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1 ___Transcoder with preventi onof-tardem-cedi-ng———- of—speech~—~——-—
Field of the Invention The present invention relates to a
transcoder 5 conprising neans for preventing tandem codi ng of speech in
a nobile to an' Il within a nobile conmunication sy%wﬂj

enpl oys a speec J‘@o ' ng nmet hod reducing transm ssion rate on t éﬂ:adi o]
path, a speech coder for encodi ng the speech signal to be transmtted
to a nobile 10 station into speech paraneter and decodi ng the speech
paraneters received fromthe nobile station i nto a speech si gnal
according to said speech codi ng nethod, and a PCM coder for
transmtting an uplTmdnsgma=ah vﬁltgnﬁbehenaﬂﬁhf@r tandend @e@ivgng a downlink
speech signal fromeof RgMeatterface in 15 the formof PCM speech sanpl es.
Background of the Invention In recent years, digital nobile
conmuni cat i on syst emFifedd pf| thedinyventiapeech and data transmi ssion

have been Introduced As frie aﬁréaénﬂvbid@rﬁqmnteﬁt@@ 720 anew/aﬁlécbaer
concerned, the nost |in.,ted resour

C 0_pat e
mobi |l e statio an<f°t"l‘i’é: Fagg means f%’f pd:r?svenp&ngeaaeg %zﬂ'ﬁj Pﬁeecg in
requirements of a madihobile teormazitlieoncahlt wdthidi @ padhilepeowiunication

transnission uti|i Z8mren wARERCTEnNCAd g RERU neoalh%wettz{o@w%aﬁemg

r for 2 X r Kbi in
ate,; for 25 e argg:'ansmlssn.%n rgtebmg/the radio pat?: a speec coder for

encoding the speech signal to be transmitted to a mobile
10 station into speech parameters, and decoding the speech
parameters received from the mobile station into a speech
signal according to said speech coding method, and a PCM
coder for transmitting an uplink speech signal to and for
receiving a downlink speech signal from a PCM interface in

15 the form of PCM speech samples.

Backgrcund of the Invention

In recent vyears, digital mobile communication
systems for fully digital speech and data transmission
have been introduced. As far as the mobile communication
20 network is concerned, the most limited resource is the
radio paﬁh between the mobile stations and the base
stations. To reduce the bandwidth requirements of a radio
connection on the radio path, speech transmission utilizes
speech encoding providing a lower transmission rate, for
25 example 16 or 8 kbit/s instead of the 64 kbit/s,
transmission rate typically used in telephone networks.
For speech enceding, both the mobile station and the fixed
network end must have a speech encoder and a speech
decoder. On the network side, the speech coding functions
% 30 may be located in several alternative places, for example
| at the base station or in the mocbile services switching
center. The speech encoder and decoder are often located
remote from the base station 1in so-called remote
transcoder units. In the latter case, speech encoding
35 parameters are sent betweer. the base station and the
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transm ssion rate typically used in tel ephone networks. For speech
encodi ng, both the nobile station and_the fixed ____network end_nust have
a speech encoder and a speech decoder. On the network side, the speech
codi ng functions 30 may be located in several alternative places, for

exanpl e %O%Base station or in the nobile services s%&,ﬂ,&&l
center. The speech encoder and decoder are often | ocated renot e 9,from
the base station in so-called renote transcoder runits. In the

| atter case, speech encoding 35 par anet ers a%e sent between the base

station and the REPLACED SHEETS
SG WO 96/ 32823 PCT/ Fl 96/ 00192

2 transcoggtlrrawdodie& BRgeE ihCSfaéaﬂf:ﬁch frames. In Sach_ mobi | e
originating or nobile termgnat] .. speech. call . a transcoder is. .
connected to the speech tn 6gc:ao%e“é‘fl?loln‘:" oﬁﬁ%’énaﬁtélt’{ﬂor% s'f“géj.' el'héef?ﬁ‘ﬁ%tc’(ﬂ%r
decodes the 5 noifideech i ghbht i /g tparerrdsynie (apinedtedi reet ithe) , sperch

encodes the nobil e dRinEctabnNEnSPEE Aitiidikals1Gd0WIhé Yeranscoddy’ 86ELESS - the
This type of 3%1 arrangenent._.causes_no one 0
r

robl ens as.long.as on]
the speech partici pants o STaStoBres s%eegbafﬁgﬂaén&uPﬁﬁg%tﬂé¥?°§¥§a" and
exanpl e, a subscri le@cogiesa dige mpbblec tewmichedngelspeleche signedr k (§BETNnk
If the call takes Riiaefci@nyeesnisor Jpide anl atifgement causes no problems

as long as only one of the speech participants is a mobile
station and the other, for example, a subscriber of a
10 public switched telephone network {PSTN).
If the call takes place between two mobile stations
(Mobile to Mobile Call, MMC), the operation of the mobile
communication network involves a transcoder on the
connection between the calling mobile station and the
15 mobile services .switching center, and, correspondingly, a
second transcoder between the called mobile subscriber and
‘the (same or another) mobile services switching center.
These transcoders are then inter-connected by the mobile
services switching center (centers) as a result of normal
20 call switching. In other words, for each MMC call there
are two transcoder units in a series connection, and
speech encoding and decoding are performed twice for the
call. This is known as tandem coding. Tandem coding
presents a problem in mobile communication networks as it
25 degrades the speech quality due to the extra speech
encoding and decoding. So far, tandem coding has not been
a major problem because relatively few calls are MMC
calls. However, as the number of wmobile stations
increases, the number of MMC calls will also be higher and
30 higher.
Disclosure of the Invention
It is an object of the present invention to prevent
tandem coding and consequently to improve speech quality
in mobile to mobile calls.
35 This object is achieved by a transcoder which,



(Mobile to Mobile Call, M), the operation of the nobile
communJEHJJuLneLworkJJnuuues_a tr _
the calling nobile station and the 15 nobi | e services switching center,
and, correspondingly, a second transcoder between the called nobile
subscri ber angygogmsdshe (sanme or another) nobile services sw pehrpaonont er.
These transcoders are then inter-connected by the nobile services
switching center (centers) as a result of normal 20 call* switching. In
ot her words, for each MMC call there are two transcoder units in a
series connection, and speech encodi ng and decodi ng are perforned
tw ce for the call. This is known as tandem codi ng. Tandem codi ng
presents a probl emaccordinge tonmuine catrivemtrietnor ks ashatadﬁbrizéﬂgrhgesthe
the speech qual ity i addhe Eheoﬁgsiisl@% for Bf qesreew ing©
ecau e re

far, tandem coding has no mg) or pro atlve
few calls are MC said ch PRTRAMARETS 14k a ($ib ey | @ne Yor

stations i ncmeﬁfeesleatéte 8ightficdnt\Vbical bE \UadJJd ai'cw bpediﬂ:lgheamﬁnds
30 higher. i caBeS6s20 00T L8 A IR, cam [t is an

obj ect of the prese Fnvention~to den1gbﬁlng and
consequently to inprove sE@GchlaﬁﬁﬂFﬂ9n alsoj nrabdtee tBonpdi | Bethpds. £85

This object is achippe@nding taademnodeaingi 68, speech in ¥On8H4i8&828 mobile

PCT/ £1 96/ 00192 call, which method comprises thégsteps of: encoding a
speech signal by a speech coding method which reduces
10 transmission rate and provides speech parameters;

transmitting the speech parameters over the radio
interface to a first '~ transcoder in the mobile
communication network, decoding the speech parameters by
said speech coding method so as to restore said speech
15 signal, transmitting said speech signal from the first
transcoder to a second transcoder as PCM speech samples.
The method of the invention is furtherxr characterized by
transmitting said speech parameters, received over the
radio interface, from the first transcoder to the second
20 transcoder simultaneously with said PCM speech samples in
a subchannel formed by one or more least significant bits
of said PCM speech samples.
The invention further relates to an arrangement for
preventing tandem coding of speech in a mobile
25 communication system in which the mobile stations and the
mobile communication network comprise speech codeérs for
transmitting a speech signal over the radic path in the
. form of speech coding parameters at a speech coding rate,
and in which a mobile to mobile call comprises in the
30 mobile communication network a tandem connection of two
speech coders, there being a normal PCM interface between
the speech coders in said tandem connection, characterized
by a subchannel formed by one or more least significant
bits of PCM speech samples in the PCM interface for
35 forwarding the speech coding parameters provided by the




according to the invention, is characterized by the transcoder
conprising neans for_transpmtting and_receiving said speech paraneters
In a subchannel forned by one or nore | east significant bits of said
PCM speech sanpl es sinmul taneously with said PCM speech sanpl es.

The invention g ates to a method for preventing ta g?ﬁbgﬂ@' g of
speech in a gb?&#o nobi | e call, which nethod conpri seg e 's 2%5
of : encodi ng a speech signal by a speecg codi ng met-hod whi ch reduces
10 transmssion rate and provides speech™ paraneters,

transmtting the speech paraneters over the radio interface to a
first transcoder in the nobi | e communi cati on network, decodi ng

the speech paranet egsedyh codegaiih Sﬂﬁéchtoib@déngsﬂ&h'&fﬂd g Otlﬁés%iﬁle
sai d speech 15 &gg@kl%méé@iﬂgmﬁé é’zoD e(s:% naI frromt e fi
ec

transcoder to a seco Fansco SRERELRE Sangf
the invention is fufahetedhaputt ellinzed'-hﬁy Speeth armﬂeltﬂ ngefai thepeeobile

{)ar anet Srs treCﬁl vego@u,?ﬁlémon netrw%ﬂ:'ko i nt elrIace flrom the fi rzt oM
ranscoder to the secon anscoder _si eQus sa
speech sanpl ESEI n ch{éh?lel pFS y 8%@0‘8 m‘?‘%’?e PrasFRei gRFEEERAL

bits of said Pm;qrglp'gm sSmMMMEscall can be est3bdishedrac¢aording lter the
relates to an arrangsprit ﬁf&cedureé”é%“%ﬁéfEbbffH“E%Hde@@hE@onOBet§B§ﬁCQo
in a nobile 25 conmmuni_cati on a% n1|n t he nobi| e stations and

t he mobi | e contRAF c dth%n SRBRRGHACR o E“gpe‘é‘aﬁ‘st?&?@?@ fp @ tandem

transmtting a speecanﬁlgumatxnny'mhbespadch>qnadsﬂarrbﬂebetweeﬁ(HWﬂp&hs&pﬂeﬁh
coding parameygrs ahnd aPRBEILECULALILA" € codea?B L6 BoBRAL! fetRoa

nobil e call conprises,in e conmuni ca |on et wor Kk
connection of two WwWhichgrpdnges (ﬁhﬁw§rapﬁgﬁésbeﬂnﬁa%ﬁrmﬁ thevtranscpdess
bet ween t he spareh audatr nbmldtfm&wﬁpek‘aﬁﬂoné hibd o iy lspeéch

D R ncharne! ! R dedty U T8 ol i bl 80 norna, it ML
parameters provi dedSge tpraulated (PCM) speech samples which are forwarded to
15 the second transcoder and encoded therein by said speech
coding method. In the subchannel formed by one or two of

the least significant bits of the PCM'.speech samples,
there is simultaneously transferred speech information
which is in accordance with said speech coding method and

20 received from the mobile station, i.e. speech parameters
for which no transcoding operations (encoding and
decoding) are carried out in either of the tandem
connected transcoders. The receiving transcoder primarily
chooses the speech information that is in accordance with

25 this speech encoding method to be transmitted over the
radio interface to the receiving mobile station.
Consequently, speech coding is carried out primarily in

the mobile stations only, and the coded speech
information, i.e. speech parameters, are passed through

30 the mobile communication network without tandem coding,
which improves speech quality. When the receiving
transcoder cannot find the coded speech information in the

least significant bits of the PCM speech samples, the
speech information to be transmitted over the radio

35 interface is encoded in the normal manner from the PCM
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4 speech coder in-the nobil e statign-theough the nobile

comuni cati on network w thout decodi ng or encodi ng being carried out
in the speech coders of the nobile conmuni cation network. 5

In the prefeqgp odiment of the present I nvent i Gigyradsobide
call can be esta§€$§ﬁgg according to the normal procedures of the

nobi | e conmuni cati on network so that the connection has two
transcoders in a tandem configuration. Th& speech transferred between
a transcoder 10 and a nobile station is coded by a speech codi ng net hod
whi ch reduces the transm ssion rate. Both the transcoders carry out

t he norgal _transcodbﬁ@eg@esaﬁ\FDQB.fwnetbeesacfeeimed olr two dRenst @ié‘ﬁihﬁifbaﬁfte
transcoder |1 nto nor Ldl S (S al e eec .
H%Ls ESS ?gh g?ﬁ%‘:h ggﬁﬁl%? s ; gukggl}]%gﬂ%ex O%%cd:rdlng

sanpl es which are formaraeq , SecoIt anscoder’
therein by said spetehthe inyegtignnerhydmarginably detrininyates e Spaaeh

or two of the heasicyi oF fdranboli tonfbct i6nPOMnAPaad e8f@te€Sis even
there-is S|nulhaneou

accor dance witR sai aii%‘étb%ﬁg‘igﬁ‘%g ﬁ%lto ﬁggg‘é’lngé%mt#e%%é’ii\%&t\ﬁglﬂfnh?%Z ﬁ'#ﬁﬁ‘ihe
station, i.e. speechuphityedeesto the fgpeeakhicodingoatt tawskidirate.
operations (encoding andrhe god8E2GhNGh AR AR £hed Bl idinfi {HetcOfeddife
tandem connect Bg 8L AN rageiFeS ®alignda 1520 O & FRL Wragsic
channel, which, apart from the modifications in various
10 network elements, also causes many other problems as a
result of e.g. various kinds of supplementary services.
Such .supplementary services..include call transfer, call
hold in which, for example, music can be provided by the
mobile services switching center to the calling party,
15 services for a multitude of subscribers (conference
calls), etc. For example, announcements or music from the
center would not .reach the . subscribers if only speech
encoding information were transferred between the
transcoders. As there exists a normal PCM interface
20 between the tandem connected transcoders of the invention,
it is possible to maintain all the standard signalling
associated with in this interface as well as the
supplementary services, and to avoid the problems
disclosed above. In the implementation of the invention,
25 only the transcoder need be modified. The modifications do
not have to be standardized either, but they can be
implemented manufacturer specifically without any
compatibility problems being created. The invention can be
applied to all MMC calls regardless of whether the mobile
30 stations are within the service area of the same mobile
services switching center or not. The only prereguisite is
a digital end-to-end connection between the transcoders;
however, the lack of such a connection does not create any
additional problems, but merely breaks the Ysubchannel”
35 according to the invention, which corresponds with a



chooses the speech information that is in accordance with 25 this speech

encoding nethod to he transmitted over_the "~ radio_interface—to the
receiving nobile station. Consequent |y, speech coding is carried out
primarily in the nobile stations only, and the coded speech
‘information, | ech paraneters, are passed through 30 Ardtiobioh €
conmuni cati on ngyanr w t hout tandem codi ng, whi ch ionE?es sggech
quality. Wen the fFeceiving transcode% cannot find the coded speech
information in the | east significant bits of the PCM speech sanples,

t he speech information to be transmtted over the radio 35 I nterface
is encoded in the normal manner fromthe PCM WO 96/ 32823

PCT/ FI 96/ 00192 situation of a normal tandem cofled call. speech sanpl es.

