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Transm ssi on equi pnment for an interexchange connection

Field of the Invention . The present invention relates to
nobil e communica- 5 tion systenms enploying speech coding, and in-
part-icular to ansm ssi on equi pnent for interexchange QNS .
Backgr ound of WRE %R ¥ent i on - Mobile connunicgtldﬁﬂﬁgfmor S
general ly provide 10 service in a very wide area, which is based on
radf o - coverage offered by a terrestrial base station network or
satellite repeaters. Base station systens or satellite © ‘terrestria

~stations are connecCtg@nismhiFaliohCeSBiMheRe for an SWteeBkBHak§dléstnedtion
networ k operator may enploy several 15 i nt erconnected nobil e services

swi tching centres. Further- "~ nore, the nobile services sw tching
centres nust have con- Fiedat iodnshieoInhirentfuidm i ¢ switched tel ephone .

net work PSTN and ‘to ot ' i.cati t,) : ' -
_coun- _ tries. Normally, In ggggéﬁange |é%igFQ%%%%g%fﬁ%%%igrégﬁﬂéﬂ%%a

provi-ded through whitdiens S¥SERMENSMRIRLNG SPeeshsFedieg igpd in paphigplay Lo
PCM (Pul se Code Mdwranismilssdbaneqhispmditesfor interemehenyé otenmeyrimnd.i xed
or sem -fixed, or they may be established for each-.call i-ndividually.

‘The fixed or sem - fixed _connections_are purchased and | eased
- connections. In 25 each Gpskgnoundsofnsbet BRYeRtEahe operators to

optinmze ~the utilizatiMpbidfe tdmmaniretiionn rAMdksy qehdriadlf provicie
mﬁt fglsé)s( 2&/@ 2|g tgeeri%firc%min a very wide 9£8a)“_’a¥m%fchr ei%l '-géggdtglns z!‘a%di[oo_
: - . coverage offered by a terrestrial base station network or
satellite repeaters. Base station systems or satellite
terrestrial stations are connected to mobile services
_ "~ switching centres. A network operator may employ several
15 interconnected mobile services switching centres. Further-
more, the mobile services switching centres must have con--
‘nections to the public switched telephone network PSTN and

"to other mobile communication networks in wvarious coun-

tries. Normally; interexchange digital connections are

| 20 provided through which'speech and data are transferred in
64 kbit/s PCM (Pulse Code Modulation) ‘channels. These
connections may be fixed or semi-fixed, or they may be
establiShed for each call individually. The fixed or semi-

fixed connéctidns_are purchased and leased connections. In

25 each case, it is important to'the_operatdrs.to optimize
the utilizatioh_of the connection capacity and to minimize -

the costs arising therefrom. _

One way of realizing this is to multiplex several

calls into a PCM channel. Since there is a standard  PCM

300 - interface between the exchanges, through which e.g. spee¢h

. is transferred in the form of 64 kbit/s PCM samples, this
requires speech compression, i.e. speech céding to a lower

rate, and decompression_at the ends of the connection.
Compression equipment is complex and causes compatibility

35 and signalling probiems at the interexchange interfaces.



calls into a PCM channel. Since there is a standard PCM 30 i nterface

bet ween t he exchanges, through which e.g. speech Is transferred in
the formof 64 kbit/s PCM sanples, this requi res speech conpression,
i .e. speech coding.to a | ower rate, and deconpression at the ends of
t he .connecti on. Conpr essi on equi pnent is conpl ex and causes

conpat i bi | it W8%7/295665nd -si gnal | i ng probl ens at the inter excHRERFI97/00062
interfaces. =~ - WD 97/ 29566

PCT! FI 97/ 00062 ' 2 Furt her nor e,
speech coding to a lowrate will inevitably 2 deteriorate speech

~quality in conparison.wth 64 kbit/ . PCM codi ng and i s therefaqre not
.armays.an.acceptab?%rthermogﬁﬂLﬁ??ﬁf gpding %M-?(1?43EﬁﬁﬁtﬂﬂlHnﬁﬂ%W%tably
communi cat i on syst@eteri¢rate hepeech qealitye Specohpanisclat withakdnikdditds

is digital. As farpéf coding h8ndDRid ErKOFEREYL AhbEN NGLYR! Kah S (AGRERG.
t he nost I|n1tfd resource is the radio path between the nobilé sta-
“tions and the base®%t@tt¥s. To reduce the bandwidth re: 10 qui rement s

of a radio cénnection in the digitabaidbilepeenhunication systienss, orlsol khaes
or 16 kb t/5 | noteanope epeccHliing, dags rrARSLESLEN (£ dioicdh TAITRRR 48

used in tele-  th¢nBABLAE: REFRYNiGREERN BABYRE hgls wAPBAEFReBasEle oNOSt
~repres- 15 ent i himbped aresureer d48etRe Sradiid lpalth beteeeh | the eioBideveta-
CO 0y Fheceh SaEdOhna e Guod IR ) AR e palllyin FEL"

fixed networ® end, IpkTRMeNEH QR radio eorngfdiiomdnathperrdiqi®asder spereh

speech coder on theragémisfion WOikisdslespseGONBhddREnR| SPESLAIRY @ lower
tfa”59°der- The transmission rate, for example 16 or 18 kbit/s instead of
the'64 kbit/s transmission rate typically used in tele-'
phone networks. Speech encoding, which is based on repres-
15 enting speech as parameters, will be generally termed vo-
coding (speech encoding) herein in distinction . to PCM.
coding. Both sides of the radio interface, i.e. both the .
mobile station and the fixed.netwozk end, have a speech -
encoder and a speech decoder. The spéech coder on the net-

20 work side is sometimes also termed a transcoder. The
' transcoder may be accommodated in. several alternative
locations, for example at the base station or in the
‘mobile services switching centre. The transcoder is often’
located remote £from the base station in a ‘'remote

25 transcoder unit'. In _the latter case, speech encoding
' parameters are sent between the base station ‘and the
‘transcoder unit in specific frames. | | _

In each mobile terminating or mobile originating

~ speech call, a transcoder is connected to the speech con-

30 nection on the network side. The interface of the trans-
' coder towards the mobile services switching centre is 64
kbit/s. The transcoder decodes the mobile originating

speech signal ({uplink direction), vocoded into a 8/16

kbit/s transmission channel, to a rate of 64 kbit/s, and

35 encodes the mobile terminating 64 kbit/s speech signal



transcoder may be accommpdated in several alternative | ocati ons,

for exanple at the base station or in the nobi | e services swi tching
centre. The transcoder is often . | ocated renote from the base
station in a ‘'renote 25 transcoder unit'. In the latter case,
speech encodi o7n0ses Paraneters are sent between the base ShappRioaRs t he
transcoder unit in specific franes. I n each nobile : '
t'erm nating or nobile originating speech call, a transcoder is
connected to the speech con- 30 nection on Bhe network side. The
interface of the trans- coder towards the nobile services swtching
centre is 64 Khotmi;inlfhﬁ.mcarimr)deb deratesof 8¢ 160kbie/ or iKpmet, rd so
speech signal (upli g ec vqgoded t / %pé / _
transm ssion channePE gh ate t&? g% g %P Otﬁa é'% aenco J{tﬁteelm?l;mne
terninating 64 kbi tP§t§9§Ech si gnal V\D 97/ 29566

- PCT/ FI1 97/ 00062 However, compression equipment at( di(lWéJ&e”)&change

(7]

direction) 1o ratgeah fIG kNS FEAfE: deifate, speedP Rl Rhk 1

|l ower than i™n
‘However, conpressi oﬁuéqﬁppﬁéﬁﬁiem SPﬁ?@*P eedingc Fnicodiagh e tihendakdded sta-

further degrade SDeesbnquabbbumJ his the trans&b{ﬁaﬁo ol iigS ARe @1 radicogi~
—encodi ng at the nobile

encoding in first CBFFSSlon e&ué.ggnegﬁn ‘.‘grfg?!él&l ! t%’i %8%§§8?ﬁeoéreocroeﬁ ion

conpr essi on egaiuppment. | Ansiseicha & acase onenpaPeytyf ofhdheal ¢alk 4s1@

mobi | e statigp and [BBi PENYtatidHDHHd PEfe ObtRePURl i fubscribeswWid£had public
t el ephone networ k (PST takes

pl ace between two rrB P%hg? eieghonet ALk, BESTN] ‘f\%’f)lll%shcééﬂcall

even nultlple speech I1f the call takes place between two moblle ‘sta-
' - tions (Mobile to Mobile Call, MMC), even multlple_speech'
_ coding may be performed. In such a case,there is a trans- '

15 . - coder on the connection between the calllng mobile station

and the mobile services switching centre, and, corre-

spond;ngly, a second transcoder between the called mobile
subscriber 'and- the (same or another) mobile services

switching centre. These transcoders are then intercon-

20 °  nected through the connection between the mobile services

switching centres as a result of normal call switching. In

other words, for each MMC call there are two transcoder

- units in series connection, and speech encoding and de-

coding are performed twice for the call. So far, tandem

25 coding has not been a major prbblem because relatively few

calls have been MMC calls. However, as the number of

mobile stations increases, the number of MMC calls will

"also be higher and higher. One speech compression oper-

ation on the interexchange connection would worsen the

30 situation by increasing the number of speech cddihg oper-

‘ations to three. If the call has to be routed via several
mobile services switching centres and via compressed
intermediafe conneCtione, the number of speech encodlng

_ operations may be multiplied.
35



coding may be performed. In such a case,there is a trans- 15 coder on

t he connection between the calling nobile station and the nobile
services switching centre, and, corre- - spondi ngly, a second
transcoder between the called nobile subscri ber and the (sane or
anot-her) nobile services switching centre. These transcoders are then
i ntercon- 20 WO9788%66d t hr ough the connecti on between the noROTFIZN0062ces
switching centres as a result of normal call switching. In ot her
words, for each MMC call there are two transcq@er _ units in series
connection, and speech encoding and de- oding are perforned tw ce

for the caII So far, tandgp ““ﬁggﬂ £N88e NP4 maj or probl em
~because.rel atively f ew %}'I I's hav gee R/N%R s.na However, as the .
Aunmber of nobi | e st ati¥nsoPheFeakds, thae Rﬁﬁﬁﬁé\t ok DYANE ! | 4Snj pevel

al so be higher andthiagkfissoa @gﬁ@pheﬁewaesapemmﬂegﬁg intere:@dHaHyOche
I nterexchange connectlon woul d worsen the 30 situation by increasing the

nunber of speech c 885 ﬁd 85ér- ations to three. If the call has to be
~routed via séveral miliid eimeentiicys medatgs g ctnansmisgicdn/i equipment

VSOSPQS?zﬁS - 'Qb?{QP?béﬁﬁe&@ﬂﬁ?cbéQﬁéeﬁmﬁgﬁwafﬁb%ﬁeﬂénﬁQEEQBcﬁn@ﬁp'éEL
. PET/ = 97/ 0006% © nylanlggsl or :E)ase station contro? ers, the transm:B§§Jeqn_

Summry of the | nveguipment being intended dabj dei armnelcdedpresantnumbeantebdn
~1's novel | trariﬁ%ﬁ?ho@cﬁﬂtﬂr%%%sé BnOEBéHhéié‘gfi—%eéW &ldent
0

~nections. .5 he invention relates to transm ssion equl pnent
- for receiving a speech sxgnal from each PCM transmission

channel and for transferrlng said speech signal to another
‘transmission equipment via an interconnecting.PCM 1link
having a transmission capacity lower than said number of
" PCM transmission channels received from';he network ele-
‘15 . ment. The equipment is characterized in that
the speech signal between the network element and
the transmission equipment is éither a pure PCM coded
speech signal or a PCM coded speech signal in which-one_or .
more least significant bits of thé PCM samples provide a
20 subchannel for lower-rate vocoded speech,
said lnterconnectlng PCM link has one or more PCM
channels in which bits of the PCM samples provide -two or
more subchannels in each of which lower-rate vocoded
speech or data can be transmitted,

25 . - the transmiSsion'equipment is arranged, ih.res-_
ponse to the fact that the speech signal of the PCM chan-
nel received from the network element is a PCM coded
-speech signal containing said subchannel, to multiplex the
content of the subchannel into one of the subchannels in

30 said interconnecting PCM link, o |

the transmission equipment is adapted, in response 
to the fact that the speech signal received from the net-
work element is a pure PCM coded speech signal, to encode
this PCM coded speech signal into a lower-rate vocoded

35 speeéh signal and to multiplex the vocoded speech signal"



for a connection between network el enents, such as ex- changes or
‘base station controllers, the transm ssion equi pnent bei ng i ntended
to be connected to a nunber of i nbound PCM transm ssion channels from
~a network el enment 10 for receiving a speech signal fromeach PCM

transm ssion nnel and for transferring said speech s
- woaer ik

anot her T'ssi on equi pnent via an interconnecting PCMIink
having a transm ssion capacity |ower than said nunber of ' PCM
- trarism ssion channels received fromthe networksel e- 15 ment. The
equi pnent is characterized in that ' t he speech signal between
‘the network el ement @fflo one ofhehkr aubrhasanehsedni paddt inteeicbhercaipgr 8CM
PCM coded _speeﬁhngignal or a PCM coded speech signal in which one or
. nore least significa t"Bits of the PCM sanpl es provide a 20. ‘- subchannel
for lower-rate vocoded speeckhe invention also ggilatefste? MRS PERCPrAR
fao or o mre SUB e e b L onbr r Bt b, Vbt reedse
: : subchannel s_in each o c ower-rate_v -

‘speech or data can-b@pF?ﬁﬂgﬁﬁﬁﬂ%ﬁﬂ ngswork eiementsﬂ:ﬁgcﬁr§%§%¥é§§¥§$s or base
" equi prent i s arrangedtatihonesentrollensonss momphilé seemmurdicatiions systam.

'signal of the PCMchan- nNehel 8285¥RE hoBhE Ion NEbIEK ke®l€NBEL the Bon-
(
PCM coded - speech si gna contalnlnﬁggglg&subc anpel, to.multi
u

. Dl ex Ehe
content “of the subchBRRELOP nPELBREEN oPef RAANEF s 1P 23Felecoqmnication
i nt erconnecti ng PCM hetkork, such as exchihgesr amsbasei etagdonpaomtrodlers,

adapted, in regponse, .. orok@qblieyhieh! E;§Pa€§%§s§@8ﬁcQqﬁiﬂﬂéﬁtr%Sﬁh¥€9e&r98‘
- the net - work eremdnt s a pure Bovi ‘Coded speech,si gnal L Q encod ‘
“this PCM coded speeckhsi §REPEFHES PR thet eewgsﬁe%ﬁ ts %&t%@ éﬁ&f" |
~and to multipl ex theng@sodptefanestily sitghehst one of tWE OXLRATEHSs is a mobile
| PCTlFIg?/OOQGZ_ ~ services switching centre. Speech conveyed between the ex-
o change and the compression equipment”is either pure PCM
15 coded speech, or PCM coded speech in which one or more
least significant bits of the PCM samples provide a sub-
channel for -lower-rate vocbded speech. This subchannel
contains the same speech information as the PCM samples,

but in the form of speech parameters of the vocoding

20 method employed by the mobile communication system. Bet-
ween the tranSmission-equipment, one PCM channel  carries
several subchannels. The transmitting compression equip—'

ment analyzes the 'speech._signal received from the ex-
change. If the _spéech signal contains a subchannel of

25 .vocoded speech, the content of this subchannel is multi-
'~ plexed into one of the subchannels in the PCM channel bet-
‘ween the transmission equipments. For 'a case where the:
'speeCh signal.contains'only PCM coded speech the trans-

_ mission equipment includes a transcoder unit encoding the
30 PCM coded speech by the vocoding method of the mobile

| communication system. This gives a lower-rate vocoded
speech signal that is then multiplexed into one of the
subchannels in the PCM channel between the compression

_ equipments.
'35 The receiving transmission equipment comprises a.



