COVNUNI CATI ONS TECHNI QUE BETV\EEN A REG ONAL RADI O ' RECE] VER AND
A REGQ ONAL SW TCHI NG CENTER -5 BACKGROUND - OF THE | NVENTI 'ON The present

[ nwnt ion relates. to a rad| ot el ephone comuni cati ans syste a I es
particularly to a 10 “cormuni cati ons t echni‘gue bet 5‘zsa'r'P 333

regi onal radio transmtter/receiver and a regional switching center in
such a system whereby transm ssion efficiency may be increased and
transm ssi on costs reduced while. at thfg' sanme tinme sinplifying the handoff

process. 15 . Conventi onal | @ﬁ@@% rks have been
anal og in nature, E I'n y separgﬁE
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emgme necessary. t 0, change a user from a radi 0 channe
0 chanﬁé—l’“%ltmg%he hapdafdi Eg"ﬁ’é@sonal radio transmtter/receivers.

changi ng channelcorverketfaty, hardalictel dtionk afetworkace 1l ! aheldli ©
channel s are re sus t|bletot|rre di s r1th radi o’
channel s, PP t’rrhé"#)%’ﬁ%r SSHRteR ?h%nﬂgg eing defin: é)%y separate
: rad:.o frequencies upon which speech :Lnformatlon is impressed
- using, for example, frequency modulation. In recent years,
however, attention has shifted toward digital radiotelephone
20 .. networks. The main advantage of a digital implementation is
more efficient utilization of the frequency spectrum by
using the same frequency for more than one call (TDMA).
Other advantages of a digital implementation include
robustness of communiéatidns, lower cost and power
25 consumption, and lighter more compact equipment. In Burope,
U a separate radiotelephone network is being implemented for
digital users. In the United States, however, it has been
determined that radiotelephone networks shall be both analog
and digital-capable.

30 - The . different nature of analog and digital
" communications gives rise to special problems in hybrid
systems required to handle Dboth. Under certain

circumstances, it may become necessary to change a user from
‘a digital radio channel to an analog radio channel without
35 changing 'regional radio transmitter/receivers. Changing
channels is known as "handoff". For example, since digital
radio channels are more susceptible to time dispersion than
analog radio channels, if the time dispersion on the digital



-2- radi o channel becones too great, and no ot her suitabl e digital radio

‘channel is available, it may be necessary to handoff the user .froma

digital radio channel to an anal og radi o channel. Such handoffs create
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transmtter/recei ver and the regional switching center. SUMVARY OF THE
| NVENTI ON According to a first aspect of the present invention, there is

probl ens for comuni cations between the regional radio

provi ded a eI icharimyls Béifdiﬂesll&ciogréat eahanﬁbnat&fe&n%ﬂlwb
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substantia

voi ce comuni catl ons. at sai d. regional recei ically as
sai d procesSPNMABY OF m&mmﬁ@n ons at said one of 25 said renpte- =

transmtters forAbb@&di HPA HReachd ﬁeghglgrb@gnkransn155|on to

sai d regiona

ei.ver such [t hat sa trans .5si on and.processed.:
anal og voi c&® Xsmﬁ&aﬁh&i’? r%e%mfnﬂugéf:ﬁ LeGFok&C T’é%%l ng
center a8 sﬁeecbnhmmumspeﬂmﬂ&muhsﬂdnﬂeﬁfrcmemsylmnsa According to a

second aspeghadbeblephloRRe Hatbii tVing P1Erke PeAKkded a radiotel ephone
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transmitters, a regional receiver, and a regional
sw1tching center, compr1s1ng the steps of

processing voice communications at’ one,of‘said
remoté transmitters for time division, speech
compressed digital transm1ss1on to ‘said regiomnal .
receiver; A

sending-analog‘voiCe Communications'fromIOne of
said remote transmitters to said'regiOnal”receiﬁer, -

regional receiver, and’

processing said analog v01ce communications at -’
said regional receiver substantially identically as
said processing of voice communications at said one of
said remote transmitters for timefdiviSion;.speech.'
compressed'digital-transmisSion to said regional
receiver, such that said ‘digital transmission and
processed analog voice communications may be forwarded
to said regional sw1tch1ng center as’ speech compressed
digital transmiss1ons.' ' ' '

According to a second aspect of the present
invention, there is provided a radictelephone
:communiCations-system3having plural remote

_transmitters, a regional receiver and a regional

switching center, comprising: . o _
‘means for_procesSing voice ‘communications‘at’ one

- réceiving said analog voice communications at said



comuni cations system having plural renmpte transmtters, a regional
recgi ver and a regional 35 swtching center, conprising: neans for

pr.oggssi ng voi ce conmuni cations at one of said renote transmtters for
time division, speech conprgssed digital transm ssion to said regional
receiver; 5 means for sending anal®g voi ce conmuni cations from one of

said renote transmtters to said regional receiver; nmeans for receiving
sai d anal og i caichrremdtat toansaittary foyi Sime ddodisiam, mspedch

means for pr ' i gls ay=¥3 N alais saioh regi onal
p ﬁrﬁ%‘éﬁé@&x&f@é?g ¥QhERi L TBHNEBALARE 2534 reg

recei ver sub y identically as sald processing of voice
communi cat i oFSGRIERE d one of said renote transmitters for tinme division

speech compressed phs af ot 98881851 fMalsglboisel omindtAt IS F#eém Such

tthat said digital transm ssion and processed anal og voice co ni cati ons
Ty be- f or wa i U SB4 TOHOLR At TSRPRLLERESC Lty BRI FSRISER L onpr essed
digital tranvecssiveys; According to a third aspect of the present 20

i nventi on, thereiﬁg&géwégfqrgcgf$ﬂgg ég{ egﬂg&g&ngogkgpsnission ef ficiency
of processing communicatTohs Th ara io.e?eg one“comuni cations system the
syst em i ncl udiompunicafi bers ati sakd npegitenal recedyemialandecei ver, a first