The use of one or two Ieafﬁ §hgnhf#ﬁi °°mmPnoﬁ; h?f thgﬁeﬁa|%p%%%gé%%%gles

as a subchannel according I nven
deteriorates the spa¥ctbe locggafitin oﬁeVﬁﬁaPCl\al}'cﬁnm@th@n logrt ions cof fort

is even 5 allevigh 1éyatt hene lnsyétabhemﬂeb%rlﬁﬁﬁ&@ Of row$ PEBE N base
qual ity due tg t he ﬁggech i_on
n

T b 2 the Snly SFREFSA; ot Tact@®, it Ve eranscader 1o ARG 55
outside the traffisgs a remptennaglansebiden, apdrapeacinentedingi infoumanion s

various 10  netwokk @hemaRiiiled! &AmRAHATiBRMheRWRk RARI?eErad detween
’ the base station and the remote transcoder in specific
frames, which also contain synchronization and control
10 information. By doing so, tandem coding can be avoided in
the MMC calls by forwarding, with minor modifications, the
frames received from a base station to another base
station through a "subchannel" between two tandem
connected transcoders without the transcoders carrying out
15 any speech encoding or decoding. The receiving transcoder
continuously searches for synchronization in the one or
two least significant bits of the PCM speech samples, and
simultaneocusly encodes PCM samples. If synchronization is
found, the receiving transcoder transfers the frames
20 received from the subchannel to the base station. If there
exists no synchronization, or it is lost, the receiving
transcoder transmits speech encoding information which is
encoded from normal PCM samples and packed into frames to
the base station. Thus, the transcoders need not know that
25 the call is an MMC call, and that a tandem prevention mode
is required. Such information may, however, be given to
the transcoder by providing the frames sent from the base
stations to the transcoders (uplink frames) with
information that the frames are associated with an MMC
30 call. Thus, the decision on the handling of each frame is
based on the information in the particular £rame.
Furthermore, the frame handling may vary according to
control information contained in them. As examples of
special handling, bad frame handling and discontinuous

35 transmission (DTX) are mentioned.



result of e.g. various kinds of supplenentary services. Such
supplenentary _servi ces Jnclude call transtefp—eadt————— hold i-A—whi-chrtfor—
exanpl e, music can be provided by the nobi | e services switching center
to the calling party, 15 services for a multitude of subscribers
(conference wwoogkdss), etc. For exanple, announcenents or mMpgirgadelo@idnt he
center would not reach the subscribers if only speech encodi ng
information were transferred between the <4 transcoders. As there
exists a normal PCMinterface 20 bet ween the tandem connected transcoders
of the invention, It is possible to maintain all the standard

signal ling associated with in this interface as well as the

suppl enent ary services, arkf tthenvtranadasien gl dusated agi sdieodbasgealstationn

the inplementation gfe tEE1EWEN i PN 2Bonv@t Yehd Esddetts CEng 88 E Rat ion
nodi fi-ed. The nodi ficatjon standardi zéd eit her, but

‘idglo not _.have to Ee her ,
they can be i TSR ST MRNERS cFARL? INEBEERFT CAPF IRRPRSUWDichnpre
conpatibility probltersmdgismedr etbed.a Theeconwdnt basecarstarion tiwdugild ta

all MvC cal | s 8 egar%mﬂ%ﬁfﬁ‘e%@rtﬁ@eiﬁl}%&o&?_ foﬁt akhfbte 2bG ‘@"otﬂiio%%;ﬁg

service area the sanme nobile | services sw tching center or not.

only prerequisite ihe same pxingiple 88)iRorBRJCRIMRE (HeNPLG tHeBSCORETS -

t ranscoders; howevergridf DepdiriplioniCbfathe Medwimgs does not create

any . addi ti onal problﬁ[ns“ |y breaks 'sub nel ", .

according to the invention, %ﬁ%%f%‘ﬁ potﬁ\i%ss"v’xytéﬁmal%M Wit b %g’fﬁ’g%

PCT/ Fl 96/ 00192 by means of the preferred embodiments with reference to
10 the accompanying drawings, in which

Figure 1 illustrates a mobile communication system
according to the invention,

Figure 2 illustrates a TRAU speech frame in
accordance with the GSM recommendation 8.60, and

15 Figures 3 and 4 are block diagram illustrations of
TXDTX and RXDTX handlers. '

Preferred Embodiments of the Invention

The present invention can be applied to any mobile
communication system which utilizes digital speech

20 transmission and speech encoding techniques reducing the
transmission rate.

One example is the European digital cellular mobile
communication system GSM (Global System for Mobile
Communications) which is becoming a world-wide standard

25 for mobile communication systems. The basic elements of

the GSM system are described in the GSM Recommendations.

For a closer description of the GSM system, the GSM

recommendations and "The GSM System for Mobile

| Communications", by M. Mouly & M. Pautet, Palaiseau,
30 France, 1992, ISBN: 2-9507190-0-7 is referred to.

g The GSM and a modification thereof, DCS1800
(Digital Communication System) operating at the 1800 Mhz
frequency range, are the primary targets for the
invention, but it is not intended that the invention be

35 restricted to these radio systems.



situation of a nornmal tandem coded call. In the nobile
communi cation system_a transcoder ___my be |lacated in several _
alternative |ocations, for exanpl e at the base station or separate
fromthe base 5 station. In the latter case, the transcoder is referred

to as a Lnﬁgg anscoder, and speech encodi ng infornatrggrkﬁsm%
t he nobil e cove n’%‘g Il on network transferred between t he” base s atlon

and the renote transcoder in specific frages, which also contain
synchroni zati on and control 10 i nformati on. By doing so, tandem codi ng
can be avoided in the MMC calls by forwarding, with m nor

nodi fications, the frames received froma base station to another base
station through a "subchar‘m@j\i ebat waely bwﬁlefaipd@ascrlbes:mlws@aedc elements
transcoders wi thout { ha,d rags ‘?-fe Cir E&Sb?ﬂeog aélylt %g‘cEHEQQ “Sc
or decodi ng. The recervrng tra con |nuous searc

synchroni zati on i n hardlgfe the C°nnepﬁén9e9§t1§F@%&ﬂ§(ﬁﬂﬁ Pteeizs cpélpoMt
speech sanpl es, aanerfortﬁé r&dﬁmlsﬁnﬁrraidafo RMsenrgd e8n ékchan e of a

synchronlzatlo foun ving transco ansf er
frames 20 gel ve%m?]rlo q"'Ch dghtaeﬁln§ nc?gﬂ% ng‘ C!gggp In raaflﬁ Fgn to
exi sts no synchronltb&$QM1ltoﬁlﬁp performs ﬁunFngeelvhngacterlsﬁquQ§Cmgbrle

transmts speech er@&ﬁ&hmda&fﬁdmtleﬁwml crsué:h as egwadméxom ne&aahon
PCM sanpl es and packed |nto fr

on
transcoders need noPRAFHTH: m%bk}%a?FaFEmﬁﬁ%%R(?E%IF°n%ﬁEF?$af° the
t andem preventi on noemter MSC| sby ehageedstBuicin | aystems i ofhenyhasmwetetrione

given to 10t he éye&eﬁ%@r{s@espw'adbaget Qeaéimmlﬁép@stheneaﬁsse
stations to the transcoders r ame ormati . on

that the frames ar eSEREHNIDREE wi éQéZRFW%K§%ﬁ¥l°“%§PPtr?ﬁﬁgr Pﬁg HECP§?6ntBn
t he handl i ng of eacbtofitewike several basesetiabnohBeBTSf ormation in the

particular frane. FUd 4P eRpst Ehrelfsr aﬁelbewlamﬁw WY speeehdhAd

to control information contai ne hem As exa of

speci al handling, b3&ct? r%ml%aﬁﬁ&%ﬁ%&ﬁ‘ﬂmﬁﬁ‘oa‘ét entlrely digitally,
15 which results in a uniform quality of speech. In speech

transmission, the current speech encoding method in use is
the RPE-LTP (Regular Pulse . Excitation - Long Term
Prediction) which utilizes both short -and long term
prediction. The coding produces LAR, RPE and LTP

20 parameters which are sent instead of the actual speech.
Speech transmission is dealt with in the GSM
recommendations in chapter 06, and speech encoding
particularly in the recommendation 06.10. In the near
future, other coding methods will be employed, such as

25 half rate methods, with which the present invention can be
used as such. As the actual invention does not relate to
the speech encoding method, and as it is independent of
it, any speech coding method will not be described in any
further detail herein.

30 Naturally, the mobile station must have a speech
coder and decoder for speech coding. As the implementation
of the mobile station is neither essential to the present
invention nor unusual, it is not dealt with here in any .
closer detail.

35



35 transm ssion (DTX) are nmentioned. | V\D 96/ 32823

transcoder is |located at the base stati on, one solution is to convert
t he speech coding information received fromthe radio interface into

frames which gJg transferred to a second base stati%mmﬁwh a
5 subchanneﬁmﬁ he i nvention, for exanple by follow ng the sane

principle as in the case of renote transcoders © Brief
Description of the Draw ngs In the“follow ng, the invention

wi |l be described by neans of the preferred enbodinents with reference
to 10 t he acconpanyi ng drawi ngs, in which Figure 1

illustrates a nobile conmmmi cRtdrtcaicst amd TRAUaEEameng to the invention,

Figure 2 illustrates a TRAU speech frame in accordance with the GSM
recomendation 8.60, and 15 Figures 3 and 4 are bl ock di agram
illustrations of TXDIOR L REsRRk§dhes svarious functiquefrglagdng to

Enbodi ment s of the élﬂé’@éﬁleﬁdlng and rateTB@aptaEesh aﬂ&eebheaneaatéa in a
applied to any

speech 20 gns m E?%%c%‘n?f" s‘b’é]g:c h?%én@o&f %gﬁecrg i @%&? :Aléilt?é’ g l"?‘ﬁg?l The

transnission rate. TRCU may be located in several alternative locations in

' the system according to choices made by the manufacturer.

The interfaces of the transcoder unit include 64 kbit/s

PCM (Pulse Code Modulation) interface towards the mobile

10 services switching center MSC (A intexrface), and a 16 or 8

kbit/s GSM interface towards the base station BTS.

Relating to said interfaces, the terms uplink and downlink

are also used in the GSM recommendations, the uplink being

the direction from the base station BTS to the mobile

15 services switching center MSC, while the downlink is the
reverse direction.

In cases the TRCU is placed remote from a base
station BTS, information is sent between the base station
and the transcoder/rate adaptor unit TRCU in so-called

20 TRAU frames. The TRAU frame includes 320 bits according to
the recommendation 08.60 and 160 bits according to the
recommendation 08.61. There are presently four different
frame types defined according to information content in
them. These are speech, operations/maintenance, data, and

25 the so-called idle speech frame.

Typically, the transcoder unit TRCU is located at
the mobile services switching center MSC, but it may also
be a part of a base station controller BSC or a base
station BTS. A transcoder unit placed remote from the base

30 station BTS must receive information on the radic
interface for efficient decoding. For such control and
synchronization of the transcoder, a special kind of in-
band signalling is used on the 16 kbit/s channel between
the base station and the transcoder unit. This channel is

35 also used for speech and data transmissions. Such remote



One exanple is the European digital cellular nobile communi cati on
system GSM (G obal _System for Mbile = Comunications) which is
becom ng a worl d-wi de standard 25 for nobile comrunication systens. The
basi c el enents of the GSM system are described in the GSM
Recomendati o For a closer description of the GSM syst M
recommndatioggm,gﬁgn "The GSM System for Mbile Mlﬁs
Conmuni cations”, by M Muly & M Pautet, Palaigeau, 30 France, 1992,

| SBN: 2-9507190-0-7 is referred to. The GSM and a nodification
t her eof , DCS1800 (Digital Communi cation System operating at the 1800
Whz frequency range, are the primary targets for the

i nvention, but it Igohekrolntemdad drsisdoderi Nueit | 98 [ERe3Fibelesi | €hed dam
}3?:$fle:| rggﬂ)g]_;)zwt ems'recommenclat::\L/g)n 9(% .320823.%d 08.61. 8In the following, l-_?rb](}f é:hf
very briefly descri s¥stemeinaateordanaswith the gfeqdmmeBSRitspsat @81 6 A widldl [be
services switching gegite Mien, putandiRs thaHINeHddGidkd NGRE ngaaflﬁq.y
outgoing calls._ It .geéiorns functions simlar to thosg of an exchaan
of a5 publiC swi BPRIIEBIEPhIR nBt wF¥EYFSTNI | RERRFAAAGE t oWith  the
these, it al so perf oeremhendatbos Chaflacsemedtli.c of nobile

communi cations _only, = SUgB cafry SubsGhyiiironiAt3bhoNehe £1FAI MR Brecs

The nobile stations NS are copnected to | ] i )
: of each frame comprise 16 synchronization bits. 1In

addition, the first bit of the 16-bit words (2 octets)
10 that constitute a frame is a synchronization check bit. In

addition to the bits containing the actual speech, data or

operation/maintenance information, each frame comprises

control bits in which information of the frame type and a

varying amount of other frame-type-specific information is

15 conveyed. Furthermore, the last four bits T1-T4 of, for

example, speech and idle. frames are assigned for the
aforementioned time alignment.

Pigure 2 illustrates a TRAU speech frame having 21

control bits Cl1-C21 and, in addition, the last 4 bits Tl-

20 T4 of the frame are assigned for time alignment. The

actual speech information bits are in the octets 4-38. In

practice, the speech information consists of LAR, RPE and

LTP parameters of the RPE-LTP (Regular Pulse - Long Term

Prediction) speech encoding method. The idle speech frame

25 is similar to the speech frame illustrated in Figure 2,
except that all the traffic bits of the frame are in logic
state "1,

The GSM recommendation 8.60 defines control bits as

follows. The bits C1-C4 determine the frame type, i.e.

j 30 C1C2C3C4=1110=downlink speech frame and
C1C2C3C4=0001=uplink speech frame. Bit C5 determines the
channel type, i.e. C5=0=full rate channel and C5=1i=half

rate channel. Bits C6-Cll arxe control bits for time
alignment. Bits C12-C15 are frame indicators for uplink

35 direction, and Cl16 is the frame indicator for downlink



center MSC by base station systens. The base station 10 system consi sts
of a base station contraller BSC and base————stations—BTS. he-base———

station controller BSCis used to control several base stations BTS.
The GSM systemis entirely digital, and speech and data transm ssion
are also carrygeRiasentirely digitally, 15 which results ipcRrgbdisy M
quality of speech. I n speech transm ssion, the current speech encodi ng
method in use is the RPE-LTP (Regul ar Pul,ge Excitation - Long Term
Prediction) which utilizes both short and |long term prediction. The
codi ng produces LAR, RPE and LTP 20 paranmeters which are sent instead of
t he actual speech. Speech transm ssion Is dealt wth in the
GSM r econmendiitremmtsiam chaptrimafbly and releedhgencoth ng discontinuous

icularly in thg t 0 I h
Codl ng. et hods wi | %ng*d' Ao RoRing, Ant BoB°BY, che cralieiBuRaiREs,

the present inventi¥f SgfaFdbed in he Gy §%‘é‘|’f“m9%datqf?é’%t°@alsol ARENOFeRL -
does not relate tocC12 1stdileBs@eE2&nenEﬁdi@@twthBﬂ WwiicwsistalSo used in

i ndependent of At ggggg rret hod Wi de CL bed_i

any furt%er cfec% a|J1 erein "&%%I 1S4, }#I T%po'rerdobl S?atlgﬁ
must ‘have a speech BFI=l=hagidiramed fdSofds ﬁ@ﬁ'—abé%bhtbédﬁg Cnéet H&ilence
i npl enent ati on DestfrilgtorRbidis sisitaonimé AgibhRenesSHent iMr.t ¢iheis a

2[322[“ detai | . Ig\ée%‘”n ink V\%Bgs/ S 2§’t"dl°a Dhg 9k nly " 91soAW nuous

PCT/ Fl 96/ 00192 transmission DTX is in use in the downlink (DTX=1) or not

10 (DTX=0) . Bits (C18-C21 are spare bits in the uplink

direction. €16 is a SP bit indicating in the downlink

direction whether said frame comprises speech. In the

downlink direction, the other control bits are spare bits.

Along with the recommendation 08.60, a newer GSM

15 recommendation 08.61 now exists, .in which several TRAU

frame types are 'also defined, but in which the control

bits used differ from the ones of the GSM recommendation

08.60. All the basic solutions relating to the invention

of this application can, however, easily be implemented in

20 a mobile communication system according to the GSM
recommendation 08.61.

2. Discontinuous Transmission DTX

25 Discontinuous transmission DTX refers to a method
by which a transmission on the radic path may be
interrupted for the duration of pauses in speech. The aim
is to decrease transmitter power consumption, a prime
concern for mobile stations, and general noise level on

30 the radio path, which effects the system capacity. DTX
causes certain distinctive features in the tandem
prevention operation of the present invention, and thus
the following at first examines an ordinary DTX by using
the GSM system as an example.