5 i nto one of the subchannels in said interconnecting PCM

i nk. .~ The invention also relates to a nethod in accord-

ance with Claim10 for transferring digitally encoded 5 speech between
network el ements, such as exchanges or base - - station controllers, in a
nmobi-1 e commuini cati on system : - In the present invention, both
ends of the AWAST29566 nection between network el ements in aPCTFISTO0062

t el econmuni-cati on net wor k, such as exchanges or base station
controllers, 10 are provided with a transm ssion equi pnent connected to
the respective one of the network el enents witth PCIVI chan- nel s.
Preferably at |east one of the exchanges is a nob services

swi tchi.ng centre. SFERSIECEHY SREPHdtdrekhe t Pfecesé?—d SPeeCBheﬁig@ad-ndr?ﬁ@Wed
conpr essi on equi preidon et bdaneePCVntd PCMC@dﬁﬁlé@emhac@érM&§0ﬁiﬂﬁl

- speech in which on r St |f| the PCM s
provide a sub- _eth%chan oﬁmfgormeltlg\%gr -ef@tlgg\?oc%geghgp}enég Tﬁ?@%ﬁbﬁ%ﬁnﬁ%l

contai ns the sane S¥E&Em-i nirorAddiBirs the POMReRhD equipmentt imseifes

- formof speeck parametafo%dafed hpeeetodonter® of ERENSEbERENAYVIEN NG tdife or

nmobi | e comruni cati on .S r SsSiQn e ment -
one PCM channel caﬂor(?y a5t s%@%ﬁ’a‘f“&?@%&nﬁgl Ehe‘alé}féptsraﬁ'ﬁgﬁr"t YCJ?'F out de-
. conpressi on equi p- coding.ndlitereaditere $hehP@p cwuipleisgmaid rdeei wezbdednsithe

~ex- ~ change. Icfhatnffnelsmeeelﬁl gpa! tf&’l‘l’éﬁéﬂ:’%eﬁv&‘ébﬁhégaﬂ:aﬁ’éd 215cu chan-
vocoded speech, the onten of this subchannel is mul pl exed 1 nto,
one .of the subchanf®ls tn e eBERRRASNNEl bet - vveen the transn ssion

equi pnrents. For a case wherkhd hanvehtlospeaﬁflonisgnasllgmcilﬁa'ans osuéyimfl in -

coded speech the trgRsvexch glégﬁﬁ) é{,gi@i sg,gggré '
- encoding the 30 PCIVIrgc}){ eang {)b ego\r/rg-g()dlﬁg met 03 _he no ?r#ggi
communi cati on' syst &hiliges §P§e§15 'ILBV\%I’ BCM 1sampdead8d SPeech sigpals <an R
that is then nulti mudtdgpliexed areofthéie PCM sampdebc ers,s thnetlnamB@M of

~channel” between th%:%ﬁgg %%S'qaterconnesgyﬁineﬁEﬁf.f?hks is condiferanly
recei vt ng transm SSi.0 | prren corrprl ses .
reduce e.g. from 7 to 1, as some of the time slots are

utlllzed for signalling.

Since there is a normal PCM 1nterface between the_'
exchange and the transmission equipment of the invention,
the equipment is suited to all interexchange PCM links

20 without any compatibility problems. The saving in the
number of intercohpecting links is achieved even though
the lower-rate vocoded subchannel "hidden"” in the PCM
ccded speech is not utilized elsewhere. In that case,
however, compression will cause deterioration of speech

25 ‘quality, as described above. |

' In any case, the vocoded subchannel "hldden" in
the PCM coded speech permits preventlon of multlple speech
coding if the transcoder of the mobile communication sys-

' tem is capable of utilizing it. The Applicants' co-pending

30 PCT application W096/32823 discloses one such transcoder

| having: prevention of ‘'tandem coding'. An MMC call is
established by normal procedures in such a way that the
cohnection has two transcoders in tandem configuration.
The speech transferred between a transcoder and a mobile
35 ‘station is encoded by a vocoding method which reduces the
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6 transcoder decodi ng the vocoded speech signal received from
each subchannel into PCM sanples in accordance with t he vocodi ng

met hod enpl oyed by the nobile comuni cation system In addition, the
transm ssi on equi pnent inserts 5 t he vocoded speech conte b\/} e
subchannel i nt WOSH@956¢ nore | east significant bits of t%g“& “@Eﬁples
wi t hout de- codi ng. Thereafter the PCM sanpl es and the vocoded sub-
channel therein are transferred via a dedi cated PCM chan- - nel to the
-exchange. 10 : The "invention affords significant savings in

t h f
| gﬂee[),etxﬂ ‘;”gepg‘;,“gg%ﬁa%@i eecgaganC%Pth tggﬁséUQQPQnE%}r){ ?exe%}&% 'nftaoleﬁ 1

PCM sanpl e. . Hence, tltafesqm\mer opera 1°nsr@QuF§¢t§PeFﬁ?er€mg ngF IFICI\ﬂme -

links 1s consider ahlanstoder ABEHCRErmMEL Idid il puilsel code ﬁeﬂﬁl.@feahePCM)
time slots are - utilized f.or Since there

‘a normal PCM i nt er f StRESS RANPLET esu_g.n%l laesggh%c?ﬂ'earﬁ?éi tife W‘ A o rans=

equi prent of the i nwademmnd encodefiethepe ey Saidsvioceding method. In the

i nterexchange PCM lidif-rahnel WrbbeHbaaBy BHEIDBEI ew uasfobkgﬁﬁflcar&@ bits
saving in the nunmher of inter onnecal I nks eved eyen_though

the |l ower-rate vocoddd Wi F2hiieesy FFERLSEn Fﬁ&eﬁawfn%°rmaiﬁﬂ%d1%p%%ﬁ?F s
not utilized el sewhearece Mit&haaidamodmg meltbady evhichniy eecedmedi Erom ditse

deterioration of sp |t b R
coged'su% Aannel ¥ﬁ ggmﬁﬁiﬁhégﬁglﬁ QE%nsferred The in

In any case, the vo

| speech
permits prevehPi on SFOTRALLON SOXPELSRS sPeechBFﬁ@"‘??e’f*’heorf C%‘?s‘%bcﬁ?—:‘? e
nmobi | e communi cat i oreying operatiensi sesapdine ofd weddodingy are Faeried out

~Applicants' co- pendlfﬁlé¥%her gg”fﬁﬂ”ﬂdd&@ﬂ anMQQQéézﬁééﬁéEéaéf%Se?h@ﬂféé@&ﬂl
‘transcoder - having prevention em codl n [
. ing transcoder prlmarlly selects the speech 1nformatlon

that is in accordance with this vocoding method to be

15 . transmitted over the radio interface to the receiving

mobile station. Consequently, vocoding is carried out:

. primarily in the mobile stations only, and the vocoded

speech -information - i.e., speech parameters - is passed

through the mobile communication network without tandem

20 .coding;' which will improve speech quality When the

rece1v1ng transcoder cannot find vocoded speech informa-

tion in. the least sxgnlflcant bits of the PCM speech

- samples, the speech information to be transmltted over the

_ radio interface is encoded in the normal manner from the
25 - -PCM speech samples.

' If. the transmission equipment of the present

invention receives PCM samples including vocoded_speech'e

-information in the least significant bits frem a trans-

coder of the above type, the transmission'eqUipment-for-

30 wards this vocoded speech information to a subchannel in

the inté:bonnecting_ PCM link without transcoding. The

second transmission equipment decodes the PCM samples from

" the vocodedespeech information received from the subchan-

nel, and'the_vocoded'speech information is inserted into

35 the least significant bits of these PCM semples without



est abl i shed by nornmal procedures in such a“may that the connection

~has two transcoders in tandem configuration. The speech transferred
bet ween a transcoder and a nobile 35 station is encoded by a vocodi ng
met hod whi ch reduces the WD 97/ 29566 . _ ' :
PCT/-FI 97/ 00062 7 . transm ssi on
rate. Both tr¥A9¥¢W6¢s carry out the nornal ~ transcodi n®CEF#TINN3ns on
t he speech, decoding it in one transcoder into normal digital pulse
codé nodul ated (PCM speech sanmpl es which are forwarded to the second
trans- 5 - coder and encoded therein by saidsvocoding met hod. I n the

subchannel provi ded_by.one ot .t | east significant bi Qf the P
speech sanpl es, spgssﬁd%ﬂ?orﬁ£t$§ﬁ°i%%ﬁcéﬁ%-Pd(%ranﬁﬁ%§§ﬁmﬁﬂﬁ?§§%é Gﬁgﬁpng
met hod, which is rprevertiémonit hkorwards mblsi vocodadi apeeth infanmainiasudioy

transferred. The i Elj_elglobilteo_rs'ﬁttﬁ(aﬁ_ GATRbLEC HeTRASRE RN FIRAIRGAN HNE)
- eragil ops e

. no trans-- . codinyg, o t ncodi'ng and decodjn are carried out
o &l ther of the «SRACHFEORRLEELGN (SROTHI: S AETale. with thd Snvah-
transgoder pisi mar i tyonewddils rndte caesxhextifar natoding or delteripgatnon of
accordance with thij ogdi. ng; et r i r, the radio
i nt erface to the réégggﬁnghggfﬁg %gﬂt ngbteg%iﬁ'éﬁ. IECEE%S%}%%%I&EYVOc%g'n% '
is carried out — SUPBEFHARF|N i PSEY HBEY"PEkst‘%ﬁqsoﬂé’toﬁlwl?mé%ot?'?%e“%/med :
- spg_ef:h- i nformati onventién, teeshiYicdesTePen s sampiepasieethided by t hheugithere
mobi I e comuni cat i it de 0, codi ' | PUNR

- inprove speech qggﬁ}g@@g%@n ?*a[%%gmkﬁe. _nir’gcéf‘\?i nlgéj‘{%%ﬁsco %%Q%grs]\fr‘]bt 5 |end :
‘vocoded spedéh infgeaand transpigsiem eAEiPRERt ¥PEAFPARENFCHi samBlefhderCm

- speech sanpl ggivede txvpecihd NPSTNBAEOWOED BARdt tzaasinitedtaeervdduried
' ' - _speech'information to the interconnecting PCM link. The
first transmission equipment and transcoder forward the
 vocoded speech information as such to the mobile station.
15  Also in this case, the transmission equipment_do'not cause
extra vocoding, as the encoding and decoding are only per-
formed at the mobile station and in the second transmis-
sion equipment. .
_ ' The transmission equipment in accordance with the
20 invention does not affect exchange messaging or outbound
voice mail calls:'This'is due to the fact that these in-
volve normal PCM signals on which compréSsion in accord-
ance with the invention is pe:fbrmed for the interexéhange
transmission. ' ' '
25 - In one embodiment of the invention, the transmis-
~ sion equipment of the inventidh-supports two or more types .
of vocoding employed by the mobile communication system.
The transmission egquipment in accordance with the inven-
tion may select the ﬁocoding method to be employed in the
30 interconnectihg'-PCM ' link by identifying  the vocoding
method employed'in the subchannel at the PCM interface
between the exchange and the transmission equipment. If
this PCM_'interface does not have encoded speech, - the
transmission equipment may use a preselected vocoding
35 method as default. If, for example, two mobile stations



radio interface is encoded in the normal manner fromthe 25 PCM speech
sanpl es. . | f- the transm ssion equi pnment of the present
invention receives PCM sanpl es including vocoded speech i nformation
in the |l east significant bits froma trans- coder of the above type,
“the transmission equi pnent for- 30. wards this vocoded speech I nf or mati on
to a subchannevoB¥29%6  the interconnecting PCM |ink without PEFEHZ0MEE ng.

- The second transm ssion equi pnent decodes the PCM sanples from

t he-vocoded speech information received fromt e subchan- nel, and

t he vocoded speech information is inserted int t he | east S|gn|f|cant

‘bits of these PCM sh Ies il\éct.tb cvtdlfferent xyggo%y n?gggt@chods 1&1 call, %he

PCT/ FI 97/ 00062 codl ng
al so the second- t r apsastersSigfpoegyipagemcan Peﬁﬁéﬁ@nt?QﬁVe§%1°Wbrﬁﬁrd%he

f_—, Pee\égggﬁﬁg Sﬁﬁgﬁgg éﬂé&&é@téhﬁétérp from ore&oBRiihg feghbantuyi ghMeﬁlemdat\g
e transm Ssi o uj pnent_in a h,_th
i nven- 5 tion wi 4?a%t°fteaﬁ§é”é>¥?ﬁél$8c§a¥%g)‘§ Nyeterys fﬁ%%[s&ﬁ[ﬂ Fehatend®

speech qualitp in acodddrziar . ibf péwfooiesr partay, TBAY. upit in Qh@cptbex

in a PSTN network, eMTLe-
PCM sanpl es’ decoded ﬁ?gsfﬂﬂﬂﬁﬁﬁeéeyyﬁ It us assuﬂgﬁBchbY'équkbhﬁﬁé

e ot her transni ssi.on equi prent |
reverse direction, t%ﬁ% the Lie¥ondYPParkhi §?F8ﬂ1§auﬂﬂﬁ§ﬁﬁegoéﬁio&®? PESA
~sanples re- cthverfdceoomi hehdShicherigeorils alid fierensnifromt hbevyoocdding

speech information to %ﬂ%gcﬁn[btl%ﬁ%gggﬁc{: Ormrlgf%\flédnﬂléctIhﬁ PCM l:erlé J 3 such a |

~transm ssion eqw pne

‘informati on @9 suchca®et hEhaobrRrESBiSS:eh. quPpmeWHsYP}% @S%agge Fﬁﬁech
: transni ssi on eqUIp”?ﬂfofhhﬁmﬁn.cau&elved from the exchange, which is in

accordance with the first vocoding method, into a linear
- PCM sample or applles the received PCM samples directly,

_ ‘the samples being then ‘encoded into speech information in-

15 accordance with the second vocoding method.. D;Lfferent_
' vocoding methods often have different bit rates, cf. for
example GSM full rate vbceding (transfer rate typically 16
"kbit/s) and half rate vocoding (transfer rate typically 8
kbit/s). In this case, the interconnecting PCM links may

20 comprise'fo:_example four 16 kbit/s subchannels that may
transfer'B'kbit/s:Or'16 kbit/s speech ihfbrmation,_for
example. It is also possible that on the interexchange
connections, some of the transmission equipment and inter-
‘connecting lihks are adapted to employ full rate vocodihg

25 '. only, and some of the transmission equipment and intercon-
necting links are adapted to -employ half rate vocoding

only. o . ' : )

' :Data'may also be transferred through transmission

equlpment ln accordance with the present 1nventlon In_

30 that case, the transmission equlpment is prov1ded with the

necessary rate adaptatlon_functlons '

Brief Descr;pt;on ‘of the Drawlngs :
The - invention will be explained in the following
35 by means of preferred embodlments with reference to the



extra vocodi ng, as the encodi ng and decoding are only per- formed at

the nobile station and in the second transm s- si on equi pnent .

- The transni ssion equi pnment in accordance-with the 20 i nventi on does not
af f ect exchange nessagi ng. or out.bound voice mail calls. This'is due
to the.fact that these in- vol ve normal PCM signals on which
conpr essi on iwo sm9s66d- ‘ance with the invention i's perfechegrdms:z t he
I nt er exchange ' transm ssi-on. 25 I n one enbodi nent of the
i nvention, the transms- - sion equi pnent of the invention supports two
or nore types of -vocodi ng enpl oyed by tlpe rmobile conmmunication
system The transm ssion equi pnent in accordance with the |nven-

~tion may sel ect tREGRREEIYIQOTeitaydnps, bénewpidyed in the 30

i nterconnecting PCMIink byguident sh¥i89a hbBi1¥0eofBHicat ion TBYLL Qm
enpl oyed in the subchanGeI at .,the PCM interface . bet ween the exchange.

and-t he transni ssi At ED £he invepitan, pov i nt erface does not have:
encoded speech, the E‘igwmesnﬂ ssiows & UIRMEHpery): fxama pheaekegtafice

vocodi ng 35 5 netqd, M §fedith r nmple, two nobile stations
VO 97/ 29566 Gorf Eelnenlib 1878 B ) 10 TP S

9 have selected d|f?%ﬂ%ﬁﬂs\ﬁﬁxﬁHQK?Qn¥M%ﬂ§§r?ﬁeatbalformh@g of sub-
transni ssi on equi pirminedan ipenkasm SOGNEESéaMt WLYNOE a PCMEBSAFEE, Speech

from one vocodi ng nethod tg. Jh%‘m% @E%IGS@E‘ates th_» e%éer%n%Fg;%3Q8§858%%

direction.. It is possiblet ver Si on
“unit in the other With the, AR¥RNEiPRN A rtde TRAU Eé@mﬁsoﬁaic;{meb? m900160

exanpl e 10 t hatsudvesfsivet st-ppe ptMveansidy, enpl oyed at the PCM
' nt erface of t he exchange f‘lgﬂg f gr e{g fr %”ioc'l? "9%895519 illustrating the'
transfer of signals of seven PCM channels #ia one infér-
connecting PCM 1link by transm1551on equlpment of the
1nventlon, o
15 - Figures 6a and 6b 1llustrate the formlng of sub-
channels in least significant bits of a PCM sample in a
 PCM channel between the transmission equipment, _
Figures 7 and 8 are block diagrams illustrating
N  the operation of the transmission equipment at the differ-
20 ent ends of the interconnecting PCM link.

