(]@zt dling the call. o

Processor 60 serVI ce circu andling the cal|
PE 401 performs LAPD frame-relay funcuons between concentration

highway 400 and LAN bus 250. PPE 401 includes a translation table 411 that
contains a board and a port address for each DLCI 302. Translation table 411 is
administered at initialization. PPE 401 is administered to receive LAPD frames 300
on designated time slots of concentration highway 400, For each LAPD frame 300
received on concentration highway 400, PPE 401 uses the contents of the frame’s
DLCI field 302 to find the corresponding board and port address in table 411. The
board and port addresses identify the intended recipient of frame 300 on LAN
bus 250. PPE 401 then strips flag field 301 from frame 300 and prepends the found
board and port addresses to the frame to form a modified LAPD frame 310 shown in
' FIG.8. A comparison with FIG. 7 shows flag field 301 to have been replaced by
board address 311 and port address 312 . PPE 401 then transmits modified LAPD
frame 310 on LAN bus 250. In the other direction, PPE 401 examines modified '
LAPD frames 310 transmitted on LAN bus 250 for its board address 311. It receives
any frame 310 having the looked-for address 311, strips the addresses 311 and 312
from frame 310, replaces them with flag field 301 to form a LAPD frame 300, and
then transmits frame 300 on concentration highway 400. The stripped-off port
address 312 identifies to PPE 401 the particular time slots on which tbat parncular
frame 300 is to be transmitted. :

Also connected to LAN bus 250 of cell interconnect module 209 are
expansion interfaces (EIs) 253. Each expansion interface 253 couples an optical
fiber trunk 210 to LAN bus 250. Expansion interfaces 253 merely act as routing
elements. Each expansion interface 253 includes a LAN bus interface 450 which
monitors LAN bus for modified LAPD frames 310 having a pre-administered
DL.CI 302, board address 311, and port address 312. Interface 450 captures any
frame 310 having the looked-for DLCI 302, board address 311, and port address 312,
strips off the prepended board address 311, and stores the frame 310ina FIFO
buffer 451. FIFO buffer 451 outputs the prepended port address 312 and DLCI 302
of the frame 310 to a translation table 452, and outputs fields 302-30S of frame 310
to a translation inserter 453, Table 452 is a pre-administered table of board and port
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receives the PWR INFO. as reverse signalling fromboth cells 202, selects
and saves the PWR INFO. fromonly one cell 202, at steps 968 of FIG 13 or
998 of FIG 14, -46- and then sends the stored PWR I NFO. back to both
cells 202, at steps 1216 and 1236 of FI G}8}5. On account of the actions
performed by processor 602, each cell 202°that is involved in the handoff

‘receives PAWR | NFO sent by the cell 202 that received better quality
si gnal s fr omadgrssses of speech peder madules 32 [Rabis62 uses the port address: H 2iand

ot or M ne. vh A ERER oo b LI Ol P asd BoEe 10 B b B ol | or
241 of mast eBIdREsY 3@0@%%% lf?ﬂit‘h? a@ﬁbhﬁg’"@é& & e Afdre sﬁﬁsl:]al |,
it sends a HaNDIFZ tdirattslationiihseitgrds3. iIngerreadidprependsthe now board@ad pbat serves
the call-handliges31Y i€ 352 febkivid o B 52 A58 trame 310 fields that it
received from FIFO buffer 451, and sends the new frame 310 to fiber interface 454,
If no corresponding addresses are found in and sent from table 452, inserter 453
merely discards the received frame 310. Fiber interface 454 transmits the frame 310
on optical fiber trunk 210. Any desired protocol and transmission format may be
used on trunks 210. In the reverse direction, fiber interface 454 receives frames 310
on trunk 210 and stores them in a FIFO buffer 455. LAN bus interface 450 extracts
the stored frames 310 from FIFO buffer 455 and transmits them on LAN bus 250.
Consequently, expansion interface 253 merely transmits on LAN bus 250 those
frames 310 that it receives on the attached fiber trunk 210. These frames 310 have
board addresses 311 that identify the destination interfaces 252 on LAN bus 250, and
port addresses 312 that are not looked for by any expansion interfaces 253 on LAN
bus 250. '
For purposes of handling conventional, circuit-switched, cellular radio
telephone communications, cell interconnect module 209 includes elements shown
in dashed lines in FIG. 4. Specifically, CIM 209 includes a TDM bus 230 which
duplicates TDM bus 130, and each UDS1 interface 252 includes a time-slot
interchanger (TSI) 402 which couples concentration highway 400 to TDM bus 230,
TSI 402 performs conventional time-slot interchange functions. It receives’
designated 64 Kbps channels (time slots) on concentration highway 400 and TDM
bus 230 and transmits them on designated time slots of TDM bus 230 and
concentration highway 400, respectively. TSI 402 is programmed on a per-call
basis. For the purpose of switching these conventional communications, TDM
bus 230 is coupled by a TMS interface 133 and trunk 109 to a TMS 121 (see FIG. 2),
in the manner described for FIG. 1. For the purpose of connecting these -
conventional communications to public telephone network 100, TDM bus 230 is also -
coupled by a DS1 interface 132 and a trunk 106 to network 100.
' A speech coder module 220 of a digital cellular switch 201 is shown in
FIG. 5. Each DCS 201 comprises one or more identical modules 220. Module 220
is illustratively the Universal Module of AT&T Definity communications system.
Module 220 includes TDM bus 130 and a LAN bus 260 which is a duplicate of LAN
- bus 250, both operating under control of a controller 231. Asin FIG. 1, TDM
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i ndi cates that handling of the call is being turned over to slave cell 202.

Processor 602 duplicates the signalling and returns it to both naster and
slave cells 202, as shown in FIG 15. Upon receiving the HANDOFF DI RECTI ON

signal ling, channel elements 245 of both mad?er and slave cells 202
transmt the HANDOFF DI RECTION information to nobile tel ephone 203 to :
apprai se it thepgdfg &%ﬁﬁ&édedy ﬁéim%&fmm af@irinid0d6!tH Gbllﬁftglré 245N§]§TtErFfe

TRANSFER nessage via contr 8 JIVB 104 to
other cell 202 petwerk L0G. %1&%@ ‘P‘@’??Fbiqgf’ﬁ‘?‘imﬁ?‘ ed to

conpl etion of tmmscnmrb ahdiox intdrfaces 263 bhxchrdaplidm epansiorinesrfaged 353202,
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Processor 602 responds Buses$0radr MF“W'M@! Fplupligyrof call-
processing nodes referred to herein as speech processing units (SPUs) 264. Based on
the board address 311 prepended to each frame 310 by expansion interfaces 253 of
cell interconnect modules 209, each speech processing unit 264 receives frames 310
that are addressed to it, depacketizes their contents (i.c., terminates their protocol),

~ performs various processing functions — including speech deéomprcssion --on the

contents of each received frame, and outputs the br_ocessed frame contents on TDM
bus 130 in time slots which are assigned to calls on a call-by-call basis. In the
reverse direction, a speech processing unit 264 receives communications over TDM
bus 130 in time slots which are assighed to calls on a call-by-call basis, performs
various processing functions - including speech compression - thereon, packetizes
the processed communications, includes in each frame a DLCI 302 identifying a
particular channel element 245 of a particular cell 202, prepends to each frame board
and port addresses 311 and 312 that identify the frame’s destination on LAN
bus 260, and transmits the frames 310 on LAN bus 260.

As a consequence of the operations of cell interconnect modules 209
and speech coder modules 220, frames 310 being conveyed between them are
statistically multiplexed onto, and frame-relayed over, trunks 210, thereby greatly
increasing the traffic-carrying capacity of the bandwidth provided by trunks 210 over
alternative transmission techniques such as circuit-switching.

As was mentioned in conjunction with FIG. 3, DCS 201 optionally
includes a TMS 121 for servicing conventional radio telephone communications.
Speech coder module 220 is connected to TMS 121 by a trunk 109 and a TMS
interface 133, in the manner described for switching modules 120 of FIG. 1.

" An illustrative speech processing unit 264 is shewn in FIG. 6. Each
SPU 264 includes 2 LAN bus interface 601. It monitors frames 310 traversing LAN
bus 260 for pre-administered board addncsscs 311, and captures those having the
sought-for addresses 311. LAN bus interface 601 includes a buffer 620. Upon
capturing a frame 310, LAN bus interface 601 appends to it a time stamp, stores it in
the buffer 620, and issues an interrupt to a processor 602. The time stamp is the

D
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FS_ACK packet to sending channel el enment 245 as part of the protocol
processi ng of the FS REMOVE packet, and by updating the call state for
service circuit 612 to show that the call is no longer in soft handoff.
Control | er 241 of former master cell 202 re@dives the FS ACK packet and

responds by ceasing its cell's involvenent in the call. Traffic for the -
cal | ceases to fgressnb@iuntofa 6untdrad23adisossed Riftherteldwr ner nmaster cell 202

bet vean servi ce ci rouit SRoPMEREAIZ aTeR T Hses e of £ HRyiT et o
cel | 202. Contr geivice cirthito612 implemented by SPUE264. 20 Rerwies cirouitl§12:is assigned to a

the handof 1 and BE D@0l peimrogof Ui br bt 4 Bl fabdofr blcuth. RRRRIcECT ©

accordi ngly. cirtifit 612 has itd owe awdio-processing CigiwynButotl] serviesdirayits 6h2are

serving DCS 201 gL CARLAS time-shared basis by processor 602, which performs frame-selection and
protocol-processing functions for all service circuits 612 of an SPU 264. The
functions performed by processor 602 on frames 310 received from LAN bus
interface 601 are shown in FIGS. 11-14, and 17-18, and functions performed by
processor 602 on traffic segments (hercinafter also referred to as traffic frames)
received from service circuits 612 are shown in FIG. 15. Processor 602 performs
each of these functions for each service circuit 612 every 20 msecs. The
performance of the functions is interrupt-driven, by interrupt signals provided by an
adaptive synchronization circuit 611 and interface 601.

The exchange of traffic frames of incoming and outgoing call traffic is
carried on between processor 602 and service circuits 612 through buffers 603 of
processor 602. Each service circuit 612 has its own corresponding buffer 603. A
buffer 603 buffers traffic frames passing between processor 602 and a vocoder 604
of a service circuit 612 to compensate for minor differences and fluctuations in the
timing of input and output operations of processor 602 and vocoder 604.

Each service circuit 612 has its own vocoder 604. Vocoders 604

. provide voice compression and decompression functions. Each is a digital signal
processor that receives a traffic frame of compressed speech from processor 602 via
buffer 603 at regular intervals (e.g., every 20 msecs.) and decompresses the traffic
frame into a predetermined number (e.g., 160 bytes) of pulse-code-modulated (PCM)
speech samples. Each byte has a duration of 125 usecs. in this example, referred to
as a "tick”. In the opposite direction, a vocoder 604 receives 160 bytes of PCM

. speech samples, performs speech compression functions thereon, and outputs a
traffic frame of the compressed speech to processor 602 via buffer 603 at regular
intervals (every 20 msecs.). ‘Exchanges of traffic frames between vocoder 604 and
processor 602 are timed by clock signals generated by vocoder 604 internal input
and output clocks 621 and 622, while receipt and transmission of PCM samples by
vocoder 604 are timed by clock signals generated by a clock circuit 600. Clocks 621
and 622 are edge-synchronized with circuit 600 clock signals at system initialization
and service circuit 612 reset. Vocoders are well known in the art. Each vocoder 604
is illustratively implemented using the AT&T 16A digital signal processor (DSP)
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whol Iy uninvol ved in the procedures of FIGS. 27 and 28, and that ECP
conplex 134 is also uninvol ved except for being notified of the conpletions
of the procedures. Consequently, the call-handling capacity of DCS
controller 261 and ECP conpl ex 134 iS'notzhdverser I mpacted by the
soft - handof f procedures. FIG 29 shows the scenario for soft-handoff

conpl eti on wheylfitHerabedies the lQuha%Buﬁl a6 eQCEQPS@Wt-WV&HbIe-ﬁWSﬁB%h mast er
begi na v h t IFECHIRY SrSAng alpoibE dme DR aletifaf b iies S0 seREiRR Bpnicsa
PWR. | NFO.  r epdnfosmationpduringeriodsellowtnrnospeachsactivity.cEhd frame transpogt ser vi ce
or ovi ded by t e P P idBoioient il ataBls b e Wiy inirnd Bk, 10,
t el ephone 203. When cottheraseof asystern hardlingrbatls COMA 2nd JDMA; traffic shereine
Cho cal |, 11 S TOMHA BEfRe 15 BR0 Bhale elay Bl e e e O A scor 602
e el L B0t g ROV oug b s SR G
202. ProcessoATRT 16Andigica isighal precess@programnedadcardingrto she TIA IS-54t h naster
and slave cel lg 208 fof PAMA 3maiRiatbd}. .
PCM samples on their way from vocoders 604 pass through tone-
insertion circuits 605. Each service circuit 612 has its own tone-insertion
circuit 605. Upon command from processor 602, a tone-insertion circuit 605
momentarily blocks and discards PCM samples output by vocoder 604, and in their
place substitutes PCM samples of whatever Touch-Tone signals were specified by
the command. Tone-insertion circuit 605 has no effect on PCM samples being input
to vocoder 604. Operation of tone-insertion circuit 605 is synchronized with the
output of vocoder 604 by clock signals generated by clock circuit 600.
Tone-insertion circuits 605 are followed in the sequence of service
circuit 612 circuitry by echo cancellers 606. Each service circuit 612 has its own
echo canceller 606. Each cancels echoes of telephorie network 100 - bound call
traffic from telephone network 100 - originated call traffic, by keeping an attenuated
copy of the vocoder-generated network-bound traffic and subtracting an
appropriately-delayed copy from received network-bound traffic. Echo cancellers
are well known in the art. Timing of echo canccllér 606 operations is controlled by
clock signals generated by clock circuit 600. :
Echo cancellers 606 receive network-originated traffic from, and
transmit network-bound traffic to, a concentration highway 607. Concentration
highway 607 is a passive serial TDM bus that carries 64 kbps time slots. Each echo
canceller 606 is statically assigned its own input time slot and its own output time
slot on concentration highway 607. |
Concentration highway 607 is coupled to TDM bus 130 by a TDM bus
interface 608. Interface 608 performs time-slot interchange (TSI) functions between
highway 607 and bus 130, Its operation is timed by clock signals generated.by
circuit 600, and is controlled by a translation and maintenance (XLATION. AND
- MTCE.) unit 609. Unit 609 performs highway 607-to-bus 130 time-slot assignment
func;ions on a per-call basis, under the direction of controller 231 of that ‘speech

This is the replacement sheet

Dia‘te:. ~ 1 AUG 19%



FI G 15. Upon receiving the HANDOFF DI RECTI ON signal ling, channel elenents
245 of both master and slave cells 202 transmt the HANDOFF- DI RECTI ON
information to nobile tel ephone 203 to appraise it thereof. Controller 241
of master cell 202 then sends an | NTRA/I NTER CELL HANDOFF_REMOVE nessage
via control links 108 and | M5 104 to conéfoller 241 of slave cell 202 to
notify it of conpletion of the handoff and that it is to drop out of

handl i ng of - icbderanddule 2201t Unilt 669 cétmunicares avith contrbliet@3 Inda & contsolchannek |

el ement 245 of sl av el ich | ndl,i ng_t Ll . | ement

245 responds ‘?‘Rf#‘%ﬁé@k"“ﬁéﬁﬁeﬁﬁsc%ﬁ %ggﬁ?li ﬁgﬁeﬁqﬁ"%@ﬂj‘lﬂﬁg&? gﬁ%\l}\ﬂfh FI G

28 for channédhteefacefi8tand biis 613.nHait 609 pedviidéGfiainisnanvefanctipns to EANDBusi cat e

call traffic, r ' ephone 203 and initiating an FS REMOVE,
ih R AT il 95

FS ACK packet eXxchange W processor 602. Traffic flow ceases between
channel el enent 245 o¥nit 6 exastsicontroloven interfaopiO8 vid a ranslatipnandhat i s

handl i ng t he yeAhienarel coftfdl bul 6E3, tEWhiIGEb0th Gfe/donfecitd. CSindilaty? probésserso2ne!

element 245 Qontiols clrtutfs601, 05606, and 691 via'a frosessor control bus 610.
Communications between processor 602 and unit 609 are facilitated by a buffer 614
which couples bus 610 with bus 613. _

Clock circuit 600 is connected to TDM bus 130 and derives timing
information therefrom, in a conventional manner. Clock circuit 600 distributes this
information, in the form of clock signals of various rates, including 2.048 MHz,

8 KHz, and 50 Hz (corresponding to intervals of 500 nsec., 125 usec., and 20 msec.

- intervals, respectively), all of which are synchronized with each other, via a clock
bus 615 to circuits 604-606, 608, and 611, in order to synchronize their operation
with TDM bus 130. Clock circuit 600 also distributes this information to LAN bus
interface 601 for bit-time synchronization of LAN bus 260. Operation of TDM
bus 130 is synchronized to network 100 -- hence, clock circuit 600 synchronizes
operations of the various elements with the master clock of network 100.

Adaptive synchronization circuit 611 uses the clock signals obtained
from clock circuit 600 to generate clock signals which are synchronized in frequency
with, but are offset in phase -- in amounts controlied by processor 602 -- from, the
20 msec. clock signals generated by clock circuit 600. These offset clock signals are
used to time the operations of processor 602. The generation and use of these offset
clock signals is explained further below. Physically, circuits 611 and 600 may be
implemented as a single device. -

Clircuit 611 also includes a present-time counter 623. Counter 623
increments its count once every PCM sample tick, e.g., once very 125 usecs. This
count is reset by every 50 Hz clock pulse from clock circuit 600, e.g., every 20
msecs. Counter 623 thus indicates present time relative to signals generated by
clock circuit 600. A second portion of counter 623 keeps a modulo-8 count that is
incremented by the 20 msec. clock pulses that reset the 125 usec. count.

Counter 623 provides its counts to LAN bus interface 601 for use as a time stamp of
received frames 310.

This is the replacement sheet

© -1 AUG 1996

Date:



sl ave cell 202 now sends a I NTRA/ I NTER CELL HANDOFF ACK nessage to naster
cell 202, and a HANDOFF | NFORMATI ON nessage to ECP conplex 134, to notify

t hem of conpletion of the handoff and the result thereof. ECP conplex 134
updates its database accordingly. -48- in FIG 28, there is little or
no i nvol venment of DCS controller 261 and conplex 134 in this

handof f-term nati on procedure. FIG 30 shows control signalling for call

di sconnection initi at Bischysiomiow ectumis ep provessod 602md its packeteand| franse-i n sof t

Cranam i i ng HoRsHagueaPye (evet:s bRiRE) BB chili iy elfimiioes e, o
245 whi ch ar eprocessing,whildlevelad protocobprocessing is commonly referredap las packet Each
channel el emegl, <dfieh OFRRHSIdNS peRBHhdPby locedsr 8P frames 310 received

from LAN bus 260 are shown in FIGS. 11-14, Processor 602 performs these

functions for each service circuit every 20 msecs. Performance of different ones of

these functions for a particular service circuit 612 is triggered by receipt of

corresponding receive interrupt signals from LAN bus interface 601 and adaptive

synchronization circuit 611, _

As was mentioned above, upon receiving a frame addressed to the
corresponding SPU 264, LAN bus interface 601 appends a time stamp to the
received frame, stores the received frame in buffer 620, and issues an interrupt to
processor 602. Upon being invoked by the receive interrupt signal from LAN bus
interface 601, at step 900, processor 602 retrieves the received frame from
buffer 620 of LAN bus interface 601, at step 902. Processor 604 then performs
conventional level-2, i.e., LAPD protocol, processing on the frame, at step 904. This
processing may include acknowledging receipt of the frame. Upon completing
level-2 processing, processor 604 checks control field 303 to see if this is a levél-2
only frame (e.g., a loop-around test frame), at step 906. If so, processing of the
frame is completed, and processor 602 merely retums to the point of its invocation,
at step 908. But if this is not a level-2 only fmi:e, i.e., its user data field 304 carries
a level-3 protocol, processor 602 uses the frame’s DLCI 302 to select from its
memory the stored call state of the call to which the frame pertains, at step 910.
Next, processor 602 checks, at step 911, packet type field 321 of the received level-3
protocol to determine the packet type: traffic or signalling. If field 321 identifies the
packet as a signalliné packet, it means that the packet carries cell-to-switch
signalling information, i.e., signalling intended for DCS 201. Processor 602
therefore performs the signalled function, at step 970. This may be any one of 3
functions: to update call state by either setting up or tearingdown a call or adding or
removing a second cell in soft handoff, to insert tones into the telephone network- -
bound portion of the call, or to perform initial clock synchronization (discussed in
conjunction with FIG. 17). Processor 602 then returns to the point of its invocation,
at step 946. Voice/signalling packets 350 are sent and received at 20 msec.

 intervals, while signalling-only packets 351 may be sent at any time as required to
send signalling information.
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reverse signalling conveying the RELEASE signal in the next packet 350 that
It sends to service circuit 612 that is handling the call. Processor 602
serving that service circuit 612 receives the signalling fromboth cells
202 but saves only one copy, at step 9684.9f FIG 13 or 998 of FIG 14, and
returns the saved copy of the RELEASE SI& alling back to channel elenents

245 of both master and slave cells 202 in the next traffic packet, at steps
1216 or 1222 and 1236If<ﬂeld:32(hldg®ﬁeedwma¢ke@s m@ﬁc)paqkagpmcesserﬁomz

respondst aacﬁsuéuﬁwﬁﬁs &ﬂ@hi‘ fi6h fhctiéid ke Oﬁg' o diff iy | ©

service ¢ .Sr okt sk ) &1 ”reoﬁeneelega oty g et
service cir g uiﬁ:ui@mo bﬁﬁ@hMOﬁnt@&fén%iﬂbﬁQ?ﬁxﬁé‘esWHg Eﬁaﬁe‘ﬁb’é ?toela a&ﬁ&zzg g][ G
bt h st o Bu327 dr e e BaBE ek B estribedn gor) ﬁi’é’f‘ wif{ FRg. 85 1222
and 1236 of Pragesss 602thenchecks|voice/signalling type ﬁddﬁmmmmﬁbmlé cells
202 each respaagy!d step 9%i,Ab idkntify e YR dfinRimatNGEied by R fakiidt: PY

voice only, voice plus signalling, or signalling only. If the traffic packet is a voice-

only packet, processor 602 checks the retrieved call state to determine if the call is in

soft handoff, at step 916. If not, processor 602 checks air CRC field 323 of the frame

(containing the result of a check-sum computed over the CDMA transmission

between cell 202 and mobile telephone 203), at step 918. If the air CRC does not

check out, it means that the packet carries defective information, and so

processor 602 discards the packet, at step 923, and then returns, at step 946.

Vocoder 604 will mask the loss of that traffic. If the air CRC checks out at step 918,

processor 602 checks signal quality field 324 of the packet to determine whether the

voice quality meets a predetermined threshold value, at step 919. If the voice quality

does meet the threshold value, processor 602 marks the packet as "good" by

appending a command thereto, at step 920, stores the packet of voice information in

buffer 603 which is allocated to the appropriate service circuit 612, at step 922, and

then returns to the point of its invocation, at step 926. If the voice quality does not

meet the minimum threshold value, processor 602 marks the packet as "bad", at

stép 921, stores the packet in buffer 603 of the appropriate service circuit 612, at

step 922, and then retumns, at step 946.

During the procedures just described, processor 602 uses contents of
sequence number field 320 of the received packet to detect and handle lost or out-
of-sequence packets, in a conventional manner. '

Returning to step 916, if the call is in "soft handoff™, processor 602
should be receiving two packets for the call evéry 20 msecs., each from a different
cell 202 but generally carrying identical information. So processor 602 checks
whether it has yet received both duplicate packets, at step 932. The duplicate
packets are identified by having the same sequence number in field 320. If not,
meaning that processor 602 has received either only one of the expected duplicate
packets, or has received packets from both cells but bearing different sequence
numbers, processor 602 checks the sequence number of the just-received packet, at
step 933, to determine whether its sequence number is greater than, equal to, or less
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transmtting a RELEASE signal to nobile tel ephone 203. Controller 241 of
master cell 202 then sends a cell-to-nobile signalling NULL TRAFFI C comrand
“in the next packet to service circuit 612. This conmand is returned to both
cells 202 by processor 602, in the mannegejust described for MOBILE

DI SCONNECT signal i ng. Channel elenents 245 of both master and sl ave cells
202 each respond to receipt of the NULL TRAFFI C command, by ceasi ng '
transmt cal ﬂ‘aﬂmﬁm%&ﬂq“ﬁm%ﬁ%‘hewcﬂﬁ't%éﬁf@“’ﬁ%ﬂ"‘”@r?&f*?‘c to

EER'D'« E tel Ep f@ﬁmbmkhp&?@%q&eﬁemﬁ ss%ii 602 ﬁaabmueavw FS ]
FENDVE, packet ot oot G S Skt ke RpAlAB B G Lo
t he sane respaskesthdtiwithbe eRpersetin thd futurehas bemecqmedoﬁt smp 935 fiikrepurug,et
w th fobi 1o B ﬁt%“%‘&?%&ﬁf “ 3%?@25’** SRR LR AR IR 66 10,
its cell's CDWW@QHEP field 329 ofthp recsinsdpacket Ifithe wmwm%m efthe34 that the
cor r espondi NgecgiRred packet iﬁ%ﬁuﬂ Q@&ﬁ‘txb@ctb@&ﬂu@n&ehﬁmb%i' lprocessr 602 BtoR¥eds34
updat es steps 918 et seq. to process the packet as described previously. And if the sequence

number of the received packet is less than the expected sequence number,

processor 602 discards the received packet, at step 936, and then returns, at step 946.

