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For GSM/EDGE Radio Access Network (GERAN), there have

20 been several new challenges to overcome. Higher data rates are achieved in
part by changing channel coding. The transmission in a TDMA (Time Division
Multiple Access) system takes place in time frames. Each frame can be
shared among users by dividing the frame into time slots. A TDMA time
frame thus comprises physical channels used to physically transfer informa-

25 tion from one place to another. The contents of the physical channels form
logical channels, which can be divided into traffic and control channels. The
control channels can be further divided into dedicated and common chan-
nels. The dedicated channels are used for traffic and signaling between the
network and the Mobile Stations (MS), whereas the common channels are

30 used for broadcasting different information to the MS and for setting up sig-
naling channels between the Mobile Switching Center / Visitor Location Reg-
ister (MSC/VLR) and the MSs. Over the radio path, different types of signal-
ing channels are used to facilitate the discussions between the MSs and the
Base Transceiver Stations (BTSs), Base Station Controllers (BSCs), and the

35 MSC/VLR. The logical channels are mapped onto physical channels as de-



WO 03/019847 PCT/ FI1 01/00749 2 scribed in the technical specification 3GPP
TS 45. 002 (GERAN Multiplexing and nultiple access on the radio path). In
t he GSM swetoa9sthe nodul ati on nmet hod used is a phase noaairauiige74denown as
Gaussian M nimum Shift Keying (GWK). In GWSK, 5 the phase of a true bit
is shifted 900, whereas the phase of a false bit is not shifted. Wth the
I ncreasing data rates of EDGE, new 8 Phase Shift Keying (8-PSK) with 8
possi bl e shift val ues has been introduced (3GPP TS 45.004). Each of the
shift val ues corresponds to a certain synbol consisting of 3 bits. The two
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15 compared to the FR codecs. The HR coder can therefore be used to serve a
double number of subscribers on a half rate speech traffic channel as com-
pared to an FR coder on a full-rate speech traffic channel.

In order to achieve a better voice quality, a new Adaptive Multi-
Rate (AMR) coder has been introduced (Release 1998). Further, the intro-

20 duction of AMR on TCH/H channels utilizing 8-PSK (O-TCH/H channels) has
been considered. However, there has not been any channel coding for the
AMR signaling frames defined for such traffic channels (O-TCH/H). The AMR
signaling frames are listed in Table 1.

25 Table 1. The different AMR signaling frames used on half rate channels.
AMR signaling Purpose
frame

SID_FIRST_P1 indicates end of speech, start of DTX (1% part)

SID_FIRST_P2 indicates end of speech, start of DTX (2" part)

SID_FIRST_INH inhibits the second part of a SID_FIRST_P1 if a
speech onset occurs

tells the codec the mode of the first speech frame

N
ONSET after DTX

SID_UPDATE conveys comfort noise parameters during DTX
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bl ock | ength 36 bits. For the other AMR signaling franes a repetition
of 71 times is requfsehe samedNBpeignalinghframeskareoaeedrst famibe mngw d1alfnal i ng

frames Sl D_pR@Aannely Qéﬂng@vsx reatiatibn P@@Lﬁ@Hﬂﬂ mwr&aﬁnén&w Afl%\r AR

Di sconti nu 25 ous_ Tran sSi,.on he RAT
signaling frRgRe fﬂ'ﬂ’é“*éﬁ’lﬁ%@?%l @éﬁé%l‘ﬁ)déréf@@@fﬁ‘gaﬁ{ sQuiiratP this pPRISHed. A
Cyclic Redunslaoeydiséiesied(wittClefererpertbdfi@ed . iTnet ﬂnﬁnbé@ctkndérabk dbbs flow