Preferred Embodiments of the Invention
The present invention is applicable to any moblle
-communlcatlon system which utilizes digital speech trans-
25 mission and speech encodlng technigues reducing the trans-
' mission rate. - |
One example is the Europeah digital cellular
mobile communication system GSM (Global System for Mobile
Communications) which is becoming a2 world-wide standard
30 ' for mobile communication systems. The basic elements of .
the'GSM system'afe described in the GSM recommendations.
For a closer description of the GsSM systeﬁ, reference is
made to the GSM recommendations and "The GSM System for
Mobile Communications” by M. Mouly & M-B. Pautet,
35 Palaiseau, France 1992, ISBN: 2-9507190-0-7. -



met hod enpl oyed in the interconnecting PCMIlink. In such a 10 case, the
transm ssion equi pnment will decode the speech I nformation received
fromthe exchange, which is in ~accordance with the first vocoding

net hod, into a linear- PCM sanpl e or applies the received PCM sanpl es
directly, t he sanpl es bei ng then encoded into speech mfor%

15 . accordanw@9i2¢¥%6t he second vocodi ng nethod. Different M%dl ng
nmet hods often have different bit rates, cf. for exanple GSM full rate
-vocoding (transfer rate typically 16 kbi44s) and half rate vocoding

. (transfer rate typically 8 kbit/s). In this case, the interconnecting

PCM |'i nks" may 20 conpri serr{@resﬁaaahe 1E%urmokﬁ.flilaatcllansmshaam s(phgital

may " - transfer 8 kbit/ bit/ f t
exanple. It is al s& m%agr"?ﬁat %‘ihtﬁnfs'?es %F e |onh t?’@nnégppor%ﬂz

soire of the transm SYeauengy peage are the primary tar,gstma(ﬁqrnghm hbirge it on,
adapted to enpl oy flﬂqr 1@t§sv 6004 ReridEd tH3Q|¥heaﬂ€T§#¥§%ﬁPBet Sstrlcted to

transm ssi on equi pnment and |n er con- necti ng s are adapted to
enpl oy half ra®e vodd@isgysSystemsenly, _ Data may al so be
transferred through transm sEidixe 1 verg@uiEiliyt descatibes daecbasitheldments

present invention. [n t%% oM '%&Tst‘éﬁsep. xh@%:fi% AN 133 OQwQGHhPHE”éeﬁére MSC

provided with the cessa raf e ada |onfunc
Brief Description ofhatﬂdé-e@r msqgagnnnectmg of inboynd Fﬂ@eﬁ‘t‘?ww |2 les -

expl ai ned in the foldedis3Functlbneeadimidbrpref ahosd SEDQWN reuthmngel h:f a
'ngféﬁggf0586£8e fixed ne 834%9599 addition to EFse, it also performs
functions characteristic of nwbile_communications only,
such as subscriber location management. Mobile radio sta-

tions MS, i.e. mobile units; are connected to the exchange

MSC by base station’ systems A base station system con-
15 ” 51sts of a- base station controller BSC and base stations
BTS. One base station controller BSC is used to control

several base stations BTS. ' '

The GSM system is entirely digital, and speech and_

data transmission are also carried out entirely dlgitally,

- 20 - which results in uniform quallty of speech. In speech
~ transmission, the current speech encodlng method in use is
RPE-LTP (Regular Pulse Excitation - Long Term Prediction),

which utilizes both short-term and longeterm prediction.

The encoding produces LAR, RPE and LTP parameters which

25 ' are sent instead of the actual speech. Speech transmission
is dealt with in the GSM recommendations in Chapter'G, and

speech encoding partlcularly in Recommendation 06.10. In

the near future, other encoding methods such as half rate
methods and reduced full rate coding will be employed;
‘30 with these the present invention can be used as such. As
| the present invention does not relate to the actual speech.
~ encoding method and is independent ‘thereof, no speech
,encoding method will be - described in further detail
_'herein, The speech encoding method will also be termed

35 vocoding (voice coding) in the present appllcatlon in



acconpanyi ng drawi ngs, in which Figure 1 shows a nobile

communi cati on systemin accordance with the invention,

Figure 2 shows a TRAU speech franme in accordance 5 wi th GSM
recomrendati on 8. 60, Figures 3a and 3b illustrate the

form ng of sub- channels in |east significant bits of a PCM sanpl e,
Figure 4 il | uwomaeessé t he i nsertion, in accordance Wi t RCTIFE?7/00062

i nvention, of the TRAU frane of Figure 2 into 160 10 successive 8-bit
PCM sanpl es, Figure 5 is a block diagramillustrating the
transfer of 'signals of seven PCM channels vi aldne inter- connecti ng
PCM i nk by transm ssiq ui pnent  of invention, 15
"Figures. 6a and 6b Isﬁé‘f‘l’:étlg ﬁ@ ’F%’F’Pﬁ‘%g‘)c&?% channel s in | east

~significant bits of a PCM datpiralily,athe mobPL shatienh ﬂnmw\ﬁmé he speech
transni ssion equi PRBRkr and decodeﬁ for EFQHEﬁchafﬂgiiﬁsaEﬁebi ﬁ%éﬁgfygh

Il lustrating t he operation ransm ssi equi prren
di ffer- 20 ent @fd&hsf “‘PﬁélﬁnFE?‘éb?me’d ingdthew essrntial to the present

Preferred Ent®di neahveatibhe ndyemmligde, it will not ThR PHESEPLbEAVQREHON

S appl icable to a@iogggv €n th:.s &9 cation systemwhich utilizes
digital speech trans m sSTon and speech encodi ng techni ques reducing
~the trans- nissi on r &ethe network side, vpriowsdfiwsicsiopns rehating to .

curopean di g tal spekkhl @ncoding ERAI I)z&t@oraaayt@@hban avpstiameGoied qlaala
stem for ile m W)
s%/an'dard. 30 for tﬁSBinggggrrﬁﬂﬁl cgg‘ﬁg ‘%E{‘%ﬁ%&e’r’ﬁ‘go% ggjca 5 gné’ﬂ't*\g’ The

the GSM syst¥in ar e TB88cmalyelei hccm@ﬂe@m@a‘aﬂ-oni;ternatl"ﬁ:olroczatﬂlm'@er
description of the;&SMLY S \@Benl @c@d’r@ﬁﬁg‘ %o choxc@%d‘?na% e t@\/'manufac-

reconmendat i ons and " The M Sys Commupi cati.ons"
ey e B Cupate o TRe SHEEERACEY of the Y2RnaCogen U phelude a B4
- 2-9507190-0-7. kbit/s PCM (Pulse Code Modulation) interface towards the
' ‘mobile services switching centre MSC. (A interface), and a
15 16 or B kbit/s Abis interface towards the base station

BTS.
' In cases where the transcoder unit TRAU is piaced
remote from a base station-BTS, informationlis sent at the .
_ Abis interface between the base station and the transcoder
20 unit TRAU in 'TRAU frames'. A TRAU frame includes 320 bits
- according to Recommendation 08.60 and 160 bits accdrding
" to Recommendation 0.61. There are presently four different
.~ frame types'definéd according to the information content
of the frame: speech, operations/maintenance, data, and
25 tidle speech frame'. A transcoder unit placed remote from
| ‘the base station BTS must receive information on the radio
interface for efficient decoding. For such control and
synchronization of the transcoder, a special kind of in-
band signalling is used on the 8 or 16 kbit/s channel
30 - between the base station and the transcoder unit. This
' ~ channel is also used for speech and data transmissions.
Such remote control of a transcoder unit is described in
GSM Recommendations 08.60 (16 kbit/s channel) and 08.61 (8
kbit/s channel). '
35 Normally, only PCM coded speech is transmitted at
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11 ' The GSMandlts nmodi fication DCS 1800 (Digital

Communi cation Systen) which operates in the 1800 VHz frequency
range are the primary targets for the invention, but it is not

i ntended that the invention be restricted to 5 t hese syst

Figure 1 ver yW@97@8%6§ descri bes the basic el ements y fﬂ%""é&’ﬁﬂ“&%tem
A nobi l'e services switching centre MsC handl es t he connectl ng of

i nbound and out bound calls. It ~ perforns %UI’IC'[IOI’IS simlar to those of
an exchange of a 10 fixed network. In addFfion to these, it also

perfornms - funghions ;qhanagier bgq:hgeﬁ/bg{q?b{._ dg&;gg)plﬁg@d q}ﬁj e MSC.

such as subscri ber oca i"on mana%eman | 0 Sta- ~tions M5,
i .e. mobile units, X &hédnFésSead the ttPfénéSé@ﬁ%g'gRAU can T f3rm e skEansm
systens. A base st addamgSpetReefiofocdded spdeths afll RChasedéed adpedth.

control l er BSC and base st HONsS ati co C
is used to control ' sglsleral AB%]s']écaslﬁasf | onsSBﬁéﬁéfu§c£ eCt ggﬁf%ﬂlé’f\/l
systemis ent$relyWHi%§/B3B23asisscioser and improvedattransgesigirs SiRMY arvhighso

carried out enti re'b)ésqld@st %EE!orﬂi’ng tH@lri‘ctkn(a@.SlﬂrTa%sde!ﬂﬂgf@ﬁé&él&&?éﬁé V£ 18m
speech. In speech

di
inuseis I?q_GﬂgeijEBﬁFﬁ E %gcg:a)ﬁg{j[%éeC%Egﬁ'G%g?%W%gTc?‘f?ﬁﬁq’ .
which utilizes bot HnfloomatiennrendivedgEzam hher agbddeoatation, Wiichericbdimg

~produces LAR, RPE addrBiBnRar mmers'%lmmo%ﬁing n@t@loaentl Ienst dihf pdve-
actual speech, Speech transm s

" recommendat i Bhs i n MEFEFSeroTs, wgﬁﬁh no tr?ﬁ’éé:(?ﬁlBﬁcS?eﬁatbgPt |((9ﬁc§’ﬂl§?gl’n

Recormendat i on 06. perfiormed, inttke nedchannelefoonedbyroedi(Agkbit fodmparch

as half rate JRNOLT AR raduaed tidl L:aba&.@twdwgsw éigxbﬁfﬁm{toms

-30 ~with these the present invention c u as such.
present invention ®fedhfoif %I%ﬁe@cﬁ"o SFH‘E'?aEt uﬁf'%%"()’e%%'h " ene S el ntgrans'

met hod and i's i ndepersddon khﬂmemﬁpn tbespeenbcoder receives vocoded speech
15 . from the subchannel contained in the PCM samples of the A
- interface, said speech belng transmitted to the Abis
interface'ﬁithout-any'tran5cdding operation (encoding).
When an MMC call involving two such transcoders in tandem
configuration is switched, . each transcoder actually only
| 20 relays vocoded speech, possibly modifying or replacing
parameters but not performing any extra vocoding. In con-
sequence, vocoding is normally only carried out in the
. mobile station MS, whereby tandem coding is avoided and
. speech Quality is improved.:The implementation and oper-
25 ' ation of this improved transcodér has been disclosed in
greater detail in the above PCT application. '
_ Hence, -two types of signals may appear at the A
interface: 1) normal 64 kbit/s PCM, 2) PCM wherein one or
.' two least significant bits of the PCM samples provide a
30 Subchannel_fo: vocoded speech (or data). The transmission
'  of vocoded speech in the 1east-si§nificant bits of a PCM
sample is illustrated in Figures 3A and 3B. Figure 4
further illustrates one possible way of inserting the TRAU
frame of Figure 2 into 160 successive B-bit PCM samples.
35 - Two bits of the TRAU frame are inserted into each PCM



encoding nethod wll be described in further detail her ei n.
The speech encoding.method will also be ternmed 35 vocodi ng (voice
coding) in the present application in WD 97/ 29566

PCT/ FI 97/ 00062 12 distinction to
nor mal . PCM codi ng. Naturally, the nobile station nust have a
speech wodweesed decoder for speech coding. As the |rrph’e-mgmm§u@n

of the nobile station is neither essential to the present 5 i nvention

~nor-unique, it-wll not be described nore - closely in this context.
On the network side, various functions reI atildg to speech encodi ng

~and rate adaptation are |nt%§gated I n transcoder unit

(Transcoder/ Rate AREFRIG thikyacerff 113"0 leﬂ%&uwlgécé%oﬁ%ﬂaf’édthﬁ PCM
‘several alternati veampleatirorccordancenwlibl Bygheen 3K.C @Y rsgmtpaeehcm-eeaoﬁade

by th fac- Lt _includ
s it s PR (PRl ElRaeIsh F AR, 2%@}%;4@;&8@3@;; ¥ el "Batee
nobi | e servi ces sWwlthihg BEEdhspepiee 13-1m bitsamnd POYM sampdesr186-

kbit/s Abis pnterfpgse thﬁtf&t@SQlﬁ-@Qﬂonand 71575, The six most !N
cases where the transc

|t TRA I
_station BTS, inforfef? lﬁlﬁiéjﬁﬁ& SRﬂpéan?EFf85égb%$%gght?h%f
base station and tthe tﬁ'%ths-?ﬂﬁmh Ziﬁmpleun(lntafRRAUWFth' TRAUsymboksk) . AL RGhe

L rfms i ncl gdes 32(&:@1ﬁp51eRof E‘ﬁﬁgﬂ{ &9 the %eeamﬁdeate%ﬁ&ﬁg ?gd ¢88ed
difreront 0 ¢ aRREy R WerEedoaced HAG Th Wi SHFOARARLoScBt bt
.of t he franﬁO speéhflthqxautqhamab&auatemahementhﬂenltmn@ne bit, as in Fig- . -
ure 3B, the transfer rate of the PCM coded speech 1s 56
kblt/s and that of the subchannel B kbit/s. -
The mobile servxces switching centre MSC switches
‘the calls at a nominal transfer rate of 64 kbit/s, irres-
15 ‘pective of whether the slgnal to be connected is of type
1) or. type 2). _

' In a conventlonal mobile communication network,
also the 1nterexchange links comprise one .64 kbit/s PCM
channel for.each'signal.of the A interface. Interexchange tt

20 1inks'in this context mean both links between mobile ser-
vicee switching centresiMSC and links between a mobile
services switching centre MSC and a gateway mobile ser-
vices sWitching'centre'GW in a public switched telephone

_ network. As stated previously, for reasons of economy it
25 = would be advantageous to optimize the requlred capac1ty on__
' the interexchange connections. : '
In accordance with the invention, the exchanges_
are intetconnected_with a pair of transmission equipments
in such a way thatithete is one'equipment at both ends of

30  the connection, as shown in Figures 1 ‘and 5. These . -~
transmission equipment are_termed compression equipment
TRACU (Transcoding and Rate Adaptation Compressox_Unit) in
the present descripticn. Speech is transmitted between the
MSC (GW) and the TRACU similarly as at the A interface,

35 i.e. either as pure PCM coded speech (type 1) or as PCM



25 "idle speech frane'. A transcoder unit placed renote from t he

base station BTS nust receive information on the radio interface for
~efficient decoding. For such control and synchroni zation of. the
transcoder, a special kind of in- - band signalling is used on the 8 or
16 kbitfs channel 30 bet ween t he base station and the transcoder unit.
Thi-s chavoet29566 al so used for speech and data transm ss 0062
Such renote control of a transcoder unit is described in 'GSM
Recommendati ons 08. 60 (16 kbit/s channel) and _Q8.61 (8 kbit/s
' 32?89?;%5625 hbrnally, only PCM coded speech is transmtted at
: | 9¢/
15 e A | Y SIS SRR A RS 3F R gpeech. Ab