Again, vocoder 604 will mask the loss of that traffic,

Returning to step 932, if processor 602 finds that it has received both

expected packets, processor 602 updates the call state to so indicate, at step 938.

This includes storing the contents of power control field 325 of the received packet.

It then retrieves the first-received expected packet (now stored in a buffer 603) and

compares the air CRC and the signal quality indicia of both packets to determine

which packet is better, at step 940. Processor 602 then checks the voice quality field

of the better packet to determine whether the voice quality meets a predetermined

threshold value, at step 941. If not, processor 602 marks the better packet as "g

by appending a command thereto, at step 943; if so, processor 602 marks the better

packet as "bad", at step 942. Processor 602 then discards the worse packet and stores

the better packet in buffer 603 of the corresponding call channel, at step 944.

Processor 602 then returns, at step 946,

Turning to FIG. 12, following step 946, when processor 602 is mvoked

at step 950 by a receive interrupt signal RX_INT_X for a particular (Xth) service =~~~

circuit 612, processor 602 checks buffer 603 corresponding to that service

circuit 612 to determine if buffer 603 is empty, at step 951. If not, processor 602

retrieves the contents of that buffer 603 and passes the retrieved contents to

vocoder 604 of that service circuit 612, at step 952. If buffer 603 is empty,

processor 602 invokes a function in vocoder 604 of the appropriate service

circuit 612 to mask the loss of the voice segment carried by the discarded packet, at

step 953. Vocoder 604 masks the loss by generating at its output to circuit 605 PCM

samples that it generates as a function of previously-received packets. Processor 602

then returns to the point of its invocation, at step 954,
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-49 - its database correspondi ngly, and sends MSC_RELEASE ACK nessages to
controllers 241 of master and slave cells 202. Follow ng recei pt of the
second RELEASE _MSC nessage, ECP conplex 134 al so sends a CLEAR nessage to
DCS control l er 261 of speech coder nodul e %20 that is handling the call.
The message is the sane as described for ?5 G 25 and elicits the sane

i seonnecti on i i ti at RENGHE 1S5RS, & RAHoHELe b Garres SBTAPPEMOEaEn | 1 5
in soft handofi§ encbiitered by Pretessdr 603 0filyl dusing "5 halidFf"céy dridesnérmal cal | . The
rel ease is detgcted by contt.oller 231 aof speech. goder le 2 at is
andi i ng ¢ he. CPitmstaRRFs Sgnaliog jscentdiecty o3 BRELS pgphenr aPa o 8202 Wy o |
turn notifi es ilmGiveddmalgiventall. Hithe eafficpacket carrids aalNsigAlling-infargmtion,
processor 602 proceeds to step 955 of FIG. 13. There, processor 602 checks further
contents of voice/signalling type field 326, to determine the signalling direction:
forward and/or reverse. If the direction is forward, identifying the signalling as
being originated by a cell 202 and destined for a mobile telephone 203,
processor 602 merely stores the packet, at step 956, and then returns, at step 970, If .
both signalling directions are indicated, processor 602 stores the forward signalling,
at step 957, and then proceeds to step 958. If the direction is reverse, identifying the
signélling as being originated by a mobile telephone 203 and destined for cells 202,
processor 602 checks, at step 958, whether it has received signalling packets from
both sides (i.e., from both of the cells 202 involved in the "soft handoff"). If not,
processor 602 stores the packet, at step 960, and then updates the corresponding
call’s state to indicate that a signalling packet from one side has been received, at
step 962. Processor 602 then returns, at step 970. If the check at step 958 reveals
that signalling packets from both sides have been received, processor 602 updates
the corresponding call’s state to so indicate, at step 964, and then compares the air
CRC and signal quality fields 323 and 324 of the two packets to determine which
packet carries the better quality signals, at step 966. Processor 602 then discards the
worse packet and stores the better one, at step 968, and then returns, at step 970.
Returning to step 914, if processor 602 determines that the packet
carries both voice and signalling information, processor 602 proceeds to step 985 of
FIG. 14, and performs signalling-processing steps 985-998 of FIG. 14 which -
duplicate steps 955-968 of FIG. 13, and then proceeds to step 932 of FIG. 11 to
perform the voice-processing steps. '
The functions performed by processor 602 on traffic frames (segments
of voice information) received from vocoders 604 are shown in FIG. 15.
Processor 602 performs these functions for each service circuit 612 every 20 msecs.
The performance of the functions for a particular service circuit 612 is also
interrupt-driven, by receipt of a corresponding transmit interrupt signal provided by
adaptive synchronization circuit 611.
| Upon being invoked by a transmit interrupt signal TX_INT X to start
processing for a particular (Xth) service circuit 612, at step 1200, processor 602
checks the stored call state of the call that is being served by this service circuit 612
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ECP conpl ex 134 responds by sending an MSC NETWORK RELEASE nessage to cel
controllers 241 of master and slave cells 202. Controller 241 of naster
cell 202 responds by sending cell-to-mobile forward signalling conveying a
RELEASE signal in the next packet 350 thajy it sends to service circuit 612
that is handling the call. Processor 602 serV|ng that service circuit 612
receives the RELEASE signal and stores it, at step 956 of FIG 13 or_step
986 of FIG 10 detemtineivehethes thascallis in soft bandoff, ahstep 1202. If noty procassar 602

elements 245 g est»tbcaa& oRiik Serdee cirdlit 61201 isbeingaeRRY land hfubits packet,
at steps 1222 an 123 f FI G ]fF anne ﬁL nts 45 of @g}’h ster and
sl ave cel | s Zhere 6 Eramecef “@@T‘QHEAF ﬁ”?rma(S‘PPmﬁtsGR PA8nitting
a RELEASE si @keaéwih amlﬁﬁd ﬁ*a:helﬁ@nhmaevwetm at Step 0228, pastessor 602 formats. | n

PO 1 S AL D, e AR

DI SCONNECT i sgqednce sumberf andractraffio typeto shes¢ajhimaffic.s Progessor 60R thenchannel
el enent s 245 g, O chalPeicapsitiits e Rofindiitd arBOramb 35 L AP AL (GRATRR! 245
' - step 1232, to form a LAPD frame 300 (see FIG. 7). This includes retrieving the
DLCI which is associated with the mobile-bound direction of the call and which
identifies a particular channel element 245 of a particular cell 202 (see FIG. 3) that is
serving the call, and including it in LAPD frame 300. Processor 602 then uses this
DLCI to find in a table the board and port addresses 311 and 312 that correspond to
this DLCI, and prepends the found addresses 311 and 312 to LAPD frame 300 to
form a modified LAPD fraine 310 (sce FIG. 8), at step 1234, Processor 602 hands
frame 310 over to LAN bus interface 601 for transmission onto LAN bus 260, at
step 1236. Processor 602 then returns to the point of its invocation, at step 1238,
Returning to step 1202, if processor 602 determines that the call is in
soft handoff, it checks the stored call state of the call to determine whether any
forward signalling is stored for this circuit, at step 1204, Forward signalling would
have been received only from the cell 202 that has been handling the call (referred to
as the master cell 202) and stored at step 956 or 957 of FIG. 13, or step 986 or 987 of
FIG. 14. If forward signalling is not stored, processor 602 accesses vocoder 604 of
the service 612 circuit that is being served and requests therefrom a traffic frame of
full-rate-coded communication information, at step 1206. But if forward signalling
is stored, processor 602 must reserve room in a packet for the forward signalling
information, and so it accesses vocoder 604 and requests therefrom a traffic frame of
only partial-rate-coded communication information, at step 1208. .
. Vocoder 604 typically supplies traffic frames of full-rate-coded
information, and it may not be able to respond to the request for a traffic frame of
partial-rate-coded information instantly. Further, given a pause in speech activity, a
partial-rate coded traffic frame may be supplied even if a full-rate-coded traffic frame
has been requested. Processor 602 will check for this condition, at step 1218.
| When it has received a traffic frame from vocoder 604, at step 1209,
processor 602 duplicates the traffic frame, at step 1210, so as to have duplicate
~ copies to send to both cells 202 that are involved in the soft handoff. At step 1212,
processor 602 then retrieves power control information that will have been stored at
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handling the call responds thereto by causing a FS REMOVE packet 351 to be
sent to service circuit 612 that is handling the call. The packets are the
same as has been described previousty, and elicit the sane responses from
processor 602. Upon receipt of the FS ACK %L(et from processor 602, each
channel el enment 245 responds by causing a EASE CONFI RVATI ON nessage to
be sent to ECP conplex 134 to_informit of the call disconnegtion.

Fol | owi ng recei BeP©Y3% and B8 S FIGRH froy I3 thagarerinyolyed In them@onm ex
134 sends a CLERGhIGES SW liﬁbmﬁ%fﬂﬂth@ccﬁﬁioz’ﬁmﬁww er BBEtrdle 220

that is handling_the .cal nes e. described for
FIG 25 and eli &f?’?’ﬁqqé tiga&ﬁr@slrg:g 533&’ ﬂ}c(g %@iﬁw%‘ﬁ?@mﬁ%ﬁ&mqag for
a sem -soft hangwigpedfinfolraation intof the duplicate packets as power control field 325, at

step 1212, Processor 602 then checks the call’s state to determine whether reverse
signalling for the call has been received and stored at step 968 of FIG. 13 or step 998
of FIG. 14, at step 1214. If reverse signalling is available, processor 602 appends it
to both of the duplicate packets, at step 1216._FolIowing_ step 1216, or if no reverse .
signalling is available, processor 602 checks whether it had been supplied by
vocoder 604 with a frame of full-rate-coded or partial-rate-coded information, at
step 1218, If the traffic frame is full-rate-coded, it has no room for forward
signalling information, and so processor 602 proceeds to steps 1230 et seq. to
format, packetize, and transmit both of the duplicate packets. Packetization at
step 1234 involves including in each duplicate packet’s frame protocol 300 a
different DLCI, so that the two packets will each travel to a different cell 202
involved in the soft handoff. Returning to step 1218, if the traffic frame is partial-
rate-coded, processor 602 checks the call’s state to determine whether forward
signalling for the call had been received and stored at step 956 of FIG. 13 or step 986
of FIG. 14, at step 1220. If forward signalling is available, processor 602 appends it
to both of the duplicate packets, at step 1222. Following step 1222, or if no forward
signalling is available, processor 602 proceeds to steps 1230 et seg.
The synchronization of cell 202 and SPU 264 operations wﬂl now be
explained in greater detail in conjunction with FIGS. 16-22.

. FIG. 19 represents the scenario for initial timing adjustments for traffic
flow from network 100 to mobile radio-telephones 203. As was mentioned above,
the operations of all mobile radio-telephones 203 and all channel elements 245 of all
cells 202 are driven and synchronized to a common timing signal, which may be a

~ signal broadcast by a global positioning satellite. Each cell 202 derives therefrom a
20 msec. cell clock 1000 signal, which triggers each channel element 245 involved
in a call to make a transmission to the corresponding mobile telephone 203 every 20
msecs. at time 1300, A programmed, constant, offset (which may be zero) may exist
for a given call (i.e., an offset between the rising edge of cell clock 1000 and time
Tx 1300). This constant offset affects the relative positions of signals 1304 1307,
1308, and 1309 by the amount of said offset.
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one channel elenment 245 to another. A sem -soft handoff occurs between
channel elenents 245 of either the sane cell 202 or different cells 202
connected to the sane DCS 201, and involves a change in the nobile channel
that is carrying the call. As for soft handoff, controller 241 of cell 202
that is handling the call - the serving ceRP--- nonitors PWR | NFO. supplied
by nobil e tel ephone 203 to determ ne whet her serving channel elenent 245

shoul d continue t20 do S&orﬁérwﬁbehblértotd%ﬁsxﬁﬁlchu&ﬁméﬂtuhﬁ 1*3906he£haaﬁacte?| azggw
h I I t 245 ei t her , a ferent, - - W, - -

o ont 1ol or " siensy 288 Fistgceike Thabgall ki thfoaetsome dinitucd Revipdiof éoe peor

the call to a neummmﬁitadmm 130R, Camzeléllax}neﬁ@us raB &eedHANVeslmadl e the
[ v ce a

message. t br ougiMieRRRsdFtor Ehadsivl i) B finded 1307, e Sas R Rgle s . |

202. (If servi nigne 300 ofghe prior transmission apd 2 little before mend3@1cofl the piesentnmessage

i f
Isif?oﬁlaflg(q}fouh%g&g*slg{gﬁﬁ @gg%%% rome%‘ga\% @@Mas ﬁa%f?g% o

froma slave c&foweven wheg baieg estalblish edvlbmnmw Blamens 245t
operate on the tkaiChdfidiing mefwnmﬁnlre@w@ﬁadket of call traffic for transmission from

SPU 264. This is because, as was mentioned previously, the operations of mobile
telephone switches 201 are controlled by a different clock than that of cells 202,
which clock is not synchronized with, but is independent of, cell clock 1000.
Furthermore, other factors, such as differences in distances between mobile
telephone switches 201 and different cells 202 and different traffic loads being
conveyed between them -- and consequent different transmission delays between
them -- also make the time of receipt uncertain, Therefore, when a call path is first
established between a channel element 245 and an SPU 264 and null traffic begins to
flow between them, packets from SPU 264 may be received by channel element 245
at times 1303 that are outside of windows 1302 and —in the worst case-- are after
times tmin 1301, If that is the case, the channel element’s corresponding channel
controller 244 sends a signalling packet to SPU 264 indicating a need to adjust the
time of transmission of packets from SPU 264 and also indicating the amount of
time by which that transmission time must be adjusted to position the time of receipt
of the packets at channel element 245 'safely within windows 1302,
The clock adjustment functions performed at cell 202 are shown in

FIG. 16. They constitute & processor-performed routine invoked upon receipt of a
packet at cluster controller 244. When the routine is invoked, at step 1001, it checks
whether the received packet is the first traffic packet received for the call, at
step 1002. If so, the routine compares the time at which the packet was received
with a window 1302 (the definition of which is stored in cluster controller 244), at
step 1004, to determine, at step 1006, when in relation to window 1302 the packet
was received. If the packet was received substantially in the center of window 1302,
no clock adjustment is necessary and the routine merely returns to the point of its

_ invocation, at step 1022, If the packet was received too. carly, the routine causes a
cell-to-switch type of sxgnalhng packet to be sent to processor 602 of SPU 264 that
is handling the call, at step 1008, requesting processor 602 to delay the time of the
TX_INT_X interrupts for this call by a time, also specified in the packet, such as will
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t el ephone 203 and serving channel el enment 245, new channel elenment 245 is
not in conmunication with nobile tel ephone 203 and only null traffic
packets flow from new channel element 245 to service circuit 612 that is
handling the call. The HANDOFF ACK ness&pe-that is sent by new cell 202
back to serving cell 202 specifies the nobile channel on which new channel

FIANDORF_ACK TR0 B of e Bl oo SE LA M 107, CRVRINEE o
245 to transhe pad:eswgngcewgo;éml:tm mmmmsmwlhw-smghum Qi?i”m its
oper ati ons t‘% oL} S%Y’ Rk 662 ? qg mqg{hPFﬁ,erﬁgo e operates.
(el ephone. 208X 1 Onﬁmnmts&%Zhégaﬂmw@ﬁﬁi§%ﬂ\g§%ﬁ@mu%§%&ggb$g'clegses
to fl ow bet %ﬁﬁnmbhgmebmﬁmgc@ﬁ ﬁrgﬂ, H)22i ng channel el errent 245 and

only null traffic pagkets .c nce to f wfrom Vi n | ement 245
36 gevead e ot ss9Roniiaelde BEREt W@ coront o

to service circuit 6
recei pt of qucketireceivedsbétrmay caitulae ahalvesage timesfFedquired slock adjustmheNDORF

| NFORVATI ON based on the receipt of a plurality of received traffic packets.

Packet receive times 1303 at channel element 245 correspond to packet
transmit times 1304 at SPU 264, As was mentioned previously, transmission of
packets to channel element 245 from SPU 264 is triggered by transmit interrupt
signals TX_INT_X issued to processor 602 by adaptive synchronization circuit 611.
Consequently, adjustment of the packet receive times at channel element 245 by a
certain amount requires an adjustment of TX_INT._ X signals at circuit 611 by the
same amount. Therefore, when processor 602 receives the abovementioned
signalling packet from channel element 245, it responds thereto at step 970 of
FIG. 11 by commanding adaptive synchronization circuit 611 to adjust the TX_INT
signal for the corresponding service circuit 612 by the specified amount. Circuit 611
obliges and shifts that transmit interrupt signal by the specified time period,
designated as 1310 in FIG. 19. Packet transmission time is thus shifted from
times 1304 to times 1305 at SPU 264, which corresponds to packet receive
times 1306 at channel element 245. Packet receive times 1306 lie within
windows 1302.

However, in order to be able to transmit a packet at a given time,
processor 602 must receive the traffic frame (segment of call traffic) which is
included in that packet from vocoder 604 at some time prior to the transmit time.
Packet transmit times 1304 correspond to frame receipt times 1307, which in turn
correspond to vocoder 604 traffic frame transmit times 1308, whereas shifted packet
transmit times 1305 correspond to shifted traffic frame receipt times 1311, which in
turn correspond to vocoder 604 traffic frame transmit times 1309. Consequently,
processor 602 must cause vocoder 604 to shift its traffic frame transmit times from
times 1308 to times 1309.

Vocoder 604 uses the output of an mtemal output clock 622 to time its
traffic frame transmissions. Clock 622 of an Xth service circuit 612 is initially
synchronized to clock input signals received from clock circuit 600. Processor 602
sends a command to vocoder 604 to adjust the offset of its output clock 622 signals
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message to be sent to ECP conpl ex 134, and an | NTERCELL HANDCFF nessage to
be sent to serving cell 202, to notify them of the handoff. ECP conplex 134
updates its database, while controller 241 of serving cell 202 causes the

cell to drop out of serving the call. Specifjcally, channel elenent 245 of
serving cell 202 causes 51 - an FS_RE packet to be sent to service
circuit 612 that is serving the call. The packet is the same as di scussed

previ ously and froinhe sirétie600cteck inppusignals by the abevenentionestirae period 1336
channel of erent oG e fected F e ‘?@ f&‘t’ﬁﬁk@*%%’%%’?ééﬁﬂﬁéﬁé‘%@%r vice
circuit 612 by chanpelelementiZ46HOM fHing itetraffig frame £cp
c fgp'dg?aégget O BRshdivitks ﬁBmWé@fiosQe 'ﬁPAe@tIBGQ‘ Wt?ﬁﬁh@@ﬂﬁi @§ 134 updates
asynchronous operations of channel element 245 and service circuit 612 and
processor 602 have been synchronized with each other.
The response scenario of processor 602 to receipt of the clock-adjust
signalling packet from cell 202 is charted in FIG. 17. Upon determining that the
received signalling packet requests clock adjustment to be performed, at step 1050, .
processor 602 checks contents of the packet to determine the direction in which the
timing signals are to be moved, at step 1052. If they are to be delayed,
processor 602 sends a command to adaptive synchronization circuit 611 to retard
subsequent TX_INT _X interrupt signals by the amount of time specified in the
packet, at step 1054. Processor 602 also sends a command to vocoder 604 to
increase the offset of its output clock 622 from clock 600 signals by the same
amount of specified time, at step 1056, and then returns, at step 1062 If the timing
signals are to be moved forward in time, processor 602 sends a2 command to adaptive
synchronization circuit 611 to advance subsequent TX_INT_X interrupt signals by
the amount of time specified in the received signalling packet, at step 1058.
Processor 602 also sends a command to vocoder 604 to decrease the offset of its
output clock 622 from clock 600 signals by the same amount of specxﬁed time, at
step 1060, and then returns, at step 1062.
FIG. 20 represents the scenario for initial timing adjustments for traffic
flow from mobile radio-telephones 203 to network 100. As was mentioned above,
mobile radio-telephones 203 and cells 202 are synchronized with each other. A
clock corresponding to cell clock 1000 (derived by mobile telephone 203 from traffic
reccived by it from cell 202) causes a mobile radio-telephone 203 to make a
transmission every 20 msecs. to channel ¢lement 245 that is handling the call,
causing channel element 245 1o receive those transmissions at times 1400 and to
convey them in packets to SPU 264 at times 1403. Packet transmit times 1403 at
channel element 245 comrespond to packet receive times 1404 at processor 602 of
SPU 264. Receive times 1400 are relatively offset from cell clock 1000 by the
amount of a programmed, constant, offset at cell 202 with respect to transmit
times 1300. Thus, an offset in transmit times 1300 results in a like offset in receive
times 1400. This offset is compensated for by the mechanisms described herein.
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Once again, it will be noted that DCS controller 261 of the serving DCS
201, remains wholly uninvolved in the procedure of FIG 31, and that ECP
conplex 138 is al so uninvol ved except for being notified of the conpletion
of the procedure. Consequently, the cal.3ghandling capacity of controller
261 and ECP conplex 134 is not adversely inpacted by the sem -soft handoff

procedure. FIG 33 shows .con nal Qr .2, ha fd one
CDMA cel |l 202 to ano?ﬁ‘éﬁpn eﬁ%@gﬂ?ﬂ‘ Lﬂgﬁ e D};@ytﬁf) 'élgggg'ﬁ?ny

i nvol ve a ctmrngecchamdeﬁlﬂnbbiggctddaﬁpmpssbmm by doeseivierinterrupt signah ange in the
digital cellpsea . As for
soft and sen!\kks \%gﬁgh%% cont ﬂ@li&gﬂi@g@ﬂ gg&zl'!{yﬂat S handl I ng the
cal | --refer‘i*@ﬂ“t@ ecention af thepacke must precrde ysopygrminigrem tmethei od by '
nobi l e tel enk'amﬁns%ibacmuiiectﬂle&afﬁbfﬁknueomwﬁtmerpaekmms:ocm@mttoon to

whether 1t SHBPOCRaOTE B e R grosrettiht BE PG, Tally. Yot o o
new cel | 202vocodert604 expentsitacreceive Uaﬁc&raiﬂeeaemneerS avhichl copiesporddoi t ch 201
than servingrgfé fradid4ranbrhissOn'intts' 1306 £ frocessor 602. Consequently, in order to
be able to transmit traffic frames to vocoder 604 at times 1406, processor 602 must
receive corresponding packets from channel element 245 no later than at
times tyin 1401. Processor 602 preferably receives each packet Wlthll_l a time
window 1402, which exists a little after transmit time 1406 of the prior frame
transmission to vocoder 604 and a little before time tp, 1401 of the present frame
transmission. Window 1402 thus provides some leeway for minor time fluctuations.
However when a call is being established, it is uncertain when
processor 602 will receive a packét of information from channel element 245, for the
same reasons as it is uncertain when channel element 245 will ro;cei\}e a packet from
-processor 602, discussed above. Therefore, when a call path is first established
between a channel element 245 and an SPU 264 and null traffic begins to flow
between them, packets from channel element 245 may be received by processor 602
at times 1404 that are outside of windows 1402 and —in the worst case— are after
times tpin 1401. Processor 602 cannot change the times 1403 at which channel
clement 245 transmits packets, and therefore it cannot change the times 1404 at
which it receives those packets; processor 602 can only change the times 1406 when
it transmits frames to vocoder 604. Hence, if times 1404 lie outside of
windows 1402, processor 602 determines a time period 1410 by which it needs to
adjust its time of transmission of frames to vocoder 604 in order to position the
times 1404 of its receipt of packets safely within windows 1402, Processor 602 then
commands adaptive synchronization circuit 611 to adjust the receive interrupt signal
RX_INT_X for the corresponding service circuit 612 by the specified amount.
Circuit 611 obliges and shifts that receive interrupt signal by the specified time
period 1410. Frame transmission times from processor 602 is vocoder 604 are thus
shifted from times 1406 to times 1407, which shifts packet receive times 1404 at
processor 602 inside windows 1402, ‘

"1

This iz the replacemant sheet
~ 1 AUG 1988

Date:



serving cell 202 determnes to hand off the call, it sends a HARD HANDOFF
REQUEST nessage to ECP conplex 134. The nessage identifies the call, the
proposed new cell 202, and the nobile channel that is being used for the
call by serving cell 202. ECP conplex 134 responds to the nessage by
determ ni ng which DCS 201 is connected te33ew cell 202, and selecting a new
speech coder nodule 220 within that DCS 201 and as service circuit 612 of

t he new nodul e 220 to (& i aﬁ?P ggmb%%shﬁpﬁﬁegﬁgﬁs a trynk
206 connecting, seryvi ngﬁgg’ge@h cOo éeiﬁbr?lbeo u éo 0 of ¢

speech coder risaes 1406 2 tigres 4447, m%@%m%@%@%%@g '%é?@ig%ﬁ%é honew
o o 550, S EeAveSN BGIERCTIO ok 1109y Gder O asormpapeas o
Frunk 106 of - SBuainput @Rk sEL@uicin s hbe ssepiops A ifun Aok €22 inp

clock 621 is synchronized to clock 600 input signals. Processor 602 therefore sends

a command to vocoder 604 to adjust the offset of its input clock 621 signals from the

clock 600 input signals by the abovementioned time period 1410. Vocoder 604 does

so, thereby shifting its frame receive times from times 1408 to times 1409. Again,

the net result is that the asynchronous operations of channel element 245 and service

circuit 612 and processor 602 have been synchronized with each other.

