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- ADAPTI VE SYNCHRONI ZATI ON ARRANGEMENT ‘Techni cal Field This ,r%a?t i on reI at es 1—
- generally to network-independent timng arrangenents, and
specifically to digital radio-tel ephong .arrangenents wherein operations of ’
the tel ephone network and the radi o nodes are synchronized to different
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stations (irfﬁrémcﬂmksshort) are synchronl zed to clock signals received by

the cell Sﬁt‘Eﬁﬁ&"@%ﬂ tﬁdgon' ng system (GPS) satellite, whereas the

radi o- t whi ch interconnect the base stations
with each other anl soimetimesocqusin digitall telspeommunisationssysiemsthas of  di gi tal

communi cabiREided ﬁﬁnﬁMnﬂﬁhﬂi@ﬂxd{@ hfgﬁensis@tﬂﬁé@mde béldeiBY oftie0 be received -

fromthe GPS satellite but are dIS e telep one networ k. For

pur poses BFTWORK sommunications, cqqxwae% ier spuglifew 3 itgRaiiany network)
that interconnects the customer-premises equipment. A particularly significant
example thereof is the code-division multiplcxéd-aécess (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 te be synchronized 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 operation of different units of a
communication system destroys the assumption that the units provide call traffic to
each otherata 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 , o
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operations are considered to be synchronized with each other, or

synchronous, if (a) they either occur at the sane nom nal frequency or one

occurs at a frequency that is an integral multiple of the frequency of the
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communicating units. This asynchrony must likewise be compensated for.

A partial though inadequate solution to thé 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 "glitches" 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 1o the problems caused
by fluctuating transmission delays is to circuit-switch communication traffic,
whereby the dependency of wansmission 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 will
typically arise during CDMA call "soft handoff™.
Summary of the Invention
This invention is directed to solving thcse and other disadvantages of the

prior art. Broadly according to the invention, in a digita! telecommunication system
having independently-timed units, there is provided an interface between the
asynchronously-operating units which is nominally synchronized with ones of the



and pre-determnable, it can be conpensated for in the communi cati on system
. design such as to allow the units to operate synchronously wth each other.
- But if the delay cannot be predeterm r@d but is vari-able and fl uctuates,
the net effect is the sane as if the units were independently tinmed. The
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data commy 2540 fcing the operations of the first unit with the operations of the second

unit, which has its operations nominally synchronized with the operations of the first

unit. Furthermore, the extent of asynchrony between the operations of the second

and the third units is monitored to determine whether the extent of asynchrony lies

outside of a predetermined range of allowed asynchrony. If so, the synchronization

(e.g., the phase relationship) of the operations of the third unit with the operations of

the first unit is adjusted so as to move the extent of asynchrony between the

operations of the second and the third units within the allowed range.

Specifically according to the invention, in a CDMA radio-telephone

system, each radio-telephone switching system includes a digital communications

interface arrangement whose connections to the telephone system are synchronized

to the operation of the telephone system, and whose connections to the base stations

(cells) are nominally also synchronized to the operation of the telephone system but

which operates for each individual call within a predefined window of phase

relationships to the operation of the base station that is handling the call and

occasionally adjusts its phase relationship with the operation of the telephone system

to achieve and to maintain its operation within the predefined window. According to

an illustrative embodiment, the interface arrangement utilizes message-based, e.g.,

packet-switched, communications between the base stations and the switching
system, wherein the phase relationship fluctuations and the timing adjustments are
absorbed by variations in inter-message intervals. Further according to an
illustrative embodiment, the interface arrangement utilizes circuit-switched -
communications between the switching system and the telephone network, wherein
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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 diagram of a conventional cellular radio-telephone

system;
’ FIG. 2 is a block diagram of a cellular radio-telephone system that
incorporates an illustrative embodiment of the invention;
FIG. 3 is a block diagram of a cell of the system of FIG. 2;
FIG. 4 is a block diagram of a cell interconnect module of the system of

FIG. 2; .
FIG. 5 is a block diagram of a speech coding module of the system of
FIG. 2;
FIG. 6 is a block diagram 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-packe: processing functions of the
processor of the unit of FIG. 6;



I f they were synchronized with each other. The use of the invention is not
limted to digital tel ecommunications systens, but extends to any apparatus
that includes a first operating unit gavi ng its operations synchronized
with first clock signals and a second®operating unit having its operations
synchroni zed wth second cl ock signals which are asynchronous with the
first clock signdfIS.d6ds aflewadiagrateofmieckadjustmentf funttionsaf agluster need to be

i nterfac ' t eal nvention, such an apparatus includes a third
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asynchr opyrfbrgiedes Rall Berup H6¥ #5dreies cirtuit bEtheamired AIGA6] he third units within
t he al | owed rangg@g&mficalnl éiﬁaccor ing to the inventi,on, in a CDVA
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performed during an established call for a service circuit of the unit of FIG. 6;
FIG. 23 is a signalling diagram of setup of a mobile-originated call in
the system of FIG. 2;
FIG. 24 is a signalling diagram of setup of a network-originated call in
the system of FIG. 2; ' .
FIG. 25 is a signalling diagram of a mobile-originated disconnection of
a call in the system of FIG. 2;
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 diagram of the end of a soft-handoff wherein a
master cell drops off;
FIG. 29 is a signalling diagram of the end 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: ' - '
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rel ationships to the operation of the base station that is handling the
call and occasionally adjusts its phase relationship with the operation of
t he tel ephone systemto achieve and t® naintain its operation within the
predefi ned wi ndow. According to an ilTustrative enbodinent, the interface
arrangenment utilizes nessage-based, e.g., packet-sw tched, comrunications

bet ween the baseF¥Ga33 xsrxss1gtml1mgld1agmm ofid EPMAstoeGDMA draed-handnff phase
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"packet 31 a-r]dd bevel.-tz "frames", for purposes of clarity, the use of the
term"p e AR in the clains is intended to enconpass either
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.

The system of FIG. 1 includes a plurality of geographically-dispersed
service nodes known as cell sites, or cells 102 for short, each one of which provides
radio-telephone services to wireless user terminals, known as mobile radio-
telephones 103, in its vicinity. To provide radio-telephone service between mobile
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 multiplexed) channel, a plurality of which are implemented
by a DS1 faéility 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 Proce;sor (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



or both "packets" and "franes". These and ot her advantages and features of
the invention will becone apparent fromthe foll ow ng description of an
illustrative enbodi nent of the inventyon considered together with the
drawi ng. Brief Description of the Drawing FIG 1 is a block diagramof a
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frames of FIGS. 7Ea%ﬂ%§tiile 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 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
radio units in this embodiment, or can be located at switches 101.

While in a cellular system, a mobile radio-telephone’s receiver scans a

set of predetermined paging channels. After locking onto the strongest paging
channel, the mobile radio-telephone 103 gets instructions from the system and
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



FIG 10 is a block diagramof a level-3 protocol used for carrying
signalling information in the franmes of FIGS. 7 and 8; FIGS. 11-14 are a

fl ow di agram of received-packet proce®sing functions of the processor of
the unit of FIG 6; FIG 15 is a flow diagramof transm t-packet processing
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packet -transm ssi on cl oc staents perforned during an established call
for a scailabledpr uss by iﬁmé{l f FIG 6;

. 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 uses 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-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 systém processor and switch fabric resources, thus reducing the
system’s overall capacity.

Each cell 102 is configured around a high-speed time-division
multiplexed (TDM) bus 140. TDM bus 140 is illustratively the 2.048 MHz TDM
bus of an AT&T Definity® communications system Universal Module, and
physically comprises one or more TDM buses each having 256 time-slots per frame.
Nlustratively, multiple TDM buses are used simuitaneously by units connected
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. INustratively, trunks 107 are carried by T1 facilities employing the DS 1
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 §upplied by a plurality of radios 143, multiplexes




FIG 22 is a timng diagram of packet-reception clock-adjustnments perforned
during an established call for a service circuit of the unit of FIG 6;
FIG 23 is a signalling diagramof seup of a nobile-originated call in the
systemof FIG 2; FIG 24 is a signalling diagramof setup of a
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' 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 causes communications to be switched by TDM
bus 130 between interfaces 132. Each trunk 107 extending from a cell 102 is
terminated at a switching module 120 by an interface 132. Other interfaces 132 at a
module 120 terminate trunks 106, which are duplicates of trunks 107 but extend to
public telephone network 100.

If switch 101 includes more than one module 120, it also includes a
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. Imterface 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 100 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.
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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

individual DCSs 201 are each in turn connected to each speech coding module

(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 illustratively 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 any 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



The systemof FIG 1 includes a plurality of geographically-dispersed
servi ce nodes known as cell sites, or cells 102 for short, each one of

whi ch provi des radi o-tel ephone services to wirel ess user termnals, known
as nobile radio- tel ephones 103, in itS vicinity. To provide
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ECP these time slots. A TDMA radio 203 is illustratively the TIA IS54 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

frequencies in the territories served by adjacent cells 202. Consequently, adjacent

cells 202 need not, and do not, operate at different radio frequencies, but re-use the

same frequencies. When moving from the vicinity of one cell 202 to the vicinity of

another cell 202, a mobile radio-telephone 203 may undergo a "hard handoff™

procedure, described previously. However, 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 originél baseband signals is accomplished using the corresponding

digital modulation signals to demodulate within '_a time-synchronous manner. Fora

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

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




conpl ex 134 and DCS 101 nmake up a nobile switching center (MSC) 199. ECP
105 and I M5 104 are illustratively the AT&T Autoplex ECP and the AT&T
Aut opl ex | M5 (which includes a pluralijgy of cell site node processors,
digital switch node processors, and dat abase node processors,
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radios 243.

Each cluster controller 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
is illustratively a conventional microprocessor main bus. Bus 391 is connected to
C-bus 390 by a C-bus interface 392 which functions as an I/O interface of
conventional design. Controller 393 orchestrates data movement between channel
elements 245 and cell 202 TDM bus 140 (illustratively, one transfer in each direction
for each channel element 245 every 20 msecs.), performs operation, adminisuation,
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 wraffic 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 1nterfacc 396, of conventional desxgn, which connects controller
395 to bus 140. '



channel , the nobile radio-tel ephone 103 gets instructions fromthe system
and receives incomng calls. A nobile radio-tel ephone 103 also transmts on
a channel to originate a call. Wen a®all is established (incomng or

out going) the receiver is assigned to a particular voice channel and
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of the aagagivdar gt of dignalling! Bett progsiols 350 antiB31 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
channel element 245 from a DCS 201, the sequence numbers begin at 0 at the start of
every new call. In the case of packets 350 incoming from a channel element 245 to a
DCS 201, the sequence numbers are derived from the master timing signals to which
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 coniputed 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



Upon confirmation of the radio-tel ephone’s comunication with the target
cell 102, the DCS 101 is then instructed to renove the voice connection to
the original serving cell 102, |eavi t he connection between the new
serving (target) cell 102 and the serving trunk 106. The tel ephone
conversation continues largely uninterrupted through this handoff process.
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si mul t arﬁaéﬂ%#l?f %‘W@ﬁl ¢lemeah AT pasticipating in thxs 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.
A cluster controller 244 couples a plurality of channel elemcnts 24510
TDM bus 140. Each cluster controller 244 communicates on TDM bus 140 through
an allocated input and an output "pipe". The allocation is administrable, and is
typically done at system initialization. Each "pipe" illustratively constitutes a
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 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.



thereto and logically operate as a single TDM bus having a nultiple of 256

tinme- slots per frame. Each tine slot has a rate of 64 Kbps.
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circuit 612 (see FIG. 6). Within a cluster controller 244, the DLCI identifies the

channel element 245 which is the source or destination of the frame. In this

embodiment, DLCIs are assigned to ports and channel elements administratively at

system configuration time, and remain fixed thereafter.

The transmission of frames to and from cluster comrollers 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
FIG. 2. The frame-relay technique is described in U. S. Patent No. 4,894,822, Itis

hereby incorporated herein by reference.

Advantageously, in order to provide radio telephone services to

conventional analog or digitéi'TDMA mobile telephones 103 within the same
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. It is important for
purposes of this application that each interface 242 ensure that the delay undergone
by signals of evéry DS0 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



interfaces 142. Illustratively, controller 141 nakes these allocations on
the basis of control information supplied thereto by ECP conplex 134 over a
control link 108; alternatively, comgroller 141 may have a database that
allows it to nake the allocations autononously. Each digital cellular
switch 101 conprises one or nore digital swtching nodules (DSMs) 120. A
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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 DS 1 (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 by a
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 performs the functions of gathering 64 Kbps time slots from
concentration highway 400, inverting the inverted HDLC format (discussed in
conjunction with cell 202 of FIG. 3) back to normal, and multiplexing the data into
DS1 format for transmission on trunks 207, and vice versa. |
' PPE 401 performs LAPD frame-relay functions 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 ffame’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




switch 101. Interconnection between nodul es 120 of different nobile radio-
t el ephone switches 101 is provided by public tel ephone network 100 or by
trunks that interconnect switches 101 ygi.rectly. Overall control of a
digital cellular switch 101 and coordination of activities between its

nodul es 120 and 121 is exercised hy_a. troller .161. roller
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1 in many respects I dentical. The system
i ncl udes @a@p@ﬂallstwbmta@wgwbpm cal | y-di spersed cells 202, each one of

whi ch provi ees radiRp cShfRiaty I§ﬂ‘7‘bh§2§0 bPcelDididreofitdt ArkfleORRES 203 i n
Tts vicl mc)zp%.nsfgi Jljtse?fgcege(%%) r553(:%ach ga?pzansmn 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

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
addresses of speech coder modules 220. Table 452 uses the port address 312 and
DLCI 302 that it receives from FIFO buffer 451 as a pointer to find a new board
address 311 and port address 312 for the frame 310, and sends the new addresses 311
and 312 to translation inserter 453. Inserter 453 prepends the new board and port
addresses 311 and 312 received from table 452 to the frame 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 cxpansxon interfaces 253 on LAN
bus 250.




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 inplemented by using fgrectional transmt antennas at a
cell site. The operation of all nobile radio- tel ephones 203 and cells 202
I's synchroni zed to a conmmon
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all, mobj c;ueplédagy 2DS1 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

bus 130 is connected by DS1 interfaces 132 and trunks 106 to public telephone

network 100. Fiber trunks 210 from cell interconnect modules 209 are connected to

LAN bus 260 by expansion interfaces 263 which duplicate expansion interfaces 253.

Each cell interface module 209 of a DCS 201 is connected to each speech coder

module 220 of that DCS 201. Interconnection between DCSs 201 is provided 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, depacketizes their contents (i.e., terminates their protocol),
performs various processing functions -- including speéch_ 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



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-t el ephone, and may even be a stpjionary radio-tel ephone. The digital
radi o-t el ephones use voi ce- conpression techni ques to reduce the required
digital transm ssion rate over_ the radio_channel. Each digita
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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 itin
the buffer 620, and issues an interrupt to a processor 602. The time stamp is the
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 implemented 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 audio-processing circuitry. But all service circuits 612 are
served on a 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 (hereinafter 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 evéry 20 msecs. The
performance of the functions is interrupt-driven, by interrupt signals provided by an
adaptive synchronization circuit 611 and interface 601.
Thc exchange of traffic frames of incoming and outgoing call traffic is
carried on between processoi' 602 and service circuits 612 through buffers 603 of
processor 602. Each service circuit 612 has its own corresponding buffer 603. A

ﬂ




these tine slots. A TDVA radio 203 is illustratively the TIA 1S54 digital
cellular radio. TDVA enploys different frequencies in adjacent cells and
t herefore requires t'he "hard handof f"2Qrocedure described previously. In
the present illustrative exanple, digital radio-tel ephones 203 are assurred
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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)
which embodies the Qualcomm, Inc. QCELP low-bit-rate variable-rate speech
encoding/decoding algorithm. The QCELP algorithm provides for sending minimal
information during periods of low or no speech activity. The frame transport
mechanism of this embodiment ideally adapts to time-varying traffic loads.
In the case of a system handling both CDMA 'and TDMA traffic wherein
the TDMA traffic is also frame-relayéd, 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.




digital nodul ation signals to denodulate within a tine-synchronous nmanner.
For a description of CDVA see, e.g., U S. Patent No. 4,901,307, and
publ i shed international patent appli@jtions WO 91/07020, WO 91/07036, and

WD 91/ 07037. 12 A cell 202 is shown in FIG 3 Simlarly to a cell 102
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C bus 398'a£ssrmt 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
functions on a per-call basis, under the direction of controller 231 of that speech
coder module 220. Unit 609 communicates with controller 231 via a control channel
implemented by bus 130. This control channel is interfaced to unit 609 through
interface 608 and bus 613. Unit 609 provides maintenance functions to LAN bus
interface 601 via control link 616.

Unit 609 exerts control over interface 608 via a translation and
maintenance control bus 613, to which both are connected. Similarly, processor 602
controls circuits 601, 603-606, and 611 via a processor 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 61 1, 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




il lustratively a conventional conputer input and output (1/0O bus, and
channel el enents 245 are connected to C bus 390 as conputer 1/0O devices.
C-bus 390 and channel elenents 245 o ate under control of a controller
393. Controller 393 is illustratively a general-purpose m croprocessor, and
it is served by a bus 391 which is illustratively a conventional
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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. '

Discussion now returns to processor 602 and its packet-and frame-
processing functions. (Level-2 protocol processing is commonly referred to as frame
processing, while level-3 protocol processing is commonly referred to as packet
processing.) The functions performed by processor 602 on 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
correspondmg receive interrupt signals from LAN bus interface 601 and adaptive

( ’m

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, processdr 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



395 to bus 140. ~ Conpressed call traffic and signalling are transported
bet ween channel elenents 245 and cluster controller 244 in the form of

segnents of byte-oriented informatiogg Each channel el enent 245 transmits
and receives a segnent of byte- oriented information-at regul ar intervals,
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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.

If field 321 identifies the packet as a traffic packet, processor 602
performs clock adjustment and synchronization functions, at step 912, to shift the
offset of clock signals generated by circuit 611 from clock signals generated by
circuit 600 by an amount determined by processor 602 or dictated by clock adjust
field 322 of the received packet. These are described in conjunction with FIG. 18.
Processor 602 then checks v'dice/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



packets transmtted in a given direction. In the case of packet 350
-outgoing to a channel elenent 245 froma DCS 201, the sequence nunbers
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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

than the expected sequence number. If the sequence number of the received packet

is greater than the expected sequence number, 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 935, and returns,

at step 946. Updating of the call state at step 935 includes storing the contents of

power control field 325 of the received packet. If the sequence number of the

received packet is equal to the expected sequence number, processor 602 proceeds to

steps 918 et seg. to pfocess 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 retrievés 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 packct 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



its corresponding nobile tel ephone 203. Normally, this field is also used
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TDM bus daéhiplesithat itgenerates as a function of previously-received packets. Processor 602
then returns to the point of its invocation, at step 954.

Returning to step 914, a traffic packet that carries signalling information
is encountered by processor 602 only during "soft handoff", as under normal
circumstances signalling is sent directly to mobile telephone 203 from cell 202
involved in a given call. If the traffic packet carries only signalling information,
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 2 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 be_ttér 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.




an allocated input and an output "pipe". The allocation is adm nistrable,
and is typically done at systeminitialization. Each "pipe" illustratively
constitutes a plurality of-(e.g., fqur) time slots (i.e., four 64 Kbps
channel s) on TDM bus 140. In the re se (inbound) direction, cluster
control |l er 244 queues traffic segnents received from channel el enents 245,

formats theminto packets p ' 0 | - C-fornmat LAPD
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cont r gdterrupt-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
to determine whether the call is in soft handoff, at step 1202. If not, processor 602
accesses vocoder 604 of the service circuit 612 that is being served and requests
therefrom a traffic frame of full-rate-coded call information, at step 1227. Upon
receiving a traffic frame from that vocoder 604, at step 1228, processor 602 formats
the traffic frame’in the level-3 protocol, at step 1230. 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 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 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 123§. -
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




field 303 which specifies the type of LAPD franme this is; a user data field
304 which contains the | evel -3 protocol (packet) 350 or 351 referred to
above; and a franme check sequence (FCS) field 305, used for error checking.
The DLClI field 302 is the frame end-2P-end address field. It contains a
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TOM 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

steps 935 and 938 of FIG. 11 from both cells 202 that are involved in the s_oft

handoff, swaps it so.that each of the two cells 202 will be sent the power control

information that was received from the other of the two cells 202, and inserts the

swapped information into 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. Following 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, proceSspr 602 proceeds to steps 1230 et seq.



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 nmay
be used side- by-side with cells 202 within the systemof FIG 2. TDVA
traffic may be -carried through the s emof FIG 2 either in
circuit-switched form like the analog radio traffic, or in packet-swtched
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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.

In order to be able to transmit call traffic at time 1300, a channel
element 245 must receive that call traffic at least some minimum period of time prior
to time 1300, at a time t;, 1301. Channel element 245 preferably receives the
information for transmission within a time window 1302, which exists a little after
time 1300 of the prior transmission and a little before time 1301 of the present
transmission. Window 1302 thus provides some leeway for minor time flictuations.
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 independeni 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.




single cluster controller 244. The traffic-carrying capacity of the

bandwi dth provided by trunks 207 is thereby greatly increased over

al ternative transmssion techniques, gfuch as the conventi onaI

circuit-sw tching technique. Any remai ni ng trunks 207 (i.e., DSO channels)
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TX_INT_X interrupts for this call by a time, also specified in the packet, such as will
move the time of receipt substantially to the center of window 1302. Conversely, if
the packet was received too late, the routine causes a cell-to-switch type of signalling
packet to be sent to processor 602, at step 1010, requesting that the time of the
TX_INT_X interrupts for this call be advanced by a specified time. The routine then
returns to the point of its invocation, at step 1022.

Alternatively, the routine need not respond merely to the first traffic
packet received, but may calculate an average time of required clock adjustment
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

‘(J

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. | |



contains a board and a port address for each DLCI 302. Translation table
411 is admnistered at initialization. PPE 401 is adm nistered to receive
LAPD frames 300 on designated tinme slggg of concentration highway 400. For
each LAPD frane 300 received on conceffirati on hi ghway 400, PPE 401 uses the
contents of the frane's DLCI field 302 to find the correspondi ng board and
"~ port address in tHoweverlin orfiertchbiable i trapsonit 2 packas gt 2 Siveadipg,fy t he
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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
from the circuit 600 clock input signals by the abovementioned time period 1310
that was specified in the signalling packet which processor 602 received from
channel element 245. Vocoder 604 does so, thereby shifting its traffic frame
transmit times from times 1308 to times 1309. 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 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 réquests 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 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.



expansion interfaces (Els) 253. Each expansion interface 253 couples an
optical fiber trunk 210 to LAN bus 250. Expansion interfaces 253 nerely act
as routing el enents. Each expansion i@lerface 253 includes a LAN bus

i nterface 450 which nonitors LAN bus for nodified LAPD frames 310 having a
pre-adm ni stered DLCI 302, board addres
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LAN bus interfacepdal 6% drGékets from channel element 245 for a particular (Xth)
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 must precede by some minimum time the
transmission of the call traffic frames contained in the packets to vocoder 604, to
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 tmin 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 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

pod

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 t,;, 1401. Processor 602 cannot change the times 1403 at which channel
element 245 transmits packets, and therefore it cannot change the times 1404 at



the stored franes 310 from FI FO buffer 455 and transmts them on LAN bus
250. Consequently, expansion interface 253 nerely transmts on LAN bus 250
those frames 310 that it receives on t3 attached fiber trunk 210. These
frames 310 have board addresses 311 that identify the destination
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processor 602 inside wmdows 1402.

