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PCT/ SE95/ 001 o 0E&dasi RALI ZED BASE STATI ON FOR REDUCI NG BANDW Dhlr/sEosiools
REQUI REMENTS FOR COVMUNI CATI ONS TO AND FROM RADI'O TRANSM TTER- RECEI Vé??é TN
A TELECOVMUNI CATI ONS NETWORK BACKGROUND The present invention relates to a
decentralized base station for reduci ng bandw dth requirenents for

communi cations between radio transmtter-receivers and associ ated nobile
service centers in a 10 t el econmuni cati ons network. The specifications
for the GSM system or d obal stens for Mbhile Communi cation system were

drafted several ye DECENTRALI BASE@AHQN&QRI%EEHE Gcocel I's were not

in use in cell uI @?ﬁi@kﬁ?ﬁ Rp(ﬁgn@ g7l Cr O- and
pi cocells, alt houg m&go S as ol?qg C6 gb{l es and greater

expense in |inki ngToAND $FROM! RADIO TRANSMITTER RECEIVERS! i ons. The

interfaces specified for GSMare suited for normal cells with base stations
havi ng many assi gned fB¥d\yIRSEECOMMINECATIONSNETWORK, ecei vers (referred
to her§| n as TRXs or transceivers). One exanple of such a systemis

di sclo%ed in a copending application Serial No. 08/149,532, 20 entitled
"A Radi o Modul e Incl uded in a PrinmemNDStation and a Radio Structure
Cont ai ni ng Such Mdul es”, filed Novenber 9, 1993, in the name of Philippe
Charas, and assi giecpresent meamm@fa Mﬂbﬂﬂﬁ%ﬁﬂl% i ncor por at ed
herein by r station are
typically d%ﬁ%ﬁﬁ&%& o%ogt on or ﬁéhggggl&gg%ﬁexanpl e, in Fig.

1A, a cel | utransmiver-receivets ands yssociated mdidilei seovies tergerstim al S- 54 st andar d
conprlées a nobile services switching center MSC 10 that is connected on

one sitfle t otISFOMYNBMFRUONSNEEHEY- ¢ el ephone network (PSTN) and on the ot her
o 00 Lo B | e 9 SbaRE R e Bl 2y TR ARG, oL veer

the nobil e services I'ng ce S using a
bit rate of Cohmmini®itith system, were drafted sevexal years ago. At that time,

microcells and picocells were not in use in cellular telecommunication

systems. The advent of micro- and picocells, although advantageous, has led

15 to difficulties and greater expense in linking such cells to their respective
base stations. The interfaces spéciﬁed for GSM are suited for normal cells
with base stations having many assigned frequencies and many transmitter-
receivers (referred to herein as TRXSs or transceivers). . One example of such
a system is disclosed in a copending application Serial No. 08/149,532,

20 enﬁtl_ed "A Radio Module Included in a Primary Radio Station, and a Radio -
Structure Containing Such Modules”, filed November 9, 1993, in the name
of Philippe Charas, and assigned to the assignee of the present invention,

- incorporated herein by reference. | _
The components of a conventional base station are typically disposed

25 in one location or housing. For example, in Fig. 1A, a cellular mobile radio
system in Mexico using the IS-54 standard comprises a mobile services
switching center MSC 10 that is connected on one side to the public
switched telephone network (PSTN) and on the other side to at least one
base station BS 12. Information is exchanged between the mobile services

30 switching center MSC and base station BS using a bit rate of about 2048
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2 kbits per s&EBA¥*¥€bps). Each base station BS 12 is conventi RGISESS00194
physically located in a few equi pments racks or housings, and includes a
plurality of transceivers TRXs 14 (TRX1l...TRXn).. One transceiver TRX 14 can
handle only a limted nunber, e.g., three, of radio channels (that is, 5
traffic and/or control channels in the gir interface). At |east one base
control function nodule BCF 16 and a transceiver interface TRl 18 are

provi ded. Th %QE&{dOde NG ; ; ommon contr ol
functions wi ?ﬁ?%ﬁf‘eﬁe BS. hgg't ?gﬁggﬁgkgﬁ@ntﬁgﬁ];ﬁg@%ﬁ%@yg essentially a
digital tinme physically ladated in arfemcequipmenssvracks os houdipgs, andfindledeslannel s (in

the d i bed I th t fi f h t ' T
Comnoct ot oo BRI BhrhherohRES 1f ARYICTRYGR, G X a i on
the left si d?“%gﬁ%ﬂgﬁllﬁnﬁd Riber! e%(_a’vml, oPeAdib F&Hﬁxﬁi%ls‘:&ﬁﬁ igrodul at i on)

I i nks, each nels transmt "at 64 kbps, may be tonnécted. A
convent i®nal tRfRklandioricastr@lchibnels in theaaimintarface). MAtileast opebaselcentrolanscei ver

interface TR, 14.distrib he,i ncom ng R ha l,§ anmong.the various
transceivers fypstion W%&?ﬁ@ﬁﬂé@%ﬁ&"ﬁ%\%&@%@@ &#{f&ﬁfaﬁé’% 8
sends/recei v éb:lﬁg%gﬁ g ﬁ:\ﬁ@ﬁtﬁf‘mﬁ&ﬂé,ﬂi’@%&lﬁoﬁh?h&nhﬁhféﬂﬁbﬁaCh active

transcei ver TRX. one transceiver T '

I's active, the remaining 29
PCM ti ne sl otfanctionsiwithin tike-BSse t he speed on 20 each PCM link is 2048

kbps and t he maxi num aver age speged lof.€d between the.transceiver
i nltoerface TR 1)8(I a Bﬂy'ésc?‘ %@E’éﬁ%&ﬂ& 1i§sﬁe§°%ﬁ1 9%@&*8&&“’1}9&@%“ in
today' sygyst avﬁchbﬁk?s&fzam%y@&ﬁfﬁ%}ia&ﬂﬂpu thee deREiBéE BxdrfipIB! frdel OM t he

transceiver interface TRl 18. Conventionally, specialized co_’axi al cabling
i s then used traffibzhatinels for eadviBansogiven TRX) connestedsas 2048 dkbpsiliaks embl ing i s

undesirabl e and castly.,to purchase and i nstal ELQ. Il l.ustrates a
typi cal conf %@g} &B%ﬂyfj{?rs‘%fé (Tém%‘?%mmi\& 4ega§{_jg’oarllé§ﬁ8‘5?lf g}gg?vi ces
swi t chi ng ceigraevelCPEM (prilseCed SRdddiation) [iflies, RUEH bf whikht cHagsklé el ephone
network PSTN. Like elenments to those in Figs. 1A are |abelled with the
nuneral pri miensaitatitd dipsgmay defcoanestede sAjgenventional PCM link has 32
15 channels in Mexico, and the transceiver interface TRI 14 distributes the
incoming PCM channels among the various transceivers TRX. In particular,
the transceiver interface TRI 18 sends/receives 3 consecutive 64 kbps PCM.

time slots to/from each active transceiver TRX. If only one transceiver TRX

is active, the remaining 29 PCM time slots are idle because the speed on
20  each PCM link is 2048 kbps and the maximum average speed required
between the transceiver interface TRI 18 and one transceiver TRX 14 is only
192 kbps. However, in today’s systems, the transceivers TRX 14 may be
located remote from the transceiver interface TRI 18. Conventionally,
specialized coaxial cabling is then used to handle the 2048 kbps rate. Such
25 coaxial cabling is undesirable and costly to purchase and install.

Fig. 1B illustrates a typical configuration for the GSM system. At
least one mobile services switching center MSC 10’ is connected to the
public switched telephone network PSTN. Like elements to those in Figs.
1A are labelled with the numeral primed, due to slight differences in
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'PCT/ SE95/ 00194w8 okama@si onal i ty between GSM el ements and el enent $cpsE9kbRo,
cel lul ar tel ephone systens. In Fig. 1B, a base station system BSS 20 Is

responsible for the radio- related functions, and may support one. or '
sevéral cells. The base station 5 system BSS 20 may be divi ded into two

parts, a base station controller BSC 22 and a nunber of base transceiver
stations BTSs 24, one for each cell. The3nobile services switching center

M5C 10" communi cates with the base station controller BSC 22 through an "A"
interface. GShinetiomality bdween GSMTeemdrts atd/eleents- 0l cellulan tglephaoned by
reference herein) specify the 10 functional split and the A interface
bet ween a nobf¥S rvices swtchi ng center and a base station system The

base station contr i ons BTS
| ﬂgggan Ag%e |nt éindsss 2b€i§€esgaer a?bx"@l&xﬁ&i%l

24 communi cate throu face. This ce 1s specified in
t he European mtevtﬁmumns,amdanaﬁsupmmm dmwmhcdlsETthmeGﬂﬂoﬁS 5x -

08. 6x seLi es of atl i.ncor por a refere ce rein. The
A-bis in erfa%étqﬂg%g ﬁ%ﬁ‘(‘)l"f‘?ﬁﬂt el % EB base
transcei ver Sﬁﬁhhd)ﬁ xﬁﬁﬁe?%f%ﬂi‘ trﬂﬁki:é%:oﬁﬁao:% I?I‘Syiﬁ dnE%‘Bﬁ@&'hV&n TRX (not

shown); a collection of transceivers TRXs where all are served by a common
physi cal conn€he mbﬂemm@mmmnarmcw commuficatea vithethedrase TRXs,

s shown i n o iflel EXCPR NG “fiﬁ%rﬁmgﬁ‘vﬁ efpendaiad "
connected to HSW@GSMO?OIW@W%&&BBW dfpase control -

functi on nodul e BCF 16’ rough A-bi s 2048 Kbps Ilnks he node
suppor t t6g tt@nMspanindlemmtdﬁagrbmmomcmw sw;tclaﬁg i s not