renote thrgnsm ttermélaﬁ}ifhﬁéfaﬁ&?&éésgég &b gigt ghagggmv‘\;hgli%t ions to the

regi onal receiver, and a second renote transmtter ch_transm ts anal og
communi cat i ofeWBIHIRAtIAD AT $2EQ| TRILORAL KECRIVSZoFYOSHART kel ¥t eps
performed by jgRirt @i Bhads I€LEd SFo®dssBlg of volibanebamtinitatdichanal og
cohnunlcatlogilégfa one of said remote transmitters for time
A division, speech compressed digital transmission to
15 said regional receiver, such that said digital
transmission and processed analog voice communications
may be forwarded to said regional switching center as
speech compressed digital transmissions.
- According to a third aspect of the present
20 invention, there is providéd a method for enhancing
transmission efficiency of processing communications in
a radiotelephone communications system, the system
including a regional switching center, a regional
receiver, a first remote transmitter which transmits
25 digital communications to the regional receiver, and a
U/ second remote transmitter which transmits analog
communications to the regional receiver, the method
compriging the steps performed by said regional .
receiver of: ‘
30+ . transforming said analog communications into
digitized communications having substantially the same
format as said digital communications; and
forwarding bothsaid-digitized communications and
said digital communications to said regional switching
35 center using the same format. ' :
According to a fourth aspect of the present
invention, there is provided a radiotelephone



-digitized communi cati ons havi ng substantially the sane format as said
digital communications; and forwarding both said digitized comunications ;
and said digital comunications to said regional switching 35 ‘center. US'LQJ
- the sanme format. According to a fourth gspect of the present i nventi of,
there is provided a radiotelephone ni cations system for enhanC|ng

transm ssion efficjency, n§r|5|ng a regional switching center; 5 af
r egi onal reé%?@@#“lc%F¥??%t gheTe ?Faﬂ%ﬁPPFéPgmﬁréﬁSmﬁéﬁsn*Is dlgltal

'connunlcatHaffidléﬂ&y;EQbmpmasiﬁgelver and a second renote: transnltter
whi ch transm ts anal 0g. comuni ¢ ons to the regional receiver, 10

sai d regional rechiVeILTHEt FFH & s°$BFS¥f ansf or mi ng sai d anal og
connunlcatlons|lu(reg;pnakedbc@mwum;cat|ons havi ng- substantlally the sane

f t d di
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sai d region&bmmnnmﬂaﬂxpnﬁﬁﬂthhs nbgpwmabdre@enwarcaandns Accordlng to a
fifth aspect of %E%e%&ﬁf@emawérﬁf%m#:;@éf Wit 0 Ok Qi 860 'chg“on_s

nmet hod 20 for enhancing transm sSi on Iclency Ina ra |o
net wor k havPﬁ@mWQNﬂ%ﬂlqnﬁnﬁQa#QRH%?Q%Q%#Le?%C%&V$East one of - mhlch is a

radi o rggelver c%@d@erégldﬁamﬂféﬁbivggcghél -ssi.ons .and at |east one of

which is a radio recelver cggﬁple<ﬁiéggﬁalng 2 gégital transnission; and

recei ving tinme divisi8F @9i onal receiver; and

a regional ewmmumﬂq;umanSﬂlnto dlgltlzed communlcatlons hav1ng -
substantially the same format as_sald-dlgltal
communications and -~ R ~-t;.; . . - _ kj.

15 " means for forwarding said.digitized | )
communications and said digital communications to said
régional.éwitching.center as;digitiﬁed cémmﬁnications.

According to a fifth aspect of the present
invention, there is provided a. COmmunicétions'method.

20 for enhancing transmlssxon eff1c1ency in a _
radlotelephone network having: plural remote radlo .
receivers at least one of which 1s_a_radlo_rece;ver-
capable of handling analog transmissions and at least
one of which is .a radio receiver capable of handling.

25 digital transmissions and reéeiving-timeidivisicn
sPeech-compressed:signals; a region31 receivér; and a W/
regional switching center, : '

' said method, in a-transmission airection-frém said
regional switching center to at least one of said

30 plural remote radio receivers, comprising the steps of:

receiving, in said regional switching center,iPCM-
call information at a first transmiééion raté;-i
— compressing, in said regional switching center,
said PCM-call 1nformatlon from said flrst rate to a.
35 second lower rate; L
packlng, in said regional: sw1tch1ng center, into a
single PCM-channel a number of calls of said PCM-call



sai d nethod, in a transnission direction frgmsaid regional swtching
center to at |least one of said 30 plural remote radi o receivers, conprising .
: théu%teps of: receiving, in said regional switching center, PCM call -
information at a first transm ssion rat e§ conpressing, in said regional
switching center, said PCMcall informatTon fromsaid first rate to a 35

second, | ower; tal e PAcki ooy i | eg] ikching center, into a
single PCN1cﬁgﬁ%%ﬁm% nunb%g?%$gggf%glgfgég?gggéﬁPEQELt% 3 ﬁ?@?ﬁhtion
subst ant i al | yoettweer patd nfirst sandt saidesecondstrdnemiseiomd rstiak second

Lransni ssi ON s Qeradbifli ¢¢808 b4 16 284 lagabbBcBAS HBROYR BN said 5

first transm ssion rate; unpacking, In a regional recelver, said single
PCM channd® ifx P HFXPMMERF 1R ¥aF¢5; separating at |east one of said

cal | s intended forumsackinig) esta opegienal eréeeevee! sapablangfidandl ing 10
anal og transg%%ﬁhﬁ?s aqﬂﬁfrocesshgqaﬁﬁ$d atfleafi one call info an anal og
voi ce radio PRS- YY B2HY HEPeL Pt ofidl 8ot e receiver capabl e of
handl i ng anal og t reeparssimnsatniegstooassi off saideasllsngneehdedifgm@l ls in
said PCM cha | 5 1. | | Vi s . sse Lgita

transm ssi onr%ég'rd S%.tlt gl'éa%é?_e%&séf( %éﬁrg&trée%%g&r'% ic\g/%ggégﬁaﬁgeﬁag a8 i ng

di gi tal @fanamadsicrkranweiasions tand processingcsaid ahelpaesenne
invention, thena ished QM dathros BLLL %&&P&Sc%&lﬁ'ﬁﬁﬁéi?ioﬁ%o?ﬂr And N9