b1 v 1 s HaaaiN e s BRROREhect FHPE, APRRLirElsREin 2 B DItk |2

result is fedhelsystegh Be eadenve Kindhoreferred dodbe d@lcumerrl@GP &H&Q@@r eases
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references therein about the different messages referenced below.
A crucial part of the system is the Channel Coder 100 in FIG. 1A.
15  Usually a block to be transmitted includes Inband Data 101 consisting of two
bits. These bits are coded in a coding block 102 using predefined code
words, which must be 48 bits in length in order to correspond to the reserved
block length. Occasionally, the bits to be transmitted further include
Identification Marker Sequences 103 consisting of 9- or 11-bit sequence.
20 Eleven bits are used for the RATSSCH_MARKER, for which a repetition of
58 times in the repetition block 104 is required to get the correct total block
length of 636 bits. For the other AMR signaling frames a repetition of 71
times is required in the repetition block 104. For the AMR signaling frames
SID_UPDATE, which convey Comfort Noise parameters during a Discontinu-
25 ous Transmission (DTX) period, and for the RATSCCH_DATA AMR signaling
frame the Comfort Noise parameters 105 also need to be coded. A Cyclic
Redundancy Check (CRC) is performed in the check block 106 to protect the
Comfort Noise against transmission errors. This checksum (14 bits) is added
to the Comfort Noise parameters (49 bits total), and the result is fed through
30 a convolutional encoder block 107, which increases the block length to 636
bits.
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bl ock 109 to 8-PSK synbols, 5 which nodifies the block size to 228 or 456
synbol s. The synbols resulting fromthe signaling frames are then
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frames, which may be speech frames, for exanple. After the interleaving a
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Identification Marker Sequence 138 in the Identification Marker decoder block

20 137. If the AMR signaling frame includes Comfort Noise parameters, they are
then decoded in the corresponding decoding block 139, and the CRC bits are
verified in the verification block 140. Only after this are the Comfort Noise
parameters 141 obtained.

The drawback of the solution described above is that both high

25 rate convolutional codes and high rate block codes are required. The convo-
lutional coder 107 encodes the 49 bits sequence into 636 bits, and the block
coder 102 encodes the 2 bits into 48 bits. In the reverse direction, the convo-
lutional decoder 139 decodes the 636 bits intc the 49 bits, and the code word
decoder 135 decodes the 48 bits into the 2 bits. These so-called fast-rate

30 conversions are not desirable, as they increase the development cost and
demand larger coding tables in the network elements and terminals. They
are also computationally heavy and consume a lot of memory.

The rate of the convolutional encoder 107 for the Comfort Noise is
1/12, which is more demanding than the Y4 for the GMSK. The constraint

35 length can also be increased from k=5 to k=7, as is done for speech, and the

existing polynomials G4-G7 can be used. The interested reader may find
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the synmbol @presentedomitte ohe dymbiodif Shdretare {20 po36ibid motulation(Ratesl) +2) ) ,
¢ (3(i-1)+3)}. The 3The idea of the invention is that by using bit repetition the current
channel encoders and interleavers defined for the use of corresponding
20 GMSK channels can be utilized when transmitting AMR signaling frames on

the GERAN half rate channels utilizing 8-PSK.

Thus, a coding procedure identical to the one already standard-
ized for the GMSK channels can be used for the AMR signaling frames. In
the method of the invention, in each block of m bits coded by means of said

25 standardized coding process, each bit c(i) is first repeated 3 times {c'(3(i-
1)+1), ¢'(3(i-1)+2), c'(3(i-1)+3)}. These 3 bits are then converted into one
symbol C(i). After converting all m signaling bits, the resulting symbols C(1),
..., C(m) are interleaved. After interleaving, the symbols are modulated &nd
then transmitted.

30 In the receiver, the signal has to be demodulated. The received
symbols {C(1), C(2), C(3)} are then de-interleaved, after which the symboi
C(i) is converted into 3 bits {c'(3(i-1)+1), ¢'(3(i-1)+2)), c'(3(i-1)+3)}. The 3-
multiple bit sequence has to be converted back to the original bit c(i). The
soft value of c(i) can be computed by combining the soft values of the 3-

35 multiple bit sequence received.



multiple bit sequence has to be converted back to the original bit c(i).
The soft value of c(i) can be conputed by conbining the soft val ues of the
3- 35 mulwopB®19si4T sequence recei ved. WO 03/019847 PCT/ FI eCr0an4®@74 Bri ef
description of the drawings FIG 1A and 1 B show a strai ghtforward sol ution
for transfering AMR signaling frames o a GERAN half rate channel, 5 FIG
2A and 2B illustrate the nethod of the invention, and FIG 3A and 3B
illustrate the systemof the invention. Detail ed description of the
invention 10 FIG 2A illustrates the transm ssion side of the systemof the