However, in order to be able to shift its frame transmit times from
times 1406 to times 1407, processor 602 must cause vocoder 604 to shift its frame
receive times from times 1408 to times 1409. Vocoder 604 uses the output of an
internal input clock 621 to time its frame receptions. Like output clock 622, input
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 pefformed 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



conventional comrunications to public tel ephone network 100, TDM bus 230 is
al so coupled by a DS1 interface 132 and a trunk 106 to network 100. A
speech coder nodule 220 of a digital g@&lular switch 201 is shown in FIG
5. Each DCS 201 conprises one or nore identical nodules 220. Mdule 220 is
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~ times 1306 at channel elements 245 to drift out of windows 1302, as illustratively

shown in FIG. 21, and may cause packet receive times 1404 at processor 602 of
'SPU 264 to drift out of windows 1402, as illustratively shown in 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 respectto
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 time),




reverse direction, a speech processing unit 264 receives conmunications
over TDM bus 130 in tinme slots which are assigned to calls on a

call -by-call basis, perforns various $4ocessing functions -- including
speéch conpression -- thereon, packetizes t he processed communi cati ons,
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When change in timing of processor 602 activity advances packet
transmit times 1305 from times 1305 to times 1505, and hence advances packet
receive times 1306 with respect to windows 1302, the result is new packet receive
times 1506 which are positioned back inside windows 1302, as shown in FIG. 21.
When change in timing of processor 602 activity advances 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 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 service circuit 612 to
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 10 again -



bus 260 for pre-adm nistered 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 ggterface 601 appends to it a tine
stanp, stores it in the buffer 620, . and issues an interrupt to a processor
602. The tinme stanp is the present count of a counter 623, discussed
further #ligrovocobiee 6pb raffiediiame inplt and putput scsivisies with BEM sample ogiplt of a
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cor r espopgl RAFHAEK & witlGibt b 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 bytes of
information. So vocoder 604 generates an additional sample byte to mask the timing
- realignment at its PCM output. i



buffer 603 buffers traffic franmes passing between processor 602 and a
vocoder 604 of a service circuit 612 to conpensate for m nor differences
and fluctuations in the timng of inp@€and output operations of processor
602 and vocoder 604. Each service circuit 612 has its own vocoder 604.
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sample bytes. To mask the timing realignment at its output to processor 602, '

vocoder 602 creates an additional PCM sample in the first instance and discards one

of the PCM samples in the second instance. Following step 1092, clock adjustment

activities are completed, and processor 602 returns, at step 1093, to the call

processing activities of FIG. 11.

Alternatively, clocking adjustments may be made in multiples 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, coarse adjustments (i.., 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 established and ongoing call, and the use of that
technique would result in noticeable disruption -- an audible “glitch"-- in the call.



Is illustratively inplenented using the AT&T 16A digital signal processor
(DSP) which enbodi es the Qualconm Inc. QCELP |lowbit-rate variable-rate
speech encodi ng/ decodi ng al gorithm Tg? QCELP al gorithm provides for -
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by cl ock etsimenti24S aal result in moving times 1306 and 1404 out of windows 1302 an
1402 for the first channel element 245.
It is imperative that times 1306 and 1404 of neither of the two channel
~ elements 245 lag (i.e. occur after) their respective windows 1302 and 1402. In
contrast, times 1306 and 1404 that lead (i.e. occur before) their respective
windows 1302 and 1402 can be compensated for by buffering of the prematurely-
received packets at channel element 245 and SPU 264. Consequently, if during soft
handoff orie channel element 245 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 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. D
' As was alluded to pr'evious'iy, 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



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
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* sequence numbers are sequential, the second channel element 245 can easily
compute from this received information which sequence numbers are associated with
which subsequent clock cycles of cell clock 1000. The second channel element 245
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 10 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



I nterface 608 and bus 613. Unit 609 provides nmai ntenance functions to LAN
bus interface 601 via control link 616. Unit 609 exerts control over
interface 608 via a translation and st enance control bus 613, to which
both are connected. Simlarly, procesSor 602 controls circuits 601,
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Controller 241 that receives the MSC_FS_ASSIGNMENT message
forwards the message to cluster controller 244 of selected channel element 245.
Cluster controller 244 conveys the information included in the message to channel
element 245 that has been selected to handle the call. Selected channel element 245
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
element 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. Ilustratively 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 con_u'ollef 244 and processing the received packet in the manner
discussed in conjunction with FIG. 17. A call path is now established between



Adaptive synchroni zation circuit 611 uses the clock signals obtained from
clock circuit 600 to generate clock signals which are synchroni zed in
frequency with, but are offset in phasgy-- in amounts controlled by
processor 602 -- from the 20 nsec. clock signals generated by cl ock
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TDM bus interface 608 to that time slot of concentration highway 607 which is

assigned to selected service circuit 612, thereby assigning that service circuit 612 to
handle the subject call. Controller 261 then sends a CONNACK message to ECP
complex 134 to advise it of successful completion of this end of the connection.
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
originating 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 scriding itan
- INCALL message. The INCALL message conveys the called t€lephone number, and
module 220 and trunk 106 1.D.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). '




these functions for a particular service circuit 612 is triggered by

recei pt of corresponding receive interrupt signals from LAN bus interface
601 and adaptive synchronization cirofft 611. As was nentioned above, upon
receiving a frame addressed to the corresponding SPU 264, LAN bus interface

601 appends a ti st h tores the received frane
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the respective cells 202 determine from these messages which cell 202 is best suited

to handle the call. Controller 241 of the selected cell 202 then sends a

CELL_PAGE_RESPONSE message on to ECP complex 134 to notify complex 134

of that cell’s selection to handle the call.

ECP complex 134 receives the CELL,_ PAGE_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 ransmits 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 231 to



protocol to determ ne the packet type: traffic or signalling. If field 321
I dentifies the packet as a signalling packet, it neans that the packet
carries cell-to-switch signalling inggrmation, i.e., signalling intended
for DCS 201. Processor 602 therefore perforns the signalled function, at

step 970. This may be any one of 3 functions: to u I ate b
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frame Processor 602 responds to the FS_REMOVE packet by returning an

FS_ACK packet 351 to channel element 245 as part of the protocol processing of the

FS_REMOVE packet, and by updating the call state for the service circuit 612 which

is handling the call to show that the call has been disconnected. Traffic for the call

now ceases to flow between channel 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 DSO channel which is carrying the call from the concentration
highway 607 time slot that is assigned 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
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(containing the result of a check-sum conputed over the CDVA transni ssion
bet ween cell 202 and nobil e tel ephone 203), at step 918. If the air CRC
does not check out, it nmeans that thegaacket carries defective information,
and so processor 602 discards the pack®& , at step 923, and then returns, at
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hangs up the call and transmits a HANGUP signal. This signal is received by

channel element 245 that is handling the call, and it responds by causing a

RELEASE_CONFIRMATION message to be sent by its cell’s controller 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 toas 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 a 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 coniroller 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 1.D. of the mobile



Returning to step 916, if the call is in "soft handoff", processor 602
shoul d be receiving two packets for the call every 20 nsecs., each froma
different cell 202 but generally car rq.q,ng i dentical information. So
processor 602 checks whether it has yetl received both duplicate packets, at
step 932. The duplicate packets are identified by having the sane sequence
number i ghgnng] en which the caldis beig.eaney Pﬁat processor 602 has received either
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' circuit 612 which was received by selected channel element 245 from controller 241

as the packet address in field 302, and conveys the DLCI of selected channel

element 245 in its data field 304.

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 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 complex 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.




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 retrieveggthe first-received expected packet

(now stored in a buffer 603) and conpares the air CRC and the signal

quality indicia of both packets to determ ne which et is betﬁi&r, at
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604 of the> PRy 91e]. 118! DnSfbYiuft®f the actions performed by processor 602, each
cell 202 that is involved in the handoff receives PWR.INFO. sent by the cell 202 that
received better quality signals from mobile 203. The received PWR.INFO. is
forwarded to the receiving cells’ controllers 241.
Controllers 241 use this information to determine when one of them
should cease handling the call. When controller 241 of master cell 202 determines
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. . :
Upori 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 compietion of the handoff and that
it is 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
clement 245 respbnds 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 packét 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



circuit 612 to mask the | oss of the voice segnment carried by the discarded
packet, at step 953. Vocoder 604 masks the | oss by generating at its output
to circuit 605 PCM sanples that it gerﬂates as a function of

previously-received packets. Processor” 602 then retur ns to the point of its
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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 wransmit 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



t hat signalling packets fromboth sides have been received, processor 602
updates the corresponding call's state to so indicate, at step 964, and
t hen conpares the air CRC and signal ﬁﬂallty fields 323 and 324 of the two
packets to deternmine which packet carries the better quality signals, at
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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 cail.

| 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 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



. processing for a particular (Xth) service circuit 612, at step 1200,

processor 602 checks the stored call rﬁt ate of the call that is being served
by this service circuit 612 to deter Be whether the call is in soft
handoff, at step 1202. If not, processor 602 accesses vocoder 604 of the
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260, at shesanmi@ftdestribabfos FIG629 andmehcmwgrsnmetrosppns; fromPCof its
invocatigg ?‘ﬁl %p 1238. Returning to step 1202, if processor 602

det er m nés a?r e call is in soft handoff, it checks the stored call

state of the cal | Fi® 3eshowsioeatphsignallingdor ?%lf%ﬁ?@@?%lmfil%@d fmt or ed for
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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 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

elements 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



have been received only fromthe cell 202 that has been handling the cal
(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 #grward signalling is not stored,
processor 602 accesses vocoder 604 of the service 612 circuit that is
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have beenIXT®REL, Aid invelves 2 ShamgedinIRE nbilt khannkl tHat isoahyidy thelckB. A32 t hat
are invol yed 1ny L8 e Whtroller 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 channel on

which new channel element 245 operates. When mobile telephone 203 does so,
traffic begins to flow between mobile telephoné 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.



handoff, swaps it so that each of the two cells 202 will be sent the power
control information that was received fromthe other of the two cells 202,
and inserts the swapped information i 8o the duplicate packets as power
control field 325, at step 1212. Processor 602 then checks the call's state
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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
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 conwoller 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




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 tigyng adjustnents for traffic flow
fromnetwork 100 to nobil e radio-tel ephones 203. As was nentioned above,
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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 uicssage 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_GCLD_HANDOFF
.r'nessage 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



However, when a call is being established, it is uncertain when channel

el ement 245 that is handling the call_ will receive a packet of call traffic
for transm ssion from SPU 264. This '592because as was nentioned
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substantially no effect on the time-slot contents. If the two channel elements 245 are
not operating on the same mobile channel, this results in superimposition of real
traffic and null wraffic 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 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 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 commandin gitto
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 coniplex 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 10
cause éérving cell 202 and serving SPU 264 to drop out of handling of the call.



FIG 16. They constitute a processor-perfornmed routine invoked upon receipt
of a packet at cluster controller 244. \When the routine is invoked, at step
1001, it checks whether the receivedgmcket is the first traffic packet
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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 servin gcell 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




transmt times 1304 at SPU 264. As was nentioned previously, transm ssion
of packets to channel elenment 245 from SPU 264 is triggered by transmt
interrupt signals TX INT X issued to fp4cessor 602 by adaptive

synchroni zation circuit 611. Oonsequently, adj ust mrent of the packet receive
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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 ina
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 transmitting on the
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 DEACTIVATION
message to serving cell 202 and a CLEAR messagé to DCS controller 261 of serving
- DCS 201, to cause serving cell 202 and serving SPU 264 to drop out of handling of




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 corg&pond to shifted traffic frane
recei pt times 1311, which in turn correspond to vocoder 604 traffic frane

Lransm t s J30%0e CASGOL AR UAEESERTROBMASh CABUBERYACOTS! 604 Lo

shift its |cfra ransm i mes 8 to tines 13009.
Vocoder 6iiendoff and nbcxodtemamedtsmmsm&s indhatnase weceiptafibogiethe: o tine its

traffic féﬁﬁ g«gg;ang Nﬁmmé& aésﬁgeyﬁhaxcaés% Eepcédrﬁllsaei 1842 is

initially s received fromclock circuit

5 put si gnars
600. Pr oc@§ W@@Qogéﬁﬂ?e@ F to vocoder 604 to adjust the offset of
its output clock ORefefringdve td FIBN3Sthetiah@off to ﬁﬂew(deﬂcllO?JdTmm si gnal s by

backet  HEHHeBRg ?s%gé%&%eB Swigtel Ot 200 e B eel 20ASra A Beiolster 604
?oets. so, wgygebly%\:haﬂﬂmgm Bﬁtfnib%ngaﬁeamnttmamdmﬁ'thcadttdfIoeginlsmzorfs 1308
cﬁanlnrer}3 Segeégr%m;?fg %Gggl@:f\ﬁ' 3ch4°?§§9%§§%§§@32@%?%? have been
synchr oni AMW&W%R&QUE%T messagede ECPcomplex dB4 o mgusstahe 602 t o
oot Bt Ofprddfr, o e Adel MenBEGNRL plGBSROT Lol 107F 90b. aé@%ls charted in

FIG 17. on determ ni Ived si gna requests
cl ock adj mabml%dcw@nsm@r&massagﬁbré#@tmmwbncbc,s@g 108z 20k de ks

contents @Snntcbedna%ﬁtcenqod% 202] 41 stetaenﬂg a@\etvl Mtdhihg’ﬁbﬁﬁletlbg dri2npng

signal s arfe that sthcth(y legr 2(?1t ansdtae x'illcof’(% connecteg ¥o at sélecteg modu@/ fZ% 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 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
coiinection, while controller 231 of serving module 220 detects completion of the
connection and notifies serving DCS controller 261, which responds by retumi:ig an



processor 602 sends a command to adaptive synchronization circuit 611 to
retard subsequent TX INT_X interrupt signals by the anmount of tine

~specified in the packet, at step 1054.8&rocessor 602 al so sends a comand
to vocoder 604 to increase the offset of its output clock 622 fromclock

600 signa . cified time, at step 1056, and then
returns, éﬁsmgﬁégﬁoﬁwg%@%ﬁmm gnals are to be noved forward in
time, processor 6MECRconples 134mesponds to meaeipt ofthe SONNACK message byl rcuit 611
to advan Ei‘ﬁ?sﬁx - OLh. [ HAND coMEd & ,q,l;%)&tl tinme
specifie?’?n_ hqug?ei ved™ si na?ﬁ%ést)%lgt, atl_&g?%éﬁ?%& rolczeﬁszs'or 602

al so sendEhexmessese igthe sampgas 4iscussod 1 sonjunRcHoRith &84 hgpeafexth oyt put

cl ock 623hE hanAGEs prdceb@Vthe isarne hs dbycribbe f6rFIG. 34Dt hdsffeeirpléidnt | NB, at

step 1060, and th returns t..sten 1062 Fl G 20 represents the
scenario for init ﬁgqcc’c“ﬁﬁ H@hggl]dtpﬁ"}@ﬁfs a&YWFEﬁW%@ om nobi | e
radi o- t el ppfificatordd theillsirutvderibodiménat deseribahaboveadilitoaspardikas | €
radi o-t eltﬁggegWOS an | ls 201% %rsrén%gni zed. Wi t r} ﬁh ot heé. A
cl ock cor 1 the agt, FOr SXYARIS, GHtSTO PAPRRL FABSSSIOR, teChniquesiich 203
f rom t r afdsi Asynehminoas Transfer Moden{ACBM]) c@0bé useal 35 the peotitibmingadi o- t el ephone
203 to Boiwsh -(fgstﬁqﬁ Py hat is
handl i nﬁﬁ%ﬁ%‘gﬁr‘ﬁ causi %@#%gﬁ@% enent cé}%s.ﬁt or g}gcyellg’\tfgﬁ?k%ocsé@taf
transm s<edular switcheseanibeqrhanged. t flso, 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 exampie, 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.



convey themin p ts to at times 1403. Pack - times 1403
at channel elene to packet receive ti mes 1404 t proces_sor

602 of SPU 264. i 0 arggrel ati vel.thisShdetléfé cl ock

1000 by the ampunt of a progfanfred, constant, of W|th

respect to transmt tinmes 1300. Thus, an offset $.1300
|s of f

resul ts iClaims:i ke of fset | n recei ve times 1400. set i's conpensated
for by the mechalil Sﬂﬁaﬁ?ﬁ gin. Reception of packets from channel '
uI ar

el enent 245 for part e.rV| ce channel e#%v{;{hr
processor 602 by & freQn S I‘VI ce channel
612, geang,[agd by adaptlve synchronl zatlon Ci rcwt 611 Reception of the

packet S t precede dePéncal |
traffic franes coﬁtsﬁ?‘h‘é‘o"ﬂ %é@%ﬁé%coﬁﬁ%mi%“gﬁve prctp)cessor
602 suff |c¢¢<ﬁ:r§1gﬁalsrmhic1rarplaswmhmmgs wfith the fisstclesksignalsiti al | y, vocoder 604
expects to receive 0
traffic frame t rarﬁlstmgi’%&n{‘é ??L@&WGE% %é%?gggg%:&ﬁ.eﬁcﬁpﬁgggﬁteﬁnt ly, in
or der totheopd:ﬂauons)ofﬂlarsmmdwmaﬂﬁlhﬂd ving ifgenssmtionssenurally es 1406,

processor, bhesPoRGirfiunacket s from channel el ement 245
no | ater s?'ﬁ gtﬁ |wrrleﬁ{s:ﬁﬂte[ rr] 1401. Processor 602 gqrefergl? recei ves each.

packet within a timeansiformgenitoring angxtent of asypchrony batween PrRipRs i ¢ ti e
1406 of thf s dn@ankitBOthitd @& Mosdetarhih® whediedl die &ieht af dsynchidnyllies bef or e
L

et e biee ot pespererRaRToRES LA RITIRE B s “when a bar i s
bei ng est abl i shed,médnsirésponsie¢ tcra detedmination that the extent of asynchrony does
lie outside of the predetermined range, for adjusting the synchronization of the
operations of the third unit with the operations of the first unit, to move the extent of
asynchrony between the operations of the second and the third units to within the

range.

2. The apparatus of claim 1 wherein:
the first operating unit has its operations synchronized with ﬁrst t1m1ng
signals having a nominal frequency and a first phase;
the second operating unit has its operations synchronized with second
timing signals having the nominal frequency and a second phase different from and
fluctuating with respect to the first phase; :
the third operating unit has its operations synchronized with third timing
signals having the nominal frequency and a third phase offset by an adjustably fixed
amount from the first phase;
the monitoring means determine whether the third phase falls outside of
a predetermined range of allowed offset from the second phase; and
~ the adjusting means are responsive to a determination that the third
phase falls outside of the predetermined range, for adjusting the fixed offset of the
third phase from the first phase to move the third phase within the range.

3. The apparatus of claim 1 for use in a communications system,

wherein:
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processor w“llllnmllﬂuuzmu)ﬂ ket of information from channel elenent
245, for the sa I's uncertain when channel el enent 245 wl|
receive a packet frf)m‘processor 602, &ifscussed above. Therefore, when a
call path is first established between a channel el ement 245 and an SPU 264

and null traffic BRo-gsdifisihoW 104t BRESE (d) Bihshiitehebmgbing™ channel el ement
245 may be recei vgﬁEE \ rgéessor 602 ,at §ta?mes 140§§t hat g?[i tSI de of

wi ndows cammupigation; tﬁlfﬁﬁ éﬂ‘%\ﬂ?)ﬁceé‘&% incoging &PP&F““B?*‘HBB o ‘T& 1.
Processoy l&ggdg?rmgtdmgm; hévihg BROmMird) a!ﬂmﬁlaﬂpimlse,el ement 245

transmts packets, and therefaqre |t cannot n | 1404 at

which it receivest l’(‘kf&ﬁ%“%‘éf&k@%é gggo?‘l%aégo‘g%ﬁg%ﬁ?l e{ﬁiﬁ'@c@t? ﬂg tines
1406 V\heeohﬁnﬁ,ﬁemam trafhit and '@ dwgomg:odamnﬁihﬁnommﬂ'm, at fimes diesatddiByl | i e
outside of w n ess 1410 by
which it ?fé%'&sc %15?‘8§P \ﬁ{xgﬁ} @8&@%&% g}é&g?ﬁe‘%flaﬁgﬁc&g flfﬂg)éﬁ%/ocoder 604
in order ﬁmpm&ﬁucmaunmmmlmmcﬂwaheﬁfstphases ecei pt of packets safely within
wi ndows 1402. Pro tion circuit
611 to adj ust the&%ztggﬁygﬂﬁﬁg errupt Sl na %%ﬁéﬁwor tﬁ%uggrrespondl ng
servi ce secand unig iy asjeashenepf(a) tmmnmmme Spqoad upit@MBANE | ges and shifts
t hat feC%bi/rﬁn WRE&Ld) n;wsfﬁé g fledProrh iR SREGHit h@ﬂn&d aﬁem@&rbmuaﬂcl&k Frane

transm ssion |nes rom processor 602 is, 6 voc arg thus shifted from
times 14G@nels havingthesominglfreguendy sndh m%ﬁlwdé@@ﬁwaf mfge&hmn at

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 fourth phase that is
offset by an adjustably fixed second amount from the first phase;

the monitoring means comprise at least one of

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

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

the adjusting means comprise

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 third phase or the fourth phase from the first phase to move the receptions that
fall outside of their corresponding windows into the corresponding windows.