transm ssion efficiency in a radiotel ephone networ aving:. p renot e

radi o transnitt de@sh s femnte Fesmiver isarakblai of thandhingernedsubl e of
handl i ng anakegnsminsiicss Gitd Prbodss BeFtat®Pedit WhéhotBe# bdi O
tRapsmtter calls in said PCM-channel into time division'speech
15 compressed digital transmission for said at least one
remote receiver capable of handling digital
transmissions.
According to a sixth aspect of the present
invention, there is provided a communications method
- 20. for enhancing transmission efficiency in a | _
radiotelephone network having: plurai'remote radio
transmitters at least one of which is a radio . _
transmitter capable of handling analog transmissions
and at least one of which is a radio transmitter
25 capable of handling digital transmissions and
( transmitting time division spgech compressed signals; a
regional receiver; and a regional switching center,
said method, in a transmission direction from at
least one of said plural remote radio transmitters to
30  said regional switching center, comprising the steps
of:: | |
' receiving, in said regional receiver, analog voice
communications from at least one.remote transmitter
capable of handling analog transmissions and time
35 division speech compressed digital transmissions from
at least one remote transmitter capable of handling
digital transmissions;



.25 capable of handling digital transm ssions and transmtting tinme division
speech conpressed signals; a regional receiver; and a regional swtching -
center, said nmethod, in a transm ssion direction fromat | east.-one of saldqqg
plural renote radio transmtters to 30 sejd regional sw tching center;
conprising the steps of: receiving, in said regional receiver, analog voi ce’

conmuni cati ons- fr e.J. m capabl e, f dllng
anal og transni ssi %éééﬁ%gggheq%BSggg?éﬁgﬁ'g%ééc é%ﬁﬁ) §%ﬁ1§ @PPE

t ransni ssi oreo¥¢@neamminicatdpasr Srome saishati tlteasu:a:mdalzeeméteandl i ng
digital ransilashober caBhples s fend] ity dodlL BladiffidfingSal d

anal og voj ce conmuni cati ons from sai d renote transmtter
capabl e of fﬁﬁﬁﬁ?%ba%%XIbéeFF&ﬁ§%#§SF@n§°§G§s£QMNQ§N%?ﬁ¥R#ﬁ|EQPMyato voi ce

comuni cat i Qrsadt Ovhet réRdte eranepitter! capablld ¥f daaabl gngf handling
digital tran rn55| ns_usin

transni ssio tf%EﬁW3631PﬂssHFé%bzé?gﬁageﬁg; ﬁiggegﬁggkg}g:;gle 10
PCN1channeIcnmptesse&sdﬁgiaaalOganemdssdonn&btmatlons and said tine '
o obesond sl oo SAPEERRE A BRLA £LERAAN°SROATVET NS ALY
speech 1% (RQKHQhanthl§$idlp¥PaQSﬁedsana§ogtVa cemmuriwakt ftahe to said
oo, ) S ELE LS atytoion speBBhFECRBREBLER BT E TR Nonal
digital ramQQRQQE#ﬁﬁkP@%r §?§ten1u5|ng TDVA wherein a full -PCM channel is
devoted to each dimirémi€eihg said processed analog voice: : '
communications and said dlgltal transm1831on as speech o/
15 compressed dlgltal transmissions at a predetermlned | u
rate to said reg10na1 switching center.
BRIEF DESCRIPTION OF THE DRAWINGS o
Figure 1, 1nclud1ng Figures la-1c, is a
~ representation of a conventional digital radlotelephone -
20 system using TDMA wherein a full PCM channel. is devoted
to each digital call; : o
| Figure 2, including Flgures 2a- 2b is a :
. representation of a proposed modification of the system
of



i guré 2, including Figures 2a-2b, 1S a r'epresent ation of a proposed

~noeht f i cat i on of the system of *Figure 1 wherein four digital calls are
pawed into a single PCM channel; Figure 3, including Figures 3a and-
3b,” is a representation ofa pref erred enbodi ment .of the present 5

i nvention wherein four calls, digital and/or analog,’ jointly occupy a
si ngl e PCM channel on the Iand mterfac? bet ween the regi onal receiver and
the regional switching centéer; and Figure 4 is a nore detail ed bl ock

di agram of tiﬂﬁgﬁt‘étrr\wmérEiﬁUfeuﬁ di@i EXT Aa XTE RS PdTkéd! iktd HE SRRGERRED
EVMBODI MENT A? yghcal radi ot el ephone system has three main conponents
I ncl udi ng a %‘8 tchl ng center, conmmonly referred to as a nobile

servi ces swi tchi nBigareer 3y ni)hbladiﬁg Figuireshonza asld tc3bpg isofface,
a - region sransogt ter r t

radi o base 2% F%%gﬂh E‘Is'ét’%plcgqrfalta éfgfgr%%%t Wﬁ#é egg?véﬁés%\tt he
case & a nnhxventadnowbeepnnnﬁomysaaaHS.t dgital and/on mnale:q ¢ sieinkly
are mount edodgéca?ﬁe@ Céﬁ‘% “cRinnel off HH¥ 1a%¢/Cinte %-R%E:e Bd€vee

| ocati on e transm tter/rece| ver 1s varliable instead o
fixed. In, sthe regicnalikreceiverand fheineddonak awitiching ganten: (a3nds a

mobi | e stati on. T!‘@ghﬂ'be&fil@eé néye Qﬁeﬁéﬂﬁd fbl%lbf&i&ﬁ‘hﬁftﬁftﬁﬁ@%y&éh
syst em conpongn s gly a so-called "air 25 - interface" between the

base statior®an Bile stations, and a so-called "land interface"
bet wasn t he base station and the nobile services center. Al t hough the | and

i Sl e SRR A S iy ||
=4 ' A typical radiotelephone system has three main
components including a regional switching center, commonly

referred to as a mobile services switching center or mobile

15 - telephone ‘switching  office, a’ regional radio
transmitter/receiver, commonly referred to as a radio base

“station, and a plurality of remote transmitter/receivers.