Ehe. 2045 kbp<CoRER 00 i FAHDT G LPE Poe- R BP FeRoN B Behmendat | on
08.51. This ijadividuiRbhie fRAcSISE RN B’f@ﬂ%‘éﬁmﬁkﬁak&ﬂhmugh an "A-bis"
interface. This interface is specified in the European Telecommunication
Standards Institute ETSI/TC GSM 08.5x - 08.6x series of specifications,
15 incorporated by reference herein.
The A-bis interface is capable of supporting three different internal
base transceiver station BTS 24 configurations: a single transceiver TRX (not

shown); a collection of transceivers TRXs where all are served by a common
physical connection (not shown); and a collection of transceivers TRXs, each
20 served by its own physical connection. The last configuration is shown in
Fig. 1B where a single transceiver interface TRI 18' is connected to a
plurality of transceivers TRX1...TRXn 14’ and a base control function
module BCF 16' through A-bis 2048 kbps links.
If the node supporting the base station controller BSC 22 functionality
25 is not co-located with all of its subordinate base transceiver stations BTSs
24, the 2048 kbps A-bis interface is mandatory according to GSM
Recommendation 08.51. This is normally the case when the base station
system BSS supports many cells, because the cells cover different physical
areas.



system BSS supports many cells, because the cells cover different physical
ar eas. IV3AS3 PCT/SE95/00194
~PCT/ SE9Q5/ 00194 4 A conventional -TRI 18', which is conmercially avail abl e
fromEricsson Radi o Systens AB, Stockholm Sweden, is configured as shown
in Fig. 1C. The TRl nmay be a free-standing unit or part of the BSC in the
GSM system In Fig. 1C, only the essential blocks for routing of 5

i nformation through a digital cross coffnect switch DCC are shown. A

i g1 a1 cross. conméeivaPanTES s ST i semePRRty g ey i o
Igital Cross co rna
transi ss OEAMYIPREGIS! Sysnil MBS StoRn D Swielif i S6rTigubdd asSshovii f 01 cach

network |ink 34. These nks or buses 3.4 transmt at" a rate of about 2 10
Mops. The niigelCofThe TRE oy besa free-stnding dinitpr pavrofithe: BSEt inch&

configurati ach |ipk_34 nsi,st,s of rate transmgt line 36 and a
separ at e reg&%’yﬁeﬁb g‘hﬁ&aﬁr&%@%ﬁf?@ﬁ@aﬁa{%@% interface, |/F 32
transf & mer §nfPmafion BREYEh a WPiGD cRse coiiRctksih DEE d®skwaneal the PCM [ inks

to the network. 15 . At the Gr03 interface |I/F 32, the
transnit/ r edwicrapre¢essnxl (potshown) may be:needed foraperation [and eainfgeancsi gnal s HDB3

(hi gh densi bi.pol.ar _code w.th. | 3 i ros) to TIL
| evel s. me%‘éﬁ%lrﬂﬁi%?ﬁtmﬁ?éj@ﬁgg%gs “Or g‘iﬁeac ron of an 8 KHz
frame sync, wemkRissionnetwérki vik Qrdudstir 32 G703 ihtefacks I/F B2 Sore’ fofeactync is fed
to a network synchronizati on 20 phase | ocked | oop PLL 44, which

generat es t metwsnk linki 34 h Theset linkstarrhuses 34 Heasmitat airals abahout 2ane sync FS
Si de aP e Mo cTfeEihe OFe, v bbbl ukiie fibodcl (00 000 (o
the 2 Mops busfigurddon. TIEaclE Gk 34t donkistsiof af eparkleGransinitdineBd &idea set up by a
control function input hy the Configure input_ 25 Jine 50Q.
separate receive line 38. On the network side of the G703 interface, I/F 32
transformers 40 are shown, which are one known way to connect the PCM
links to the network.
15 At the G703 interface I/F 32, the transmit/receive signals are
converted to/from the line coded signals HDB3 (high density bipolar code
with maximum of 3 consecutive zeros) to TTL levels. One of the receive
lines is selected for extraction of an 8 KHz frame sync, output by the
interface 32 on line 42. This frame sync is fed to a network synchronization
20 phase locked loop PLL 44, which generates the DCC switch system timing,
| that is, a stable frame sync FS line 46 and a bit clock line 48 at 2048 kHz or
4096 kHz. On the right hand side of the switch DCC 30, the transmit and
receive data is connected to the 2 Mbps buses 34. The connections in the
DCC switch 30 are set up by a cpntzbl function input by the Configure input
25 line 50. :
Accdrding to the Open Systems Interconnection (OSI) protocol, the
A-bis interface connecting the base station controller BSC 22 to the base
transceiver station BTS 24 is subdivided into three layers: the physical layer
(Layer 1), the data link layer (Layer 2), and the network layer (Layer 3).
30 The physical layer 1 is the lowest layer in the OSI reference model and it




According to the Open Systens Interconnection (OSI) protocol, the A-bis

I nt erface conné0wsreayss he base station controller BSC 22 to the lpgTSES/00194
transceiver station BTS 24 is subdivided into three |ayers: the physical

| ayer (Layer 1), the data link layer (Layer 2), and the network | ayer
(Layer 3). 30 The physical layer 1 is the |owest layer in the OSI

ref erence nodel and it WO 95/ 23463

PCT/ SE95/ 00194 5 supports all functions Yequired for transm ssion of bit
streans on the physical sible for error-free

- _medi um L&)}éer st'reﬁé%% )
conmuni cat i onSYRPOHE@H MiActensTeqwiEsd 108 dransmission QL itreams oy the physicyls -
responsible f U &%ﬁ &atlj:fjr e L | Gwigpagenent and
radi o resourcg{eﬁlandgg%%%ﬁ%r&& aflgr ?rgf}%g%guﬁgt%%d?ate of 2048 kbps
with a frame adjacent device¥ in3the nefivorkiand Itayer3d$ odsponsditsié dor, iangngostheér t o Fi g.
1B, the base transceiver station BTS 24 consists, of a nunber of

transcei vers Wigs, cali cemtraly mobility manageraent A9d Tadio TEsQlitee MaREeMENte di vi si on

mul ti pl egacce h : |4 ™ 2 Fim ' i ase

contr ol unctlf@erfrlogzmgl E'sﬂ)at%%‘g{?ﬂﬁhl éﬁqﬂg{nal es ec%%%ﬁlﬁégglr??%@f uncti ons
W thin a basekbpsatimealoter station BTS 24. The transceiver interface TRl 18
I s connected between_ the base statign controller BSC 22 and the TRXs 14’

and base control fReferiipg agyade £18) dhe pgse tapsceiver stawon,BIS 24 anscei ver
station BTS 2 {nPH” {rhNasivals! eerp ey e :ranscei ver
station BTS 2 ngirsgﬁ)%%ﬁge Cgﬁl ng axgllsrmguﬁéilon ilﬁ ’t%gﬁggﬁglnﬁ 2%ase

- station to no#ightTPMAI(dme divisiont moltiplecavdessp chahnkelst and cerpralia¢d ot | on and '
channel  decodi,ng..in the uplink directign., T ech .qodi ng/ decodi ng and
dat a tr%\ﬁscocﬁhﬁ%ﬂ’(’Fﬁ’Gtb*’é?n(‘}m‘n‘)"o cyRn 1"88@?@1%?&@ “gﬁéb%%ﬁsc@&‘v@? station
BTS 24, or opi4 : : | erOsati 2 Qappl e, at

t he base staﬁdggagwpgﬁ%giﬁ&g%%% g%sg%l@t he no ?Fg%érg?ecggn%%tg%hi ng
center MSC l(ntesface TRINI & ds cemected Hetvi@hl thy basenstatiotheontqoiier BSCR2%r ( not

shown) and the TRXs 14' and base control function module(s) BCF 16', within the

base transceiver station BTS 24. Important functions allocated to the base

15 transceiver station BTS 24 are channel codihg and modulation in the
downlink (base station to mobile station) direction, and demodulation,
equalization and channel decoding in the uplink direction. The speech
coding/decoding and data uﬁnscoding (not shown) may be located in the base
transceiver station BTS 24, or optionally located outside the BTS 24, for

20  example, at the base station controller BSC 22 or at the mobile services
switching center MSC 10’ site.

In conventional GSM systems, the speech coder (not shown)
transforms the ordinary 64 kbps PCM speech (pulse code modulation) to
speech frames at a rate of 13 kbps. If the speech and data transcoder

25 (referred to in this description as a transcoder) is located outside the base
transceiver station BTS 24, a specific protocol for "inband control of remote
transcoders and rate adapters”, according to GSM recommendation ETSUTC
GSM 08.60 (incorporated herein by reference), must be used. This protocol
uses a 16 kbps channel for transfer of speech or data, signalling and

30 synchronization. One such application where the transcoders are located in



transforns th | y 64 kbps PCM speech (pul se code nodul ati _
speech ffrarreswg);sgh?g{e of 13 kbps. If the speech and data trar#seéiljsc#grgm%"
(referred to in this description as a transcoder) is |ocated outside the
base transceiver station BTS 24, a specific protocol for "inband control of
renote transcoders and rate adapters”, according to GSM recomrendati on
ETSI/TC GSM 08. 60 (incorporated herein gy reference), nust be used. This
protocol uses a 16 kbps channel for transfer of speech or data, signalling
and -30 Sy thelhebile? sriiods swaltRinzUcehte? NS Caa destribell 6 &7.8 NBatkstanscoders are
| ocated in WD 95/ 23463 L.