4. The system of claim 3 wherein:
the third means are responsive to a determination by the first means that
- receptions of the outgoing communication traffic at the second unit lag the first
windows, for decreasing the amount of the offset of the third phase from the first
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processor 602 inside wi ndows 1402. However, i-n-order -to-be-able-to shift
its frame transmt—tinmes fromtines 1406 to tines 140 rqcessqr 602 nust
cause vocoder 604““1m IMIIMH!B Becei ve tlﬁ’I‘i m 2208 to times
1409. Vocoder 604 f aninternal l‘ l1-to time
its frane,receptiofs. °Li ke but put cl ock 622, inp
synchronlpfléﬁeto cl ock 600 input signals. Processor 602 therefor
command to vocoder 604 tp adjust the offset of its input clock | signals -
from-the clock 6 Hefpabovenentioned time peri-od 1410.
Vocoder 604 does%gﬁép#érggpahﬁ?tl ng |ts frame _receive tines fromtinmes
1408 to times 14owe mgzellm«;ausme ﬂ@ther@msxv%wtmwmeamwms
operationg. Q,f &?lggﬁ u@%cﬁ ?@&nﬁﬁhYdaﬁSﬂ %’afﬁ‘éﬁttméﬂe%oﬂﬂ'ﬂnﬁ'l&ﬁessor 602

have been sync roni her. The j ogescrlb dj ust nent
f unct i onghe fiest papdew QTW%F% dheynowns 0 aﬁ‘cg the third $d are
shown i n gkphatd. Upon commencing to performthe cl ock adj ust rrent function,
. at step 107 processor 602 determnes fromthe retrieved call state and

t he recei ved packet type whether the received packet is the first traffic
packet for the ceﬂ Im&gysmbfdlﬁ?x%w}feran. processor 602 conpares the

packet's receive ended to t C LAN | erface 601)
with a w ndow 140 %SWFC&HO'W"Wl %%?’Em %?ﬂﬁ}?)y @eéﬁﬁp
processo rthﬁt&écépﬁonsaf khecintbmirgatontrhunisatiemuthfific g} theathird uajs lag)m sccmd

recai ved VIToMRER incrdssing € Auidinl 8 Bk offieL ot it K dinZebREUBRRST I 0,

1302, no pHasek adj ustnent is necessary, and

)

“sends a

7. The system of claim 6 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 fourth phase from
the first phase.

8. The system of claim 3 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. -

9. The system of claim 3 further comprising:

fourth means cooperative with the third means for i 1nsertmg additional
u'afﬁc 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 third 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 third phase is
being decreased, and for inserting additional traffic into the incoming




processor 602 090 I f the packet was received too early,
processor 602 m% Elmsﬂm synchroni zation circuit 611 to advance
subsequent RX | ewr upt signal sé€By the anount of tine determ ned by
processor 602 to be necessary tg. nove the tinme of receipt substantlally to

t he center of w ndow 1402, at  ste Q7. essor. .o ds a commuand
to vocod@mlcauwmm%%édi’ﬁég%hggqm&“% it '%%hél from cl ock
o zgg;séfkﬁ%gﬁﬁ:ﬁsgﬁmz”gggmgggg“%g;?;swm‘%g A
synchr onfieaeasesh apd AelgHps g PRreqn ¢ } uent RTers ugt si gnal s
?K t?e aEHélthirdenntilr@iﬁ tﬁegmbmmgedommqmaaues mfﬁmxsnmtmiatm@ﬁfggw to nove
e time eipt s a w at ste
1077. Pr 8’8’@&5‘@ a‘@@?"%ﬂl’g%e?@tﬁ%@faﬁ ecf(')c%tﬁxa %ﬁv%go%%er&%%g&to decr ease thg

of fset of its input clock 621 fromclock 600 signals by the same anount of

"specified tine, i&ﬂ%@(@& g%lﬁfggﬁ}nlf:pwhﬁ gistep 1076 or 1078, processor 602

proceeds to step bel o As, t he Ca”e:ftr ogr esses,

U

changes in systemherih‘StmutiscfaﬂﬂaﬂﬁmléFmﬁﬁs PULERIRE FOTIBINIEINRTY o whi ch
cells 20 %g%ﬁggfﬁﬁgnméﬁﬁnﬁhmﬁoﬁ gaﬂmy ch nobil e tel ephone
swi t ches ar e ync

oni zed cause ket .receive tines 1306 at
channel el enents Mes@ndjumf Is fS’DPX%ﬁ““W’Fﬁj eth of secelved IPCOIE el y

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

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

11. A call-traffic processing apparatus for a cellular radio-telephone
system that includes the apparatus, at least one cell each for transmitting first packets
containing first frames of coded incoming call traffic received from a radio telephone

'~ to the apparatus and for transmitting to the radio telephone outgoing call-mraffic
received from the apparatus in second packets containing second frames of coded
. outgoing call traffic, and a mobile-telephone switching system for interconnecting
\
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shown in FI G_ZL_and_nJa.y_Qa.USE_packet receive tinmes 1404 at processor 602
of 'SPU 264 to d ws..1402, as .illustratively shown in FIG
22. The drift dj I{lukHlmmﬂH systemtraffic.load will tend to be in the
sanme direction raspmc OxL1 NMes 1%86 and 1404: drift that advances
time 1306 with respect to w ndow 1302 hown in FIG 21) wll typically

~ al so advance tinme 1404 with respect to w ndow 1402 (not shown), whereas
drift thagellsevialt dsch otheer dﬁtletmattblepExmmﬂmoxkbvmmgm C(lgllﬁﬂi\ﬁﬁ‘eﬂﬁ of| G 22)

|1 | ]
shoun) " CERoEErePwaficVefribbd Biode abbdrns 5 A SEllottahd Bt A "0 g
wi | | tendseconthdigital swp:unldf@utgonmalknﬁﬁc mcqei\tqdrfgomfa sonfesdo theAPPATAIUSf
W ndows 1%9(%212&«:%?&%%&@ threr}*co(fﬂ%&?ah SELAHE Ble @n&%ﬁﬁé@%@l‘ firdr dlbsiet er

controlle response thereto-is shown In FIG gipon recei pt of a

packet at sighais ﬂxavxnemqmab&emcy@n‘éammﬁ&e #d derized f’ﬁ’“i’ ,

step 1001nct%@khﬁd9ﬁ9&&§srfﬁ9§6ﬁkedfth@ﬁlcb&ﬁﬂ ¥l theas 1ng§a11 b@fﬁElHy&hetraffIC
packet recejved for the call, at ste{? ,100 Sl ncg? s 1n ﬁr ogr ess,

this willceibaresynechronizedwith secand sloc lﬁﬁg T AR

cont i nuessgond tpﬂﬂselﬁﬁtfhs differeqt frbﬂﬁufdmudmmim eerspecttth ehe firseptisevhech t he
d wth window 1302, .the sane as at step 1004, to

packet vva L g;{
det er ni neCULFACRFOTESSNE PN CIBRTSING, 0 wi ndow 1302 the packet was
received. If the pangemg\modmamdowebtwmg/ﬁmdmndm;al sweash of k

he. packep GSEERERERY syBitohqlR) Qi REERFERL defily ipgheiplivall o
causes t heutgejng calliraffie, gnd wansnrivingisneend-fiames phthe cededbontepigssalcessor 602
of the SPH;RRAvhBRbonbaslpamth g A6 signals having the nominal frequency and a

third 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 fourth 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 processmg means for receiving the second frames of the coded
outgoing call traffic from the outgoing vocoder means, packeuzmg 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 fifth
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 sixth 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 vocoder means;
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call to convew_ﬁd;—u—&t field 322 a request to retard the tine"
of the TXINT XTinterrunpt 1S call by one tick (e.g., one PCM speech .
sanple tine), eu l &H%@“‘ Conversely, if the packet was received
after occurrenc *» the r i ne causes the next traffic packet
for this call to convey in its clock agﬁlst field 322 :a request to
processor 602 to advance the tine of the TX INT_X interrupts for this call
by one tick, at stegcohd2ficansdot dertrminingeyhetlt shaxeilr@ociyes the seeandi ne ret urns

to the poi [s ' | : ' the traffic
packet, p oéléés?gs_c\;%l I@%E&éﬁggj&%‘%gk Tgﬁeﬁ‘;\&ga?%g%r?gr@i}g&g@{ (lia&gf(?j&t}gffréfnt, at step
912 of FI @ansmissiom by thegelfof thensseivad auigaingsiall wrablie iesthe mgbilegelgphans; ed by
 processor ;882 itself. Processor 602 notes the need for adjustnent and the
direction of adjustment, and proceeds to nmake the requisite, adj ust nment,
tick-by-tick, alsotfdBeaps wsponsiverp @ determinAtion RA&HEE TASRY9ES 9§ ter
processor f&arkéds\Fall pudiieasTeRS iRbGKRiows cHredEptiokd ke $&dtndipackars faIES 1305
to times 150 3 aggllehence advanc%s acket récf;al%v.e tinmes 1306 with respect to
wi ndows 1595530 HEe SECRRd WRCARS, For RSN Hir S0P SIERFhes i BRE WRPRH 10y,
posi t i oneditherincrease dedsvreatewse ddoants of theloffsersiof efthép bott thehird andharge i n
timng of RhOGERICk: BOR RS kdurh'dha I ARG hald UM TeeiRPio e AH: BEee, 1o

move the packet receptions that fall outside of their corresponding windows into the

corresponding windows.

12. A method of operating an apparatus that comprises a first operating
unit, a second operating unit, and a third operating unit for interfacing the operations
of the first unit with the operations of the second unit, the method comprising the
steps of:

synchronizing operations of the first operating unit with first clock
signals;

synchronizing operations of the second operating unit with second clock
signals which are asynchronous with the first clock signals;

nominally synchronizing operations of the third unit with the operations
of the first unit; ' |

monitoring an extent of asynchrony between the operations of the
second and the third units, to determine whether the extent of asynchrony lies
outside of a predetermined range of allowed asynchrony; and

adjusting the synchronization of the operations of the third unit with the
operations of the first unit, in response to a détermination that the extent of
asynchrony does lie outside of the predetermined range, to move the extent of

asynchrony between the operations of the second and the third units to within the v
range.

13. The method of claim 12 wherein:
the step of synchronizing operations of the first unit comprises the step
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transmit ti tho times 1404 Mram
X and

transmt times m“ﬂ \ ceive tines: 1404%5&&}1&5& Bedlacebned back
i'nsi de wi ndows m‘ﬂ FIG 22. The shi ft|{iml

RX_I NT_X signal s output* by circuit 611ﬁ3eqw resat ck SRRl hift to be
made .in the signal outputs of clocks 6%% and 622 of' oder 4, thereby
¢hangi ng vocoder 604 traffic frame transmt times fromtinmes 1309-to tines
1509 and changes v im@? 8 “ﬁmfﬁm 1409 to
times 1609 in_the g #(ﬁé%&h&ﬂs of e gﬁea %ﬁgi%gﬁ?eal i gni ng

oper at i onsSigials/ay é@&anemmwﬁﬁuﬁquﬂmvmm@@d oper ations of processor

602. At the instanghedtey SRSyYnSRHRANIng HERMRNGTs of (R @E6Hd BRIt cotpiisey heent a
~traffic frame of call traffic to processor 602 after vocoder 604 has had

time to coffRt either 159 or 161 PCM sanples fromcircuit 605 instead of
the normal 160 samym hoopiradoris@f ahe?$econd 6 crhunﬁgunmmﬁn/s%honchnd rrust

out put afrane of Ar |ct II’CUIt 05vm In rv.

o ther 150BiPE sianaitgviad, B omind Rguety st selbip i AL R AR, o
whet her ttfmcachjtmgtwmdntcsp&tmémﬁksttphas&,y, to advance or to delay the
cormands i reui t 61 v SR FAaaly shichkotizing BBalbhor He e LA ISP erf?f

si gnal s f comgpises ghersigpeef circuit 612 that are shown in Fl GS. 21 and 22,
ES?}EESLW?LZ’c.a?CEF?“WUE’“%%%‘S@%‘W&?&H@“ T
and to cr &g Sahﬁva@mmr@ﬁanalcfmum m;hgrdmhagc sat by apadjustahly fixedcoder
604 does sRnow@rond theSrsGfHasd;s t0 again

the \.iep of monitoring comprises the step of

detérmining whether the third phase falls outside of a predetermined
range of ajlowed offset from the second phase; and

the step of adjusting comprises the step of

adjusting the fixed offset of the third phase from the first phase, in
response to a determination that the third phase falls outside of the predetermined
range, to move the third phase to within the range.

14. The method of claim 12 for operating a communications system
comprising the first unit for at least one of (a) transmitting outgoing communication .
traffic and (b) receiving incoming communication traffic, the second unit for
transmitting at least one of received (a) incoming communication traffic and (b)
outgoing communication traffic, and the third unit for interfacing communications
between the first and the second units, wherein:

the step of synchronizing operanons of the first unit comprises at least
one of the steps of

(a) ransmitting 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;

the step of synchronizing operations of the second unit comprises at
least one of the steps of
' (a) transmitting received incoming communications traffic and (b)
transmitting received outgoing communication traffic, from the second unit at times
dictated by second clock signals having the nominal frequency and a second phase
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al i.gn_-vo'“c'bder GCIM[ Effi c frame | nput and out pu't ‘activities Wi th PCM sanpl e
Ik

out put and’ i npu ,u Hm_pect ively. In the.case of drift opposite to
it he st.e£s taken to conpensate for the drift

t hat shown in
are the inverse of those described foré4l1GS. 21 and 22. Specifically,

processor 602 conmands circuit 601 to retard its TX INT_X and RXINT X

I nterrupt ,sl.gnal. out for, thi.s service,ci.rcuit 612 by one PCM sanpl e

i nterval ,dgk?gel},‘(f}'ﬂfﬁﬁggt@fi%ﬂ%g “@@‘Ffﬂf%?oetg?gmjrﬁ’lhﬁ%?di ti onal one PCM sanple

byte at -its PCM outhpstepaofchontinaliyppyneheonPihg sperptiensoft the thivdmnits PCM i nput .

These activiti.es e [ re diagraned in FIG 18 at steps 1080 et

seq. As wemeRg e[seagfli#ggﬁ%ﬁé%,sg%ﬁgﬁ processor 602 commences the clock

adj ust ment acti vi t {agseaeivisg epthe tiRird aniFti@ outgoing commymicaipg, traffic checks

whet her t | Ust i a | Sias ' s aff s foaie call.

Wi 1 ot hetaagriited ty 6 B bnROGHE b il frosh he il yooRRE Kol gt |

recei ved puatgoing cammupisapen tatficoecavel fmwge fisstupitat dpes gerateghyrthird

processor ' : ' 2 fhidd &t es ¥érkd pecei ve
Gl SRl hAAAE Bonlit FREENIPOPORHT  ild piis ¢

w ndow 1404 i n "or etermne, t he packet wa$
recei ved Pmadissablypfixedfishamonniden the figshphass, was received within

b Doouas v 10, | AL I sy auismamor ey 07
Br ocessor tr@ggng@q:hyntg'g sgﬁpggtqn@tg anci< transyx\t%tting from the tird 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 fourth phase that is
offset by an adjustably fixed second amount from the first phase;

the step of monitoring comprises at least one of the steps 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 .

the step of adjusting comprises the step of

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

15. The method of claim 14 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 third phase from the first
phase, in response to a determination that receptions of the outgoing communication
traffic Wt windows.
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';_s.ynchroni zatiow—advance RX_INT_X si gnal for the =~ .

‘cor respondi ng ‘se ﬂm by one tick, . at step 1082, and commands .

vocoder 604 to dé“‘ﬂggﬁ m‘\ t- of its input cIOhkSﬁ-Btk{abBeeQRQpl&cE:&k at
oes

step 1083. Vocod a-count
IBcel ves a
af 160

g0 By causing.cl ock 621
of 159 instead of the usual count of 168.¢ But vocod ﬂ,
full traffic frame of incomng call traffic holding

PCM sanpl e bytes of ||ﬁlgrrﬁgiﬁdd)5fd§ﬁ1 V9 Ghefdin 604 di scards one of th
sanpl e bytes to rrasE ing to

the timng realgnrrent at, its PCMOUH}EY eﬁ
step 1081, if the pet@ks&wsewhsnwerqaém £F degrsating BieaAmnt offy dow 1404,
processor @%ﬁ%ﬂ‘ﬁg}ﬁésgﬂeﬁg dfg synchronl zation ci I’CUItb611 t-o retard RX
I NT X signa or t correspondin circuit .612 at step
1084, and commands: W]E‘E?&@lg tg B‘%l‘??éﬁ t%h%ﬂhfféé*}‘ %P%%Fﬁﬁ%t cl ock
621 by one phhﬂ‘:k in ﬁaspsﬁseno hQﬁEenniﬁamdehatGeébpdonsoﬁmelm;atgomgsc:mgnmhmahoﬁz1 to
reset after t of | #%ﬁ&f% He usual count of 160. But vocoder
604 still e8¢ 54 tée fWIP i ng traffic holding the
equi val ent of 160 PCM sanmpl e bytes of information. So vocoder 604 generates

an additional sanp ; real i gnnent at its PCM output.
13, S Tlod bl b e

Fol | ow ng steps 10 rocessor roceeds to step 1090. There,
processor 602 exani thessted cﬁﬁ«thad}mmasmgeirdee@asmg theramouns of thevoffsesf fi ¢ frane

to comprises the step of:
increasing the amount of the offset of the fourth 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.

18. The method of claim 17 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 fourth 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.

. 19. The method of claim 14 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. '

20. The method of claim 14 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 third phasc is being increased;
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© 602 comands ada tion circuit 6 e time of
occurrence of th errupt s r the c dlng service
circuit 612 by one tlck I n the request di rection, _at step 1091, and
commands vocoder 604 to adjust the offset of its output clock 621 by one

tick in the same digeleshg @portidn SHiBPodi@8ing c!‘ﬁﬁﬁd:ﬁbatﬁﬁﬂﬂﬂ"ﬁemmh;eddaum ng
clock 621 to_reset aft&wcqunt of 159 or I nst g% 8‘1 gth usual count
of 160. ChsBEL&RALfPM EAINg GOMARIRIFAHP tratficiereiurd PE &% bCM byt es
%Oogtcrlg\g/lm thlld mEfa:rmuaaﬂﬂhefbfﬂsa ofulpihirdt phape Isddﬁrngdedtﬁéb&ed,n a framet h;)l di ng
sanpl e bytes n nnen ut to
processor 602, vocb‘lfﬁfu"&f’%g}oé‘ﬁ'{]@hﬁﬁntg%{qCBTg W@Q%‘F@“%ﬁk Se first
i nst ance auchmbdsb)athd:ahmdn aniifand randAikfirepiieladditional traffic s dredfitsheniamhde
Fol | owi ng C. | eted, and
processor @%E&Pé{?ﬁ&ﬁggbﬂgé Qt??leu%ggg%f’&l%ﬁgnéaﬁi?reg#egé%g@jng activities of
FIG 11. Aternati delesmg alpottionaf thd}mgmcmnmmdaaonmﬁq mcmed bpithes of
012,22 U3 uhlthin U BE(ing it X IR ARKERICT0 o8 i LR Le" At ©

Al so, a co I nati on
di fferent th@amgéetofctpepéfggtﬁmi@usbphs@dsbmnard;éreasqd control t he speed with

whi ch synchroni zation may be achieved. Further, coarse adJ ustnents (i
g o e oo f Gk S esag i el ™ o
advant agedirst yhinisdor gansmiginghestiein ofisityding copetmicatiohitaffiy 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

det er ni ne matﬁg&ﬁ_a_cﬂ_mEDL—Jf any, has’ b e¢ uested by cell 202
“t'hat is handling the m“! w adJ ust ment ha E’EFedprocessor

/\i-

unit, and _
" packetizing the received outgoing communication traffic;
the step of tranémitting 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 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;
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is low At the start of a soft - handoff : channel el errent 245 of a second

cell 202 eom"re call in par al ITéls ce‘bl ement 245
of -a cel'l 202t &' H Itngthe call - is not
known a priori cei ve mes 130 channel

el ement 245 w II faII I nsi de or outs| e of w ndows 1302 (see FlG '19) or
whet her packet receive tinmes 1404 of packets sent. by second cha?mel el enent
245 will fall insithestep oﬁdetemimmg‘wmthdoﬂts seo@Rl Yniewsceives O%?m& processor

602, just | established. If receive times 1306
and 1404 %&ﬁPwﬁfaao {.‘Ezgﬂg: F\éc]gk S?JPB%fZ and 1402, respectively, for the
second channel el MIMBWWMMSCWMU@F&H@W&QJ%? s qf 188e of
e @&gm%% ‘éﬁ‘gbﬁﬁ ok WRANANWIRR the ¥R§t prétickératihed adiduvs; Shed,

cannot now be us |s because the call is now an established and
ongoing c&Md , and the use of that technique would result in noticeable

di sruption -- an ayeid %fdgtehhﬁﬁh whétheiih&tﬁﬁﬁ'umtreccﬁi\?cs(mcmmgently t he
nore gradual but effec g h-|1 ess"” cl ock adjustnent techni que of
FIGS. 21 eemnpmicagon Tapfic omprises the receive times 1306 and 1404 within
wi ndows 1302 and W&mﬁx@gpﬁﬁhaeieythutiammﬂeeexm:rbm¢ackmm’éincetrﬁngnt 245.

Mul ti pl e 'cér%tn%%ic%?tgn ?rafﬁchgro ‘tﬁ’é SRHRE Uhie Withif A8 AseBnd ﬁrela‘e:{c;t%ﬂgad in order to

achi eve

windows.