'In the case of a mobile radiotelephone system, the remote
transmltter/receivers are mounted in a veh:Lcle or hand-

20 carried such  that the location of the remote
transmitter/receiver is variable instead of fixed. In such

a case, the remote transmitter/receiver is referred to as a

mobile station. ' Two interfaces may be identified between

Y the three main system components, namely a so-called "air
25 interface" between the base station and the mobile stations,

' and a so-called "land interface“‘ between the base station

~and the mobile services center. Although the land interface
typidally takes the form of hard-wired cables, or trunks, in
exceptional cases it may ‘also be realized using fixed radio

30 links. | - |
Referring now to Figure' la, in a conventional digital
mobile radiotelephone system, the air interface is
structured according to the TDMA (time division multiple
access) principle wherein a single frequency' is divided into
35 - time intervals, or time slots, each time slot realizing a



.Referring nowto Figure la, in a conventional digital nobile radiotel ephone

- system the air interface is structured according to the TDVA (tine

drvision multiple access) principle wherein a single frequency is divi dedmg
into 35 time intervals, or tine slots, each tinme slot realizing a:
separate channel for conmunication wth a single nobile station 5. One
frequency may therefore be used to car® a nunber of out goi ng channel s and.-
anot her frequency may be used to carry a nunber of incomng channels. A . .
similar 5 separabei mtxanr(élbl\/;fororcommunidatn.onomntht |apl si):gls aqnpbne to =

t
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5 - Besides coding and decoding speech, the codec also removes - :

. redundant informat:.on ’ resulting in a compressed signal that
~may be more eas:.ly transmitted. I '
| Speech may be represented in three different ‘ways in
o __diff.er_ent _parts of the radiotelephone system, as an analog-
20  signal, ,as PCM code, or as speech code.. PCM code is ::
- obtai-_ned__-._ by _sampl_ing an . analog - speech . signal: and
representing = each sample by a di'git_al word of a
predetermined number of bits. . Speech coding may be of a -
.. number of well—known types such as VSELP (Vector-Sum Excited . W)
25  Linear Pred:.ctive Coding). Conyersion_ from analog speech to - _
| PCM code, from. analog speech to spee'ch code, and from PCM to
speech code is performed in different. parts of the systen as
required. For example, PCM code. received from the PSTN is
.converted into speech code i_n. the MSC .in an all-dlgital
30  manner. Also, in accordance with the present inirention as -
explained more particularly below, | ‘analog speech signals
received from an analog mobile stat:.on are converted into
speech code in the base station in direct digital fashion.
_ Referring _ to_‘_ Figure 1b, ~codecs . . (7,9) - have
35 ~ conventionally been provided in the mobile stations 5 and in



Fconverted into speech code in the NBC |n an?all-dlgltal 30 manner .

Al 'sa, in accordance with the presetit*inventi-on as expl ai ned nore
_pagglcularly bel ow, anal og speech S|gnals received froman anal og nobile
station are converted into speech code in the base station in direct
digital fashion. Referring to Fi gure | b,, codecs (7,9) have 35
conventionally been provided in the nobflle stations 5 and in t he base
station 3 only. - In the dotinl i nk direction, theréfore, PCM coded speech
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signal |i ng kT siwpbigiky s inglude l@SngouP sviteh and multiplexer for
15 - - routing calls between the PSTN and the base station, radio

equipment, and error detection/error handling circuitry.
- In a so-called local speech coding mode, communications
between the public switching telephone network (PSTN) and
- the mobile services center (MSC) 1. are carried out in PCM
20 . code at a rate of 64 kbit/s/call. The MSC 1 and the base
' station (BS) 3 are connected by ordinary PCM links carrying
‘a single call per PCM channel. Control communications
. between the MSC and the BS are carried out in both
(U - directions accoi:'ding to the CCITT7 protocol across a
25 predetermined PCM channel. Accordingly, at appropriate
. intervals, the signalling terminal block 4 in the MsC 1
-inserts control communications in the data stream to the BS
3 by means of an exchange terminal 2 and likewise receives
control communications. from the BS 3 by means of a
30 - corresponding exchange terminal 6. Otherwise, PCM-coded
‘calls pass unchanged through the MSC to the PSTN.
- Similarly, the signalling terminal 12 in the BS 3 inserts
- and receives control communications to and from the MSC 1 at
" . appropriate intervals. Control communications between the
35 - --base station 3 and the mobile station itself are exchanged
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_insérts control communications in the data streamto the BS 3 by neans of

an exchange termnal 2 and |ikew se receives control comunications from :
the BS 3 by neans of a 30 correspondi ng exchange terminal 6. :‘.,_t
Ot herwi se, PCM coded calls pass unchanged through the MSC to  the* ™
PSTN. Simlarly, the signalling termnal 12 in the BS 3 inserts and

recei ves control communications to angpfromthe MSC 1 at appropriate -
intervals. Control conmunications between the 35 base station-3 and the -

nmobi l e station. it self Aar t t I r: 12
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20 aspagiely bedndesbdédebgakhe. chSnnbladbecldlu:qlxs,i sis edenverted in \_-)
o he T ok BRI, 08 BRaca® 1R inan /b (o 04 {periiRes. piiﬂ.s'n;y
and unpacki ng Momearreeéntly , nithham&emapropm&oWemMM| thei ons
tols . _codec from the base ‘station 3 to the mobile serv:.ces center
- 1 so that physical connect:.ons on the land side may be
increased by packing. four calls into one. PCM channel on the '
land interface as represented in. _Flg_ure_ 2a.. Accord:.ng to
- this arrangement, two out of eight bits of a PCM wo:_:d_ are
20 = .assigned to each of ‘the calls. Such a technique is referred
to  in the :pr.esent" specification 'as PCM subcoding. ' As a
- result, channel density on the land: interface side may be-
increased by a factor of four.'_' Packing ‘and unpacking is
carried out in the base station to convert communicat:.ons to )

25 - = and from the regular 'I'DMA format. Packing and unpacking are -
likewise carr:n.ed out in the MsC at the other end of the land
interface -to convert to . and- from ord:.nary PCM. .° The
result:.ng system is shown -in PJ.gu_r_e; 2b wherein ‘the codec 11

. is now located in the mobile services center 1. _

30 - - As pre\fiously mentioned, it has been decided that in '
the United States the large number of analog -mobile
subscribers and the growing number of dlgltal ‘mobile
subscribers shall be served by  the same system. Analog