PCT/ SE95/ 001 9APpBlication hini 07482837, dded Iappanynd hol99en{now Applicasiondari bed in

o i cat 1 on N 6538 Sled Senerod 2, 16033 € Bt §RlsHakwde ot it 0"

et al. and asgssipned td ¢hd fsigheesoUhe préknt dplicisiiid MeSipofatdd Mete

I ncorporated herein by 5 reference. For signalling between the base
st ati on Zont referenceBSC 22 and the base transceiver station BTS 24,

signal | i ng channel g F%th}égﬁa ‘Egp i ﬁ&ggg k. BCF
conmbi nation, a setﬁglgleSl | %\’kgéar g%@l&gg , C elr|§(§: g%éﬁ% 'on and

mai nt enance | pask tranbbeiver atition BT 24, | sigigilidgndtandéls at 16 Reps orTeXkbps y) and

| ayer 2 managenent |ink L2M_, which are mapped to the signalling channels.

A nunber of |agiused. HosieachRBXARCH¢pmbiiationda so ofJegicali ljksiars ng channel .

The radi o si | iy lsnk. [ “E@ﬂ:&a‘ﬁ%ﬁiﬂ?? i n “]ﬁiﬁﬂggerrent :
pr ocedures, WU%*%?@%’Pgﬁgta ion 10 ne \;Hoh?jﬁ’ gaginér% Icat® on.” One RSL
l'i nk is1@roviRsl (MRX bilgpastiayer 2 Fidfagement link4 2MIL) evhivheire mapped &nd

mai nt enance |ink OWL is used for supporting network rraggigerrent pr ocedur es,

such as transhesigngllingrbannelsnd numpesf degirl dinks mpaysheymyltiplgred 9oL 1ink is
i ded | 14 | dul BCF 16'.
The' | ayer s (BEEABGEIINE crlRi (one Tallo VRSIGRIAORSE UF Gladder TOCL! 2

nmanagenent nesuppoting!teaffib énanagement procedures, particularly mobile station to
network communication. One RSL link is provided per transceiver TRX

15 14'. The operations and maintenance link OML is used for supporting
network management procedures, such as transferring operations and
maintenance messages. One OML link is provided per transceiver TRX 14'
and base control function mt;dule BCF 16’. The layer 2 management link
L2ML is used for transferring layer 2 management messages to the

20 transceiver TRX 14" or base control function module BCF 16'. One L2ML
link is provided per transceiver TRX 14’ and base control function module
BCF 16°.

Assuming the transcoder is located in the base transceiver station BTS
24 and one 64 kbps signalling channel is allocated to each transceiver TRX

25 14', the necessary channel capacity per TRX 14' is 9*64 kbps (3 traffic
channels and one signalling channel). On the other hand, if the transcoder is
remotely located and only a 16 kbps signalling channel is allocated to each
TRX 14", the total capacity demand is 9*16 kbps or 2*64 kbps + 16 kbps
per TRX 14",



20 - transc%msé TRX 14' or base control function nodul e BCF 16
L2M. link is p B4° per transcei ver TRX 14' and base control ?G'HLSFPWW“

*‘nodul e BCF 16'. Assum ng the transcoder is |located in the base transceiver
station BTS 24 and one 64 kbps signalling channel is allocated to each
transcei ver TRX 25 14', the necessary channel capacity per TRX 14' is
9" 64 kbps (8 traffic channels and one signalling channel). On the other
hand, if the transcoder is renotely |located and only a 16 kbps signalling

channel is all ocat gde(GsMaetommEndafion 08154 sumtbathac MYyEl (sHallafBpd is 9% 16
kbps or 2*64 kbps + 16 kbps per TRX 14 WO 95/ 23463
PCT/ SE95/ 0019dighalrtrensauissionscasramiaiof 2048 kiwps<32 164 khpsttire sllom) or al ashal |

til di gi t f 4 Kkbps t
alors) or ot Bt of BR3PvR; e tash 3B} FreBace SAOWH M us BPpet U E o b s
defined in t hEwdhSenad MefgdphGideDeléphone Tondiltative Tomnrhities ujcm ve Committee

CaAIT 5 recomrendation G703, incor orat ed herein by reference, and the
physi cal J el ectecpmmendationn 6763, nce Qﬂmmﬂrﬂ?ﬂat i on G703. The

advent of m D | | anscei vers
TRX 1 the GRREYAP SRl BlardnBTiiay Sneu AN R AkaRoR coh 120

contai ns many tranyhe advent of Micrh iafidl pitocellsa@iedda ﬂé&ﬁ&aﬁﬁnbﬁ%flo
transceiver interface TRI. These connectlons are |% enented via 2048 kbps

PCM | i nks as ®ERasceizersbTRXHa the GSM ispssem. Hn ase; stetians )\
ficat ] d by th
B spect {1 cABTHAbH) GRS HRHF discelVers PAX R AP il tiodlTo'die ] BV 11

pi cocel 1015 trarmspéivercinitérite. Tmot’trhesactomiecﬁmk e tithplemenysl HARO4D kBPOT t WO
TRXs may be sufficient in_each cell. In this case, the distribution of a 2

Mbps trunk t PEMchnkseas defineddy the 2048 khps Achininterdage ofthe GSM cases, where
the TRl is l%@:iﬁgations.

One disadvantage of the 2048 kbps interface defined by the GSM
specifications is their high cost. In particular, in micro- and picdcell
15 applications, both indoor and outdoor systems, one or two TRXs may be
sufficient in each cell. In this case, the distribution of a 2 Mbps trunk to
each cell presents a significant cost. In most cases, where the TRI is located
remotely from the TRXs, coaxial cable must be used to achieve the 2 Mbps
speed. This requirement signiﬁumﬂy increases the cost of installing the BTS
20 within, for example, a building which does not include such cabling.

SUMMARY

According to an embodiment of the present invention, in a TDMA
25 cellular mobile radio system having at least one network control unit, at least
one radio transceiver, and at least one multiplexor for multiplexing and
demuitipiexing digitally encoded and compressed speech transmitted between
the network control unit and the radio transceiver, an apparatus is provided
for, further to the reduction of the bandwidth through compression, reducing
30 the bandwidth required on a radio transceiver side of the multiplexor for



renotely fromgwdes,hes. coaxial cable nmust be used to achieve t%’%%gﬁ
a e

speed. This requirenent significantly increases the cost of ins

‘BTS 20 wi thin, for exanple, a building which does not include such
cabling. SUMVARY According to an enbodi nent of the present invention, in a
TDVA 25 cellular nobile radio system having at | east one network

control unit, at |east one radio transcegver, and at |east one nultipl exor

for nmultiplexing and denultiplexing digitally encoded and conpressed speech
transmtted behnsniniigmessagesycbmprsing oneans for Wufferingahe digimally eaddegi ver, an

apparatus is provided for, further to the reduction of ;the bandw dth

t hrough conpr 8% FORPrestsd fPrerd 2roving at the MRIHRIGXOr 3t Adgiativedy higher 1 adi o

transcei ver sj : 'tﬂrﬁfﬁ%’n ' .
PCT/ SE95/ 0019 “@?‘E‘tr‘ngg‘n‘{%l{’tﬁ% rressag%?,se %%fﬁ%?? ?%%%ﬁﬂe@g%?"?ﬁdbuf fering the
digitally enccoimpressed speechratasrelitivelydowernmodulatign adtet dndd medrisifor exor at a

rel atively higher nodul ation rate and retransmtting the buffered digitally
encoded and cg\‘éﬁ‘%@& S@Z‘d’ﬁnﬁ?deegqnglm SRRER aFDARS At ten rate, and
means for 5 [ hSbdrah ulﬁ'tFl:‘iP QUDL LSS speech
arriving at tﬁé‘%‘?’{‘ﬁ?ﬁi‘g%fﬁag‘?‘?é&?e| aﬁve y ﬁ?)i’lj\em?dq%oﬂ%!u ati on rgate and
retransm tti npufféred digitatly etdcatiediahd compessssidspeecing: « eslpivebshighepeech at a

relatively higher, nodul ation rate. According to another enbodi ment of the
present i nvenfodplation rate. apparatus is provided for reduci ng bandw dth
requirenents in a 12 to Gibth ' [ r ko conprising at

| east one network %gir:#ﬂfig‘? tﬁnlt %ﬁhg@@i;?ﬁ@%g? asgﬁg%#lﬁb%ﬂconnect ed to
the net ¥dr k capparams isrproyided fortraducing bandwidthaepuiremenss im avélhilyd exi ng neans
and at | east ranscei ver peans. The apparatus further conprises neans
for digitall yﬁm&aﬁ@‘%ﬂa’“@@s eS8 a*&gsaéi@éW’lFa?%‘”P gl ansni tt ed
to the base sjft Wa@%twgw_fﬁtmﬂk n%&hé&kd%%%gg&]%qusp&ﬁ[’%éed speech

data, a first conmuni cations
base station comprising a2 multiplexing means and at least one transceiver

means. The apparatus further comprises means for digitally encoding and

15  compressing speech data to be transmitted to the base station and outputting
digitally encoded and compressed speech data, a first communications link
between the network control unit and the muitiplexing means comprising a
high speed link adapted to transmit at a speed of at least 1 Mbps and a
second communications link between the multiplexing means and the at least

20 one transceiver means comprising a low speed link adapted to transmit at a
speed of under 1 Mbps. The multiplexing means comprises buffering means
for buffering the digitally encoded and compressed speech data being
transmitted toward the transceiver at a relatively higher transmission rate and
retransmitting the buffered speech data at a relatively lower transmission

25 rate, and buffering means for buffering the digitally encoded and compressed
speech data arriving from the transceiver at a relatively lower transmission
ra.tc.and retransmitting the buffered speech data at a relatively higher
transmission rate. _

According to another embodiment; a decentralized base station is
30 provided for use in a cellular TDMA telecommunications network,



bet ween the network control unit and the nultiplexing nmeans conprising a
hi gh speed |i WO¥R¥M3ed to transmit at a speed of at |east 1 MRGSI/SERS/09194

- second comruni cations |ink between the nultiplexing nmeans and the at |east

20 one transcei ver neans conprising a | ow speed |ink adapted to
transmt at a speed of under 1 Mops. The nmul tipl exi ng neans conpri ses
buffering neans for buffering the digitally encoded and conpressed speech
data being transnmitted toward the transc8iver at a relatively higher
transm ssion rate and retransmtting the buffered speech data at a

rel atively | ovROMATISHIg:3ileast ope mpbile Sepviges sWiGRINg ¢eRter.; tFRPStRASH eaps

buffering the gigi R?EH : rriving from
t he transcei vﬁ%@%@?@ﬁ@gﬁ‘&@?\%‘f raﬁ%@%ﬁgﬁ%ﬁg‘?@%?ﬁ?r etransmtting
the buffered soampréssihgtspeedh dati &b be iransmyitted g the base statios Sandnatrledst .