22. A method of processing call traffic in an interface arrangement of a
cellular radio-telephone 'system that includes the arrangement, at least one cell each
for transmitting first packets containing first frames of coded incoming call traffic
received from a radio telephone to the arrangement and for transmitting to the radio
telephone outgoing call traffic received 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 and a second phase that is different from
and fluctuates with respect to the first phase, 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 third
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 second packets;
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. the desired effect. -1t is inportant to note, that the adj ust nent
of FIGS. 21 an ecel ve t| mes CHI@Fd both- of the
channel el enent M!]E[mm'l I ndI i-ng t e caI | , itis

i bl e that an*adg ust nen kCch atte and 1404 |nto
W ndows 1302 and 1402 for the second channel eI errent 245 WI II result.

novi ng tines 1306 t ] ¢ | rst
channel el enment 24@9?‘?"&8&% %q%&ﬂ?ﬁ%g%@?%@%é@%ﬂ%?ﬁ%ﬂ olgl nei t her
of E:i he t\imloctkaszgmls badng thesngmipal @gqqmcnanéegigth pl;asig%a;t?ﬁffﬁitﬂl ¥§Cﬁie(ct ive

wi ndows I an at lea i.e.
occur bef g&i‘fﬁtﬂ%kﬁa?ehspe ?%faﬁlt ﬁﬂﬁ@'&)%saand 1402. can be conpensat ed for
by buffering of th@%ﬁ‘éﬂﬁﬁﬁ@ﬁwackééémmdh@@@ikets at channel el enent 245
and SPU 264. Oonseggﬁméﬁnngfmgﬁ&ggdggt agg&gg{t{, t&wﬁ-spﬂﬁegl el ement 245

Is reporting a lea t1,me” 1306 I e t ot h er chann el enent. 245 is
reporting a |aggi ngmpstnguqett@ eoBChmneusiyswith six %@F%S’@Paltshe channel

el ement 24rEathg he mommalcfﬁf@eﬁ@ driodieingh phiage shat 306ffeet Oyiagndiuschbdndxed| y t he
requests ff ge ot heé-o Ir}%% gjl enent 245 which is reporting |agging times
1306 are roYPOATER" 8OBY I OEdI8EF 602. 1t is conceivable that differences
i n propagation del agziving decfirspframesehthe@dded imtohtiag talbtreffiennel el ement s

o' U KA SR L s iR e ol 3,
are recei vihasethap isooféses by aa@ma@blyr@cegt serend amoynifzrmale fiess 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 third and the fifth phase:s or both the fourth and the sixth 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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f processor 602 b cvteHaBdeeeR:pﬁtd clock RXINT X for -that channel el ement

"0
612, and that duplw ent by processor 602 during the sanme cl ock
cycle of transmt i TX INT X to both channel elenents 245

i nvol ved in the soft hando are received 4y those_channel _el emrents_24 _
- during di ffeﬁecgl ock cycles of cell clock 100(?_. MTBILER SWIDCHING CENTER (rMSC)B vr@

packets with roper clock cycles is the pur

carried by sequence number fi ffici
The associ at i ofRI0Rs ABlone at st g4 F932-936—0f\ FI Gj
previ ously, sequence nunbers us & R |ge el &
from and hence bear a defingd4s onship to, ! cl bck

1000. Hence,. during any clog¢k|  gf cel | 0d
el enents 24 @nsm t packets e & S
Consequent | f,{]}t D mpar i ng/tfhe DBurfbens | o r gcei et s:,
processor 60 N di atfelly INTRRET hek | bot CHETS coxrespond to
t he same cligok k £ It heydo hgt/ what the\r relative
sequence i s. e o ' n ofs pagkey flfoy, [ frlom proceSsor 602

d el atsi ong=Pexi Stjs het ween sepuence

I

clock 11042~ weyey, fatl the begi nni hg ofi the

to channel el ements 24

nunber and cl o¢k cygke ‘o

soft handoff, the annel
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el ement 245 that has been handling the call until now causes a nmessage
(HANDOFFR_REQ = see TisShutHssdeen®enlmeds 27 bel ow) to be sent to the—eharms
el ement 245 that is _ g to handl e the call, whilchHISeBEE D
reports the nunber o | clock 1000 clock cycl e and REE-SEGUen
nunber of a packet ich the first channel 2l.enment 245 has Tecei ved during
that clock cycle. Since sequence
el enent 245 can easily conput romthis M — tion whi
sequence numbers are associAted with which subsggmelg clock tycles of cell
cl ock 1000. The second nel el ement 245 thusz&@ & mines the cell clock
1000 clock cycle to whiegh a\recei ved packet. corgZespmds. It will now be

" explained in conjuncti & with FLGS. 23-35 how cal #5%a handed off
and torn down in the system of FlI T The 17r1us '
pl ace as a result of exchagn -3 p@gk’eé T
illustrati yely betwden pagd’s s, ep”, ul
202 to ECP _@npl%z&_]:%, or ECP cénpl.eyj 134 to DG .
Fi gures im)l\\z Mg rel=t ps—ftof—nes - £
el ement pairg onlly,ffangdinot pcrogs el gnent pagrr-s—AH—eSSAges—t m
ECP conpl ex 134| arqlass [o Tlowutjrro,qun aft rol TTNnKS L.QJ.UB; art] pagket)$
bet ween chanrel | ¢l gifent $ TA51 ahdh S EyiTe T | Uifts 61232 Fsguned [tio pt
frame-rel ayed thijodgh tfyikst2pE && 80 FIG 123 shogs 2GR0l si gmartomy
for setting (yp ja|padgke \gt}:heﬂ”ééﬁ path foar, a call “®~§nating a]'t h
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the call
digital
" channel .

. the Figures by a vertical
I's recei ved by channel

by transm.tting an ORI G NATI ON si gnal
messages). conveying the called tel ephone nunber on an access , -
Over-the- air.transm ssion or reception of-signals is indicated in
.segnent of a sign
el ement 245 desi gnat

arrow. The—ORl

(illustratively one or nore .

Tl ON S|gnal

as a CDMVA access channel Tn—
one of the cells 202, which passes it on in a nessage to"

e%Hwea{ ace
control |l er 244, which forwards it to controller 241 of it
controller 241 assigns a free CDVA air gpargl te carry t HH" eﬁ hen
passes the nessage along with identity |gned chann
correspondi ng channel el ements 245 on to ECP conpl ex 134, in a conventlonal
manner. ECP conpl ex 134 receives the CELL_ORI G NATI'ON nessage and sel ects a
DCS 201, a CIM 209, an SCM 220, and ‘a service circuit 612 and a group of _
trunks 106 of the sel ected speech coder nodule 220, to handle the call. ECP
conpl ex 134 then sends an &ECFSASSIGNNENT nessage to cont r ol fer—24t—of—tte—
cal | -originating cell 202 t¢e circuit
612. ECP conpl ex 134 al so s¢nd6tlh SETUP nessage conveying the cal l\ed

t el ephone nunber and identifying selected nodul e 220, groupsj of trynks 106,
and service circuit 612, tp DCS controller 261 that contd@§sjthe se\ected

nodul e 220.
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Controll er 241 that receives the MSCFSASSI GNIVENT rressmgsha‘emmegm hed -

nmessage to cluster controller 244 of Sel ected channel, H uster
- controller 244 conveys the information included in.the HEE&"BME%%I :
el ement 245 that has been selected to handl g the call. nel -
el ement 245 sets itself up to handle the call and then sends an FS_CONNECT
packet 351 to the selected service citcuit 612, using the frane-rel ay
technique to transport the, packet,through the interconnecting facilities'
channel s. Packet. 351 usegthe r@pl ved DLCI ofZ2fhe sel ected servi ce Bfrcuit
612 as the packet addresS jn fié&Tg 302, and conieys the’DICl* of the <
sel ected channel el errent 2145 inilts data field 304. \When processor 60
serving the sel ecfe Vi ECer Vs the FS CONNECT pact
returns an FS ACK packet 3 1 to skl ected 245, in
acknow edgnent of |recei pt pf the : [ g t he- Dirgl _
contained in field 304 of fhe FS acket adggass I n
field 302 of the FS_ACK pagket. | i me processor 602
al so sends to cell 202 allyDLCls ghat [cor] espondgo sel dcted servite -
circuit 612. Procgssor 6021 perforhs these §asks as pgrt [of LAPD prpcessing
at step 904 of FIG 11. Prbcessorl 602|#hen] stores thd cdnveyed DLC
sel ected channel ¢l enmggt 245 gs phrt Yos Ha_( al¥ e tlhat is asspcigteg
with selected serVice @ifTm1HIZ=and I@%-h-e clal I} stjate as ==
corresponding to an achdye2alW , & tohn GBiZn i $unow Jestlabl i shed bpt vigen
sel ect ed channel ¢l ement!l® |adE gefvice cjrcuit Cljust er ‘cont [ ol Ter

251

244 of the selected cha neEjaI éLmaE PA5 npxt r¢ s with an (=]
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- packet in which it conveys to processor 602 serving the sel ected serving
“circuit the initial clock-adjustnent information. This packet was discussed
in conjunction.with FIG 16, steps 1001-1010.- Processor 602 responds, by '
returni ng an FS. ACK packets to cluster controller 244 and processing the
recei ved packet in the manner discussed in <onjunction with FIG 17. A cal
path is now established between 40 channel el enment 245 and service
circuit 612, and they begin to exchange null traffic packe

nmsecs. until call traffic becomes avail able. Selected channel elene g 5.
responds to-recei pt of the second FSACK packet by cau n maﬂhSB“n q’ce
CHANNEL _CONFI RVATI ON nessage to be sent by its cel |’ uﬁm o] ECP
conpl ex 134 to advise it of conpletion of this end of t

controller 261 that receives the SETUP nessage responds cau5|ng
controller 231 of the selected SCNI228F2ﬂ5§ a trunk 106 (DSO channel )

of the identified groups of trunks 10 ot tpulse the called tel ephone

nunber on the seized trunk 106. The selected trunk 106 corresponds to a .
particular time slot on TDM bus 130. Controller 261 al so causes transl ation
and mai ntenance processor 609 of speech processing unit 264 which contains

the selected service circuit 612 to conpect the ahovenentioned DSO channel
from TDM bus 130 vi a
[ N\208
120
SPEECH
CODING 231
MODULE CONTROLLER e
S O S I
LINTERFACE _|
264
£ 132
163 SPEECH C
210 EXPANSION PROC. DS 106.
INTERFACE |. "UNIT INTERFACE
(FIG. 6)
264
/-
(253 / 132 .
210__| [EXPANSION s;gggu ST 106
INTERFACE UNIT' INTERFACE
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: TDM bus |nterface 608 to tha jot of concentratlon hlghmay 607 whi ch
.is assigned to sel edt h ' U|t 612, thereby assigning that service
cirtcuit 612 to handl ef ﬁ“b Control l er 261 then sends a CONNACK
nmessage to ECP conple |t of successful conpletion of this
end of .the connecti on. Vhen answer superV|sébn S ré§é§¢3d\\ron1

nk 106 by

t el ecommuni cati ons fqg|||;|gE EI networ k 100 over the % glecied ;;H
controller 231, it notifies controller , ICh#1n turn sends an

ANSVER nessage to ECP c¢gnplex 134T0 notity it of calf conplefron. Thegcal
I's now established|ful hrough the systen1of FIG. 24 and call traffi an
fl ow between sel ected nel elenents 245 through—serygce crreyit 6128 and
trunk 106 to and ffors¥ge tel ecommunicationg facili £of netwark 100 %ﬂda
the call's destinatien. _ pl sign %g for setrep—e
call path for a call orfginating at public felephone network 10Q. Net nggun
100 initiates the call By seizing a trunk kBeranra—eutpist-rg—thereon t =3
digits of the called tefephone numnber, i n &~conventiona v a=y- ggéﬁ
231 of a speech coder dul e 220§ -\wing that trunk 106 & se %1@
on the trunk's corfespofding timS o8 f TDM bus 130 a C 15t hef 2
dialed digits, agaln cofgventionally, and\then notifies [X 'Ol | er—¥h
Controller 261 in turn potifies E . ke NCA
nmessage. The | NCALL nesgage conveys the called tel =~and :;ouke
220 and trunk 106 |.D.sg ECP conpl ek 134 T espoinds- £6- sgage b
broadcasting to | e 23
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';éll ceIIs 202 in the systen1of FIG. 2 an MSC_ PAGE REQUEST message. Thé

- MBC_PAGE, REQUEST nessage identifies the called nobile .203 (e.g., conveys

" the called phone nunber). 41 Controller 142 of each cell 202 responds to
t he MSCPAGE REQUEST nmessage by conveying th9 MSC PAGE_REQUEST nessage to a
CDVA access-channel el enent 245 via cluster‘controller 244. The- .
access-channel el enent 245 responds by paging the called nobile 203, inthe
manner specified for t 2i§g§ az&sngenent.-v%en the cal l ed nobile 203 -

r esponds by.transnittlngv SPONSE si gnald0 one or nore of the paging
channel el ements 245 receive the signal, dnd each p es. it ontoits
respective cluster controller 244. |d ust gpgontro ers 244 forward the
messages to controllers 241 of theig—+especi+ve—-oel 392202 Controllers 241
of all cells 202 are continually exchangln% nessa s (not shown) to update
each other's databases of their respectiviUhtatus]for existing and pending
calls. Controllers 241 of the respective cells 20 Qﬁgernine fromthese
nmessages which cell 202 is best suilted Eet!@gdl e {bECall. Controller 241
of the selected cell 202 then sends [ —RFSPONSE nessage on to ECP
conplex 134 to notify conplex 134

LEVEL-3/PACKET
PROTOCOL

304

L/

— FCS —1_/305

-
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"of that cell's seléction to handle the call. ECP conplex 134 receives the

" CELL_PAGE_RESPONSE nessage -amd selects a service cirfcuit. 612 of nodule 220 ¥

to which the call is connected to handle the call at the other end of the -~
call path. ECP conplex 134 then sends an M5C FS ASSI GNMENT nessage to
controller 241 of the selected cell 202. Th® nessage is the sane as
described for the nobile call-origination, and elicits MhieskaThs BRIRINSE, - -
to wit, an FS_CONNECT, FS _ACK, FS CLOCK_ADJUST, and FS Al F'fjge
sequence between cell 202 and SPU 264f‘f1c{;1 o] by aCHAW m :
nmessage-fromcell 202 to ECP conpl ex 13%,™~4s o .
conpl ex 134 al so sends a TONE REQ nessage t-o DCS contt®l | er 261 that
controls the nodule 220 to which the call igoconnect-ed.3 Controller 261
responds by causing controller 231 of rmcycrl3 220 to apply ringback to the
trunk 106 that carries the call to _and fiyomtel econmuniggations facilities
of network 100. Foll ow ng sendi ng of EMLWFI RVA] nessage to ECP
conpl ex 134, sel ected channel el g ] RI Nﬁaol\lG signals to
cal | ed nobile 203. Wen call ed rgbi | SEQUENCE NUMBERIS wiN"an ANSWER si gnal ,
sel ected channel el enent 245 causes—an—ANSYWER-ressage t yde conveyed from
its cell's controller 241 to ECP |conpl G0CK IUSECP coppf ex 134 responds by
sendi ng an ACCEPT nessage to DCS |controt Ngr 6L of r?)ljg 220 to which the

Q. BT Vi

|/

scri bed. f

call is connected. The nessage cqnveys t D. of s ice circuit 612 that
had been SIGNAL QUALITY 324

POWER CONTROL | /323
VOICE/SIGNALLING TYPE | ~326

VOICE /SIGNALLING DATA 3
FIG. 10
{351
2
PACKET TYPE L/ - .
NESSAGE TWPE [~ 150
CHANNEL ELEMENT 1D. %0
FRAME SELECTOR 10. "
|, 33
SIGNALLING- DATA __/

THIS SHEETY H[}S BEEN
REPLACED

CRNSITE 1d




RN T

"selected to handle the call. Controller 261 responds by. causing controller
231 to renove ringback tones fromthe call, and then causing a ' .
.connection to be made between the DSO changel carrying the call on TDM bus
130-'and selected service circuit 612, in-the .=n“=Q descri bed for a

mobi | e-originated call. Controller 261 t ads "a CONNACK nessage to ECP
conplex 134 to QK/(TI;Se i pf successful comietion of this938hd of the
connection. Thé call’ path is npw GEMRENE iFRAME FROM IBUFFERr ougl’ t he syst em of
FIG 2, and packets bearing call traffic cap il ow,betvveentgagl ect ed channel
el ement 245 and the call's sou ——t-hr-oreh v sap oy g 12. FIG 25
shows control signalling for c RFORM S EN Ll fLA LE N +-hy nobi | e

t el ephone 203. Mbbil e tel ephone 203 initiat @ )pecti on of an
established call in which it is particips mtting a HANGUP
signal. This signal .is received by 5. whl@h i s handling

t he eatt—Chanmelel'enent 245 r espalid A

to seryic | LirfBi&dawWhi ch i's handli

di sconﬁ"ﬁeeﬁgﬁjﬁ egl;'o_r' 602 responds to. t
an - FS- A m ﬂ o channe

progcessil MOVE pac ?,:L?CFPA

service circuit 612 which is handling the
been.di sconnected. Traffic for

~ES SREMOVE packej CRE dr ni ng
FSTAE | heg protoco
Ot all state for the

| to Ebl/\_/tlgﬁmﬁ_m% call has

| ADJUST CLOCK (FIG. 18) Lg/n |
974 870
VOICE ONLY
\ 4
PERFORM
SIGNALLED
FUNCTION
816 (UPDATE CALL
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TONE/ADJUST
CLOCK
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now ceases to flow between channel el enment- 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 respJ&ds by sending a CLEAR nessage

to DCS controller 261 of speech coder nodule 220 that is-handling the call,
and by sendi ng an NB?EH_EASE nmessage 0 | er 241 of cell 202
that was handling th y t dvi se i rmhel el enent 245 whi ch had
been handling the call is now free and availjabl e to handle a new call.
Controller 261 responds to the CLEAR nessage @5bsi ng control l er 231 of
nodul e 220 to rel ease trunk 106 tm@t C3 S and causi ng
transl ati on and mai nt enanpe=44ee & e S|ng unit 264
t hat contains segsalﬁe cirfpuit 612 whi ¢ ks-@b}mect
t he DSO channel s tarrying the call omthe concentra¥ion ghway

607 time slot that HﬁSMI@ﬂ&(ﬂﬁo that service circuit |cIH$OKECHOGODER Iler 261
then sends a CL ABURFERE TG #0C0DER | ECP conpl ex 105 to nqti fyAsKINGhat [this

end of the call path has pfrso beeh di sconnected. FI G. 26—5h0 contT ol
signalling for call discopnection initiated frompublic tel e\;J\‘:one net wor k
100. Network 100 rel eases trun 06 qTrrTes tne call. The release is

detected by controller 231 of speech code

2975(2 that is
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43 handling the call, which notifies DCS controller 261, and controller 261
in turn notifies ECP conplex 134 by sending it a DI SCONNECT nessage. ECP
conpl ex 134 responds to receipt of the D SCONNECT nessage.by sending an
MSC_ NETWORK RELEASE nessage through cell controller 241 and cl uster
control l er 244 to channel elenent 245 that ils handling the call. Channel

el ement 245 responds by transmtting a RELEASE signal to nobile tel ephone
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 si gnal
is the sane as described for the nobile-initiated di sconnection, and
elicits the sane response. In response to receiving the RELEASE si gnal,
nobi | e tel ephone 203 hangs up the call 2@? ranjgh%s a HANGUP signal. This
signal is received by channel elenent 2 at | andling the call, and it
responds by causi ng a RELEASE CONFI RVATI ON nessage to be SiEnShe&rfias Bekn R@ldceds

controller 241 to ECP conplex 134, to informit of disconnd : L
end of the call. ECP conplex 134 responds by sending a :CLE/ ' :
controller 261 of speech coder nodul e. 220 that been ha .

The CLEAR nessage is the sanme as described for nobile-initiated
termnation, and elicits the sane response. Fl 27-29 show contr ol
signalling for soft handoff of the call frggy

REVERSE SIGNALLING FOWARD
DIRECTION -
987
STORE FORWARD | J
SIGNALLING
989 : My
stoRe 1/
RECEIVED SIGNALLING
PACKETS FROM
' Y990
sncSNTf RENG ~
ggy AL
UPDATE CALL STATE L/ Y gg
UPDATE | 5
| gqg (CALL STATE
COMPARE AR CRC |
AND SIGNAL QUALITY
OF BOTH PACKETS
STORE BETTER _9/98
SIGNALLING
4 y

THIS SHEET HAS BEEN
REPLACED




one cell 202 to another. FIG 27 shows si gnal I ing for the beg| nni ng of soft
handoff, when a second cell 202, referred o as a sl av e. cell—comrences to

handl e the call jointly-with cel | 202 t hat "had been’ handl in %ggnlkeﬂmeal
t hen, referred ton—@ ? cell. A nobi |e~1g8Gkphone.. 20[:?5ns ed
in a call nonitor %th of pil 8IAREhannel signal s t ﬁ%“w g
froma plurality of cel I s 202 including yraster cell 202, a

periodically sends to master cell 202 a3 RVWR H}20. report on these recei ved
power |evels. Channel el enent 245 th ' andl ing the call passes this
report on to controller 241 of ¥k YE®n the basis of this

i nformation, and inforfalion exchan w the ce 202 t hensel ves,
controller 241 of mastgqr cell 202 de whet her g¥ p$P®y cell 202
shoul d cont i nl&d7 hanc I e the call, or waether anothe€r el 202 should be
added to the ca £ dontrolier 141 of master ce nes_t hat

anot her cel | ZOZREQHESII WlbefMkriled to t he cal INO a ' wdbEel | 20208
can handl e t he [CADED UBAFRIG KRAME angDst-he sprme nobil & as _wabster {cefl

péssage t ugh

202, controll er| 24R0Mf VOOOBERr el |l 202 ndsa

control |inks 108 and VS 104 to RS PR LRA ] A€l Inegd RCERATES
REQ nessage conveys thg DLCl s of m.”i-(c ’a Eserw ce |rc_U|Rt0 % ERAME
22e not used manc?ter ”cell 202 ff0 it osGheR’ and the 1.D." ¢ E éd

GET TRAFFIC FRAME _ L -
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channel on which the call is being conducted. Controller 241 of slave cel
202 recei ves the HANDOFFREQ nessage and sel ects a channel el enent 245 of
sl ave cell 202 and one of the received DLCls of call-handling circuit 612
to handle the call. (Alternatively, .the HANDOFF REQ nessage may -convey the
DLCI of call-handli ice circuit 612 ich is used by master cell 202
for this call, and 241 of slave cell 202 nerely toggles the

message, to change tft

val ue of the Ieast_-'.sf
service circuit 612

Wi

ern Replhce@f that DLCI which is contained in the
0 a second DL@, that corresponds with

1)

@nt

.t hen

forwards the sellected DLCl i th other cont éth it he_redei ved
€ .
nmessage through a cluster controller 244 to sel ectsd= @@ elifemrent 245.
Sel ected channel el enment 245 sets itself up to handl{§’Chezdgld|on the
speci fi ed nobi'l e channel, and then causes an FSJO N |2 eb ‘85F|to be sent
to service circuit 612 that is handling th ' gqgléé,tﬁses DLCI
of service circuit 612 which was received Ry sel ect gau@;m enment P45
fromcontroller 241 as thegacket address jjn field 3R =Z&dconveys thg
DLCI of selected channel e nt 245 in i data fi &8 864.~Whan procegsor -
602 serving service circuit at s hapdling t Hves t he
FS JO N packet, it returns E5A€K FAck 1 toSsel&;Ected channel el efrent
245 in acknow edgment of re¢ds ZL% LIANNPZEE as part of LAPP
processing at step 904 of FI§_§ o =5 EherSst ores the convejed
DLClI of sel ected channe[eM™pget .2 @t shf Fmecartsrare tnat 13|
associ ated with service == K
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éircuit'612 that is handling the call, andﬁﬂarks the call state as_being'Ln -

soft ‘handoff. A connection is now established between sel ected channel =~
el enent 245 of slave cell 202 and service circuit 612 that is handling the
call, and they begin to exchange call traffiq packets. Channel el enent 245
of slave cell 202 responds to receipt of the ﬂS_ACK packet by causing a
HANDOFFACK nmessage to be sent by its cell's controller 241 via contro

| i nks- 108 and I M5 104 to controller 241 of master cell 202 to advise it of
conpl etion of the connection. Controller 241 of slave cell 202 also sends a
HANDOFFI NFORIVATI ON nmessage to ECP conplex 134 to notify it of the soft :
handof f, and ECP conpl ex 134 updates its database. Call traffic packets now
~ flow between the one service circuit 612 and channel el enents 245 of both
master and sl ave 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. Typi.cally, though not necessarily,
this will be the master cell 202. This ﬁfénioﬂ?shom in FIG 28.