‘that case, the tran‘s%@@l@ror{m@céhlbéﬁf&:% tcﬁéﬁf’ﬁénés pr°"1d€‘5'c\i/§ﬁ§”8€f’\/\é€ﬁ |

_ vocodeg Spee:::)?;Tand tHRatsodect m&%ﬁhspegclzlézlss always tfhmsmivpped entwsicoded 8
co-pendi ng applic tion 3 .di Io S oyed
transcoder TRAU, vvhfz‘eh ? or ]oés}fk?fe e§3 oer% r‘?‘q’ %e ?%r r“;’gp Frgg%s}égd?:ﬁe pCcH _
operations frém  sampbeodte: W@B@hpﬂ-ﬁt bs Fche cﬁ@@@d%péb@‘m oo Ws‘-mcﬁsA :

speech i nf or ”gﬁ' phgheEes veash{ reuy thel el Q:ﬁttaiel ®CM Whimphei arenused
accordance with sa

vocodln t hod 0
whi ch no transcodln@soﬁépﬁpﬁgﬂgffdéegdﬁﬁb) @@ codeg BE??%? ned, qganf%lgged
subchannel forned byence, (Boklexgmpleapgao least gwyi}fmartwl(t% flogm pge 16

capacity) | east s. ggbitﬁgrguéar{aﬁmel, twBl nt e A sReashi san®lwis la lsewbaa,
in the other tra m ssion_direction the transcoder recei v ifs gd

speech 15 1f°rom thé SBEER SN FIPEERREL ne dWoN NSTF PR S aRPTRL 12 rf
interface, said SpEEEhdbEGngbitAﬂssub¢hahneiJf&ndMﬁhg two most §lgn1flcant_

bits a fourth subchannel, as illustrated'in Figure 6B.
cOrrespondlngly, each PCM bit can form one 8 kbit/s sub-
: o channel, as shown in Figure 6A. The same PCM channel may -
15 also’ contain both 8 kbit/s and 16 kbit/s subchannels In
' this way, the TRACUs can multlplex 1- 8 PCM bit streams of
the A interface into one PCM bit stream for communication
" between the TRACUs. In the example of Flgure-s, TRACU1 and_
TRACU2 multiplex 7 PCM iines of the A interface into one
20 '_ PCM line (compre551on ratio 1:8, transmission ratio 1:7).
| - Speech transferred between ‘the exchange MSC and -
the compre531on equlpment TRACU is elther pure PCM coded
speech or PCM coded speech in whlch one Or more least.
significant bits of the PCM samples form a subchannel of
25 lower-rate vocoded spe_ech, as 'shown in Figures 3A and 3B.
The following will describe the operation of com-
pression equipment in accordance with the invention in
transmitting a speech signal in one direction MSC1-TRACUl-
TRACU2-MSC2. In the reverse direction, the transfer takes
30 . place in a similar manner. ' o |
TRACU1l analyzes the speech 51gnal recelved from
the exchange MSC1 in each PCM channel. If the 51gnal con-
tains a subchannel for vocoded speech, the content_of the
subchannel is multiplexed into one of the subchannels in
35 the PCM channel between the TRACUs. If the speech signal



I nterface w thout any transcodi ng operation (encoding). When an MMC

call involving two such transcoders in tandem configuration is

sw tched, each transcoder actually only 20 rel ays vocoded speech,

possi bly nodi fying or replacing paraneters but not performng any

extr.a vocoding. In con- sequence, vocoding is nornally only carried
out in the ‘woomesssl e station MS, whereby tandem codi ng i s EorFeBEeNd

speech quality is inmproved. = The inplenmentation and oper- 25 ‘ation of

thi.s i nproved transcoder has been disclosed in greater detail in the
~ above PCT application. Hence, 14w types of si gnhal s may
appear- at the A |nterface (ﬁbnornal 64 kbit/s P PCM wher ei n
one or . - two | E98EaiRgnioPYarRChi §4%8 sRRe PN SRAD eBFB@FEetéeSGCM
- subchannel for vocoddddspspebachorbylattdje 'Hm:ddn.agsmneshod of thd \ukaided

speech in the leasggﬁhﬁﬂiééfﬁgﬁ g@éfﬁ#ﬁ Tﬁq thﬂﬁug%véagpighéfoéﬂéﬁyJégégc

in Figures 3A and rates one possSi
of inserting the TﬁPEPCh 519PP&n¥héFhFF§uF@lﬂlphFEeQGGDEBCQEGSPﬁeq@ﬂm&uhﬂjw

sanples. 35 5 TwochahfieDs ihetH&/ BN raEnR1ebetReehethe MtEAGASh PCM
- WD 97/ 29566 97/ 00062

14 sanpl e in place ELOES el owﬁgﬁ1?*°%§ué%g%§§ FeBRESSRLinG the |
sanpl e i n accor danepeRRthoRs gof ea prargademFRASUL. SIOOﬂCCOITdanCEt afith GsM

synchroni zation ZeR@éomﬁEﬁ@&ﬁﬂ@ﬁes 9@18rC9ﬂ610|s§Héﬁton12at1€$ @15ckPGM of

S er tana Tl aRREG] . BRERHLERIP S8R aR8s Br svheBroBiBtite Rpyithe

sanpl es are 18i gi naubghasnol in thet ReMpPsamples ctecsimsde fnomr ke A tintere
~symbol Xx) .- |“ the face, X! enOftrfd Aon& 38 e 16296f 8hghakecahet M ECOM
?Oqu Synchronlzatlon with the TRAU frames takes place by means
of the synchronlzatlon zeros and ones in the frames. At
- the beginniﬂg”of the call when synchronization has not -
'.15 been found yet, or during the call when synchronization
has been lost, reception of a sufficient number of TRAU
frames is awaited in order to ensure that a 8 or 16 kbit/s
subchannel'containing TRAU frames has truly been found,
- and not merely a synchronization pattern randomly produced
20. by the least significant bits of normal PCM samples.
- Synchronization with the frames is carried out contlnu—
ously. - ' - . '
Separation block 72 sepérates the PCM . speech
samples to encoding block 73 and the TRAU frames to pro-
25 - cessing block 74.
R - The encoding block 73 performs encoding of the PCM
‘speech samples into speech encoding parameters of the
lower rate speech encoding method in full accordance with '
the GSM recommendations. The encoding of the PCM samples
30 takes place continuously regardless - of whether syn-
chronization with TRAU frames has been achieved or not.
If synchronization with TRAU frames has not taken
,place, or verification or synchronization is awaited, the
speech coding parameters that have been encoded from the
- 35 PCM speech samples are forwarded from the encoding block



speech is 48 kbit/s and that of the subchannel 16 kbit/s. 10 If the -
subchannel is inplenented with one bit, as in Fig- ure 3B, the
transfer rate of the PCM coded speech is 56 - kbit/s and that of the-
-subchannel 8 kbit/s. ' The nobile services switching centre
M5C_ swi tches - "~ the calls at a nonminal transfer rate of 64 kbit/s,
irres- 15 PWOBYR6Hf whet her the signal to be connected i sPETFISjH62
1) or type 2). ~ In a conventional nobile comrunication -

net wor k, al so the interexchange |inks c qpri se one 64 kbit/s PCM
channel for each signal of the A interface. Interexchange 20 l'inks in

this context nean bP}ftb 2Nk ahet BEETGIMPIHIBEENS. The bﬂim%gsﬁ‘lb@htl ng in-
centres MSC and |inks between a nobile servi ces SWItCHJRg% ntre NMSC

“and a gateway nobi|¥e%s -the 59e9FEe§°§GxP9clﬂaﬁ6m8EﬁFFe LEHP; a}"tes in
sw tched tel ephone accordamierowkth AGSSH cRexbmemdatiohy , 0§ .60 reas@@s 63f for

econony it 25 éferaq%aqtﬁ@%gus to opti m ze. the required capaC| ty on
t he |nterexchange CORNEC n accordance with

t he
invention, thé exchanges 1f %P@hFﬁPéFGBh%CP’é&hWT%La pERRES | has taken
transm ssi on equi prgldce, the speedhClodingypardaetehsraré mmEoequrﬁaanfrm

both ends of 30  fhe 8888?8%8%&3573 SH0Vehe! '}:Ehgurb‘?ﬁldlngn%:lto%k 75.

These transm S8 of" &30 conpr essi on_equl
TRACU ( Tr anscodi ng Enrterste %m%lq}ﬁgo&%ﬁﬁésgér l@nFPPP?'hed with (e TRAU

present descripti ongr 3Raechedsi ddNEo tEkk bEt VRESr fice, whicHVBRAWGY rames
Loded ansechIPton o Ve Bods iy i 'Hckrsiza, 5ol SoptehlREad) BrOEEMg
PCT/ Fl 97/ 00062 block 74 The building block 75 produces TRAU frames in
B accordance with GSM ‘Recommendation 08.60 or 08.61 to be
 forwarded to TRACU2. As no speech encoding is carried out,
the TRAU frames to be forwarded contain essentially the
15 ~ 'same speech parameters énd_control data as the TRAU.frames'
received through the & tinterface. The supplementary
processing block 74. does,-however, check the control bitst
and other bits of the TRAU frame received from the A
lnterface and may, dependlng on their content, carry out .
20 ~ .supplementary functions which may change the content of.
' the TRAU frames that are sent to TRACU2.
' The operations performed by the supplementary
ptocessing block 74 are not essential to the actual inven-
tion. They may be necessary for the tandem prevention
25 " operation of - the transcoder units TRAUl and  TRAU2. The
' processing possibly needed is similar to that descrlbed 1n |
the above application. . ' A
The above-descrlbed blocks 71-75 are for process-.
ing a speech signal of one inbound PCM-  channel of the A
30  interface. Corresponding blocks 71-75 exist for each in-
bound PCM channel of the A interface. S |
From frame building blocks 75, the TRAU frames are
forwarded to multiplexing block 76. The multiplexing block
76 inserts the TRAU frames received from the different
35 - building blocks into different subchannels Chl-Ch7 of the



coded speech containing a subchannel of vocoded speech. At | east one
64 kbit/s PCM channel is provided between the TRACUs, in which speech
is always transnmitted as vocoded 8. kbit/s or 16 kbit/s speech in one
or two bits of the PCM5 - sanple. The principle is the same as shown for
interface A in Figure 3,. but now all bits of the PCM sanple are used
as' subchannelWwo 95660 PCM coded speech is transmtted. PCEFROT000620 1
exanple two | east significant bits formone 16 kbit/s subchannel, two
- next nore significant bits a second 10 ~ 16 _kbit/s subchannel, two next
nore si-gnificant bits a third 16 kbit/%8subchannel, and the two nost .

significant blts rth supchannel asHIustratedlanueGB
Correspondl ngly, gac e%ﬂnbe tlngn ?@? ¢ & s kbft/ - P échﬁ el Pc%s
shown in Figure 6/samhe,sdfiox P@thannelamrd_@ce wiltdo Fégntai 6AboThe 8PCM

kbit/s and 16 kbi tgainpq_lélgcrfe,%@asargnsent tot-fmway, the TRACUs can
rrultlplex18PCMb|t str. t eAlnterfacelnto one_PCM bi t

~ stream for communicati on %Cu%gﬁ%gﬁst hBeTYRRe%ed |Speerd 8igRptereseivefdire |
5, TRACUlL an8 f rofRAGIdh ranbtdtqalnmel? iR€EMl IPCMesanmpléveim aﬁé@fcﬁm ivith.

one 20  PCMIi ng;r&g t<:\'d0e p%gga[ia§§mtﬁ§' fﬂgﬁifé goﬂnglicatlon

Speech transferre tvveen t e exc ange
equi prent  TRACU i S¥it%fer PiF m%deHRACUZ igpeEth GF‘ePdﬂCc%"@é’d %m@h
in which one or rrr:rcmdaﬂ.stof the sabghahneRninty toheofort herE’CMaéﬁffpbféniﬁm a

subchannel of 25 aﬂq@\ﬁg_ﬁsr %tfetylgcgﬁﬁd %glg wﬁq&giqowgckglﬁbg;l{»ﬁgréff@

- 3B. | oW n

pressi on eq? pnentthen %@éoﬁﬁ@ﬂ%%s webd tthe |‘fRFe°ﬁ'Le|dorth¢hanne1 ttheredin taxRy) a
‘speech si-gnal i n airandifieetiedorilBtie TRAElHated PCM TRARKE1MGE2thé Mt igter-

reverse direction, et f place in a.simlar manner.
TRACUL anal yzes thfeacrsépeec%ﬂ% g%g{‘%gcel ved from t he exchange MSCL in

each PCM channel . |f. the sTigne conshows a bileghsdbagras hbhhistrakingcered
speech, the contemspetfatiid®s of TRAGHDC DemdetipSeRithdimlonedli pbeeopes Ofcy he

::Jlg)(r:]g?nnel 515n 35 samptlre% 39¥ %Rgngﬂzepetr\{\r@eec 1tnhge PEBA%k kromhFRﬁ&?fcm‘he _
: ' demultlplexn.ng block 81 demultiplexes the TRAU frames,
i.e. the d:.fferent PCM bits, of the different subchannels

Chl-Ch7 into- respect:we process:.ng blocks 82. The s:.mplest

_ construct:.on for the processing block 82 is a divider
20 dlv:z.d:.ng the TRAU frames to speech decoding 83 and supple- .

' mentary processing 84. The operation of block 82 - may,
however, also comprise some or all of the operations
specified in the GSM recommendations for the transcoder

~ unit TRAU upon receiving TRAU frames from the base station

.25  BTS. " - |

Speech decoding 83 is in accordance with the GSM

recommendat:.ons, and produces from the speech coding para-

meters a digital speech signal which is applied to pulse'

code modulation (PCM) block 85, which converts the digital

30 speech signal to__'a bit rate of 64 kbit/s by means of pulse
code modulation (PCM) in _accordance with e.g.-' CCITT
Recommendations  G.711-G.716. The pulse code modulation

(PCM) at a‘ rate of 64 kbit/s functions in such a way that

the speech signal is '_ sémpled every 125 microseconds, i.e.