I n- vention. Each bi gr@@i SEF@%WH‘“% &,raqﬁhhge exi sting channel encoder
I ne r

bl ock 21, which is de e correspofiding GvSK channel, is repeated
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24, which is S ' ndi ng GvBK channel . It
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ectly on oné synbol but to repeat
themfirst, as, depending on the nodul ation, every 20 tine a bit is marked

on a synbol there nmapehsiidd GRE&iHABN VT thednvoRgsR! | ation.  For exanple, the
8- PSK synbol s are continuously rotated with 371/8 radi ans per synbol

bef ore pul se shaping. The receiving side of the system as seen fromFIG
2B, is th@ re- verseFr{h. RAcgstrates ahsitehsmibsion aside ot thé wybtdns ofthe imave to

cor r espondi nyStitk AL A Bed e omihg &R e R ehbfer el Py
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cor r espondi nthéaVBltendevedalsing antimterieavérndd, nghich iealsp Elieaalyi definet] fohthe
I nvention Oncbﬂ@s%iﬁb Qﬂ@ék channel. It is important not to map one bit directly onto
one symbol but to repeat them first, as, depending on the modulation, every
20 time a bit is marked on a symbol there may be a rotation on the constellation.
For example, the 8-PSK symbols are continuously rotated with 32/8 radians
per symbol before pulse shaping.
The receiving side of the system, as seen from FIG. 2B, is the re-
verse of the sending side. The received symbols C(i) have to be de-
25 interleaved using a known de-interleaver 25 defined for the corresponding
GMSK channel. After this, the n bit sequence {c’((i-1)n+1), ..., c'((i-1)n+n)} is
obtained using the normai symbol to bit conversion in the conversion block
26. The n bit sequence is combined in a combination block 27 to form a bit
value corresponding to the original bit value c(i). Preferably, this is done by
30 combining the soft values of the received n-multiple bit sequence. In this way
the bit sequence is reduced to one bit, which is ready to be fed into the chan-
nel decoder 28. The channel decoder 28 is substantially the same as the one
defined for the corresponding GMSK channel.
In the following, the application of the invention on the AMR signal-
35 ing frames of an 8-PSK modulated HR AMR Speech Traffic Channel (O-
TCH/AHS) is described. On the transmission side (FIG. 3A), the Inband Data



35 ing franes of an 8- PSK nodul ated HR AMR Speech Traffic Channel (0O-

TCH AHS) is described. On the transm ssion side (FIG 3A), the Inband Data
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Identlflcatlon I\/ar ds to be repeated only 20 tinmes. After, the
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length 20  ters 305 can be convolutionally encoded in the coder block 307 with a shorter
code, which results in 212 bits. This is computationally cheaper, and, also
saves memory. As the convolutional encoder block 307 and the encoder
block 302 are identical to the ones already standardized for the correspond-
ing GMSK channels, the rate of the convolutional encoder will be . The
25 constraint length value k=5 and, similarly, the already existing polynomials
G1, G2, and G3 can be used.
The multiplexing block 308 functions similarly to the solution de-
scribed above. In the repetition part 309, when the invention is applied to O-
TCH/H, the available bandwidth for the AMR signaling frames is threefold
30 (stretched from 228 bits to 684 bits, or from 456 bits to 1368 bits). Each bit is
therefore repeated three times: a bit c(i) will be mapped to a bit triplet {c’(3(i-
1)+1), c'(3(i-1)+2), c'(3(i-1)+3)}. The repeating ensures a correct block length
for the AMR signaling frames. When all bits have been repeated, the bit
triplets are mapped in a mapping block 310 to 8-PSK symbols C(i) accordlng
35 to Table 1in 3GPP TS 45.004 (GERAN Modulation).



for the AMR signaling frames. Wien all bits have been repeated, the bit
triplets are mapped in a mappi ng bl ock 310 to 8-PSK synbols C(i) according
35 to Tabwe 03/01984BG°PP TS 45. 004 ( GERAN Modul ati on). WO 03/P0TB3¢1700749

PCT/ FI 01/ 00749 The synbols are then interleaved in the interleaving bl ock
311 to- gether with other synbols, and tghen a burst is formatted in the
formation block 312. The bursts are transmtted by the transm ssion bl ock
314 after nodulation in the nodul ation block 313. 5 In the receiving part
(FIG 3B) the received signal 320 is first de- nodulated in a denodul ating
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27
code word t alyeaedpagketasbit H@"Pt&eﬁq't@("ﬂéﬁi &{3@&13]?3} %@&'u@ﬁ@g gQES‘I? n%ﬁé
coded i n1phe sidemtpéﬁ&medmmuﬁ@tmbrdimoa P@i@&brﬁve&é@n thbleprmmplettm