During soft handoff, master and slave cells 202 receive PWR INFO. reports
on pilot channel power |evels neasured by nobile tel ephone 203. Note that
this PAR INFO. is different fromthe power control trend information which
is received during soft
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handof f from both cells 202 by processor 602 and is swapped betvveen the two
cel |'s 202: Each cell 202 includes the received PWR I NFO as reverse o
signalling in the next packet 350 that it sends to service circuit 612 that
is handling the call. Processor 602 serving éer vice circuit 612 that is _
handl i ng the call. receives the PWR I NFO as! ever se signal1iTh “liele@fupbmlﬂieplaced _
cells 202, selects and saves the PWR INFO. fromonly one cell} :
968 of FIG 13 or 998 of FIG 14, and then sends the stored . '
0

to both cells 202, at steps 1216 and 123§ of FI Gg15. 01 account

RETURN

actions performed by processor 602, eactEc}II ZOEt is-involved in the
handoff receives PAWR INFO sent by the celf—20 ._re ei ved better
quality signals from nobile 203. The recei \?qq: is forwarded to the
receiving cells' controllers 241. Oontrollgg is information to
det erm ne when one of them should cease handl.] When controller
241 of master cell 202 determ nes that ifs |[$hds ling the call,
it sends a HANDOFF_DI RECNT’I ON si gnal | i ng JpadRes 602 that serves
the call-handling serviag circuit 612.. %@ t hat handl i ng
of the call is being turﬁe\d\over to sl&le [cell or 602 __
duplicates the signallingfandr tlgns | Y\to both master and sl ave cells_
202, as shown in FIG 15. mﬁrBr i he I—&\IDCEZ DI RECYI ON si gnaliing,
channel el ements 245 of b r@»te vVEREE 202 trgnggit the o
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Cbntrdller 241 of'naster

t'her'eof . CeII
hessage via contro
cell 202 that is involved in the soft

-of the handoff and that.
forwards a copy of that
202 which is handling the cal
comuni cate cal l raffct to

Chan

202 then send

| i nks.208 and..I M5 104 to controller
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.thereof. ECP conplex 134 updates its database accordingly. It will be noted

‘that DCS controller
t he procedures

261 of the serving DCS 201 renmains whol ly .uninvolved in

N _FIGS. 27 and 28, and .that -ECP conplex 134 is also .
uni nvol ved except for berng

i--ed of th'ew:orrpl etions of the procedures. -

Consequent | y, t hdhis &hder i@ Bel, gD

conpl ex 134 is not} :
29 shows the scend ,I ) }
ceases to serve th

20

FIG.

Tt

andof f{ conpl eti on

PROCESSOR 602

c(gpaci ty of 'DCS controller 261 and ECP
ted [by the soft-hgndoff

sl ave

N/p@ s. FLG

¥yl )

i nues to ser‘\l/?ﬁg:)_-
ec

mastgr cel | 202 orfty )
call alone. Once again, the procedure fbegins witsgn—t egmaster and sl aye £
cells 202 providing pilot channel PWRINEQ reper to processor 602{tHat
serves the call- handling service circuit {12, and _return to both ce|ls 20p
~of the PWR INFO thdt was provipded by the fcel | 202 tjhat is receiyinglbette
signals from nobil e {tel ephone 2P3. Wen cagntroller 1~9f master{cell 202
determ nes on the bgdsis of these and ot her ha& sl ave ce]l 202
- shoul d cease handling the call,lit sends | RECTI ON si ghal | i ng
packet to processor whi ch ihdi cat 4 of t I s being
regai ned by master cell |202. Prpcessor] 602 dupl st si gnal %‘\ﬂé
returns it to both mastgr and s} ave cqgll's 202, s¥shown in 15—.3'
Upon receiving the HANDJFFDI REQTI ON sifgnal | i nNgl elenents 245 ‘_"c’
both master and slave cqlls 202} transrfit th -3DI RECTI ON i nf of fat¥of
to nmobil e tel ephone | 0 apprpise it—th -
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Control | er 241 of master cell 202 then sends an | NTRAL-NTER_ CELL_HANDCFF
REMOVE nessage via control links 108 and | M5 104 to controller 241 of slave
cell 202 to notify it of conpletion of the handoff and i Em#ﬂﬁm§ﬂmdmﬂmew

out of handling off the call. ntrol l er. 241 ?é slave cell
channel el ement 245 of slave gell 202 which IS handling t I
el ement 245 respo me manner as was described in conjun

with FIG 28 for chandel elenpai 245 of master cell 202: by ceasing to
communi cate call trafflic to @Bfr(nn nobi | e tel ephone 203 and initiating an

FSREMOVE, FS ACK packdt exdha g a8 t h procgessor 60; Traffic fIOM(ceases

bet ween channel el enment 24 e cell j202 4
that is handling alg {bu etween s
channel el enment 245 of . ntroller

202 now sends a | NTRA/ I NTE L F ACK nessa
and a HANDOFF | NF Tl ON conpl ex 1%
conpl eti on of the}handoff t thereof. E

its database accobdingl y> As |i here.is
of DCS controller 261]and ECF 134 in Hhigh

pr ocedure. v ' pre] "‘(‘
b
1=

~ .
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FIG 30 shows control signalling for call di sc_onnm rmbl l e
t el ephone 203 while the call is in soft handoff. m%s%ha@mmam
‘initiates disconnection of the call by transmitting a : Th| s
signal is received by channel el ements 245 which are )*m B@MI I in
both master and slave cells 202. Each chann¢g el enent nds by

sendi ng cel | -to-nobil e.reverse signalling conveying the RELEASE signal -

t he next packet 350 that it sends to service cifcuit 612 that is handli ng
the call. Processor 602 serving that service c-i?-rcut 612 receives the

signalling fromboth qells 20R but savesg only one{copy, at stefd 968 of FI|G
13 or 998 of FIG 14, Jand ret /Ed—dx@;*f t he RELEASH signal ling
back to channel ts 245 Ster .and sHave cells 204 in the ngxt .
traffic packet, steps 1216} or nd 1236 of | 1

of master cell responds tE fjin of the RELEA Sl segsl/ g
cell-to-nobile | LE_DI SCON orfwar d signal | i g, & t pa ke830
that is sent to sgrvice g i s handl ilng The calT. ProdesSor

602 serving that ce circpi® 612 redeives and|sfores the signalling, Jat

step 956 of FIG 13 or] step 9B6~of FIG (14, and tHem egturns it
el enents 245 of bot'h rfjaster d slave cdl|s 20§ i S next trgffic packgt,
at steps 1222 and 1234 of FIG 15. Channel el nt]s | 245 of both master a
slave cells 202 each rlespond | erf\i[},l E DI SCONNEQT signal | ijng

by transmitting a RELHASE si ghal to %ﬂe/t’eﬁ‘ephg . 203. Controlg r 241 jof
mast er :

|
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next packet to service circuit 612. This conmmand is returned to both cells-
202 by processor 602, in the manner just described for MOBILE DI SCONNECT
‘signal ling. Channel el ements 245 of both master and slave cells 202 each

respond to receipt of the NULL TRAFFI C comme®@ by ceasing to transmt—eal

traffic and instead commencing to transmt null traffic to nobile telephone
- 203. Both channel . el enents 245 al so each cause an FS RENgxghe o _

be sent to service circuit ‘612 that is handling the ¢ ' s

are the sane as has been described previously, and elicit

responses from processor 602. Upon receipt of an FS ACK packet from

processor 602, each cell's channel el enent 245 stops ‘conmunicating with

mobi | e tel ephone 203, and causes a RELEABENSC nessage to be senfy by its
cell'"s controller 241 to ECP conpl ex 134 gg notify conplex 134-fhat the
Lam

correspondi ng cell 202 has ceased to hgdyl the call. ECP conmiEgx 134
updates its database@@orrespondlngly, &8 Pes ends_NBCLRELEASE_AGQ messages to
controllers 241 ofuﬂegber and sl ave cel | p&3J02. Fol |l owi ng receiPl of the
second RELEASE MSCSrEE sage,ECPTonpt s

DCS controller 261 oE§speech coder nmoqul e 220 that is hgndling the
The nessage is the safe as described flor FIG 25 and elijcits the dame
response from DCS
2
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.cel| 202 then sends a cell -to-nobile 5|gnaII|ng NULL TRAFFIC connand inthe



.controller 261. FIG. 31 shows control signalling for call “di sconnection
“initiated frompublic tel ephone network 100 while the'call is in soft
handof f. Network 100 rel eases trunk 106 that carries the call. The rel ease
- is detected by controller 231 of speech coder nodule 220 that ‘is handling
the call, and controller 231 notifies DCS gpntrolIer—zﬁé—AMmﬂﬁTﬂﬂrﬂ1nﬁr‘
notifies ECP conplex 134 by sending it a DI SCONNECT nessaﬁii g
-
I
I

134 responds by sending an MSC_ NETWORK RELEASE nessage ’“rhqp”'
241 of master and sl ave cells 202. Cbntroller 241 of nas
gnalling co :
to servige-circuit 612 that is
t service’'circuit 612 receives
6 of FIG 13 or step 986 of

-tlo- nobi |l e forward
350 that it sendﬁ
or 602 serV|ng t 5
at step

responds by sending cel
signal in the next pagk
handling the cal . Pr@g
t he RELEASE signdgl an&”

FIG 14, and thed gends E-di gnal to _channel el emenis 245
of both nasteF=qu‘slave cel|s 202 in thetnext traffic packet, at stefds
1222 and 1236 of@FI G 15. Channel el enentp 245 of both master and s|age
cells 202 each respond_to the signalling jnformation by transmttinp 3
RELEASE signal to nobile tel gphone 203 thht is involved in the call} Ijn
response to receiving the RELEASE signal sjtransmtted by channel elfngnts
245, nobile tel ephone 203 ha1gs up the &}l and transmits a MOBI LE |
DI SCONNECT signal as confi r@at ion. This®gnal is received by cha@ VE
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el ements 245 of both master and slave cells 202. Each channel el enent- 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 sanme as has been described previously, and elicit the sane
responses from processor 602. Upon 49 recgpt of the FS ACK packet from
processor 602, each channel el enent. 245 responds by causing a

RELEASE_CONFI RVATI ON message to be sent to ECP conpl ex Iﬁﬂmkﬁrhﬂmam RepldeeOf
the call di sconnection. Follow ng receipt of the second

RELEASE_CONFI RVATI ON nessage, ECP conpl ex 134 sends a CL Iﬂ%’
controller 261 of speech coder nodule 220 that is handllng

nessage is the sanme as described for FIG 25 and elicits the sane response.
FIG 32 shows control signalling for a sem -soft hgndoff of the call from
one channel el enment 245 to another. A sem -soft hajdoff occurs between
channel el enments 245 of either the sanme cell 202 &t different cells 202
connected to the sameeDCS 201, and involves a chamje in the nobile channel
that is carrying the mall. As for soft handoff caaftrol l er 241 of cell 202
that I S handl I ng trg t:l’U SOl VI IIB ttl 'l* L L I'. Ul o :-“VA\R. : 1 C .
supplied by nobile tquphone 203 to determ ne mhether
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serving channel el ement 245 should continue to do so, or whether the call
shoul d be handed off to a new channel elenent 245 in-either the sane or a
~different -- a new -- cell 202. If controller 241 of—seLMLng_ggLL_gggzzs
determ nes that it should hand off the call to a new channel el ement , -
and that new cell 202 can handle the call u&3ng @HhsEBe '
serving cell 202 sends a HANDOFF_REQ nessage through co and
I M5 104 to controller 241 of new cell 202. (If serving - E
cell 202 are the sane cell, this nessage is not sent outS| 1)
The message is the sane as described for soft handoff, and eI|C|ts t he sane
response fromnew cell 202 as it does froma slave cel | 202. However ,
because new channel el ement 245 does not operate on the same nobil e channel
as nobil e tel ephone 203 and servj ng channel el enent 24% new channel
el ement 245 is not in comuni castfon with nobile tel epggne 203 and only nul
traffic packets flow from new ¢hannel el ement 245 to rvice circuit 612
that is handling the cal E The NDOFFACK nessage thaat.'i= is sent by new cell
202 back to serving celd =202 sp ifies the nobile chanrjel on which new
channel el ement 245 Opggﬁ rotter—27tof =202 Tecer ves
t he HANDOFFACK nessage aggl respond$ thereto by causi pg sefvi ng channel
el enent 245 to transmit & signal t¢ nobile tel ephone}203 felling it to
switch its operations to the nobil § channel on whi ch} new ghannel el enent
245 operates. \Wen nobil e tel ephong 203 does so, trajfic fegins to flow

ALZAAY 4

between nobile tel ephone 203, newsghannel el enent 24p, service circuit
612, but ceases to flow between rgbil e tel ephone Zg%lan erving
. Lot
L

DISCON
CLEAR_

bt
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=
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—— :
.channel el ement 245, and onIy nuII traffic packetsTﬁggpence to fIOM/from

'servi ng channel
- 245 responds to commencenent of
t el ephone 203 by causi ng  a HANDOFF_| NFORVATI ON ness
conpl ex 134, and ape | NTERCELL_HANDOFF nmessagp4
to notify theﬂgof t he handoff
mhlle controlleré?

202,

el enent 245 to service circuit 612.

serving the call

causes an FS RE

serving the call

channel

The packet
elicits the sane response.

=R

ecifically,

recei pt of cal

Iy

to be sent to

ahqwkqplenent

’qgﬂuyto ECP
se ng cel:

ECP conpl ex 134 updates |ts database

channel

.

AvAYE B |

Ly U'I UM UUL UI

el ement 245 of serving cel

202

packet to be sent to service circuit 612 that is

notify it of handoff conpletion,

Once again,

201, remains wholl'y 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 n_§
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it will

is the sanme as di scussed previously and
Traffic thus ceases to fl ow between serving
el ement 245 and service circuit 612. Serving channel

el enent 245
responds to receipt of the FS ACK packet from service circuit 612 by
causi ng a HANDOFF_| NFORVATI ON nessage to be sent to ECP conplex 134 to
and ECP conpl ex 134 updates its database.
be noted that DCS controller 261 of the serving DCS




procedure. Cbnsequently, t he caII-handllng capacity q% % I 261 and
ECP conpl ex 134 is not adversely inpacted by the sem st Qb “wd
procedure.” FIG 33 shows control signalling for a. hard "ﬂone
CDVA cell. 202 to another. In CDMA, hard han f does n

i nvol ve a change Eh the nobile channel, but does i nvol ve a change |n the

I_\\J I\Jl

digital cellul aﬂ@v&ff‘h 20llsoo kLG ’7\ NSl S et
soft and seni - s& & fandof f, control ler 241 of cell 202 that is handl i ng t he
call --referred t&8as serving cell 202-- monitors PWR | NFO. supplied by
nobi | e tel ephone 203 and uses it along with other status information to

determ ne whet her serving cell 202 should continue to handle the call, or

whet.her it should hand the call off to another cell 202 --referred to as
new cell 202-- that is connected to a different nobile tel ephone switch 201
than serving cell 202. If controller 241 of serving cell 202 determnes to

hand off the call, it sends a HARD HANDOFF REQUEST nessage to ECP conpl ex
134. The nessage identifies the call, the proposed new cell 202, and the
nmobi | e channel that is being used for the call by serving cell 202. ECP
conpl ex 134 responds to the nessage by determ ning which DCS 201 is
connected to new €Bll 202, and sel ecting a new speech coder nodul e 220

wi thin that DCSE? b TIPSV RIS L I AN

handl e the cal | ™ conpl ex 134 then selects a trunk 206 connecting
servi ng speech coder
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" nodul e 220 of serving DCS 201 with new speech coder . mﬁhﬂh&tﬁ%ﬁseafk ﬁ&dDCS
. 201, and sends a SETUP nessage to controller 261 of- se

i dentifying the sel ected new speech coder. nDduIe'220,_£

and trunk 206, ang.also identifying the tr g# 106 of s

modul e 220 which Earries the call. Controll 261 of serving 201
recei ves the SEZ}E @ ssage-and responds by CauSiRguCotifetimpgi—r gt

612Q
oder

serving nodul e SR& 0 seize the identified trunk 206 to outpulse'thereon

i dentification of @he sel ected nmodul e 220 and service circuit 612, and to
connect call-carrying trunk 106 to trunk 206 in a conferencing arrangenent.
This results in seizure of trunk 206 at new nodul e 220 and col | ection by
new nodul e's controller 231 of the outpul sed identification. Controller 261
of serving DCS 201 .then sends a CONNACK nessage to ECP conplex 134 to
advise it of establishnent of the connection between serving and new _
nodul es 220, while controller 231 of new nodul e 220 sends the collected

out pul sed information to controller 261 of new DCS 201, which sends an

| NCALL nessage conveying the coll ected outpul sed information to ECP conpl ex
134 to advise it of the incomng call. ECP conplex 134 associates the

recei ved CONNACK afd | NCALL nessages on the basis of their contents; the

nessages serve a§§gq§firnafinn o ECD
Lad - .
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conpl ex 134 that TDM buses. 130 of new.and serving nDdules 2
~interconnected through trunk 206. ECP conpl ex 134 Then sends a
MSC_NEW HANDOFF nmessage to control | er 241 of neMIceITQOﬁﬂfﬂ?ﬁ

notifies new cell 202 that. it has been sel egted to har and
conveys to it the identification of the mobi4 & channel| ntIy
carrying the call. New cell controller 241 responds b eterm ning mhethenu
new cell 2@ can handle the call, and if so, on which nobile channel. New*<
cell contr@ler 241 then sends a CHANNEL_ACTI VATI ON_CONFI RVATION nessage iﬁ
conveyi ng s information back to ECP conpl ex 134. Assuming that new cel-

202:can ha@FfeThe calT, ECP CONPI exX 134 Sends 1o new cerl _controrrer 24T §
an MBCFSASSP GNMVENT message conveying the DLCls of the service circuit 612 |.
of new noddbe 220 whi ch has been selected to handle the call. This nessage
I's the sane as di scussed previously in conjunction with FIG 23, and
elicits the sane responses. New cell 202 returns an FS CONFI RVATI ON nessagg
to ECP conplex 134, and ECP conplex 134 in turn sends an MSC OLD HANDOFF
message to serving cell 202, advising themof conpletion of the connecti qs
bet ween new channel el enent 245 and new service circuit 612, and the nobi
channel on whi ch new channel el ement 245 operates. .
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new DCS

ACCEPT nessage to controller 261 of new DCS 201. Cont an_f-
201 responds by causing controller 231 of “new nodul e // [/ )
between new service circuit 612 and trunk 20 gonnectin /Iy 220 to
serving nodul e 220, in the |Jmanner descri bed eV| ously for ACCEF pssageg
This results in the outpugdiof both new and serving service circuits 612%3
bei'ng connected to the saflg time slot of TDM bus 130 of serving speech

coder nodul e 220, BN a cogdlerence arrangement. |f both new and serving &
channel el ementsyP&b-fire ogerating on the sane nobile channel  this resulls

ECP corrpl ex 134 responds to the FS_ CO\IFI RNATI ON rressa:%&bytéendl n

i n superinpositign=fduplicaje outputs on the same tine slot, and thus
substantially-no eBect on the time-slot contents. If the two channel

el enents 245 are nat operating on the same nobile channel, this results {n
superinposition of real traffyc and null traffic sanples --speech or datja,
and silence-- on the sane ti slot, and thus again has substantially n
effect on the tine-slot contﬁzé ts. Controller 261 of new DCS 201 then
returns a CONNACK nessage t GZECP conplex 134 to advise it of conpletio
t he connection. Controller é of serving nodul e 220 detects conpletio
the connection and notifies a&¢ntroller 261 of serving DCS 201, which
returns an ANSVEER nessage to ECP conplex 134 to notify it thereof. Servijng
cell controller 241 responds o MSC OLD HANDOFF nessage that it receive
from ECP conpl ex 134 by checkfng the nessage contents to determne if n
channel el enent 3_4EL<S operat ng on the sanme nobile channel as
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servi ng channel el ement 245. | f not, serving cell cdﬁf?ﬁTTéT‘?ﬁi~eauses

serving channel elenment 245 to transmt a signal to. nMukkbRedif &g 203 :

commanding jt to svvltch operation fromthe nobile chan H@ _
” Iow IS

using to the nobile channel used by neM/chanﬁgl elgnen

dashed lines in FIG 33. Wen nobile tel ephofi€ 203:doe

switched fromserving eell 202 to new cell 202, as:shown |n dashed I|i nes.
Channel el enment 24Eiggahgy/cell 207 responds to commencenent of receipt of
the call traffic by @n§§fﬁg new cell controller 241 to send a HANDOFF VO CE
CHANNEL CONFI RVATI ON ngssage to ECP conpl ex 134. This nessage advi ses ECP
conpl ex 134 of success of the handoff. ECP conplex 134 responds by sending
an MSC_CHANNEL DEACTI VATI ON nessage to serving cell 202 and a CLEAR nessage
to controller 261 of serving DCS 201 to cause serving cell 202 and serving
SPU 264 to drop out of handling of the call. Control |l er 241 of serving
cell 202 forwards the MSC_CHANNEL_DEACTI VATI ON nessage to serving channel

el enent 245, which responds by causi hg an FSREMOVE packet to be relayed to
serving service circuit 612. The packet is the sane as descri bed
previously, and elicits the sane response. Wen serving cell 202 has ceased

to handl e the call, its control l er 241 -
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' sends an FS_CONFI RNATI ON nessage to ECP_ corrpl ex 134 t 0 aFhISE&R: fids pbd) quctd _
Control |l er 261 of serving DCS 201 passes the received CL o

control l er 231 of serving nmodul e 220. Controller 231 res g

transl ati or,gRd nmai ntenance processor 609 of eech proce

whi ch cont &g serving service circuit 612 t 3 di sconnECt .the call (i.e, the

tinme slot gt SELTUS IS WLTy B CarTy g TiTeCcart TOom L Nne concentracron
hi ghway GOJEtuma slot that }s]askigned to that servi ce circuit 612.
However, because new servicp girfuit 612 of new nod{§l ef 220 is now connect ed

to trunk 106 that carries tpa | to and from TDV_b 130 of serving
nmodul e 220 via trunk 206, c 2| | er 231 of servirg{a®pul e 220 does not
rel ease that trunk 106 ang, jdpEdpus 130 tinme slot. &eEfoller 261 of serving
DCS 201 then sends a CLEARREEK ngpssage to ECP corrpT‘ p¥2ll34 to advise it that
serving SP@3264 of servi ng” Bfiul p 220 has ceased tofsefve the call. Receipt
of both th@(EEAR ACK and F ﬂ IRMATI ON rressages |nd cates to ECP conpl ex
134 that t &2 SHag Sra—ire; : e otr-ret—
signal li nga% a hard hand frma CDI\/A radlo 24 o] a serving cel | #0
to a converdi9nal analog radi ¢ 1B3 of a new cell 103 of 402. FIG 34 sh
control signalling for . the dof f between two cell ¢ cpnijected to the ;
DCS 201, while FIG 35 sheyws2fhe] handoff between twp cpldls connect ed %)g
=

different DCSs 201. ConsilirZEhg FIG 34,  a conventi¢na pbi | e t el ephtp
cell 102 may be equi pped WSBla [COMA pilot channel. |If]™| is, control
communi cati ons proceed wt
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.a new cell 102 as they would with a new cell 202, and are shown in FIG 33; -

if newcell 102 is not equippéed with a CDVA pil ot channel, -the control

- comuni cations shown in FIG. 34-for new cell 102 .instead . also proceed with
serving cell 202. .1n other words, if new celJ 102 is not ‘equipped with a
CDVA pil ot channel, conversion of the call €0 conventional nobile tel ephony
occurs on serving cell 202, and only then is the calt—handed—efffrom_

serving cell- 202 to new cell 102, in the conventi onakyhs egtﬁs dof f naqr:mer_.
h I J 41 of