35  the rate of sampling is 8 kHz, and the amplitude of each
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16 cont ai ns onIy PCM coded speech, TRACUL encodes the PCM

coded speech by the vocodi ng nethod of the nobile conmuni cat i on
system This will give a |ower-rate vocoded speech signal which is
mul ti pl exed into one of the sub- 5 channel s in the PCM channel between
the TRACUs. = WO 9729566 Figure 7 shows a bl ock di agram r epFELERTOMG2 ¢ he
oper-ations of a transcoder TRACUl. |In accordance with GSM

Recommendation 8.60 or B.61, synchronization b% ck 71 of TRACUL
continuously searches for synchronization in the 10 subchannel in the

PCM sanpl es recei ved £ the fhdntti®ed into aha@ebit. Godé Nbf hes O BF1dwWor

| east significant bi ts ynchroni zation with the TRAU franes takes
pl'ace by neans u-gra% t?é’d§§’ﬁchron| zation zeros and ones in the franes.
AL t he begi nniing of teheadppiemensprghpooceasing bhxscnd4 frodudmsernm

found yet, or duringdlie fahle YAPACSKOGNLO0! #A Wbu Reconl8RAREESh | 08160 or

reception of asuff|C|ent Foer rapes_I-s, awal.ted 1 n orde
to ensure that5a 8 d8-f8 I@l?i Pﬁsf°rward°§%15<9néﬁﬁ§# Bonthg rﬂ%?@d*ﬁﬁ\ul?r%%sp%s
“truly been found, formeald tid TRAE! Yyramsynchaoniazat iforwpatiedr nor dldark Y85

produced 20 by the t Sés%’énft'l(aﬁ'i& ‘b_ég u?fne”@f»&@l:h gg\émﬁesand con-

Synchr oni zati on with 1 rarres IS car rnu- - - %h
~ Separation bl ock 72 t@s’peﬁ%ﬁaesas tihe TRAY fygmeshreceived ofHPe sTRAFThe i ofk
bl ock 73 and the TRAJ4 fa8/1e hdwe viekQ- cﬁ5ck te SEontrdll @iks74nd other bits of

The encodi ng ock 7 erforne_en g.0f _the pl\/] anpl e
into speech e od| ng&b%r §ﬁ§teé?§8 d’ frame | Bier "t e s%%e% cgﬁ §he1r_

method in full accorekntemtn t garry Omthe S@Dﬂﬁ@ebﬁﬁéﬁdaﬁqmon%ewhhebdlw
_of the PCM sanpl es ?tQuanget RS coﬁtéﬁe oﬁQ:'He' @Rﬁusfﬁ’améﬁga"h@ Bﬁéraﬁions per-

whet her syn- ronj zation w rames has heen eywed Q

1f synchroni zati on vﬁcq SF*?,Z&Uf?lé?regu?%Jser?ﬁf}tﬁré'ke:?‘Focessmﬁl b;i% k \é% e Wor
: verl fication or syncwsantiali & itheawaitned, invention. They may be necessary
15 for the tandem prevention operation of the transcoder

'_sunlts TRAUL and TRAU2. The processing possibly needed is
similar to that descrlbed in the above- stated patent

- -application. -
'Block 85 combines the TRAU frames to the PCM block
20 -~ into the PCM speech samples by 1nsert1ng the TRAU frames

into a "subchannel" formed by the least 51gn1f1cant bit (8 -

kbit/s) . or two least significant bits (16 kbit/s) in =

accordance with Flgures 3A and 3B Block 85 forwards the
PCM samples via the respectlve PCM channel of the 2 1nter—
25 ;face to MSC2.
| TRACU2 comprlses separate blocks 82-85 for each
 PCM channel of the A interface. _
For the reverse transmission dlrectlon MSC2-
TRACUZ—TRACUl—MSCl TRACU2 comprises blocks in. accordance
30 with’ Figure 7 and TRACUl comprises blocks in accordance
with Figure 8.
In the primary embodiment of the invention, the
TRACUs handle either full rate (16 kbit/s) or half rate (8
kbit/s) vocoding operations, several of which may exist at'
35 the same rate. '



Spéech codi ng paraneters that have been encoded fromthe 35 PCM speech

sanples are forwarded fromthe encodlng bl ock WO 97/ 29566
PCT/ F1 97/ 00062 . 17 73 to a frane
bui I di ng bl ock 75. The building bl ock 75 in- serts the speech coding
paranmeters into TRAU frames in accordance wth GSM Recomrmendati on

°08. 60 or 08. 6¥o F129566 - transfer to TRACU2. 5 . |dcTrIo700062
.synchroni zation with TRAU frames has taken pl ace, the speech coding
paraneters are not forwarded from . the encoding block 73 to the frame
bui | di ng bl ock 75. | nstead, the building0Oblock 75 is supplied with

. the TRAU . franes received fronlthe A interface, which TRAU franes 10

have. possi bl y been processdd AP ss dpplasiioraanFepdtisaj sgcond emppdinerty of
The bui | di ng bl ock the inventésnTRAL Eapaibe | ¢if handlym@CbbdancecmuiﬂgCiﬂ&es

Recommendat fon 0. §0: ofnQ8c8H WRedfrk, hd OPMRECCLei O TRACHE. s R spegen

_encodlng is carrie orwar ed cont
essential ly the 15emploXgeospthe Pt &he Hngodbrg roff tdgt FRAY fh@mqm

franes 5ecei wa@ tar Qﬂﬂ@rf&lﬁe A Ant ektapeiod hesS AP itRRE 8hY where the

processi ng bl ock 74 do Q heck the control bit ot her
- bits of the TRAU frgﬁﬁgﬁggelgeﬁaﬁﬂo FERESaIeceived %5 ihazﬁufqﬁﬁFface is
~dependi ng on their ddffezent éapmytbGtVQGOdlngupﬁlﬁﬁéﬁtéxqmﬁﬁumn¢enMBdMﬁrﬁm
- may change the contgat s@fcond TRAtbe THAS) hé HE X HaRtak hal Bas€ids Lo T Ea1a

are not eesental | EBRURY SAERSTOTREOALRS mefhids. in fhod) E38en dete D
for the tanden pr e\r@mu-(anS halbHpeetei SIRASF fhames afsonderhainht smﬂ%:tﬂace
~and TRAW. The. chaRbBSeSsTEs RRSSERLY QﬁﬁgﬁdvbéoéiﬂﬁlQﬁmﬁopEPfBrms- the
descri bed in.
' necessary decodlng from full rate vocoding to PCM samples
"and encoding from PCM samples to full rate vocoding. ‘This
. will, hdwever, cause tandem vocoding between the different
15 vocoders, which-will.deteriofate'speech'quality. There-
fore, the TRACU marks the type of vocoding employed by the
TRAU frames of the A interface on the control bits of the
full rate TRAU frames it is sending to the other TRACU. In
‘this way, the other TRACU and TRAU are informed of the
20  preferred vocoding method. In that case, the TRACU can
' change the vocoding if the coding in the TRACU units is
changed to be the same, as a result of which conversion
and resultant tandem coding can be avoided. Full rate
coding has been selected as the primary coding method bet-
25  ween the TRACUs on account of its better tandem |
properties.- - . o
| - If block 71 in the TRACU does not receive TRAU"
frames from the A interface {in other words, receives only
. PCM-coded speech), the TRACU employs full rate vocodlng as
30 ‘default. _ . T |
In the prlmary embodlment of the lnventlon, the
TRACU may ‘also incorporate a timer 87 controlling the PCM
block 85 to discontinue forming of a subchannel and send-
- ing of TRAU frames to the A interface (Figure 8) if the
35 synchronization block 71 of that TRACU (Figure 7) has not



the above application. | The above-descri bed bl ocks 71-75 are

for process- I ng a speech signal of one inbound PCM channel of the A
30 interface. Corresponding bl ocks 71-75 exist- for each in-. bound
PCM channel of the A interface. From frane buil di ng bl ocks
75, .the ' TRAU franes are - forwarded to nultiplexing block

mul'ti pl exi ng BYQ 22 76 inserts the TRAU franes received W’E‘&z

di fferent 35 bui I di ng bl ocks into different subchannels Chl-Ch7 of the
WD 97/ 29566 21 PCT/ FI1.97/ 00062

18 I nterconnecting PCIVIIlnk i.e. into bits of the PCM

sanpl e, for exanpl eréébﬁﬁémrmge Malﬁefl cﬁr& GAheThg HeMerface a&&&h S a
" forned are sent . to T

decodes .t he vo eech
G onal recelvod | o BROUSUSRmIRGR BEBIANAE LR o Whd BEeeioe LY BLE ﬁdéﬁc@
with t he vocodheng'RAithdesewplldyad biye t TRAGIOLIItY cemdsnTBAVI fnames in

system Furthernor e, J&é\%emﬁ{éls trohech\e_-%oq%c&eme@hun th Caﬁ,&sg&dfﬁ bee

- subchannel into one or nore | east gq cant
sanpl'es wi thodt decddf APCITREN EBFt’%? JirU’lng ofcepel E%Hyi &a"é’n&lf“ﬁetbﬁc"é%‘éi
~ subchannel therein :syra:hrons.zattnansbér |thel R antbefdeeli maftbdsP@h@hemlel t Dfe

the Ainter- e @d‘frlba WS
~a block diagramill ust raéé)eémttﬁ ' operat | ons oqedl‘R&Cl?Z "@e nggng
bl ock 81 receives F@WcE 2 §&ﬁ‘ﬁl"§§ Fieem Hallilnt ¥t neced g pem Il'i f roRe
TRACU2. The desaddiing ezxrnglbéowleraé dempéi et (SEndAAdARIRE as

i.e. the diffgrent B bids,  af dhe dif r%RhUS!Q RaoNel s stares CPljxeq:qmer
ones gsncing JRagy 84

into respective proceSS|ng b
_ 87. The synchronlzatlon block 71 monitors whether TRAU

f:ames are received in a subchannel of the A interface in
‘the uplink direction. If the synchronization block 71 of
the TRACU (or TRAU) is receiving TRAU frames in the PCM
‘15  subchannel before the timeout monitored by the timer 87
' has expired, the timer 87 is restarted. As a result, its -
'3-control signai.to block 85 remains in'é'mode permitting
~ continued sendlng of TRAU frames to the subchannel at the.
A 1nterface I1f, on the other hand, the synchronlzation
20 . unit 71 does not receive TRAU frames in ~the subchannel
prlor to the explry of the timeout monitored by the timer
87, the mode of the control signal of the timer 87 is
changed -into disable mode. When the control signal is in.
, disable mode, block 85 stops'sending TRAU frames in the
.25  subchannel to the A interface. In that situatiqn, normal
PCM samples are sent to the A interface. The timer 87 is
used in order for the PCM samples to be sent to the A
~ interface not to be ﬁnnecessarily corrupted in cases where
it is not'appfopriate to send a subchannel (as the other .
30 end does not have equipment tp receive TRAU frames). The
" synchronization unit'71{ however, continuously monitors
the PCM samples received from the A interface, and if it
receives TRAU'frames.in the PCM subchannel, the timer 87
_ is restarted. As a result, the control signal of the timer'
35 87 is changed into transmission mode, whereupon block 85



construction for the processing block 82 is a divider 20 di vidi ng the
TRAU franes to speech decodi ng 83 and supple- mentary processi-ng 84.
The operation of block 82 nay, however, also conprise sone or all
of the operations specified.-in the GSM recommendati ons for the .
transcoder uni t TRAU upon receiving TRAU franes fron1tggﬁﬁﬁﬁﬁwﬁ%ation
25  BTS. WO97/29566 Speech decoding 83 is in accordanc GSM
recommendat i ons, and produces fromthe speech codi ng para- neters a
digital speech signal which is applied to pul code nodul ati on (PCM
bl ock 85, which convertss the digital p%%ch signal to a bit rate of

64 kbit/s by meanseof Pyl sengin T&@gﬂefxgarg}%eamﬁe(ﬁ’@/»esa& g p 4

e.g.- CATT : Reconmendat I on uI ation
(PCM at a rate of iBBekba¢es ffbﬁémdﬂseuﬁu@%wsﬁhaya@haﬁ takenthet@pé'é@h
signal i-s sanpl ed EieeyidO61 i wiiers eiels i s ulaﬁent tisablad & Ofpravaysing

: |s 8 khz, and th.e @HR!IJ Eggﬁegf %a%pxe other en\c/i\D %K %?meout ma%pps if.gom a

PCT/ FI 97/60062
quanti zed i nto an eouplecofiesegonds e A Iconpde of ten% IR easRidsg.

The suppl ementary processi Dﬁrhh@ckhg‘ld&'lquQ%%saof s nc'ﬁBéHlﬁé@HBn' Ray

~accordance with GSM Reco ndat1on O orvvard d to
bl ock 85. As decodPhy®Fs*R teﬁgfnpfe §romf g?‘ﬁe(ﬁacf'hgh?’é&ﬁ?rgﬁé Sf"'ﬁgtf: &Pe?®
‘forwarded to bl ocks8gnallingctepei o essemnouhkFgment faneasfeecisegendsetors

and con- trotnhdata ﬁ&éf@amumrems QG v%érmelslagfkls
84 .may, however, check th&a??néég bItS and ot her bits of

received TRAG frafemBAZe AR Splyenapd syn‘:hr%ﬁwn 1(:°‘a|lr°;$t

out suppl enment arylnfurh:&lAnsn.nMﬁh:amyHowever, on account of the time
o control in accordance with the invention, the TRACU is
still sending frames to the A interface, and when the MSC

- discontinues the signalling tone or announcement, the

15  tandem prevention mode is started 1mmed1ately ‘'when a
- number of frames required for synchronization has been
received. Another example is a handover whereln a TRAU

unit not support:mg tandem preventlon is replaced by
another TRAU unit. If _:.n that case both the TRAU and the

20  TRACU support tandem prevention, the tandem prevention
' ‘mode is started immediately when the number of frames
 required for synchronization has been ‘received. At the

. beginning of the call, there must _be a predetermined
period of time for sending of TRAU frames, e.g. 20

25 ~seconds, as the_actuél interconnection of the TRAU and
' TRACU is made only after the called subscriber has
responded .and therefore the TRACU (or TRAU) starts -
rece1v1ng TRAU frames from the A interface only there-

after. ~Also in the middle of the call the monitoring

.30 period is preferably about 20 s, as it is presumed that
the majorz.ty of temporary interruptions 1n the frames of

the A 1nterface are shorter than this.

Although the optimization of interexchange connec-

tions in accordance with the present invention has been

35 described :Ln detail above, some exemplary' cases of



change the content of the TRAU franes. The operations per- formed by
the suppl enentary processing block 84 are not essential to the actual
i nvention. They may be necessary 15 for the tandem preventi on operation
of the transcoder units TRAUL and TRAU2. The processing possibly

needed ‘i s simlar to that described in the above-state
appl i cati on. .'W097/19565 Bl ock 85 conbi nes the TRAU f rarregr&g}'?ﬂm
bl ock 20 into the PCM speech sanples by inserting the TRAU franes

“into a "subchannel" formed by the | east signi f23cant bit (8 kbit/s)’
or two |east si gnificant bits (16 kbit/s) in accordance wth Figures

3A and 3B. Block 85 fPfé/&"’égf’é ctap.q suuati’%saf@'@fvéﬁ ar Reel esmsw{g PCM

channel -of the A inter- ace t CU2 conprises .
separate bl ocks 82-85 for each . - PCI\/I channel. of the A nt erface
For the reverse transni SSi Molilecid apbiie?calls (MHRACU2- TRACUL- MSCL,

TRACLZ conpri ses bl ocks |1 ACEQIHUMRE0 inscthllly FEAME Yish A0 FIBACLL 45

conprises’ bl ocks in accor dance
pri mary embodBrent 1} HeatientShiangn MSghés alo FRAE ks TRhRdMS - EITBHEI]' FE?FtS
rate (16 kbit/s) orndighdl redel (Sate opekditidis)an@Cstangs Opendingnsulseystel

EETwE:gg/SS%GEXISt fﬁA&SframéQelﬁaqﬁuaaﬂelnte*face éggégz g356§ e. to the .