. mobile stations such as the mobile station 13 in Fig. 2 are

35 = not provided with codecs, and the air interface between the



25 and fromthe regul ar TDVA format Pack| ng and unpacki ng are

-bilkew se carried out in the MSC at-ithe- other enq of the Iapd |nterfface -to
co&ert to and fromordinary PCM - The resulting systemis shown in
Figure 2b wherein the codec 11 is now.located in the nobi l e services center
1. - 30 As previously nentioned, it has been decided that in the
United -States the |arge nunber of anal og nohile subscribers and the
growi ng nunber of digital mdbile subscribers shal I¥##e served by the sane

system  Anaineg ot hidisi Fé abtard onec farfas éﬂé akid eséé@ibﬂnsl%.é “aﬁ{%ag@d
are 35 not Vil ded W|t codecs, it e, alr interface between
anal og nobi | & 5‘%[ SPENCY ¢ zS’t Vasion: Fhabgelsaccench nguakile
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services center ccor |ngI1§/! in a mxed analo sys €m as

i |l ustrated Pﬁ‘#—‘#& sur tg, &Pw%eb¢1awaenntbef baseh statden 3 anbe
statidd 3. anthehaobillid eseevicess chhter penaﬁélégm&éliib? fé?ﬁiﬁé auieday @
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suscepti bl e iBterface b&&l‘@ﬁmthhahaaﬁastgtmmﬁelaad &he mobile services
15 = center 1 must be carried out in a hybrid format, part
- straight PCM corresponding to analog calls and part subcoded
] PCM. corresponding to. digital calls.  The result is
inefficient and more ¢ost1y transmission. .
Particular problems arise during intracell handoff from
20 ;a digital channel to an analog channel in the case of a
dual-capability mobile station. Since digital channels are
‘more susceptible to time dispersion than analog channels, a
_ digital channel may become unacceptably degraded. If no
U : other digital channel is available, handoff to an analog
25 channel may be required. -Suddenly, a call that previously
requ1red only one quarter of a PCM channel between the base
station 3 and the mobile services center 1 now requires a
~full PCM channel. : :
Referring now to Figures 3a and 3b, the foregoing
30 .~  problems and inefficiencies may be avoided by the present
-:_inventiqn_ wherein codecs  (7,11) are provided in both the
base station 3 and the mobile services center 1. Whereas
~digital calls need only be converted to, PCM subcode in the
base station 3 for transmission to the mobile services
35 - . center 1, analog calls are converted, encoded and compressed



~digital channel may becone unacceptably degraded. [|f no other digital.
channel is available, handoff to an anal og 25- channel may be required.’
Suddenly, a call that previously required only one quarter of a PCNIchanneg}
bet ween the base station 3 and the nobile services center 1 now requires a.
full PCM channel. Referring nowto Figures 3a and 3b, the foregoing 30 :
probl ens and inefficiencies may be avojded by the present invention mhereln_r
codecs (7,11) are prOV|ded in both the base station 3 and the nobile
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PSTN 20 mnl en be describ EFIOF art, transn ssion
understanding of the present invention have ‘been ‘omitted

: such as a modulator and demodulator, equalizer, combiner,, ¥
15 eto. T
Transmission will first be'desoribedjiﬁ'thefdowﬁ;link_f_
direction, i.e., from the public’switéh'telepnone'netWorky
(PSTN) to the mobile station, after which transmission in
the up-link direction from the mobile station to the PSTN _

20 will then be described. As in- the- prior art, transmissionjﬁ“'
between the PSTN and. the MSC 1’ is done in straight PCM code,
for example at a rate of 64 kbit/Sy Call information_is
encoded in. the-speech-coder321*6flthe ﬁsc;’CompreSSiné the_

. call information by a factor of four to 16 kbit/s or less. _&ui-

"25 Four calls may then be packed into a single PCM channel in "
the PCM subcode paoking ‘block 23. Transm1ss1on between the
MSC 1 and the BS 3 is ‘therefore’ done in subcoded PCM, still
at a rate of 64 kbit/s but with a single channel carrying

- . four calls.: ' o :

30 -+ . . Signalling information (as50pposed'to call'information)
exchanged between the PSTN, the MSC 1 and the BS 3, normally
transmitted according to the CCITT7 protocol ina designated
PCM channel (for example, channel 16); is transmitted in
-1like manner but in a ‘designated subcoded PCM channel. For

35 . this purpose, signalling - informaticn “from the ' PSTN is -
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< bet ween t he PSTN and the IVBC lis done in strai ght PCM code, for exanple at

.a fate of 64 kbit/s. Call information is encoded in the speech coder 21 of
t kg, ,MSC, conpressing the call information by a factor of four to 16 kbit/s
or Tess. 25 Four calls may then be packed into a single PCM channel in

. the PCM subcode packi ng bl ock 23. Transm ssion between the MSC 1 and the
BS 3 is therefore done in subcoded PCM\&tilI at arate of 64 kbit/s but

with a single channel carryi-ng four calls. 30 a0 Gignal 1ing
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is vveII ‘knospitablye combined imvithe TDMA signalling path to. form a

15 communications slot of a format prescribed by the Is-54

standard. The air signal interface 37 also produces analog

 air interface signalling for suitable combination in the

analog signal path as is well known in the art. The TDMA

signal path and the analog signal path may be combined us:.ng

20 a combiner so as to share a single antenna. '

In the up-link direction, substantially the opposite
sequence of events occur. Digital air interface signalling
and analog air interface signalling are distinguished and

W ~input to a PCM subcode signal interface 45 to produce a PCM
25 subcode signal for packing in the PCM subcode packing block
41. The digital air interface signalling information is

first decoded in the TDMA channel decoder 43 for error

. detection and correction. Digital speech information is
decoded in the TDMA channel decoder 43, resulting in speech

30 = code which is then input to the PCM subcode packing block
' 41. Analog speech information is first coded in an analog
speech coder 47, resulting in speech code which is likewise

input to the PCM subcode packing block 41. Digital and

- analog speech and signalling information are therefore

35 . | packed side-by-side and sent to the MSC 1 using PCM subcode.