35 The discontinuous transmission is carried out by



9 1. Transcoder and TRAU Fr'arres On the network
side, various functions relating to __speech coding and rate_adaptation

are concentrated in a 5 transcoder unit TRCU (Transcoder/ Rat e Adapt or

Unit). The TRCU may be | ocated in several alternative locations in

the system accghdi 0 choi ces nade by the manufacturer. (E{

I nterfaces of the transcoder unit include 64 kbit/s PCM Ise

Modul ation) interface towards the nobile 10 rvices swtching center NBC
(Ainterface), and a 16 or 8 kbit/s GSMinterface towards the base
station BTS. Rel ating to said interfaces, the ternms uplink and

downl i nk are also used in the GSMrecomendati ons, the uplink being

the direction from ineanbase tHrxe oajBTSelemedtes nil thelbranseiot s side, a

sw tching center NBGEI%%Q% £ P8 OB@LEE€16§ VRS is reéﬁ!?&&e g#é?ﬁtignused

In cases the TRCU is reno rom a
information is sent fBEt feerking yhekher 4| 5ﬁgna undgy) PERNINALAOR FONLRiNS

adaptor unit TRCU i spééckablredsA@ly m&gﬂmﬁs noliize . TR f vame funet ¥68S is
320 bits according . h e 1 It CC rdlng
to the rgcormén 3 ]6?13%8%5{1 E$1ere are %Pg@%g%@{]%‘ %Oal}ffég ¥
framé types defi nedbaéé‘éi‘ﬁq-lhgb%iﬁq (o ARRLYEA Sc 6fit éhgnﬁlh energy tﬂﬂﬁﬂspﬁq:égél
are sEefech Operatlenaﬁgasnt Qﬁﬁnlﬁadlﬂﬁ?ﬂ, @dfaﬁcétléﬂﬂef%@—%i&dlélﬂrﬁg the
speech frane. ic t nscoder .unit T | ocate

t he nobil e servi ces ?’éﬂu‘% cgln l)ée %‘&%% é| may “al sﬁeqmre be é‘pag

of a base station cbnanemiétnmsosb@ea @asthe basist afi 4heBTOisA Mexaseseys

unit placed rggote bppgihbe Fasm 3the §£§1§ér@ﬂ:t1‘-’ﬁ§s sias! sbeegilyéd comfort
information on the for eff|C|ent dec0|

o0 ony MB0158%42, oenerat &4 <Ll A% LA SLel Ske29E00 T, FRE vey

i n- subject the listener to unpleasant switching between
speech with background noise and total silence. All the

elements of discontinuous transmission are largely based
15 on a speech codec implementing RPE-LTP coding, and its
internal parameters.

2.1 Functions of Transmitting Side - (Transcoderxr

downlink DTX)

20 _

The function which handles the discontinuous
transmission on the transmitting side, i.e the TXDTX
handler (Transmit DTX}, is illustrated in Figure 3. It
sends speech frames to the communication system

25 continuously. The speech frames are marked with an SP
(Speech) flag in the contrel bits, indicating whether said
frame includes speech or whether it is a so-called SID
frame (Silence Descriptor) which contains information on
the background noise for comfort noise generation on the

30 receiving end. The SP flag is determined on the basis of a
VAD flag obtained from a voice activity detection unit. As
the VAD flag goes to zero, indicating that no speech is
detected in the signal, a transition of the SP flag into

i zero will also occur after the number of frames required

35 for calculating the background noise parameters have



band signalling is used on the 16 kbit/s channel between t he base

st anscader unit. Thi-s channlgleie~35——al so used for—speech———
and data transm ssions. Such renote WD 96/ 32823

PCT/ FI 96/ 00192 10 control of a
transcoder un{w?,' sgdgscribed in the GSM recomendat i on Gse1pfediiets2

08.61. In the tollowng, only the systemin accordance wth the
recommendation 08.60 will be dealt with,;but the nethods described are
easily 5 applicabl e to a system in accordance wth t he
recommendation 08.61 as wel . To carry out synchronization, the
first two octets of each frane conprise 16 synchronization bits. In

additionz the firspabsedof Théetidndmit tviorgl un(it oftehe)raﬂio shetem dhattitait e
a frame is a SynChEQflaéattﬁ'ﬁ% Q%.E!ﬁlll% bi fhidW J.s ma%ﬂgﬂt 'réﬁ 3&d thb'ftlﬁg and
speec

contaj ning the actua t1on/ nt enanc
i nformation, each LPREARAESMHHT Heyise Paré@ﬁ'f—?ﬁ? tﬁ#‘-?’i r‘f’h\?oﬁ’ﬂ’cﬁrﬁﬂﬁb%m?%r?fbf
the frame type andthe radlbabﬁthg:&mmmﬁcdﬁtmmﬁmv fhamernIE-Ieiellidd does,

nformation i 15 poaaPueyedeobUSLET TRGe. JG | Glarde¥’ BiditiHLA Qo o

exanpl e, speech an frames are assig
time alignnent. informatiomj §ar &he mada-g rayisteng m:srﬁa‘écmr¢¢mdﬁg

21 control bitsmél 168ereads, | Beadd lonen.off NthdmSto4thet Yadlo path in

order to update the noise parameters of the receiving
side. When speech is again detected in the signal, the SP

10 flag is 8set to 1 and continuous transmission is
recommenced.

In discontinuous transmission, a function is thus
required on the transmitting side for calculating the
background noise parameters. The aforementioned encoder at

15 the transmitting. side . generates the parameters that
represent background noige. Out of the normal parameters,
those parameters that provide information on the level and
spectre of the noise are selected to represent background
noise, i.e. block maxims and reflection coefficients,

20 which have been converted into LAR coefficients. Over a
time period of four speech frames, average values are
further calculated for the selected parameters. One common
value of four block maxims is calculated over the time
period of four speech blocks. These parameters are

25 transmitted over the radio path as described above. Thus,
only part of the speech parameters are sent, and some of
the parameters are substituted for a SID code word which
consists of 95 zeros. The rest of the parameters that are
not used are coded to 0.

30

2.2 ceiving Side Functions ranscoder Uplink

DTX)

The discontinuous transmission of the receiving
35 side is correspondingly handled by a RXDTX (Receive DTX®



20 T4 of the frane are assigned for tinme alignnent. The act ual
speech information bits are in the octets 4-38. In______practice—the

speech information consists of LAR RPE and LTP paraneters of the

REE— L'Cli'r (Regul ar Pul se - Long Term Predi cti on) speech encodi ng met hod.
The idl e spee 25 Is simlar to the speech frame ill n
Fi gure 2, CQO@%% that all the traffic bi ltos of the fram%ﬁﬁgﬁ%gic
state "1". The GSM r ecomrendati on % 60 defines:- control bits as
follows. The bits Cl-C4 determne the frane type i.e. 30
C1C2C3C4=1110=downl i nk speech frame and C1C2C3C4=0001=upl i nk
speech frane. Bit C5 determ nes the channel type, i.e. C5=0=full rate

channel and C5=1=hah#éndler whahe @IaauaehreBiltss i3AuStirated GoNtridudbd t5. f gk

Ui rection, and Clo TESERST Earse Ao, 6pE T {F iYARARS 88 BhdiRS Sher oy,

PCT/ Fl 96/ 00192 the basis of the three flags obtgmined in ghe qantyel bits.
primarily relating torhe chlszcorﬁlla@uouSad Fr&ﬁ\énsm&ﬁdéﬁbr)ThQrﬁi@hlﬁﬁs
and use of the_frane |€ﬁ| cat fradl € descri be} (%? bl
r econnendat i ons 08. BB %Ir06. . trane oy AR Jlf’rnarre ?’r’i 198 or SgPFible
whichi is al so used inférmationi nlioes ifr &hpenifxdAmen hasjbeen pprropgedd for
frame and BFl glahgte | raHEthé?lﬁaﬂél bl sfudihes@lentcedae( Sl @assot
Descriptor). Cl5 is a tine alli t bIL AF,. Cl7 is a

_ be reconstr cte in the radio sectlon of the base station,

the BFI flag is used for marking said frame defective. As
10 such a bad frame is received, i.e. a frame with a BFI flag
value 1, the speech parameters of said frame are
substituted for the speech parameters of the previous
frame before decoding. If several frames that are marked
by a BFI flag are received, muting operations according to
15 the GSM recommendations are performed. The only exception
to the aforementioned handling of a BFI flag is an uplink-
DTX situation, i.e. a wvalid SID updating frame has been
received, but no normal speech frame with a BFI value 0
has been received after that. In such an uplink DTX
20 situation, a frame with a BFI flag only means that comfort
noise generation should be continued. Alternatively, this

can be carried out by sending idle frames.
The SID flag consists of two bits and it is used
for classifying the SID frame sent by the radio system
25 based on errors in the specifically formed code word in
the frame. A decision is made on the basis of this
classification on how the frame will later be used. If the
SID has the value 2 and the BFI has the value 0, it is a
valid SID frame that can be used for updating the noise

f 30 parameters.

| 2 TAF flag (Time Alignment Flag) is used for
indicating whether the frame in guestion has been used in
signalling outside of this sub-system, i.e. its purpose is
mainly to indicate when the next SID updating is expected.
35 The operations relating to comfort noise



downl i nk DTX bit indicating whether the discontinuous transm ssi on DTX
is inuse in the downlink (DTX=1) or_note 10— DTX=0). Bits - Cl8-Q2l—are

spare bits in the uplink direction. Cl6 is a SP bit indicating in
t he downl i nk direction whether said frame conprises speech. In the
downl i nk dir eGibQfsagbdie other control bits are spare bits. PCTIFI96/00192
Along with the recommendati on 08. 60, a newer GSM 15 recomendati on 08. 61
now exi sts, in which several TRAU frame types are also defined, but
in which the control bits used differ fromthe ones of the GSM
recommendat i on 08.60. Al the basic solutions relating to the

I nvention of this application can, however, easily be inplenented in
20 a nobile conmgeneration, sysheas mociigl rye lcarrtiibd oEMn accordance
recomrendati on 08. 61+ ' LN Transm ssi 2
Di sconti nuous trans%lggi gﬁeD?imr gfgroémfghge%{‘%ogeyﬁ 6% &%ﬁhﬁgd [Erg.('zl o
transni ssion on the®fadPo2pdt A6} B8 05-41iqﬁRﬁﬂqh§9e@nfghetﬁ@mhh$%E4Qﬂﬁcﬂf
pauses in speech._ThheahﬁbrementSOﬁ@ddﬂ@ﬁ&?&ﬂd@&an&mhtbeheﬁammy zﬁeaking it
consunption, apri er, or, | ations, .an ener noi se

| evel on 30 Pﬁe ?gaPobSa %?%Wﬁ%gﬁ_ngg? gsP%é é?s?en?ca%%. %3? Tﬁ?ﬁtarted
causes certain di st PHcEPBECTRMeARS s updatednuper receiningenat now vabidtSHh

of the present invegkkpa. and thus the following at first exam nes an
ordi nary DTX by using he GSM temas an exanmple. 35 he
di scont i nuous transnissionT#E céPﬂ€§§annn € generation c°rresP°n3;n91Y

employs the decoder described above for generating

10 background noise. The averaged parameters received from
the transmitting side are used in the normal manner, and
they are maintained unchanged until the next updating. The
other parameter values are set so that the location of a
decimation grid and 13 RPE samples are frame-specifically

15 allotted integers uniformly. distributed within the range
0-3 and 1-6, respectively. The delay parameter a of the
long term residual signal is set in the sub-frames to
values 40, 120, 40, 120, in that order, i.e. the minimum
and maximum values in turn, and the gain parameter of the

20 long term residual signal is set to zero in all the sub-
frames.

Prior art C Call

25 When a mobile station MS originating call is made
in the prior art mobile communication system, the
associated signalling is forwarded from a base station BTS
to a mobile services'switching center MSC which in turn
establishes connection, for example, between the PSTN line

30 and the line of the aforementioned A interface. At the
same time, the transcoder unit TRCU is allocated and
connected to the A interface line. The mobile services
switching center MSC further commands the base station
controller BSC to connect the base station BTS, which the

35 calling mobile station MS communicates with, to the A
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12 means of three major elenents__(n the transmtting side_ a

Voi ce Activity Detection VAD is required, which is used for checking
whet her a signal .under exami nation contains speech or solely
background noi VAD function is 5 determned in theﬂgﬂﬂ%mmwz
recomrendati on 6. and it is basically based on anal ysis of signal
energy and spectral changes. In addition, function for cal culating
t he background noise paranmeters is +€quired on t he
transmtting side. On the basis of the noise paraneters 10 obt ai ned from
the transmtting side, so-called confort noi se i s generated on the

repeixing Eide in oideerfatetDine allodiwal. the bhﬁ&eBEétiénrﬁwﬁfﬁﬁﬁﬂﬁi‘aﬁc
swi t chi ng bet ween 0 i sg_angd total .silence,

t he el ement s 0F55?§%§%§$%3%é£n€$g%§%1§§$%%8%r§h$aggép§eﬁggga ?%ne Gda
speech codec i npl enEhei hgsrPEYatE O BTR), whhehi the callihgt MSnatommunicates

par anmet ers. with. Thel Fa86t iseagich HENSIhabhasashs, (RaA85690%%R11
downl i nk DTX) 20 on whi ch_hang] es t he “di sconti nuous

. The functi )
transni ssion o theeFFgﬂgﬁf?T?as %ﬁzﬁhei?ﬁgth?af prxeeredby. 3 gennection is
(Transmit DTX), is ebtablished havingjuire Serids a mobidendtatipactts, fr bome

to the comunicat geRtioRYBTEM Z5pasé 0Bt APHGNSEdnt B0 PR fd ARG VRer

marked with an SP in.the control bits, jndicating
tend

L &%ﬁgfc fla
whet her sai d PPafe 5§ < & 16 IFERES | BYItCRing. capren ¥S6-
frame (Sil ence DescThpsor thilsi clormeations isnfuserht fon eanding coded speech

10 between MS-TRCU, and TRAU frames between BTS-TRCU.
If the prior art mobile communication system
handles an MMC (Mobile to Mobile Call) between two mobile
stations MS, the call connecting proceeds, as far as the

calling mobile station is concerned, similarly to above,
15 but now the mobile services switching center establishes
the connection between the A interface line allocated for
the calling MS and the A interface line allocated for the
called MS. The A interface line of the called M8 1is
connected to a second transcoder unit. From said second
20 transcoder unit, a connection will be established to the
base station of the called mobile station MS. In other
words, for each MMC call two transcoder units are
connected in series, and the call is encoded and decoded
twice. This is known as tandem coding, which deteriorates
25 speech quality due to the extra encoding and decoding.

4. MMC Call According to the Invention

In the present invention, an MMC call can be

30 connected according to normal procedures of the mobile
communication network so that the connection comprises two
transcoders TRCU in a tandem configuration. Tandem coding

can be avoided in MMC calls by sending the frames received

from a base station BTS with minor changes through said

35 two tandem coded transcoders TRCU to a second base station



the background noise for confort noise generation on the 30 recei ving

end—Fhe-SRflag i s determned on the basi-s—of—a- MAD fl ag-obtalned——
froma voice activity detection unit. As the VAD flag goes to zero,
i ndi cating that no speech is detected in the signal, a transition of

the SP flag i Qfgogaaes 2Z€ro Wil also occur after the nunber pérbatdis:
required 35 for «calculating the background noise paraneters have

WD 96/ 32823 PCT/ FI 96/ 00192

13 passed. The transmitting unit of the radio systemfurther
sends this frame, which is marked by zero SP flag and I ncl udes the
noi se paraneters, after which transm ssion on the radio path is

?iscontinued._The TNEHth&hdher_dhes,tr#hscdﬁéﬂ&veéarﬁyﬁﬁ@tidHKB ang h&ﬁédch
rames contai ni ng .0mt | 0 adi t i ck

predet erm ned %r{}%ed%?ﬁ eorrvgego(aé'e dsQ%n_%l 5%%8%@:(71 tsge%gi rgg %,'\%gpé?hgl}’%y
order to update thEdFi®d pavhneifer §hef makileccerathgn MS ande.thghempeech

Spgech i s agai n detaifkterst hewr® gramplihe fSE‘w&Qg.edf | @8rol§h S€he !Robile
an conti nuo tr .SSj.Qn IS re nced., . | n

di scont i nuousufr ansc?n:’q@“s@_lncs)inc,a AOPUREENSR T Sﬁﬁ%}g corfs”%eer(fﬁ’ﬁye&mgﬁoyﬁg speech
transmtting side faalddivcgompargdt he the copvenprional Nendempgrdivgers. The

af orenenti oned encoder at tha ti&€scdde¥SNbhhi Nop1ehddr IENRIA{1ESAiERErent

r r h i
paraneters that coding types, such as full rate and half rate, and contain

a tandem prevention mode according to the invention for

10 each coding type. Alternatively, transcoders  TRCU
representing different types may be grouped in pools from
which an appropriate transcoder may be selected on a call
by call basis.