TRACUs in accor danceonsxes siase sl poensdiTidsUlof When TRACHR ravehvesnthees
capabl e of handl i ngpiey hfiv’étséwll NG riaddfts sendingf fuhe ESbenerswek. tdhehe A
- TRAQU SeleCtiOthe VOCOdIBﬁ: and a tandem preventive connection has been
formed between these units. TRACU2 performs a similar
procedure w1th TRAU2, and after this there is a non—tandem_
connection between the mobile statlons MS1 and MSZ as both
TRACUs are now transferring full rate frames.
15 ' If MS1 and MS2 are half rate mobile stations MS,
.~ the situation is sllghtly more compllcated TRAUl starts
normal half rate operatlon ‘'and also starts sendlng half
‘rate frames in the A interface direction to TRACUl. When
. TRACU1 receives these TRAU frames, it starts sending half
20  rate TRAU frames to the A interface, and é. tandem
preventlve connection has beenlformed between these units. .
TRACU1l also . changes the vocoding mode employed in ‘the
'1nterconnect1ng PCM link between the TRACUs into half rate'
_ - coding and transfers the frames received from TRAUl to
25 'TRACU2. TRAU2 and.TRACUZ perform a Similar.prQCedure, and
- after this thére is a non tandem connection between the
mobile stations MS1 and MS2 as both TRACUs are
transferring half rate TRAU frames. | . -
| If mobile station MS1 is a half rate MS and mobile
 30- - station MS2 is a full rate MS, the situation is the.most
' complex. TRAU1 starts normal half rate operatlon and -
starts also sending- half rate frames in the A interface
direction to TRACUL. When TRACUl receives these TRAU
frames, it starts sending half rate frames to the A inter-
35 face, and a tandem preventive connection is formed between



enpl oys on the basis of t he vocodi ng of the TRAU franes of 5 the A

I nterface. An exception is a situation where the vocodi ng of TRAU
frames received fromthe Ainterface is different fromthe vocoding .

of TRAU franes received from t he second TRACU. This neans that the
parties to the call enpl oy different vocodi ng nethods. In that case,
the TRACU 10 woot/essgé vVing half rate TRAU frames fromthe A pcoirprbonse
changes over to full rate vocoding and performs the necessary
~decoding fromfull rate vocoding to PCM sanpl es and encodi ng from PCM
sanples to full rate vocoding. This wi 144, however, cause tandem
vocodi ng between the different 15 vocoders, which mAII deteriorate

speech quality. Thehese units  RACULH aL3RAChERGE & stheeragaskingr em@é-@Cfﬁﬁ‘gln

;_ te[]rgl oyed b%/ult Perat%h% R{%i&ﬁ:&f&%ﬁb 30! g\lhmtséé@é& Qfhd hm{_\g@t gl obhg £of
- S | n | r
IhCs way, the of heraUevERRiRe SpAUErRSERr o, Puk OskAG, 8-05es "RarR; kpfl grom

vocodi hg -met hod. TRAThattcaTBACUZe TIRAROJ cand TRACUhapgeferm \acsdmidarf
2 pemﬁlog'h ngoln g; Qleolg%&am P dpS fulltlartaGEangﬁé ﬁlﬁ%@@ﬁi@lﬁ@&ec@% %gl:aegelklt
n codi av u
rate codi ng h%lsr%f'eee‘ﬁ”sﬂﬁ drﬁget#@qg%n gg%ﬂ@‘ﬁfg{%&gt&é{“ ghy 3t
ween the TRACUs isnseratioopntfuldf ratés’rRAIEtﬁramest BodERAU2, it phapegesi ehe

I'f block 71 in the, J%%ﬁ%ﬁfogég % éegﬂ'W$ @ﬂ%erconné&%%ﬁgsﬂaﬁnﬁiﬁﬁ én&ACU.

interface (in other es_onl CM code eech
“enploys full rate §ekbdiake 55°d30‘g H%I‘é‘F%lulac connection has beqnn e‘Fﬁé‘ &F‘F‘Hﬁ?y
~enbodi nent ab the havimg i no, tehdem prevéRiihh nbytedem tneompbmeesaamuns

87 controlling thﬁrégc'\if MS1 al?x'dogﬁbrﬁg&c% giesch%'}h' QUfsa &’66@9 m & At rate

- subchannel and se nes. to the |nte ace gure 8)_5*

if the 35 synchbenfukd |meb| SRRCHY eply r?&tarFRAEIF’(‘ﬁWJé‘W)t% Eﬁaﬁmes

without any extra conversion, and the result is a non
tandem connectlon -If, on the other hand, there is a
15 handover in MSZ and TRAUZ from full rate to half rate,
' ~ TRACU2 detects from ;he control bits of the TRAU frames
sent'by TRACU1 that'MSI employs half rate vocoding and =
, that it can change its vocoding type to half rate coding,.
again resulting 1n a tandem free connection.

20
Mbbzle to ‘PSTN calls , ,
In cases where the call termlnates or is routed to
the PSTN instead of another moblle statlon MS, the com-
o pression equlpment.TRACU in accordance with the invention
‘25  guarantees a non tandem connection irrespective of whether

- the - call is going to. the PSTN from exchange MSCl or
exchange MSC2. This is due to the fact that in such a
case,-theré is always only one vocoding type in use within

: _" the GSM network elements. Fox example, if in the case of
30 Figure 1 MS1 is a full rate MS, TRAUl starts normal full

‘rate operation and starts sendlng full rate TRAU frames in

' the A interface direction to TRACU3 or TRACUl. When TRACU1
or TRACU3 receives these frames{ it_starts sending full

_ rate frames to the A interface, and a tandem preventive
35 connection is formed between these units. TRACU1 or TRACU3



WD 97/ 29566 : PCT/ FI 97/ 00062

21 - received TRAU franes from the A interface during a
predet erm ned period of time. Modre precisely, block 85 of t he TRACU
"(as well as the TRAU unit) sends TRAU franes in a PCNIsubchanneI to
the, Ainterface (in the direction of 5 the MSC) at the b

each call, ea¥P W86t he TRAU synchroni zation of the ﬁﬂhﬁ@b ace S
lost and each tine t he speech coding nethod i's changed, i.e. when
~foreins- - "~ tance a handover fromfull ratx vocoding to half rate
vocodi ng or vice versa is performed. Sinmultaneously as 10 bl ock 85
starts sendi ng TRA{4 A @sSseridimf #ulls trheet TRRU frames @7 TRROY2 or TRACU4.
synchroni zation bl TRAU Re

in a subchannel Qféﬁgggrgg' a?éwﬁﬁcgﬁgs K vocodFd iﬁ Iregﬁ#%hP%ﬁ EXﬁQd
" synchroni zat i on bIo%REGQhofWthh lsth§3ﬂ$@€IFeqcﬁOT?M£§TN59FE€E?M|HQC#FEQ?

frames in the PCM 1owm2 oﬁumharw@odquprfs tdreLyt |p”§t@dirm§ﬂnuh0meﬂlh)¥ Ebetion

timer 87 - has the ti 87 1.s r.estar
Comeror si gnaP o HiabiAE tHenSekeRt  cotipddedith BEhEned® fact o TkhEue,
sendi ng of TRAU f r awiesch ovilie pugivensintandam ¢h@lng A interface. - If, on

the other hand, the synchro#ﬁhé%ﬁﬁﬁ?. in 40kdrdahcd0astAOthd Q.QﬁrlerQ;iBRAthso
frames in the subchannel

t.he  ti
by the timer SUPRFES ke BPLABRELAYoFOETnen HIRE Ty, fs, BBY bEER
changed into d|sablsetmmbmthNWn1tmheabONEPstasegrpaten;|aPPllcathnsabIe

~ode, bl ock §g stops sendi n@oﬁ%%m{ﬁméf' ﬂntgﬁ-b?gt llr%ebomeﬁoi OFEQQeﬁt

interface. .In that situation

es are
interface. The timepng7Preblems withy reﬁp&c&ertq rmi%ecm °é% % BE"°

sent to the A canteliate s rion hseunmeCEBeae|¢qnnemti@msedﬂpwecase51n _' '
~where It s noL,2ppL éégétﬁéEﬁ“ﬂﬁgiﬁéﬂ¥¥§1 1c@§sshggcﬁiﬁércggtre
- end does not have e U|pnen 0 receive frames -

~synchr oni zat i on -uni Selan%dMEV55TNcoE??ﬁ%dU%FV‘ﬁﬁﬁ?tﬁ?@?eller BefruepgFRAVL |
. sanpl es receinsed franit Mrasvusntier ftee, PTNl Linet This widdeinesiYERALM f rames

control st gnal of « FRPELIE SheFhe Moy ceglch LGP S, Slagks stgbiBiLiny Bote
mhereupon g|ock 85 of the PCM samples, therebg creating a tandem connection.

In addition, the TRACUs in the PSTN connectlon generate a

_ certain amount of delay, and therefore the proper .oper=-

'20  ‘ation of the echo canceller may be jeopardlzed The best

| solutlon would be to move the echo canceller to the PSTN:

-gateway exchange GWl after TRACU4. This enables. tandem
'preventlon and proper operation of the echo canceller.

25 . Data calls |
| . The compre551on in accordance with the’ 1nventlon
' can be implemented in data calls as well. In that case,
' some additional properties are needed both in the TRAUs
and in the TRACUs in orderrto_protect the data from the
30 speech codiﬂg functions” In the case of data cails,fa sim—_
| ilar kind of method is used as in the case of speech, i.e.
the least significant bit or bits of the PCM sample are
used as subchannels for TRAU frames containing data. The
_ least significant bits of_the'PCM sample can be used for
35  this purpose as the normal V.110 data frame uses only the
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22 starts sending TRAU franes in the PCM subchannel of the A
interface. Thus, the subchannel can be taken into use- i medi ately
when there is equi pment: capabl e of processing _ TRAU franes at the
other end. The tineout may be froma 5. coupl e of seconds to a couple of
tens of secorii@ 9729566 During the call, |oss of syn®ATEH78062 on
may be ~arise for exanple fromthe fact that the M5C switches a
signalling tone or an announcenent for a few_seconds to the A
interface. In that case, the received signalzﬁs 10 conposed of PCM

. sanples only, and SYNG ni l.ost he_ A nterf
However, on accoumt QF&t i%%l?gcaﬁt e i 5Pe Ecgciéw c?ﬁ@ of

i nvention, the TRABYE.s Every txm¢|asbndnﬂQOdeanﬁsAworehelwesndetaafeamaﬂd
when the MSC £:HnSCORE | BHBE skHEishURak) i 1% t;mafc%sawr%%ﬂ, n%we

15 tandemprevention node _is started imredi
of frames required 4%ﬂt§ﬁhﬂﬁwﬁﬁﬁ55&9Qﬁ1+Qwaﬁﬁgﬁg'ncg WFEEeFRQjGQ%oFﬁé?m‘

exanpl e i s adhandonendattioms,n fprFRAG a V.llOndatandtrameuphbehi by ihaedesa
prevention is rep ‘%h@’two mos'é‘né’:l{. 5 -E@'ﬁlé BREE- oF fedd Ptdﬂfatsaﬁtgig bpip

the TRAU and the 20 - J port Tan preventi on,
prevention rﬁhﬁf@9§€§t&Fté&“?ﬁnﬁﬁ?a?%@? @ﬁﬁﬂ?%Iﬁ?qﬁﬂﬁﬁéﬂgoﬁaF?ah%sthe
required for synchreustzafiigmifizanbeitr ezebies. oAl theePcM sampegs i oot

the call, there migle beguaadher Wiletmacy pREISLke Yadd Eecdflea >Fith 10

of TRAU franes, |nterconnect|on of
t he TRAU and® thﬁmnq%fw&dén BnFimilax ¢ray + (fhe ssppsatisnpbieckef2

~has - respond%par@t‘és ther eéoseved fa%taIBAEUalﬁmg PR damp3bar iAstead
.rece|V|ng TRAU fr%ﬂ?%;é“%ﬁééyiﬂs Hya%rfq%etgn Xe gtg adaptatlon block 77
' which performs the normal rate adaptatlon operations in
accordance with the GSM recommendations, whereafter the
- 15 rate-adapted data is inserted into TRAU_dafa frames in the
frame building block 75. If the received PCM signal also
contains a data subchannel, the frames received in the
subchannel'are-transferred'through processing block 74 to
. frame buildiﬁg'block 75, whereafter they are multiplexed
20 into a subchannel of the interconnecting PCM link in block =
76. If no data subchannel is being received from the A
1nterface, the TRAU frames formed through rate: adaptatlon
unit 77 are multiplexed into the subchannel of the. 1nter—
"connectlng PCM link. _

25 - In the reverse transm1551on direction, the TRAU
data frames received from a subchannel of the intercon-
necting PCM link are applied from the processing unit 82
{(Figure 8) to the supplementary processing unit 84 and _
also to the rate adaptation unit 86. The rate adaptation

- 30 unit performs the normal rate adaptation operations in

' accordance with the GSM recommendations, forming a V.110
data frame which is inserted into the two most significant
bits of thefPCM'sample in ‘unit 85. Furthermore, the unit

85 inserts the data-containing TRAU frames into the least

35 significant bit or bits of the PCM samples without rate



after. Also in the mddle of the call the nonitoring 30 period is

‘preferably about 20 s, as it is.presuned that the majority of

t enporary |nterrupt|ons in the frames of : the Ainterface are shorter
than this. . Al t hough the optinization of interexchange
connec-- = - tlons in accordance with the present invention has been 35
descri bed in waewassé above, sone exenplary cases of"

97/ 29566 o PCT/ FI 97/ 00062

23 . ~different call situations are glven Ln the follow ng.

Mobile to nobile calls (M) Let“us assune initially -that M1

in Figure 1 is a5 a]ga&:lila ibate PR p@hl\@grg bSedl 3@e2 §éﬂd Eét ehiS. eddMddge .

startss " . nor mal rate operation and starts sendin
"TRAU frames in the Hengeer Pad@t@d C@ddi ¢§, 2nA1RIOS FRED tite g%%%’%%%‘f%’rped
equi pment TRACUL. WiyicBRASAIL r eedersts tﬂnaetsem add:.‘ERAhJ ftoarspsedht eMcoding

sending full rate frames.to_the 0 ndempreventlve
: nc%zolng feg2 AB% COdlA hese u lp?:B@.}gSé:U

connection has been et Ween performs a |
simlar. ®rocedure wit IRIERAGRE 2a 5@ 135t Ellli-hpg bagt edﬁ%c%llk?ﬂﬁnlﬂéﬁt?éfn“
connection between ta*i'ae e’%ﬁl‘% St s Mebmendnde? aasddret lcall is THRARUSE rone

now transferring ful]_ rat

rate nobile stations i, €%r°uggeﬁemggfh%1?%ﬁyﬁces SQ&hﬁﬁlnﬁDge con%flé’céla“'IJ 2
TRAUL starts mwiridle hstdtian eM8der &ni é’-rhaénd-‘—aaﬁ%;o %QaPFQb%%fﬁﬂl Wa LAale
rate franes in the Ajnhffidacs ds atd Bhded skAGEh BABN informsTRAltrans~

Tecei ves these TRAU frarres tarts sendi.n
_ 10 coder TRAUtZ En the normal 3a?'a]!ay means of the control bits

- of the TRAU frame that the call - is a data -call_.and
therefore data operations should be used. At this stage, a
‘normal data call is concerned. If an interexchange
handover is performed so.that'the call_is transferred to

15 . base 'station BTS1 and routing must be made through

compre551on equlpment TRACU2 and TRACUl, TRAUl will how
receive normal information from base station BTS2 that the
call is a data call. As a result, TRAUl starts sending
N TRAU data frames in one or more least significant bits of
20 - the PCM samples. These TRAU frames are passed to TRACUl
' which changes the frame type of the TRAU frames it'is__
" sending to TRACU2 into TRAU data frame type. When TRACU2
receives these frames, it detects that the call is a data
o call and starts performing the normal rate adaptation
25 function from TRAU frames into V. 110 frames in this direc-
_tion and from V.110 frames into TRAU frames in the reverse
dlrectlon. In this way, data is transmltted over the com-'3
pressed connection.
The figures, and the descrlptlon pertalnlng to them
.30 . are only intended to Jllustrate the present 1nventlon In
its details, the invention may vary within the scope and
Splrlt ‘of the attached clalms._ '



20 rate TRAU frames to the A interface, and a tandem

preventive connection has been formed between these units. TRACU

-al so changes. the vocodi ng node enpl oyed in the i nt erconnecti ng PCM
‘link between the TRACUs into half rate codi-ng and transfers the
frames. received from TRAUL to 25 TRACU2. TRAU2 and TRACU2 perform a
sinmlar procawvoigrz9sesnd after this there is a non tandercT/msPmess: ONn
bet ween t he mobile stations M1 and Ms2 as both TRACUs are
transferring half rate TRAU franes. If nobile station MBSl is
a half rate Ms and nobile 30 station MB2 i48a full rate M, the
_situation i's the nost conplex. TRAUl_ .starts normal half rate .
operation and starts al so sending haFtai®fe frames in the A interface
direction to TRACUL. Wien TRACUl receives these TRAU. frames, it

starts sending half rate. fia@is?nfs@?.oﬁ éﬂﬁfﬁmer%?\;@ %/ @_gb%)&o% E%@gg‘rann

‘preventive connectiqgn js for
PCT/ EI 97/ 00062 mobile - communication network elemepts, such age&xchanges