Accordi ng to anot her enbofdi ment, a decentrali.zed base station is 30

provi ded for (€ FANSEEIYET| IPY COMMEBIGALRG Wa Hafqnsn agpsidton  \\p

95/ 23463 5 frmher comnprises tfanscexvermterfaceforlﬂterfacm% between R idtwbre/ 00194 9
conprising at Teast orfe nobile services swtching c&nter, transcoder neans

provi ded r enptoehtrof unitrand) thebtzascaivert, adirst commiunjicatidns \linkrooanéotal and
conpressi ng speech data to pe transmtt to the base statjon, and at | east
one transceiv &h @Bﬁﬁﬁ‘fﬂrgﬁppﬁél Uit iqags%q%gi‘@ﬁgfgmfﬁé‘ Ble station 5
further conpri lﬁliéa?x%' ' i Srah&hit ! '%OB n a network
control unit g%ﬁﬁrtl e rgiggjé%ﬁﬂgﬁﬁﬁgt con%rﬁﬁ?g{tiﬁ?ns |%§<&§§nnect ed

bet ween t he nebmpréssabspeech damiat agekitively highntransmisston rane,catfleaseong he fir st

comuni cgtions |link being adapted to transmt the digitally encoded and
conpr es spmgmwp@qnémi%v F‘?“a@rﬂ’é’g"r%w’rl@? and east one

10 second ] | LN [YelTe tﬁﬂse@@ﬂ 1"%3- r]ﬁﬁﬁg
i nterface and eacH g’%%ﬁ‘r’%’sgg%\?ers,st e at leaxgt on%&gecondéiﬁé
comuni cat i onadipted b ramsgnie drepdigitaliyercoderdsand cdarpresiied ispedch ydaenatogled and

conpressed speech data at a relatively l.ower transnmssion rate, and neans
provided in t ﬁéagyei)ﬁi%\gq:rvgnsnussmn rate, and means provn?er:? in t}xe transcetver

interface, for adapting the rate of the first communications link to the lower

15 rate of the second communications link.
~ Still other features and attendant advantages of the present invention
will become apparent to those skilled in the art from a reading of the
following detailed description of the embodiments constructed in accordance
therewith, taken in conjunction with the accompanying drawings.
20
BRIEF DESCRIPTION OF THE DRAWINGS

The invention of the present application will now be described in
more detail with reference to the preferred embodiments of the device, given
25 only by way of example, and with reference to the accompanying drawings,
in which:
Fig. 1A is a schematic illustration of a conventional
telecommunications system in Mexico;
Fig. 1B is a schematic illustration of a conventional
30 telecommunications system according to the GSM specifications;



|nterface for ada ti the rate of the first commnications link to the

| ower second communi cations link. Still other plcassres/66ioq
and attendant advant ages of the present invention will becone apparent to
those skilled in the art froma reading of the follow ng detailed
description of the enbodinents constructed in accordance therew th, taken
‘in conjunction with the acconpanying draysngs. 20 BRI EF DESCRI PTI ON OF THE
DRAW NGS The invention of the present apptication will now be described in

nore detail withr RaE s.of .t he device,
gi ven 25 only ei:ipg\/va §f4%<ng% éﬁ{cﬁﬁ%@ re ?e;%ﬂ%chvesqn- cconpanyi ng
drawi ngs, in VTRI;h Fig. 1Ais a schemat ic illustration of a conventional

t el ecommuni cati ons s_ystem in Mexico; Fig. 1B is a schematic illustration of
a conventional 30 Fig 3I$§WMWWW£@W prasentdnyegtion; t he GSM

speci fications; i

PCT/ SE95/ 00194 10 F‘?Qg gﬁg [ SQ% a(‘:f)urltl\l/tl l?nncﬁtd?“como%tatb&ﬁ tf’BrA Ql‘st ranscei ver
i nterfaced TR ;interfgce acookdxngttoaheanbodmlenboﬁﬂﬁq:iésenf inveftidar esent i nventi on;
"Fig. 3 illustrates | exi ng, device nterposed along the A-bis 5
interface accordi ng‘g‘Ean'h\é&@ﬁ% ‘r’i‘Bﬁ?‘“‘Bw tfﬁ FPIF’H#&ﬁFYl%NDFl g. 4

Il lustrates argcwfgﬁ% RS drit¥bdihedt d@b&a‘g{néqﬁt&g‘,ﬂe*{%e MX according to

one enbodi nent of tAe present 1 nvention Dillustrates the
frame synchroni zat iKigs.use4dD ﬂlusmacsadhcfthnmsyncm‘orﬁimommeintonhnvent ion. 10

DETAI LED DE | PTI
SR bodlgn\lent of the present invention.

10
DETAILED DESCRIPTION

According to the present invention, a decentralized base station has
an alternative for the physical layer (Layer 1) of the A-bis interface and
15 preserves all other layers of the A-bis standard. This description assumes
location of the transcoder remote from the base station, as described in the
aforementioned .Hammer et al. application. In such cases, the information is
transmitted to and from the base station in a digitally encoded and
compressed format. This digitally encoded and Lcompressed code is the one
20 used also in the air-interface and requires, in GSM, about 13 kbps for one
speech channel. This is compared with the 64 kbps required for
" uncompressed PCM encoded speech according to CCITT G703 used earlier
for transmission of speech from and to a base station when transcoders were
located within the base station. The compressed code requires about four
25 times less bandwidth or only two out of eight bits in an eight bit PCM word.
This fact, i.e., that digitally encoded and compressed speech is used, is
ﬁnpom: to the invention because only the combination of compressing of
the code and the demultiplexing and multiplexing of the results in a low
enough bit rate enables replacing the coaxial cable by four or two-wire
30 transmission links when handling one transceiver TRX.



According to the present invention, a decentralized base station has an
alternative forWOf28isi cal |ayer (Layer 1) of the A-bis interf REI/SEN00DI
preserves all other l|ayers of the A-bis standard. This description assunes
| ocation of the transcoder renote fromthe base station, as described in

t he aforementioned Hammer et al. application. In such cases, the
information is transmitted to and fromthg base station in a digitally
encoded and conpressed format. This digitally encoded and conpressed code

is the one 20 Iy 15 = f in GSM
about 13 kbps for on‘g&sg&eugg ﬁk%s{?\‘t e?és‘.ss&%gﬁ?g d%ﬁ% 64 kbps
required for umpﬁeeﬁs@oﬁﬂé €92 kbprlofspamatissivnc i eich directidi(éah heGised used

earlier for transm ssion of speech fromand to _a base station when

transcoders werfr miermation fransfes befweenthe TRXBCES and 3coneeniratisg @de ode

requi res about Y, of eight
bits in an eigh %\ﬂﬁdgp#@ﬁa@m Q&&h@é}e %l%ﬂ@l encoded and
conpr essed spedetwéen d'rdbceiver in@fdceant remotehead! lawrﬁanm\bes:mam y the

conmbi nati on of corrpr essi nggof t he code and the denul tipl exing an
mul ti pl exi ng of Yase statieny thys redugingothe AsH AR ipcreasing theasmPes repl aci ng t he

coaxi al cable W&‘ %&gﬂ%&“ﬁve' Mﬁfﬁyﬁg@p&%ﬁn&é@gﬂs t’igndl I ng

one transceive
PCT/ SEQ5/ 00194 alsd preseaaitedi Ng to the present invention, dual pairs of copper
wires, capable of supporting 192 kbps of transm ssjon in each direction can

be used for infor matieHTing 40 dHg: 2,0CARERE tohenerembadiment of the pEsseRtent r at i ng
node Wltf'lbn th%“}égﬁgn Séﬁﬁdng Hﬁtmh%e ggﬁpﬁ{&/né‘@%m@?l s can be used
ocal t

5 between a tr ans’cel ve er face an enote a anscei vers
makng up a baseprofiding anew huﬁscem::lmmadchmbh&"r, aamndbilensereioss switdhivgg ease of

I npl ement ati on. -Anot her .alternati ve, | v.single pair connections, is
al so present ed center MSG A9’ taobase gtation %BB&?‘H%@?@ (%ﬁ@%gmbﬁént of the
present systems), and the transceiver TRX 14'. As discussed above, the present

invention assumes that the transcoder means 25 is located remotely from the
15  base station. The transcoder 25 is shown in Fig. 2 as part of the MSC 10°.
"I'he transceiver interface TRI is a functional module that can be used
in GSM base stations BTSs. Elements in Fig. 2 are referenced by the same
numerals as those used in referencing like elements in Fig. 1B or by the
same numerals and double pxixhes to indicate that elements are different from
20 the elements in Fig. 1B. The transceiver interface TRI 18", or multiplexor
18" includes a multiplexing capability which enables the multiplexor 18" to
interface between the 2 Mbps links on the base station controller BSC 22
side and 192 kbps links on the TRX/BCF side and to increase or decrease
the transmission rate depending on the direction of travel, and respectively
25 handled voice channel traffic volume. In this way, the need for coaxial
mblihg between the transceiver interface TRI 18' and the TRX 14' of the
prior art is eliminated.
In particular, Applicants’ decentralized base station includes a
plurality of transceivers TRXi...TRXn, which are remote from the base
30  station and are connected by 192 kbps ISDN (Integrated Services Digital