An Abis interface may be maintained the same with

15 the exception of the additions to the signalling
procedures described here. In the TRAU frames of the Abis
interface, the only additions in the primary embodiment of
the 'invention will in the uplink be indication of the
tandem prevention mode, and in the downlink informing of

20 lack of synchronization or synchronization errors in the A
interface, as will be described below.

The following will describe an arrangement
according to the preferred embodiment of the invention for
preventing tandem coding in an MMC call within one mobile

25 services switching center MSC. For reasons of clarity, a
three-part description will be given: uplink transfer BTS-
TRCU, transfer between transcoders TRCU-TRCU, and downlink
transfer TRCU-BTS.

At first, in Figure 1 it is assumed that there is

30 within a base station BTS1 coverage area a mobile station
MS1 which initiates an MMC call set up to a second mobile
station MS2 which is located within a coverage area of a
base station BTS3. In such a case, the normal call
establishment for a mobile originating call MOC is carried

35 ocut according to the GSM recommendations. The call



represent background noise. Qut of the normal paraneters, t hose
paranmeters that provide information on the level and___ spectre of the
noi se are selected to represent background noi se, i.e. block maxins
and reflection coefficients, 20 which have been converted into LAR
coefficients. ‘time period of four speech franes, | ues
are furtH§¥5@3 | ated for the selected paraneters. One ?ﬁﬁ#gﬁﬁ«ﬁ?

val ue of four block maxinms is cal cul ated over e tinme - period of four
speech bl ocks. These paraneters are 25 transnttted over the radio path as
descri bed above. Thus, only part of the speech paraneters are sent,
and sone of the paraneters are substituted for a SID code word which

consists of 95 zer oestibeiEBfbnef ihW61ves 3 ingabedWeen the NP$1 USRY e

coded to 0. 30 2. 2 Recei ving.,Side ctions ranscoder Upl..nk
M FRgeq: SERREPR Snm g cBRERS |1 welaonRE el and i 1
side is correspondi kgityeeandiekile serxbDIos (RwdsSchin@Txenter MSCl \Wand the

96/ 32823 visitor location register ﬂﬁinQEbQGQQQQR? for the purpose
14 hand| er whose struycture i ?ILustnated in Figqure 4. Jt purp
5 of subscriber authentication and exchange of encryption

keys. The MSCl1l receives from the MS1 the directory number
of the B subscriber, and as it notices that the B
subscriber is another mobile subscriber it performs an
interrogation according to the GSM recommendations to the

10 home 1location register HLR (not shown) of the B
subscriber. Due to the fact that the B subscriber is
within the MSCl1l area, the HLR responds by giving the MSCl
as the routing address. Consequently, the MSCl performs,
according to the GSM recommendations, call establishment

15 of a mobile terminating call MTC, which call establishment
involves a database enquiry to a visitor location register
VLR, paging of the mobile station MS2, authentication,
exchange of encryption keys, etc.

The MSCl reserves a dedicated PCM line of the A

20 interface for both mobile stations MS1 and MS2. In
addition, the MSCl reserves the transcoder unit TRCUl for
the MS1l, and for the MS2 the transcoder TRCU2 which is
connected to the corresponding PCM 1lines of the A
interface. The MSCl establishes the connections MS1-TRCUl

25 and MS2-TRCU2 as well as a connection between the A
interface line which is allocated for the MS1 and the A
interface 1line which is allocated for the MS2. Thus,
between the MS1 and the MS2 there is a speech connection
having two transcoders TRCUL and TRCU2 connected %n

30 series. Between the transcoders, there exists the A
interface, i.e. a digital PCM connection.

In the call establishment, GSM recommendations are
strictly followed. However, call set-up may be changed so
that when the MSCl1 detects an MMC call and a need for

35 preventing tandem coding, it signals information



receives frames fromthe radio system and handl es them on t he basis

of the three flags obtalned-in the conttol—pits- TheBR—Hag—
(Bad Franme Indicator) indicates 5  whether the franme in question
contains ~ sensible information. I.e. if the frame has been corrupted,

for exa he radio path in such extent that it capgpiresmeorsz e
reconstructed I n e radi o section of the base station, the BFI flag

is used for marking said frame defective. As such a bad frane is

received, i.e. a frane with a BFlI flag value 1, the speech paraneters

of said frame are substituted for the speech paranmeters of the

previ ous frame before decoding. If several frames that are nmarked

by a BFI flag are resmceeninguitngoopdieatbans acaoichsngBTSL 1and BTS3GSNhis
reconmmendati ons are oryged, e pty on
af orenenti oned hand??%%éo a ﬁ?gﬁ%}%s g‘%% +‘9 [%ndud&gml;be uatej%lmz""ng

i.e. a valid SID updafeage®rane has been recei ved, but no nornal
speech frame with a BFl vaiue, Qiplink MaGnkEer Begserred after that. In such
an uplink DTX go situation, a frane with a BFI flag only neans that
confort Nnoi se generation should be continued. Alternatively, this
can be carried out by sendfmgthel Sollewirg, only the uplimhke tgapsifieag BTS1-

consi sts of two bitereod iils | SeseLibed. méoruﬁalmléﬂmwesﬁb@-ﬁm is
ecliJI Ca

sent .by the radio system errors in the_s |
code word in ﬁ’ér?‘?%né’u'cAag%mtg’feon VEEY SO nPEHRCHALT 5 @lsytﬁ'ﬁ%m% 81
classification on hchanhelfr moden | |uhdt er QO ,usedetéfmined in Stk ha$sM

the value 2 apg thergEJmheéas@foﬁ/adswsdJ rdcdivel informé@libd %thfHear&ﬁdaaat
can be used for updat t he noi se 30 ar,ac{‘%t er.s.

(Time Alignment Fl aﬁergn'El%‘é‘H 7Y e, it PTOVAIER iThE R TRAW ffrr%sl ﬁ’l B

question has been usefiormation tbagnahdicgtest sodehef tianscedbrsIRCUM thag.
Its purpose is thgaﬁﬁalxeé Oafé'dééé’éélé(\’ﬂfd”' with LSS f&amdasﬂaﬁgla $peech

expected. 35 gera L ons rel ating nt ort noi se
: decodlng 18 to be carried out  to them Thls information
15 can be transferred in one of the free control bits Cl18-C21

of the uplink TRAU frame, or a combination of them. For
the tandem prevention operation, it is also possible to
determine a new frame type, of which control bits C1-C4
notify. In the example below, tandem prevention mode is

20 indicated by the control bit C21, i.e. C2l=0=tandem
prevention mode and C2i=l1=normal mode.

It must, however, be noted that the implementation
of the invention is possible without the TRAU frames
transferring any kind of information on tandem prevention.

25 In other words, the mobile services switching center MSC
does not signal to the base station that the call is an
MMC call, and neither is the control bit of the TRAU
frame, e.g. C21, in the base station uplink direction used
for informing of tandem prevention. Neither does the TRCUl1

30 in such a case check the control bit €21 but continuously
operates, as will be described below, with the control bit
value C21=0, i.e. in tandem prevention mode. The example,
however, describes an embodiment employing signalling and
the (€21 control bit, because it is the more complicated

35 one out of these two.
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15 generation,_such as nmuting,.are carried—out in accordance

with the GSM recomendations 06.11 or 06.21 and 06.21 or 06. 22 and

06. 31 or 06.41 depending on the conbi nati ons of t he af orement.i oned
three fl ags, bwomally speaking it 5 can be said that t

noi se generation 1s started or confort noise is updated upon recelving
a new valid SID frame. The c%@fort noi se generation
correspondi ngly enpl oys the decoder described above for generating 10
background noi se. The averaged paraneters received from t he
transmtting side are used in the normal nmanner, and they are

ma: ntai ned unchanged until Riyureexs upHewsnta Elew chart HALyAAIFEILG' the
val ues are set so t | i RPE
sanpl es are frame- spem‘#l céiﬁ a@%&ﬁ q‘&fﬁﬁk (fﬁrr?%gqgggtf&%qu: ﬁg 89 ggfguﬁ%t‘éﬂ
Wi thin the range t e@JsreaﬁdozL 6UppashReei Vg a TﬁéUd%p%sdpaﬁ%am &rom the
thle 40, Igg(g) tig musaaéé dg@étﬁbl?rrsi-sw tRé tPahbCode-TRAMEScdPries out all
val ues in or, ni_mum '
val ues in turn,>and rt &é’cﬁé&élggnégg?bﬁfsf%eé%tg‘el Bﬁﬁe’f‘é?%%@%ﬁgf“e Chat
signal is set to zerar&rﬂ%ﬂ¢rminﬁdnin the GSM rxgmpammendations, excepB. speech
art MMC Cal | decoding. The TRAU frames handled in the block 51 are fed

to speech decoding 52 and supplementary processing 53.
In addition, the block 51 checks the state of the
10 control bit C21 in the frame. If the control bit C21 is in
state 1, the TRCU1 operates in the normal mode of
operation and transfers the TRAU frame to speech decoding,
but not to supplementary processing 53. In such a case,

the operation of TRCUl is entirely in accordance with the
15 GSM recommendations.

Speech coding 52 is in accordance with the GSM
recommendations, and produces from the speech coding
parameters a digital speech signal which is applied to a
pulse code modulation (PCM) block 54, which, by means of

20 pulse code modulation (PCM)} in accordance with, for
example, CCITT recommendations G.711-G.716, converts the
digital speech signal to a bit rate of 64 kbit/s. The
pulse code modulation (PCM) at the rate of 64 kbit/s
functions so that the speech signal is sampled every 125

25 microseconds, i.e. the rate of sampling is 8 kHz, and the
amplitude of each sample is quantized to an 8 bit code by
using A-law or u-law coding. The block 54 sends the PCM
speech samples to TRCU2 through the A interface.

I1f, however, the block 51 detects that the BTS1

30 has, despite all, inserted the TRAU frame control bit
C21=0, the TRCUl shifts to tandem prevention mode. In
tandem prevention mode, the block 51 sends the TRAU frame
to both decoding 52 and supplementary processing 53. The
speech signal decoded in block 52 is supplied to PCM block

35 54 in which it is coded into PCM speech samples as in



25 When a nobile station M5 orlglnatlng call is made in the

pr|gL-&LL-ﬂDb#Le_connun;ca;+gm_systen;_4¢uL—_-——nauﬁxxu4n4ui4spgnaLl-nu is

forwarded froma base station BTS to a nobile services swtching
center MSC which in turn establ i shes connection, for exanple, between
the PSTN Iine @@ ogssiggl the line of the aforementioned A interfRegmogiordahe
sanme time, the transcoder unit TRCU is allocated and connected to the
A interface line. The nobil e services swy{ ching center MSC further
commands the base station controller BSC to connect the base station
BTS, which the 35 calling nobile station M5 conmunicates with, to the A
WD 96/ 32823 ' PCT/ FI 96/ 00192

16 i nt er f acnokmat mbilecaf enperEteddmse station controll er BSC

est abl i shes connection bet*ﬁgnwgﬁgléhéﬂﬁﬁ%%agfoéé§§rﬁ$dbl?ﬁk E gQ%tgces ;

station BTS which the callin at1on
BTS i ndependent | y hﬁﬁﬁpe%r%@ﬁIlqsacqg?@&BFPsﬂh%htthﬁ1QﬁMerFﬁﬂmﬂeB apion 08.60
Thereby, a connecti qbri 88.61) €5tidl fewatdeayitdga Besehdesransebder tHrtughn

VB, A base 5 SLaLhgneBEShiB.R35¢ ShA'LAD KOTREOHEELe PHs dedd AN AP ot

unit TRCU and a nobi'Té Sé€rvices sw
connection is used P@Ff§§mﬁﬁngtbgd§35§b Qﬁ)thﬁkﬂﬁﬁ%nfﬂE¥3¥@§¢ Bad thrad

tranes bet ween BTS- IREbrface comprise essentially the same speech parameters
| ) and control data as the frames received from the base
station BTS1l. The block 53 does, however, check the
10 control bits of the received TRAU frame and may depending
on their contents carry out supplementary functions which
may change the contents of the TRAU frames that are sent

to the A interface.

Upon receiving a bad uplink TRAU frame, in other

15 words a TRAU frame marked with a BFI flag value 1, the
block 53 substitutes the speech parameters of said uplink
TRAU frame with the speech parameters of the previous
uplink TRAU frame and sets the value of the BFI flag to 0
pribr to sending said TRAU frame forward to the A

20 interface and TRCU2. If several uplink TRAU frames that
are marked with a BFI flag are received, the block 53
carries out muting procedures according to the GSM
recommendations to the values of the speech parameters,
and sets the BFI flag values to 0 in the bad TRAU frames

25 prior to their sending to the A interface, but decoding is
not performed in this case either.

The only exception is a situation of an uplink TDX
whereby an idle speech frame or a TRAU frame marked with a
BFI flag value 1 only mean that the block 53 should

30 continue generating comfort noise.

When the block 53 receives a valid SID updating, it
functions the way it does in a normal uplink DTX
situation, i.e. comfort noise generation is activated or
comfort noise is updated to the parameters, but decoding

35 is yet again not performed.



If the prior art nobile conmunication system handl es an MMC
(Mobile to Mobile Call)_between two nobile stations Ms, the call
connecting proceeds, as far as the calling nobile station is

concerned, simlarly to above, 15 but now the nobile services sw tching
center establi t he connection between the A interface

all ocated for SJ9636’?”??%33cal ling M5 and the Ainterface line all S‘é'y?? 13%

t he called M. The Ainterface |line of the Ealled MS i-s connect ed
to a second transcoder unit. From said second 26 transcoder unit, a
connection will be established to the base station of the called
nmobil e station MS. In other words, for each MMC call two
transcoder units are Taonaeqiwrkhdllser ies, cand Bde sadld tRaencaUEd the
and decoded tw ce, LS.LS . tand cQgli, n whi ch..det eri es
25 speech quality &@gr}%iéﬁg gégggﬂéﬁg% [ ggg%da ec% ??Eﬁenda +on éHf?l ox
4. MMC Call Accordi n§6t-81t ifce manfiorged with the exceptiome qff elggnding, and

i ][]V'?Et i on,b_ iem MVC cakhecaprIbe1gg isCf@me.lC(d ed a?@QméLnglaﬁkngrﬂais PEAREHYE &%
) e nobile omguni caj.i on netwqrk sog e_connecti,on _conpr.i se

t Wo transé%dergogg%ﬂsrn gp?éﬁﬂgﬁféﬁﬁ¥P§u$g§i% Mes, REERTEREnge the Gem
can be avoi ded in MVZecammnengatiendOhg3therf rifivdd ,r exmificedt noise fgemexation
base station BTS Wit BcgbR@linghaieshé h@@mmé&nﬂe%é%ibﬂb deingenerodedaz is

transcoders TRCU to a second base statjon 96/%3823 ] .
PCT/ El 96/ 00192 performed, but again in such a manner that decoding is not
carried out, but the modified parameters are packed back
10 to the frames. Control bits are not changed at all in

these flags that will be sent forward to the A interface.