The just-described clock adjustment functions are performed by  _
processor 602 at step 912 of FIG. 11, and are shown in FIG. 18. Upon commencing
to perform the clock adjustment function, at step 1070, processor 602 determines
from the retricved call state and the received packet type whether the received packet
is the first traffic packet for the call, at step 1072. If so, processor 602 compares the
packet’s receive time stamp (appended to the packet by LAN interface 601) with a
window 1402 (the definition of which is computed and stored by processor 602 for
each call that it is handling), at step 1073, to determine, at step 1074, when in
relation to window 1402 the packet was received. If the packet was received

. . substantially in the center of window 1302, no clock adjustment is necessary, and
processor 602 proceeds to step 1090. If the packet was received too early,
processor 602 commands adaptive synchronization circuit 611 to advance
subsequent RX_INT_X interrupt signals by the amount of time determined by
processor 602 to be necessary to move the time of receipt substantially to the center
of window 1402, at step 1075. Processor 602 also sends a command to vocoder 604
to increase the offset of its input clock 621 from clock 600 signals by the same
amount of specified time, at step 1076. Conversely, if the packet was received t00
late, processor 602 commands adaptive synchronization circuit 611 to retard
subsequent RX_INT X interrupt signals by the amount of time determined by
processor 602 to be necessary to move the time of receipt substantially to the center

_.of window 1402, at step 1077. Processor 602 also sends a command to vocoder 604
to decrease the offset of its input clock 621 from clock 600 signals by the same
amount of specified time, at step 1078. Following step 1076 or 1078, processor 602
proceeds to step 1090 (described further below).

This is the feplacement shéet

- 1 AUG 1996

Date: .



-52- Controller 261 of serving DCS 201 receives the SETUP nessage and
responds by causing controller 231 of serving nodule 220 to seize the
identified trunk 206, to outpul se thereon identification of the selected
modul e 220 and service circuit 612, and to34ennect call-carrying trunk 106
to trunk 206 in a conferencing arrangenent. This results in seizure of

trunk 206 at new nodul g %gcﬁ'ﬂﬁmﬁ%kfsc&!?aﬁge ﬁ%r{ﬁ‘?ﬁ@}’oaﬁ W%%ﬁ 231

of the outpul sed i dentl | catl o

servin
sends a CONNACRhemastergloakso mdicheeshls 26 mnﬁlgoa'aé F“?ﬁgs"g')é?%glt‘? t of
t he connectlonrmglgﬁ%h%ﬁég e§'201 P hggd mcamﬂ)&k@@ﬁbéwu er 231 of
| Bu

new nmodul e 220 sen e coll ected out d infor ntro,l ler 261
of new DCS 201 timgsil306 %‘é%’i’é%ﬂeéﬁ emenis 3451@ @g‘&‘ te YW@?’ 3%& P-’r'@&f’%‘&
out pul sed i nf okhg{d EWIGOZE(RdQﬂm&aQXe patket recelvk/times IM:prmsmxcsomng cal | .

ECP compl ex 13%?6?69:% %n?t out oF mn%%ws\ﬁaz %"}ﬁﬁ%@ﬂ? sﬁ(N&ﬂrl‘FIG 22. The drift
due to changes in system traffic load will tend to be in the same direction with
respect to times 1306 and 1404: drift that advances time 1306 with respect to
window 1302 (shown in FIG. 21) will typically also advance time 1404 with respect
to window 1402 (not shown), whereas drift that retards time 1404 with respect to
window 1402 (shown in FIG. 22) will typically also retard ime 1306 with respect to
window 1302 (not shown). Conversely, the drift due to asynchrony between the
master clocks will tend to be in opposite directions. |

Drifting of times 1306 out of windows 1302 is detected by the channel
element’s corresponding cluster controller 244. Tts response thereto is shown in
FIG. 16. Upon receipt of a packet at cluster controller 244, the routine of FIG. 16 is
invoked, at step 1001, and it checks whether the received packet is the first traffic
packet received for the call, at step 1002. Since the call is in progress, this will not
be the first received traffic packet, and the routine continues at step 1014. There, the
routine compares the time at which the packet was received with window 1302, the |
same as at step 1004, to determine, at step 1016, when in relation to window 1302
the packet was received. If the packet was received within window 1302, no clock
adjustment is necessary, and the routine merely returns, at step 1022, If the packet
was received prior to occurrence of window 1302, the routine causes the next traffic
packet for this call that is sent to processor 602 of the SPU 264 that is handling the
call to convey in its clock adjust field 322 a request to retard the time of the
TX_INT_X interrupts for this call by one tick (e.g., one PCM speech sample time),
at step 1018, Conversely, if the packet was received after occurrence of
window 1302, the routine causes the next traffic packet for this call to convey in its
clock adjust field 322 a request to processor 602 to advance the time of the
TX_INT_X interrupts for this call by one tick, at step 1020. Following step 1018

- or 1020, the routine returns to the point of its invocation, at step 1022
Upon receipt of the traffic packet, processor 602 proceeds to make the
requisite adjustment, at step 912 of FIG. 11. Drifting of times 1404 out of
windows 1402 is detected by processor 602 itself. Processor 602 notes the need for
adjustment and the direction of adjustment, and proceeds to make the requisite
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messages on the basis of their contents; the nessages serve as confirmation
to ECP conplex 134 that TDM buses 130 of new and servi ng nodul es 220 are
now i nt erconnected through trunk 206. ECP conplex 134 then sends a
MSCNEWHANDOFF nessage to controller 241 of new cell 202. This-nessage

notifies new cell 202 that it has been selgcted to handl e the call, and
"conveys to it the identification of the Te channel that i s presently
carrying the call. New cell controller 241 responds by determ ni ng whet her

new cel | 202 cadjustment, tick-by-tick] also atstep 91250f FIGa llhi ch nobi |l e channel . New

Conveying This. i nf or rat |t ange in SRR phcksobP i Reeily ddvisL by pARET L7001
202 can handl etransguttimes 1305-from tisnes,d 305 10 tmes 1505 and bencs advances packet 241
T e Bt s o s e s
’s he sams. astirs [ ieSnicR e postionsd BReiciasine walosys 1308 asshewin i MG .
elicits the saWhen ehangedr simitipof probessei602raetivity advancdsSvinabivs RIOT and\ras sage
to ECP transmit times 1406 with respect to times 1404, the result is new frame transmit

times 1606 and packet receive times 1404 which are positioned back inside -

windows 1402, as shown in FIG. 22, :

The shift in the TX_INT_X and RX_INT_X signals output by

circuit 611 requires a corresponding shift to be made in the signal outputs of

clocks 621 and 622 of vocoder 604, thereby changing vocoder 604 traffic frame

transmit times from times 1309 to times 1509 and changes vocoder 604 traffic frame

receive times from times 1409 to times 1609 in the example of FIGS. 21 and 22, and

thus realigning operations of vocoder 604 with the time-shifted operations of

processor 602. At the instant of realignment, however, vocoder 604 must present a

traffic frame of call traffic to processor 602 after vocoder 604 has had time to collect

either 159 or 161 PCM samples from circuit 605 instead of the normal 160 samples

corresponding to a 20 msec. time interval, and must output a frame of call traffic to

circuit 605 within a time interval of either 159 or 161 PCM samples instead of the

normal 160, depending upon whether the adjustment is, respectively, to advance or

to delay the interrupt signals. To compensate for this condition, when processor 602

commands circuit 611 to effect the shifts in its TX_INT_X and RX_INT _X signals

for this service circuit 612 that are shown in FIGS. 21 and 22, respectively, at the

same time processor 602 commands vocoder 604 of this same sérvice circuit 612to "

drop one PCM sample byte from its PCM output and to create an additional one

PCM sample byte at its PCM input. Vocoder 604 does so, and the effect is to again

align vocoder 604 traffic frame input and output activities with PCM sample output

and input activities, respectively. | |

In the case of drift opposite to that shown in FIGS. 21 and 22, the steps - -
taken to compensate for the drift are the inverse of those described for FIGS. 21 and
22. Specifically, processor 602 commands circuit 601 to retard its TX_INT X and
~ RX_INT_X interrupt signal outputs for this service circuit 612 by one PCM sample
interval, and commands vocoder 604 to create an additional one PCM sample byte at
its PCM output and to drop one PCM sample byte from its PCM input.
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conpl ex 134, and ECP conplex 134 in turn sends an MSC OLD HANDOFF nessage
to serving cell 202, advising them of conpletion of the connection between
new channel el enent 245 and new service circuit 612, and the nobil e channel
on whi ch new channel el enent 245 operates. ECP conplex 134 responds to the
FS CONFI RVATI ON nessage by sendi ng an ACCEPT hessage to controller 261 of
new DCS 201. Controller 261 of new DCS 28¢.responds by causing controller
231 of new nodul e 220 to nake connecti on between new service circuit 612

A runk 206 come e Ry o Sicn L n8 MubnRF AAEE EA0HLRS 70 .
out put of boetseqeAsawas ssated preyionslyywhen processon §02gomnenicesythestookct ed to t he
same tinme sl b Qe hPM s b %icp915 OF AGI1 15 REREY 1 R checks whether the just-
received packet is the first traffic packet of the call. While the call is in progress, a
received packet will not be the first received packet, and so processor 602 proceeds
to step 1080. There, processor 602 again compares the received packet’s time stamp
with receive window 1404 in order to determine, at step 1081, when the packet was
received in relation to the window. If the packet was received within window 1404,
no timing adjustment is necessary, and so processor 602 proceeds to step 1090. If
the packet was received prior to window 1404, processor 602 commands adaptive
synchronization circuit 611 to advance RX_INT_X signal for the corresponding
service circuit 612 by one tick, at step 1082, and commands vocoder 604 to decrease
the offset of its input clock 621 by one tick, at step 1083. Vocoder 604 does so by
causing clock 621 to reset after a count of 159 instead of the usual count of 160. But
vocoder 604 still receives a full traffic frame of incoming call traffic holding the
equivalent of 160 PCM sample bytes of information. ‘So vocoder 604 discards one
of those sample bytes to mask the timing realignment at its PCM output.

Returning to step 1081, if the packet is found to have been received after -
window 1404, processor 602 commands adaptive synchronization circuit 611 to
retard RX_INT_X signal for the corresponding service circuit 612 by one tick, at
step 1084, and commands vocoder 604 to increase the offset of its input clock 621
by one tick, at step 1085. Vocoder 604 does so by causing clock 621 to reset after a
count of 161 instead of the usual count of 160. But vocoder 604 still receives a
traffic frame of incoming traffic holding the equivalent of 160 PCM sample byfés of
information. So vocoder 604 generates' an additional sample byte to mask the timing
realignment at its PCM output. _ '

Following steps 1083 or 1085, processor 602 proceeds to step 1090.
There, processor 602 examines clock adjust field 322 of the received traffic frame to
determine what clock adjustment, if any, has been requested by cell 202 that is
handling the call. If an adjustment has been requested, processor 602 comménds
adaptive synchronization circuit 611 to adjust the time of occurrence of the
TX_INT_X interrupts for the call’s corresponding service circuit 612 by one tick in
the requested direction, at step 1091, and commands vocoder 604 to adjust the offset
of its output clock 621 by one tick in the same direction, at step 1092. Vocoder 604
does so by causing clock 621 to reset after a count of 159 or 161 instead of the usual
count of 160. Consequently, vocoder 604 accumulates either 159 or 161 PCM bytes
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nodul e 220, in a conference arrangenent. If both new and serving channel

el enents 245 are operating on the sane nobile channel, this results in
superinposition of duplicate outputs on the sane tine slot, and thus has
substantially no effect on the tinme-sleB7eontents. If the two channel

el ements 245 are not operating on the sane nobi |l e channel, this results in

super i ”pos'tdf%ﬂtrg%hge@ﬁ*ﬁcfs&ﬁfekfoﬁ%gﬁly%h} f&fuﬁ‘ﬁﬁgg oldif} ‘f@d‘?@ data,

and silence-- 0 us agal n antla y no

effect on trsemplmbaugﬂ oTOMMWMEQ}P?@ﬂt%QUWtW »t hen

:ﬁturns a t ” ;hd?ﬁ@fﬂ‘!’mh%%m ﬁ‘intt!iibﬁ%ggﬁ&nbéaﬁdﬁ&m}il@%d on o]f
e connectl Qn ro er (0] ervi ng e npl etion O
t he connect |Q§rﬁh°a%p}rumff19%'§ @%W?Qfﬂé@%f@g &8%%5% URHPen

returns an Altvikies etmm&mm&a#ns,mmpllnﬁnbmdmneof Ser vi ng

cel | COﬂtrOerH ?g‘ﬁgﬁéﬁﬁagﬂ‘gﬁ'? i\/SC OLD HANDOFF nessage that it receives

fromECP co 't he message contents to determne if new

channel el ement 245 Adtemnativelyi ciq;kmg adjustments maytha madsinrmaltiples of enevi ng
channel el enpyat,2d ekt tn Sabr to2EhiVE GnEfrohi-a864 a4 faiter tAld. ARGSES Serving
combination of multiple-tick and single-tick adjustments (in different 20 msec.

cycles) could be used in order to control the speed with which synchronization may

be achieved. Further, coarse adjustments (i.e., involving multiple 125 usec. ticks)

may be made in order to make major synchronization changes during a call. Said

large adjustments are advantageously made during the periods when speech activity
islow.

At the start of a soft handoff, a channel element 245 of a second cell 202
commences to handle the call in paralle]l with channel element 245 of a cell 202 that
has been handling the call alone until now. It is not known a priori whether packet
receive times 1306 at the second channel element 245 will fall inside or outside of
windows 1302 (see FIG. 19) or whether packet receive times 1404 of packets sent by
second channel element 245 will fall inside or outside of windows 1402 (see
FIG. 20) at processor 602, just as when the call is initially established. If rececive

. times 1306 and 1404 do fall outside of windows 1302 and 1402, respectively, for the
second channel element 245, however, the clock adjustment technique of FIGS. 19
and 20 which was used when the call was initially established, cannot now be used.

" 'This is because the call is now an established and ongoing call, and the use of that
technique would result in noticeable disruption -- an andible "glitch"-- in the call.
Consequently, the more gradual but effectively "glitch—less" clock adjustment
technique of FIGS. 21 and 22 is used to try and move receive times 1306 and 1404
within windows 1302 and 1402, respectively, for the second channel element 245.
Multiple iterations of this adjustment may need to be performed in order to achieve -
the desired effect. :

It is important to note, however, that the adjustment of FIGS. 21 and 22
affects the receive times 1306 and 1404 for both of the channel elements 245 that are
handling the call. Consequently, it is possible that an adjustment which attempts to
move times 1306 and 1404 into windows 1302 and 1402 for the second channel
element 245 will result in moving times 1306 and 1404 out of windows 13()2_ and
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channel elenment 245 to transmt a signal to nobile tel ephone 203 conmandi ng
It to switch operation fromthe nobile channel that it is now using to the
nobi | e channel used by new channel el enment 245, as shown in dashed lines in
FIG 33. When nobile tel ephone 203 does so, traffic flowis switched from

serving cell 202 to new cell 202, as 38hown in dashed |Iines. Channel el enent
245 of new cell 207 responds to conmmencenent of receipt of the call traffic

by causin to send a HANDOFF VA CE

CHANNEL O%ﬁ%@%@&kﬁeﬁg@ conpl ex 134. This nessage advi ses ECP
conpl ex 134 of sudtissmpedfativéithattimes 1306 andrl404 rof ingitherdf thedtwohaanely sendi ng
an MsC \J I gpCLEAR nessage
to cont %%%@gér%%ﬂggﬁ o] caU\Z{e}ﬂ“ﬁr‘gvllbgiQl%l F@ZOZ and serving
SPU 264 t epnirast tigigs 13 %M tdead (i.e. eognr befors) their fegpective of serving cel |
202 f or wagsiedow’el 3P en&t¥0dNER 4d\¥orbg dagferihg ofsthe preiga nel el enent

HeRmideAdar § g preérgataieiy

245, whi cly LeSRRNGS SN chme! HenaR 143 ST NP288 Eblscl eall§, £ BLANF Yot © SO VI N9
handoff one channel element 2435 is reporting a leading time 1306 while the other
channel element 245 is reporting a lagging time 1306, the clock adjustment requests
of the channel element 245 which is reporting leading times 1306 are ignored and
only the requests of the other channel element 245 which is reporting lagging
times 1306 are responded to by processor 602.

It is conceivable that differences in propagation delays between
processor 602 and the two channél elements 245 that are involved in the soft handoff
are so great that packets sent by both channel elements 245 during the same clock
cycle of cell clock 1000 are received at processor 602 during different clock cycles
of processor 602 receive interrupt clock RX_INT _X for that channel element 612,
and that duplicate packets sent by processor 602 during the same clock cycle of
transmit interrupt clock TX_INT_X to both channel elements 245 involved in the
soft handoff are received by those channel elements 245 during different clock
cycles of cell clock 1000. To associate the received packets with the proper clock
cycles is the purpose of the sequence numbers carried by sequence number field 320
-of traffic frames 350 (see FIG. 9). The association is done at steps 932-936 of '
FIG. 11,

~ As was alluded to previously, sequence numbers used by channel
elements 245 are calculated from, and hence bear a defined relationship to, clock
cycles of cell clock 1000. Hence, during any clock cycle of cell clock 1000, all
channel elements 245 transmit packets having the same sequence number.
Conséquently, by comparing the sequence numbers of two received packets,
processor 602 can immediately determine whether both packets correspond to the
same clock cycle of clock 1000, and if they do not, what their relative sequence is.

In the opposite direction of packet flow, from processor 602 to channel
elements 245, no defined relationship exists between sequence number and clock
cycle of cell clock 1000. However, at the beginning of the soft handoff, the channel
clement 245 that has been handling the call until now causes a message '
(HANDOFF_REQ; see discussion of FIG. 27, below) to be sent to the channel
element 245 that is now commencing to handle the call, which message reports the
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circuit 612. The packet is the same as described previously, and elicits

t he sanme response. When serving cell 202 has ceased to handle the call, its
controller 241 sends an FS CONFI RVATI ON nggsage to ECP conplex 134 to
advi se it thereof. -54-- Controller 261°0f serving DCS 201 passes the

recei ved CLEAR nessage to controller 231 of serving nodule 220. Controller

231 responds bymbenafiargeent seld Flock 400Qelackeyale andithesequencenemberefe packes peech
i scomnect 1 neichie Bk SRaigl it 25His el duiBe el ofde SBee g
the call) froBSqURBCEIHTRRETS %SF%F“HF@H\WW%XIPM clamgnt 243 can easily s gned t o
that service eomputetfrond this fevived infomsﬂﬁﬂeweﬁw xﬁﬂrtxw fg :afm?%&d%tl? ?‘(’)Vm
rodul e 220 1 SR SBARSRACHPUC AT P ohl oo Saohl Bt b !
thus determines the cell clock 1000 clock cycle to which a received packet
corresponds. |
It will now be explained in conjunction with FIGS. 23-35 how calls are
set up, handed off, and torn down in the system of FIG. 2. The illustrated activities
take place as a result of exchanges of level-3 packetized signalling messages,
illustratively between pairs of elements, e.g., SPU 264 to cells 202, cell 202 to ECP
~ complex 134, or ECP complex 134 to DCS controller 261. The Figures imply | _
timing relationships for message exchanges between the element pairs only, and not
across element pairs. All messages to and from ECP complex 134 are assumed to
flow through control links 108; all packets between channel elements 245 and
- service circuits 612 are assumed to be frame-relayed through trunks 207 and 210.
. FIG. 23 shows control signalling for setting up a packet-switched call
path for a call originating at a mobile telephone 203. Mobile telephone 203 initiates
the call by transmitting an ORIGINATION signal (illustratively one or more digital
messages) conveying the called telephone number on an access channel. Over-the- -
air transmission or reception of signals is indicated in the Figures by a vertical
segment of a signal arrow. The ORIGINATION signal is received by channel
element 245 designated as a CDMA access channel in one of the cells 202, which
passes it on in a message 1o its cluster controller 244, which forwards it to
controller 241 of its cell 202. Each controller 241 assigns a free CDMA air channel
to carry the call, and then passes the message along with identity of the assigned
channel’s corresponding channe! elements 245 on to ECP complex 134, in a
conventional manner. -
ECP complex 134 receives the CELL_ORIGINATION message and
- selects a DCS 201, a CIM 209, an SCM 220, and a service circuit 612 and a group of
trunks 106 of the selected speech coder module 220, to handle the call. ECP
complex 134 then sends an MSC_FS_ASSIGNMENT message to controller 241 of
the call-originating cell 202, conveying a DLCI of the selected service circuit 612.
ECP complex 134 also sends a SETUP message conveying the called telephone
number and identifying selected module 220, groups of trunks 106, and service
circuit 612, to DCS controller 261 that controls the selected module 220.
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nmodul e 220 does not release that trunk 106 and TDM bus 130 tine sl ot.
Controller 261 of serving DCS 201 then sends a CLEAR ACK nessage to ECP
conmplex 134 to advise it that serving SPU 264 of serving nodul e 220 has
ceased to serve the call. Receipt of botspthe CLEAR ACK and FS CONFI RVATI ON
nmessages indicates to ECP conpl ex 134 that the handoff has been conpl et ed.

FI GS. 34-35 show contkol s i f.or I radi-o

243 of a serving cel I%ﬁfgﬂﬁ Jé‘&ﬁ@&?ﬁf’?‘o‘ﬁ&mmiéwﬁa‘% ®new cel |

102 or 202. for@ardsahe message tncluster congolied Zmﬁwbcmd@hmwehmemmen two
|

ot ween two. S <2 “ﬂ“?aﬁ%?“ﬁ S intdithalifn et B0 4‘“@%‘3‘ 2

convent i onal cl¢Eisnt 243 trthasdhegn selegted tshapdle thecally Sel MWW I ot

channel . If sétsnsdfaptﬁmmﬂnmnmﬁme@mdaraﬁmwommpaamgsltoda92 as

< ot oqui pRUEEEH BT st . 88 B rhe iR il o b P o6 R <ihown
in FIG 34 fthronghwthedhtercoogecting facilities! chanpelsc PacketB5 huses the neceived lDLEl)Z I n
of the selected service circuit 612 as the packet address in field 302, and conveys the
DLCI of the selected channel element 245 in its data field 304.

‘When processor 602 serving the selected service circuit 612 receives the
FS_CONNECT packet, it returns an FS_ACK packet 351 to selected channel
clement 245 in acknowledgment of receipt of the FS_CONNECT packet, using the
DLCI contained in field 304 of the FS_CONNECT packet as the packet address in
field 302 of the FS_ACK packet. Illustratively at this time processor 602 also sends
to cell 202 all DLCISs that correspond to selected service circuit 612. Processor 602
performs these tasks as part of LAPD processing at step 904 of FIG. 11.

Processor 602 then stores the conveyed DLCI of selected channel element 245 as
part of the call state that is associated with selected service circuit 612, and marks
the call state as corresponding to an active call. A connection is now established
between selected channel element 245 and service circuit 612. Cluster controller 244
of the selected channel elements 245 next responds with an FS_CLOCK_ADJUST
‘packet in which it conveys to processor 602 serving the selected serving circuit the
initial clock-adjustment information. This packet was discussed in conjunction with
FIG. 16, steps 1001-1010. Processor 602 responds, by returning an FS_ACK
packets to cluster controller 244 and processing the received packet in the manner
discussed in conjunction with FIG. 17. A call path is now established between
channel element 245 and service circuit 612, and they begin to exchange null traffic
packets every 20 msecs. until call traffic becomes available. Selected channel
element 245 responds to receipt of the second FS_ACK packet by causing a
CHANNEL_CONFIRMATION message to be sent by its cell’s controller 241 to
ECP complex 134 to advise it of completion of this end of the connection.