As for handoff types discussed previously, controller-
202 nonitors PWR | NFO. supplied by nobile tel ephone 2
whet her or not to hand the call off to another cell. i
serving cell 202 determines that it should handoff the call to a
conventional radio 143 in a cell 202 or 102, and thé new cell 202 or 102 is
connected to thel3sere nobile tel ephone switch 201 as serving cell 202,
control l er 241 sends_an ANALOG HANDOFF_REQUEST nessage to ECP conpl ex 134.
The nessage ider%

—Q

responds by sel e&&ng a trunk 109 of a $witching nodule 120 o 0 to which
new cell 102 or @02 is connected, and s¢nding an MSCNEWHANDOFF nfessage to
controller 141 or 241 of new cell 102..3 202] The nessage i depd§ffies the
sel ected trunk 109 and = < . x| =
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queries if new cell 102 or 202 canh handle the call. Control ler 141 or 241

of new cell 102 or 202 replies with a CHANNEL, ACTI VAT RMATI ON
message to ECP conplex 134 identifying the conventlonal mobi | e channet—on
which it will handle the call, and al so connects that no ctdasBees ke RediNE
selected trunk 109. ECP conplex 134 responds3 sel ectin i hat
i's connected to serving nodul e 220, "and sends a CO\INECT

control ler 261 of serving DCS 201 identifying new modul e 120 or
whi ch new cell 1928br 202 i-s connected, the selected-trunk 109 that is
connected to ne ue 120 or 220, and t he sel ected trunk 109 out gm ng
from serving spegscfE DU ‘
recei ves the CONMEE nessage and reg
serving nodul e 220t o connect the &g
I dentified outgoing trunk 109 in a and causi ng TV
121 to connect the two identified . Controller 261
of serving DCS 201 then sends a CG A n% FGEl conpl ex 134 to
advise it of conpletion of the con‘ﬁ’gmn W ‘
nodul es. ECP cong 134 responds b endi np an MSC O _HANDOFF rressage to
o0& Spr

controller 241 ving cell 202

the new cel | 102¢08 g2 W 11 handle}t
causes serving cﬁg'e‘l‘ el enent 245“to tr 0
203 commandi ng |§8) switch to conyentio operationjan
to use the - =
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nmobi | e channel that was specified in the M5C NEWHANDCFF nmessage. \Wen - -
mobi I e tel ephone 203 does so and .commences transnitting on the new mobile
channel, new cell 102 or 202 receives the transnissions and notifies ECP o
-conpl ex 134 via a HANDOFFVO CE CHANNELCONFI RVATI ON. nessage. ECP conpl ex 134
responds wi th an MSC_CHANNEL_DEACTI VATI.ON nessage to serving cell 202 and a

CLEAR nessage to ' ; cause serving
cell” 202 and servi Am&ﬁ@%ﬁm“%mégymthe call. The
messages aAbstrdet sane as di scussed for CDVA-to- CDVA hard handoff, and :

elicit the same re ei pt of CLEARACK
and FS_CONFI RVATI o%pemg§°§§§1¢mga&‘g%%ﬁ}%§'g|§% '9’ IO| ex '@gmﬁﬁﬁt he handof f
has been cyspmst(2al) sam:bnonia@g snwbha)tchp@neathme(méamsugnelSnew cel.l 102

0,202 conaathad tRpRofls (1670 bl ity 00 MEfioizEE ok B il 202

starts out the sanme” way ovmq’? eC|S|on to
hand of f tq‘RchaI | to ranwseomzleérbewcw@cﬂbbﬁmnem delephasst r ol | er

241 of semétwarkafe varibles Sndehih Hoine i At BROdERInioRssROe t 0 ECP
conplex 134 t request he .handof The, nessa e | denti oposed new
cel | 102 dMe ’Z'fg S ECP @o‘&?ﬁ felePhiong system,, whese ‘E?“?‘ﬁ?‘émﬁég étéfg‘&?"gb" yé?"‘ﬁ ni ng
whi ch sw MSyar&hmmzeﬁlb 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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>

connect. et"to new cel | 102 or 202, and selecting a new swi t‘chrng modul e 120 .
or 220 of’ that . switch 101 or 201 and a trunk 106 connected to that selected
nodul e 1200 220 to handle the call. ECP conpl ex 134 then selects an

out goi ng trunk 106 connected to serving68odul e 220 and Senes=a

message to DCS conts DAPTTVIDS YNCERONIZA PISNARRANCE ;
new nodul e 0 or, 220 and its. connected trunk 106, the tr
from servfné&ﬂﬁ:h coder nmodul e 220, and the trunk 106 o

coder nodul e 220 \Ahlglcm,ggmm&k hodesySteid )P nessagp ., ‘,". O 198 ‘
t hat descrlbed i.n unetiqn with 3, and e BoLASD :
Hence, the 3 @agfm E ?'P P@'&‘igéd) 88 Signai RPAL:
wi Il be i nvaidrdid wlcphonés (203) aed cmwasamﬁm gﬁakwmw A d_ of
sending an ES ASSI GN .rrlressa e, toquew% 2 2 as Iﬁ'BE 33, ECP
conpl ex 134 clpekt ead p 95@2551 W@@CS
controller dﬁ@odtarﬁﬁrﬁnablenmmg Qigial cothiruhicatiogsd1 or 261

responds by g co %20 or, co ol ler 251 of a
cell inter c’@ nndu?é&%&ﬁ?‘ag%lﬂg%é: §8 F?‘PBE“
nmodul e 120 are s?ﬂﬂ:mmzedlm theltélephone. sys:em, aﬂn!awhaké ¢onnecdons 3¢ die@Wellgatel Me S| Ot
or either ’ r .JTDM bu Cl M 209 t.her eby
est abl i shi n%@%%é&%ﬁﬁg J\Eé%a* p &Mﬁ?ﬁm new-cell 102
or 202. Akioperatesfogeadiscall within predefinediwinddws out put  of of hiserrdmmshi 102 or
202 and seryip ot _of TDM bus
130 of sopiA ng Sg&g Qggﬁ%n%&%mﬁg M&Jﬂ%&%ﬂ&sﬁdﬂﬁ 4tk
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 ceils and the switching systems absorb the phase

reladonship fluctuations and the timing adjustuneats 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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nodul. e 220’ DCS control ler 161 or 261 of new DCS 101 or 20 REPMGMENT\
CONNACK nmessage to ECP conplex 134 to advise it -of conpletijor] of™
-connection, while controller 231 of serving nodul e 220 det gctjs q_rmé 3#&{:2
of the connection and notifies serving DCS controller 261, ich'r ’g

by returning an ANSVER nmessage to ECP conpl ex 134. ECP ¢o
responds to receipt of the CONNACK mess}age by sendi ng an

nmessage to controller 241 of serving ce ﬁw
di scussed in @p@uncyl on with FIG 34, and higg 1
f

f f1epr oceeds

the sane as described for FI i T ha ﬁ.ﬁﬁ‘&-‘h 18X ~éourse It
shoul d be undefREROART t hat vard nodi £@Pcat i dns| t fhe
illustrative enbodi ment de:s crl : i be appgrent_isp those skilled
in the art. For exanple, ; r@ﬁ;ﬁﬁchm ques, such as
Asynchronous Transfer (ANALOR : titi onI ng of

functionali tyﬁqét en the ! i =' ' E@g conpl ex, and

t he dlgltalm es within a
digital cell/#har

may Re i ntgrconnected
by a center- y trunks. Furthernore,

the system desc‘rl bed - synchr onous!
wi rel ess-access, sy }
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--for exanple, to personal 'pormuni'cati'on;s net wor ks (PCI\ljé)_. Sugq

of the invention and without dimnishing its attendant advant
therefore intended that all such changes and nodifications be
the foll ow ng clains. We clains: 1. An apparatus conprisi jg:=a.fir
operating unit having its operations synchro- nized with firgt cloc -
signals; a second operating unit having its operations syn- CtT :
second cl ock signals which are onous with the first cloc |gnals
third operating unit for i rfacing t f th Fst uni with
t he operations of the secbnd unit, the thi Qﬁrgt having its operatiadns

nom nally syn- chroni Zed\with the operatl @’@Ethe first unit; neans|for
noni toring an extent 3f agynchrony be- e‘h.d_i_fﬁ operations of the second
and the third units, to de “.ethcr 0 vusi
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. _ o I
‘chrony lies outside of a predeterm ned range of allomed ag
nmeans ‘responsive to a determ nation that the extent of i 1as yne B vidh(
outside of the predeterm ned range, for adjusting the synch'thE“T“ﬁﬁ“Uf‘
the operations of the third unit with the operations of theffigr$t %? th
nove the extent of asynchrony between the operations of the secon an
third units to within the range. 2. An apparatus conpri si hg. TFrss
operating unit having its operations synchro- nized with girst timng
signals having a nom nal frequency and a first phase; second operattTg umt
having its operations synchro- nized w econd timng signals having the
nom - nal frequency and a second phaseﬁ%l@?erggt fromand fluctuating with
respect to the first phase; third operating unit for interfacing the
operations of the first unit with the operations of the second unit and
having its operations synchronized with third timng signals having the’
nom nal frequency and a
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third phase offset by an adjustably fixed anount fromthe f RERLAﬂi@dENT‘SHEET
means for determ ning whether the third phase falls outside} of™a -
predet ermi ned range of allowed offset fromthe second phas gg1n$a S
responsive to a determnation that the third phase falls outs} 0 H@@b
predeterm ned range, for adjusting the fixed of fset of the jth+wdphase fr ol
the first phase to nove the third phase within the range. 3. A
comuni cat i ons systen1conprising:la first unit for receivingTTCOM-ME
comuni cation traffic at tgl‘res degtated by firS| clock signals havig a
nonmi nal frequency and a fiTgt phaye; a second GHit for ftransmitti ng™
I ncom ng conmuni ca- tion traffic dt tinmes dictatjed by second cl ock sifgnal s

-

havi ng t he nom nal frequenu? and—dsecond phase jaiferent—tTonr and
fluctuating with reaspect tolthe |
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comuni cation traffic received fromthe second unit at tineg
third clock signals having the nom nal %%equency and having
that is offset by an adjustable fixed a

nmeans for determ ning whether the third unit.receives inco i
comuni cation traffic fromthe second unit w thin predeternitneg

unt fromthe first

time prior to the times of transmission by the third unit of the recelved
i ncom ng comuni cation traffic;
determ nation that re- ceptions of the incom ng comunication traffic at

the third unit fall

and second nmeans responsive to a

out side of the wi ndows for either increasing or

decreasing the anobunt of the offset of the third phase fromthe first phase
to nove the receptions into the windows. 4. The system of claim3 wherein:

210
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t he second nmeans adjust the offset at commencing of a comu
step by any anmount re- quired to nove the receptions substanti
centers of the wi ndows, and adjust the offset dur- ing the corn
a series of sequential steps. 5. The systemof claim3 furtherq
third neans cooperative with the second.nmeans for inserting aq
traffic into the incomng com nunicatign traffic received by

Ry
ni Cﬁ,t_'Lhn Ln_one

REPLA

[Tt CW 'SI.EE#;I:

2ohelUN os

third

q
Idi
t

whil e the

unit and transmtting the additional traffic to the first unif
anount of the offset is being increased, and for deleting a p
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n-of ..t he

i ncomi ng commu- nication traffic received by thedhlird unit fr

LIRS

omthe

I ncom ng communi cation traffic transmtted to, tﬁéf'—ir\St unit while the

anount of the of fset ™ g ™TETMg OCCT CaOS T ToT T —
* .

=< \J \
Q&3 — .
Ll
< <=
g’ Zes. 52
= Sy
= =
==
2/ 4 — : .
pr=] = . g_:
z;c "_'z)_.\..c -t O
L - P
= —3=
y [
e
Tt = =N
Fe—————— F "%._‘ H_‘ br=)
[ %]
' e =3
1 fer =
'Y o = — =
. b = =]
o ¢ ! S8 '
) . - = i
[7-] -< \

> by | 2]

== L =]

<] S ! yoe-} =

s D N ; g :

=
<
& [ ., l lad === - l
: .| BES .
: =g \ l.
\ =
) !
: 1 wr |
. | S
b=
¥y ! A I
NI ~ |
- _— & —
) ;l S w 3 |
— aova<d )
— 4= ] — SSE=ZSE
S oY Ii-—.: N U>=_<='=— ]
e cad| el | [ 2D 0t S 2 OVE S
= S =000 Q =
= 1S =] =
T =1 3|
I Y Y. - i~ ©
—_ cu, Pr=3
S N
2 ==

S - LE.E

= NJ.NI Al Y e 7Y [

@ NIN ™) =

-

= . = 27 —~ N

= . A Lid =%’ o

= Y N=EWUanm . —

= . A R = i w

L e <l—'u <& o
(] =0 22 = g
mee————
— = ..x' E o, oo =N =
z LN AL =N
b IN XY @ ;E

o)

— (] - =1
~r h— O d [==3 o=
[7-) ey |22 Y ras] el Q.
o~ o flad €O 3 [

(Vo) @ [ =0 O e |

L [ e~

(== c:ﬁ = o

i = =
S @

o

I'IG.
e
LAN
BUS
260



6 . A comunications systemconprising: first unit for tranPp ji,)

out goi ng comruni cat i onytraf-fi cm;t'ti mgs dictated by first gF e M&ET
having a nom nal frequency and a first phase; a second unit

transmtting outgoing comunica- tion traffic at tines dictjat ecﬁ ﬂyJQMB%
cl ock signals having the nom nal frequency and a second phdgsq _di fferent
fromand fluctuating with respect to the first phase; a thijrd unit for

i nterfaci ng conmmuni cam betgween t he fO@St and the second..units._hy
transmtting to the sé€cdnd unit out goi ng3 ontuni catlon traffic re- ceived
fromthe first unit at times dicta Isi gnal s having the
nomi nal frequency and having a thiird phd&AG t hat is of fset by an adjustably
fi xed amount fromthe first phase; HTstTEans Tor, Bt er ni ni ng whet her the
second unit receives outgoing conmmuni catqmn trafi | c fromthe third unit

Wi thin predeterm ned wi ndows of tijme pri to th¢ tinmes of transm ssion by
the second unit of the received outgoing commnicatigin traffic;

CONTROL L/

 LEVEL-3/PACKET

PROTOCOL
304
L/
—~ FCS — __/305
FIG. 8 310
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BOARD ADDR. _/312
PORT ADDR. |~
302
= o 4/
303
CONTROL |
304
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LEVEL-3/PACKET
PROTOCOL
305
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and second neans respon5| ve to a determ nat| on that re- cept'

out goi ng comuni cation traffic at the second unit fall outa&&%ﬁg’ VEENT < ET
wi ndows for either increasing or decreasing the anount of tHe poftset=af__{Hh
third phase fromthe first phase to nove the receptions int¢ f % eﬂ)dows
7. The system of claim6 wherein: the segond neans adjust t efo 2\” I 1996
conmmenci ng of a conmunication in one step by any anount re- =ed o nove
the receptions substantially into centers of the wi ndows, ajhd adj ust the
of fset dur- ing the comunication in a series of sequenti al Steps
systemof claim®6 further conprising: third neans cooperative with the
second neans for inserting addition hz"r ffl into the outgoing com
muni cation traffic transmtted fromF rrs unit and causing the third
unit to receive the additional traffic while the anount of the offset is
being in- creased, and for deleting a porgéoon of the outgoing

4

Y
PACKET TYPE 32

SEQUENCE NUNBER | %0
cLock aowust | L2

AR CRC 323
SIGNAL QUALITY 324
POWER CONTROL /323
VOICE/SIGNALLING TYPE |_~326
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YOICE /SIGNALLING DATA - 7
FIG. 10
/351
Y 321
PACKET TYPE g .
MESSAGE TYPE L/ 196
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FRAME SELECTOR 1.D. |~
331
SIGNALLING- DATA |/