In the TRAU frames according to the GSM
recommendation 08.61, the control bits further comprise a
UFI flag and a check sum for cyclic redundancy check

15 (CRC), which may cause changes in the speech parameters of
the received TRAU frame prior to sending the TRAU frames
forward to the A interface. For the TRAU frames in
accordance with the GSM recommendation 08.61, the
transcoder TRCUl must, among other things, calculate a new

20 CRC check sum in case it has been necessary to change the
parameters associated with it.

The block 53 transfers the TRAU frames handled in
tandem prevention mode to the PCM block, which
incorporates them in the normal PCM speech samples by

25 inserting the TRAU frames in a "subchannel” formed by the
least significant bit (e.g. 8 kbit/s speech coding) or two
least significant bits (e.g. 16 kbit/s speech coding). It

g is possible to employ even a higher number of least
| significant bits, but that would result in a more

30 noticeable deterioration in speech quality.

Figure 6 illustrates the insertion of a TRAU frame
according to Figure 2 into 160 successive 8 bit PCM

| samples. Into each PCM sample, two bits of a TRAU frame
5 have been inserted in place of two least significant bits
35 of the PCM speech sample. The PCM samples 1-8 contairn



17 BTS without the transcoders carrylng out any speech

encading ar decoding. As—a.result, s
in the nobile station M5 and the speech paranmeters are sinply
forwarded through the nmobile 5 communi cation network, which considerably

| nproves speeGRoeemagsiual ity conpared to the conventional tandeviswions.
The transcoders can i npl enent several different codi ng types, such as

full rate and half rate, and contain a tagglem prevent’i on node
according to the invention for 10 each coding type. Alternatively,
transcoders TRCU representing different types nmay be grouped in pools
from whi ch an appropriate transcoder may be selected on a call by
cal | basis. synchygnipation: ze¥ege thg B npameisshal thecontinolnibits

;?Oce;hfeseégeptlgnglﬁélstthéﬂbbﬂlQaﬁ?lég 1thSSSEWW¥|biEb an? the PCM
ju scri bed_he S e Abis erface
the only additions FﬁmPiﬁs #Bﬁa&§°e588&FﬁZn§ 15F fcale C?R Pﬂvgﬁf&% \ﬁ he §ix
t he uplink be indi cmosbnsmnifuecant bittenaénthe cRShtsamplesdereapdiginahedits
SoATEy The 3 ™0 O S sacloskon e oy ol

The “following will descF?bEgeaPreg%Fﬁﬁg ﬁ@ﬁ?ﬁlment ggcggﬁlﬁfWﬁFqﬂ%?' if
preferred enbodi renTROD1t he iimvewirmald feimate (C21sdevefrhien@PCMaldeckeEdi rpass
a0 e cal i n age FRBELE 2 nEEEVLECEnsVARAY MefeTifo \ole LR 1east

reasons of clarity, a hr ee- g description wl iven: u
transfer BTS- s?ﬂ&%ﬁlFﬁﬁhs?%ﬁ tﬂﬁvﬁﬁﬁ13 ﬁ@@&&ér§aWP&£kT¢&lPt 'words
downl i nk 1ot ranafier theCiRES.ocf the sampleA@eﬁtrsb the B ginterEace ixxe

assuned that there |s. Lt hLn e aLl TSh, £OV.
nobi l e station b%éégmﬁlmhgpg ?E Pﬁé Péhhkéﬁgl u%éﬁﬁﬁgagéﬁggéfsary
nobile ~  stati ond®REeripFraRieR PScARRESH tﬁ?ﬂl’atléOS‘éPaé@ aAeeidfd gdue to

tandem prevention not being employed in calls having,
e.g., a PSTN subscriber as one party.
15 It is, however, possible that the TRCUl is
continuocusly in tandem prevention mode, i.e. it always
" carries out the insertion of TRAU frames in the PCM
samples. It such a case, the receiving end makes the
decision whether to use the PCM samples or the TRAU
20 frames. An advantage here is that the mobile services
switching center MSC and the base stations BTS1 do not
have to know that the call is an MMC call as all the
modifications required by the invention are concentrated
at the transcoder. In such a situation, the control bit
25 C21 is not used the way described above, either. A
disadvantage that results is a slightly poorer speech
quality in normal calls to the PSTN. If frames in
accordance with the recommendation 08.61 and a subchannel
formed of one least significant bit are utilized, the
30 deterioration cannot be noticed in practice.
The transcoder TRCU2 also contains a transmit unit
according to Figure 5 for traffic in the uplink direction.

35



base station BTS3. In such a case, the normal call establi shnent for a
mobile originating call MXC is carried .35 _out according to_the GSM

recommendations. The call WD 96/ 32823

PCT/ FI 96/ 00192 18 est abl i shnent

I nvol ves si gnalyd tween the M51 and the base station r
BSC1l, as well gg*%@%ﬁglling bet ween nobil e services smﬁtgﬁ?ﬁg&@gkﬁer
MSC1 and t he visitor location register VLR (not shown) for the purpose
5 of subscriber authentication and exchange encryption keys. The
MSC1 receives fromthe MS1 the directory nunber of the B subscri ber,
and as it notices that the B subscri ber is another nobile subscriber
it perforns an interrggat a0 155 tiwe &0 t OENdPRdans to

t he 10 honme |ocation registe THLR (n6t shémﬁ) of the B
subscriber. Due to the fact that the B subscriber is wi thin the MSCL
area, the HLR responds by §hei ntREWe Nmodles thgs updipkut TRAU adiframes it

Cbnsequegtly, t he NFE&eQGéEFE&&m thélbéﬁéﬁﬁﬁﬁﬁlﬁﬁfBTgﬁ £ same naPFer as
comendat ons o2 legEiBla’ SBUREL 8 conlePidR L6y’ AT CRLALNA gl
| ocation register and ggem Ygtandem prevenbion wodei ypohSietecting that
aut henti cation, c21e8¢hapge Gfs enid YPERON kfdfentSidh mode permanEMtly.
MEQ .reserves a dedbgﬁgggrfcyltheTgéuihﬁaéhles the TRAU frames and the PCM
samples received from the A interface as will be described
10 below in connection with TRCU2.
The TRAU frames in accordance with the GSM
recommendations 0B.60 or 08.61 are transferred between the
transcoders TRCUl and TRCU2 through the A interface in a
subchannel formed by one or more least significant bits of
15 the PCM speech samples. In the transfer between the
transcoders TRCUl and TRCU2, it is furthermore possible to
use the same synchronization methods according to the GSM
recommendations 08.60 and 08.61 that are used between the
base station BTS1 and the transcoder TRCU1.
20

4.3. Downli Transfer TRCU2-BTS3

In the following, only the reception at the

transcoder TRCU2 from the A interface, and the downlink

25 transfer TRCU2-BTS3 are described. The very same principle
can be applied to the reception from the A interface at

the transcoder TRCUl and the downlink transfer TRCU1-BTS3.
Figure 7 shows a flow chart illustrating the

transcoder TRCU2 functions in the downlink direction

30 according to the invention. In accordance with the GSM
recommendations 08.60 or 08.61, the synchronization block

71 of the receiving transcoder TRCU 2 continuously tries

to find synchronization in the subchannel in the PCM
samples received from the A interface, i.e. in the one or

35 two least significant bits. The synchronization with the



20 interface for both nmobile stations M1 and MS2. In
addition, the NMSClI reserves the transcader.unit TRCUL for the Ms1,

and for the M52 the transcoder TRCU2 which is connected to the
corresponding PCMlines of the A i nterface. The MSCl establishes the
connections Myyodkhddls 25 and M52-TRCUZ ‘as wel |l as a connectpcqipdiorsaen
the A interface line which is allocated for- the M1 and the A
interface line which is allocated for the MS2.,Jhus * bet ween the M1
and the M52 there is a speech connection %aV|ng two transcoders TRCUL
and TRCU2 connected in 30 series. Between the transcoders, there
exists the A Interface, i.e. a digital PCM connecti on.

In the call establiERHEnEraﬁSHItakeEﬁpﬂdebimﬂSn&has of th rewidhrdmidaniemnh

Houever, cal I set - u g Bl PO Oene £rablal WIMAd oplEh ) o6 S B

MMC call and a need pre ventin
i nformation hengsynchronization has not yet been found or
PCT/ FI 96/ 00192 dur:.ng the call, when synchroni%ation ha<OB&€f nllﬂgtl ta

tot he ba_se St gt | oné?ﬁf c:.grl;@ nl%l-lr-r%Ser ol%l TRAU frﬂeescelsm;yiaQEﬁ é' Q&' o ved
|n

included in th rans
BTS-TRCU 5 in ondext héof @SS@WﬁngthQ#]I $ tfheOUleQ\kk itAsf esuhsrr@rmel

containing TRAU frames has been found, and not a random
synchronization pattern in the least significant bits of
normal PCM samples. Synchronization with the frames is

10 carried out continuously, and the time period used for
analysis is altered in accordance with possible timing
variations.

A separation block 72 separates the PCM speech
samples to an encoding block 73 and the TRAU frames to a

15 supplementary processing block 74.

Entirely, . in - accordance with the GSM
recommendations, the encoding  block 73 carries out an
encoding for the PCM speech samples intc speech encoding
parameters of the lower rate speech encoding method. The

20 encoding of the PCM samples takes place continuously
regardless of whether synchronization with TRAU frames has
been achieved or not.

If synchronization with TRAU frames has not taken
place, or verification of synchronization is awaited, the

25 speech coding parameters that have been encoded from the
PCM speech samples are forwarded from the encoding block
73 to a processing block 75. The processing block 75
inserts the speech coding parameters in the TRAU frames
and carries out all the procedures for them that are

30 determined for the transcoder TRCU2 in the GSM
recommendations, prior to transmitting the £rames in
accordance with the GSM recommendation 08.60 or 08.61 to
the base stations BTS3.

If synchronization with the TRAU frames has taken

35 place, the speech coding parameters are not forwarded from



TRCUL is described. The uplink transfer BTS3-TRCU2 is carried out by
the very sane principle. As the BTS1 channel _codec wunit __CCU,
determned in the GSM 10 recomrendati on 08. 60, receives information on

t he tandem prevention node, it provides the uplink TRAU franmes with

I nformation th@%%at es to the transcoder TRCUL t hat tg@lﬁ?ﬁé’rﬁmﬁz are
associated with an call and no speech "decoding is to be carried
out to them This information 15 can be tranafserred in one of the free
control bits Cl18-C21 of the uplink TRAU ffame, or a conbination of

t hem For the tandem prevention operation, it is also possible to
determ ne a new franme type, of which control bits d-C4 notify. In the

gxanplcglbel ow, taggefnoaowceaﬁhgnbmadle 735 t2) the ppdtéssiy b;afdldws.cmﬁ&fd@éd, :
t , . e. 0=t . . =1= .
| eser, B lgng R 13 GG.AN L5 ERE" ko Efpes

It nmust, however, be not; | efrent at’l ) rnve
i s possi bl e without ¥ereimeaUfremnthe A intenfaeshcwhinh TRAU |Gnamest have been

information on tandgipdiesid i 0. tRS supplefdeirpOpiiscedditg™Mlidck SBI Vi €65
swi t chi ng centeé I\/S({‘__ e ,gﬁﬁ EIQ‘-’t‘ ésignaa to thg basebs#atioﬁ\thatfthe c%je
is an MVC Zal |, CHERF nerther* %% he Yol A R v e i I TRaperforns gt
e.g. 'C21, in the basdsstrudanduysisi nidegisradniedn fogelhe transeoder oimi blae oFSM
tanflemI |olr3 _e;/egtz IjL og-tl‘ieéadwt_ exﬁ&%lsioh@@ ZR@Uiax%Quceénas'rﬁhU?fﬁaﬁﬁ QHe_SEch&ance
contro i ut .gon ous .operat e S e descri be

bel ow, with the conttﬁtﬁ W recgmﬁ%‘%zfﬁxesq .gc?r mé taa?ﬂde'?ﬁ p?%vgﬂﬂ’%’ﬁded
mode. The exanpl e, throudivweher Abdesdmtieafage dawbothereBTS2npRsyithe speech

signalling andjp  eddiuimel G8NTAGE RiabrriBBCAYSE, | ttHeS TRRU™¥1imes to be
conplicated 35 one_ out (g { hese two. )
forwarded contain essentially the same speech parameters

and control data as the TRAU frames received through the A
interface. The supplementary processing block 74 does,
however, check the contrel bits of the TRAU frame received

15 from the A interface and may depending on their contents
carry out supplementary' functions which wmay change the
contents of the TRAU frames that are sent to the BTS3.

In the following, the supplementary features of the
supplementary processing block 74 are described.

20 If the TRCU2 by means of the uplink TRAU frames
sent by the BTS3, or by some other means, is set in
downlink DTX off mode, the block 74 forwards the TRAU
frames received from the A interface by only changing the
type of the frames to that of normal downlink speech

25 frames. In other words, in the frames according to the GSM
recommendation 08.60, the supplementary processing block
74 sets the control bits C1-C4 to indicate that the TRAU
frame is a downlink frame, i.e. Cl1C2C3C4=1110, and the SP
bit and the spare bits always to 1.

30 If the downlink DTX is set on, the supplementary
processing block 74 sends the TRAU frames forward by
changing the type of the TRAU frames received from the A
interface to that of normal downlink speech frames, if
they are normal speech frames as to their control

35 information. In all the TRAU frames received from the A
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20 Figure 5 shows a flowchart—illusts

transcoder TRCUt uplink direction functions according to t he

i nvention. Upon receiving a TRAU speech frame fromthe base station
BTS1, the traggs Q@ﬁ% TRCUL carries out all 5 t he procedur epctilogpdiedl)
for the received ﬁﬂfrane t hat are determned in the GSM
reconmendat i ons, except speech decodi ng. Jthe TRAU frames handled in
the bl ock 51 are fed to speech decodi ng gﬁ and suppl enent ary
processi ng 53. In addition, the block 51 checks the state of

the 10 control bit C21 in the frane. If the control bit C21 is in
state 1, the TRCUl Dpeswffasse | hhabe caor,nebnnube dbasis ofpercattimml abilts, be

transfers the TRNJicﬁggbféhéﬁ“%§hcgﬂfggﬁnH01se geﬁU&aQ?&ntfréHggleﬁegta ih

processing 53. In su case he operation o Is entire I n
accordance with thefﬁiﬂesCﬁﬂﬁ#eéﬁﬁheﬁ%g?4oHQU1d 1nterpret Sﬁ%eéﬁ5€6€+ﬂ% 34

is in accordance W ¢dbmidwet Giddse generauiwandahnessof atite pupliitile DX, orvlen P

speech coding ¢ 9?%0%%?@ (ﬂ %ﬁl&aé §ﬂ§e& é'm "%] 5%8: 't% ac?'ﬂ-le'c%% (%&ya

pul se code nodul ation
modul'ation (PCM) $Ree@k orRANAMetazish, aﬂfiorthe re%’)’(a t'—1'(§3I -ppnecessary

recomendat i ons G 7gdrimetidrs Gy ellliso Tsl&Q to 0. ﬂsgatﬁérrﬁaopeéﬁbédkgrﬁlanfeola
bit rate of 64 kbi tg?cema Frqn, R 3°4APLEIRCU I 98 (B2 LA g 59

64 kbit/s funtIfons so 1 he speec S|gn
m croseconds, i.e. thﬁﬁ¢eﬁQﬁnﬁ1Qkuﬁﬂﬁm%§ -is 8 kHz, and t he anpl i tude

of each sanpl goi s quanti zeghd OcaanBc&aércqﬁeU@y too, @&imﬁlam@c&dm&:{
codi ng. The bl ock 54 sends the.P

eech sa Ies to. T hr o
the A interface. Yt a°°°r??nghoﬁ8veF18Pﬁg bl'oc &Efﬁﬁcg h %ﬁ%?cn
BTS1 30 has, despinfowhation rigerthed dolmlinkudirammmnt rol bit

It is also possible to transfer the functions of

the transcodexrs TRCUl and TRCU 2 described above so that

15 the TRCU2 downlink supplementary processing block 74
carries out all the modifications -to the frames received

from the BTS1 {(i.e. also the functions. determined above

for the TRCUl uplink supplementary processing block 53), -
and the TRCUl downlink supplementary processing block 74
20 carries out all the modifications to the TRAU frames
received from the BTS2 {i.e. also all the functions
determined for the TRCU2 uplink supplementary processing
block 53} whereby a configuration slightly different
regarding the location of the functions is obtained. In
25 such a case the TRCUl forwards the uplink frames as such
to the TRCU2, and the TRCU2 correspondingly to the TRCUl.
The example above describes an MMC call within the
area of one mobile services switching center MSCl. The
invention can also be applied to an MMC call with mobile
30 stations MS located in different mobile services switching
centers.
Let us assume that in the system acceording to
Figure 1 a MS1 located within the area of a base station
BTS1 and a mobile services switching center MSCl places a
35 call to a mobile station MS3 located within the area of a