Confort 20 333 ft t | di
sequence_comn e FRBaRE Myl Fomprise H16e 3R o e rsboli G oA T3 anc
CRC checki ng prolbmnemfttme:bfadioloa@ e dekidaa 2for ayample, tbyecmblowthemﬁand

d terl I it

raffic chanial e B ihe e B o e o R e P e e ence

to the 25 eﬁéﬁ%)"@#@ﬂ@“ﬁ)f%) t he appended drawings, it is obvious that the
i nventionsi s not Ilmhb%nﬁmné@géﬂ,vamas &(BYoflise BREEFE BénYe-FiMfstesdd Il ed in

he ot Wb SeRaL A0 ST LR SoRRe AICLERL Lot Ls b el o
sel ected to ithgineTaetinbark Datey 328 iiothe3@edddeti3nGhe Sécoay/ b€k 32D tdhg9
the code word table, whereas the Identification Marker sequence 330 is de-
coded in the Identification Marker decoding part 212. If present, the Comfort
20 Noise 333 is obtained after convolutionally decoding the bit sequence coming
from the demuitipiexer 326 in the decoding block 331 and CRC checking
them in the checking block 332. Again, the decoder 340 and de-interleaver
block 323 are the same as those used for the TCH/AHS traffic channels.
Although the invention was described above with reference to the
25 examples shown in the appended drawings, it is obvious that the invention is
not limited to these, but may be modified by those skiilled in the art without
departing from the scope and spirit of the invention. For example, another
suitable modulation scheme, such as 16-PSK, can be selected to implement
the invention.
30



Claims 1. A systemfor processing an AMR signaling frame to be trans
mtted on a GERAN half rate channel utilizing a nodul ati on schene carrying
5 n bits woo03/018¥7in one synbol, the system conprising: - PCadiloigomdans
(300), conpatible with coding neans defined for a GSM half rate channel
utilizing a GvWSK nodul ati on schene, sai dcoding neans being adapted to
out put a coded bit stream - repeating neans (309), responsive to the
codi ng nmeans, for re- 10 peating each bit of the coded bit streamn tines,
whereby a repeated bit streamis obtained, and - synbol -form ng nmeans
(310), responsive to said repeating neans, for formng synbols to be
transmtted fromsaid repeated bit stream 2. A systemfor processing an
AMR signaling frame Cd@BIsed on a 15 GERAN half rate channel utilizing a

gg?rglr?ts : gg S?hggﬁvgfgrﬂ@s@rﬁ'féﬁ Kf&eEané)anoﬁ\@AeF?%ibrﬁrﬁBQFaméh@ b'iayﬁéﬁéﬂ

streamto a fiHed of 2 M%aﬁt 'gai 6@@59?'&@'}%‘&{5‘9& nz%g{}éj‘t,lor} 5&‘%@&@%@’5%9 t he

L! rst bi 'élsfst esits (e 2) inZhessymbsistheesystemicomprisiiyg:bl ock consi sting of n
its, and for converti r

streamis obtained, an cgy% ﬁ%@%@&gﬁgﬁé)egﬁh%(agﬁ%)\phﬁ coa\(ﬂg rﬁ? nsadéfﬁ'?egf;@ %I

means defi ne@SKohalf r@@l\mhamielrlﬁtllélr@anGMSmthldaﬂ@ scorme, mmdmn

scnere. Sai 4 MiganedhaGaIBRRCNIG A4BALE BiltedRtode sal g second bit

stream 25 3 rocessi n gnaling frame to he
transmtted on a GERAIKPFP\%ﬁtF‘Qr me@nér(éﬁ%)avea@(?ma% Rythe gﬁ@fﬂﬂdﬂ?%’r‘ﬁ Jeh&sre

carryingio b'pb%tlﬁ@ gach2pit i1 thBecodedblt, stidaen Metied, wivareby iangepdated thifps of :

- coding the me using a codi ng procedure de- fined for a
GSM hal f rat éﬁgﬁ%ﬁ%ﬁﬁ' 81 ﬂnﬁg a GVBK nodul ation schene, the 30 coding

procedur e out putti ng-asyobelefooningutmeamsea3i10), irespmbmﬁe saids a¢peatingi ng,
repeating ea gﬁ@ﬁ?o N epeat ed
bit streami gp%ﬁstalfﬁffgmﬁﬁ olgltrrlﬁS Remﬁn ofté@%ﬁbgéltaﬁg %%1@? ttﬂgtgéf¥é%rﬁ

romthe
repeated bit stream 2 A SYAt%tfﬁbﬁqu@ﬁS'ﬁgoﬁfegM%é'%@"ﬂ@/lf{aé"‘@F%Fﬁ'\fﬁjj oR Ane

recei vedqgn @Eﬁﬁmt@@hénﬁatLﬂunﬁ@grwﬁiodutatdohzsch@m oRehghi s (pchee

carrying n bit n t he met hod conpri sing the st eps
of : WO 03/ 019387 Wﬁd’i?é@!? comprising:

