WO 02/ 089376 PCT/1B02/ 01443 NMETHOD OF TRANSM TTI NG SI GNALI NG MESSAGES IN A
MOBI LE TELECOVMUNI CATI ONS NETWORK Field of the Invention 5 The present

i nvent i onwEhaisesggenerally to a nmethod for transmtting Spammod/4s
nmessages between a base transceiver station and a nobile station and, nore
particularly, to inband signaling. Background of the Invention 10 During
voi ce and data transm ssion, signaling nessages are al so conveyed over the
air interface in addition to user data. Signaling nessages allow the

network and the npiETHOD OF PRANSMIBLING SIGKN ABINGMESSACES NPor t ance
i ssues, such as respyCRROBNIE THEEOMBIUNIETIORS NETWORRIO! NY,

signaling nessages are carried through the Associated Control Channels

(ACCH) . Tlﬁ\eﬁ 9&{6%‘%%&10@ ed Control Channel (SACCH) 15 is used for

non- ur gent—procedures - nly for the transm ssion of radi o nmeasurenent

data reeded forrhbmtahvﬁmnselms goierallycedi athed fahymkedtting bigaflaipnel . The
SACCH has the partl cularity that continuous transm ssion nust occur in

bot h di r e@R9SERESS batiiecsabeg transceivar station and aanebilgstation pndimers paecutaly,

physi cal ?ﬁ?@gﬁ@ %[fa GPP TS 43.05 1 v5.1.0 Release 5). As specified in
"Digital ar comuni cati ons System (Phase 2+), 20 Mbile Radio

Interface Layer 3 Specification, Radio Resource Control Protocol"” (GSM

04.18 v8.8. 0 Rel eas 1999)1[, each SACCH bl ock conveys: 1) one physical |ayer
header of M@?@—%@wsi cal layer inplenents a peer-to-peer
protogpl for t faatal \Y%

0P 2&1‘@%%5&' an@fdatd tfﬂn@ s_sfg)%é% 1@9963@5%@ arEA88 Ecﬁfveféd S

operation on d ted physi cal , and one Layer 2 franme of
21 oct et s theTdiumterme n SKDGH tol msekdatm nSighaimghﬁdssagﬁscaﬂ]nwt thometiotls an®heVhen a
40-bit FIRE C]% %tang%g 4-bit tail sect%fon are added to ,the infor mahl on
bits, the DS 1561 g 10anaggmgpt of ImRPtERCeFRIcs, SRR ATAGHITSS 28l ¢ o ded

with a %?hﬁﬁdB&féfsUW}%Qfafﬁ@ﬁ%géﬁfg Nt L1 Ftrﬁ@ssé?géé‘ﬁier cakridd hd s 5) and

interl eaved, the coded contains 456 bits reordered and

partiti onddsegiated Fontrelcklannels ¢ACOFDwibe Iblesw disspaiated Cantsok Ghanoel (SAC&iHeaved
dat a. ISEaC ri]s Eslea%or rllosh-ltlr%grﬂ pngé)eaﬁt%s 9 I?ﬁa(i)nly tpl%' %r%nsn%fsmg\i@ bf rad%o ésstu?e%e'n? g flags

data needed for handover decisions on a dedicated physical subchannel. The SACCH has -

the particularity that continuous transmission must occur in both directions. The SACCH . -
is actually always present on dedicated physical subchannels (3GPP TS 43.051 v5.1.0
Release 5). As specified in “Digital Cellular Telecommunications System (Phase 2+),

20 Mobile Radio Interface Layer 3 Specification, Radio Resource Control Protocol” (GSM
04.18 v8.8.0 Release 1999), each SACCH block conveys: 1) one physical layer header of
two octets (the physical layer implements a peer-to-peer protocol for the control of timing
advance and power control at the operation on dedicated physical sub-channels, and 2)
one Layer 2 frame of 21 octets. Thus, each SACCH block contains 184 information bits.