C21=0, the TRCUl shifts to tandem prevention node. In t andem
prevention node, the block 51 sends the TRAU frame— . _to both-decoding
52 and suppl ementary processing 53. The speech signal decoded in

bl ock 52 is supplied to PCM bl ock 35 54 in which it is coded into PCM

speech sanpl esysy WO 96/ 32823 P
PCT/ FI 96/ 00192 a3 21 nor macl'r no e”gf

operati on. The suppl enentary procegsgi ng bl ock 53 produces a
TRAU frane in accordance with the GSM recomendati on 08. 60 (or 08.61)
to be forwarded to a second transcoder through 5 the PCM bl ock 54 and the
A interface. As decoding is not performed, the TRAU franes that are
forwarded to the A base istagibac BTHnpand emobidat sekigcehe switrehipgedenter

parameters andmgeat r «rhed@e@ﬁmhge JE AHRS meeafﬁ ﬁf&&é&% %?fgno Fhe

station BTS1. The bI ock 53 does,” however, check he 10 contr )
the received TRAU f PER¥IGHE FXSMRESeRihow t %rp‘?"??elkmt@géﬁtﬂ SR
suppl enentary funct retsrnhi cthe addregschreingehthenatniilteenseroicese sii?Aldhing

frames that arg Senbeneer H8 %ﬁh@oﬁ:}ié‘tnﬂﬂ 6l%es_?::'v:f.c s sw:.tcljrr#(}@ e@&?f"@ﬁ.

bad uplink TRAU frarre I n_ot rame

flag value 1, the The M8ck ePulffst tPGt eS2the hedbs pHPGRetd dmcdydes
upl i nk TRAU f r affoxmatiohe iapadmh pigraiklines tdatt heher @aldusis an MMC

uplink TRAU frame aggligt§héhﬁsﬁflBSr?&rﬁQetﬁgqa{iégﬁéfaé)of the transcoder

TRCU1l and the call establishment to the mobile station MS1

10 direction, as in the previous example. The MSC2, in turn,

allocates the transcoder TRCU3 and carries out the call

establishment to the mobile station MS3 the same way that

the MSC1 performed the allocation of the transcoder TRCU2

and the call establishment to the mobile station MS2 in

15 the previocus example. A connection is established between

‘ the mobile services switching: centers MSCl -and MSC2, and

the .transcoders TRCU1L and the TRCU3 are connected in

series. Following this, the TRAU frame uplink transfer

between BTS-TRCU, the downlink transfer between TRCU-BTS

20 and the transfer between the transcoders are performed, as
in the previous example.

The figures and their description are only intended
to illustrate the present invention. It should, however,
be understood that changes can be made to the embodiments

25 of the invention without departing from the scope and
spirit of the attached claims.

30

35



prior to sending said TRAU frane forward to the A 20 I nterface and TRCU2.
I'f several uplink TRAUfranes that . —are—lRked-uiiha BE-{lagare———

recei ved, the bl ock 53 carries out nuting procedures according to the
GSM recommendations to the values of the speech paranet ers and
sets the BFl fg,ggensgisies to O in the bad TRAU franes 25 pr| 6{2
sending to the I'nterface, but decoding is not perforne |n I'S case
ei t her. The onty—exception is a S|2t9uat i on of —am uptimk—TDX—
wher eby an idle speec a TRAU frarre mar ked Wi t Ry sheet Has BEdn Hebifd
value 1 only nean that m Imﬂmﬁul d 30 continue ort
noi se. VWherw ceives a valid Sl Eﬂwﬂ% m u
functions the way it does in a norsmal* upl i niclabxs sit

confort noise generation is activated or confort noise is updated to
the paraneters, but decodi ng 35 Is yet again not perforned. WO
06/ 32823 A transcoder COWWG/W for preventlng
22 ' Iﬂarﬁiewtddaﬁlﬂg off spEedie idiad nidbdlledltlo Wobile (MS1, MS2)

operations detgrm nc?adllb)ﬁf thin Nho%igmﬂ% é?@a&o%hé%éﬁm ﬂhl%?l. emggpy{so a,

performed with™the exce
and the uplink DTX smeqﬁhdp%l@s sethpél |r@\r}ycxgson:rraaseptssennofr@eo on atthe

according to the GSMdio path,
: a speech coder (52, 73) for encoding the speech
signal to be transmitted to a mobile station into speech

10 parameters, and decoding the speech parameters received
from the mobile station into a 'speech signal according to
said speech coding method, and

a PCM coder (54, 72) for transmitting an uplink
speech signal to and for receiving a downlink speech

15 signal from a PCM interface in the form of PCM speech
samples, c haractexrizedby

the  transcoder further comprising means for
transmitting (53, 54) and receiving (71, 72, 74) said
speech parameters in a subchannel formed by one or more

20 least significant bits of said PCM speech samples
simultaneously with said PCM speech samples.

2. A transcoder as claimed in @ claim 1,
characterizedby
frames for carrying the speech frames during

25 transmission through said subchannel, said frames carrying

also control and synchronization information,

the frames received from the subchannel being
downlink frames, and the frames to be sent to the
subchannel being uplink frames.

30 3. A transcoder as claimed in claim 1,
characterizedin that

the transcoder is arranged to forward the speech
parameters received from the mobile stations both as
decoded into PCM speech samples and as undecoded speech

35 parameters in said subchannel. REPLACED SHEETS SG

[ Description : paged ...."to paged ...

-------

- Claim(s)  : paged ,,1/0 .. to paged 2%
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reconmendati on 06.31 or 06.41, confort noise generation ﬂm‘ﬂlﬂt
the GSM recomendation_Q6.12 or 06.22 is perfg_r_t:l:e.d,““ Hmlm h
a manner that decoding is not ———earriedout, but the nodidiaed paré&neters

are packed back 10 to the_fsrharres. OOQetfaPJﬁ bits are not changed at all in
these flags th ' es e Ainterface.

the TRAU fra%‘s’%&%rdi%‘gﬂ“‘wﬁmmmt\/t recommndationpwl%ge
control bits further conpri HIE8 | ag 3 d a check sumfor cyclic
redundancy check 15 (CRC), which may cause Changes in the speech

par amet ers of the received TRAU franme prior to sending the TRAU franes
forward to the Ainterface. For the TRAU frames in accordance wth

the GSM recommendati on @8.6A, tidrmscoder t aanseDgitied REH]L 8L&im @08g 3,
ot her things, cal culc?trg £ 08w 20 o ghegck fﬁ"ﬂﬂ;jaq: case it has been

necessary to change the parameters assocrated with it. The
bl ock 53 transfers the TRAGLEr &inasisepdereds mrranged; 4 cfRrvmE cbite ofpeech

goucil/le to ht he PCM b;kslmdez tersWikeBived inian(f(i'l’aﬂf@r g-es é&rﬁms’ubgm@ne@lraal the
speech sa es Lhserting. TRAU franmes i,n.a "su nnel 5. -.
formed by thenpé l'%I'Debals © s?%; I?Jf?%a%% Egg?t(g.nﬁ.o‘iénﬁbi tqust s%%se%#r@odwﬁﬁifb?d
two ~  least sigraddargimghites the. gontsokbinfermatderh ofothagyplink frame,
i s possible to enploy even thehietlbeleRUiBCArPind@Rto contintictdnll eaBbaALI bEM
but t.hat would result in.a nor § 30, notlceal?lzl e deterioration in speech
quality. speecil PRTRLEE| dBFPaPRECTRP TGS of a TRAU frane
according to Figure 2 intothestrawmscedervdsgaprang@dMo trangmipl ehe $peech
each PCM sanpl £y Wit t@rsAt hRAL L& dcoded £rBRYVENDORM Idﬁw&egah\%n@éa@&

of two | east signifigant hi 35 f the_PCM speech I The P
sanpl es 1-8 Con?m|1éhe mgg{fe statgon. Ef %%L %fg%sé% Q%(aoeseaot receive

speech parameters from said subchannel properly.

5. A transcoder as claimed in claim 4,
characterized by an inter-transcoder
is synchronization. procedure based on the synchronization

information of the frames, and that the transcoder is
arranged to continuously search frame synchronization in
the frames received from the subchannel, and to recognize
the frames as properly received if synchronization is

20 found.

6. A transcoder as claimed in claim 2, 3, 4 or §,
characterized in that the frames are TRAU
frames in accordance with the GSM recommendation 08.60 or
08.61.

25 7. A transcoder as claimed in claim 2, 3, 4, 5 or
6, characterizedin that the transcoder is a
remote transcoder located remote from the base station,
said remote transcoder being arranged to communicate with
the base station by using frames that are substantially

30 similar to the frames used in said subchannel, and that
said synchronization between the transcoders is
substantially similar to synchronization between the base
station and the transcoder.

8. A transcoder as claimed in claim 7,

35 charactexrizedinthat
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23 ————sypchroni zati-en—zeros,

Cl - C15, the PCM sanpl es 19=155— its, and t he mlﬂmﬂnﬁmwzﬂﬂl% 160
control bits Cl16-C21 and 4. The Si X . nost si‘gnffitant Bitd of the
PCM sanpl es arﬁmwal m ?ﬁlk tacddCM speech sanpl e (negdegeiosods t he
synbol x). nbodi nent of the invention, if
TRCUL is in normal state ( ﬁ bI ock; 54 does - not insert the
bits of the TRAU franme into the two | east significant bits of the PCM
speech sanmple, in other words 10 all the bits of the sanple sent to the A
I nterface are original bits of the PCM sanple. This is how unnecessary

deterioration of speech quoadtypkink firames dwatdde aobad fralemdie'tﬂicatoxj.
prevention not being enpl oygd tPagsddded s "Besponsi® Go th PIBMRG T R

as one party. 15 e JTRCUL 1is
continuously in tantBf B?%v%m'f‘%nnﬁg‘(ﬁatqr én | “R/é&gk Pram%a?‘??%%""cﬂjtfﬁ%
i nse_rt.t on of TRAU fthaesbaset I“@tm‘a'bn forsanmisestihg sthé aspesah tdrecoding
receiving end gakes;hBSrmatiodl6st Sir pRs ﬂfds tFQahae i hNEnE M SR & P s drte

TRAU 20 frames. An advaptage_here is th %Ege nobi | e s rvices
swi t chi ng center MSEOEWRATE hedBA kLGNS, eB g gxaps; in lca?f?;ﬁ/'e to know
that the call is an MMC ca$l as al krahscoder nudi ficaaimed rdguiretaby theg

invention are concegtﬁageg c td ){thegrearasg.g)deh gln such a situation, the

control bit 25 i S hot Cused 1He & dESCI’IBed above, either. A
di sadvant age that results ¥heatsanggpdsx p%r@sw to the Aqqurhepce of
normal calls to thech®TMbad f firamgesindicator agaorswa W blictlgsive uplink

recomendat i on_08. 64, gig; 2 SUBEDAUE 1 vea £off ThY BLeEbERS ALONULLSANy

bit are utilized, t
out predetermined muting operations to the speech encoding

information without decoding it prior to packing them into
frames and sending them forward, and for removing the bad
15 frame indicator.
10. " A transcoder .as claimed in claim 9,
charxracterizedin that
the frames are TRAU frames in accordance with the
GSM recommendation 08.60 or 0B.61,
20 said muting operation corresponds with the GSM
recommendation 06.11 or 06.21 without decoding.
11. A transcoder as claimed in <claim 7,
charactexrizedin that
the frames are TRAU frames in accordance with the
25 GSM recommendation 08.60 or 08.61,
all the operations, such as muting, associated with
comfort noise generation are carried out as determined in
the GSM recommendations 06.11 or 06.21 and 06.12 or 06.22
and 06.31 or 06.41.
i 30 12. A transcoder as claimed in claim 7,
; characterizedinthat
| the transcoder is responsive to receiving, during
discontinuous transmission in the uplink direction, a TRAT
frame which is a wvalid SID frame according to the GSM
35 recommendation 06.31 or 06.41 for carrying out comfor:



30 deterioration cannot be noticed in practice.
transcoder TRCU2 al so_contains a transm t___um_l' —\/\i*!! @Q!EHHIH“IF 5
for traffic in the uplink_direction.

PCT/ FI 96/ 00192

4.2. Transfer % ns&d%ueg}fﬁﬂ&di epdTAbEoo192
handl es the upli U fra elves fromthe base station BTS3
t he sanme manner as 5 des conggctlon wi th the transcoder
TRCUL, and goes to tandem pr eventlon node upon detecting that

C21=0, or is |n t he prevention node permanently. Simlarly, the TRCUL
handl es the TRAU franes and the PCM sanpl es received fromthe A

interface as will baocdsecrupddtifig &edovgeneminivect iagoRding TRSY2. the GSM

The TRAU franes in hak h r d 8. 60 or
08.61 are transferrg&%bl;"q‘%Ba(guﬂelﬁi;1 08! fzﬁ‘%ﬂngscozdzergﬁ'%%g aﬁgeé'?ﬁn D throug7h

the Ainterface in a éébchdhneFrPBFﬁ%@eﬁy @fe ot | elR¢ claim
significant bits of e haracterizedin that
5 the transcoder is responsive to receiving, during

discontinuous transmission in the uplink direction, a
frame which is marked with a BFI bit value 1 indicating it
as a bad frame or an idle speech frame for continuing
generation of comfort noise according to the GSM

10 recommendation 06.12 or 06.22 without decoding.

14. A transcoder as claimed in claim 1, 2, 3, 4 or
5, characterizedin that

the frames are TRAU frames corresponding with the
GSM recommendation 08.60 or 08.61,

15 the transcoder is responsive to receiving from the
PCM interface a TRAU frame, which 'is a normal speech
frame, for changing the type of frame to a normal downlink
speech frame and sending the frame forward to the base
station.

20 15. A transcoder as claimed in claim 7,
characterizedinthat

the frames are TRAU frames corresponding with the
GSM recommendation 08.60 or 08.61,
the transcoder is responsive to receiving from the

25 A interface a TRAU frame, which is a normal speech frame,
for changing the type of frame to a normal downlink speech
frame, setting the SP bit and the spare bits to 1.

16. A transcoder as claimed in claim 13,
characterizedin that .

30 the transcoder is responsive to receiving a TRAU
frame, during discontinuous transmission in the uplink
direction, from the A interface, which TRAU frame can be
interpreted as a frame for comfort noise updating or
generating according to the recommendation 06.31 or 06.41,

35 for changing the frame downlink direction tc a £frame



15 the PCM speechd §ranpl es. In ]Ehé transfer between the ]
transcoders TRCJ and TRCR it is furthernore .possi ﬂlmum"mwmﬂ Se___

same synchronization nethods according-te-the GSM

08.60 and 08.61 that are used bet vveen the base statton BFSlsand t he
transcoder TRGH ocris ThlsSheetHastT &fnl i nk Transfer TRCU2 pBtade00192

In the foll ow ng, onPy t m t he transcoder TRCU2 fromthe
A interface, and the downl \“ﬂg fer TRJJ2-BTS3 are described. The
very same principle can be applied to the reception fromthe A
interface at t he transcoder TRCU1 and the downlink transfer

TRCUL- BTS3. Figure 7 shows a flow chart illustrating the

transcoder TRCUZ fumatimmsther Shéidowalluek 0di andt & 08IBkcodacemrdlises tto tthe

invention. In accor,ql?')ltxﬁoci tpd %@4&1 eterd, CCEHYRAdAL QRS 281._?%(:8{0 08, 8%

t he synchroni zation e rece|V|ng transco
continuously tries parameqq;q,hﬂy%gg1 NP2%€i Bn in the subchannel in the

PCM sanpl es recei vedi?r onat heedaristicdieraceas i . elaiweihe igne eladd 1,

(0 east SONGT1 LS UG VI GRG0 Wl B moise Marvices

25 ° switching center or centers controlling the call signal(s)
information to the base stations of the calling and called
mobile station, and possibly other network elements
associated with the call as well, that speech coding

10 prevention is to be used during the call.