10+ i nventi QRo o8%4ahi NY systems can be retrofit and new systeg&.rgf?b@]mpy
providing a new transceiver interface TRI 18", a nobile services swtching -

>center MSC 10', a base station controller BSC 22 (for GSM TDMA .systens),
and the transceiver TRX 14'. As discussed above, the present invention
assunes that the transcoder neans 25 is located renotely fromthe 15

base station. The transcoder 25 is shown4yn Fig. 2 as part of the MSC 10'.
The transceiver interface TRl is a functional nodule that can be used in

GSM base stati tex'ﬂ:ﬁ’f?{& i Eﬁ.‘ﬁcﬁi ’ e, Eﬁ%é me
nuneral s as thgtggv%ggg‘ln re erz?llgl&ng i g@ﬂ%ﬁ%ﬁ%?@ggﬁ gm’i or Ey t he
same nuneral s statoniBUBL €The tramsceiver intefifacatTRY 187t capl alsochet conaeatediid amy ent
from 20 the elements.in Fig. 1B. The, tr i yer, int e TRl 18", or
mul ti pl exor 184 ﬁ?ﬁ@@&’&?’%‘%mﬁﬁgﬁﬁﬁ@ "ﬂﬂgétﬁ%%ﬁl“"?he _
nul tipl exor 18Actqaing!8/he pesBRlifoaEon) e TRDRE" inaPles Bfieiubab@se station

controller BSC 22 side and” 192 kbps I'i hks on the BCF si and to
i ncrease ®r dedesecribed belowt r ansni ssi'on rate depending on the direction of

travel, and.respectively, 25 handl.ed v.oi c nel, tratfic, volunme. In
this way, the need P& %Pé"‘emtrfﬂvmgﬁ%ﬁ?am& ™R erface
TRI 18" and th@oﬁﬁ%ofs‘l' f gq&g rembie doRn&dtiofl : i&&@r,
Applicants' decentra i’?’e‘gf%lysagl at ir?)ﬂ;‘ I ncl u?gso a(ﬂg)ltﬁ’rqanlh?g/’po transcei vers
TRXi ... TRXn, wocalhcoanectioan@be from t he base 30 station and are
connected by 192 kbps LS | ntegrated..Services Digital . W 95/.3463
PCT/ SE9/ 00194 12 Net¥or® _“?F*ﬁ‘%‘r?‘%c%‘“ @gn&%ﬁﬁﬁar#%gmﬂeaenpﬁm Race TR
18" wi thi@ t herhnsdvél Mldriie HRI 18NS aaamC@E Wahshistion iggﬁ%e-ﬂ%enlﬁ"e can al so
i

be connected to any nunber of |ocal or proximate trans vers TRX 14' using
a 2048 kbps | ibase stationicantmofler BSG 22 and she\ TRAMBCEFY W/16 hdn TR 18" nay be

constructed as a ‘ F%e ﬁfrl befiinbﬂg(.)\g.’ tﬁaécfﬁk[sjilqgrﬁac))' gepo%g%rit%gre{ythiCnvention,_

t he TRXs 14'

same or to different cells. Between the base station controller BSC 22 and
the transceiver interface 18" may be a number of 2 Mbps trunks, in

15 accordance with the A-bis recommendations. These physical connections can
be for example, coaxial cables.

According to a preferred embodiment, the physical communications
links between the transceiver interface 18" and the TRXs/BCFs 14' are 4-
wire or twisted-pair links (the *S™ interface). The S-interface is called the

20 ISDN Basic User-Network Interface, specified by CCITT Recommendations
1.412 and 1.430 (Layer 1 Specification), which are incorporated herein by
reference. This interface has a channel structure 2B+D, which means that
there are two B-channels at 64 kbps each and one D-channel at 16 kbps.
Thus, the four-wire or twisted-pair links are capable of transmitting at a rate

25 of 192 kbps. '

Alternatively, 2-wire connections can be used between the transceiver
interface TRI 18" and the transceiver TRX 14'. To support full duplex
transmission over the 2-wire connection, echo cancelling may have to be
added at the interfaces. The 2-wire interface is called the "U" interface in

30 ISDN terminology.



connectors, one_for |ow speed renote connection (26) and one for Bged
l ocal connecti oWO#58$463ri g 3 illustrates one enbodi nent of the. 3@'&?@ 194
invention in which a 10 transceiver interface TRI 18" is added in the
transm ssion path between the base station controller BSC 22 and the -
TRXs/BCFs 14'/16'. In the enbodinment illustrated in Fig. 3, the TRXs 14
may bel ong either to the sane or- to diff'glr]ent cells. Between the base
station controller BSC 22 and the transcerver interface 18" nay be a nunber

of 2 Mops trunks, Hfrgg ations
These physi cal conn‘gﬁo h@ﬂﬁ&@rﬁgﬁgé #gsal%c@atgég d; edAccordl ng to
a preferred en@aﬁb&eatmxhefmbmdemmumﬁaémmq fmmlme brahsweiert he
transceiver interface 18" and the TRXs/BCFs, 14' _are 4- wire or tWI sted- pair

links (the "S'TR¥tandrondye 16 kbps isused: for migaalling. Jhe|caght (TRMpochannelsspN Basi ¢

User - Net wor k | rf S £ b nd 1.430
(Layer 1 Speci%@gfﬁgﬁq’f’ \%ﬁm ’agree %Hg@paraﬁqggﬁv?el nsigwr’e*gﬁéﬁl . This

i nterfaces has 9 CORMRecomimefdation mmmmmbywadnee)e mre t wo
B-channel s at 64 kbps each and aone D-channel at_ 16 khps. Thus,

four-wire or tGompliaacewith the RSM feeopmprdatons ‘leps 4‘ate 25

Cranscet ver i eRIll Y8 R iy PrRaEl Simboring e JREE0EMRER 1° |

dupl ex transmQOMIQan@I@MLhe 2-wire connection, echo cancelling may have to

be added at the interfaces The 2 W|re interf is called the "U
interface in 30  Inthphapsceiver \3@9‘3?%3&‘@3“353’5“ errate-

g0 S G Sho e i e e
transcei ver Thdultpkkxed Dyctibindlpadithe Bseirnhels ﬁsmgajhtrhmsugveﬂihﬂ{xl ptit
TOVA- channel s 'and base control function modules BCF 16’ are multiplexed on the 2 Mbps
links (not shown in Figs.. 2 or 3). Multiplexing of the D-channels can, for
example, be performed stadstically at Layer 2, with queuing.
15 The TRI 18"' performs multiplexing and demultiplexing operations,
depending on the direction of the transmission. According to one
embodiment, shown in Fig. 4, the transceiver interface TRI 18" includes a
digital cross connect switch DCC 30. The digital cross connect switch DCC
30 is able to connect any 64 kbps time slot on the network side to any 64
20 kbps connection on the transceiver TRX 14’ 51de The configuration of the
connections through the DCC 30 can be controlled locally by the transceiver
interface TRI 18" or be remotely controlled by the base station controller
BSC 22 or mobile switching service center MSC 10°.
The connections to the transceiver interface TRI 18" may be
25 implemented in a number of ways. Fig. 4 illustrates one implementation of
the connecﬁoﬁs to the transceiver interface TRI 18". The left side of Fig. 4,
when viewed by looking at the paper, is the same as the TRI 18* shown in
Fig. 1C, up to and including the 2 Mbps right hand termination of the
switch, and so will not be described again.




each derrandi-ng,olﬁggggs, are mul tiplexed on the two B-channels, ja b&lbdlgs 5
at in i g?ﬁ.&l%n

to CCITT Recommen lon |-460 (herein incorporated by referenc

conpliance with the GSM recomendati ons. The renai ni ng D-channel, at 16
kbps, is used for the signalling channel, supporting the |ogical |inks RSL,
OWL, and L2M.. In the transceiver interface TRI 18", the D-channels are
either rate- 10 adapted or multiplexbtl with other D channels to 64 kbps.
The adapted or nultiplexed D-channels and the B-channels from all

transcei vers TRX Mpplh:adtsbapmmuﬂwdubes‘thndnhmmdﬂndedde&fm 16' are

mul tipl exed on the 2 Mps Links (not shown i.n Fi 2 Mul t i pl exi ng
of the D charfograugicaiionsbyffezing apd getransmitung dn %‘i"atﬁ??&ﬂ‘?‘at Layer 2,

wi t h queui ng. §

derul ti pl exi ng oper%tl?‘gr%eq %J%ﬂéggﬁqt%wl rect |% o?ﬂtﬁe transm ssi on.
Accor di ng t o fonesewithdemote trambeiversi TRXI ghccording e & peeferred ver interface TR
18" incl des a digital 0ss connect, sw,t.ch DCC 30.. The digital .cross
connect cﬁﬁ"@%ﬂ qfst{l%mefi tJnYEOHQR - this, zppagaius, pcludes 3.8 “8#’5'{ °bn the

net wor k si de ERAas. Wﬂﬁ%hﬂ&tﬂ%otﬁéﬁghﬁgééﬁgﬂzTRx 14

side. The conflgu atlon the connections through t can be
controlled | ddhpébude;%héfheo&emnddefthermuﬂamevﬂnl JBi'S5barebe renotel y

Cervi ce cent SPIRRRE SO FETBRRER: SOIR B JomH TRANECEM M % face TR

18" may be 23ppe ﬁﬁ'lﬁiﬁ”t%h'ﬂﬁ) ﬁh&%é LY 52B¥iiles] 6k exhm rﬂl& thdedl s one

I npl enment ati on o connections to the transcei vér interface TR The

left silde of 6Mi lghps:u,mwum anecfne dadjyBichanichgndione for thePechannel. t he - sane as

the TRI 18 sho Fi 1C a I N ht hand
ternination OPSERY %W"‘f@‘h ‘Sﬁyﬁf W#?é%beeg%tq‘fféﬁnﬁdgf atlon
95/ 23463 channel included in the 1.430 interface. " PCT/ SE95/ 00194
14 Applicants' apparatus reduces the bandw dth needed for '
Each bus carries 32 timeslots; that is, if three timeslots are allocated
to each 1.430 interface, ten ISDN connections can be served by each bus.