communi cation traffic transmtted by the first unit from the out goi ng

comuni cation traffic recelved by the third unit while the arpunt

~~~~60- 9. A commiRBE
system conprising: a first uni t for transmtting outgoing co
traffic and receiving incomng conmunicati®dn traf- fic at ti
frequency and a first pHage;
unit for transmitting received inconm ng and outgoi ng conmuni
gyi ng the non1na|

of fset is being decreased.

first clock signals having a nom na

at times dictated by second clock sig
and a second phase different from ans

first phase; a #hikd uhilt fo ARl
and the second units by tran —

communi cation traffic re-
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ceived fromthe first 'u_nit at. times. dictated by third clock signals having
the nom nal frequency and having a third phase that is offset ;

adj ustably fixed first amount fromthe first phase, and by HEMEN@NPSHEET
t y

the first -unit incom ng communi ca- tion §gaffic received from

unit at tinmes dictated urt | ock signals havi¥g the nomi nfl freguency |
and having a fourth phﬁ@gat il]éoffset-uétabl y fixed sgclé)r\‘g‘ma‘lggxé ‘
the second

anount fromthe first phase; first means Tor Jdeterm ni ng whet he
unit receives outgoing comunication traffic¥romghe third upit within
first predeterm ned w ndows of ti ma,lri oL-ro_t Ny i negppf tramsmss+er—by.
the sec- ond unit of the received autgol ngic@Himtini Cat--er—trathi c; second
means for determ njgag_wWhet Her the third o EMATEcerVes i nconmi ng (9‘3
communi cation traffi’c Yrom¥% he secaond unit Wthin second—preddternined -

wi ndows of tine pri orPAED CONEENTS Ofs fof transmission by t hdNVOKE VACRMERt] of the

received incom ng ¢CRATRURTERER) WICODER MASKING

y -
(CRERN ) ¢

FIG. 13
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traffic; third neans respon5|ve to a deternination that e|ther receptions.
of the outgoing comunication traffic at the second unit fall REFﬁA@EN@mH‘SHEET1

the first windows or receptions of the inconm ng comunicationit faf—frc—at
the third unit fall outside of the second wi n- dows for eithel 4n§qa‘ﬂg\p%%
or decreasi.ng the anmount of the offset of either the third phis
fourth phase fromthe first phase to.noMe the re- ceptions that {fal
outside of their corresponding wi ndows into the correspondi ngjw ndows. -
61 - 10. The systemof claim9 wherein: the third nmeans are réspepstye—to—a—
determnation by the first neans that receptions of the outgaing com

muni cation traffic at the second unit lag the first w ndows, for decreasing

t he amount of the offset of the third ?ﬁﬁ?ﬁ fr?fLihe first phase.
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11. The systemof claim 10 wherein: the third neans are furthe
to a determ-na- tion by the first neans that receptions of the
communi cation traffic at the second unit lead the first w ndo
i ncreasing the amount of the offset of the third phase fromthe¢ fi msq JUN 1996
phase. 12. The systemof claim9 wherein: the third means are fegponsive to
a determ nation by the second neans that tgeceptions of the incem=-pAg
communi cation traffic at the third unit |lag the sec- ond w ndoys, for
i ncreasing the armuF{ @f tr§ of f set : f28Urth phase from t R TTTST
phase. 13. The syste of ¢ m 12 whela the third neans are further
responsive to a determna- tion by the seco means that receptions of the
i ncom ng communi cation traffic at the tl nit |ead the second w ndows,

‘ Mgfourth phasefromtheflrst
p means adjust the first

1204

phase. 14. The system of
anount and t he ond

B |
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anmount required to nove the receptions that fall outside of t eifF=torr f
spondi ng Wi ndows into the corresponding w n- dows, and adjustfthe iay
amount and the second anmpunt of offset during the communicati g Z 1996
of sequential steps by an integral nultlgle of a same predet ‘ L.
during each step. - 62 - 15. The sys mof claim9 further_conpr|5|ng.
fourth means cooperative with the third nmeans for inserting a i
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 of the third phasea s being increased and

£
deleting a portion of the outgoing communi cati on & affErc—transntted by the
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traffic received by the third unit while the anount. of the offset of the
third phase is being decreased, and for inserting additional traffic into
the incom ing conmunication traffic received by the third unit
transmtting the additionaal traffic to the first unit while th
the offset of the fourth phase is being gpcreased and del eting r- tion
of the incom ng comunication traffic re- ceived by the third u i t fﬁ@ﬂygﬂqq%
i ncom ng conmu- nication traffic transmtted to the first unit

anount of the offset of the fourth phase is being decreased. 16. .
of claim9 wherein: the first unit is for transmtting a streampf outgoing
communi cation traffic and receiving a stream of incom ng comuni
traffic; the second unit is for transmtting packets of received incom ng
conmmuni cati on traffic, and receiving packets of outgoing comrunication
traffic for transm ssion of the outgoing conmunication traf- fic;

FIG. 17
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. . - . . . . 9 - X T e ey tms st ireatersiul
out goi ng comuni cation traffic fromthe first unit for packet} g‘!‘is@ Y SHEE?
recei ved outgoing communica- tion traffic and transmitting t BaeRet.elg o
the re- ceived outgoing communication traffic to the sec- ondg ynit at tines
dictated by the third clock signals, and - 63 - fifth nears [r ol 1996
to recei pt of the packets of the incom ng conmunication trafffig fromthe
second unit -for depacketizing the receiv i ncom ng com nunijcation traffic
and transmtting the depacke- tized received inconm ng conmmuni Lon traffjc
toward the first unit at tinmes dictated by the fourth clock signals; the
first nmeans are for determ ni ng whet her the sec- ond unit receives the
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nication traffic fromthe third unit within the first predeter
and the second neans are for determ ni ng whether the
nication traffic from

w ndows;

recei ves the packets of
unit within the second predeterm ned wi ndows. 17. A call-traff
apparatus for a cellular radio-tel ephone
| east one cel
ing first frames of coded i ncom ng cal

appar at us, at

in

com ng conmu-

each for tr

stem t hat
smtting first packe
traffic received from

i ncl udes

[ S

cont ai n-
r ael.l.n

Gt

tel ephone t0 the apparatug and far trans- mtting to the radi o tel ephone
outgoing call trlaffi g re- ceived |[fromthe apparatus in}second pékckets
contai ni ng second fr s ¢f coded outgoing call traffi¢, and a
mobi | e-t el ephon i t ghiend system for intercopnecting ¢ells with each other
and with a tel ephong netwgrk ®y rlouting a firgt digital streagof cells
wi th each other and{w th g«tetephone network by routin? afirg [digital
stream of incomng gall gnaffic rlecei ved HAoyjtdie appaf rat us N9 a
destination and by fouti nd<h seco Hi gi tal§s1ﬁ'§am of oUufgoimd dall traffic
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‘the apparatus, and wherein the first and the second di gital |REPEACEMENT SHEET
synchroni zed with first clock signals having a nom nal freqded€y~and—a

first phase and de- rived fromthe telephone network and th r sir'gﬁsﬁ;' S
of the incom ng and the outgoing call traffic by the cell afgelsyhchroniZed
wi th second cl ock signals having the nm nal frequency and
that is different fromand fluctuates h respect to the filrst phase,
call-traffic processing apparatus conprising: out goi ng vocouet

t he

£ ox
nmearrs™T Ot

receiving the second digital stream of outgoing call traffic synchro-

nously with the first clock signalg, coding the re-d;e-ggg out goj ng call
traffic, and transmtting sec- ond|franmes of tHe caded outigal calll
traffic syn- chronously with third|clock sig&alls. having the nCm'gqéiI

frequency and a third phase that i§ offset - E ar'éadj ust abl y filxed fli r st
amount fromthe first phase, , —_——t] - -
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i ncom ng vocoder means for receiving first frames of the cof T'7,j
call traffic synchronously with fourth clock signals havi ngjiiad.ss Eﬂﬁ}w
frequency and a fourth phase that is offset by an adjustably |xed second
anount fromthe first phase, decoding the received incom ng calg‘1@ﬁmfﬂn5
ty
i

and transmtting the second digital stream of incom ng call affic
synchronously with the first clock signglgs; outgoing procespi g
receiving the second franes of the coded outgoing call traffic _fromthe

out goi ng vocoder neans, packetizing the received second franes 1nto the
second packets, gnd trans- {mting the second packets to the cell synchro-
nously with fifth clock, sigdnals having the nom nal frequency and a fifth
phase that is offset by'an adj ustably fixed third amount fromthe first
phase; incom ng procgssingJi®ans for receiving the first packets fromthe

cel |, depacketizing {he fedeiwd first packetg into the fyrst franes, and
transmitting the firft framges to the 1ncon1ng vocoderneaTs
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- 65 - synchronously with sixth clock signals having the nbssr ﬂ. WW? Tl -

and a sixth phase that is offset by an adjustably fixed f o}t ]
the first phase; clock signal generating neans for derivinpg fhe tgbk the
fourth, the fifth, and the sixth clock signals fromthe fifs PAN

signals; first neans for determ ning whet B2r the incomi ng prpcessing neans
receive the first packets within first predeterm ned w ndops of time prior
to the tinmes of transmission of the first franmes by the intcesng..pracessing

means to the incom ng vo- coder neans; second neans for deternlnlng whet her
the cell re- ceives the second packets Wi thin second predeter- m ned

w ndows of tinme prior to the tinmes of trans- m ssion by the cell of the
received outgoing call traffic to the nobile tel ephone; and
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third neans responsive fo'a deternination that either rece f QYAXIRgY &l '
; - L AEER SHEET

first packets fall outside of the first windows or reception
packets fall outside of the second wi ndows for causing the c
generating nmeans to either increase or decrease the amounts
of either both the third and the fifth phases or both the fo
si xth phases, with respect to the first ase, to nove the p
receptions that fall outside of their correspondi ng wi ndows

0
Df
I
AC
n

ck si gnal

t Re1 JUN-1996
h and t he.
cl .

to the

correspondi ng wi ndows. 18. The apparatus of claim 17 wherein:

the third

means are responsive to a determnation by the first neans that receptions
of the first packets at the incom ng processing neans lag the first wn-
dows, for causing the clock signal generating neans to increase the anounts
of the offsets of both the fourth and the,sixth phases fromth

first phase

by a same amount. 19. The apparatus of tl4i m 18 wherein: the third neans
are responsive to a determnation by 4|9 =
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the first nmeans .that receptions of the first packets at the:incomng

processing neans |lead the first win- dows, for causing the e Shihm
generating means to decrease the anbunts of the offsets of [H¥haREEIER
and the sixth phases fromthe first phase by a same anount §
The apparatus of claim 17 wherein: the third neans are resg
determ nation by the second neans that receptions of the sé
t he packets at the cell lag the second wi ndows, for causingjt?
signal generating neans to decrease the anobunts of the offsgets of both the
third and the fifth phases{fffomthe first phgge by a same angtmt. 21. The

apparatus of claim20 wheu : the third nme are responsive to a
determ nati on by th%secq}g ans t hat recepg ons of the second
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packets at the cell |ead the second w ndows, for causing the clock -si gnal
generating nmeans to in- crease the anpunts of the of fsets of bofEthe=thit
and the fifth phases fromthe first phase by a sanme amount. 22 }rERBACEN
apparatus of claim 17 wherein: the third neans cause the clockfsifgnat"
generating neans to adjust either the first and the third anpu
or the second and the fourth anounts of offset, in one step by
re- quired to nove any packet receptions tggt fall out- side o
correspondi ng wi ndows into the cor- responding wi ndows at a COTnenC|ng of a
com nunication, and cause the clock signal generating neans to adfust —
either the first and the third anounts of offset or the second and the

fourth anounts of offset by an integral multiple of a sane predeterm ned

anount in each step of a series of sequential st pq to nove packet
receptions that fall outside of their correspondi W ndows into the
corresponding w ndov_vs@luri ng the communi ca- E
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tion. 23. The apparatus of claim17 further |nclud|ng means cooperatlve .
with the third nmeans for causing the outgoing vocoder neans to insert

traffic addi- tional to the outgoing call traffic redg:sges =10 -goi ng.
vocoder means into second frames trans-, mtted by th¢ASHLACEME

means while the anobunts of the of fsets Of the third 4 RS ES
are being increased, causing the outgoing vocoder negns bof ti on

of the outgoing call traffic received by the out goi ng rpm
the second frames transnmitted by the -67- outgoi ng wWhy | e

creased, cau5|ng the incoming vocoder neans to insert ti& ' al to
the incomng call traffic recgived by the incom ng vQcoder neans |nto t he
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first digital streamtransnitted by the incoming vocod
anmounts of the offsets of the fourth and the sixth pha
increased, and causing the inconing vocoder neans to d b
the incomng call traffic received by the i nconm ng voco&e Tom T he
first digital streamTransmtted by the ipacom ng vocoder neans whil e the
anounts of the offs&@ Bf b 8—dBt-t-R—a R the—S i -R—phase—at-e—etrny
decreased. 24. A nefhgy of operating an apparatus that com prises a first
operating. unit, a se®ond operating unit, and a third operating unit for
interfacing the operations of the first unit with the o A
second unit, the nethod conprising the steps of: synchr EEPLAQE] 1 I
of the first operating unit with first clock signals; syn¢ hron|2|n%m
operations of the second operating unit with second cl o¢k 6c h
asynchro- nous with the first clock signals; nomnally .y1chron|2|ng
operations of the third unit with the operations of thejfirst unit;

af e

ECP
COMPLEX
134

4
=
=
et
-
=
&=
S
|
=
.,
[
=
=
=
=
az
= 4
XT3 ) N 4
=
P
= 2
© o o 2
[,
el o0 e Lo bl o0
=1 =<
= =] = =
= = = —
= =<
= =
%"jg/ Y Z
Laad
moc\]\ b A . 4
=l x| w ©
\ =10l =
L 2<: T B ) I'::: .« 3 9
N 1A= =
‘_m._l.....l-— =
L]
<
¥ ¥ ¥ ¥ y

SPU
264



moni toring an extent of asynchrony between the operations of the second :
the third units, to determ ne whether the extent of asynchr ' )
of a predeterm ned range of allowed asyn- chrony; and adju AWES%T
synchroni zation of the operations of the thied unit with the pperations of
the first unit, in response to a deternination that the extknlf &f% do{ini996
chrony does lie outside of the predeterm ned range, to noveithe extent of
asynchrony between the operations of the second and the thifdTnits to
within the range. &5. The method of claim 24 wherein: the step of
synchroni zi ng opar@t_a.ons of the first unit conprises the step of

synchroni zi ng theﬁpeﬁlons of the first operating unit with first timng
signal s having a r@m nal fre- quency and a first phase; the step of
synchroni zi ng operations of the second unit conprises the step of

Ecp
COMPLEX
134

HANDOFF_INFORMATION

MASTER
CELL
202

f 'y Fy A=
=1
—
[
Lad
==
=
={= ==
SiS|. = %
—_—= (3]
: . . o —4 [zl g s} (Vg ]
(=] el Borwd i =1 > -,
< = 2 e i 2 ol <| 3| X
= == = SISs|= = £2|ER°
=l... | l = - =1 Lol ™
=< 1 _J ) 1L - | 2= Al
o <l o Lo | L = —= & i
— ;g = = — Luil o [y
a-| & = [=3 k=] = - —t -
=9 1= = = [V
== 5 =] = e=
~C | =<C = = _—
| \ _
=
I~
=
' =
Lad . —
3oL Y/ [ . r = *({
— A F Y
moc\l\l \ \ \\J
=
=}
=)
=) o 2 = )
= = = = L
[eg) j . P 1 ] |
b - o o { -
_ as o oz bt ol
<\ - = = S il
a. a. =
=
QS =
o
e
=~y
= 1 \J 2 4 4 L 4 2 4
Q. @O
VIl N




- 68 -/ synchroni zing the operations of the second operati
second timng signals having the nom nal frequency and a {
different fromand fluctuating with respect to the first
nomi nal Iy synchroni zing operations of the third unit conp
synchroni zi ng operations of the third opggating unit with third timng
signal s having the ngni nal fre- quency and a third offset by an adjustably
fixed anpunt fromﬂr‘ezsl LSt phase —tiest-ep—ot——hpH-t-o+

step of deternini nT B/het her the third phase falls outS|de of a
predeterm ned range Sf allowed offset fromthe secdp D As ‘ SlH 1'1: step
of adjusting conprises the step of adjusting the flg a\ third
phase fromthe first phase, in response to a deterfi hi rd
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range, to nove the third phase to within the range——ae—iﬁﬁ
flﬁﬁfLﬁGE E
i ncom ng com nuni cations, a second unit for recd
muni cations, and a third unit for interfacing con
first and the second units, the method &@3npri sing

oper ati ng a conmuni cati ons system COI'TpI’I Si ng a

transmtting i ncom ng communication traffic from
dictated by first clock signals having a noni na

phase differ- ent fromand fluctuating wth respeet

il

requency an

]

ng I.ncom ng ¢o
AcSON A9R5 bat

the steps of :

t h —=Uunr t at

mtting
en the

i mes

Lir st

t0-a second phase;.
receiving the teansnitted incom ng comunication traffic at the thirdZinit;
transmtting franthe third unit to the second unit

i nconi ng comuni c&ji on

traffic recei ve@,f.romthe first unit at tines dictated by _second cloc

si gnal s havi ng @?ﬁinal rrequency and having a third phase that
an adjustably fixed anount fromthe second phase;

communi cation t&ffic transmt-

recei ving incomng .
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ted fromthe third unit at the second unit at tine
signal s having the nom nal frequency and the secor
whether the third unit receives incom ng comuni cé

first unit - within predeterm ned wi ndows. of tinme pfi

nifng -
tlrtIN 1996 r ¢

to the tines

transnission by the third unit of the recéBved i nfom ng conmmiest i

traffic: and - 69 - either increasing or decre:

of fset -of the third phase fromthe second phase, in response to

nmount

determ nation that receptfions of the incom ng comunication traffic at the
third unit fall outsideg|f the windows, to nobve the receptions &pto the
wi ndows. 27. A method ofElcl ai m 26 wherein the step of either ingyeasing or

decreasi ng the anBunt ofjt he of fset conprises the steps of: a=
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. _ REFLACEMENT SHEET
adjusting the offset at commencing of a communica- tjop I n oné STEP-py any
amount required to nove the receptions substantially}into 'ngNe’l@gbof tijhe

Wi n- dows; and adjusting the offset during the comupifcation In sdrijes of
sequential steps. 28. The nethod of claim 26 further| cComptt+srg—thea.dstleps
of: inserting additional teaffic into theggincom ng gommu- nication trgffic
received by the third uni4 3 ransnit- ting the additional trarfftto~tte
second unit while the anﬁlgfofthe offset Is belng Increased; and deleting
a portion of the incom ng &mmunication traffic received by the third unit
fromthe incom ng conmunication traffic transmtted to the second unit

whil e the anount of the offset is being de- creased. 29. A nethod of
operating a conmuni cations systemconprising a first unit for transmtting
comuni cations, a second unit for receiving outgoing comunications, and a
third unit for interfacing comuni cations be-
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tween the first and the second units, the nethod com pf ,,,:‘ BN G
transmtting outgoing communication traffic fromthe fi 2 .
dictated by the first clock signals having nom nal freqpe Cé ﬁgﬂﬂﬁg
phase; receiving at the third unit the outgoing comuni

transmitted by the first unit; transmitting fromthe thjrfd unit to the
second unit outgoi ng conmuni cati on traffid® received fro
first unit at times dictated by second cl ock signal s hak=a: 0.2
frequency and having a second phase that is offset by an adj ustably flxed
anmount frorgﬁf\e first phase; receiving at the second unit the outgoing

conmuni ca- gl B tretre—i =yt et ettt SRy
out goi ng cc&@ini cation t c fromthe secopd{unit at times dictated by
third clock signals "
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havi ng the nom nal frequency and a third phase different
fluctuating with respect to the first phase; determnin
unit receives outgo- ing conmunication traffic fromthe
predet ermi ned wi ndows of the tine prior to the tines of

-
! ! . the 1 M 3B
second unit of the received outgoing communication traff nd-ert
i ncreasi ng or decreasing the amount of th# offset of the

the first phase, in the response to a determ nation that recepfions of th

out goi ng communi cation traffic at the second unit fall obtsrde—of—tte

w ndows, to nove the recep- tions into the windows. 30. The nethod of claim
29 wherein the step of either increasing or decreasing the anmount of the

of fset conprises the steps of; adjusting the offset at commencing of a
communi ca- tion ik gne step by any anount required to nove the receptions
substantially intg genters of the win- dows; and
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adj usting The offset durlng the communication in a series
steps. 31. The et hed of claim 29 further conprising the 9
inserting additional traffic into the outgoing comru- nicg
transmtted fromthe first unit caus- ing the third unit t
additional traffic while the anount of thel2ffset is beingd
deleting a portion of the outgoing conmmunication traffic t
first unit fromthe outgo-
unit while the anount of the offset

—+

: o Doer

t

I s being de- creased.
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REPLACEMENT SHEET

ps of:
or2 fir
recei

L1996

ve the

i ncreased; and

ing comunication traffic received by the third
71 -

32. A

met hod of operating a conmuni cations systemconprising a first unit for
transmtting out90|ngrcon} muni cation traffic and receiving incon ng
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tion traffic, a second unit for transnitting received in- coning and
dut goi ng. conmuni cation traffic, and a third unit for interfaci
comuni cati ons between the first and the second units, the
corrpri sing the steps of: transmtting outgoing comunicati

e fiTst unit and receiving incom ng comuni cation traffi

un| tMﬂl“I lmu uﬂeﬂ by first cloeksgignals having a nonin I 8&&1}9{9?

and nsm tting received incom ng and out g¢i com
muni cation traffic fromthe second unit at times dictated y the secon
cl dek signals having the nom nal frequency and a second ph
fromand fl uctuati ndMeic¢lhimsespect to the first phase; receiving at the
third unit the outgdiXna Wh@éon’i rmng-raffl c transmtted by the first
unit; transmitting for gRertdjferhlth Ghdw'hfavt R«.'aeoﬁ&ﬁﬂeﬂs ‘é?h&hf&“ goi ng
conmmuni cation traffi cn;ﬁg%y‘%gﬁ Srl%éxpg‘gﬁ nit at tines dictated by .
third clock signals ngyl iy tREHHD Wit NPty usyosé‘rdau%%%' G2 third
chronized with second clock signals which are
asynchronous with the first clock signals;
a third operating unit for interfacing the operations of
the first unit with the operations of the second unit,
the third unit having its operations nominally syn-
chronized with the operations of the first unit;
means for monitoring an extent of asynchrony be-
tween the operations of the second and the third
units, to determine whether the extent of asyn-
chrony lies outside of a predetermined rangc of
allowed asynchrony- and
means responsive to a determination that the extent of
_asynchrony does lie outside of the predetermined
range, for adjusting the synchronization of the
operations of the third unit with the operations of
the first unit, to move the extent of asynchrony
between the operations of the second and the third
units to within the range.
2. An apparatus compnsmg-
first operating unit havmg its operations synchro-
nized with first timing signals having a nominal
frequency and a first phase;
second operating unit having its operations synchro-
nized with second timing signals having the nomi- -
nal frequency and a second phase different from
and fluctuating with respect to the first phase:
third operating unit for interfacing the operations of
the first unit with the operations of the second unit
and having its operations synchronized with third
timing signals having the nominal frequency and a
third phase offset by an adjustably fixed amount
from the first phase;
means for determining whether the third phase falls
outside of a predetermined range of allowed offset
from the second phase; and
means respansive ‘to a determination that the third
phase falls outside of the predetermined range, for
adjusting the fixed offset of the third phase from
the first phase to move the third phase within the
range.




pha%e that is offset by an adjustably fixed first anount fromthe first
phase; receiving at the third unit the incom ng communica-
transmt second unit; transmtting fromthe thir

' nicatiron traffic received fromthe second

a fourth phase

first phase; determ ni ng Whether the second unit receives optgo- 1ng
comuni cation traffic fromthe unit within first predeterm ped

the tine prior to the t3MAScohmimR ﬁ?kﬂcﬁ%&xﬂﬁ $§ ond unit of the

"recei ved outgoing co

i L on, t R o7k
third unit receives mrﬁxx;@hﬁigﬁﬂ%ﬁgtm PRIRE { CHURMYMCatioond uni t

within

7 ACEERE SHEET

gnal s hav- ing the nomnal frequ ncy'la(mdluhé

o et T
Ictate 1 Jllﬂilwflmet by an adjggstably fixed secondj ajpunt fromthe

unit at

res

i nhdows..of

ni ng whet her the

ctated 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 second clock signals
having the nominal frequency and a second phase

different from and fluctuating with respect to the
first phase; _

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 third
clock signals having the nominal frequency and
having a third phase that is offset by an adjustable
fixed amount from the first phase; '

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 o

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 third phase from the first phase to move the
receptions into the windows.

4. The system of claim 3 wherein:

the second means adjist 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 communication in a series of sequential
steps.

S. The system of claim 3 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.




second predeterm ned windows of time prior to the tines off ¥ : '}ﬂﬁs FET
the third unit of the re- ceived incom ng comunication tr - -
i ncreasi ng or decreasing the anmount of the offset of eithe he third.phas
or the fourth phase fromthe first phase, in response to ajd t & d%
that either receptions of the outgoing conmunica- tion trafjfijc at the
second unit fall outside of the first m% dows or reception e 1 ncom ng
communi - cation traffic at the third GnPt fall outside of tjhe second —
windows, to nove the receptions that fall outside of their corresponding

w nd rres&qqchcﬁgmunmmi@ﬁ,s s”ﬁtcﬂr&,ﬂpﬁgg .of ®tl ai m 32 wherein
H!ﬁlﬂ!ﬁ“& ﬁﬂt Incraeﬁat%@rfoﬂﬁ%&qﬁi m sﬁﬂ fset
phase fromthe first pha?gi“ﬁ(;’l}lt ﬁ{} krf %hg [

receptions

of the outgoing comuni c&?%‘ﬁ"ﬁl IR tit lag the first
wi ndows. 34. The net hod® % Pﬂit srmwmz outgoing communica-
tion traffic at times dictated by second clock signals

having the nomina! frequency and a second phase
different from and fluctuating with respect to the
first phase;

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 third phase that is offset by an adjustably
fixed amount from the first phase;

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 ’

second means responsive to a determination that re-
ceptions of the outgoing communication traffic at
the second unit fall outside of the windows for
either increasing or decreasing the amount of the
offset of the third phase from the first phase to
move the receptions into the windows.

7. The system of claim 6 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 communication in a series of sequential
steps.

8. The system of claim 6 further comprising:

third 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-
creased, 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.



the step of either increasi ng or decreasing the anmount of the offset
further conprises the step of: increasing the anount of the—ef
third phase fromthe first phase, in response to a deterni 3
receptions of the outgoing comrunication traffic at the sedo

the first windows. 35 The nethod of claim 32 wherein the s

I ncrea |ng t he anount of %Qe of fset conprises}t e step of :
|ncr I ll - of the offset of e fourth phase fro
phas a determnation that receptions of thg |~1'rc"0m

co'rmunl catlon traffic at the third unit lag the second w ndow®s: iﬁ
amount of the offset o ﬁ?g oRTER G “%@”"d‘“ R adeion ﬁas'”g e
e anoun
of the offset of the f g. ﬁqggt* i ?tu? k” ﬁci{B rgeglponse to a
Eﬁcet‘Yl‘ggl‘ﬂ ociE s1;nn;.ls ﬁlawlrli ey traffic at

determ - nation that rec
the third unit lead the féébﬁ’an% dictafgd by 1’5‘
nominal frequcncy and a first phase;

a second unit for transmxttmg received incoming and
outgoing communication traffic at times dictated
by second clock signals having the nominal fre-
quency and a second phase different from and fluc-
tuating with respect to the first phasc

a third unit for interfacing communications between
the first and the second units by transmitting to the
second unit ountgoing communication traffic .re-
ceived from the first unit at times dictated by third
clock signals having the ‘nominal frequency and
having a third phase that is offset by an adjustably
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 fourth phase that is offset
by an adjustably fixed second amount from the first
phase;

first means for determining whether the second unit
receives outgoing communication traffic from the
third vnit within first predetermmcd windows of-
time pnor to the times of transmission by the sec-