signal path and the anal og signal path may: be conbi ned using 20 a
conbi ner so as to share a single antenna. -In the up-link direction,
substantially the opposi te sequence of events occur. Digital air |nterface
signalling and analog air interface signalling are distinguished and input -
to a PCM subcode signal interface 45 to produce a PCM 25  subcode signal'

for packing in the PCM subcode packi ngibl ock 41. The digital air interface

signalli ng information is first decoded in the TDVA channel decoder 43 for
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Vtk\IAT IS CLAIMED IS: 1. A communicati'ons techm que for enhanm ng
transm ssion effici ency in a radi otel'ephone: network having plural renote

tr¥snitters, a regi onal receiver, and a regional svvltchl ng center,

conpri sing the steps of: 5 pr OCESSI mﬂﬂ tions
at one of said renpte transnitters fongine dIVISI E m sed
digital nsmssion to said regional receiver; sendi ng anal‘og”"vofce* -
communi cations fromone of .said renote transm tters.to said regional

recei ver; receiving sai'd anal og voi ce comunications at said regi onal

recei VMMIMD_IS_. processing said anal og voice

comruni cations at said regional receiver substantially identically as said
processing of voice comunications at said one of said renbte transmtters

Focel ver, shen SnepRERERRRRLPERAgE: S0, Ealnbhg b aHAR SRl 1 20

commu rradmtelcpimmmmdhwm plerh] remoteitchns@itters,od regwmrfvce@eﬁ %Hfarregﬁmﬁpeec h
corrpressegmg gql tal transm SSI ons. 15 The communi cati ons -
t echniS§d n4eT, CORDEISHAS, theiste@s O f ur t her step of substantially

Sormun, cat .yoﬁéc’ééﬁgh%ﬁﬂ@%mﬁﬁ%h. wif s 3¢ Bt o SERUR BB AR °°
recei \dévision; spieghtcampressed digiml eransission b saidoregiomal fickives t echni que Of
claim 1 wherein nae -anal og voice 20 comuni cations as processed at said

regi onal ' recei velehRHE W@ﬁﬁ@@%@%ﬁ@ﬁ%ﬁ%@%@m@eﬁm
regl O@ﬁhrmgi ‘;ég.nter using a PCM subcode wherein each of the anal og

e Co ni catlons 'as processed by said regional receiver and the digital
tr ansm ssi on ar ereesivingrsadd analog woice uordmuiniedtidnistas shid regioGh rebsiver; Haidd
Bunber of bits being |ess than and an integral divisor of the nunber -of
its in said pcwmsamgzsal analog voige GomMIRBRIGALNS, @b rfaid: segignalc aeceiver

bl onpatlly Pchicell AP Sl poRSing 6 Voicd CHELIRuORR i € seia

C omTuremate itransmitters for tithe dimsion, espetch donspressed digital transmission &b saxaregionﬂpeech
Conpressed ﬁ% tra Sﬂ]SSIOﬂ tO sai d reglonal recelver nmeans
sendi fi§© ‘Xﬁ‘&l%‘gi‘ Yoice cRmmunicatiens magrs t o

sai d péeGhraRded REEHY ‘i-éagloﬁal SWi SspEéHél Edififie¥del Higitdl 'tFhns AL R, VO! C€

communi cations at sai reglona ECEIVEF

15 ‘2. The communications technique of claim 1 comprising the further step of
substantially identically processing at said regional switching center the amalog voice
communications as such communications are processed by said regional receiver for

U digital transmission.

3. The communications technique of claim 1 wherein the analog voice
20 communications as processed at said regional receiver and the digital transmission are
forwarded to said regional switching center using a PCM subcode wherein each of the analog
 voice communications as processed by said regional receiver and the digital transmission are
assigned an equal number of bits in a PCM word, said number of bits being less than and

an integral divisor of the number of bits in said PCM word.

25 4. A radiotelephone communications system having plural remote transmitters, a

regional receiver and a regional switching cent_ér, comprising:
\



means for processing said anal og voi ce communi cat ons at sai egi onal

receiver substantially identically as said plﬂmﬂ - |
communi cations at said one of said renote tr mm’m rre di vi si on, u

speech conpressed digital transm sion to said®re§i onal# receiver, such
that said digital transm ssion and proqggssed anal og voice commnl cati ons
- may be forwarded to. said regional swtching center as speech corrpressed

digital tra ' alrh.-.
4 wherein smﬁiﬁﬁ’mgﬂﬂg%&rgy ﬁ"t“g%lgﬁf%l ce "Co {gﬁpgengéé%m ' & N
sai d rﬁmetﬁvisio'm%gbém@nﬁ&ﬁsedlcngmlummaalsamfegusmdedeearonal recei ver -
and said neans for processing said anal og voice 15 conmuni cations at’

sai d regi onmeansfern seadingrasalogevoice mwcatwmﬁmnpaglﬁwdmmsmners
com*runk)gat. ons system of claim5 wherein said regional switching center
I ncl ud TS 7. The radiotel ephone comuni cati ohs system of

csai m 6 whepgials fGecéivingal Saiaeeﬁﬁldeﬂﬁé‘écdﬁ&ﬂﬁbkéﬁoﬁS dtiRaidegiohalidediVer;

prescribed for digital radi o conmunications in the United 20 States. 8.
The r agidbt el ephone comuni cations system of claim4 wherein conmuni cat i ons
bet ween said. re |onal recel ver, an sald re e} WItC{: cente are
formatted afl& m ”ﬂm@%ﬁaaﬂge‘?‘ PSR

each Paldsintigiiy &exﬁ’k‘&ll sm o’f ﬂhaé %bhin‘iuxﬁéaﬁoiﬂ'ﬁ ﬁhmmléf said
i ncl udi ng both analo taI i 0 channel s. . A net hod
for enmmtengm-umtcuhi‘J dar?ﬁtbn; spm;tcompmse&d@mlgnmmmm saadmeglmai

di ot el ephone ni,catl gns .system he syst.em i ncl u re onal
161" o ergee ek B o et KamSbb ot ot el ViR Bt il

tr ansnbé forwasdédaio mg%ﬁﬂtshﬁﬁﬁmg(hehﬁ? as spécRfil cOnRressed Qligital trﬁﬂﬁ:s%nﬁﬁcond "/

enmote transmtter whichh transmts anal og communications to the regional’
recei ver, the nethod conprising the steps. perforned by said regional

Corman oat | Sno G SEfiettond cEpnalaof R FL08s ¢ R iy ﬂé&%ﬁ&m

commu '@aéysm@SmandoieerWewaﬁam oF Giaid Zethot® nEaiRIiRéssOfsr dRgtadai d
digital comminications to said regional swtching center. using the same:
f or nattransmission: tonsaish gegional| receiver 8udsaids megns (for prpeassing said, agalogoveise by

|d reqi swi.tchin [ [ d digitized commnlcatlons
d sa"iogmﬁ"%ﬁ% 1S Mﬁﬁ?ﬁ@fﬁ%@%‘ﬂ?%y identically. '11. The-
met hod of claim 10 wherein said forwarding step conprises forwardi ng the :

digitized communi cations and the digit al com‘rum cat,i ogs i‘m$a| d.re
swi t chi ng c&nt The radiotelephone communications system of ¢ %10

switching center includes a speech codec.