- DCS controller 261 that receives the SETUP message responds by
causing controller 231 of the selected SCM 220 to seize a trunk 106 (DSO channel)
of the identified groups of trunks 106 and to outpulse the called telephone number on
the seized trunk 106. The selected trunk 106 corresponds toa particular time slot on
TDM bus 130. Controller 261 also causes translation and maintenance
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other words, if new cell 102 is not equipped wth a CDVA pil ot channel,
conversion of the call to conventional nobile tel ephony occurs on serving
cell 202, and only then is the call handed off fromserving cell 202 to new -
cell 102, in the conventional hard-hando#¥-manner. As for handoff types °

di scussed previously, controller 241 of serving cell 202 nmonitors PWR | NFO

call off o Snkeulr5O) SRRt pradess g i It W UHAIRS L sekeRted S i mes
ca (6] O apo
That 1t shouFlOHLRAOCoNAEstthe fbovesm %ﬁ‘ig’#{’%ﬁwelh&?ﬁﬁg Vige| | 202
or 102, and mmvxrbammedfacems t@thalﬁﬁ:elslbtoﬂwmnmm:gm;smmwmhué eNALOG

| eph
D" 2o A3t s oL B8 el o7 Ben b Eing S AN
‘proposed newhagdle then vﬁt@cﬂz anuouebzémms;adsammwmgemmg a trunk
109 of a swi complest 1TA4 hdvidelt of Suctedsfill Compiefibn BEWiSELd of e cOineéfén.' S

When answer supervision is received from telecommunications facilities of
network 100 over the selected trunk 106 by controller 231, it notifies DCS
controller 261, which in turn sends an ANSWER message to ECP complex 134 to
notify it of call completion. The call is now established fully through the system of
FIG. 2, and call traffic can flow between selected channel elements 245 through
service circuit 612 and trunk 106 to and from the telecommunications facilities of
network 100 and the call’s destination. ' |

FIG. 24 shows control signalling for setup of a call path for a call
ongmatmg at public telephone network 100. Network 100 initiates the call by

~ seizing a trunk 106 and outpulsing thereon the digits of the called telephone number,
in a conventional manner. Controller 231 of a speech coder module 220 serving that
trunk 106 detects the seizure on the trunk’s corresponding time slot of TDM bus 130
and collects the dialed digits, again conventionally, and then notifies DCS
controller 261. Controller 261 in turn notifies ECP complex 134 by sending it an
INCALL message. The INCALL message conveys the called telephone number, and
module 220 and trunk 106 LD.s. _

ECP complex 134 responds to the INCALL message by broadcasting to
all cells 202 in the system of FIG. 2 an MSC_ PAGE_REQUEST message. The
MSC_PAGE_REQUEST message identifies the called mobile 203 (e.g., conveys the
called phone number).

Controller 142 of cach cell 202 responds to the '
MSC_PAGE_REQUEST message by conveying the MS C;PAGE_REQUEST
message to a CDMA access-channel element 245 via cluster controller 244. The
access-channel element 245 responds by paging 1 the called mobile 203, in the manner
specified for the CDMA arrangement.

When the called mobile 203 responds by transmitting a RESPONSE
signal, one or more of the paging channel elements 245 receive the signal, and each
passes it on to its respective cluster controller 244, Cluster controllers 244 forward
the messages to controllers 241 of their respective cells 202. Controllers 241 of all .
cells 202 are continually exchanging messages (not shown) to update each other’s
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-55 - connected, and sendi ng an MSCNEW HANDOFF. nessage to controller 141 or
241 of new cell 102 or 202. The nessage identifies the selected trunk 109
and queries if new cell 102 or 202 can handle the call. Controller 141 or
241 of new cell 102 or 202 replies w th 42 CHANNEL ACTI VATI ON CONFI RVATI ON
nmessage to ECP conpl ex 134 |dent|fy| ng the conventional nobile channel on

soi ot o {1 RS b ifhaies M TRRUEMR Rl ol Co Bt [

i s connect edthesespeetiveregll @emoe frg smsssag@@dumel iabestsvitats

control |l er 2f %&ﬁ% 0 or 220 to
whi ch new Ceihaﬂﬁle%ﬁé!dlﬂ él%ﬂ%%lcﬁgékél&t@&cflfmﬂgﬁ”un 109 that is

1S
connect ed t o PONSE mossage.priita B 4ttP gatfycemplex 134 ng
f rom ser vi ngofstharell’ sosetbetiontuhandleAfio) callDCS cont roI | er 261 of. serving DCS 201

e e e o EC Ao 15 FEAINS (LI PRORIRERBONRE! Sl s

serving nodule 220 t0 Co
selects a service circuit 612 of module 220 to which the call is connected to handle
the call at the other end of the call path. ECP complex 134 then sends an
MSC_FS_ASSIGNMENT message to controller 241 of the selected cell 202. The
message is the same as described for the mobile call-origination, and elicits the same
response -- to wit, an FS_CONNECT, FS_ACK, FS_CLOCK_ADJUST, and
FS_ACK packet exchange sequence between cell 202 and SPU 264, followed by a
CHANNEL_CONFIRMATION message from cell 202 to ECP complex 134, as
described for FIG. 23. ECP complex 134 also sends a TONE_REQ message to DCS
controller 261 that controls the module 220 to which the call is connected. _
Controller 261 responds by causing controller 231 of module 220 to épply ringback
to the trunk 106 that carries the call to and from telecommunications facilities of
network 100.

Following sending of CHANNEL_CONFIRMATION message to ECP
complex 134, selected channel element 245 transmits RINGING signals to called
mobile 203. When called mobile 203 responds with an ANSWER signal, selected

~ channel element 245 causes an ANSWER miessage to be conveyed from its cell’s
controller 241 to ECP complex 134. ECP complex 134 responds by sending an

 ACCEPT message to DCS controller 261 of module 220 to which the call is
connected. The message conveys the LD. of service circuit 612 thathad been’ =
selected to handle the call. Controller 261 responds by causing controller 231 to
remove ringback tones from the call, and then causing a connection to be made
between the DSO channel carrying the call on TDM bus 130 and selected service
circuit 612, in the manner described for a mobile-originated call. ‘Controller 261
then sends a CONNACK message to ECP complex 134 to advise it of successful
-completion of this end of the connection. The call path is now established fully
through the system of FIG. 2, and packets bearing call traffic can flow between
selected channel element 245 and the call’s source, through service circuit 612.

FIG. 25 shows control signalling for call disconnection initiated by
‘mobile telephone 203. Mobile telephone 203 initiates disconnection of an

established call in which it is participating by transmitting a HANGUP sighal. This
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the call (the TDM bus 130 tine slot) to the identified outgoing trunk 109
in .a conference arrangenent, and causing TM5 121 to connect the two .
identified trunks 109 to each other. Controller 261 of serving DCS 201 then
sends a CONNACK nessage to ECP conplex 1343#0 advise it of conpletion of

t he connecti on between the serving and the new nmodul es. ECP conpl ex 134

responds by s aﬁm |daBl! f serving
cell 202 convgi |nggﬁ"|gw%§7?rachanne lﬁmﬂﬂﬂ El'Igeaialﬂ J%gﬂ%érr 202 wi | |
handl e the caflemeph245zsppands by sendingtn §$ &EM °§ bﬂfg"@?m“@?errent

245 to tr anf”%gﬂll i§ hﬁkﬂﬂing}}tﬁe cahid advied) 1E6f'm0%aﬂaﬁc6ﬁﬂ€&ﬁﬁdl ng it to SW: t CE to
conventional nobile t on er on hannel that
was specified in the W@m&ﬁ?—é é@&&@%"%ﬁ?’?‘%éﬁq‘é’f}w 203
does so and cBSnAGCKepacket:35 1o thanngl clemtht245ay pactiof ithe prbmlaprpcmwg@ﬁme 102
or 202 receiv
FIANDCEF VO! O SRS VEER B R B pldhudi e EE&E%%‘@&%“P; oy ok e‘s‘&%&‘”‘"ﬂ‘
an MSC CHANNEIs handling thecalite show that the call as been disconnected. Traffic for the ¢ l____._
now ceases to flow between chanriel element 245 and service circuit 612, and_
channel element 245 causes as RELEASE_MSC message to be sent by its cell’s
controller 241 to ECP complex 134, to advise it of disconnection of this end of the
call path.

ECP complex 134 responds by sending 2a CLEAR message to DCS
controller 261 of speech coder module 220 that is handling the call, and by sending
an MSC_ RELEASE_ACK'messagc to controller 241 of cell 202 that was handling
the call, to advise it that channel element 245 which had been handling the call is
now free and available to handle a new call. Controller 261 responds to the CLEAR
message by causing controller 231 of module 220 to release trunk 106 that carries
the call, and causing translation and maintenance processor 609 of the speech
processing unit 264 that contains service circuit 612 which is handling the call to
disconnect the DS0 channel which is carrying the call from the concentration
highway 607 time slot that is assi-gncd to that service circuit 612. Controller 261
then sends a CLEAR ACK message to ECP complex 105 to notify it that this end of
the call path has also been disconnected.

FIG. 26 shows control signalling for call disconnection initiated from
public telephone network 100. Network 100 releases trunk 106 which carries the
call. The release is detected by controller 231 of speech coder module 220 that is
handling the call, which notifies DCS controller 261, and controller 261 in turn
notifies ECP complex 134 by sending it a DISCONNECT message.

‘ ECP complex 134 responds to receipt of the DISCONNECT message by
sending an MSC_ NETWORK_RELEASE message through cell controller 241 and
cluster controller 244 to channel element 245 that is handling the call. Channel
element 245 responds by transmitting a RELEASE signal to mobile telephone 203
that is involved in the call, and causing an FS -REMOVE packet 351 to be sent to-
service circuit 612 that is handling the call. The FS_REMOVE signal is the same as
described for the mobile-initiated disconnection, and elicits the same response.
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nmessage to serving cell 202 and a CLEAR nessage to DCS controller 261 of
serving DCS 201, to cause serving cell 202 and serving SPU 264 to drop out -
of handling of the call. The nessages are the sane as di scussed for
CDVA-t o- CDMA hard handoff, and elicit tHd.sane responses. As in that case,
recei pt of both the CLEAR ACK and FS CONFI RVATI ON nessages i ndi cates to ECP

conpl ex 134 that the Qgcﬂlfsé ﬁﬁﬁ?@ now to
Fl(rrap 35, the handoff to new cefb&?qgeor coﬁ“ecté@l gﬁé f rent

switch 101 dmrngdyp thegall UB:signal, This signal l%mvvdabYaioghown i 3
3 TGy handl Wg serve

ElyGa ngw Dot tmﬂ&ﬁtﬁl e?ﬁztggegnqsngrl%k &g cl?,bY Eﬁlsﬁg(s‘agnfj E ANAL OG

HANDGFRE%S@&@@ c33a8¢ 40, 0¢ sent by, U8 c¢ll's gentroller 241 to ECP

complex 134, to inform it of disconnection of this end of the call.

ECP complex 134 responds by sending a CLEAR message to DCS
controller 261 of speech coder module 220 that has been handling the call. The
CLEAR message is the same as described for the mobile-initiated termination, and _
elicits the same response.

FIGS. 27-29 show control signalling for soft handoff of the call from
one cell 202 to another. FIG. 27 shows signalling for the beginning of soft handoff,
when a second cell 202, referred to as a slave cell, commences to handle the call
jointly with cell 202 that had been handling the call until then, referred to as a master
cell. A mobile telephone 203 that is involved in a call monitors the strength of pilot
channel signals that it receives from g plurality of cells 202 including master
cell 202, and it periodically sends to master cell 202 a PWR.INFO. report on these
received power levels. Channel element 245 that is handling the call passes this
report on to controller 241 of master cell 202. On the basis of this information, and
information exchanged between the cells 202 themselves, controller 241 of master
cell 202 determines whether only master cell 202 should continue to handle the call,

“or whether another cell 202 should be added to the call. If controller 141 of master
cell 202 determines that another cell 202 should be added to the call, and that this
slave cell 202 can handle the call using CDMA and the same mobile channel as
master cell 202, controller 241 of master cell 202 sends a HANDOFF REQ message
through control links 108 and IMS 104 to controller 241 of slave cell 202,
HANDOFF_REQ message conveys the DLCIs of call-handling service circuit 612
which are not used by master cell 202 for this call, and the LD. of the mobile
channel on which the call is being conducted.

Controller 241 of slave cell 202 receives the HANDOFF_REQ message
and selects a channel element 245 of slave cell 202 and one of the received DLCIs of
call-handling circuit 612 to handle the call. (Alternatwely. the HANDOFF_REQ
‘message may convey the DLCI of call-handling service circuit 612 which is used by
master cell 202 for this call, and controller 241 of slave cell 202 merely toggles the

‘value of the least-significant bit of that DLCI which is contained in the message, to
change the DLCI value to a second DLCI that corresponds with service circuit 612
that is handling the call.) Controller 241 then forwards the selected DLCI along with
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handof f. The nessage identifies the proposed new cell 102 or 202. ECP

conpl ex 134 responds to this nessage by determ ning which switch 101 or 201
is connected to new cell 102 or 202, and | ecting a new switching nodul e
120 or 220 of that switch 101 or 201 and "&@ trunk 106 connected to that

sel ected nodul e 120 or 220 to handle the call. ECP conplex 134 then selects
an out goi ng tomakcdtﬂﬁltsohﬂ\emdedmesmgeltlmugbdlclmtezemmulbrgéhussdecw UP

t ed
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wi || be invol yetheipackst addressdn field 302, indi¢onveys (REeDLICTof seledied chamel nst ead of
conpl ox iSf.Sﬁf??ﬂ%é e
When processor 602 serving service circuit 612 that is handling the call
receives the FS_JOIN packet, it returns an FS_ACK packet 351 to selected channel -
element 245 in acknowledgment of receipt of the FS_JOIN packet, as part of LAPD
processing at step 904 of FIG. 11. Processor 602 then stores the conveyed DLCI of
selected channel element 245 as part of the call state that is associated with service
circuit 612 that is handling the call, and marks the call state as being in soft handoff.
A connection is now established between selected channel element 245 of slave
cell 202 and service circuit 612 that is handhng the call, and they begin to exchange
call traffic packets.
Channel element 245 of slave cell 202 responds to receipt of the
FS_ACK packet by causing a HANDOFF_ACK message to be sent by its cell’s
controller 241 via control links 108 and IMS 104 to controller 241 of master cell 202
to advise it of completion of the connection. Controller 241 of slave cell 202 also
sends a HANDOFF_INFORMATION message to ECP coinplex 134 to notify it of
the soft handoff, and ECP complex 134 updates its database. Call traffic packets
now flow between the one service circuit 612 and channel elements 245 of both
master and slave cells 202 that are handling the call.
FIGS. 28 and 29 show signalling for the end of soft handoff, when one
‘of the two cells 202 that is handling the call ceases to do so. Typically, though not
necessarily, this will be the master cell 202. This scenario is shown in FIG. 28.
During soft handoff, master and slave cells 202 receive PWR.INFO. reports on pilot
channel power levels measured by mobile telephone 203. Note-that this PWR.INFO.
is different from the power control trend information which is received during soft
handoff from both cells 202 by processor 602 and is swapped between the two
cells 202, Each cell 202 includes the received PWR.INFO. as reverse signalling in
the next packet 350 that it sends to service circuit 612 that is handlmg the call.
Processor 602 serving service circuit 612 that is handling the call
receives the PWR.INFO. as reverse signalling from both cells 202, selects and saves
the PWR.INFO. from only one cell 202, at steps 968 of FIG. 13 or 998 of FIG. 14,
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message to DCS controller 161 or 261 of new DCS 101 or 201. DCS controller
161 or 261 responds by causing controller 131 of new nodule 120 or
controller 251 of a cell interconnect nodul e 209 to connect the sel ected
trunk 106 of new nodule 120 or 220 to th#&all (i.e., to the call's
corresponding tinme slot or either TDM bus 130 of nodule 120 or TDM bus 230
of CI'M 209), addahab;endsﬂat&meleﬁglmEOnrbaektwmtheém hmépssme@hed t runk

s | t out put of
ot h new cel | R HCOLS 08 sotdinfof e btbns stobd by Belobr 60 8% e Cane
time slot of qemosubatzsmvslveden medgnéqa'émxmemmm een2 by theped 202rthaw! | er
161 or 261 of repgyedbenet Qlalty astf#mnfo%hum FhERIVES PR PAPRIRFO. (;ontrol or

231 of servi rgrHEHEA é&ee"%&ﬁés;”?egﬁ‘ BTt the connect i on and noti f1 es
serving DCS control | eConfidllers24T tise thigiafsimativn t@&ét&%ﬂ?wgan oheviRkemeSSage
?rgs E gg ecg;m Is ZM%%WB%%&&B@’ ?ﬂ %pdms?gl‘*@ Fbgggtcmnngg,r vi ng
cell 202. that is should cease handling the call, it sends a HANDOFF_DIRECTION signalling
packet to processor 602 that serves the call-handling service circuit 612. The packet
indicates that handling of the call is being turned over to slave cell 202. Processor
602 duplicates the signalling and returns it to both master and slave cells 202, as
shownin FIG. 15.
- Upon receiving the HANDOFF_DIRECTION signalling, channel
clements 245 of both master and slave cells 202 transmit the
HANDOFF_DIRECTION information to mobile telephone 203 to appraise it
thereof. Controller 241 of master cell 202 then sends a MASTER_TRANSFER
message via control links 108 and IMS 104 to controller 241 of the other cell 202
that is involved in the soft handoff, to notify it of completion of the handoff and that
itis to become the new master cell 202, and also forwards a copy of that information
to channel element 245 of its own cell 202 which is handling the call. Channel
element 245 responds by ceasing to communicate call traffic to and from mobile
telephone 203 and causing an FS_REMOVE packet to be sent to service circuit 612
that is handling the call to advise it of cessation of its involvement in the call.
Processor 602 responds to the FS_REMOVE packet by returning an
FS_ACK packet to sending channel element 245 as part of the protocol processing of
the FS_REMOVE packet, and by updating the call state for service circuit 612 to
show that the call is no longer in soft handoff. Controller 241 of former master
cell 202 receives the FS_ACK packet and responds by ceasing its cell’s involvement
in the call. Traffic for the call ceases to flow between channel element 245 of former
master cell 202 and service circuit 612 that is handling the call, but continues to flow
between service circuit 612 and channel element 245 of the former slave cell 202.
Controller 241 of former master cell 202 now sends a HANDOFF " INFORMATION
- message to ECP complex 134 to notify it of completion of the handoff and the result
thereof. ECP complex 134 updates its database accordingly.

This is the replacement shoet

Data: - 1 AUG m



The nessage is the sane as discussed in conjunction with FIG 34, and

henceforth -57 - the handoff proceeds the sane as described for FIG 34,
unti|l handoff conpletion. O course, .Zhoul d be understood that various
changes and nodifications to the |IIusf? five enbodi mrent descri bed above

will be apparent to those skilled in the art. For exanple, different packet
transmi ssi on techni dmeeu benondahatm&wnmmaslro&mmm eOIrtdmains be

d O, tles of
the sl 1 5, RSy hinvoRR T i grotREls ot MG W%‘ %“ﬁz@%ﬁ‘% $3ged.
Al so, nodul dsalsp PWWP aeéip@epaﬂoréems@paﬁeéox wowbv@nm sc:Ms 220)
may be int elGBaReARY] the cal-Baidlia c&;s of DAS éonitrdfibezg] a@a BECQPdomsplegct |y by

pseudo: synch %”"gt Wp&?ﬁ“ itaﬁé"e 3 165 ol dO PSR, bl | & t el ephony
: FIG. 29 shows the scenano for soft-handoff completion wherein slave
cell 202 ceases to serve the call 202 and master cell 202 continues to serve the call
alone. Once again, the procedure begins with the master and slave cells 202
providing pilot channel PWR.INFO. reports to processor 602 that serves the call-
handling service circuit 612, and return to both cells 202 of the PWR.INFO. that
was provided by the cell 202 that is receiving better signals from mobile
telephone 203. When controller 241 of master cell 202 determines on the basis of
these and other reports that slave cell 202 should cease handling the call, it sends a
HANDOFF_DIRECTION signalling packet to processor 602 which indicates that
handling of the call is being regained by master cell 202, Processor 602 duplicates

the signalling and returns it to both master and slave cells 202, again as shown in
FIG. 15.

Upon receiving the HANDOFF_DIRECTION signalling, channel
elements 245 of both master and slave cells 202 transmit the HANDOFF-
DIRECTION information to mobile telephone 203 to appraise it thereof.

Controller 241 of master cell 202 then sends an INTRA/INTER_CELL

. HANDOFF_REMOVE message via control links 108 and IMS 104 to controller 241
of slave cell 202 to notify it of completion of the handoff and that it is to drop out of
handling of the call. Controller 241 of slave cell 202 notifies channel element 245 of
-slave cell 202 which is handling the call. Channel element 245 responds in the same
manner as was described in conjunction with FIG. 28 for channel element 245 of
master cell 202: by ceasing to communicate call traffic to and from mobile
telephone 203 and initiating an FS_REMOVE, FS_ACK packet exchange with
processor 602. Traffic flow ceases between channel element 245 of slave cell 202
and service circuit 612 that is handling the call, but continues between service
circuit 612 and channel element 245 of master cell 202. Controller 241 of former
slave cell 202 now sends a INTRA/H\ITER_CELL_HANDOFF_ACK message to
master cell 202, and a HANDOFF_INFORMATION message to ECP complex 134,
to notify them of completion of the handoff and the result thereof. ECP
complex 134 updates its database accordingly.

This is ths replacement shwei

pate: ~ 1 AUG 19%.



--for exanple, to personal communi cations networks (PCNs). Such changes and
nodi fi cati ons can be nade w thout departing fromthe spirit and the scope
of the invention and without dimnishing its attendant advantages. It is
therefore intended that all such changeggand nodifications be covered by
the follow ng clains. W claim 1. A communications system conprising: a

by 7115t ol ock 51 gnaks TREIS 43, terk UilA OFKLGEe Bkl LFS fonslghagl, &
second unit afnﬁrEGFcb’iﬁplbi 134in ﬂhtﬂwﬁdaﬂ teroninationcproceéduresy traffic at tinmes
dictated by clock sigpal BaVE3Gnhdl Sighllling3or ENCRLGAGKCon initiated by
mobile telephone 203 while the call is in soft handoff. Mobile telephone 203
initiates disconnection of the call by.transmitting a RELEASE signal. This signal is
received by channel elements 245 which are handling the call in both master and
slave cells 202. Each channel element 245 responds by sending cell-to-mobile
reverse signalling conveymg the RELEASE slgnal in the next packet 350 that it
sends to service circuit 612 that is handling the call.
Processor 602 serving that service circuit 612 receives the s_ignalling
from both cells 202 but saves only one copy, at step 968 of FIG. 13 or 998 of
FIG. 14, and returns the saved copy of the RELEASE signalling back to channel
elements 245 of both master and slave cells 202 in the next traffic packet, at
steps 1216 or 1222 and 1236 of FIG. 15. Controller 241 of master cell 202 responds
to return of the RELEASE signalling by sending cell-to-mobile
MOBILE_DISCONNECT forward signalling in the next packet 350 ‘that is sent to
service-circuit 612 that is handling the call.
' Processor 602 serving that service circuit 612 receives and stores the
 signalling, at step 956 of FIG. 13 or step 986 of FIG. 14, and then returns it to
channel elements 245 of both master and slave cells 202 in the next traffic packet, at
steps 1222 and 1236 of FIG. 15. Channel elements 245 of both master and slave
cells 202 each respond to receipt of the MOBILE_DISCONNECT signalling by
transmitting a RELEASE signal to mobile telephone 203. Controller 241 of master
cell 202 then sends a cell-to-mobile signalling NULL_TRAFFIC command in the
next packet to service circuit 612. This command is returned to both cells 202 by
processor 602, in the manner just described for MOBILE_DISCONNECT signalling
Channel elements 245 of both master and slave cells 202 each respond to receipt of
the NULL,_TRAFFIC command by ceasing to transmit call traffic and instead
commencing to transmit null traffic to mobile telephone 203. Both channel
elements 245 also each cause an FS_REMOVE packet 351 to be sent to service
circuit 612 that is handling the call. The packets are the same as has been described
previously, and elicit the same responses from processor 602. Upon receipt of an
FS_ACK packet from processor 602, each cell’s channel element 245 stops
communicating with mobile telephone 203, and causes a RELEASE_MSC message
to be sent by its cell’s controller 241 to ECP complex 134 to notify complex 134 that
the corresponding cell 202 has ceased to handle the call. ECP complex 134 updates
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athirdunit for interfacing comuni cations between the first and the
second units by transmtting to the first unit incom ng comuni cation
traffic received fromthe second unit at tines dictated by clock signals
havi ng the nom nal frequency and having a second phase that is offset by an
adjustably fixed amount fromthe first phgse; a comruni cati ons nedi um
connecting the second unit with the third unit and conveying comuni ca-

recept i on, ¢ A AR oRtsRbiokfy, 3RE G ASE, RELERSE ACK mifiatessfc v s on
del ay; first contoilers 241 ofmaester andrsipvdeetlh_ém t Fallowing ceceipt bfﬁ)gse:'cmd_s i ncom ng
cormmun | cat | OREIEPASE MS TR, BEEPUMhIAN 1341 LeRaPh 0F HAK Heage Y BERNS Of
' controller 261 of speech coder module 220 that is handling the call. The message is
the same as described for FIG. 25 and elicits the same response from DCS
controller 261.