TRACUL al so Bhangesr t basg¥osadtignerpheyolleBs, the tt&ansm%ﬂ]@ﬂn%@;hhﬁﬂeﬁ’g\/' :
1ink between the. Tﬁ@@&J 0 I n rrapsfers e TRAU -
frames recei ved from lrE)Fég}Pgt 5 IﬁEE%Z%O %gAﬁgn%gga Fgﬁlﬁ eBr o a
simlar 5 proce%ﬂPQ¥%Gt?FNLﬁ#aﬁﬁﬁkﬁshﬂmjqnﬂameiRAGUdeeteetsorhaElement
is receiving hal f (8o, TRS¢S ) afers zferdyﬂv’EBeClall s%:lebbﬂuﬁfighsl from é§cﬁeﬁéﬂa”9

full rate TRAU fr 2 an

t he interconnecti %%SSR%H ﬁhgtnneri a%ﬂi qrﬁnzftfgré:ba?naal%%egggé glgnal
connecti on B8s. bediP @3'l°éilble|rsﬁﬁéninlSSlmwmmmtaNﬁW@lae'&/)enituaoranbenmem_
the nobile Stat|C”Ebnnect1ng PCM link having a transmission. capacity lower-

than said number of PCM transmission channels received
from the network element, _ '
"chara ct e rized ‘in that .
15 - _h - the speech signal between the network element and
~ the transmission equipment is elther a pure PCM coded
- speech SLgnal or a PCM coded speech signal in which one or
- more least significant bits of the PCM samples prov1de a
subchannel for lower-rate vocoded speech, _ .
20 : said 1nterconnect1ng PCM link has oné or more PCM
| channels in which bits of the PCM samples provide two or'
- more subchannels in -each of which lower~-rate vocoded_ _
speech or data can be transmitted,
the transmission equipment is arranged, in
25 response to the fact that the speech signal of the PCM
' channel received from the network element is a PCM coded
speech signal containing said subchannel, to multiplex the
- content of the subchannel intoc one of the subchannels in
- said interconnecting PCM link,

30 ' the transm1551on equipment is arranged, in res-
;ponse to the fact that the speech signal received from the _
network element is ‘a pure PCM coded speech 51gna1, to
encode this PCM coded speech signal into a lower-rate
vocoded speech signal and to multiplex the vocoded speech

35 '_ signal into one of the subchannels in said interconnecting

AT



Ms. If MB1 and TRAUL now perform a handover fromhalf rate to full
rate, TRACUL only starts transferring these franes W t hout any extra
conversion, and the result is a non - t andem connection. If, on the
~other hand, there is a 15 = handover in M52 and TRAU2 fromfull rate to
hal f rate, TRACU2 detects fromthe control bits of the TRAU franes
sent by TRACUNOt9RA9566/51 enpl oys half rate vocoding and FOTARO700062 5,
change its vocoding type to half rate codi ng, again resulting in a
. tandem free connection. 20 o gée to PSTN cal l's _

In cases where the call term nates or .is rout t he PSTN |nstead '
- of another nobile i M5, the com pressi on equi pmrent TRACU in
accordance with the i'nvéntion 25 - guarantees a non tandem connection
irrespective of whether - 2. Ruas@iSEips gaphpment t3% Egringd oif Sddtidhde

MSC1 or exchange aMeC3. cThi & tsi dble tdD tlh},ethaet that in such a

. case, there 1s always only qne_ vocodin i u the GSM,
network el enents. For exa %5 tr"FnFﬂlF%émi \'a %’%%ﬁgkghf%) 11{Sr5anggd

full rate M55 TRAULostdgcaienctinal voadded SPeecln asagopér zecenvadd faoar teach

sending full rate LRAULELAERSGE nsa:r.d 1ntetrt%%nﬁe!:£‘i§t¥]f§t9ﬁ l(ih'keﬁkbﬂntﬁé) ohiRREUS

, TRACUL. Wh TRACUL RACU3 t start
grendl ng full o trF&FE"“ISFéﬁEse‘F‘blgf'?fé’tArl%%geﬁéc%amp}ﬁf %ﬁglﬁse#%?s’é@%ﬁidve'

.35 - connection i.xefeived l@eea:én shesal umitboufRABILdANgTHARIY the sub-

WD 97729566 | L d b RGEEFIS nQQ%%nt bits of
25 starts se:rr]1 na ormFeateyT nﬁ 0rrar¥‘ec’sreto TRACUZE:)r

I'n
TRACU2 or TRECU4 dé&d&d g”t F8"pdeBded speech into PCM coded speech,
whi ch |e transferred to a R&ENtgahsmbysiemhengepment (TRACU1,2) is arranged

to transfer the PCM coded speech signal containing said
vocoded subchannel via the respective PCM 'transmission'
channel to the exchange (MSC1, MSC2). ' B
15 ' . 3. Transmission equlpment as claimed in Clalm 1or
Claim 2, characterized in that
_ the transmission equipment (TRACUl 2) supports two
" or more vocoding methods,
" the transmission equlpment is arranged to identify

20 the vocoding method employed in said subchannel of the PCM. .
' coded speech 51gna1 received from the exchange (MSC1,
MSsC2), - '

- the transm1551on equmpment is arranged to employ-
- the identified vocoding method in the subchannel of the -
25 uplink PCM speech signal. .
4. Transmission equlpment as clalmed in Clalm 3,
characterized in that
the transmission equlpment (TRACU1,2) is arranged 
to 1dent1fy the vocoding method employed by another trans-
30 ' mission egqguipment _on the ba51s__of the vocoded speech.
o signal received from the other transmission'equipment-via
the subchannel of the interconnecting PCM llnk,
~the transm1551on equipment is arranged to perform
conver51on, e1ther alone or jointly with the -actual
S35 vocoder of the mobile communication system, between the

NV )R



GM2 or GM. Vocoding is only performed in nobile station 5 M51 and the

second conpressi on equi pment TRACU2 or TRACW, which wll prevent

t andem codi ng. . The solution in accordance with the invention
al so supports all supplenentary services simlarly as has been '
set forth in the above-stated patent application. 10

‘Conpr essi on ovoomesss MSC | i nes will not present any pr eorsmsooeet h

- respect to echo cancellationh as echo cancel l ers are not used in these
connections. However, in connections between the nobile services
switching centre MSC and the PSTN, ther¥ is an echo cancel |l er between

TRAUl1 15 and TRACU3 jn the PSTN line. This will result in cor-

ruption of the TRAYPFPSHRE MALPAE |eFRieyedgrim | Bamt syPeBannel off the  POMI
-sanpl es, thereby cced¢dmpeedmsdgmetoneesived.from thel xdltkhidd Qhd the vo-

- TRACUs in the PST d unt. of del.a nd
therefore the propl%e(?&)op (rH tg{bcggﬁggaggd%y thhee 8gﬁ&§%%% &ss egéup%é ¢

j eopar di zed. The bbStthese azg,dififexeRbul d be to nove the echo canceller to

the PSTN Sd gat eway eXCB?ngﬁaﬁiﬂaéﬁﬂdﬁ éﬂ@%@HﬁnﬁFBbscQEﬁﬁE&Slﬁa@gﬁﬂh 3,
revention and pro r 0 ca er
g NPT SRR B S5 8o Bl riA R

Data calls he T '%ance with the invention
‘can be inplenented in datatb%]t%ﬁnﬁmlﬁﬂﬂon equipment ab¥RACUL, 2) isnarranged

addi tional proper tt@eﬁleweegeédéeéhniﬁba %CE%Hg method aﬂi the bl Zﬁ@%‘s

in order to protect t e odi ng_functions.

case of datapcall éﬁrﬁ;gnal recFFE?gkﬁqﬂT‘G%enﬁﬁﬁBﬂnﬁ% M8  MSCR) ¢ fen-
case of spedBh, i Ealns no subvhangadt significant bit or bits of the PCM
sanpl e are used as gubphannglssibare g dd@ SFEQﬂgga qm%ﬁ@abﬁe Jpe

-l east significant hits of t%ﬂgp% nmple ¢ e use I"s purpose.f'
as the normal V. 1TNUREEFT M th@ Tacterize in that
: : the vocoded speech signal transferred in said subchannels'
is in transmission frames.

15 ' 7. Transmission equipment as clalmed in Claim' 6,

characterized in that _
the vocoding method supported by'the'trensmission
equipment (TRACU1, 2) is the vocoding method employed by
the mobile communication network,

20 : : said frames are identical with'the'frames employed_
in the moblle communlcatlon network between the base’
station and the transcoder unit. _

- 8. Transmission equlpment as clalmed in Claim 6 or
' Claim 7, characterized in that the control

25 bits of the frame contain information on the vocodlng'
method employed in the subchannel of. vocoded speech
received from the exchange. - .

9. Transmission equlpment as clalmed in any one of
Claims 6, 7 or 8, characterized by a timer
30 - monitoring the time that has passed from the initiation of
the call, change of vocoding, or reception of the previous
frame from the subchannel of the PCM channel in a first
transmission direction, the timer being arranged'to pre- -
- vent transmission of frames in the reverse dlrectlon 1f

35 - said monitored time exceeds a predetermined tlmeout

WD g
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26 two nost significant bits of the PCMsanple in the case of

data. Every tine a transcoder TRAU receives data franes fromthe base
station BTS, it perfornms the normal rate - adaptation -functions in
accordance with the GSMrecom 5 mendations, formng a V.110 data frane
which is i nseWQe0/29566  into the two nmost significant bits ofPCHETERE
sanpl e. Fur- thernore, it sends the TRAU franmes containing data in
the | east significant bit or bits of thg PCM sanpl es wi t hout

rate adaptation. The TRACU processes data recétved from 10 the A"
interface in a simlar way. € S | b ) s at.es
recei-ved data- cont ai ni ng PC sa %@%s?@%dkl@gksg&’f“ﬁ %codl rf ‘f

to the rate adapt atSPs® @@aﬂwwn a firghi BAtPeFF ophemenie rﬁj*%lasraﬂémblle

adapt ati on oper ati gRgvikes swlt&ﬁﬂﬁﬁdaQﬁEréM tind he SSBbr¢CcostRstiaté Dagent ,
whereafter the 15 at e- adapt 1_7%1 at a |nserted i,nt.0 TRAU datafrarres 'n

t'he franme’ bui Ssb?o% Y% cteﬁ rFécﬁvae(?‘qPC‘:ﬁ}I gna}ml?%BI sys=
“contains a da%a subsemanie| whilsh fmobide rstatiens | andha flxed sabbhianetomr e

transferred throuQQmBﬁ%ﬁ%i%h”%th@QK %% lee voc%ﬁ@gﬁ QBH‘%ﬂyhéﬁdyyiné5a
whereafter they are mul l,exe a suglc annel

i nt er connecti ng PCNPSEf Isr‘lgBF‘ cher a. r ° |BRY a&afaarggﬁﬁﬁ‘anﬁ%?el?%%
recei ved fromthe Apeech sighelfacd, f¢me:rmernrangstherapde¢hrugg‘m3r & a
~adaptation - l”FdM EBd@BesBHEEhpéf&ﬁ%t'Hﬂﬂ%e%?etﬁﬂbgaéaaéf &f {he idiAle

connecti ng PCM | ink. he reverse trapsm ssi.on direct |t%n

the TRAU 10 gat alertwaﬁés gt efhed w% $BEIRRThePYOFCRI | REBFESN-

necting PCMIink amethpp cemptisinghtheraimgssiofg unit 82 (Fi.gure 8)

-to the suppl enentary proce%cr% gt 84"%8%’: of | Péhs% LRqgt @?,ere%e 51 nals
aptatio

adaptation unit 86. The rate unit performnms he nornal rat
- adapt ati on oper at i FFS™ he flrs&cé’@FH&ﬁEeeQ\F‘E‘ﬁ“‘E hee GBRE r E+5He E'f“b‘r%smn
-formng a V. 110 equigakatf vaae avvlmoarlnespon@smgtminbéﬁ cof hBCM Worarosiission
- significant 5 Rinbsingh st he PCM sanple in unit 85. Furthernore, the unit
85 inserts t dat a-'cont ai hing TRAU frames into the least 35 © significant
bit or bits of ‘the PCM samim@dsferRdng rthee speech signals to the” second

transmission equipment via an interconnecting PCM 1link

having a transmission capacity'lower than said number of
inbound PCM transmission channels from the network ele-
20 ment, ' .
o “ transferrlng sald number of PCM. ‘coded | speech_.
51gnals from the second transm1551on equlpment to the

. second netwprk ‘-element via a_correspondlng number of out-

. bound PCM channels, characterized by
25 . _ spécifying.the bits of the PCM samples of at least
' one PCM channel of the interconnecting PCM link to form
two or more subchannels in each of which a lower rate
signal can be transferred, |

- ' mult1plex1ng said recelved PCM coded speech

30 _51gnals in the flrst transm1551on equipment into the sub-

 channels of the 1nterconnect1ng PCM link as follows '

a) detecting in the flrst_transm1551on equipment

whether the received speech signal is a pure PCM coded
signal or.a PCM coded signal in whose PCM samples one or

35 more least significant bits provide a subchannel in which

A
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27 adaptation. The PCM sanples are sent to the exchange.

Hence, a data call is-anal ogous with the above-descri bed voi ce cal I,
except that in addition to speech encoding functions a rate coding
unit is.provided. 5 : Al so data calls will be best described by
way of WO 2Pl €. Let us assune that a data call is mMRCEFIN7H0062
PSTN t hrough a nobile services switching centre M5SC2 to a - nobile
station M52. In that case, no probl ems WI 1. be encountered as the
 base station BTS2 inforns the trans- coder TRAU2 in the normal way. by

--means of the contraql _hi heT frame that the call dat a
call and thergef'gf:%e’aagt 3p%e§lfrl a%l%l?'l # Lﬁh& wﬁ§eﬁa@§¢e’f %yesngv "'Lhzf
normal data call mobg,lecggmumthn sygten dseteashierped, handover is
perIorrred sotthgt thg caltlhu)smmemﬁieﬁﬁe tfh 2R spondseo éﬁétfé’é‘t &Ta%é thd

routing nmnus e made [ ressi on equi n an
TRACUL, TRAUL wil| SRE®FP Slgn?qjgé’eﬁ \F@engﬁm:;?h??ﬁ%]r ﬁ&?‘ﬁe&ﬁmfi %ﬁ?’ﬂa%‘ée JieRvosk
BTS2 that the elemkhti sontaliats ac shbchérnel y ashd tvocoRAHI spéech Simfgiarg
- TRAU data franes ig; 1A o (IR d @SN [RGANNDT b Bhe2Qy cngﬁﬁeig"'m

- sanpl es. These TRAU tfranes are asse anges
frame type of the PRAG ?'F‘éﬁﬁ%mi“?e‘itsmg PCM ddR¥rng to TRACU2 into TRAUL data
frame type. Wen TRACL2 c) emnelives theseespomss, tot thiet eEick t bRAL! he

Cl 2 e oaprah) pROME e R 0 Ul RE-OSEIL i U D
and from V. &0 fraREY Feded 3B FRE5aln ths rP&NsF@éed Sbee@-il rekanadn intq
thls way, data is hraaeértteﬂeowccodé&aspyach sxgnal by the wvocoding method

: of the mobile communication system and multiplexing the
vocoded speech 51gnal 1nto one of the subchannels in saldf
~ interconnecting PCM link. _ : _
5. ~11. A method as claimed in Claim 10, charac-
terized in that the processing of the speech
51gnals received from the 1nterconnect1ng PCM link. in the
first transmission equipment comprises the steps of: .
_ - decoding the vocoded speech signal received from
.20 each subchannel of said interconnecting PCM link from the
' second transmission equipmént into PCM samples by the
vocoding method of the mobile communication system,
'inserting the'vocoded speech signal received from
the subchannel into the subchannel formed by one or more
25 .1east' significant bits ~of said PCM sémplee without
decodlng, ' ' ' : : |
_ transferrlng the PCM coded speech s;gnal contaln-
ing :said subchannel of vocoded speech through the corre-

_ spondlng PCM transm1551on channel to the mobile services .

30 switching centre. S
' 12. A method as claimed in Clalm 10 or Clalm 11,
c h aracterized by _
selectlng the vocoding method employed.'by the
transmission equipment to be the same as  the vocoding
35 method employed in the subchannel of PCM coded speech re-

* € L M 0§ %



pressed connecti on. The figures and the description

pertaining to them 30 are only intended to illustrate the present

i nvention. In its details, the invention nmay vary within the scope
and spirit of the attached cl ai ns. WD 97/ 29566

PCT/ FI 97/ 00062 28

-d ai ns: WO 97/29566 1. Transni ssion equi prent for a connecX ™% ween
nobi | e conmuni cati on network el enents, such as exchanges 5 or base
station controllers, the transm ssion equi pnent (TRACUL, 2) bei ng

i ntended to be connected to a nunber of 33 nbound PCM transm ssion-

h l's fror net Kk f h
ignal from each prived I hamonidk BRERHERS o tniTG aehens BaEfCERS
speech signal 10 transwisiem t egudpnest orsuRpagsentwOTRACUMCZE vivacading

inter- - conner(;ép £ SCM i nk having a transm ssion. capaci ty | ower
“than sai d nunber CNItransn1SS|on channels receiv g omthe
network el enent, | A method, ag ¢laimeq in § aim 3% tht a5 ac-
t he speech si gnal betdvaerb.tmee et wyr k el ement and .the transm ssion

equi pnent is either a pure E’%QPQPP:. lﬁ,féﬁf\aqé_l c%[‘a{ hO' v S%g%goﬂgggw

speech signal in which one or cant b
sanpl es provide a emploxgmhdimithel SPBFh‘F% -°rfat"8C9GEGd%QP%§3bé:&$elﬁ'Gd from

sai‘d i nterconnect i NghP@EBilK seavieas owitEHihg’Chhtre betwsemehe ithanbics-
blts Of_the PCNIsaqP & é&&’ﬁﬁkﬁé\%%(yhe control bits of the frames in addi-
10 ~ tion to the 1nfo:matlon on the vocoding method employed -
between the transmission equipment.. h '
14. A method as claimed in Claim 12 or Claim 13,
char acteriz e d by
detectlng that the first and second transm1551on.