25 When a 40-bit FIRE code and a 4-bit tail section are added to the information bits, the
block code contains 228 bits. After the block code is encoded with a %2 convolutional
code (of which the constraint length is 5) and interleaved, the coded SACCH block
contains 456 bits reordered and partitioned into 4 blocks, each of which contains 114 bits
of interleaved data. Each block is then mapped onto one burst of which the stealing flags

30 are set to “1” (GSM TS 05.03 v8.6.1 Release 1999).
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30 are set to "1" (GSM TS 05.03 v8.6.1 Release 1999). 1 CONFI RVATI ON COPY
WO 02/ 089376 PCT/1B02/01443 It has been proposed that a fixed anount of
bits out @fo @wesie SACCH burst is punctured in order to CcQRvigBo5OINEs
signaling nessages at a rate of once every 120nms. However, such puncturing
decreases the link |evel performance of the SACCH It is advantageous and
desirable to provide a nethod of inband signaling using the 5 SACCH

wi t hout decreasing the link | evel performance of the SACCH Summary of the
| nvent i on IisasiBesh bropeskdedid d Bxed dnftambokkitt dilt o€ kverl SKEZICH bl (¥Biuhotirdd t s are
i nked with a 40-bit FIRE code for error correction and detection. In the
met hod, ad’eyder fycanyey F@nqggﬂ%légéﬁ%s?w&h@%%o@%eéﬁﬂ’ Pomss iHpyevee FI RE

code for [ &ﬁ‘ i ¢ Redundancy Check
(CRO codg{@gﬁ%@e n%é%lc%gs acl ng {%%lp%gf-og?‘?mé&%cod‘% wth a shorter CRC
code, there woutis adeargxdeoas Mmd desirablt hepioviderd rmethed obinbakd sigadlingtisg ther

I nband si gnal ing.. Acc rdlngly he prese I nventj o vi des a net hod of

si gnali ng%‘ﬁ&é@ ‘Efé?a\ﬁlé’éﬁh%l 1%1’51"?@“@1“&?‘? ff*l‘?jgé e transceiver
station in a teI ecom*rum cations network using a control channel in

air-interface for carrying information in bl ocks, wherein each block
cont ai ns tSweuayof ¢t Inménsromat i on, and a - first error correction/ det ecti on

code having a I rst.nupber. of. bj me d. terlzdb

Substituti gt s mepied prgetes S ACCHEMPAE T LR itebhan i BRuFER Mg «h a
second  2Qoegit PIREIESRAbE &Bor%ﬁ%cﬁlﬁ%lﬂﬂ%e@ecﬁ@ﬁoﬁﬁth@mﬁdd abcopdihg il | er than
the first nunber for obtaining a shortened bl ock; appl yi ng a convol uti onal

code 0o t Ipeesshionyeniion, instsadk of wn@mimEr@gdafqr@creucorsmlon@n detottionk a

or - det el e RegRig kTl (o efei el Bt ePRghE TEE B S "

code with a shorter CRC code, there would be extra bits in the interleaved block ava11ab1e

J

for inband signaling.
Accordingly, the present invention provides a method of signaling messages
15 between a mobile station and a base transceiver station in a telecommunications network
using a control channel in air-interface for carrying information in blocks, wherein each
block contains the carried information, and a first error correction/detection code having a
first number of bits. The method is characterized by
substituting the first error correction/detection code in the block with a second
20 error detection code having a second number of bits smaller than the first number for
obtaining a shortened block;
applying a convolutional code to the shortened block for obtaining a coded
shortened block;
inserting a plurality of dummy bits into the coded shortened block in pre-defined
25 bit locations for obtaining a modified coded block;
rearranging the bits in the modified coded block in an interleaving manner for
obtaining an interleaved block containing the dummy bits in further bit locations
determinable from the pre-defined bit locations; and
replacing the dummy bits in the interleaved block with bits indicative of the
30 messages to be signaled between the mobile station and the base station.