15 With an allocation of four slots per interface, only eight ISDN connections

can be served. _

The three or four timeslots may be allocated consecutively from the 2
Mbps frame as illustrated in Fig. SA. In addition to transmit and receive
data, the frame and bit synchronization mgnals are connected to all 1.430

20 interfaces.

One possible method of synchronizing the interfaces 52 to the 2 Mbps
data stream is to connect the frame sync lines FS 46 in a daisy chain
between the interfaces 52. The frame sync signal provided to each interface
determines that interface’s access window. The frame sync signal is then

25 delayed three or four timeslots, and then fed to the input of the next
interface. This is illustrated in the timing diagrams of Figs. 5B through 5D.
The frame sync lines FS1...FS10 are shown in Fig. 4.
Every timeslot on the 2 Mbps bus consists of eight bits of information
" at a rate of 64 kbps. As noted above, the D-channel of the 1.430 interface is
30 only a 16 kbps channel; thus, the D-channel has to be rate adapted to the 64



conmpuni cation buffering and retransmtting information. The appar atus
provides a | owd spa¥@ncy version of a logically unchanged A-Dbi spifibfdsiidrsi
for use with renote transceivers TRX. According to a preferred 5

enbodi ment of the present invention, this apparatus includes a nunber of
|.430 (2B+D) interfaces I/F1...1/Fn 52 connected to the right side of the 2

Mops buses 34. The other side of the interfaces I/Fl..I/Fn 52 are connected
through transforners 54 to the renote TBSXs/BCFs 14' by 192 kbps | SDN |i nks.
Each 1.430 interface I/F 52 handl es, for exanple, three 10 64 kbps

timesl ots, okbps changek hThisdb parformed;@ceardingde angembodimenteby pedingi bl y a

fourth timeslot be .al l.ocat ed f | [ stat us i nf i h |
el uded 1 - HifDretae s dnouty B B SEApF St 36 Be'fmedlofy Thd.or (oo 11
three tines| gémaifing stk bits F @tk Eﬁeﬁev&ﬁlseﬂ&%ih&yer,fécsﬁowh% FigDconnecti ons

can be served by each bus. 15 h an allocation of four slots per
interface, only eilgatl.4300Rtesfans mayi henisnplemened By a\single gompenente or four

tinmesl okes may. be al.l ed_con ARy : fr S '
iIIustr§t ed %ﬂgﬁgd c@%&yﬁog&ﬁﬁ;on @#%@%@%f%@%h?ggﬁg the frane
and bit synchwidtiddnir Ghneétiths ave aked, h9bridsinay becofthdctdd thife F6ur wire

I nterfaces. One possible nethod of synchronizing the interfaces 52 to the 2

Mops data st fernectiens: oThe single: componentamay inglude) the fellowing duntions dai sy chai n
bet ween the pnterfaces 52. . The frame sync signal provided to each interface
det er m nes th&%ﬁfiwge?%aép?-ggg)cess wi ndow. " The frame sync signal is then 25
del ayed three or four “hsRakisk sbuffens forsotirgedati ecetvedifromithe? next

interface. This is illustrated in the tim ng diagram of Figs. 5B through
5D. ThdOframe sync |i nbus before tramsmuission: o8 thgfvistad prig or fOuUrEwaey ti mesl ot on

the 2 Mops bus consists of eight bift ' 8L, Q - 0f, 64 kbps.

As not ed above, the Dmg?‘g’oq‘ndtb‘lﬁg’ﬁ'ﬁ{l%ﬁﬁtfe %Caglﬁie%ﬁ?&%ugeﬁl y a 16

kbps channel ; thus, thgrop efermASkdpaR o dolrewirscenmeaion before t he 64
_transmission on the 2 Mbps bus; "downlink" refers to

transmissions from the mobile switching services center MSC
15 to the mobile stations, and "uplink” refers to transmissions
from the mobile stations to the base station controller BTS and
the mobile switching services center MSC;
- pseudo-ternary line coder/decoder, according to the 1.430
recommendation, applicable to a four wire interface, and an
20 echo-cancelling coder/decoder for use with a twisted-pair
interface; |
- line driver and line receiver; and
- control and timing.
According to a preferred embodiment of the present invention, the
25 control and timing function includes thé storage of 24 or 32 bits (3 or 4
timeslots) in the downlink buffer using a 2048 (or 4096) kHz clock, starting
at the FS1 position. The information is reformatted according to the 1.430
protocol, which includes insertion of control bits. The information is then
transmitted from the buffer at a rate of 192 kbps. Also, the uplink path is
30 handled in a similar way by the control and timing function.



WO 95/ 23463
PCT/ SE95/ 00194 W®B 9328363 channel . This is perfornmed, accordi ng to POTESESS/00194
enbodi ment, by putting the D-channel bits into only the first two bits of
one of the tinmeslots. The remaining six bits of the tineslot are set to
binary 1, as shown in Fig. 5A. The 1.430 interface nay be inplenented by a
singl e conponent, 5 connected direct lnﬁto the four wire connections via
transforners. If single tw sted-pair con tions are used, hybrids may be
connected to the four wire connecgtions._ The si ngllzﬁe{ ccf onent ,may i ncl ude

i enimple

the fol | owi ng funct i GH<PTEIAE IYSRHRR Fa JORERATPIE: Bnimplemented UNRRA)| i nkq
buffers for stqphiag Q?Bﬁﬁfﬁﬁ@-‘;ﬂ?@gﬁdﬂ&ﬂ %W@pi‘@uch a group of bus

before transm ssion on the tws palr or wi re conhecti on, and
"uplink" buf f erprodunts istthe MITELhfamiiyt of cornpuinents. fHopreathef theidigied cpassr or

four wire connection_b e .transm ssion on the s bus; "downlink"
refers to tran%ﬁﬁ@h%ﬁ%%ﬁ%ﬁﬁ FRROnERtASer  MBC 15
to the nolyle Wwon " hibe imBlegienteld Byl the Mt s$'lﬂ.f@7 omthe

mobi | e stgion?% ?hghggs@:is@%#éogtero | er yBTS and the rmg?’l e switching
servi ces cent elCERCPCM 30/CRE el Bamerrd dnterface: e Thisde a 40ein Hybrid aircuit di ng t o

the 1.430 recommendati on, li.capRle.to a four wire interface, and an 20
echo- cancel | i ngURRSHERS 8%%&@@5"1#6% L}gBPW ?W%Z?ﬂ eH"F Tterface; -
l'ine driver a“@rahkﬂﬁngxg%a\é ssiod Retwork. THRMetwbdrkahfichirbriizattbn ?ﬁserol rding to a

preferred enbodi nent t he present invention, the™ 25 con and

timng functioodked leapeBLE tan bedmpipmentedras he MITHL MET8940,0TLLERTres| ot s) in
posi 1 on.10Tne et ArERLEs 27 sien £ ket B el MERERb D et o1 ool
Lransm tred 1o Re D . T e A s, Lmes BE hath i s
30 hand| ed kbps inpst chanaels wa 8 times 32*64debps ohtpatchannets.n FThe 8981 Dobas
half the capacity of the 8980D. The 1.430 I/F interface can be a MITEL
MT8930 Subscriber Network Interface Circuit, which supports one 2B+D 4-
15 wire connection. The above components are described as examples only.
Any comparable product, such as, for example, one or more ASIC, can be
substituted for these components, within the skill of the ordinary artisan.
In certain cases, the. basic access 2B+D channel structure does not

fulfill the capacity requirements of a TRX. For example, when the TRX
20 carries half-rate traffic channels, it is possible that 16 times 16 kbps (..,
four B-channels) will be required. In addition, it is possible that the 16 kbps
D-channel is insufficient for transceivers TRX having heavy signalling loads
or requiring small signalling delays.
According to one embodiment of the inveation, the interface may be
25 doubled, that is, two pairs may be used when the capacity of the 2B+D
channel structure is insufficient. Alternatively, the bandwidth of the
interface may be increased. Currently, a new ANSI standard is being
developed for use on 2-wire copper cables, called the HDSL (High-Bit-Rate
Digital Sdbscriber Lines). See "A Technical Report on High-Bit-Rate
30 Digital Subscriber Lines "HDSL"", TI E1.4/92-002 RI Technical Report,
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16 The present woygnlsn can, for exanple, be inplenented using gf 994
-set of off-the-shelf products. An exanple of such a group of prodlGCcts TS
the MTEL fam |y of conponents. For each of the digital cross connect DCC
bl ocks shown in Fig. 5, there is a MTEL conponent as 5 foll ows. The
G703 I/ F can be inplenented by the MTEL MH89790, CEPT PCM 30/ CRC-4 Franer
& Interface. This is a 40-pin hybrid cird@it supporting one full duplex 2
Mops trunk connected to the line via transforners and a passive networKk.