7. The radiotelephone communications system of claim 6 wherein each of saxdspeech - U
_ codecs complies with the standard prescribed for digital radio communications in the United
20 States. o S

8. The radiotelephone communications system of claim 4 wherein communications
between said regional receiver and said regional switching center are formatted accordmg to. ..
a PCM subcode wherein an equal number of bits in each PCM word are assigned to each of .

a plurality of radio channels including both analog and digital radio chanmels.

25 9. A method for enhancing transmission efficiency of processing communications in
a radiotelephone communications system, the system including a regional switching center, .
a regional receiver, a first remote transmitter which transmits digital communications to the



usi ng a PCM subcode wherein each of the d| gltIZ t he

di ﬂal conmmuni cations are assigried- "an equal number of bj ' wor d,
sa nuiber of bits 15 bei ng |l ess than and an |£M HE}“ f the
nunber of bits in said PCMword. 12. A radiotel eph S system

for enhancing transm ssion efficiency,ygonprising: a regional sw.tcting
center: a regional recei ver 20 : a first renote transmtter Wmch

oot o Frou e o Sl YR B Yo Rt
renote transmtter ICh transm S anafuog COITITUI’II cati1ons ?%g ﬁ%@

r ecei vierthe segidnalagceiver, theemethod comprising ithegstélSs performed by said regiofBPfeefvef
transformng said anal og communi cations into digitized conmunications
havi ng®Ssubstantially the same format as said digital conmmunications and

Communi ont | Saistbtntl, SUCafiGY ool 6 WA doRRdicsns Shaving
cHrmursubstahtially the sabie forac a€ add digitae Wﬁmlﬁﬂtlons system of claim

12 wherein gaid transformnng, rreans conprises a speech codec. 14. The
radi ot el ephtsswasbﬂ&hﬁthéaﬂ digitized commupicatipns and is2id digiteh cormunicatians tegainal

switct}bgﬁ con h codec. 15. The radi ot el ephone
commruni ngns sys em o?ﬁilﬁgiﬁﬁ%\ﬁ’g&g ‘n sai d speech codec and said second
speech codec conmply with the standard prescribed for 10 digital radio
communi cations in the United States. 16. The radi ot el ephone communi cations

system of clthi Fhezmoghed of claimi 9 comprising the fythesstep parfirmeddy said wegibnal

o) oty ethellof phick g i e Sobilic B 8 SRRRERERGS. poy

16uD ¢ o gabstantiadlyeid ?qual nunber of bits in each PCM word are assigned to
each of a plurality of radio channel_s N

(< 'h

" 11.-The method of claim 10 wherein said forwarding step comprises forwarding the
dlgmzed communications and the digltal communications to said reglona.l switching center
usmg a PCM subcode wherein each of the digitized pommumcanons and the digital
communications are assigned an equal number of bits in a PCM word, said number of bits

15 -~ being less than and an integral divisor of the mumber of bits in said PCM word.

12. A radiotelephone communications system for ephancing transmlssmn efficiency,
comprising:
U - aregional switching center: -
‘a regional receiver: . .
20 | - a first remote transmitter which transmlts digital communications to the reglonal _
receiver; and
-~ -a second remote transmitter whxch transmxts analog communications to the regional
recexver, ' '
‘said regional receiver including .
25 means for transforming said analog communications into digitized
commumcatlons baving substantially the same format as said digital communications and
* " 'means for forwarding sa1d digitized communications and said digital

comimunications to said regional switching center as digitized communications.



i ncl udi ng both anal og and digital radio channelsT—I7. A conmuni cati ons

net hod for enhancing 20 transm ssion eff|C|ency one o
network having: plural renote radi o receivers atmﬂm Im‘ﬂ)mmch is a “
radi o recei ver capabl e of handling analog transn153|onSLand at lkeast oné’ ‘“

which is a radi o receiver capable of han B|ng digital transm ssions and 25
receiving time division speech conpressed signals; a regional receiver; and

a regional swtchirg. cem@rraaﬂbdempheﬁe b&mﬁtuhﬁ%&%fﬂoiﬁ Py # on from
sai d reglonal swnt enter to.at a;t one of sai Cplural renmot e radi o
receivers, éhﬁ?%%%p% HE: t§6ns Orming. Bedy CAPHALE iR gi onal
swi t chi ng cespeecﬁ%add@mJl |nfornat|on at a first transm ssion rate; :

compressing, 1n saigl r oglonalasdl LEHnGeRbfiyn3BkT1REY Sl i et o0
i F3tFOb g Bb Ry i

fromsaid first 0 a secon ng, in said
r egi onal 5mnpdmnm;l%awhﬁreimt%aadsrﬁgiena¢WBWh§ﬁhengaqqmﬂﬁn of calls of -

sai d PCM cal k ne1uddfP dBdd Shd UbSéadh | abl¥ccor responding to a ratio. betmeen
said first and said secgond. trapnsm ssion rates, and transnlttlng sald caIIs o

as subcode PCM at &z d The s%'a‘i:l‘%‘f'é:h?E%?Bﬂ f:ggn@ungcatlonsu,ﬁy tPLfina
regi onal receiludn mamduerém esfﬂﬂgﬁééﬁm cbdke aaadsaliab%reda‘nd:al I's;