18. A transcoder as claimed in any one of claims 7-
17, characterizedin that the frames are TRAU
frames corresponding with the GSM recommendation 08.60 or
08.61, and that the base station uplink frames contain a

15 speech encoding disabled indicator in a mobile to mobile
call, and that. said speech encoding disabled indicator
comprises a value determining the new TRAU frame type .in
the frame type field, or a TRAU frame of free control bits
or a combination thereof according to the GSM

20 recommendation 08.60 or 08.61.

19. A transcoder as claimed in any one of the
previous claims, characterized in that the
frames are TRAU frames corresponding with the GSM
recommendation 08.60 or 08.61, and that the transcoder

25 carries out all the normal operations to the uplink frames
comprising a speech encoding disabled indicator, except
decoding.

j 20. A mobile communication system as claimed in
| claim 7, characterized in that the

30 synchronization between the base station and the

transcoder as well as synchronizétion between the
transcoders correspond with the GSM recommendation 08.60
or 08.61.
21. A method for preventing tandem coding of speech
35 in a mobile to mobile call, which method comprises the



TRAU franes takes place by nmeans of the synchroni ' L\Hﬂt““ r\mand ones
i

in the frames. At the_beqinning of the call, l.on has
not yet been found, or during the call, when I @at son* has been
lost, a 5 sufficient nunber of TRAU frames is awaited to be received

in order to as t  aThis Sieetkfas Bh Réglacedibchannel cont apRhRderditey
frames has bee 0 , and i " synchroni zation pattern in the
| east significant bits of muﬂﬁu sarrpl3 s. Synchroni zation with the
frames is 10 carried out .. and The tine period used for
analysis is altered in accordance with possible timng vari ations.

A separation block 72 separates the PCM speech sanpl es to an encodi ng

bl ock 73 and the TRAM¢dgsames to a 15 suppl ement ary processing bl ock 74.

Entirely, in accor danc 1.t.h } r ndat.i. ons h
encodi ng bl ock 73 carries C?S‘[coéi\r%% a s@%ggﬁi%% %é‘" %é%lméglegeﬁlgﬁnﬁftéé°§
into speech encodi ngthich redugeser §Tansnh8sioNerrate e andeepirovidedi ngpeech

nmet hod. The 20 engtiave t@frs,he PCM sanpl es takes place continuously
regardl ess of v@et her syncq:r oni za ;ﬁon Wi ?_Lh TRAU &nr anes has beg& .
hhi eved or not> TR h RO R PERCHl PRESBAFTS ATERF nohe ppdio
t aken pl ace, orintmifiaceat i ba ofa syfidhsbni ZAxanscdderawain ed,thehe @Sbile

speech codi ng par angt&isudial ikav aeb@gpxencoded fromthe PCM speech

sanples are forwarded from}he encodiggg bl ock cessi,ng bl ock
S

3 73 to a pro
75. The processing bl ock 75€€edingg MREL)h e BERABSHETS Sﬁ?aﬁéﬁér sSpgech
t he TRAU franes cadichg aretihed sot aal tot hespooe exhird: speecht Bégnahat are

30 determinefy for the ttrra"i’x%ﬁﬁ‘ﬂqlﬁ%a ;r%e:ilé;z spkBcht M8 gn&EM from the first

recommendations, prior to transmtt rames I n accordance wt
the GSM r econmendat i'FRRRFSEOt QS FEQRA transgedgrsassPal gReegssamples,
I f synchroni zati on whidtHdie cTRAE &r anesthasrt hkere 35 by pl ace, the speech

coding paraneters are not Qﬂé&@&&QQiBQOQEid speech parameters, received over

the radio interface, from the first transcoder to the

15 second transcoder simultaneously with .said PCM speech

samples in a subchannel £formed by one or more least
significant bits of said PCM speech samples.

22. An arrangement for preventing tandem coding of

speech in a mobile communication system in which the

20 mobile stations (MS1l, MS2) and the mobile communication

network comprise speech coders for transmitting a speech

signal over the radio path in the form of speech coding

parameters at a speech coding rate, and in which a mobile

to mobile call comprises in the mobile communication

25 network a tandem connection of two speech coders (TRCU1,
TRCU2), there being a normal PCM interface between the
speech coders in said tandem connection,

characterizedbya subchannel formed by one or
more least significant bits of PCM speech samples in the

30 PCM interface for forwarding the speech coding parameters
provided by the speech coder in the mobile station through
the mobile communication network without decoding or
encoding being carried out in the speech coders (TRCU1,
TRCU2) of the mobile communication network.

35



WD 96/ 32823 e ~PCT/ FI 96/ 00192 .
26 ._______LiuL4aacod|ng_bLnnk_ZB.to e praces Instead,
t-he processing block 75 is provided with the TRAU franes received from
the A interface, which TRAU franmes have been processed in the

suppl enment ary Q68334 Ny bl ock 74. For 5 t hese TRAU franes

processi ng blggg /5 perforns all t he procedures deternlnggE?ng?ﬁ%
transcoder in the GSM reconmendati ons, and produces a TRAU frane in
accordance t he GSM reconmendati on 08.60 (or 08.61) to be forwarded
through the Abis interface to the BTS3. As the speech 10 encoding is not
carried out, the TRAU franes to be forweqyded contain essentially the
same speech paraneters and control data as the TRAU franes received
through the A interface. The suppl enmentary processing bl ock 74 does,
however, check the control bits of the TRAU frane received 15 fromthe A
interface and may dependi ng on t hei r cont ent sPSTN carry out suppl enentary

functi ons which may change the contents of} the TRAU fra that are
sent to the BTS3. In the foll ow ng,|{t at ures
of the suppl enent ary processi ng b.l.oc.k_ZéLa H_descr I.b.&pl 20 | f
the TRCU2 by neans of the uplink T vJﬁ$ sent by;the BTS3+-ef by
sone other neans, is set in Tikgif , the bIocﬁﬂgéz
forwards the TRAU frames recelbed frow Tnierfake by o
changi ng the type of the franes t & §hat—es—Hor nhl downl i nk Speeeh
TRCUL? TRCU2 TRCU3
BSC3
TA//ACAms
BTS4
\\‘\
BST1 B8SC2 !MSS

j/,//’ﬂ;/// ‘\77\\\\,1, 1////<:Ams

bis Abls
BTS1 BTS2 BTS3 |
¥, . 41
- MS1 MS2

FIG. 1



25 frames. In other words, in the frames according to the GSM

I ec orreRgat+er—68-60, {—he—s-u-p-pl-enentw_mmm 74 sets the
control bits d-C4 to indicate that the TRAU frame is a downlink
frame, i.e. O C2C3C4=1110, and the SP bit and the spare bits al ways
to 1. 30 wo 96h3hgszshe downl.ink DTX is set on, the suppl emenj ,%9
processi ng bl ock 74 sends the TRAU franmes forward by changl s
type of the TRAU franmes received fromthe A interface to that of
nor mal downl i nk speech franes, if t heg/®re normal speech franes as to
their control 35 information. In all the TRAU franmes received fromthe A
WD 96/ 32823 PCT/ Fl 96/ 00192
27 interface that can__on the basis of control bits he
interpreted as cg ol se generation fr BSNUMBERN frames that
theTRCUlwouIdiEgﬁ,‘ ‘ ongrng 1 N1 ney at | o
frames of the uply g@%thl “_\g 151 g.ils épm il j{e;/\mr%i;
set to unnecessary 0 sgeech &a()amatelos anc()th r@st pfQt he] upnecgsPary
paranmeters are aljso st to . As @norm@j_ sge@h firape i 0 r@cei yeg
fromthe Ainterflace,othe|SkR is|agynisgatd Iogn | ¢4 thesg dpwoki nk C7
frames. 10 T%et a O(IngRdtub‘moo CEIt o2 |2 098¢ VEA4 | C15
unit according tq Fi gyre I Eg fprocesqi ng sgeech
‘ 5

6 1
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I nformation in the downlink direction. It is also possible to
t r ansfet—tfre—fereti-ons of the transcaoders TJTRCIN and TRM descri bed

above so that 15 the TRCU2 downlink supplenentary processing block 74
carries out all the nodifications to the frames received fromthe BTS1
(i.e. also thewoogizgsss determ ned above for the TRCUL UEH,%

suppl enentary processing bl ock 53), and the TRCU1L downlin 192
suppl ement ary processing bl ock 74 20 carries out all the.nodifications to
the TRAU franes received fromthe BTS3Yi.e. also all the functions
determ ned for the TRCU2 uplink supplenentary processing bl ock 53)
whereby a configuration slightly different regardi ng the | ocation of
the functions is obtained. In 25 such a case the TRCUl forwards the
uplink frames as such to the TRCU2, and the TRCU2 correspondingly to
t he TRCUL. The exanpl e above describes an MMC call w thin the
area of one nobile JARTXe l-cERng center MSCL. The RARI SYSIEMan
al so be applied to | nobi | e 30 stations{Ms |ocated in
different nobile s¢nvices switchin centers. lef us

assumg that in theldystENCQDERI nd |t o INFORFIARONL a VBL | i t hifn

the area of a basejd4tation B131 and agypg | e servigdgs s%%

center MSCl places|{da—35——tati—TUO ' = date t he
\O 96/% 3 260

FUNCTION
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base station BTS4 and nobil e services sw tching center M5C2. The

begi ariRg—of—t-he MVC call—proceeds as.in the ~—previous exanple,_but now
the honme |ocation register HLR returns the address of the nobile .
services switching 5 center MSC2 to the nobile services switching center
vsd - Thewld¥ehag9ut es the call to the MSC2 and i ncl udes 00
information in the signalling that the call is an MMC cal l. ’Ell%ﬁ %Cl
perfornms the allocation of the transcoder TRCU and the call
establishment to the nobile station M51 10 dh{f(:ti on, as in the previous
exanple. The MSC2, in turn, al | ocates the™ranscoder TRCU3 and carries
out the call establishnment to the nobile station MS3 the sane way that
the MSCl perforned the allocation of the transcoder TRCU2 and the call

establishment to the nobile station MS2 i i ous exanple. A
connection is established between « SO ¢ 3¢ es switching
centers MSCl and MsSC2, and the transg d the TRCU3 are

connected in series. Following th@ >3 FRAY upI ink transfer

bet ween BTS- TRCU, the downlink transfel hetween TR(‘.H- 20 and the
transfer between the transcoders are pg{ornmed, as NE in the previous
exanpl e. The figures and th'e r_descripti 8Are only intended

to illustrate the present invention. Its$hould, howe@f) be

underst ood that changes can be made to:?t he errbodl ment3 5 of the

i nvention w thout departing fromthe sgope and rit of the attached
cl ai ms. 30
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35

_ d ai ns 1. A
tra nmeans—or

Pr eV-eitiddgrom—————taddem codi Ng of—speech.in

nseoter—ceompsi-ng
a nobile to nobile (M31, MS2) call within a nobile conmunication
system whi ch enpl oys a speech codi ng nethod reducing transmission rate
on the r ano®epzE2y, the transcoder further conprising
speech coder (52, 73) for encoding the speech gignal to be #?%ﬂgn1tted
to a nobile station into speech 10 paraneters, and decodi ng the speech
paraneters received fromthe nobile steé}on into a speech signal
according to sai d speech codi ng net hod, a PCM coder
(54, 72) for transmtting an uplink speech signal to and for receiving
a downl i nk speech 15 signal froma PCI\AllNE'ERFﬁCEn the form of PCM
speech sanples, char acteri ze t he
transcoder further conprising nmeans for transn1tt|ng (53, 54) and

5

receiving (71, 72, 74) s _QLgag
by one or nore 20 |eas NG TRAU ERAMES M speech
sanpl es AND PCM SAMPLES
53 | SUPPLEMENTARY ' '
~ S NDLNG CODING 52
NORMAL UPLINK
TRAU FUNCTIONS 51
(EXCEPT DECODING)
BS
FIG. 5
A INTERFACE
SYNCHRONIZATION OF 4
RECEIVED TRAU FRAMES
SEPARATION OF TRAU FRAMES 72
____AND PCM SAMPLES
74~] SUPPLEMENTARY N
Wiy ENCODING .73
NORMAL UPLINK
TRAU FUNCTIONS 75
BTS
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si'mul t aneously with said PCM speech sanpl es. 2. A transcoder
as clainmned in claim 1, characteri zedhby

t he speech parameters being transnmitted in speech 25 frame530 RO6u 997
said subchannel, said speech franes carrying al so control and

"~ synchroni zati on |nformat|on tfe® frames WW?W
subchannel bei ng downl i nk franmes, and the frarres be sent to '
subchannel being uplink franes. 30. IM Mﬂﬂ"l ai med
in claim 1, characteri zed |nthat * H!’I :

transcoder is arranged to forward the spéd@ims par arreters rdcefved from
‘the nobile stations both as decoded into PCM speech sanples and as

undecoded speech 35 ar aneters in_said subchannel .
30 4, ¢ ah¥8BEEPdes GoNRRFING, Reans £ox pyeventing p

aract er itangedl cadihgtof speech 1n.Ethﬁ&ﬂM§GﬂﬁGmob§1@TKMSﬂ?dMSQ)
forward t speec

{u% ﬂn g f receive cag " rrE ﬁ% ﬁl d s bchannel
to the 5 = nobiFalst%ith V\?t'HB t8nE3UgIcabh? p8¥§ Bty Wiog fF@B cys a
according to thepeechr codimgormet hod m'iedulu:é.ngpltrdmsimmm,on rate on thbke

encoder is arraf‘&&i’otﬁaﬁﬂ”ttL_H&Oif"%éﬂ?SB&é’ﬁefE%er co ﬁff’%??@a”p' es into

speech paraneters anscoder arra transmt the
speech 10 paranet er sat §peeghe eodsiedSey or?i3t)hef@€:lVIe§§@ééngsd-ﬁ‘}ﬂ espeech -

signal to be transmitted to a mobile station into speech
10 parameters, and decoding the spéech parameters received
from the mobile station into a speech signal according to
said speech coding method, and '
a PCM coder (54, 72) for transmitting an uplink
speech signal to and for receiving a downlink speech
15 signal from a PCM interface in the form of PCM speech
samples, charactérizedby
the transcoder further comprising means for
transmitting (53, 54) and receiving (71, 72, 74) said
speech parameters in a subchannel formed by one or more
20 least significant bits of said PCM speech samples
simultaneously with said PCM speech samples. '_
2. A transcoder as claimed in claim 1,
characterizedby
the speech parameters being transmitted in speech
25 frames through said subchannel, said speech frames
arrylng also control and synchronlzatlon information,
the frames received from the subchannel being
downlink frames, and the frames to be sent to the
subchannel being uplink frames.
30 3. A transcoder as claimed in claim 1,
characterized.inthat_
the transcoder is arranged to forward the speech
parameters received from the mobile stations both as
decoded into PCM speech samples and as. undecoded speech
35 parameters in said subchannel. '
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_ : S c
_paraneters from said subchannel properly. 5. A ﬁ@n’ @6(]@7 as
cl ai med in claim 4, characteri zeddinthat the

_transcod_er is 15 arranged to be synchronized to the synchronization
i nformati on received fromthe subchannel, a0d that the

arranged to continuously search frane synchroni zat i UIII'I] mn mmﬂ'm”mES
recei ved from the subchannel , and to recogni ze thé ffanes™s® *

properly 20 received if synchroni zat ion is found. 6. A
transcoder as clai ned4.n & atwapscgden ogss claimed Hng £laim t2¢ @i e d

in that the fr rreT fr i quc‘aq:rdance with the GSM
recomendati on 3 5‘8 e e8r zarga% ¥h ranscade as cl ai med

inclaim2, 3, 4, 5 orthe tra@sc%d‘hralﬁ é‘rcFan@dr t"r‘z‘ gryar spfpech
transcoder is %arameté%ﬁ“ﬂétéﬁﬁ&ﬁﬁ@ﬁﬁrfkamateﬂomeﬁai& émh@hiﬂmebasaethe

station, te,t d b

The base S at i GBS SPRECEPR L SHIE AFBCoARaRantL | oS8 TBEY, TRG e, |
frames used inaiotditler tannde contidiatinformatsiaim ofsw’aehnmﬁmitlﬁrame,
between  the transctg_ld%e r%icoodér is arf#ﬁédf"rgd éﬂ%ﬂﬂdﬁ% O%xcode PCM -

synchroni zati on betwee I on an e tran
8. A transcegpeechsanplassiito jgpeeghiparametsys, c har act er i z

e din that the transcoder is arrangéyERBERr3demlit the speech
10 parameters that are encoded from the PCM speech samples to
the mobile station, if the transcoder does not receive

speech parameters from said subchannel properly.