The net wor k syﬁ@bm&m HatlS92 (incamerated by drefeense herein)arilTiecbit mye ofghated as t he
M TEL Mrgo40, I1/CEPT taI Trunk . PLL The s can be a
M TEL Mrs9soD Hi égﬂ!‘BPF : iy, DOUbHAE BER0D o t ches
8 tinmes 32*64 igifack tﬂog,stfofrga tidees & RYthechannel s.
The 898 I D has half the capg of t he 8980D. The l"III,BZISO I%F P}\terface can

be a M TEL WS@&CI&UQ&&HHMUMM&IHDSWWW ofithecbasiczipports one

2B+D 4- 1 W re tio The above,conponents.are descrl bed as
exanpl es onl y.%@gﬁga @ %Iﬁ PEOT® nore

ASI C, can be smu,hé%ﬁge{‘@{-m.se corrponents Wi thin the skill of the
ordinary artisan. In certain cases, the basic access 2B+D channel structure

does not ful fill thEmbaglaciells aresometimes ewployediint@das dfcheavy amgiiile, when t he

TRX 20 carrigs halfzrate traf.fic chanes |t [ |bethat 16t|rres
16 kbps (i.e "?‘ﬁﬁr‘“%“é‘r\ 5 Bisiratipy, PAGINE f%‘kgdgm

possi bl e that ddagerktidnafase &ﬁiearmﬂla: Iw ipatvef fdvélkeélg Sorad %ms&s TRX
havi ng heavy signal ling | oads or requiring small gnallln el ays.

Accordi nift o dmnsesivesPrazimate fo theesubsariber csmndmehan off techoiquesarbe 25
doubl ed, that ajrs. ma used of B+D
channel str uct‘h%nf %‘%ﬁ%‘sﬁf’?ﬁ% cé.ﬁxp'fe A‘i"f’gpﬁgﬁ* ‘gﬂ’ %fof'%'g G‘?‘R 58%“9 he
interface may if@enthitized &5 tew GHibrelld bites, mem/gmuxﬁﬁ@rmfase sk@tiBgd ng
required. In this case, desktop remote transceivers connected by 2- or 4-

wire telephone lines will handle the conversation phase. In such a system,

15 the base stations are synchronized for the adaptive selection of channels and
to minimize interference of a single in-house call to affect only one time
slot. Also, a single remote transceiver including two synthesizers can send
or receive on time slots within a frame with different frequencies, thus
allowing adaptive channel selection at call set up, and during handoff.

20 Dedicated control information and paging enters the system through an
umbrella channel, for example, a channel covering the entire building with
its radiowaves. The umbrella cell includes traffic channels on which the caill

" may proceed until handoff to a desktop remote transceiver is possible. For .
more complete description of the background to these embodiments,

25 reference is made to U.S. Patent No. 5,235,632 and U.S. copending
application number 07/714,566, filed on June 13, 1991, both hereby
incorporated by reference.

The present invention is of great commercial value because it enables,
among other things, the sharing of in-house telephone cabling with cabling

30 for desktop TRXs. In other words, the present invention eliminates the



dével oped for %e on 2-wire copper cables, called the HDSL (H gh-Bit-Rate:
Di gital Subscrl0er?46des). See "A Technical Report on Hi gh- Bit - RETSESH00194
Di gital Subscriber Lines "HDSL", TI E1.4/92-002 Rl Technical Report, WO
95/ 23463 _ PCT/ SE95/ 00194

17 February 14, 1992 (incorporated by reference herein). The bit rate of
that interface is 784 kbps, using echo- ch\ceI ling techni ques. Doubling that
interface, i.e., using 2 pairs, allows for 24 tines 64 kbps, which is the
capacity of a : 4@'&91 tcgé'ﬁal'(}gﬁhn’ ' hidd ﬁg"“‘m the basic 5
access 2B+D chtg%“n"{é{nwgtkrfﬁcture provi des aé g{/g)em avi ngqgggg%sity for nore

t han one t r ansoeventiondlHX-hduse teiéphone eablingar Accouding torthe presehbinvention,ar eas of

heavy nobile traffic to facilitate.reqgistratiaon l.ng. and,set - up of
calls. Actual %Wgﬁtw&{faﬁr‘ﬁ"%wf B&Phlﬁ?“g Wﬁ‘fsﬁzﬁ’%, e.g., by a
deskt op 1 et @ofunicatibfi WP ifbte PITO P4 Belhubar ' didbiRt e Midnl Yyseerd, andar d
handoff techniques are used to assign a voice channel Tmedrately foll ow ng
call set-lup. (elinwantivajiniesfaceacconding ¢althecprésent invention|is usdd insa GSMuci ng t he
nunber of base stations.required. ln this. e,. d re transcei vers
connect ed by 3YSIEf, I Wiich.a sapdard sxisty %ﬁ?fa??w&(;ﬁ@%sh@n&%@ sation
phase. In Suc%ﬁxéﬁéx?f”hhéﬁgskﬁgﬁgsHﬁsﬁo@.tféﬂ?éﬁoté MeshngRpsgd for the

adaptive sel ection of "chann to mnimze interference of a single
i n-house cal | kbps af theadnly cheice fer commusication witls @ remote ITRX e Thenuseeof

transceiver includi.ng two synthesizers can.send ot receive o j me slots
within a fram?‘l'l '%F‘Jgf?@?é%l“e? Pb&ﬂ?e‘ﬁ%‘?“@g? ’Q‘Fﬁ%cea@ﬁlp‘gw Same p el hannel
sel ecti o at I j i | ftiggkrfegt r ol

2 lused Ricaliy oa@&nd&#eeg m m%nvm&?ﬁi iRl iffkrfios

information and paging enters t S h an unbrella channel, for
exanpl e, a chanhdl thedURX, sycht aspmvideddyothe 1430 gntevifads. i EachrERKoisaves. The

unbrella cell _includes, traffic channels on Lch the cal roceed unti l
handoff to a 8EY %pwf"gr%f’m%wf’%?“i 2%t §&m@"¢&£%§‘fﬁpl_ ete
description Olyhehehd TRKI{sOuRE 1bcally iR $Cba8EBRENTBTS Sand another connector
for connecting to 192 Kbits/s when the TRX is used with the inventive
15 multiplexor remotely from the BTS. The two terminations are shown as ene

in the figures. A 1.430 interface, as previously described, is used on the 192
Kbits/s termination.
The foregoing description of the specific embodiments will so fully
reveal the general nature of the invention that others can, by applying
20 current knowledge, readily modify and/or adapi::'for various applications such
" specific embodiments without departing from the generic concept, and,
therefore, such adaptations and modifications should and are intended to be
- comprehended within the meaning and range of equiv;tlcnts of the disclosed
embodiments. It is to be understood that the phraseology of terminology
25 employed herein is for the purpose of description and not of limitation.



25 reference is nmade to U S. Patent No. 5,235,632 and U. S. copendi ng
appl i cati on n¥¥W23¢63/ 714,566, filed on June 13, 1991, both her BGJ/SEIS00194
- incorporated by reference. The present invention is of great commerci al
val ue because it enables, anong other things, the sharing of in-house

t el ephone cabling with cabling 30 for desktop TRXs. In other words, the
present invention elimnates the WO 98/ 23463

PCT/ SE95/ 00194 18 requirement for specia coaxi.auwmw ' i [ ding
whi ch incl udes gagyentional in-house tel ephone c Wﬂ'ﬂ[ﬂiﬂ‘@g to the
present invenfTon, a transceiver interface which ncfudes ®a Bufkering

capability is used for conmunication with renote TRXs in a cellular nobile

| venti on i & Used kn a IBaNTMAGHILER T RS0 SRR At O o)

al | owi ng 204§ .khing d | aRhar 6 ' oo slow for a
renote TRX, ﬁgaw n&géﬂﬁg“égg‘? %ﬂpﬁg%‘%??aghoi ce’ ?I:)dr(acr:lbans’lrtn?ﬁ%cat ion with a
renot e BRX. Tindtiplerorofor tnndtiplekingrandodermgtibiexingi the digitally encaded rapidv e
interface allows the sane TRXs t0,10 be used | ocall rr tely by
provi di ng sp&ammwwmﬁaaiﬁﬁ%% ?%)@“&ggﬁ‘m s

provi ded by [ fa8id fafscei T%aiﬁ ) VR Y He fe¥lcigpar at e
connectors, %g#(l)eégtg%dnnecﬁ ng tog%zhél [ ts/dgfdv%hen th‘gs TRX i sc used locally
in a base st afitienbdhbWidthrtiiroughtdompressiong aeducingothe bandwedth reguired iva Kbi t s/ s

when the TRX ig used with_ {he inventive 15 .. nultiplexor. renotely fromthe

Ble The t v HP RSN dids; O A G East ops, Brultiplefor | GYISEUtNg | 430

interf , AShdd L O : cribed, is used on the 192 Kbits/s term nation.
. A

The foregoin the specific enmbodinments will so fully reveal
the general nature of toans forbuffering thetdigitdilyrencodad andycompressedg 20

Cuich Speci 11 SPERbBRNBA g Kot EFAREPRAOT FohTeAeyLRER Concopt . and
moduiation rate and retransmitting the buffered digitally encoded and
compressed speech at a relatively lower modulation rate; and
15 means for buffering the digitally encoded and compressed
speech arriving at the at least one multiplexor at a relatively lower
modulation rate and retransmitting the buffered digitally encoded and
compressed speech at a relatively higher modulation rate.

20 2. The apparatus of claim 1, ﬁmhel.'acomprising a low-speed
communications link transmitting at a range of speed of 150 to 300 kbps
between the at least one multiplexor and the at least one radio transceiver.

3. The apparatus of claim 2, wherein the low-speed -
25 communications link comprises 2 or 4 wire twisted pair cabling.

4. The apparatus of claim 1, wherein the system has a carrier
frequency having eight time slots and the at least one network control unit

comprises at least one base station controller.