FIG. 31 shows control signalling for call disconnection initiated from
public telephone network 100 while the call is in soft handoff. Network 100 releases
trunk 106 that carries the call. The release is detected by controller 231 of speech
coder module 220 that is handling the call, and controller 231 notifies DCS
controller 261, which in turn notifies ECP complex 134 by sending it a
DISCONNECT message.

ECP complex 134 responds by sendmg an MSC
NETWORK_RELEASE message to cell controllers 241 of master and slave
cells 202. Controller 241 of master cell 202 responds by sending <:¢ll-to-mobile~
forward signalling conveying a RELEASE signal in the next packet 350 that it sends
to service circuit 612 that is handling the call,

Processor 602 serving that service circuit 612 receives !he RELEASE
signal and stores it, at step 956 of FIG. 13 or step 986 of FIG. 14, and then sends the
stored RELEASE signal to channel clements 245 of both master and slave cells 202 -
in the next traffic packet, at steps 1222 and 1236 of FIG. 15. Channel elements 245
of both master and slave cells 202 each respond to the signalling information by
transmitting a RELEASE signal to mobile telephone 203 that is involved in the call.

In response to receiving the RELEASE signals transmitted by channel
elements 245, mobile telephone 203 hangs up the call and transmits a MOBILE
DISCONNECT signal as confirmation. This signal is received by channel
clements 245 of both master and slave cells 202. Each channel element 245 that is
handling the call responds thereto by causing a FS_REMOVE packet 351 to be sent
to service circuit 612 that is handling the call. The packets are the same as has been
described previously, and elicit the same responses from processor 602. Upon

. Teceipt of the FS_ACK packet from processor 602, each channel element 245
responds by causing a RELEASE_CONFIRMATION message to be sent to ECP
complex 134 to inform it of the call disconnection.

Following receipt of the second RELEASE_CONFIRMATION
message, ECP complex 134 sends a CLEAR message to DCS controller 261 of
speech coder module 220 that is handling the call. The message is the same as
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prior to the tinmes of transm ssion by the third unit of the received

I ncom ng communi cation traffic; and second neans responsive to a

determ nation that re- ceptions of the incom ng comrunication traffic at
the third unit fall outside of the wi ndows for either increasing or
decreasi ng the anmount of the offset of ._tgba_ second phase fromthe first
phase to nove the receptions into the windows. 2. The systemof claiml
wherein: the second neans adjust the offset at comrencing of a

comuni cat i odescribeshfor FIG25gndelicits the samerespogst-r ed to nove the receptions

substantially into CEMGESZsifws domtrdl ﬁé&&_ﬁn% ford seAli‘¢5ft halidDbL the talllfom | Ny

the communi Cgttxcl c nan}w element 243 to ;nosﬂ?e%.u néelmai-soft handoff occurs between channel
elements 245 of either the same cell 202 or different cells 202 connected to the same
DCS 201, and involves a change in the mobile channel that is carrying the call. As
for soft handoff, controller 241 of cell 202 that is handling the call -~ the serving cell
-- monitors PWR.INFO. supplied by mobile telephone 203 to determine whether
serving channel element 245 should continue to do so, or whether the call should be
handed off to a new channel element 245 in either the same or a different -- a new --
cell 202. If controller 241 of serving cell 202 determines that it should hand off the
call to a new channel element 245, and that new cell 202 can handle the call using
CDMA, controller 241 of serving cell 202 sends a HANDOFF_REQ message
through control links 108 and IMS 104 to controller 241 of new cell 202. (If serving
cell 202 and new cell 202 are the same cell, this message is not sent outside of the
cell) The message is the same as described for soft handoff, and elicits the same
response from new cell 202 as it does from a slave cell 202. However, because new
channel element 245 does not operate on the same mobile channel as mobile
telephone 203 and serving channel element 245, new channel element 245 is not in
communication with mobile telephone 203 and only null traffic packets flow from
new channel element 245 to service circuit 612 that is handling the call.

The HANDOFF_ACK message that is sent by new cell 202 back to
serving cell 202 speciﬁes the mobile channel on which new channel element 245
operates. Controller 241 of serving cell 202 receives the HANDOFF_ACK message
and responds thereto by causing serving channel element 245 to transmit a signal to
mobile telephone 203 telling it to swiich its operations to the mobile channel on
which new channel element 245 operates. When mobile telephone 203 does so,
traffic begins to flow between mobile telephone 203, new channel element 245, and
service circuit 612, but ceases to flow between mobile telephone 203 and serving
channel element 245, and only null traffic packets commence to flow from serving
channel element 245 to service circuit 612. -

New channel element 245 responds to commencement of receipt of call
traffic from mobile telephone 203 by causing a HANDOFF_INFORMATION
message to be sent to ECP complex 134, and an INTERCELL,_HANDOFF message
to be sent to sérving cell 202, to notify them of the handoff. ECP complex 134
'updates its database, while controller 241 of serving cell 202 causes the cell to drop
out of serving the call. Specifically, channel element 245 of sérving cell 202 causes
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steps. 1| C L M S - 59 - 3. The systemof claim1 further conprising:
third nmeans cooperative with the second neans for inserting additional
traffic into the incom ng com nunication traffic received by the third
unit and transmtting the additional traffic to the first unit while the
amount of the offset is being increased,.gpd for deleting a portion of the
i ncom ng conmu- nication trafflc received by the third unit fromthe

' ncom ng commnk:ga{{h%%aﬁ‘az et 16 bé Qesnrtntot ée?'%ctc %n‘cm?ﬁlZ that is serving the call. The

packet is the same as discussed previously and elicits the same response. Traffic
thus ceases to flow between serving channe! element 245 and service circuit 612.
Serving channel element 245 responds to receipt of the FS_ACK packet from service
circuit 612 by causing a HANDOFF_INFORMATION message to be sent to ECP

- complex 134 to notify it of handoff compleuon, and ECP complex 134 updates its .
database,

- Once again, it will be noted that DCS controller 261 of the serving

DCS 201, remains wholly uninvolved in the procedure of FIG. 31, and that ECP
complex 138 is also uninvolved éxcept for being notified of the completion of the
procedure. Consequently, the call-handling capacity of controller 261 and ECP
complex 134 is not adversely impacted by the semi-soft handoff procedure.

FIG. 33 shows control signalling for a hard handoff from one CDMA
cell 202 to another. In CDMA, hard handoff does not necessarily involve a change
in the mobile channel, but it does involve a change in the digital cellular switch 201
(see FIG. 2) which is handling the call.

| As for soft and semi-soft handoff, controller 241 of cell 202 that is
handling the call --referred t0 as serving cell 202-- monitors PWR.INFO. supplied by
mobile telephone 203 and uses it along with other status information to determine
whether serving cell 202 should continue to handle the call, or whether it should
hand the call off to another cell 202 --referred to as new cell 202-- that is connected
to a different mobile telephone switch 201 than serving cell 202. If controller 241 of
serving cell 202 determines to hand off the call, it sends a
HARD_HANDOFF_REQUEST message to ECP complex 134. The message
identifies the call, the proposed new cell 202, and the mobile channel that is being
used for the call by serving cell 202.

ECP complex 134 responds to the message by determining which
DCS 201 is connected to new cell 202, and selecting a new speech coder module 220
within that DCS 201 and as service circuit 612 of the new module 220 to handle the
call. ECP complex 134 then selects a trunk 206 connecting serving speech coder
module 220 of serving DCS 201 with new speech coder module 220 of new
DCS 201, and sends a SETUP message to controller 261 of serving DCS 201
identifying the selected new speech coder module 220, service circuit 612, and
trunk 206, and also identifying the trunk 106 of serving speech coder module 220 -
which carriés the call.
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first unit while the amount of the offset is being decreased. 4. A

communi cations systemconprising: a first unit for transmtting outgoing
communi cation traffic at times dictated by first clock signals having a
nom nal frequency and a first phase; a second unit for transmtting

out goi ng conmuni ca- tion traffic at timesadictated by clock signals having
the nom nal frequency; a third unit for iMterfacing conmunications between
the first and the second units by transmitting to the second unit outgoing

communi cation traffi c Goatrollen 26d Pfiserying DS 1201 seceives the:SETURmessageranded by
cl ock si gnal srclgatids Bylclsing Sortdilef 2FVORRAInFRddNR Y2050 Seidededentitage t hat
's offset by glr}nka%é,] %ot gl?t{)XlSL thereon identification of the selected module 220 and service
circuit 612, and to connect call-carrying trunk 106 to trunk 206 in a conferencing
arrangement. This results in seizure of trunk 206 at new module 220 and collection
by new module’s controller 231 of the outpulsed identification. Controller 261 of
serving DCS 201 then sends a CONNACK message to ECP complex 134 to advise it
of establishment of the connection between serving and new modules 220, while
controller 231 of new module 220 sends the collected outpulsed information to
controller 261 of new DCS 201, which sends an INCALL message conveying the
collected outpulsed information to ECP complex 134 to advise it of the incoming
call' . ]

ECP complex 134 associates the received CONNACK and INCALL
messages on the basis of their contents; the messages serve as confirmation to ECP
complex 134 that TDM buses 130 of new and serving modules 220 are now
interconnected through trunk 206. ECP complex 134 then sends a
MSC_NEW_HANDOFF message to controller 241 of new cell 202. This message
notifies new cell 202 that it has been selected to handle the call, and conveys to it the
identification of the mobile channel that is presently carrying the call. New cell
controller 241 responds by determining whether new cell 202 can handle the call,
and if so, on which mobile channel. New cell controller 241 then sends a
CHANNEL_ACTIVATION_CONFIRMATION message conveying this
information back to ECP complex 134, Assuming that new cell 202 can handle the
call, ECP complex 134 sends to new cell controller 241 an
MSC_FS_ASSIGNMENT message conveying the DLCIs of the service circuit 612
of new module 220 which has been selected to handle the call. This message is the
same as discussed previously in conjunction with FIG. 23, and elicits the same
responses. New cell 202 returns an FS_CONFIRMATION message to ECP
complex 134, and ECP complex 134 in turn sends an MSC_OLD_HANDOFF |
message to serving cell 202, advising them of completion of the connection between
‘new channel element 245 and new service circuit 612, and the mobile channel on

~ which new channel element 245 6perate_s.
ECP complex 134 responds to the FS_CONFIRMATION message by
- sending an ACCEPT message to controller 261 of he_w DCS 201. Controller 261 of
new DCS 201 responds by causing controller 231 of new module 220 to make
connection between new service circuit 612 and trunk 206 connecting new
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amount fromthe first phase; a comuni cations nedi um connecting the second
unit with the third unit and conveying comrunica- tions traffic transmtted
by the third unit to the second unit for ':Siecept i on, the conmunications

medi um having a fluctuating transm ssioh?del ay; first means for determ ning
whet her the second unit receives outgoing communi cation traffic fromthe

third unit w‘mdajule pUUCG b mmwmmmnnMemﬂm pi'mddsly for NCCEFT -
rartic andmeuisth NEATEHEbe Supal BAGR R AR R REIR Sl T
of the out gmbamgcconmmdc:atthe)sannﬂahé slot of TDMbest¥hof serving speie¢h eadesi de of
the wi ndows tolye 220, in a conference arrangement. If both new and serving channel
elements 245 are operating on the same mobile channel, this results in
superimposition of duplicate outputs on the same time slot, and thus has |
substantially no effect on the time-slot contents. If the two channel clements 245 are
not operating on the same mobile channel, this results in superimposition of real
traffic and null traffic samples --speech or data, and silence-- on the same time slot,
and thus again has substantially no effect on the time-slot contents. Controller 261
of new DCS 201 then returns a CONNACK message to ECP complex 134 1o advise
it of completion of the connection. Controller 231 of serving module 220 detects
completion of the connection and notifies controller 261 of serving DCS 201, which
returns an ANSWER message to ECP complex 134 to notify it thereof.
Serving cell controller 241 responds to MSC_OLD_HANDOFF
message that it receives from ECP complex 134 by checking the message contents to
determine if new channel element 245 is operating on the same mobile channel as
- serving channel element 245, If not, serving cell controller 241 causes serving
channel element 245 to transmit a signal to mobile telephone 203 commanding it to
switch operation from the mobile channe] that it is now using to the mobile channel
used by new channel element 245, as shown in dashed lines in FIG. 33. When
mobile telephone 203 does so, traffic flow is switched from serving cell 202 to new
cell 202, as shown in dashed lines. '
Channel element 245 of new cell 207 responds to commencement of
receipt of the call traffic by causing new cell controller 241 to send a
HANDOFF_VOICE_CHANNEL_CONFIRMATION message to ECP complex 134,
This message advises ECP complex 134 of success of the handoff. ECP
complex 134 responds by sending an MSC_CHANNEL_DEACTIVATION message
to serving cell 202 and a CLEAR message to controller 261 of serving DCS 201 to
cause serving cell 202 and serving SPU 264 to drop out of handling of the call.
Controller 241 of serving cell 202 forwards the _
MSC_CHANNEL _DEACTIVATION message to serving channel element 245,
which responds by causing an FS_REMOVE packet to be relayed to serving service
circuit 612. The packet is the same as described previously, and elicits the same
response. When serving cell 202 has ceased to handle the call, its controller 241
sends an FS_CONFIRMATION message to ECP complex 134 to advise it thereof.
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ei ther increasing or decreasing the amobunt of the offset of the second
phase fromthe first phase to nove the receptions into the w ndows. - 60
--5. The system of claim4 wherein: the second neans adjust the offset at
comenci ng of a conmmuni cation in one step by any anount re- quired to nove
the receptions substantially into cente§§ of the w ndows, and adjust the

of fset dur- ing the communication in a Series of sequentlal steps. 6. The

system of claim4 fugther. conprisi
Y éommller 261 of servmg DCS 201 passes the received CLEAR message

to controller 231 of serving module 220. Controller 231 responds by causing
translation and maintenance processor 609 of speech processing unit 264 which
contains serving service circuit 612 to disconnect the call (i.e, the time slot of TDM
bus 130 which is carrying the call) from the concentration highway 607 time slot that
is assigned to that service circuit 612. However, because new service circuit 612 of
new module 220 is now connected to_trunk 106 that carries the call to and from
TDM bus 130 of serving module 220 via trunk 206, controller 231 of serving
module 220 does not release that trunk 106 and TDM bus 130 time slot.
Controller 261 of serving DCS 201 then sends a CLEAR_ACK message to ECP
complex 134 to advise it that serving SPU 264 of serving module 220 has ceased to
serve the call. Receipt of both the CLEAR_ACK and FS_ CONFIRMATION
messages indicates to ECP complex 134 that the handoff has been completed.

FIGS. 34-35 show control signalling for a hard handoff from a CDMA
radio 243 of a serving cell 202 to a conventional analog radio 143 of a new cell 102
or 202. FIG. 34 shows control signalling for the handoff between two cells
connected to the same DCS 201, while FIG. 35 shows the handoff between two cells
connected to different DCSs 201. |

Considering FIG. 34, a conventional mobile telephony cell 102 may be
equipped with a CDMA pilot channel. If it is, control communications procéed with
a new cell 102 as they would with a new cell 202, and are shown in FIG. 33; if new
cell 102 is not equipped with a CDMA pilot channel, the control communications
shown in FIG. 34 for new cell 102 instead also proceed with serving cell 202. In
other words, if new cell 102 is not equipped with a CDMA pilot channel, conversion
of the call to conventional mobile telephony occurs on serving cell 202, and only
then is the call handed off from serving cell 202 to new cell 102, in the conventional
hard-handoff manner.

As for handoff types discussed prevmusly, controller 241 of serving
cell 202 monitors PWR.INFO. supplied by mobile telephone 203 to determine
whether or not to l§and the call off to another cell. If controller 241 of serving
cell 202 determines that it should handoff the call to a conventional radio 143 in a
cell 202 or 102, and the new cell 202 or 102 is connected to the same mobile
telephone switch 201 as serving cell 202, controller 241 sends an
ANALOG_HANDOFF_REQUEST message to ECP complex 134. The message
identifies the proposed new cell 102 or 202. ECP complex 134 responds by selecting
a trunk 109 of a switching module 120 or 220 to which new cell 102 or 202 is
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third neans cooperative with the second neans for inserting additional
traffic into the outgoing com nunication traffic transmtted fromthe
first unit and causing the third unit to receive the additional traffic
whil e the amount of the offset is being.isg-. creased, and for deleting a
portion of the outing comunication traffic transmtted by the first unit

[fom e oot Sobng EPTMILS6b4 BTSN BARBARE bt Ll gt |
conprising: 41 ofsiewussll 102wr 2022 Thentessagg identifies thg sdecm!l truniai0%andt r af fic
and recei vi ng, dneﬁ‘é?{f‘dlgz &‘il%’blr‘ép 8 leRndrgfd theghﬁ ?B &éﬁ@%ﬂ' of 541 &theQy 1 7St
cl ock signal s*havi ng a uenc

cell 102 or 202 replies with a CIC-]!ANNé/L ACTIVATION BONFIRMA TION

message to ECP complex 134 identifying the conventional mobile channel on which

it will handle the call, and also connects that mobile channel to the selected

trunk 109. ECP complex 134 responds by selecting a trunk 109 that is connected to
serving module 220, and sends a CONNECT message to DCS controller 261 of

serving DCS 201 identifying new module 120 or 220 to which new cell 102 or 202 is
connected, the selected trunk 109 that is connected to new module 120 or 220, and

the selected trunk 109 outgoing from serving speech coder module 220.

DCS controller 261 of serving DCS 201 receives the CONNECT
message and responds by causing controller 231 of serving module 220 to connect
the call (the TDM bus 130 time slot) to the identified outgoing trunk 109 in a
conference arrangement, and causing TMS 121 to connect the two identified
trunks 109 to each other. Controller 261 of serving DCS 201 then sends a
CONNACK message to ECP complex 134 to advise it of completion of the
connection between the serving and the new modules.

ECP complex 134 responds by sending an MSC_OLD_HANDOFF
message to controller 241 of serving cell 202 conveying the mobile channel on
which the new cell. 102 or 202 will handle the call. In response, controller 241
causes serving channel clement 245 to transmit a signal to mobile telephone 203
commanding it to switch to conventional mobile telephony operation and to use the
mobile channel that was specified in the MSC_NEW_HANDOFF message.

When mobile telephone 203 does so and commences transmitting on the
new mobile channel, new cell 102 or 202 receives the transmissions and notifies
ECP complex 134 viaa HANDOFF_VOICE_CHANNEL_CONFIRMATION
message. ECP complex 134 responds with-an MSC_CHANNEL_DEACTIVATION
message to serving cell 202 and a CLEAR message to DCS controller 261 of serving
DCS 201, to cause serving cell 202 and serving SPU 264 to drop out of handling of
the call. The messages are thé same as discussed for CDMA-to-CDMA hard
handoff, and elicit the same responses. As in that case, receipt of both the
CLEAR_ACK and FS_CONFIRMATION messages indicates to ECP complex 134
that the handoff has been completed.
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a second unit for transmtting received i ncom ng and outgoi ng comruni cation
traffic at times dictated by second cl ock signals having the nomnal fre-
guency; a third unit for interfacing comruni cati ons between the first and
the second units by transmtting to the gcond unit out goi ng conmuni cation
traffic re- ceived fromthe first unit ar“fimes dictated by third cl ock
signal s having the nom nal frequency and having a second phase that is -

of fset by an adj ust- Rbfemﬂgumdtdﬂ&BSauhehmdoffbrandvecdll I(norpﬂiﬁse and by

From the. secdRipeid oy Efretii bwid T ST AR BT ol 202 S ok e B VI

nom nal frequeayss shawniin FiGg34a Bupfi WM&%‘QMM@F cgl},toacell 10
served by a new DCS 101 or 201, controller 241 of serving cell 202 sends a
ANALOG_HANDOFF_REQUEST 'message to ECP complex 134 to request the
handoff. The message identifies the proposed new cell 102 or 202. ECP
complex 134 responds to this message by determining which switch 101 or 201 is
connected to new cell 102 or 202, and selecting a new switching module 120 or 220
of that switch 101 or 201 and a trunk 106 connected to that selected module 120 or
220 to handle the call. ECP complex 134 then selects an outgoing trunk 106
connected to serving module 220 and sends a SETUP message to DCS
controller 261 of serving DCS 201 identifying the selected new module 120 or 220
and its connected trunk 106, the trunk 106 outgoing from serving speech coder
module 220, and the trunk 106 of serving speech coder module 220 which carries the
call.

' The SETUP message is analogous to that described in conjunction with
FIG. 33, and elicits like responses. Herce, the handoff proceeds as described for
FIG. 33. However, no SPU 264 will be involved in handling the call at new
DCS 101 or 201, so instead of sending an FS_ASSIGN message to new cell 102 or
202 as in FIG. 33, ECP complex 134 instead_ proceeds directly to send an ACCEPT
message to DCS controller 161 or 261 of new DCS 101 or 201. DCS controller 161
or 261 responds by causing controller 131 of new module 120 or controller 251 of a
cell interconnect module 209 to connect the selected trunk 106 of new module 120 or
220 to the call (i.e., to the call’s corresponding time slot or either TDM bus 130 of
module 120 or TDM bus 230 of CIM 209), thereby establishing a connection
between that selected trunk 106 and new cell 102 or 202. Akin to FIG. 33, this
results in the output of both new cell 102 or 202 and serving cell 202 being
connected to the same time slot of TDM bus 130 of serving speech coder
module 220. DCS controller 161 or 261 of new DCS 101 or 201 then returns a
CONNACK message to ECP complex 134 to advise it of completion of the
connection, while controller 231 of serving module 220 detects completion of the
connection and notifies serving DCS controller 261, which responds by returning an
ANSWER message to ECP complex 134.-

- ECP complex 134 responds to receipt of the CONNACK message by
sending an MSC_OLD_HANDOFF message to controller 241 of serving cell 202.
. The message is the same as discussed in conjunction with FIG. 34, and henceforth’
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an adjustably fixed second amount fromthe first phase; a conmunications
medi um connecting the second unit with the third unit and conveying
communica- tion traffic transmtted by, respectively, the second unit and
the third unit to, respectively, the third unit and the second unit for
reception, the comu- nications nmedium hagging a fluctuating transm ssion
del ay; first means for determ ning whether the second unit receives

S;Jtegg![ 2? m-C (r)] m%@#@ gmtscrca sft*\g safnrxco as Jergc:eﬂl;eglftrﬁrdFﬂ |3t4' Wnttilmarﬁdgéf rc%%nplcﬁon.
Of course, it should be understood that various changes and

modifications to the illustrative embodiment described above will be apparent to
‘those skilled in the art. For example, different packet transmission techniques, such
as Asynchronous Transfer Mode (ATM) can be used. Or, the partitioning of
functionality between the control entities of the cells, ECP complex, and the digital
cellular switches can be changed. Also, modules within a digital cellular switch
(both CIMs 209 and SCMs 220) may be interconnected by a center-stage switch
instead of just directly by trunks. Furthermore, the system described above can be
applied to pseudo-synchronous wireless-access systems other than mobile telephony
--for example, to personal communications networks (PCNs). Such changesand
modifications can be made without departing from the spirit and the scope of the
invention and without diminishing its attendant advantages. It is therefore intended
that all such changes and modifications be covered by the following claims.
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time prior to the tinmes of transm ssion by the sec- ond unit of the

recei ved outgoi ng communi cation traffic; second neans for determning ___

whet her the third unit receives incom ng conmuni cation trafflc fromthe

second unit wthin second predeterni ne88w ndows of tinme pri orm"‘m ’*i
It

laced
of .transmi ssion by the third unit of the received incoming co m ﬁWiﬂl’

traffic; are‘a Lrd neans responsive to a determnation that e ,
receptions 0 le out goi ng conmuni cation traffic at the second unit fall
outside of the firdt AworapuBicalONSSYBEMICOMPTiSING: he i nconmi ng comuni cati on
traf- tic at the t haﬁﬁkzkmiztfoxfﬁlléas@éﬁe%fqﬁa teinshiiRingSuOgting ¢ dinmesioaionOr ei t her
| nereasing of dec& &%SI ngvmg incoming communication traffic, at times dictated by first
clock signals having a nominal frequency and a first phase; _
a second unit for transmitting at least one of received (a) i incoming
communication traffic and (b) outgoing communication traffic, at times dictated by
second clock signals having the nominal frequency;
‘a third unit for interfacing communications between thc first and the
second units by at least one of (a) transmitting to the second unit outgoing
communication traffic received from the first unit at times dictated by third clock
signals having the nominal frequency and having a second phase that is offset by an
adjustably fixed first amount from the first phase, and (b) transmitting to the first unit
incoming communication traffic received from the second unit at times dictated by
fourth clock signals having the nominal frequency and having a third phase that is
offset by an adjustably fixed second amount from the first phase; =
a communications medium connecting the second unit with the third
unit and conveying communication traffic transmitted by, respectively, the second
unit and the third unit to, respectively, the third unit and the second unit for
reception, the communications medium having a fluctuating transmission delay;
delay determining means comprising at ledst one of
(a) first means for determining whether the second unit receives .
" outgoing communication traffic from the third unit within first predetermined
windows of time prior to the times of transmission by the second unit of the received
outgoing communication traffic, and |
(b) second means for determining whether the third unit receives
incoming communication traffic from the second unit within second predetermined
windows of time prior to the times of transmission by the third unit of the received
incoming communication traffic; and
third means responsive to a determination that either receptions of the
outgoing communication traffic at the second unit fall outside of the first windows or
receptions of the incoming communication traffic at the third unit fall outside of the
second windows for either increasing or decreasing the amount of the offset of either
the second phase or the third phase from the first phase to move the receptions that
fall outside of their corresponding windows into the corresponding windows.