separating at_| east of said call t ended :for. said at, one renote
recei ver capSBFES %f?é }f é\ﬁ?rﬁ" §P8ﬁ§daﬁﬁe5F5&€ r#@’%al d at
| east onéOlOdlgatbllnmmﬂxnlcnmmquoatrensadnotheﬁﬁnmtedtS@aﬂhm’ said at . -
B o Chk i s e b
di vi si on spe€épibBofd shaxein gaid tramsiessing meanganacaudle@amem | \J
for formatting said digitized and said dlgltal i
communications between said regional recelver and sald |
15 regional sw1tch1ng center according to a PCM subcode
 where1n an equal number of bits in each PCM word are.
assigned to each of a plurallty of radio channels
1nclud1ng both analog and digital radlo channels.
17. A communications method for. enhancing:
20 transmission efficiency_in;a_radiotelephone network:'
having: plural remote radio receivers at least oneé of
which is a radio recelver capable of handllng analog
transmissions and at least one of which is a radio _ L
receiver capable of.handllng d191ta1_transm1sszons and -
25 receiving time division speech compressed signals; a- U
regional receiver; and a regional switching center, '
said method, inra:transmiSSion directiondfrom said
regional switching center to'at leaSt one of said |
plural remote radlo recelvers, compr1s1ng the steps of:
30 receiving, in said regional sw1tch1ng center, PCM- "
call information at a first transm1531on rate;
‘compressing, in said regional switching center,
' said PCM-call information from said first rate to a
second lower rate; - : S
35 packing, in said reglonal sw1tch1ng center, 1nto a:
single PCM-channel a number of calls of said PCM-call



,15 renote receiver capabl e of handllng dlgltal_~‘;;;;;ggraﬁ§‘*I8“‘
copmuni cati ons nethod for enhanéing™t'tansiissi on ﬁm ﬂ”mwﬂ
m” | east

r agiot el ephone networ k havi ng: plural renDte r adi
-one 20 of which is a radio transmtter pabl e of harid! ng"ana

transm ssions and at | east one of V\,hi.'ch\ s aradio transmtter. capable of
handling digital transmssions and transmtting tinme division speech
conpressed dinfioamsit for egiuiosigant Pakly ecorsaspendiggobal a2batdwi t chi ng

center, sai S S ast.one of said

plural reno 3 ra% sf‘_’l"l%afn'ﬁ% %’l‘?oéés)al a‘éé%gllt’%n ;ﬁQ 8% Jﬁﬁ %éﬁ?gr’

conpri si ng emd strprswittBy said ¢&ik$vamg$ub@0@a|ECMegtoaaidrecelver

anal og voi ce; cpmynicatipnss fram ch | east one renote transnitter capabl e of
t

handl i ng anal 0g transm ssions and time division speech conpressed digital
transmis&ions froMRACKAS bhed reePtenal aFreeiYeF, ceph®| 818¢1lRandl i ng 35

digital trapeM-THaiEl p_{rgg@s&_{m nutb&a §if r@g]_p@,al recei ver, said anal og
voi ce conmuni cati ons. fron1sa|d | east on '

ansm tt capabl e of
nandl i ng anal og (SEHATHCEG R cLRafh Y \PF RATE cr 8 | Hvonged 262
comtuni cat i sadid rammlsdadteasnie m‘mnata&rrt@céxmns nedpable apfbhandlihgndl i ng 5

digital tragamss MRNL odd Rl slo. soeecly sopr posed dhg! (e

transm ssi on Ing, I'n Sal recel ver O a Si ngl e
PCM chadflel cedild mmanaalrm opics @eadzmnﬂmmmimlmdf@au gadidme

di vi'si on spgech GRS bt tlcdred 'USABES| 9P Shadditi g 2834 blyi ng sai d

processed anal og Vvoi ce
o transmissions and proce331ng at least one other of said

calls in said PCM-channel into time division speech
_ compressed digital transmission for said at least one
15 remote receiver capable of handling digital
transmissions. _ .

18. A cowmmunications method for enhancing
transmission efficiency in a radiotelephone network
having: plural remote radio transmitters at least one

20 of which is a radio transmitter capable of handling
analog transmissions and at least one of which is a.
radio transmitter capable of handling digital
transmissions and transmitting time division speech
- compressed signals; a regional receiver; and a regional

K_) 25 switching center, _ _

said method, in a transmission direction from at
least one of said plural remote radio transmitters to
said regional switching'center, comprising the steps
cof: . | _ _

30 receiving, in said regional receiver, analog voice
communications from at least one remote transmitter
capable of handling analog transmissions and time
division speech compressed digital transmissions from
at least one remote transmitter capable of handling

35 digital transmissions; _ y .

‘processing, in said regional receiver, said analog



eommuni cations and said.digital transm ssion as_spesch—seﬂp+essed—digital

transm ssions at a predetermned rate to said r

reference to Figures 3-4 of the acconpanying dral

egi onal sw t chi cente
19.. A conmuni cation techni que, substantially asﬁm Hﬁﬂﬂ"ﬁp Wt h

radi ot el ephone conmmuni cati ons system s siantiaITy as ‘herei n descrlbed
with reference to, 20 and as shomn in igures 3-4 of the acconpanying -

dr awi ngs

21

:Qﬂ\q:r?{ t el ephone
connunlcatlonslévg?%nl Su stantla y as Eergéﬁ %@%?.%ﬁﬁ réﬁéhgeference to

Figures 3-4 Sranmniy-er crpaing

10

15

20

25

Lipg analog transmissions:
essentially ldentlcally to v01ce communications from at
least one remote transmitter capable-of handllng
digital transmissions using a time division speech
compressed dlgltal transm1ss1on format;

- packing, in said reglonal receiver, into a single
PCM-channel said processed analog voice communications
and said time division speech compressed digital
transmissions; and ' '

transmlttlng said’ processed analog voice
communications and sald dlgltal transmission as’ speech
compressed dlgltal transmissions at a predetermlned
rate to said regional switching center. S _

19. A communication technique, substantially as”
herein described w1th reference to Flgures 3-4 of the
accompanying draw1ngs. '

20. A radlotelephone communications system,~
substantially as herein’ descrlbed with reference to,
and as shown in, Pigures 3-4 of the accompanylng
drawings. S ' '

21. A method of processing communications in a =
radiotelephone communications system, substantially as
herein described with reference to Figures 3-4 of the
accompanying draw1ngs '

L W