15 equipment have selected different vocoding methods,

' performing conversion on the speech signal in
either of the transmission equipment between the two
vocoding methods at least in one transmission direction.

15. A method as Claimed in any one of Claims 10-
20 14, c h aracterize d by -
utlllzlng the subchannels of the interconnecting
PCM link for data transmission if the PCM coded signal re-
ceived from the éxchange or a subchannel thereof contains
data. - )
25 - . 16. A method as claimed in any one of the preéed—
' 'ing claims 10-15, characteri zed by
_ _transmitting frames to a subchannel -of the PCM'
' :channel in a first transmission direction, :
monitoring the reception of the frames from the

30 subchannel of the speech signal of the PCM channel ‘in the

reverse transmission direction, _
‘discontinuing the transmission of frames to the_
subchannel of the PCM channel if frames are not received
. from a subchannel of the PCM channel in the reverse
35 direction during a predetermined monitored timeout.

/

D VA



nore subchannels in each of which | ower-rate vocoded speech or data

can be transmtted, - - the transmssion equipment is
arranged, in 25 response to the fact that the speech signal of the PCM
channel received fromthe network elenent is a PCM coded speech _
signal - contai ning said subchannel, to nultiplex the conﬁgﬂ%P e
subchannel i nWOBH®SeX t he subchannels in said intercon
link, 30 the transm ssion eylf pment is arranged, in res-
ponse to the fact that the speech signal received fromthe - net wor k
element is a pure PCM coded speech signal, to encode this PCM coded
speech signal into a | ower-rat.e vocoded speech signa
mul ti.pl ex the vocoded spgec 5 signal into one of the sdbcha eEg in
said interconnecting=Z WO 97/ 29566 -
PCT/ FI 97/ 00062 & N | 29 | k.
2. Transm ssion equi Bne glained in Claim1l, c h “t er-i
zed inthat - - t he transm ssion equi pnent (T =2) is
arranged 5 -~ to decode tHe vocoded speech signal received fr¢meach
‘subchannel of said interconnecting PCM1ink fromthe othgi ' -
transm ssi on equi prent i fitO PEM sanpl es -and to insert sand recerngg
speech signal w thout de i into the sub- . channgﬂ forged by o or
nore | east significant b} &s<off 10 + t he PCM sanpl es, ;"_’ 72 : t hid—
transm ssi on equi pnent (TR ,2) i¢8 arranged- tqgtﬁpnsfev t he PCM
coded speech signal conthl ) sai dif vocoded subqganne+€?ha t he
respective PCM transm ssion o Dw- . 8 ' -
| | 20 T =
i ‘XY O (&
H o Q w o
4 (o) w _
: O o &
o Wy &
> =0
- J8W
Q o <0
= >

/
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8 kbit/s
VOCODED SPEECH
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8 kbit/s VOCODED SPEECH

e

\
d
!

MS1
Y |
MS2




channel to the exchange (MSCl, MsSC2). 15 3. Transm ssion

equi pnent as clained in daim1 or Caim2, characterized
in that - : the transm ssion equi pment (TRACUL, 2) supports two
- or nore vocodi ng net hods, the transm ssion equipment is
arranged to identif ‘the vocodi ng net hod enpl oyed in said subchannel
of the PCM WO’%g@d speech signal received fromthe excha '
MVBC2) , the transm ssion %ﬁ‘iu pnment is arranged to enpl oy
the identified vocoding method in the subchannel of the 25 upl i nk PCM
speech si gnal . : 4. Transm ssion equipnent as clained_in Caim
- characteri z ed |nthat the't'lﬁsrﬁssi'on
eqU| pment ( TRACUL, R} —i-s—aiiahged +-o—-denrtFy—the—vreeetihg—het-hod—
enpl oyed by anot hdp ctms- 30 nission e .B@:rmlp&/l Rthe hasis of the
vocoded speech NUMBER][al jeceived [f rogn tlhe ot Her §rgnsng sgi oy ehui'@_r_r_ent
- via t he subghanperl fof bne ! nBercongectl ng BCM pirk, o 0 0 t he
transm ssi on equi gment i S arra ed tq perfdqrm corjversi pn, ~e|ther §
alone or jointly with the® detull [35 ° |vochdgr of the_‘?TDgiI 0
.communi cati on systlem2betjweeh the Ct | € IWIG7429%86; €5 Cé | C7
PCT/ FI 97/ 00062 3 cs | ©9 c10 c1 C8| C13 cadclpdiais
met hod enpl oyed il the sybchannel of §the PGM . ‘coded spgech sj gnal
received fromthe fexchande and |t he vg- coﬁi ng ngt hod Enpl oyjed by |t he
ot her- transm ssi orf eqi prjent; iff thege arejdiffedqent. |5
5. Transm ssi on equi p;rent as cljainedjin d gim 3,
1
9
10 1
11 -
12 o1
13 ,
14 1
15
16 1
17
18 1
19
.20 1
21 .
22 1
23 B
24 1
- 25 o :
26 1
27 :
28 1
29 '
30 1
31 '
32 1
33 :
34 . 1
35 -
36 1
_— 37 :
- 33 1 ' Ci16 C17
39 cig |- _Ct9 co. 1l cn Ti T T3 T4



characterized
equi pnent (TRACUL, 2) is
nmet hod i f the PCM coded
(MsC1, MsC2) con- 10
equi pment as clainmed in
t er i.z e dWOPTRMES
subchannel s isin
" equi pment as claimed in

t he vocodi ng net hod supported by the transm ssion
is the vocodi ng net hod enpl oyed by

t he rml§4 kbitiSoR&ivh

(TRACUL, 2)
conmuni cati on network, 20
franes enpl oyed

base station and
equi pment as clained i
~in that the control
vocodi ng

in that

arranged
speech signa
tai ns no subchannel. -
any one of

transm ssi on fr
Claim6,

t he transm ssion
to enpl oy a predeternined vocodi ng
recei ved fromthe exchange
6. Transmi ssion

the preceding clains, c har ac

t he vocoded speech si gnal transf QFF'@‘EP fOR062 5 d
qﬁs 7. Transm ssion
c ar a cteri zed in that
equi pnent

t he nobil e

aid franmes are identical with the

received fromthe exclange.

clained in any one of
atinmer 30

moni toring the ti

in S&Mﬂkﬁq netvvork be t.he
. o3 on
i i t#rﬁg e c t eri zed
25 f n or tlon on the
MSBod g(rrp oyed X the F;ﬁ X\E/l cdqd®B speech -
9 ‘Trep nlsS|on eqU|pnent as _
Crar s & 70T c 11 i zed by

Mgt ksit/shas pessed frag kiig/s n| t| ation of

VOCODED SPEECH

the call, change of vocodi Q e N, the 0 frane frem
t he subchannel of the PCM ré@ﬁﬁb gb l'f é)éﬁhgﬁgg% di rection,
-the tiner being arranged to pre- vent transm ssion of frames in the
reverse direction if 35 sai d noqétored ti me_exceeds a predetern ned
ti meout . WD 97/ 29566 bit/s PCM SAMPLE .
PCT/ FI 97/ 00062 jpas ~ F1G. 3B
MSB X1 X _X X X_ X X} X LSB
N v o
56 kbit/s | 8 kbit/s
PCM CODED SPEECH VOCODED SPEECH
64 kbit/s PCM SAMPLE FIG. 6A
mse * |Ch1iCh2[Ch3[Ch4|Ch5|Ch6|Ch7(Ch8| | sg
L_V_J :
8 kbit/s
- VOCODED SPEECH
N 64 kbit/s PCM SAMPLE " FIG. 6B |
Vs - AN _ ~ | ° -
_. | T T 1 — 1
MSB Ch1 | ch2 Ch3 | Ch4 | s
' L___N,___Jw
16 kbit/s



31 10. A method for transferring digitally encoded
speech between a first network elenent, such as .a nobile services
swi tching centre, and a second network el enment, such as a sw tching
centre, in a nobile comunication sys- 5 temin which nobile stations
and a fixed nobile com : muni cati on network conprise voc g_g 5 %
transferring aPV097’2955§peech signal over a radio path as a redg' &97
vocoded speech signal and for tr‘ana1 %I‘I’I ng the speech signal as a
PCM coded speech signal between the voco ér of the nobile 10 net wor k and
the nobile services switching centre, the . method conprising the
steps of: Leceiving-a-npurber of PCM coded speech signals
from-the first net wor k ggng? hg #i x4t transm ssion equi pnent -
via a correspondi ng nun‘l?; >E’(EI%/I tran%'ng sion 15 : channels,
transferring the speechadi gnals 'to the_.‘sg,c ond transm ssi on equi pment
via an interconnecting ¥y PR R P 2% 2% Byals ng.a transm ssi on capacity | ower
than said nunber of nbound PCIVI&;ra.r sm ssion channels fromthe
network el e- 20 - ment @ansferrl ng said number oi"rbCl\/I
coded = speech sig s—ftomt “cr% Tnd_§ransm ssi on equi pnent t he
5

1
second networ k el enent a a correspo nuiber of out - bou PCM

channels, c har ac't r Z—--d -L-j speci fyi ng tihbits
of the PCM sanpl es of af Ieast hannel of the interconnecting
PCM link to form tWo_or _no nel's in ‘each of whi _

1575158

rate signal- can transferred, § & mul ti pl
received PCM coded sfdech 30 . sigRalRg in the first trangnic3si
equi pnent into the sub-g channel sano®& |t he i nterconnectin
fol l ows: - q) detecting iR Eme first transni ssi
whet her the received SP&H t—sTomalr 15 & g4re PCM coded t :
PCM coded signal in whoex PCI\/I sanpl es Eng or 35 mor § I east b i -féant_

“bits provi de a subchann"‘l Ay = o
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32 a vocoded speech signal of the |ower rate enpl oyed by the
mobi | e communi cation systemis transferred, b) mul ti pl exi ng,
inresponse to the fact. that the ‘speech signal of the PCM channel
received fromthe network 5 el enent contains a subchannelgﬁﬁ& oded
spéech i nf or mi0O9729566 tjon of this subcl_p)%nel into one of thefS § el s
in sai d interconnecting PCMIink, c) encoding, in
response to the fact that-the speech S|gnal recei ved fromthe network
-element is a pure 10 PCM coded speeéch signal, this PCM coded speech :
signal into : a | ower rate vocoded speech signal by the vocodi ng net hod.
of - the nobile comunication system and nultiplexing the - vocoded
speech signal into one of the subchannels in said i nt erconnecttng PCM
link. 15 11. A rmethod as claimed in daim10, c har ac -
t.eri zed- - inthat the processin Fﬂ? peech. signal s
received fromthe interconnecting HJWI?AE& I'n CE : first transnission
equi pnment conprises the steps of: decodi ng t he vocoded
~speech signal received from20 PCMaCHANNELERM MECshid i nterconnecting
PCM Iink fromthe second transm ssion Jequi pnent into PCM sanpl es by
t he vocodi ng nmet hod of the nobire.condynlcatlon systen1 .
inserting the vocoded speech signal receivey from ~ “the subchannel into
t he subchannel fGKhE § e [T e 5|gn|T|c nt bits of
said PCM sanples i % 16 raniierri ng the
PCM coded speech@bg‘gﬁ_: cont ,E,{ECEIV D TRAWLERA nel %o oded
speech through t spondi ng PCNl transm ssion channel to the
mobi | e services 30 smntchlng centre. .

SEPARATION OF TRAU FRAMES 72'
. AND PCM SAMPLES

- 74 SUPPL. - RATE
" __{PROCESSING| | ENCODING || ApApTATION] 77

_73——) l¢ o | -

FORMING OF TRAU FRAMES

75

Chs

Ch2 Ché
Ch1 l ‘ Ch7

MULTlPLEXING OF TRAU FRAMES INTO SUB-
CHANNELS OF INTERCONNECTING PCM LINKY - 76

PCM CHANNEL TO TRACU 2

FIG. 7



12. A nethod as claimed in Caim 10 or
zed by

transmi ssi on equi pnent to be the sane as the vocodi ng 35

Claiml1l1,
sel ecting the vocodi ng net hod enpl oyed by the

character.

nmet hod enpl oyed

in the subchannel of PCM coded speech re- WO 97/ 29566 :
PCT/ FI 97/ 00062 _ 33" ' ,0m

t he nobile seMQ¥EEEwi t ching centre when the transm ssion  equl prent
supports two or nore vocodi ng negﬂpds 13. A net hod
as:claimed in Caiml1l2, char ac - t eri z ed by

transferring. information on the yocOdlng met hod

subchannel of vocoded speech received from
"switching centre between the transm s- si
bits of the franmes in addi- 10 tion.to the i
met hod enpl oyed bet ween the transm ssion
14. A method as clained in Caim12 or

Cl aim 13,

vocoding nmet hods at

enpl oyed in the
t he nobil e services
on equi pnent in the control
nformation on the vocoding
equi prent .
characteri

detRCM QHANNEL FROMITRACWAd second transni ssi on

elther of the _
| east in
A nmethod as clainmed in any .

z ed by _

15 equi prent have sel ected different, vocodi ng net hods,
perform ng conversion on t he speech signal in
transm ssi on equi pnment between the t

~one transm ssion direction. 15.

one of Clainms 10- 20 14, char asgt er i zed by

TTEl L.uml

O TERUERAMES FROM ], gy for. data
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transmission if t nOEMNLITREKIN
| SUBCHANNELS O
| chs <

Ch2 <€——

l—) Ch5. -

L—> cme

chl <€——

h4
",C

—> Ch7

PROCESSING OF

TRAU FRAMES

I
—

DECODING

84

SUPPL.
PROCESSING

RATE
ADAPTATION] 86

<

AND PCM SAMPLES

A INTERFACE
PCM CHANNEL TO MSC 2

FIG.8

COMBINATION OF TRAU FRAMES

.85
87

»

FROM 71
FIGURE 7

TIMER




ceived: f

h ar a

rom the exchange or a subchannel thereof contains dat alP26 $

16.. A nethod as clained in any one of the pre - brj_g | ai s 10- 154p9.
cteri zed by t rars gfa t Qe .

subchannel of the PCM channel in a first* transm ssion di G0
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(57) Abstract

mmm'mmummmmmim equipment for a connection betwemheleeomuniwimnetworkelements,smh
&s exchanges or base station controllers. At both ends of the connection there is a transmission equipment (TRACU]1, 2) connscted to a

| number of PCM transmission channels from the exchange. A lower-capacity interconnecting PCM link in which bits in the PCM samples

form 3ub_ch:nll_elsfcu'umsmitﬁng.lm-mte_-vocudedmhmdahispmvidedbutweenlhemmissioneqnipms_. ¥f a PCM coded
speech signal in which there i3 & lower-rate subchanne] in one or more Jeast significant bits of the PCM samples Is received from the

.| exchange, the content of this subchannel is multiplexed into one of the subchannels in the interconnecting PCM link. 'If 2 pure PCM

coded speech signal is received from the exchange, it is encoded into a Jower-rate vocoded speach signal, and the vocoded speech signal is

multiplexed into one of the subchannels of the interconnecting PCM Jink, At the other end of the connection, the transmission equipment

mes the\rocodled speech signal into PCM samples and the undecoded content of the subchanne] is inserted into the least significant bits
PCM samples. , .