[ IIIIH Il IIIII II IIII
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amount of the offset of either the second phase or the third phase fromthe
first phase to nove the receptions that fall outside of their correspondi ng
wi ndows into the correspondi ng wi ndows. 8. The system of cl aimiis® WMRe laced

the third neans are responsive to a deternination by the firsth !u II
e secon

receptions of the outgoing com nunicatioggiraffic at the seco
the first w ndows, for decreasing the amount of the offset of

phase fromthe first claim8 wherein: the third
means are further resgbﬁsw?ﬂzgaalyzw:ﬂg tion by the first neans that
receptions of the out gthe thindmeansamniesparnisive to aslctarmination by the=firstmieansithat| ead
the first w nqQugohPbr the bhfeBRigMrniifnicAlB Barf at thiFsecond unit lag the first
windows, for decreasing the amount of the offset of the second phase from the first
phase. '

3. The system of claim 2 wherein:
the third means are further responsive to a determination by the first
means that receptions of the outgoing communication traffic at the second unit lead
the first windows, for increasing the amount of the offset of the second phase from
_the first phase.

4. The system of claim I wherein:
the third means are responsive to a determination by the second means
that receptions of the incoming communication traffic at the third unit lag the second
windows, for increasing the amount of the offset of the third phase from.the first
phase.

§. The system of claim 4 wherein: |
the third means are further responsive to a determination by the second
means that receptions of the incoming communication traffic at the third unit lead
the second windows, for decreasing the amount of the offset of the third phase from
the first phase.

6. The system of claim 1 wherein:
the third means adjust the first amount and the second amount of offset
at commencing of a communication each in one step by any amount required to
move the receptions that fall outside of their corresponding windows into the
corresponding windows, and adjust the first amount and the second amount of offset
during the communication in a series of sequential steps by an integral multiple of a
same predetermined amount during each step.

7. The system of claim 1 further comprising:
fourth means cooperative with the third means for inserting additional
traffic into the outgoing communication traffic transmitted from the first unit and
causmg the third unit to receive the additional traffic while the amount of the offset -

IIIIIIII |I|II| I IIIII II |II|
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of fset of the second phase fromthe first phase. - 62 - 10 "The system ~ —
of claim7 wherein: the third nmeans are responsive to a det ermisi3adet it Bedh Replaced -

the second neans that receptions of the incom ng comunication
the third unit lag the sec- ond windows, for increasing the a;mew"WgL“
of fset of the third phase fromthe fi rstﬁ(]bhase 11. The syste
wherein: the third nmeans are further responsive to a determna- tion by the

Sec ggd Teans Je R sebGRbpidse fbeftg ihbrRadel GRAUBRGARS IFBRicH UL R odtgaingi ¢ at the
communication traffic transmitted by the first unit from the outgoing communication
traffic received by the third unit while the amount of the offset of the second phase is
being decreased, and for inserting additional traffic into the incoming
communication traffic received by the third unit and transmitting the additional
traffic to the first unit while the amount of the offset of the third phase is being
increased and deleting a portion of the incoming communication traffic received by
the third unit from the incoming communication traffic transmitted to the first unit
while the amount of the offset of the third phase is being decreased.

8. The system of claim 1 wherein: .
the first unit is for transmitting a stream of outgoing communication
traffic and i'eceiving a stream of incoming communication traffic;
the second unit is for transmitting packets of received incoming
communication traffic, and receiving packets of outgoing communication traffic for
transmission of the outgoing communication traffic; '
the third unit includes
fourth means responsive to receipt of the stream of outgomg
communication traffic from the first unit for packetizing the received outgoing
communication traffic and transmitting the packets of the received outgoing
communication traffic to the second unit at times dictated by the third clock signals,
and
fifth means responsive to receipt of the packets of the incoming
communication traffic from the second unit for depacketizing the received incoming
communication traffic and transmitting the depacketized received incoming
communication traffic toward the first unit at times dictated by the fourth clock
signals; o o -
the first means are for determihing whether the second unit receives the
~ packets of outgoing communication traffic from the third unit within the first
predetermined windows; and o _
the second means are for determining whether the third unit receives the
packets of incoming communication traffic from the second unit thhm the second
predetermined windows.

9. A call-traffic processing apparatus for a cellulér radio-telephone
system that includes the apparatus, a communications medium connected to the
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| ead the second wi ndows, for decreasing the amount of the of f s&his 8lieetHpe Been Replacec

third phase fromthe first phase. 12. The systemof claim?7 mermnwﬁ II “
d

third means adjust the first amount andche second amount of off

commenci ng of a conmmuni ca- tion each in"One step by any anmount required to
nmove the receptions that fall outside of their corre- sponding w ndows into
t he cor r espapparapsand-havinga flugtuatingijransmissien delay,at deastione celiconnestedstoond -
amount_of _of the Sbmttin QATENE ea @ {0 TrahSmfttiS@fitst PackersTRntitilhg Alst St eps
by an int egr‘g?%rru tlniq%goi}) g&sarre S edet_ew nedﬁé:lrroug urin eagch st ep.

Rl €, :
13. The sy stfssmes of qodedrincoming Gall _ ¢ived from 3,adiq, ARC Wd8ber ati ve with
the third negparate¥across the medium and for transmitting to the radio telephone outgoing

call traffic received across the medium from the apparatus in second packets
containing second frames of coded oﬁtgoing call traffic, and a mobile-telephone
switching system for interconnecting cells with each other and with a telephone
network by routing a first digital stream of incoming call traffic received from the
apparatus to a destination and by routing a second digital stream of outgoing call
traffic received from a source to the apparatus, and wherein the first and the second _
digital streams are synchronized with first clock signals having a nominal frequency
and a first phase and derived from the telephone network, and the transmissions of
the incoming and the outgoing call traffic by the cell are synchronized with second
clock signals having the nominal frequency, the call-traffic processing apparatus
comprising: '

- outgoing vocoder means for receiving the second digital stream of
outgoing call traffic synchronously with the first clock signals, coding the received
outgoing call traffic, and transmitting second frames of the coded outgoing call
traffic synchronously with third clock signals having the nominal frequency anda
second phase that is offset by an adjustably fixed first amount from the first phase,

incoming vocoder means for receiving first frames of the coded
incoming call traffic synchronously with fourth clock signals having the nominal
frequency and a third phase that is offset by an adjustably fixed second amount from
the first phase, decoding the received incoming call traffic, and transmitting the
second digital stream of incoming call traffic synchronously with the first clock
signals; '

outgoing processing means for receiﬁng the second frames of the coded
outgoing call traffic from the outgoing vocoder means, packetizing the received
second frames into the second packets, and transmitting the second packets to the
cell synchronously with fifth clock signals having the nominal frequency and a
fourth phase that is offset by an adjustably fixed third amount from the first phase;
_ incoming ptocessing_ means for receiving the first packets from the cell,
depacketizing the received first packets into the first frames, and transmitting the first
- frames to the incoming'voooder means synchronously with sixth clock signals
having the nominal frequency and a fifth phase that is offset by an adjustably fixed
fourth amount from the first phase;
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inserting additional traffic into the outgoing com nunicatio 1
transmt?ed fromthe first unit and causi gg t%e third unit tonlr‘hﬁss%eihgs enRe laced
additional traffic while the anount of the offset of the second ﬂ |I
bei ng i ncreased and deleting a portiop J he outgoi ng comuni c

traffic transmtted by the first unit fromthe outgoi ng conmuni catlon

traffi ived b i [ el t he
second phase | o be Hcsianal atitidg HebdsCror SEp Wl nds, b ot Belarly 117
the i ncom andghesixtmelodasignais fromithe frst loek signalsly the third unit and
transmtting the adﬁfﬁg&&ﬂ%f&ﬁé&&hﬁm#%aﬁerfméﬁko g profiskifg dhanaount of

the offset of the t

ase | s bel [ ncreas,e del et ] ng & portion of
t he i ncom rrgceivthefirstpac SM@F‘fﬁ’E‘ rdgedyin owsofnme prior to
times of transmission of the first frames by the incoming processing means to the
incoming vocoder means; :

second means for determining whether the cell receives the second
packets within second predetermmed windows of time prior to the times of
transmission by the cell of the received outgoing call traffic to the mobile telephone;
and '

third means responsive to a determination that either receptions of the
first packets fall outside of the first windows or rccepuons of the second packets fall
outside of the second windows for causing the clock mgnal generating means to
either increase or decrease the amounts of the offsets of either both the second and
the fourth phases or both the third and the fifth phases, with respect to the first phase,
to move the packet receptions that fall outside of their corresponding windows into
the corresponding windows. |

10. A method of operating a communications system comprising a first
unit for at least one of (a) transmitting outgoing communication traffic and (b)
receiving incoming communication traffic, a second unit for transmitting at least one
“of received (a) incoming communjcation traffic and (b) outgoing communication
traffic, a third unit for interfacing communications between the first and the second
‘units, and a communications medium having a fluctuating transmission delay and
connecting the second unit with the third unit, the method comprising the steps of:
at least one of (a) transmitting outgoing communication traffic from the
first unit and (b) receiving incoming communication traffic at the first unit, at times
dictated by first clock signals having a nominal frequency and a first phase;
transmitting at least one of received (a) incoming communication traffic
and (b) outgoing communication traffic, from the second unit at nmes dictated by
second clock signals having the nominal ﬁ'equency;
at least one of (a) receiving at the third unit the outgoing communication
traffic transmitted by the first unit, and transmitting from the third unit to the second
unit outgoing communication traffic received from the first unit at times dictated by
third clock signals having the nominal frequency and having a second phase that is
offset by an adjustably fixed first amount from the first phase, and
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the third unit fromthe incom ng comrunication traffic transmtted to the

first unit while the anmount of the offset of the third phase ThisShzetiHagBeen Rep laced
decreased. - 63 - 14. The system of claim7 wherein: the f|r mﬂ

transmtting a stream of outgoing conmmunication traffic and r
stream of incom ng conmunication traf#i68;- the second unit
transmtting packets of received incom ng conmunication trafflc and

recei ving packets of @nr%g%g%&Qmmrﬂ?ﬂ\b%anmg%ﬁnﬁumcaﬁeﬁmssI on of the

out goi ng conmuni cat |
transmitted by the second unit, and transmitting from the third unit to the first unit

incoming communication traffic received from the second unit at times dictated by
fourth clock signals having the nominal frequency and having a third phase that is
offset by an adjustably fixed second amount from the first phase; '

at least one of

(a) conveying outgoing communication traffic transmitted by the third
unit via the communications medium to the second unit for reception, and

(b) conveying incoming communication traffic transmitted by the
second unit via the communications medium to the third unit for reception;

at least one of '

(2) determining whether the second unit receives outgoing
communication traffic from thé third unit within first predetermined windows of time
prior to the times of transmission by the second unit of the received outgoing
communication traffic, and

(b) determining whether the third unit receives incoming
.communication traffic from the second unit within second predetermined windows

- of time prior to the times of transmission by the third unit of the received incoming
communication traffic; and '

either increasing or decreasing the amount of the offsct of elther the
second phase or the third phase from the first phase, in response to a determination
that either receptions of the outgoing communication traffic at the second unit fall
outside of the first windows or receptions of the incoming communication traffic at
the third unit fall outside of the second windows, to move the receptions that fall
outside of their corresponding windows into the corresponding windows.

11. The method of claim 10 wherein
the step of either increasing or decreasing the amount of the offset
comprises the step of:
decreasing the amount of the offset of the second phase from the first
phase, in response to a determination that recepuons of the outgoing communication
traffic at the second unit lag the first wxndows

12, The method of claim 11 wherein
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fic, the third unit includes fourth neans responsive to receipt of—the— —— ___

stream of outgoing communication traffic fromthe first unit frgsheey:

packeti zing the received outgoing communica- tion traffic and t 5
t he packets of the re- ceived outgoing conmunication traffic tc{mm
ond unit at tines dictated by the third4cl ock signals, and fift

responsi ve’

fromthe second uni tthéﬂé

muni cati on
conmuni cat i

il

to recei pt of the packets of the incom ng comruni.cation traffic

é;naf fic and tqgﬁg%e{‘?%l?ﬁg} epécke-mgﬁgdgg&?gégigegﬁ ncomi ng

her gomprises heStep ofhe first unit at tines dictated by the fourth
increasing the amount of the offset of the second phase from the first

phase, in response to a determination that receptions of the outgoing communication
traffic at the second unit lead the first windows.

13. The method of claim 10 wherein
the step of either increasing or decreasing the amount of the offset
comprises the step of: . '
increasing the amount of the offset of the third phase from the first
phase, in response to a determination that receptions of the incoming communication
traffic at the third unit lag the second windows.

14. The method of claim 13 wherein _
the step of either increasing or decreasing the amount of the offset
further comprises the step of: ' .
decreasing the amount of the offset of the third phase from the first
phase, in response to a determination that receptions of the incoming communication
traffic at the third unit lead the second windows.

15. The method of claim 10 wherein .
the step of either increasing or decreasing the amount of the offset
comprises the steps of:

_ adjusting the first amount and the second amount of offset at -
commencing of a communication each in one step by any amount required to move '
the receptions that fall outside of their corresponding windows into the
corresponding windows; and |

adjusting the first amount and the second amount of offset during the
communication in a series of sequential steps by an integral multiple of a same
predetermined amount during each step. '

16. The method of claim 10 further comprising the steps of:
inserting additional traffic into the outgoing communication traffic
transmitted from the first unit and causing the third unit to receive the additional
traffic while the amount of the offset of the second phase is being increased;
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clock signals: the first neans are for determ ning whet her the_?em_“
unit receives the packets of outgoing comu- nication traffic fﬂmﬁheduﬁasBeenRTlace

third unit within the first predeterm ned wi ndows; and the secon .
for determ ning whether the third unit-g8ceives the packets of i
commu- nication traffic fromthe second unit wthin the second '
predeterm ned W NAOWSsae: - o= e ' us for
a cellular radio-t e}ag]'ﬁﬁ%%é Pé’g‘g"t“?%ﬂ?ﬁ%@‘% ‘rL%EH} esﬂnti%agogéggﬁéa&%&ﬁﬁgﬁ@
the first unit from the outgoing communication traffic received by the third unit
while the amount of the offset of the second phase is being decreased;
inserting additional traffic into the incoming communication traffic
received by the third unit and transmitting the additional traffic to the first unit while
the amount of the offset of the third phase is being increased; and
deleting a portion of the incoming communication traffic received by the
third unit from the incoming communication traffic transmitted to the first unit while
the amount of the offset of the third phase is being decreased.

17. The method of claim 10 in 2 communications system wherein the
first unit is for transmitting a stream of outgoing communication traffic and receiving
a stream of incoming communication traffic, and the second unit is for transmitting
packets of received incoming communication traffic, and receiving packets of
outgoing communication traffic for transmission of the outgoing communication
traffic, wherein: '

the step of receiving at the third unit the outgoing communication traffic
transmitted by the first means comprises the steps of
receiving the stream of outgoing communication traffic from the first
unit, and _
packetizing the received outgoing communication traffic;
the step of transmitting from the third unit to the second unit outgoing
communication traffic comprises the step of
transmitting the packets of the received outgoing communication traffic
to the second unit at times dictated by the third clock signals; '
the step of receiving at the third unit the incoming communication
traffic transmitted by the second unit comprises the steps of
_ receiving the packets of the incoming communicatior traffic from the
second unit, and -
depacketizing the received incoming communication traffic;
the step of transmitting from the third unit to the first unit incoming
communication traffic comprises the step of '
~ transmitting the depacketized received incoming communication traffic
toward the first unit at times dictated by the fourth clock signals;
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comuni cati ons medi um connected to the apparatus and having_a fluctuating
transm ssion delay, at |east one cell connected to the conmmunications’

medi um and each for transmtting first packets containing fi in‘ligmgeeomplaced

coded incoming call traffic received froma radio tele- phone

apparatus across the nedium and for trar%;] mtting to the radi

outgoing call traffic re- ceived across the nedi um from t he apparat us |n
second packets contai ning second franes of coded outgoing call traffic,
a nobi | e-t el ephone s ie step ofislesormiming fwhethien therscoond-unit regeives ousgaing h each

ot her and Wé{ﬁﬁl‘ﬁ# Mpﬂﬁgg?lggégg}gr&g pputing a first digital stream of

I n- comng c c rec rom apparatus to a destinatjon and by
routing a second di gdcummngawhubcrtbaswdgngmm\tqsam@ $18 OEPYERINGr om a

source t0 thg,RRRAication traffic from the third unit within the first predetermined windows;
and

the step of determining whether the third unit receives incoming
communication traffic comprises the step of '

determining whether the third unit receives the packets of incoming
communication traffic from the second unit within the second predetermined
windows.

18. A method of processing call traffic in an interface arrangement of a .
cellular radio-telephone system that includes the arrangement, a communications
medium connected to the apparatus and having a fluctuating transmission delay, at
least one cell connected to the communications medium and each for transmitting
first packets containing first frames of coded incoming call traffic received from a
radio telephone to the arrangement across the medium and for transmitting to the
radio telephone outgoing call traffic received across the medium from the
arrangement in second packets containing second frames of coded outgoing call
traffic, and a mobile-tclephone switching system for interconnecting cells with each
other and with a telephone network by routing a first digital stream of incoming call
traffic received from the arrangement to a destination and by routing a second digital
stream of outgoing call traffic received from a source to the arrangement and
wherein the first and the second digital streams are synchronized with first clock
signals having a nominal frequency and a first phase and derived from the telephone
network, and the transmissions of the incoming and the outgoing call traffic by the
cell are synchronized with second clock signals having the nominal frequency, the
method comprising the steps of:

| receiving the second digital stream of outgoing call traffic
synchronously with the first clock signals;
coding the received outgoing call traffic;
transmitting second frames of the coded outgoing call traffic
synchronously with third clock signals having the nominal frequency and a second
phase that is offset by an adjustably fixed first amount from the first phase;
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ratus, and wherein the first and the second digital streanms are
synchroni zed with first clock signals having a nom nal frequency and a
first phase and derived fromthe tel ephone network, and the transm ssions
of the incom ng and the outgoing call traffic by the cell are synchronized
w th second clock signals having the nogynal frequency, the call-traffic
processi ng apparatus conprising: outgolng vocoder neans for receiving t he
second digital streamof outgoing call traffic synchro- nously with the

first clock signal s, receidingghe sesondframes ofthe sodedpuigoiagrall ¥3flics i ¢, and
transmi tting sec- onghf@sifs uiretdiRddedtiid FushainROhe sidond pakisy syn-

chronously with thir c Qc gnal s, hayi t.he om al fre GCX and a
second phase that |str@nsrx§gmgthe second pac ets o the ce ecomm ons

medium synchronously with fifth clock signals having the nominal frequency anda
fourth phase that is offset by an adjustably fixed third amount from the first phase;
receiving the first packets from the cell via the communications

depacketizing the received first packets into the first frames;

transmitting the first frames synchronously with sixth clock signals
having the nominal frequency and a fifth phase that is offset by an adjustably fixed
fourth amount from the first phase,

receiving the first frames of the coded incoming call traffic
synchronously with fourth clock signals having the nominal frequency and a third
phase that is offset by an adjustably fixed second amount from the first phase;

decoding the received incoming call traffic;

transmitting the second digital stream of incoming call traffic
synchronously with the first clock signals;

determining whether the interface arrangement receives the first packets
within first predetermined windows of time prior to the times of transmission of the
first frames by the interface aﬁangement;

determining whether the cell receives the second packets within second
predetermined windows of time prior to the times of transmission by the cell of the

_ received outgoing call traffic to the mobile telephone; and

either increasing or decreasing the amounts of the offsets of either both
the second and the fourth phases or both the third and the fifth phases, with respect to
the first phase, in response to a determination that either receptions of the first
packets fall outside of the first windows or receptions of the second packets fail
outside of the second windows, to move the packet receptions that fall outside of
their corresponding windows into the corresponding windows.
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by an adjustably fixed first amount fromthe first phase, incom ng vocoder
nmeans for receiving first frames of the coded incomng call traffic
synchronously with fourth clock signals having the nom nal frequency and a
third phase that is offset by an adjustably fixed second anmount fromthe
first phase. decoding the received incomng call traffic, and transmtting
- 65 - the second digital stream of i ncb’rﬁsr@ call traffic synchronously -
with the first clock signals; outgoing processing neans for receiving the

second ADAPTIVE SYNCHRONIZATION ARRANGEMENT
Abstract _
A CDMA cellular radio-telephone system has switching
systems (201) synchronized to public telephone network (100) timing signals,
and radio telephones (203) and cell base stations (202) synchronized to a different

clocks Transmission delays between the cell base stations and the telephone
network are variable. Switching systems include digital communications
interfaces to the telephone system, whose connections to the telephone system

are synchronized to the telephone system, and whose connections to the cells are
nominally also synchronized to the telephone system but whose processor -
operates for each call within predefined windows -~ of phase rélationships
to the operation of the cell that is handling the call, and occasionally adjusts
its phase relationships to the operation of the telephone system to

achieve and maintain its operation within the predefined windows. Packet-switched
communications " between the cells and the switching systems absorb the phase
relationship fluctuations and the timing adjustments in inter-packet intervals.

'~ Circuit-switched digital communications between the switching systems and the
telephone System absorb the timing adjustments by means of vocoder
implemented slips --bit insertions or deletions-- in the communications traffic bit
stream.

FIGIRE 2.
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o jacement shoet L
frames of the coded outgoing call® fsrgt\fefrieg fromthe outi"goimng-@eed'er““rféémt
packeti zing the received second franes 1 i second packets, and trans-
mtting the second packets to tpatetel |l synchro- nously with fifth clock
signal s having the nomi nal frequency and a fourth ph 8 1ot Is of fset  Dyess
an adjustably fixed third anount fromthe first phase; incom ng processing
means for receiving the first packetg fromthe cell, depacketizing the

- received first packets into the first frames, and _transmtting the first

frames to t ipconj ng vocoder means synchif opaBiLeSWITORING CENTERE iNSCY lock  si gnal s
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This is the replace.,....! shegd
cl ock signal generating neans for deriving the third, the fourth, the
fifth, and the sixth clock signals fromthe first cl o%teqi gnamg fégssﬁ&
means for determ ning whether the incom ng processi ng neans recei t
first packets within first predeterm ned windows of tinme prior to the tines
of transmi ssion of the first franes by the incom ng processing neans to the
I ncom-ng vo- coder neans; second neans,for determ ning whether the cell re-
ceives the second packets within seconf predeter- mned wi ndows of tine
prior to the times of trans. SSI 0 t he ||l of the recei oi ng
call traffic to the nobi i
determ nation that ei
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receptions of the fist packets fall outside of the first w ndows or
receptions of the second packets fall outside of the second w ndows for
causing the clock signal generating neans to either increase or decrease
the amounts of the offsets of either both the second and the fourth phases
or both the third and the fifth phases, with respect to the first phase, to
nove the packet receptions that fall outside of their correspondi ng wi ndows

into the correspond- ing w ndows. - 66 - 16. The apparatus of claim 15
wher ei n: '
FIG. 3
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the third neans are responsive to a determ nation by the first neans that
receptions of the first packets at the incom ng processing neans |ag the
for causing the clock signal

first win- dows,

first win- dows,

for cd8y
t he anount of the offseTjof bdT

i ng ﬁg'

first phase by a sane ampunt.