5. A  transcoder as claimed in claim 4,
characterized in that the transcoder is

15 arranged to be synchronized to the synchronization
information received from the subchannel, and that the
transcoder is arranged to continuously search frame
synchronization in the frames received from the

_ subchannel, and to recognize the frames as properly

20 received if synchronization is found.

6. A transcoder as claimed in claim 2, 3, 4 or 5,
characterdized in that the frames are TRAU
frames in accordance with the GSM recommendation 08.60 or
08.61. | . |

25 7. A transcoder as claimed in claim 2, 3, 4, 5 or
| 6, characterizedin that the transcoder is a
remote transcoder located remote from the base station,
said remote transcoder being arranged to communicate with
the base station by'using°frames_that are substantially

30 similar to the frames used in said subchannel, and that
said synchronization  between the transcoders is
substantially similar to synchronization between the base
station and the transcoder.

8. A transcoder as claimed in claim 7,

35 characterizedinthat
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bad uplink franes contain a bad frame indicator, : t he pﬁanﬂgoﬂﬁ§
is responsive to the occurrence of the bad frame I ndi cat or t

uplink frame received from t he base station for |nsertfﬁ§‘Fﬁe sSpeech—
encoding 5 i nformati on of the previous frane in the fr

forward, and renoving the bad frane indi catdk. T,mmm'mm 'l“”"’
transcoder as clained in claim 7, C act*€fitLz )

t hat the transcoder is responsive to the occurrence of 10 t he
bad frane indicator in several successive uplink frames it has
received fromthe baseP §§aFP$hnknga@SFr9PHgaln a béﬂtfﬁﬁgﬁeﬁﬁﬁhFﬁEBrwutlng

operations to the. speeeheeﬁesaﬂls&gder is lﬁa‘s;fdiﬁllw X CEHRd d@@ﬁﬂraﬁcepblfor
to packing the and,f

d di d,
o The. pakhgsBad, frane! SARTGARPr TR LAY LBTThkEEhG +BRE1LRE, srom,

claimned in clehen Base statibna foa 01nsert1ngz thd | spekah encodlng

the framesgare {RAYHLENER b? %g&%{i?é{}%u&‘ EQ &Qem the@%@gc\%t Qf'%h@gwl

08. 60 or O% 61, era Fon~correspon
recomrendat i on Herwardy @BdZIemPthgttUQC dfin§rame 1nd1cator11

transcoder as clainmeg, im cﬂgyéﬂsé%der aS h @&iife@ t &' |c1é1§;d b”
t hat the frames are TRAU franes in accordance with the 25 GSM

recommendat i on ®8h6® Brap8. 818 ¥ 1 z e d ingkhakhe operations, such as

muting, associated W tbhe tratedbdel HY IvPHUMJiAld Wb aflge COEELLHcABE BF
det erm ne |n 3&*60f t he GSM recgnnendatlons 06, 11, 06.21, 06.1
a

06. 22, 06. 84 6 fFpme;gindicator 30 several successive cPRrZLPrEE

in claim 7, frames itchasareceivwed firom ehe baseghstation, for carbkging
transcoder is r&&?%&éé&&té?miﬁ&&iM&EEhgfHBéfHkions to the speech encoding
information except decoding, prior to packing them into
frames and sending them forward, and for removing the bad
15 frame indicator.
10. A transcoder as claimed in claim 9,
characterizedin that ' ’ '
the frames are TRAU frames in accordance with the
GSM recommendation 08.60 or 08.61,
20 said muting operation corresponds with the GSM
recommendation 06.11 or 06.21 without decoding.
11. A transcoder as claimed  in claim 7,
characterizedin that :
the frames are TRAU frames in accordance with the
25 GSM recommendation 08.60 or 08.61,
| all the operations, such as muting, associated with
comfort noise generatioﬁ are carried out as determined in
any of the GSM recommendations 06.11, 06.21, 06.12, 06.22,
06.31 and 06.41.
30 12, A transcoder as claimed in c¢laim 7,
characterizedin that '
the transcoder is responsive to receiving, during
discontinuous transmission in the uplink direction, a TRAU
frame which is a valid SID frame according to the GSM
35 recommendation 06.31 or 06.41 for carrying out comfort
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di sconti nuous transm ssion in the uplink direction, a TRAU féa !¥h9§?
is avalid SID franme according to the GSM 35 reconnendatlon 06

06.41 for carrying out confort noi se up ’
generation according to the GSM recommendati on 06. 12 or 06 22 i
wi t hout decodi ng. 13. A trandtoder as cl a| um‘mmlrm“‘
-7, characteri zedinthat 5 t he

responsi ve to receiving, during di sconti nuous transmi ssion in the

uplink directiop, s _nmarked w a . BFl bit val ue
i ndi cating it H()]'geasugdf)l éﬁge \gg Hefaft‘éogpe@gﬁoﬁiéﬁﬁ f &P chr’hel n&cHy
gener ati on of c@ﬁﬁommgndaSeoaccérdBngrtOsthe Ceithéut decodtimgdati on 06. 12

or 06.22 without decodygg. p ¢ det?- tr ag.claiyed in
claiml, 2, 3, 4 or 5°¢c Harac e} fg qﬁ%c‘ig%%r ?s'ﬁ 7

the franes are FRALAfFafeS §0Fr€sboﬁdﬁn§ ﬁpthhﬁhe GSM reconnendation
08.60 or 08.61, 15 the trahgcbaé&sq%dqreép%r{selwnééer&é?l&ﬁﬁ&' V(24 Lgom
t he " PCMinpterface a TRAU f whi ch’is a nornal speec %

for changing t RELEGPREOPUPHE N ERPIMIRFIRE dBwnERRK uPllnk spdgeeticme and
sendi ng the frafneathermhicll'ltbstdm'lb@@euth a BRRUi¥valde 1 1nd1ca%.5..ng Ac

[rarecouer =2 af) 8 chantl Uk, sche. fpfhl’ o, Gt popeintint
generatlon of comfort noise according to the - GSM

10 recommendation 06.12 or 06.22 without decoding. '

14. A transcoder as claimed in claim 1, 2, 3, 4 or
5, characterizedin that

the frames are TRAU frames corresponding with the
GSM recommendation 08.60 or 08.61,

15 the transcoder is responsive to receiving from the
PCM interface a TRAU frame, which is a normal speech
frame, for changing the type of frame to a normal downlink
speech frame and sending the frame forward to the base
station.

20 15. A transcoder as claimed in claim 7,
characterizedin that

the frames are TRAU frames corresponding with the
GSM recommendation 08.60 or 08.61,
the transcoder is responsive to receiving from the

25 A interface a TRAU frame, which is a normal speech frame,
for changing the type of frame to a normal downlink speech
frame, setting the SP bit and the spare bits to 1.

16. A transcoder as claimed in c¢laim 13,
characterizedin that

30 the transcoder is responsive to receiVing a TRAU
frame, during discontinuous transmission in the uplink
direction, from the A interface, which TRAU frame can be
interpreted as a frame for comfort noise updating or
generating according to the recommendation 06.31 or 06.41,

35 for changing the frame downlink difection to a frame
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GSM reconmendat i on 08. 60 or 08. 61, t he transcodeT/ Es' ?g[éﬁoo ! 9\?e
~to receiving fromthe 25 Ainterface a TRAU franme, which is 33 Bor I‘@é’)
speech frane, for changing the type of franme to a nornmal downlink
igeezh faane, se}ting_the SP bit and the spare bits to 1.

."A transcoder as clained in claim13, 33 ¢ har in
that 30 the transcoder is responsive to recei alﬂmumm Imlmﬂl
frame, during discontinuous transmssion in the uplink * ¢ ditre8ti®n,*from

the A |nterface whi ch TRAU frane can be interpreted as a frane for
confort noi se haddhgngher SP bitgeadueat 0ngaadcer SIby codet Wonde setmmizaed &thieon

06. 31 or 06.41 5 or
33 v TRE PRECSSHHAE i dht i ol e oL 88 LR hBeD ™

not used speecpapama#strér baving the vedueof.the not used par anet ers
having the value 0. 17. A transézdeé\ aéa@}?&ﬂd@a B8 &apidmRd df AR nne -of
clains 7- 5 16, c¢c h act i,n that the franes are TRAU

franes coﬁrespéﬁdlﬁghwﬁtﬁ Bhé& Gsm Fééoﬁw@néaﬂPoﬁ . g frames gaesfRALL |
that the base giaheencopires ohaamigs wd@ht 2he &SM recsqnmeeddaeﬁmdlomgadx bl ed

a i _ _
i sabl ed i ni c8BoL1oand FHAY ke Paef acablen AR, ReSRER paRbSRAL A

type in t Bpebranerncadd g elidgakiied FRNedremeinf af mebidentoomdiitle
_ or a ConblnaL RE tgﬁﬁeekata%%géhggeeEﬁ éﬂgédfﬁgﬂdlsabled indicator .
10 comprises a value determining the new TRAU frame type in

the frame type field, or a TRAU frame of free control bits
or a combination thereof according to the GSM
_recommendation 08.60 or 08.61.

18. A transcoder as claimed in- any one of the

15 previous claims, character ized in_ that the
frames are TRAU frames éorresponding with the GSM
recommendation 08.60 or 08.61, and that the transcoder
carries out all the normal operations except décoding to
the uplink frames comprising a speech encoding disabled

20 indicator.

19. A mobile communication system as claimed in
claim 7, characterized in that the
synchronization between .the base station and the
transcoder as well as synchronization between the

25 ‘transcoders correspond with the GSM recommendation 08.60
or 08.61. o

20. A method for preventing tandem coding of speech'
in a mobile to mobile call, which method comprises the
steps of:

30 : encoding a speech signal by a speech coding method
which reduces transmission rate and provides speech
parameters, | _

transmitting the speech parameters over the radio
interface to a first transcoder in the mobile

35 communication network,
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r écomendat i on 08. 60 or 08.61. - 18. A transcoderp@y £l aghEsgha o
.any one of the 15 previous claims, char acteri z eﬁqlmtﬁ%ige
frames are TRAU franmes corresponding with the GSM reco d'ﬁb___ 0

or 08.61, and that the transcoder carries out all "tThe norna
operations except decoding to the upl34ék frames co Al lI
encodi ng di sabl ed 20 i ndi cator. 19. A mbrﬂmHmnﬁuﬂm l
systemas clainmed in claim 7, charactert zed i *

t hat t he synchroni zation _between the base station and the
transcoder as well asdegRdanrgni thei oPPEREDeRREIELEYS Yansadder speech
correspond W t BolhfgGabt h8a0sBEREatLORe88088 said 8pe@8hbidignal, 20.

A nethod for preventing tandem, codi ng, of speech | in.a nohile tqQ npbile
cal |, which method cofpRPSBittiBg Sglgst%%se‘%'f: sjgnal from the  firsf
speech signal byafnsepéechteod nedmidogranscoddr ciis r BOMCapetchnsampliesn
rate and provides eech arapeters., transmtting the
speech paganet s tgggrctﬁearﬁdgoc £ riﬁtér?agebyto a first transcoder
in the nobile 35 topansmititingnsaétwepkech parameters, received over

34 the 4300W NgnEL2eaRREC AN AURECTAL AU SRUdnBBACE to the

coding nmethod S0 as to restore salrd speech SI%Pa i :
second transcoder simultaneocusly with said PCM speech -

samples in a subchannel formed by one or more least
10 significant bits of said PCM speech samples.

21. An arrangement for preventing tandem coding of
speech in a mobile communication system in which the
mobile stations (MS1, MS2) and the mobile communication
network comprise speech coders for transmitting a speech

15 signal over the radio path in the form of speech coding
parameters at a speech coding rate, and in which a mobile
to mobile call comprises in the mobile communication
network a tandem connection of two speech coders (TRCU1l,
TRCU2), there being a normal PCM interface between the

20 speech codefs in said tandem connection,
characterxrizedbya speech coder being arranged
to provide a subchannel in one or more least significant
bits of PCM speech samples in the PCM interface for
forwarding the speech coding parametershprovided by the

25  speech coder in the mobile station through the mobile
communication network without decoding or encoding being
carried out in the speech coders (TRCUl, TRCU2) of the
mobile communication network.

' AMENDED SHEET



I s
transmtteng said speech signal fromthe fi rst s tranSCoder tﬂa%&@l—; l
tra.ns.c.ad.e_r_.a.s_BCM.s.peech_sa.nq:\.Les ¢t e +——z—e—-d-by—

transmtting said speech paranmeters, received over the radio
interface, fromthe first transcoder to the second transcgm

simul taneously with said PCM speech sanpl es in a subchanngeedigy ned by
one or nore | east PECT signif i wormb N mzpmh s anp | gy

21. An arrangenent for reventl n t andém codi ng o eech |n a m)bl | e
conmmuni catlBﬁ'ﬁi‘v LISHED WD Q@Q{\mm“

nobi | e dqsmnmﬁnmmammﬁmrk conpr i >ﬁl)wmmﬂﬂa&ﬁm,;ransrwomm
a speech 15gxo46 7026101V S00t he radio pgdtfy | n the form of speech coding
par amtgrs a?‘éaﬁeech codi ng rate, arjd i h@fntersatiopal Pablicqtion Date: tlz)OMIl%("m%)

call conprTsSEs 11 thne nobli e comruni cation net Wor K a tandem connectli on
of two SpbilrsteidAGRNROEber:  ACRES)OISY |HE) %ﬁfﬁfv%
ter{ackaPElNaaRI i Rl SPoRGla f98RR] SR
connect ijon, C aracterr Mmlmmw

to proeviide a subchannel in one or nore |ea %“TMTR@FTQAOW

oy o B
h th P G6osf ﬁ' f pm
s, A AR S 1, | wﬁ%w 2 e

t he nobi{ e comuni cati on network w t hqut deM!bm-. » SB). OQH@wtqub@Fr@ c1, cM,
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comuni cjat i ongdeg] Espoo (FI).
Published
(72) Inventor; and With inumariaml search report.
(75) Inventor/Applicant (for US only): LEHTIMAKI, Matti [FUFI}; Before the expiration of the time limit for amending the
Jimerlintaival 11 G 149, FIN-02150 Espoo (FI). clamnd to be republished in the event of the receipt of
ame. nLs.

(74) Agent: OY KOLSTER AB; Iso Roobertinkatu 23, P.O. Box
148, FIN-00121 Helsinki (FI).

(54) Title: TRANSCODER WITH PREVENTION OF TANDEM CODING OF SPEECH

(57) Abstract ' PSTN

The invention relates to a transcoder (TRCUI, (4
TRCU2) having means for preventing tandem coding pomm—— ..l---.. —
of speech in a mobile to mobile (MS1, MS2) call ' MSCY
within a mobile communication system which employs 1 {J X

a speech coding method for reducing transmission rate !

on the radio path. The transcoder (TRCU1, TRCU2) LRt CE R T R LT St
comprises a speech coder (52, 73) which encodes the
speech signal into speech parameters for transmission TRCUY TRCU2, TRCU3
to a mobile station, and decodes the speech parameters
received from the mobile station into a speech signal
according to said speech coding method, as well as a ’
PCM coder (54, 72) for transmitting an uplink speech BSC3
signal to and for receiving a downlink speech signal from
2 PCM interface in the form of PCM speech samples. In Y
addition to the normal operation, the transcoder transmits
and receives speech parameters through 8 PCM interface .
in a subchannel formed by least significant bits of the

PCM speech samples. Thus, it is possible to prevent \\I\
tandem coding but st the same time maintain the standard T

PCM interface and the signallings and services associated .
thereto. B8SC1 Bsc2 MS3

Apis

M) MS2