ond unit of the received outgoing commumcatxon
traffic;

second means for detcnmnmg 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;

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 fall outside of the second win-
dows for ecither increasing or decreasing the
amount of the offset of either the third phase or the
fourth phase from the first phase to move the re-
ceptions that fall outside of their corresponding
windows into the corresponding windows.




- 73 - 37. The nethod of claim 32 wherein the step of either increasing or
decreasi ng the anount of the offset conprises the step of: _ad____y_stl ng the
first amount and the second anpbunt of the offset at comendipis AFERiENA

conmuni cati on each i ne step by any amount required to g =l h i

recepti ons t ut si de of their correspondi ng w ndo :

cor Nand adj ust nent t %fl rst anount and gt He - éc.}imd
g the comunicatio '

am)unt m& }
by an Mul ti pl e 'of the sanme predeterm ned amount dyring
38. The met hod of claim32 further conprising the steps of:

additional traffic into the outgoing commu- nication traffic transmtted

fromthe first unit and,.causing the third unit _to receive the additional
10. The systgm of claim 9 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 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 first means that receptions of the outgo-
ing communication traffic at the second unit lead
the first windows, for increasing the amount of the
offset of the third phase from the first phase.

12. The system of claim 9 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 fourth phase from the first phase.

13. The system of claim 12 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 fourth phase from the
first phase.

14. The system of claim 9 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.



traffic while the amount of the offset of the. thlrd phase is being
Fncreased; deleting a portion of the outgoing communicati _ rafflc

transmitted by the first unit fromthe outgo- ing conmuni REPDACTRERFT §
received by the third unit while the amount of the offset
phase is being-deereased; inserting additional traffic info

conmu-, received by the third unit and tr
add't gﬂi\m\‘““ m‘ m‘rhe first unit while the amount of

ourt aseti sMbefng”increased; and deleting a portion o
comruni cation traffic received by the third unit fromthet

communi cation traffic transmtted to the first unit while the am)unt of the

of fset of the f our {8 PR Estl pr ﬁﬁgg@ ;{Ee amount of claim 32
in a communi cati onﬁ’m Ai i@sg‘ rr?@; ﬁégafé{ansm tting a
stream of out goi ng °r ream of incoming
communi cation traf f i'BSCTHRE 3 “9@ xc into the outgoing co
munication traffic transmmed from the first unit
and causing the third unit to receive the additional
traffic while the amount of the offset of the third
phase is bexng increased and deleting a portion of
the outgomg 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 third phase is being decreased,
and for inserting additional traffic into the incom-
ing communication traffic received by the third
unit and transmitting the additionaal traffic to the
first unit while the amount ‘of the offset of the
fourth phase is being increased and deleting a por-
tion of the incoming communication traffic re-
ceived by the third unit from the incoming commu-
nication traffic transmitted to the first unit while
the amount of the offset of the fourth phase is being
decreased.
16. The system of claim 9 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 received
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

'he 'ncom ng




ond unit is for transmtting packets of received incom ing communication
traffic, and receiving packets of outgoing comrunication traffic for
transm ssion of the outgoing comunication traffic, whereilyg 5
receiving at the third unit the outgoing comunication tra ik
by the first means conprises the steps of receiving the styep
comuni cation traffic fromthe first unié and packeti zing| t e1bed
out goi ng comuni cation traffic; the sfeﬁ of transmitting

unit to the secord—uri-t—outgoi ng communi cation traffic co prises the step

of transm (ﬂﬂm of the received outgoing commupication traffic
to the se ﬁ I [m dictated by the third clock signals; the step
of recei VI g &t thent nit the incom ng

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 mcommg communication traffic
toward the first unit at times dictated by the fourth
clock s:gnals,

the first means are for determining whether the sec-

ond unit receives the packets of outgoing commu-
nication traffic from thethird 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.

17. A call-traffic processing apparatus for a cellular
radio-telephone system that includes the apparatus, at
Ieast one cell each for transmxttmg first packets contain-

" ing first frames of coded incoming call traffic received
from a radio telephone to the apparatus and for trans-
mitting to the radio telephone outgoing call traffic re-
ceived 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 telephone network by
routing a first digital stream of cells with each otherand -
with a telephone network by routing z first digital
stream of incoming call traffic received from the appa-
ratus 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 streans are synchronized with fifst clock signals
having a nominal frequency and a first phase and de-
rived 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 and a second phase that is different

- from and fluctuates with respect to the first phase, the
call-traffic processing apparatus comprising:



communi cation traffic transmitted by the second unit conprises the steps of
s eceiving the packet s of the incom ng communication traffic from t he second

unit, and depacketizing the received incom ng comunicatiog

step of transmitting fromthe third unit to the first o
comuni cation traffic conprises the step of transmtting tyf

recei ved incom ng communication traffic %omard the first u
dictated by the fourth clock signals; th

second unit re- ceives outgoing conmunication traffic conpfi & >0
determ ni ng whet her the second unit receives the packets o out90|ng
communi cation traffic fromthe third unit within the first #ﬁiﬁh&erﬂvﬂEU'
wi n- dows; and the step of determ ning whether the third unit

step of determn

o i

ffic conprises
11—

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
nominai frequency and a third 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 freqguency
and a fourth 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 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 havmg the nominal
frequency and a fifth phase that is ofiset 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

re-

ceives



thé steps of determ ning whether the third unit receives t|{
. ncomng comrmuni cation traffic fromthe second unit within
predet erm ned wi n- dows. - 75 - 40. A nmethod of processiing

in an interface arrangenent of ~a cellular radio-tel ephone

i ncl udes the arranﬂerrent at |l east one cell each for trans

pacw mumllt“ rst frames of code%%i ncom ng cal |l traf
fro

one to the arrangetent and for transmi ti==se~t0 “The
radlo te epLhone outgoing call traffic received fromthe arrangenent in

second packets contai ni n@m@@,q@iusﬁ a'oﬁﬁ spithcelded gg)lygg,,;ge\ldl,et raffic, and
a nobile-tel e- phone S‘Mrtx hrktlftrhc 95%‘?5!:3? wth each

other and with a tel eph ne n Wor Y, 1 t t ream of
incoming call traffic red¥ ﬁxed" M%moun% fromgthe rst

ph asc
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 outgomg call
traffic to the mobile telephone; and :
third means responsive to a determination that exther
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 third and the fifth phases or both the fourth and
the sixth phases, with respect to the first phase, to
move the packet receptions that fall outside of their
corresponding windows into “the corrspondmg
windows.
18. The apparatus of claim 17 wherein:
the third means are rsponswe to a determination by
the first means that recepnons of the first packets at
the incoming processmg means lag the first win-.
dows, for causing the clock signal generating
means to increase the amounts of the offsets of both
the fourth and the sixth phases-from the first phase
by a same amount.
19. The apparatus of claim 18 wherein:
the third means are responsxvc 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 amounts of the offsets of
both the fourth and the sixth phases from the first
phase by a same amount. -




the arrangenment to a destination and by routing a sec- ond
of ou
wher ei ny s fiii e second digital streans are synchr
first c” | II ng a nom nal frequency and a first
derived ¥rofn the & ese one network and the transm ssi ons of

and t he outgoi ng call trafflc by the cell. are synchronized
cl ock signals having the nom nal freqt]er‘féy and a second pha

different fromand fl ugﬂu‘a‘hesapyamugqﬁmgimqq wherdiht st phal

conprising the steps Othe {iif¢
call traffic synchronousmé g‘ r

recei ved out going call tr%
outgoing call.-traffic s

'a d&k i

recei ved froma source to the arra ""‘f-

M h secnnd
e that is
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out goi ng
t he
he coded

'FléFgc'ﬂ v- ing the

ans
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nom nal frequency and-a ™ W&Ez‘:ﬁmg ite glpck ts'gﬂﬁ r';fﬂi’QBGabl y fixed

first amount fromthe fl%ﬁni)ﬁﬁ creasceothe amonnts selc
outgoing call traffic; both the third and the ﬁfth phases from the

phase by a same amount.
21. The apparatus of claim 20 wherein:

offseteof of t he coded

first

the third means are responsive to a determination by
the second means that receptions of the second
packcts 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 third
and the fifth phases from the first-phase by a same

amount.
22. The apparatus of claim 17 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-

respondmg windows at a commencing of a com-
munication, and 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 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.

23. The apparatus of claim 17 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 second frames trans-
mitted by the outgoing vocoder means while the

amounts of the offsets of the third and the

fifth

phases are being increased, causing the outgoing
vocoder means to delete a portion of the outgoing
call traffic received by the outgoing vocoder
means from the second frames transmitted by the



packet|2|ng t he recelved second franes into the sec- ond paf

drans

cl ock si u jﬁ om nal frequency and a fifth phas
by an adJ mﬁl““m““i“ “ rd amount fromthe first phase; recgiyvi
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that is offset by an adjimserikafiic additiopsbtaitherincaming call traffic

received by the incoming vocoder means into the
first digital stream transmitted by.the incoming
vocoder means while the amounts of the offsets of
the fourth and the sixth phase are being increased,
and causing the incoming vocoder means to delete
a portion of the incoming call traffic 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 fourth and.
the sixth phase are being decreased.

24. A method of operating an apparatus that com-

.
T Tl DIALII

Ar onousl y
ramaas fl@urt h phase

prises a first operating unit, a second operating unit, and
a third operating unit for interfacing the operations of
"the first unit with the operations of the second unit, the

method comprising the steps of:

synchronizing operations of the first operating unit
with first clock signals;
synchronizing operations of the second operating
unit with second clock signals which are asynchro-
nous with the first clock sngna]s
nominally synchronizing operations of the third unit
with the operations of the first unit; .
monitoring an extent of asynchrony between the
operations of the second and the third units, to
determine whether the extent of asynchrony lies
outside of a predetermined range of allowed asyn-
chrony; and '
adjusting the synchronization of the operations of the
third unit with the operations of the first unit, in
response to & determination that the extent of asyn-
chrony does lie outside of the predetermined range,
to move the extent of asynchrony between the
operations of the second and the third units to
within the range.
25. The method of claim 24 wherein:
the step of synchronizing operations of the first unit
comprises the step of
synchronizing the operations of the first operating
unit with first timing signals having a nominal fre-
quency and a first phase;
the step of synchronizing operations of the second
-unit comprises the step of



fromthe first phase; decodin he received incom ng call trafZs :
transmtting Mst ream of incom ng call traffl-...--' 2
synchronously mm“‘\@\gtgck sig- nals; determ ning whef hig

i nterface arrai&i

the first packets within firlst
pr edet er m ned “"ime prior to the tinmes of transm ssjfo
first frames by the interface arranger_TeEB _determ ni ng whet heff TTEeTet
recei ves the second packets within seco pr edet er mi ned wi nd of tine

prior to the times of &rpaRsahSHLhYp é:%ﬁoﬁ?b'ftﬁf: séd6nd 8p&ia(RfE OUt gOI NQ
call traffic to the rm e#"?l &ﬁg ;ﬁﬁgg 'b‘ﬂ hggrhdé\_gef% 'nBﬂn b1 decreasi ng

the anobunts of the o th phases or
both the fourth andthe SyrAkLa sSrPt HQase tcﬂgﬂrst phase, in

response to a determ na- '-lq‘B’h“ RV resReCt 1R ABRTS Qhﬁf ‘the_first packets
fall outside of the fithetsigp af BGB“’éﬁn)r é)b’&ﬁﬁrp&ﬁéngfoﬂqq%“%%‘%wcpackets fall
out si de of the second withitdwanit comprises the step of

synchronizing operations of the third operating unit

with third timing signals having the nominal fre-
quency and ‘a third offset by an adjustably fixed
amount from the first phase;
- the step of monitoring comprises the step of
determining whether the third phase falls outside of 2
predetermined range of allowed offset from the
second phase; and
the step of adjusting comprises the step of
adjusting the fixed offset of the third phase from the
- first phase, in response to a determination that the
third phase falls outside of the predetermined
range, to move the third phase to within the range.
26. A method of operating a communications system
. comprising a first unit for transmitting incoming com-
munications, a second unit for receiving incoming com-
munications, and a third unit for interfacing communi-
cations between the first and the second units, the
method comprising the steps of:
transmitting incoming communication traffic from
the first unit at times dictated by first clock signals
having a nominal frequency and a first phase differ-
ent from and fluctuating with respect to a second
phase
receiving the transmitted incoming communication
traffic at the third unit;
transmitting from the third unit to the second unit
incoming communication traffic received from the
first unit at times dictated by second clock signals
having nominal frequency and having a third phase
that is offset by an adjustably fixed amount from
the second phase;
receiving incoming communication traffic transmit-
ted from the third unit at the second unit at times
dictated by third clock signals having the nommal
frequency and the second phase;
determining 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




=

to fmve t he packet receptions that fall outside of thei r co
w ndows into the corresoond_ I ng W ndows. 41. The net hod of

wherein the ste ncrea5|ng or decreasing the anoj
of fsets co ﬁ cll E Hm) i ncreasing the anmounts of thg
both the: f h phases fromthe first phase b

i n response to a determ nation that receptions of the first
interface ar- rangenment lag the first windows. 42. The nethe

PIACEMENT SHBET)
"5 ndoblopei

same_anount ,
packets at ~the

d of claim.4l.

wherein the step of eifher increasing or decreasing the arT‘o‘|
of fsets further conpr#iher ineregsiag of .derseasingi iy fRMOUMpaht

ts of the
€of the

of fsets of both the fouoffsetafaxhertbird phasepfrageshé smndmphascr.sn phase by a
same anount, in responseesponse ttehalerennination tindt veeeptiononf the the first
packets at the i nt er f acipcamingasuinfiRiicdtent ttdfficl atr the thivdousit

fall outside of the windows, to move the receptions

into the windows.
27. A method of claim 26 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
adjustmg the offset during the communication in
series of sequential steps.

a

28. The method of claim 26 further comprising the

steps of :

' insert‘ing additional traffic into the incoming commu-
nication traffic received by the third unit transmit-
ting 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 second
unit while the amount of the offset is being de-

creased.

29. A method of operating a communications System
comprising a first unit for transmitting communications,
a second unit for receiving outgoing communications,
and a third unit for interfacing communications be-
tween the first and the second units, the method com-

prising the steps of:

transmitting outgoing communication traffic from the
first unit at times dictated by the first clock signals

having 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




- 77 - 41. The method of claim40 wherein the step of either |ncrea5| ng or
decreasi ng the anounts of the offsets conprises the step of {PEHCAARIENER
anounts of the offsets of both the fourth and the sixth pha BED
first phase by a sane anmpbunt, in response to a determ natio ‘hat T
receptions of the first ackets at the interface ar- range

first V\AH!H |ﬂtﬂ| Hm&hod of claim4l wherein the step
i ncreasi he amounts of 7Phe of fsets further
step of: decreaS| ng the amounts of the offsets of both the

sixth phases fromthe first phase by a same anmount, in response to a
determ nation that recfiftiunisaotiridsadittated masdmmi alockhsignalser f ace ar-
rangenent |ead the firgivisightieomihal fredaenty and lnfvingaisecdfidwherein the
fﬁ]gpsf‘; e her i ncreasppgkeOfhafqe SRtk 9yt 41 a8) By Ried Renaidisets conpri ses
pot: from the first phase;
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 third clock signals
having the nominal frequency and a third phase
different from and fluctuating with respect to the
first phase;
dctermmmg whether the second unit receives outgo-
ing communication traffic from the third unit
within predctcmuned windows of the time pnor to
the times of transmission by the second unit of the
received outgomg communication traffic; and
either increasing or decreasing the amount of the
offset of the second phase from the first phase, in
the response to a determination that receptions of
the outgoing communication traffic at the second
unit fall outside of the windows, to move the recep-
tions into the windows.
30. The method of claim 29 wherein |
the step of either increasing or decreasing the amount
of the offset comprises the steps of:
ad_;usung the offset at commencing of 4 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 2
series of sequential steps.
31. The method of claim 29 further compnsmg the
steps of:
inserting additional traffic into the outgoing commu-
nication traffic transmitted from the first unit caus-
ing the third unit to receive the additional traffic
while the amount of the offset is being increased;
and
deleting a portion of the outgoing communication
traffic transmitted by the first unit from the outgo-
mg communication traffic received by the third
unit while the amount of the offset is being de-
creased.
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ove coming and outgoing communication traffic, and a third

unit for interfacing communications between the first

and the second units, the method comprising 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 the second clock signals having the
nominal frequency and a second phase different
from and fluctuating with respect to the 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 third clock signals
having the nominal frequency and having a third
phase that is offset by an adjustably fixed first
amount from the first phase;

receiving at the third unit the incoming communica-
tion traffic transmitted by the second unit;

transmitting from the third unit to the first incoming
communication traffic received from the second
unit at times dictated by fourth clock signals hav-
ing the nominal frequency and having a fourth
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 unit within first
predetermined windows of the time prior to the
times of transmission by the second unit of the
received outgoing communication traffic;
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offset of either the third phase or the fourth phase
from the first phase, in responsc to a determination
that either receptions of the outgoing communica-
tion traffic at the second unit fall outside of the first
windows or receptions of the incoming communi-
cation traffic at the third unit fall outside of the

second windows, t0 move the receptions that
outside of their corresponding windows into
corresponding windows.

33. The method of claim 32 wherein

fall
the

the step of either increasing or decreasing the amount

of the offset 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. outgoing communication
traffic at the second unit lag the first windows.

34. The method of claim 33 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 third phase
from the first phase, in response to a determination
that receptions of the ontgoing communication
traffic at the second unit lead the first windows.

38. The method of claim 32 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 fourth phase
fram the first phase, in response to a determination

that receptions of the incoming communication
traffic at the third unit lag the second windows.

36. The method of claim 35 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 fourth
phase from the first phase, in response to a determi-
nation that receptions of the incoming communica-
tion traffic at the third unit lead the second win-

dows.
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37. The method of claim 32 wherein
the step of cither increasing or decreasing the amount
of the offset comprises the step of:
adjusting the first amount and the second amount of
" the 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
adjustment the first amount and the second amount of
.offset during the communication in a series of se-
quential steps by an integral muitiple of the same
predetermined amount during each step.
38. The method of claim 32 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 of the. third
phase is being increased;
deleting a portion of the outgoing communication
- traffic transmitted by the first unit from the outgo-
mg communication traffic received by the third
unit while the amount of the offset of the third
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 fourth phase is being
increased; and .

deleting a portion of the i mcommg communication
traffic received by thé third unit from the i incoming
communication traffic transmitted to the first unit
while the amount of the offset of the fourth phase is
being decreased.

39. The amount of claim 32 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:
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the step of receiving at the third unit the outgoing
communication traffic transmitted by the first
means comprises the steps of o

receiving the stream of outgoing communication
traffic from the first unit, and .

packetizing the received outgoing communication
traffic; o . .

the steps of transmitting from the third unit to the
second unit outgeing communication traffic com-
prises the step of | 3 -

transmitting the packets of the received outgoing
communication traffic to the second unit at imes
dictated by the third clock si_gnals;‘ ’ .

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 communication
traffic from the second unit, and

depacketizing the received incoming communication
traffic: '

the step of transmitting from the third unit to the first
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 steps of

determining whether the third unit receives the pack-
ets of incoming communication traffic from the
second unit within the second predetermined win-
dows, :
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40. A method of processing call traffic in an interface
arrangement of a cellular radio-telephone system that
includes the arrangement, at least one cell each for
transmitting first packets containing first frames of
coded incoming call traffic received from a radio tele-
phone to the arrangement and for transmitting to the
radio tekphone outgoing call traffic received from the
arrangement in second packets containing second
frames of coded outgoing call traffic, and a mobile-tele-
phone switching system for interconnecting cells with
each other and with a- te]cphonc network by routing a
first digital stream of incoming call traffic received from
the arrangement to a destination and by routing a sec-
ond 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 and a second
phase that is different from and fluctuates with respect
‘to the first phase, 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 bav-
- ing the nominal frequency and a third 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 sccond frames into the sec-

ond packets

transmitting the second packets to the cell synchro-

nously with fifth clock signals having the nominal
frequency and a fifth phase that is offset by an
adjustably fixed third amount from the first phase;

‘receiving the first packets from the cell;

depacketizing the rcccwed first packets into the first

frames;

transmitting the first frames synchronously with sixth

clock signals having the nominal frequency and a
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sixth phase that is offset by an adjustably fixed
fourth amount from the first phase; i
receiving the first frames of coded incoming call
traffic synchronously with fourth clock signals
having the nominal frequency and a fourth phase
that is offset by an ad justably fixed second amount
from the first phase;
decoding the received incoming call traffic; _
transmitting the second digital stream of incoming:
czlll traffic synchronously with the first clock sig-
nals;
determining whether the interface arrangement re-
ceives 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 third and the fifth phases
or both the fourth and the sixth phases, with re-
spect to the first phase, in response to a determina-
tion 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. -
41. The method of claim 40 wherein
- the step of either increasing or decreasing the
amounts of the offsets comprises the step of:
‘increasing the amounts of the offsets of both the
fourth and the sixth phases from the first phase by
a same amount, in response to a determination that
receptions of the first packets at the interface ar-
rangement lag the first windows.
42. The method of claim 41 wherein
the step of either increasing or decreasing the
amounts of the offsets further comprises the step of:
decreasing the amounts of the offsets of both the
fourth and the sixth phases from the first phase by
a same amount, in response to a determination that
receptions of the first packets at the interface ar-
rangement lead the first windows.
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41. The method of claim 40 wherein -

the step of either incrcasing or decreasing the
amounts of the offsets comprises the step of:

increasing the amounts of the offsets of both the
fourth and the sixth phases from the first phase by
a same amount, in response to a determination that
receptions of the first packets at the interface ar-

. . rangement lag the first windows.

42. The method of claim 41 wherein

the step of either increasing or decreasing the
amounts of the offsets further comprises the step of:

decreasing the amounts of the offsets of both the
fourth and the sixth phases from the first phase by
a same amount, in response to a determination that
receptions of the first packets at the interface ar-
rangement lead the first windows.

43. The method of claim 40 wherein

the step of either increasing or deceasing the amounts
of the offsets 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 second packets at the cell lag the sec-
ond windows.

44. The method of claim 43 wherein

the step of ecither increasing of decreasing the
amounts of the offsets further 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 second packets at the cell lead the
second windows.

45. The method of claim 40 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
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any packet receptions-that fall outside of their cor-
responding windows into the corresponding win-
dows at a commencing of a 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.

46. The method of claim 40 further comprising the

steps of:

inserting traffic addmonal to the outgoing call traffic

into the second frames while the amounts of the

offsets of the third and the fifth phases are being
increased;

deleting a portion of the outgomg call traffic from the
second frames while the amounts of the offsets of

- the third and the fifth phases are being decreased;

inserting traffic additional to the incoming call traffic
into the first digital stream while the amounts of the
offsets of the fourth and the sixth 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 fourth and the sixth 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 nctwork (100) iming signals,
and radio telephones (203) and cell base stadons (202) synchronized (o a different
clock.  Transmission delays between the cell base stations and the telephone
network are variable, Switching systems include digital communicadons
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 alse synchronized to the telephone system but whose processor -~

. aperates 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 systemn absorb the timing adjustments by means of vocoder
implemented slips --bit insertions or deletions-- in the communications traffic bit
seam. :

FIGURE 2.