17. The apparatus of claim 16 wherein:

cl ock sign#e
the third &

generating means to increase
t he amounts of the offsets of both the thirpd and the fifth phases fromthe
first phase by a sanme anount.
third nmeans are responsive to a determ nation by the first neans that
receptions of the first Qackets at the incom

t he
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generating neans toE?ecrease
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. 18. The apparatus of claim 15 wherein: the third means are responsive to a
determ nation by the second neans that receptions of the second packets at
the cell lag the second wi ndows, for causing the clock signal generating
means to de- crease the ampbunts of the offsets of both the second and the
fourth phases fromthe first phase by a game ampunt. 19. The apparatus of
claim 18 wherein: the third means are reSponsive to a determ nation by the
second neans that receptions of the second packets at the cell lead the
second wi ndows, for causing the clock signal generating neans to in- crease
t he ambunts of the offsets of both the second and the fourth phases from
the first phase by a sane .
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i n one

20. The apparatus of claim 15 wherein: the third neans cause the
generating neans to adjust either the first and the third

cl ock signal
anounts of offset or the second and the fourth anounts of offset,

- step by any anount

anount .
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- 67 - amobunts of offset by an integral

anmount
receptions that fal

in each step of a series of sequenti al

multiple of a sane predeterm ned
steps to nove packet
outside of their corresponding wi ndows into the

correspondi ng wi ndows during the communica- tion. 21. The apparatus of

claim 15 further including: means cooperat7ve with the third nmeans for

causi ng the outgoi ng vocoder

out goi ng cal
second franes transmt

causi ng the out-

y fhe outgo

FIG. 8

nmeans to insert traffic addi- tional
traffic received by the outgoing vocoder

to the
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goi ng vocoder neans to delete a portion of the outgoing call traffic

recei ved by the outgoing vo- coder neans fromthe second franes transmtted
by the out going vocoder nmeans while the amounts of the offsets of the
second and the fourth phases are being decreased, causing the incom ng
vocoder neans to insert traffic additiongl to the incomng call traffic
recei ved by the incom ng vocoder neans ifto the first digital stream
transmtted by the incom ng vocoder nmeans while the anmounts of the offsets
of the third and the fifth phases ar I)g ngdfgncreased, and causing the

i ncom ng vocoder neans to delete a FE; on the incomng call traf- fic
received by the incom ng vocoder nmeans fromthe first digital stream
transmtted by the incom ng 350

¢

PACKET TYPE /32
SEQUENCE NUNBER  |—°20.
clock aowusT |2
AR CRC 33
SIGNAL QUALTY  |3%4
POWER CONTROL /325
VOICE/SIGNALLING TYPE | 326

VOICE/SIGNALLING DATA 27
FIG. 10
{351 |
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CHANNEL ELEMENT 10. " 130
FRAME SELECTOR 10. |
SIGNALLING DATA 3
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vocoder neans while the amounts of the offsets of the third and the fifth
phases are being decreased. 22. A method of operating a comunications
system conprising a first unit for transmtting incomng com nunications,
a second unit for receiving ineom ng com nunications, a third unit for

i nterfaci ng conmuni ca- tions between the first and the second units, and a
com nuni cati ons nedi um having a fluctuaplng transm ssi on del ay and
connecting the first unit with the thiyg gy he method conprising the
steps of: transmitting incon ng commun +traffic fromthe first unit

at tines dictatefl My, fifsf clqs %I frequency;
conveyi ng the conmuni cat lon t Mﬂkmﬁiﬂﬂ) ﬁi““ first unit via the
conmruni cations nediumto the 904

[ PERFORM LEVEL-2 (LAPD) PROCESSIN(ﬂ./
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third unit for reception; receiving the transmtted incom ng

comuni cation traffic at the third unit; transmtting fromthe third unit
to the second unit the incom ng conmunication traffic received fromthe
first unit at times dictated by clock signals having the nom nal frequency
and having a first phase that is offset by an adjustably fixed anmount from
a sec- ond phase; receiving incomng comrunication traffic transmt- ted
fromthe third unit at the second unit & timségodi ctated by clock signals

havi ng t he nom nal FFG 12
. RX_INT_X

NO Xth BUFFER
952~ } EMPTY (958
"PASS CONTENTS OF | INVOKE VOCODER
Xih BUFFER T0 VOCODER * MASKING
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guency and the second phase; determ ning whether the third unit receives

i ncom ng conmruni cation traffic fromthe first unit within predeterm ned

wi ndows of time prior to the tinmes of transmission by the third unit of the
recei ved i ncom ng conmuni cation traffic; and either increasing or
decreasing the anobunt of the offset of theifirst phase fromthe second
phase, in response to a determ nation that receptions of the incom ng
communi cation traffic at the third unit fall outside of the w ndows, to
nove the receptions into the wi ndows. 23. The nethod of claim 22 wherein
the step of either increasing or decreasing the amount of the offset

conpri ses the steps of:
FIG. 14
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adjusting the offset at commencing of a communica- tion in one step by any
anount required to nove the receptions substantially into centers of the

wi n- dows; and adjusting the offset during the communication in a series of
sequenti-al steps. 24. The nethod of claim 22 further conprising the steps
of: inserting additional traffic into the incom ng conmu- nication traffic
received by the third unit and trans- mtting the additional traffic to the
second unit while the anount of the offs is being increased; and deleting

a portion of the incom ng comrunication traffic received by the third unit
fromthe i ncom ng

1200
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conprising the steps of: transmtting outgoing conmunication traffic from
the first unit at tines dictated by clock signals having a nom nal
frequency and a first phase; receiving at the third unit the outgoing
conmuni ca- tion traffic transmtted by the first unit; transmtting from
the-third unit to the second unit outgoi comuni cation traffic received
fromthe first unit at times dictated by clock signals having the nom na
frequency and having a second phase that is offset by an adjustably fixed
anount fromthe first phase; conveying the conmunication traffic
transmtted by the third unit via the conmunications nediumto the second
unit for reception; '

FIG. 17
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receiving at the second unit the outgoing conmunica- tion traffic
transmitted by the third unit; transmtting outgoing conmunication traffic
fromthe second unit at tinmes dictated by clock signals hav- ing the

nom nal frequency; determ ning whether the second unit receives outgo- ing
comuni cation traffic from the third unit within predeterm ned w ndows of
time prior to the tines of transm ssion by the second unit of the received
out goi ng comuni cation traffic; and eitder increasing or decreasing the
amount of the offset of the second phase fromthe first phase, in response
to a determ nation that receptions of the outgoing communication traffic at
the second unit fall outside of the MEPQFMB, §§ nmove the receptions
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into the wi ndows. 26. The nethod of claim25 wherein the step of either

I ncreasing or decreasing the anount of the offset conprises the steps of:
adjusting the offset at comencing of a communica- tion in one step by any
anount required to nove the receptions substantially into centers of the

w n- dows; and adjusting the offset during the communication in a series of

sequenti al steps. - 70 - 27. The nethggl of claim25 further conprising
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steps of: inserting additional traffic into the outgoing comu- nication
traffic transmtted fromthe first unit and causing the third unit to
receive the additional traffic while the anount of the offset is being in-
creased; and deleting a portion of the outgoing comrunication traffic
transmitted by the first unit fromthe outlfo- ing conmunication traffic
received by the third unit while the anount of the offset i's being de-
creased. 28. A nethod of operatingja comruni catfons riginp a

first unit for transmtting outgoifgg com rrunj_cg T=qsfi Vi ng
I ncom ng comuni ca- tion traffic, second _l._gﬁt g &YCEi ved
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com ng and outgoing communication traffic, a third unit for interfacing
comuni cati ons between the first and the second units, and a comruni cati ons
medi um having a fluctuating transm ssion delay and connecting the second
unit with the third unit, the nethod conpris- ing the steps of:
transmtting outgoing comruni cation traffic fromthe first unit and

recei ving incom ng conmunication traffiggat the first unit at tines
dictated by firpt clock sijgnal s having a.nom nal frequency and a first
phase; transmtfing regei Jed i ncom ng and outgoi ng com "nmuni cation traffic
fromthe second™unik &t “TTjes dictated by second clock signals having the

nom - nal frequency S
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receiving at the third unit the outgoing communica- tion traffic
transmtted by the first unit; transmtting fromthe third unit to the
second unit outgoing conmunication traffic received fromthe first unit at
times dictated by third clock signals ha]éi ng the nom nal frequency and
havi ng a second phase that is offset by “dn adjustably fixed first anount

fromthe first phase; - 71 - conveying the outgoing conmuni cation
traffic trans- mtted by the third unit via.the conmunications nediumto
the second unit for reception; <
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conveying the incom ng conmunication traffic trans- mtted by the second
unit via the comunications nediumto the third unit for reception;
receiving at the third unit the incom ng communica- tion traffic
transmtted by the second unit; transmtting fromthe third unit to the
first unit in- comng communication traffi2@ received fromthe second unit
at tines dictated by fourth clock sig- nals having the nom nal frequency
and having a third phase that is offset by an adjustably fixed second
anount fromthe first phase; determ ning whether the second unit receives
outgo- ing comunication traffic fromthe third unit within first
predeterm ned wi ndows of time prior to the tinmes of transm ssion.by the
second unit of
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t he recei ved outgoing communi cation traffic; determ ning whether the third
unit receives incomng conmunication traffic fromthe second unit wthin
second predeterm ned wi ndows of tine prior to the tines of transm ssion by
the third unit of the re- ceived incom ng communication traffic; and either
I ncreasi ng or decreasing the ambunt of the offset of either the second
phase or the third phase fromthe first fhase, I n response to a-

determ nation that either receptions of 4he outgoi ng commini ca- tion

traffic at the second unit fall outside of the first - 72 -
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w ndows or receptions of the incom ng conmmuni- cation traffic at the third
unit fall outside of the second w ndows, to nove the receptions that fal
outside of their corresponding wi ndows into the correspondi ng wi ndows. 29.
The nethod of claim 28 wherein the step of 28ither increasing or decreasing
t he amount of the offset conprises the step of: decreasing the anmount of
the offset of the second phase fromthe first phase, in response to a
determ - nation that receptions of the outgoing conmunica- tion traffic at
the second unit lag the first windows. 30. The nmethod of claim29 wherein
the step of either increasing or decreasing the amount of the offset
further conprises the step of:
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i ncreasing the ambunt of the offset of the second phase fromthe first
phase, in response to a determ - nation that receptions of the outgoing
comuni ca- tion traffic at the second unit lead the first win- dows. 31.
The met hod of claim 28 wherein the step of either increasing or decreasing
" the amobunt of the offset conprises the sigp of: increasing the anmount of
the offset of the third phase fromthe frrst phase, in response to a
determ nation that receptions of the incom ng communication traffic at the
third unit lag the second wi ndows. 32. The nmethod of claim 31 wherein the
step of either increasing or decreasing the anount of the offset further
conprises the step of:
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decreasing the anobunt of the offset of the third phase fromthe first
phase, in response to a determ nation that receptions of the inconing
communi cation traffic at the third unit |ead the second wi ndows. 33. The
met hod of claim 28 wherein the step of either increasing or decreasing the
anount of the offset conprises the steps of: adjusting the first amunt and
t he second anmpbunt of offset at commncigg of a communi cati on each in one
step by any armoupt required to nove the“fe- ceptions that fall outside of
their correspondeng W ndows into the correspondi ng wi ndows; and adj usting
the first amug%%ﬁe—s&mﬂmﬁ-ﬁ—mmmﬁmtion
In a series of sg quential steps by an integral nmultiple of a sane
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predet er mi ned anmount during each step. C L M S * - 73 - 34. The
met hod of claim 28 further conprising the ;teps of: inserting additional
traffic into the outgoing conmu- nication traffic transmtted fromthe
first unit and causing the third unit to receive the additional traffic
whil e the anount of the offset of the second phase:is being increased,

deleting a portian of the outgoing commry’scation traffic transmtted by the

first unit fromEhe outgo-
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i ng comuni cation traffic received by the third unit while the anmount of
the offset of the second phase is being decreased; inserting additional
traffic into the incom ng commu- nication traffic received by the third
unit and trans- mtting the additional traffic to the first unit while the
anount of the offset of the third phase is being increased; and deleting a
portion of the igom’ ng communi cation t4%ffic received by the third unit
fromthe incom communi cation traffic transmtted to the first unit while
the anount of &= f ' ' . .
met hod of claimzZB in a comunications systemwherein the first unit is for
transmitting a st eam
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of outgoing communication traffic and receiving a stream of incom ng
comuni cation traffic, and the sec- ond unit is for transmtting packets of
received i ncom ing conmunication traffic, and receiving packets of
‘outgoi ng communi cation traffic for transm ssion of the outgoing

communi cation traffic, wherein: the step of receiving at the third unit the
out goi ng comunication traffic transmtteg by the first neans conprises the
steps of receiving the stream of outgoing comunication traffic fromt e
first unit, and packetizing the received outgoing conmunication traf

the step ﬁ transmtting fromthe third unit to the second unit outg g
connunlcaEion traffic com
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prises the step of transmtting the packets of the received outgoing
comuni cation traffic to the second unit at times dictated by the third
clock signals; the step of receiving at the third unit the incom ng

comuni cation traffic transmtted by the second unit conprises the steps of
- 74 - receiving the packets of the incomng comunication traffic fromthe
second unit, and depacketizing the received i ncom ng comuni cation traffic;
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the step of transmtting fromthe third unit to the first unit incom ng
communi cation traffic conprises the step of transmtting the depacketized
recei ved i ncom ng conmunication traffic toward the first unit at tines
dictated by the fourth clock signals; the step of determ ning whether the.
second unit re- ceives outgoing conmunication traffic conprises the step of
determ ni ng whet her the second unit recg?ves t he packets of outgoing
comuni cation traffigg fromthe third unit within the first predeterm ned
wi n- dows; and the sje‘p of determ ning whether the third unit re- ceives
i nconi ng conmuni ¢ 48iBng trafe—eorprises -
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Jhe step of determ ning whether the third unit receives the pack- ets of
“incom ng conmunication traffic fromthe second unit within the second
predeterm ned wi n- dows. 36. A nethod of processing call traffic in an
i nterface arrangenment of a cellular radio-tel ephone systemthat includes
the arrangenent, a conmuni cati ons nedi um connected to the apparatus and
having a fluctuating transm ssion delay, at jgeast one cell connected to the
comuni cat i ong3@di um and each for transmtting first packets containing
first franes @led incanmpg call traffic received frama radia telephone
to the arranged Hent across tth ‘ndi um and for traHsrhtting to the radio
t el ephone out goiAg call traffli¢ rieceived across thp '
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medi um from the arrangenent in second packets con- taining second franes of
- coded outgoing call traffic, and a nobile-tel ephone switching systemfor
intercon- necting cells with each other and with a tel ephone net- work by
routing a first digital streamof incoming call traffic received fromthe
arrangenent to a destination and by routing a second digital stream of i
outgoing call traffic received froma sougce to the arrangenent.and wherein
the first and the second digital streanms are synchronized with first clock
signal s having a nom nal - 75 - frequency and a first phase and derived
fromthe tele- -
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phone network, and the transm sions of the incom ng and the outgoing cal
‘traffic by the cell are synchro- nized with second clock signals having the
nom nal frequency, the nmethod conprising the steps of: receiving the second
"digital streamof outgoing call traffic synchronously with the first clock
"signals; coding the received outgoing call tgpaffic; transmtting second
frames of the coded outgoing call traffic synchronously with third cl ock-
signal s hav- ing the nom nal frequency and a second phase that is offset by
an adjustably fixed first anount fromthe first phase; receiving the second
frames of the co utgoing call traffic; packetizing the received second
franes into the s&;
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ond packets;

transmtting the second packets 01
comuni cati ons nedi um synchronously with fi ft}}u
nom nal frequency and a fourth phase that is ¢f
third amount fromthe first phase; receiving
cell via the com munications nedi-um depackei
packets into the first franmes; transni tgé ng t

wi th sixth clock signals having the nomnal ffequency and a flftglg%{%éz
that is offset by an adjustably fixed fourth lase;

QGOOS’:'O D WWoS

C

scri i

0 i

iR “f“?ﬂ'és)r ebegeded te ipaged o
eDfAﬁ xack rahﬂ%edynéhrp@gﬂdusuﬁ

a "ODATEf OB RECRIP . xS0

receiving the first franes of the coded i ncomng call

We claim:

1. A communications system comprising:

a first unit for receiving incoming communication
traffic at times dictated by first clock signals having
a nominal frequency and a first phase;

a second unit for transmitting incoming communica-
tion traffic at times dictated by clock signals having
the nominal frequency; .

a third unit for interfacing communications between
the first and the second units by transmitting to the
first unit incoming communication traffic received
from the second unit at times dictated by clock
signals having the nominal frequency and having a
second phase that is offset by an adjustably fixed
amount from the first phase;

a communications medium connecting the second
unit with the third unit and conveying communica-
tion traffic transmitted by the second unit to the
third unit for reception, the communications me-
dium having a fluctuating transmission delay;

. first means for determining whether the third unit
receives incoming communication traffic from the
second unit within predetermined windows of time
prior to the times of transmission by the third unit
of the received incoming communication traffic;
and

~second means responsive to a determination that re-
ceptions of the incoming communication traffic at
the third unit fall outside of the windows for either
increasing or decreasing the amount of the offset of
the second phase from the first phase to move the
receptions into the windows.

2. The system of claim 1 wherein:

the second means adjust the offset at commencing of
a communication in one step by any amount re-
quired to move the receptions substantially into
centers of the windows, and adjust the offset dur-
ing the commumcatlon in a series of sequential
steps.
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traffic synchronously with fourth clock signals having the nom nal
frequency and a third phase that is offset by an adjustably fixed second
amount fromthe first phase; decoding the received incomng call traffic;
transmtting the second digital streamof incomng call traffic
synchronously with the first clock sig- nals; - 76 - determ ni ng whet her
the interface arrangenent re- ceives the first packets within first

predet erm ned wi ndows of tine prior 4t+®&2he tines of transm ssion

3. The system of claim 1 further comprising:

third means cooperative with the second means for
inserting additional traffic into the incoming com-
munication traffic received by the third unit and
transmitting the additional traffic to the first unit
while the amount of the offset is being increased,
and for deleting a portion of the incoming commu-
nication traffic received by the third unit from the
incoming communication traffic transmitted to the
first unit while the amount of the offset is being
decreased. _

4. A communications system comprising:

a first vnit for transmitting outgoing communication
traffic at times dictated by first clock signals having
a nominal frequency and a first phase;

2 second unit for transmitting outgoing communica-
tion traffic at times dictated by clock signals having
the nominal frequency;

a third unit for interfacing communications between
the first and the second units by transmitting to the
second unit outgoing commumnication traffic re-
ceived from the first unit at times dictated by clock
signals having the nominal frequency and having a
second phase that is offset by an adjustably fixed
amount from the first phase;

a2 communications medium connecting the second
unit with the third unit and conveying communica-
tions traffic transmitted by the third unit to the
second unit for reception, the communications
medium having a fluctuating transmission delay;

first means for determining whether the second unit
receives outgoing communication traffic from the
third unit within predetermined windows of time
prior to the times of transmission by the second unit
of the received outgoing communication traffic;
and

Secona means responsive to 2 determination that re-
ceptions of the outgoing communication traffic at
the second unit fall outside of the windows for
cither increasing or decreasing the amount of the
offset of the second phase from the first phase to
move the receptions into the windows.

—— . This is the replacement sheet

Hllllll HIIH IIIH I pates 16 JiL 1997



N

of the first frames by the interface arrangenent; determ ning whether the
céll receives the second packets within second predeternined wi ndows of
time prior to the times of transmission by the cell of the received
outgoing call traffic to the nobile tel ephone; and either increasing or
decreasing the anounts of the offsets of either both the second and the
fourth phases or both the third and the,fifth phases, with respect to the
first phase, in response to a determ- nation that either receptions of the

first packets fall out8i Theaysteheof clfiin #ivHewEn 0" receptions of the second
packets fall outside ofhddeon8eResthsidide e & sé?‘i‘fecotuk&? R&ngSdr " eceptions
that fall outside of thej boﬁﬁﬁ&ﬁé&ﬁ&ﬂq}iﬁgoéi‘é %Qgs”%,) Bhy mﬁgmﬁgﬁﬁsmr‘d'
quired to move the receptions substantially into
Centers of the windows, and adjust the offset dur-
ing the communication in a series of sequential
steps.
6. The system of claim 4 further comprising:
th{rd means cooperative with the second means for
Inserting additional traffic into the outgoing com-
munication traffic transmitted from the first unit
and causing the third unit to receive the additional
traffic while the amount of the offset is being in-

¢reased, and for deleting a portion of the outgoing
.communication traffic transmitted by the first unit
from the outgoing communication traffic received
by the third unit while the amount of the offset is
being decreased. '

7. A communications system comprising:

a first unit for transmitting outgoing communication
traffic and receiving incoming communication traf-
fic at times dictated by first clock signals having a
nominal frequency and a first phase;

a second unit for transmitting received incoming and
outgoing communication traffic at times dictated
by second clock signals having the nominal fre-
quency;

a third unit for interfacing communications between
the first and the second units by transmitting to the
second unit outgoing communication traffic re-
ceived from the first unit at times dictated by third
clock signals having the nominal frequency and
having a second phase that is offset by an adjust-
ably fixed first amount from the first phase, and by
transmitting to the first unit incoming communica-
tion traffic received from the second unit at times
dictated by fourth clock signals having the nominal
frequency and having a third phase that is offset by
an adjustably fixed second amount from the first
phase; |

a communications medium coanecting the second
unit with the third unit and conveying communica-
tion traffic transmitted by, respectively, the second
unit and the third unit to, respectively, the third
unit and the second unit for reception, the commu-
nications medium having a fluctuating transmission

delay; T . This is the raplacement sheet
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ing wi ndows. 37. The nethod of claim 36 wherein the step of either

I ncreasing or decreasing the anounts of the offsets conprises the step of:

i ncreasing the amounts of the offsets of both the third and the fifth
phases fromthe first phase by a sanme anmount, in response to a

determ nation that recep- tions of the first packets at the interface
arrange- nent lag the first windows. 38. The nethod of claim 37 wherein the
step of either increasing or decreasrnéltﬁe anounts of the offsets further
conprises the step of: decreasing the amounts of the offsets of both the
third and the fifth phases fromthe first phase by a sane anount, in
response to a determ nation that recep-

first means for determining whether the second unit
receives outgoing communication traffic from the
third unit within first predetermined windows of
time prior to the times of transmission by the sec-
ond unit of the received outgoing communication
traffic;

second means for determining whether the third unit
receives incoming communication traffic from the
second unit within second predetermined windows
of time prior to the times of transmission by the
third unit of the received incoming communication
traffic; and :

third means responsive to a determination that either
receptions of the outgoing communication traffic
at the second unit fall outside of the first windows
or receptions of the incoming communication traf-
fic at the third unit falt outside of tne second win-
dows for either increasing or decreasing the
amount of the offset of cither the second phase or
the third phase from the first phase to move the
receptions that fall outside of their corresponding
windows into the corresponding windows.

8. The system of claim 7 wherein:

the third means are responsive to a determination by
the first means that receptions of the outgoing com-
‘munication traffic at the second unit lag the first
windows, for decreasing the amount of the offset of
the second phase from the first phase.

9. The system of claim 8 wherein:

the third means are further responsive to a determina-
tion by the first means that receptions of the cutgo-
ing communication traffic at the second unit lead
the first windows, for increasing the amount of the
offset of the second phase from the first phase.
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tions of the first packets at the interface arrange- nent |ead the first
windows. 39. The nethod of claim 36 wherein the step of either i ncreasing
or decreasing the anounts of the offsets conprises the step of: decreasing
the amounts of the offsets of both the second and the fourth phases from
the first phase by a sane anpunt, in response to a determ nation that
receptions of the second packets at the cell lag the second w ndows. -
77 - 40. The nmethod of claim 39 wherern2 -

10. The system of claim 7 wherein:

the third means are responsive to a determination by
the second means that receptions of the incoming
communication traffic at the third unit lag the sec-
ond windows, for increasing the amount of the
offset of the third phase from the first phase.

11. The system of claim 10 wherein:

the third means are further responsive to a determina-
tion by the second means that receptions of the
incoming communication traffic at the third unit
lead the second windows, for decreasing the
amount of the offset of the third phase from the
first phase.

12. The system of claim 7 wherein:

the third means adjust the first amount and the second
amount of offset at commencing of a communica-
tion each in one step by any amount required to
move the receptions that fall outside of their corre-
sponding . windows into the corresponding win-
dows, and adjust the first amount and the second
amount of offset during the communication in a
series of sequential steps by an integral multiple of
.a.same predetermined amount during each step.