- conversion means (324), for converting a received symbol
stream to a first bit stream,
- processing means (325), for segmenting the first bit stream into

20 successive blocks, each block consisting of n bits, and for converting each
block into one bit, whereby a second bit stream is obtained, and

- decoding means (340), compatible with decoding means defined
for a GSM half rate channel utilizing a GMSK modulation scheme, said de-
coding means being adapted to decode said second bit stream.

25 3. A method for processing an AMR signaling frame to be
transmitted on a GERAN half rate channel utilizing a modulation scheme
carrying n bits (n = 2) in one symbol, the method comprising the steps of:

- coding the AMR signaling frame using a coding procedure de-
fined for a GSM half rate channel utilizing a GMSK modulation scheme, the

30 coding procedure outputting a coded output stream,

- in response to said coding, repeating each bit of the coded out-
put stream n times, whereby a repeated bit stream is obtained, and

- forming symbols to be transmitted from the repeated bit stream.

4. A method for processing an AMR signaling frame received on a

35 GERAN half rate channel utilizing a modulation scheme carrying n bits (n 2 2)
in one symbol, the method comprising the steps of:



10 - converting a received synbol streaminto a first bit stream -
segnenting said first bit streaminto successive bl ocks, each bl ock

consi sti ngoaB/omshit s, - converting each bl ock into one biPCTwavrwby a
second bit stream 5 is obtained, and - decoding said second bit stream
using a codi ng procedure de- fined for ag3SM hal f rate channel utilizing a
GWBK nodul ati on schene. 5. A systemfor transferring an AMR signaling frane
on a GERAN half rate channel utilizing a nodul ation schenme carrying n bits
(n>_2) in one 10 synbol, the systemconprising - at a transmtting end:

-coding eans (300). QIR ARLS BBy SO EBNRREEL FAG it ditlorf OOVl

rate channel wutilizin neans bei ng
adapted to output a ec®gmestingssaidafiist bt streapeinto ycressive (bﬁ@@‘)s each

responsive t(g@éjke;&g;gt,ﬂ dfeakies, for repeating each bit of the coded bit
streamn tines, whereby eated bit. stre;amls obt ai ned, nd- %‘glbol

form ng means (310) P@@b‘?ﬁl@g\ﬁé Plegk inte QReRi. wherrRY Ase bip pire
synbol s t® bés dpbtairsgd, ahdd from sai d repeat ed bit stream 20 and - at a

receiving end: - conve ne onvertin nbol
streamto a first bit dé??@lgﬁl 336}8 %§8§§ %at?‘%‘%'i "és'rF ?gd'ﬁgrp%g%%gr%t?%g t he
first bit st rfeamfoQSGSMdS\aifuetaaslsanrel bltiizikg 2 GHSK plodulatioorsshemeng of n
bits, and for converki [ Qﬁgﬁa
streamis obtai ned, gnggsys?ﬁhgpirﬁﬁé‘feh{@o @Q‘gﬂ'ﬁ sggonrfdgg? ﬁ}ge%nsﬁ ecog ng
means def i nbalfirate ghamoql wibilizing 2 E‘O@'HJ%'@QI schefme SAMYNG He Dt{BK =" dDIO&E; on
schere, 1@ai dyfpeNdhagyseansomprisiigadapt ed to decode said second bi t

stream 30 - at a transmitting end:

-coding means (300), compatible with coding means defined
for a GSM half rate channel utilizing a GMSK modulation scheme, said cod-
ing means being adapted to output a coded bit stream,

15 - repeating means (309), responsive to the coding means,
for repeating each bit of the coded bit stream n times, whereby a repeated bit
stream is obtained, and

- symbol forming means (310), responsive to said repeating
means, for forming symbols to be transmitted from said repeated bit stream,

20 and

- at a receiving end:

- conversion means (324), for converting a received symbol
stream to a first bit stream,

- processing means (325), for segmenting the first bit stream

25 into successive blocks, each biock consisting of n bits, and for converting
each block into one bit, whereby a second bit stream is obtained, and

- decoding means (340), compatible with decoding means
defined for a GSM haif rate channel utilizing the GMSK modulation scheme,
said decoding means being adapted to decode said second bit stream.
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