30
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therefore, sucl, %gﬁg tions and nodifications should and are |n e
conprehended wi thin ‘ﬁe meani ng and range of We—%@@ﬁg
‘enbodi ments. It is to be understood that the phraseol nol ogy 25
‘enpl oyed herein is for the purpose of descriptic¢ “l““cﬂﬁi“ﬂtﬂm imtation

WO 95/ 23463

PCT/ SE95/ 00194 19 1. In a TDVA cel | ul ag0nobil e radl o] syst em haV| ng at

| east one network control unit, at |east one radio transceiver, and at

| east one 5 mul §.i pl eAnrappanatuxLﬁorirgdmingr@ndwﬂﬂquuiremmwm ag the

digitally encoded a npressed speech transnmitted between the at |east
one networ k co D‘&?\M’?\ ORymyUCAlons, REMWOLY COMPRISIAE cei ver, an appar at us

for, further to the redu&tw&@ogg n%r?qﬁﬂ%ﬂmt t hrough conpressi on,
e

redum ng the bandw dth requir on a radio transceiver side of the at |east
one nul tiplexor for trarn*trtutstnngbaﬂ'. stanommeq:d;to the apleast ong: netwarls f or

buf fering the di aIIy enc d an ressed .speech arriyving at the at
east | oneS i 1SpiBk Bt 2he 3 st ofe bass FHHGR SPrane & TuRpleaing Heans
retransm tti nGadhf 1044 6f¢ Randeilet Aeais;encoded and conpressed speech at a

relatively | ower nodul ation rate; and 15 means for
buffering the digitally mcmmdeddtgmﬂy@npm@ngmﬂ eqmptdsmgrspeeamgatattot he at
| east one mul t,i pl exot a,.relativel I ationr

retransmtti ngb‘{)m's e5°e'6‘ &FS‘T""F ‘%// 8 ?B%gé@l@?&@speech at a
relatively hi giagsdedmid! impBssed sBeeck Hata : The appar at us of

claim1, further conprising a |l ow—speed comruni catl ons link transmtting at
a range H speed of 150 a frsscomubypicationskink betveerathe |ap deast oneenetwiork pl exor

apd Lhe ot Ve ambelGl 36 B HEMRAGHE et commrlE B Ry a2
twisted pair qglifangfit afa speedl BEaPRRRMAMYPs0f claim 1, wherein the system
has a carrier frequency havin é; eight tine glllkoé;wger;dthé rr]neulatle:luiasr;x or;e
network control unit a second communications tip. g mean
and the at least one transceiver means comprising a low speed link adapted
15 to transmit at a speed under 1 Mbps; and
the muitiplexing means comprising:
buffering means for buffering the digitally encoded and
compressed speech data being transmitted toward the at least one transceiver
at a relatively higher transmission rate and retransmitting the buffered speech
20  data at a relatively lower transmission rate; and
buffering means for buffering the digitally encoded and
compressed speech data arriving from the at least one transceiver at a
relatively lower transmission rate and retransmitting the buffered speech data

at a relatively higher transmission rate.

25
6. The apparatus of claim 5, wherein the second communications
link comprises a 2-wire interface.
7. The apparatus of claim 5, wherein the second communications
30 link comprises a 4-wire interface. -
This Sheet Has B

[T f"l



conpri ses at | east one base station controller. 1. An apparatus for
reduci ng bandV\MQsmmw rements in a cellular TDVA teI ecomuni capmggysmolg.g
-network conprising: at |east one network co one base
station connected to the at |east one network control - at | east
one base station conprising a multiplexing rreiglll ﬂ“ hﬁ! lliﬁ

transcei ver neans; neans for digitally e COdI speech data
to be transnitted to the at |east one bagk statlon and out putting the

digitally encoded nd C ressed s ch to | e one network
control unit; a fi %ﬁ%@[“l‘ Eggﬂnhg' B’Z‘F{ﬁé’b etmé' Mﬁﬁ&t one networ k
control wunit qﬁgs,hme Y kel RIF GO192RBs _conprising a high speed |ink
adapted to transmt at a speed of at east 1 Mops; a second communi cati ons
i nk between the nultipl eX| ng means and the at Ieast one transceiver neans

conprising a low s eed I.,.nk adapt ed. t,0. tran a speed under .1 Mops;

and the nultipl exi %t%lambéf d mmpRICAtionsy ¢ he

digitally encegpdo ﬂ'@ﬁs&o 2ech data bel ng transmtted toward the
~at | east one transcéiver at: a refatively higher transnission rate and

retransmttlng the buffered speech data at a rel atlvely | ower transm ssion

rate; and buffering.nea for bufferi.ng the d| gi tall ncoded .and

conpr essed speech ggta &i}e %éﬁl?‘%b% L%tth cgmmunigations;
relatively | oygk cb Wiﬁi&%@d retransmtting the buffered speech
data at a relative Igher transm ssion rate. 2. The apparatus of claim

1, wherein the second conmuni cations |ink corrpri ses a 2-wire interface. 3.
The appgratus of claim wherein t comyuni cat.i ons |i.nk, conpri ses
a 4-wi I‘gbl nt erfacel? JI'he P&{ggl ’fW FIEI,the second commuynications, speed
i nk transmtﬁnﬁhoﬁgheéseaaicghaamm@g%mtmn@z line ihf@aepPar atus of claim 1,

wherein the second Comuni cations |ink conprises two 2-wire pairs. 6.
The apparatus of claim1, wherein the second comuni cation |ink conprises
| SDN interface lin

corrrrutli cations | | niicorrg?‘f" The‘b@h&%ﬁ ﬁgg{ﬁ tgxlpﬁééﬂ M"Lﬁ&ei n the second

comprises a transmission link transmitting at a rate of about 2048 kbps

15 according to GSM specifications.

13.  The apparatus of claim 5, comprising:
wherein the cellular telecommunications network is a GSM
system and the at least one network control unit comprises at least one base

20 station controller.

14. A decentralized base station for use in a cellular TDMA
telecommunications network, comprising:
at least one mobile services switching center;
25 transcoder means provided remotely from the baSe station for
| digitally encoding and compressmg speech data to be transmitted to the base
station;
at least one transceiver for communicating with mobile

stations;
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subscriber interface line. 8. The apparatus of claim1l, wherein the high
speed |ink coM®9523463a transm ssion |ink transm' tting at a rat #TIVSEABOUS

- 2048 kbps according to GSM specifications. 9. The apparatus of claiml,
conprising: wherein the cellular telecommuni a GSM system
and the at |east one network control unit commgm"g""\mﬂg "Fne base -
station controller. 10. . Acellular T | ecorrmumi cat 1 ons- net

conprising: a decentralised base statiofff at | east one nobile serV| ces
switching center: transcoder neans provided rewotely fromthe base station
for digitally encoding % é‘%‘%fg JBEH "acb%ﬁﬁt* gnF?‘éﬂfEmtted to the
base station; cqhirol Gt land e At RES ORk GRhsdeWer,cONMMUNI cating with nobile
stations; a network control  unit adapt ed to receive the di gitally encoded
and conpressed speech dafizsticommurdcations link cognecteddghveenhe networki ver

interface for |nt rfaC|n tween th it the at | east
one transcei IO {’%&%ﬁ?&m& W;ﬂﬁ’ﬁ%‘nﬂ’éz "%@N\@@% B2 net wor k
control &nit g *tsdvahﬁﬂﬁqae ?bﬁéd&ﬁandkbmmspeammﬁaal ons |ink

bei ng adapted to0 transmt the all'y encoded and conpressed speech data
at a rel atlvai@anhelyﬁnghmm&mnﬁtﬂate -at | east one second communi cations

Il i nk connect ed between ttq@r anscei éer %%%m cagong’nstg? ?}%g ﬁg LSZBE o

one transceivers, t he

to transmt tie udhstelva linteffacaiReadh bf alsray lesss ofle sRfseiveriqitke 8t leastr at e
relatively lower than the transm ssion rate of the first conmunications

link; means pngwsecond commuaicationsdink keing adaptedrigdmnsmy the dightallyg the rate of

e o T oG il B S, iy oo el socone

wherein the at |east O%ﬁ?taﬁdwmmim ihteffcs; dopadpting Zhor 4-wire
connecti ons. The entrali sed base station of claim10, wherein

at | east one rae mfrﬂ;eﬂrsu mmumqméwkdm%lowes refe H dheoat 18ast Aneocat i on

-"S

I

renote fromthe tdransce Ver i rface. 13. The decentral i sed base
station of cl %1‘5’ < '?Fst *at | east one of the at | east one
transceiver is

15 15. The decentralized base station of claim 14, wherein the at least

one second communications link comprises 2 or 4 wire connections.

16.  The decentralized base station of claim 14, wherein at least
one of the at least one transceiver is disposed at a location remote from the

20 transceiver interface.

17.  The decentralized base station of claim 14, wherein the at least
one of the at least one transceiver is disposed at a location proximate to the

transceiver interface.

- 18.  The decentralized base station of claim 14, wherein the
cellular telecommunications network is a GSM system and the network
control unit comprises at least one base station controller.
-

This Sheet Has Been R

WA



di sposed at a location proximate to the transceiver interface. 14. The

decentral i sedwongs3adsat i on of claim 10, wherein the cellular ISE95/00194
t el econmuni cati ons network is a GSM system &nd——%he—ﬁe{—we%k—eeﬁ%r unit
conprises at |east one base station controller. nt ralised
base station of claim 10, wherein the hlghtmm j uﬁﬂof the first
comuni cations link is about 2 Mops and_t he | ate of the

second communi cations link is about 192X bps.. The decentral i sed base
station of claim1Q, rejn sai | east o tra cei ver conprises a
first connector fég l o %ﬁﬁ&m tYelereig the MBlhnected to
sai d at |eastgg %mm%mmddom«m& dbonf$ MbpL AU et O for

hi gh speed | oca connectlon
low transmission rate of the second communications link is about 192 kbps.

5 20. The decentralized base station of claim 4, wherein said at least
one transceiver comprise a first connector for low speed remote connection
adapted to be connected to said at least one second communications link and
a second connector for high speed local connection.
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