13. The system of claim 7 further comprising:

fourth means cooperative with the third means for
inserting additional traffic into the outgoing com-
munication traffic transmitted from the first unit
and causing the third unit to receive the additional
traffic while the amount of the offset of the second
phase is being increased and deleting a portion of
the outgoing communication traffic transmitted by
the first unit from the outgoing communication:
traffic received by the third unit while the amount
of the offset of the second phase is being decreased,
and for inserting additional traffic into the incom-
ing communication traffic received by the third
unit and transmitting the additional traffic to the
first unit while the amount of the offset of the third
phase is being increased and deleting a portion of
the incoming communication traffic received by
the third unit from the incoming communication
traffic transmitted to the first unit while the amount
of the offset of the third phase is being decreased.
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the step of either increasing or decreasing the anounts of the offsets
further conprises the step of: increasing the anounts of the offsets of
both the sec- ond and the fourth phases fromthe first phase by a sane
anount, in response to a determ nation that receptions of the second
packets at the cell |ead the second wi ndows. 41. The nethod of claim 36
wherein the step of either increasing orgflecreasing the ampunts of the

of fsets conprises the steps of: adjusting either the first and the third
amounts of offset or the second and the fourth anpbunts of offset, in one
step by any anount required to nove any packet receptions that fall outside
of their cor- responding windows into the correspondi ng w n-

14. The system of claim 7 wherein:
the first unit is for transmitting a stream of outgoing
communication traffic and receiving a stream of
incoming communication traffic;
the second unit is for transmitting packets of recetved
_incoming communication traffic, and receiving
packets of outgoing communication traffic for
transmission of the outgoing communication traf-
fic;
the third unit includes
fourth means responsive to receipt of the stream of
outgoing communication traffic from the first unit
for packetizing the received outgoing communica-
tion traffic and transmitting the packets of the re-
ceived outgoing communication traffic to the sec-
ond unit at times dictated by the third clock signals,
and
fifth means responsive to receipt of the packets of the
incoming communication traffic from the second
unit for depacketizing the received incoming com-
munication traffic and transmitting the depacke-
tized received incoming communication traffic
toward the first unit at times dictated by the fourth
clock signals:
the first means are for determining whether the sec-
ond unit receives the packets of outgoing commu-
nication traffic from the third unit within the first
predetermined windows; and
the second means are for determining whether the
third unit receives the packets of incoming commu-

nication traffic from the second unit within the
second predetermined windows.

i
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dows at a commencing of a comrunication; and adjusting either the first and
the third amounts of offset or the second and the fourth amounts of offset
by an integral multiple of a sane predeter- mned anobunt in each step of a
series of sequential steps to nove packet receptions that fall outside of
their correspondi ng wi ndows into the correspond- ing w ndows during the
communi cation. 42. The nethod of claim 36 further conprising the steps of:
inserting traffic additional to the outgd?hg'call traffic. into the second
frames while the anmounts of the offsets of the second and the fourth phases

are being increased; deleting a portion of the outgoing call traffic from

t he _
15. A call-traffic processing apparatus for a cellular

radio-telephone system that includes the apparatus, a
communications medium connected to the apparatus
and having a fluctuating transmission delay, at least one
cell connected to the communications medium and each
for transmitting first packets containing first frames of
coded incoming call traffic received from a radio tele-
phone to the apparatus acrass the medium and for trans-
mitting to the radio telephone outgoing call traffic re-
ceived acrass the medium from the apparatus in second
packets containing second frames of coded outgoing
call traffic, and a mobile-telephone switching system for
interconnecting cells with each other and with a tele-
' phone network by routing a first digital stream of in-
coming call traffic received from the apparatus to a
destination and by routing 2 second digital stream of
outgoing call traffic received from a source to the appa-
ratus, and wherein the first and the second digital
streams are synchronized with first clock signals having
2 nominal frequency and a first phase and derived from
the telephone network, and the transmissions of the
incoming and the outgoing call traffic by the cell are
synchronized with second clock signals having the
nominal frequency, the call-traffic processing apparatus
comprising:
outgoing vocoder means for receiving the second
digital stream of outgoing call traffic synchro-
nously with the first clock signals, coding the re-
ceived outgoing call traffic, and transmitting sec-
ond frames of the coded outgoing call traffic syn-
chronously with third clock signals having the
nominal frequency and 2 second phase that is offset
by an adjustably fixed first amount from the first
phase,
incoming vocoder means for receiving first frames of
the coded incoming call traffic synchronously with
fourth clock signals having the nominal frequency
and a third phase that is offset by an adjustably
fixed second amount from the first phase, decading
the received incoming call traffic, and transmitting

C———— .
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second franmes while the anounts of the offsets of the second and the fourth
phases are being de- creased; inserting traffic additional to the incom ng
call traffic into the first digital streamwhile the anbunts of the offsets
of the third and the fifth phases are being increased; and deleting a.
portion of the incomng call traffic fromthe first digital streamwhile
the amounts of the offsets of the third gnd_the fifth phases are being

decr eased.

the second digital stream of incoming call traffic
synchronously with the first clock signals;

outgoing processing means for receiving the second
frames of the coded outgoing call traffic from the
outgoing vocoder means, packetizing the received
second frames into the second packets, and trans-
mitting the second packets to the cell synchro-
nously with fifth clock signals having the nominal
frequency and a fourth phase that is offset by an
adjustably fixed third amount from the first phase;

incoming processing means for receiving the first
packets from the cell, depacketizing the received
first packets into the first frames, and transmitting
the first frames to the incoming vocoder means
synchronously with sixth clock signals having the
nominal frequency and a fifth phase that is offset by
an adjustably fixed fourth amount from the first
phase;

clock signal generating means for deriving the third,
the fourth, the fifth, and the sixth clock signals
from the first clock signals;

first means for determining whether the incoming
processing means receive the first packets within
first predetermined windows of time prior to the
times of transmission of the first frames by the
incoming processing means to the incoming vo-
coder means; _

second means for determining whether the cell re-
ceives the second packets within second predeter-
mined windows of time prior to the times of trans-
mission by the cell of the received outgoing call
traffic to the mobile telephone; and

third means responsive to a determination that either
receptions of the first packets fall outside of the
first windows or receptions of the second packets
fall outside of the second windows for causing the
clock signal generating means to either increase or
decrease the amounts of the offsets of either both
the second and the fourth phases or both the third
and the fifth phases, with respect to the first phase,
to move the packet receptions that fall outside of
their corresponding windows into the correspond-

ing windows.
This iz the replacemem showet

I LT



- 66 -

16. The apparatus of claim 15 wherein:

the third means are responsive to a determination by
the first means that receptions of the first packets at
the incoming processing means lag the first win-
dows, for causing the clock signal generating
means to increase the amounts of the offsets of both
the third and the fifth phases from the first phase by
a same amount. : '

17. The apparatus of claim 16 wherein:

the third means are responsive to a determination by
the first means that receptions of the first packets at
the incoming processing means lead the first win-
dows, for causing the clock signal generating
means to decrease the amount of the offset of both
the third and the fifth phases from the first phase by
a same amount.

18. The apparatus of claim 15 wherein:

the third means are responsive to a determination by
the second means that receptions of the second
packets at the cell lag the second windows, for
causing the clock signal generating means to de-
crease the-amounts of the offsets of both the second
and the fourth phases from the first phase by a2 same
amount.

19. The apparatus of claim 18 wherein:

the third means are responsive to a determination by
the second means that receptions of the second
packets at the cell lead the second windows, for
causing the clock signal generating means to in-
crease the amounts of the offsets of both the second
and the fourth phases from the first phase by a same
amount. |

20. The apparatus of claim 15 wherein:

the third means cause the clock signal generating
means to adjust either the first and the third
amounts of offset or the second and the fourth
amounts of offset, in one step by any amount re-
quired to move any packet receptions that fall out-
side of their corresponding windows into the cor-
responding windows at a commencing of a com-
munication, and cause the clock signal generating
means to adjust cither the first and the third
amounts of offset or the second and the fourth
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amounts of offset by an integral multiple of a same
predetermined amount in each step of a series of
sequential steps to move packet receptions that fall
outside of their corresponding windows into the
corresponding windows during the communica-
tion.
21. The apparatus of claim 15 further including:
means cooperative with the third means for causing
the outgoing vocoder means to insert traffic addi-
tional to the outgoing call traffic received by the
outgoing vocoder means into the second frames
transmitted by the outgoing vocoder means while
the amounts of the offsets of the second and the
fourth phases are being increased, causing the out-
going vocoder means to delete a portion of the
outgoing call traffic received by the outgoing vo-
coder means from the second frames transmitted
by the outgoing vocoder means while the amounts
- of the offsets of the second and the fourth phases
are being decreased, causing the incoming vocoder
means to insert traffic additional to the incoming
call traffic received by the incoming vocoder
means into the first digital streamn transmitted by
the incoming vocoder means while the amounts of
the offsets of the third and the fifth phases are being
increased, and causing the incoming vocoder
means to delete a portion of the incoming call traf-
fic received by the incoming vocoder means from
the first digital stream transmitted by the incoming
vocoder means while the amounts of the offsets of
the third and the fifth phases are being decreased.
22. A method of operating a commmunications system
comprising a first unit for transmitting incoming com-
munications, a second unit for receiving incoming com-
munications, a third unit for interfacing communica-
tions between the first and the second units, and 2 com-
munications medium having a fluctuating transmission
delay and connecting the first unit with the third unit,
the method comprising the steps of:
transmitting incoming communication traffic from
the first unit at times dictated by first clock s:gnals
havmg a nominal frcqucncy,
conveying the communication traffic transmitted by
the first unit via the communications medium to the

third unit for reception; _ |
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receiving the transmitted incoming communication
traffic at the third unit;
transmitting from the third unit to the second unit the
incoming communication traffic received from the
first unit at times dictated by clock signals having
the nominal frequency and having a first phase that
is offset by an adjustably fixed amount from a sec-
ond phase;
receiving incoming communication traffic transmit-
ted from the third unit at the second unit at times
dictated by clock signals having the nominal fre-
quency and the second phase;
detemnmng whether the third unit receives incoming
communication traffic from the first unit within
predetermined windows of time prior to the times
of transmission by the third unit of the received
. incoming communication traffic; and
either increasing or decreasing the amount of the
offset of the first phase from the second phase, in
response to a determination that receptions of the
incoming communication traffic at the third unit
“fall outside of the windows, to move the receptions
into the windows.

23. The method of claim 22 wherein

the step of either increasing or decreasing the amount
of the offset comprises the steps of:

adjusting the offset at commencing of a communica-
tion in one step by any amount required to move
the receptions substantially into centers of the win-
dows; and

adjusting the offset during the communication in a
series of sequential steps. .

24. The method of claim 22 further comprising the

steps of: :

- inserting additional traffic into the incoming commu-
nication traffic received by the third unit and trans-
mitting the additional traffic to the second unit
while the amount of the offset is being increased;
and

deleting a portion of the incoming communication
traffic received by the third unit from the incoming
communication traffic transmitted to the secoad
unit while the amount of the offset is being de-
creased.
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25. A method of Opee?ating a communications system
comprising a first unit for transmitting communications,
a second unit for receiving outgoing communications, a
third unit for interfacing communications between the
first and the second units, and a communications me-
dium having a fluctuating transmission delay and con-
necting the third unit with the second unit, the method
comprising the steps of:

transmitting outgoing communication traffic from the

first unit at times dictated by clock signals having a
nominal frequency and a first phase;
receiving at the third unit the outgoing communica-
tion traffic transmitted by the first unit;

transmitting from the third unit to the second unit
outgoing communication traffic received from the
first unit at times dictated by clock signals having
the nominal frequency and having a second phase
that is offset by an adjustably fixed amount from
the first phase;

conveying the communication traffic transmitted by

the third unit via the communications medium to
the second unit for reception;
receiving at the second unit the outgoing communica-
tion traffic transmitted by the third unit;

transmitting outgoing communication traffic from the
second unit at times dictated by clock signals hav-

. ing the nominal frequency;

determining whether the second unit receives outgo-
ing communication traffic from the third unit
within predetermined windows of time prior to the
times of transmission by the second unit of the
received outgoing communication traffic; and

either increasing or decreasing the amount of the
offset of the second phase from the first phase, in
response to a determination that receptions of the
outgoing communication traffic at the second unit
fall outside of the windows, to move the receptions
into the windows. |

26. The method of claim 25 wherein

the step of either increasing or decreasing the amount

of the offset comprises the steps of:

adjusting the offset at commencing of a communica-

tion in one step by any amount required to move
the receptions substantially into centers of the win-

dows; and
adjusting the offset during the communication in a
senes of sequential steps. This is the replacement sheet
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27. The method of claim 25 further comprising the
steps of:

inserting additional traffic into the outgoing commu-

nication traffic transmitted from the first unit and
causing the third unit to receive the additional
traffic while the amount of the offset is being in-
creased; and

deleting a portion of the outgoing communication

traffic transmitted by the first unit from the outgo-
ing communication traffic received by the third
unit while the amount of the offset is being de-
creased. _

28. A method of operating a communications system
comprising a first unit for transmitting outgoing com-
munication traffic and receiving incoming communica-
tion traffic, a second unit for transmitting received in-
coming and outgoing communication traffic, a third
unit for interfacing communications between the first
and the second units, and a communications medium
having a fluctuating transmission delay and connecting
the second unit with the third unit, the method compris-
ing the steps of:

transmitting outgoing communication traffic from the

first unit and receiving incoming communication
traffic at the first unit at times dictated by first
clock signals having a nominal frequency and a
first phase;

transmitting received incoming and outgoing com-

munication traffic from the second unit at times
dictated by second clock signals having the nomi-
nal frequency; '
receiving at the third unit the outgoing communica-
tion traffic transmitted by the first unit;

transmitting from the third unit to the second unit
outgoing communication traffic received from the
first unit at times dictated by third clock signals
having the nominal frequency and having a second
phase that is offset by an adjustably fixed first
amount from the first phase;
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conveying the outgoing communication traffic trans-
mitted by the third unit via the communications
medium to the second unit for reception;
conveying the incoming communication traffic trans-
mitted by the second unit via the communications
medium to the third unit for reception;
receiving at the third unit the incoming communica-
tion traffic transmitted by the second unit;
transmitting from the third unit to the first unit in-
coming communication traffic received from the
second unit at times dictated by fourth clock sig-
nals having the nominal frequency and having a
third phase that is offset by an adjustably fixed
second amount from the first phase;
determining whether the second unit receives outgo-
ing communication traffic from the third unit
within first predetermined windows of time prior
to the times of transmission by the second unit of
the received outgoing communication traffic;
determining whether the third unit receives incoming
communication traffic from the second unit within
second predetermined windows of time prior to the
times of transmission by the third unit of the re-
ceived incoming communication traffic; and
either increasing or decreasing the amount of the
offset of either the second phase or the third phase
from the first phase, in response to a determination
that either receptions of the outgoing communica-
tion traffic at the second unit fall outside of the first
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windows or receptions of the incoming communi-
cation traffic at the third unit fall outside of the
second windows, ta mave the receptions that fall
outside of their corresponding windows into the
corresponding windows.

29. The.method of claim 28 wherein

the step of either increasing or decreasing the amount
of the offset comprises the step of:

decreasing the amount of the offset of the second
phase from the first phase, in response to a determi-
nation that receptions of the outgoing communica-
tion traffic at the second unit lag the first windows.

30. The method of claim 29 wherein

the step of either increasing or decreasing the amount
of the offset further comprises the step of:

increasing the amount of the offset of the second
phase from the first phase, in response to a determi-
nation that receptions of the outgoing communica-
tion traffic at the second unit lead the first win-
dows.

31. The method of claim 28 wherein

the step of either increasing or decreasing the amount
of the offset comprises the step of:

increasing the amount of the offset of the third phase
from the first phase, in response to a determination
that receptions of the incoming communication
traffic at the third unit lag the second windows.

31. The method of claim 31 wherein

~ the step of either increasing or decreasing the amount

of the offset further comprises the step of:

decreasing the amount of the offset of the third phase
from the first phase, in response to a determination
that receptions of the incoming communication
traffic at the third unit lead the second windows.

33. The method of claim 28 wherein

the step of either increasing or decreasing the amount
of the offset comprises the steps of:

adjusting the first amount and the second amount of
offset at commencing of a communication each in
one step by any amount required to move the re-
ceptions that fall outside of their corresponding
windows into the corresponding windows; and

adjusting the first amount and the second amount of
offset during the communication in a series of se-
quential steps by an integral multiple of a same
predetermined amount during cach step.

' This i3 the replacement sheet

| 16 Il 1997
) DA UL : L tsaw



- 73 -

34. The method of claim 28 further comprising the
steps of:

inserting additional traffic into the ocutgoing commu-
nication traffic transmitted from the first unit and
causing the third unit to receive the additional
traffic while the amount of the offset of the second
phase is being increased;

deleting a portion of the outgoing communication
traffic transmitted by the first unit from the outgo-
ing communication traffic received by the third
unit while the amount of the offset of the second
phase is being decreased;

inserting additional traffic into the incoming commu-
-nication traffic received by the third unit and trans-
mitting the additional traffic to the first unit while
the amount of the offset of the third phase is being
increased; and

deleting a portion of the incoming communication
traffic received by the third unit from the incoming
communication traffic transmitted to the first unit
while the amount of the offset of the third phase is
being decreased.

35. The method of claim 28 in a communications
system wherein the first unit is for transmitting a stream
of outgoing communication traffic "and receiving a
stream of incoming communication traffic, and the sec-
ond unit is for transmitting packets of received incom-
ing communication traffic, and receiving packets of
outgoing communication traffic for transmission of the
outgoing communication traffic, wherein:

the step of receiving at the third unit the outgoing

communication traffic transmitted by the first
means comprises the steps of

receiving the stream of outgoing communication

traffic from the first unit, and _
packetizing the received outgoing communication
traffic;

the step of transmitting from the third unit to the

second unit outgoing communication traffic com-
prises the step of

transmitting the packets of the received outgaing

communication traffic to the second unit at times
dictated by the third clock signals;

the step of receiving at the third unit the incoming
communication traffic transmitted by the second
unit comprises the steps of
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recerving the packets of the incoming communication

traffic from the second unit, and

depacketizing the received incoming communication

traffic;

the step of transmitting from the third unit to the first

unit incoming communication traffic comprises the
step of

transmitting the depacketized received incoming

communication traffic toward the first unit at times
dictated by the fourth clock signals;

the step of determining whether the second unit re-

ceives outgoing communication traffic comprises
the step of

determining whether the second unit receives the

packets of outgoing communication traffic from
the third unit within the first predetermined win-
dows; and

the step of determining whether the third unit re-

ceives incoming communication traffic comprises
the step of

determining whether the third unit receives the pack-

ets of incoming communication traffic from the
second unit within the second predetermined win-
dows.

36. A method of processing call traffic in an interface
arrangement of a cellular radio-telephone system that
includes the arrangement, a communications medium
connected to the apparatus and having a fluctuating
transmission delay, at least one cell connected to the
communications medium and each for transmitting first
packets containing first frames of coded incoming call
traffic received from a radio telephone to the arrange-
ment across the medium and for transmitting to the
radio telephone outgoing call traffic received across the
medium from the arrangement in second packets con-
taining second frames of coded outgoing call traffic,
and a mobile-telephone switching system for intercon-
necting cells with each other and with a telephone net-
work by routing a first digital stream of incoming call
traffic received from the arrangement to a destination
and by routing a second digital stream of outgoing call
traffic reccived from a source to the arrangement and
wheretn the first and the second digital streams are
synchronized with first clock signals having 2 nominal
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frequency and a first phase and derived from the tele-
phone network, and the transmisions of the incoming
and .the outgoing call traffic by the cell are synchro-
nized with second clock signals having the nominal
frequency. the method comprising the steps of:
receiving the second digital stream of outgoing call
traffic synchronously with the first clock signals;
coding the received outgoing call traffic;
transmitting second frames of the coded outgoing call
traffic synchronously with third clock signals hav-
ing the nominal frequency and a second phase that
is offset by an adjustably fixed first amount from
the first phase;
receiving the second frames of the coded outgoing
call traffic;
packetizing the received second frames into the sec-
ond packets
transmitting the second packets to the cell via the
communications medium synchronously with fifth
clock signals havmg the nominal frequency and 2
fourth phase that is offset by an adjustably fixed
third amount from the first phase;
receivmg the first packets from the cell via the com-
munications medium; ' :
depacketizing the received first packets into the first
frames;
transmitting the first frames synchronously with sixth
clock signals having the nominal frequency and a
fifth phase that is offset by an adjustably fixed
fourth amount from the first phase;
receiving the first frames of the coded incoming call
traffic synchronously with fourth clock signals
havmg the nominal frequency and a third phase
that is offset by an adjustably fixed second amount
from the first phase;
decoding the received incoming call traffic;
transmitting the second digital stream of incoming
call traffic synchronously thh the first clock sig-
nals; . '
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determining whether the interface arrangement re-
cetves the first packets within first predetermined
windows of time prior to the times of transmission
of the first frames by the interface arrangemeant;

determining whether the cell receives the second
packets within second predetermined windows of
tme prior to the times of transmission by the cell of
the received outgoing call traffic to the mobile
telephone; and

either increasing or decreasing the amounts of the
offsets of either both the second and the fourth
phases or both the third and the fifth phases, with
respect to the first phase, in response to a determi-
nation that either receptions of the first packets fall
outside of the first windows or receptions of the
second packets fall outside of the second windows,
to move the packet receptions that fall outside of
their corresponding windows into the correspond-
ing windows.

37. The method of claim 36 wherein

the step of cither increasing or decrcasing the
amounts of the offsets comprises the step of:

increasing the amounts of the offsets of both the third
and the fifth phases from the first phase by a same
amount, in response to a determination that recep-
tions of the first packets at the interface arrange-
ment lag the first windows.

38. The method of claim 37 wherein

the step of ecither increasing or decreasing “the
amounts of the offsets further comprises the step of:

decreasing the amounts of the offsets of both the third
and the fifth phases from the first phase by a same
amount, in response to a determination that recep-
tions of the first packets at the interface arrange-
ment lead the first windows.

39. The method of claim 36 wherein

the step of either increasing or decreasing the
amounts of the offsets comprises the step of:

decreasing the amounts of the offsets of both the
second and the fourth phases from the first phase
by a same amount, in response to a determination
that receptions of the second packets at the cell lag

the second windows.
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40. The method of claim 39 wherein
the step of cither increasing or decreasing the
amounts of the offsets further comprises the step of:
increasing the amounts of the offsets of both the sec-
ond and the fourth phases from the first phase by 2
same amount, in response to a determination that
receptions of the second packets at the cell lead the
second windows.
41. The method of claim 36 wherein
the step of either increasing or decreasing the
amounts of the offsets comprises the steps of:
adjusting either the first and the third amounts of
offset or the second and the fourth amounts of
offset, in one step by any amount required to move
any packet receptions that fall outside of their cor-
responding windows into the corresponding win-
dows at a commencing of a2 communication; and
adjusting either the first and the third amounts of
offset or the second and the fourth amounts of
offset by an integral multiple of a same predeter-
mined amount in each step of a series of sequential
steps to move packet receptions that fall outside of
their corresponding windows into the correspond-
ing windows during the communication. .
42. The method of claim 36 further comprising the
steps of:
inserting traffic additional to the outgoing call traffic.
into the second frames while the amounts of the
offsets of the second and the fourth phases are
being increased;
deleting a portion of the outgoing call traffic from the
second frames while the amounts of the offsets of
the second and the fourth phases are being de-
creased; :
inserting traffic additional to the incoming call traffic
into the first digital stream while the amounts of the
offsets of the third and the fifth phases are being
increased; and -
deleting a portion of the incoming call traffic from
the first digital stream while the amounts of the
offsets of the third and the fifth phases are being

decreased.
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- ADAPTIVE SYNCHRONIZATION ARRANGEMENT
Abstract |
A CDMA cellular radio-telephone system ~ has switching
systems (201) synchronized to public telephone network (100) timing signals,
and radio telephones (203) and cell base stations (202) synchronized to a different

clock« Transmission delays between the cell base stations and the telephone
network are variable. Switching systems include digital communications
interfaces to the telephone system, whose connections to the telephone system

are synchronized to the telephone system, and whose connections to the cells are
- nominally also synchronized to the telephone system but whose processor _

operates for each call within predefined windows of phase relationships
to the operation of the cell that is handling the call, and occasionally adjusts

-its phase relationships to the operation of the telephone system to
achieve and maintain its operation within the predefined windows. Packet-switched
communications " ‘between the cells and the switching systems absorb the phase
relationship fluctuations and the timing adjustments in inter-packet intervals.
Circuit-switched digital communications between the switching systems and the
telephone system absorb the timing adjustments by means of vocoder
implemented slips --bit insertions or deletions-- in the communications traffic bit
stream.

' FIGRE 2.
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