Preferably, the control channel is a slow associated control channel (SACCH).



rearranging the bits in the nodified coded block in an interleaving manner
for obtaining an interleaved bl ock containing the dunmmy bits in further
bit | ocat\(we®sseger m nable fromthe pre-defined bit | ocaticansgoyends
replacing the dummy bits in the interl eaved block with bits indicative of
the 30 nessages to be signal ed between the nobile station and the base
station. Preferably, the control channel is a slow associated control
channel (SACCH). 2 WD 02/089376 PCT/1B02/01443 Furthernore, the

interl eaved bl gekhegndra)thé inte@eed Blodk & fHr@edied i0d; K86, Mdskh biockiBpped
onto a SACCH burst containing two bits of stealing flags. Preferably, the
dummy bi t $nappedgstoravAClRebwsrentsayng tonbitsplistsaling less-SACCH burst. 5

Proforabl Y. a Braearib g fiy BRREN S e fo A RSN ERESH o, 1o

appl yi ng bukse convol uti onal code to the shortened bl ock. The present
I nvention will _becone apparent .upgn re_adilng the descri ?tion taken in
conj urct i on wi theferaglis ghejconypluippalcodpisa ' pate samerutional esdeni ngs Figure 1 is

a flowchart il ig)gmla . ' ' | - W40 the
present invent iﬂé%ﬁltal@?}; Gre ﬁﬁldﬁélggﬁj%%%g{l&%gp?h %?ﬂgétﬁa@%gk gﬁ%\%\ng%gﬂ%h&é’ bi t
| ocat i ons tlodf cawnimpiohaltcade to the sidrténddBldchur st. Figure 2B is the second part

of the table showing the bit |ocations of du bits jn.a SACCH burst.
Figure 2C is t HECPESELAVEntion i DeCOIBE aPRARTHIRAR F37ding; the ASreaphoh &t 0 urmry

bits in acomnbsyftﬁﬁgu?@l.

10

Brief Description of the Drawings

Figure 1 is a flow chart illustrating the method of inband signaling, according to
the present invention.
Figure 2A is the first part of a table showing the bit locations of dummy bit‘s ina
15 SACCH burst.
Figure 2B is the second part of the table showing the bit locations of dummy bits
in a SACCH burst. ;
Figure 2C is the last part of the table showing the bit locations of dummy bits in a
SACCH burst.
20
Best Mode to Carry Out the Invention

It is well known to add to user data some redundant information calculated from
the user data in a coding process in order to detect the presence of errors in a receiver. In
Global System for Mobile Communication (GSM), a convolutional code is used to code

25 the user data for that purpose. In addition, a 40-bit FIRE code is used for the detection
and correction of bursty errors. Furthermore, an interleaving procedure is used to
distribute or interlace the bits in the bitstream onto a number of bursts. Interleaving is
used to prevent complete loss of the transmitted data when a whole burst is corrupted.

Regarding SACCH, when the user data is delivered to the encoder for channel

30 coding, the data is delivered on a burst mode having a fixed size of 184 information bits:
d(0), d(1), ... d(183). The block of 184 information bits is protected by 40 extra bits



Best Mbde to Carry Qut the Invention It is well known to add to user data
sone redundant information calculated from the user data in a coding
process i Wwgnags3750 detect the presence of errors in a reggityghzolsis 4 obal
System for Mobil e Conmunication (GSM, a convolutional code is used to code
25 the user data for that purpose. In addition, a 40-bit FIRE code is used
for the detection and correction of bursty errors. Furthernore, an
interleaving procedure is used to distribute or interlace the bits in the
bi t streamagithét cRrofd) ThiRSse Bits ieragtisd tol thé €84 BAYhd@rdife toksdricfed i8NSty clic
conplete loss of the transmtted data when a whol e burst is corrupted.
Regar di ng coiEREvedn) usifeg s genegatonrolyneraialver ed to the encoder for channel
30 coding, the data is delivered on a burst node having a fixed size of 184
information bits: d(Q. I 17,064 ). The bl ock of 184 information
bits is protected b§£§%~9§?ﬁgngf s+g§vtﬁ82/089376 PCT/ 1 B02/ 01443 agai nst
errors. These bjts are added to the 184 bits according to a shortened

bi nary cydheee Déoae these sypghels dgliysigd torfhe gespding Wt pol ynonmi al : . g(d) = (D

21 + )* (D17 + I%F% ei'icc;ain%gf %%&atifcoﬁe"i‘sr erhﬂfﬁeg% Qs?éfgm?tlicsfo b ¥eSvdind @e t N

encodi ng unit. e encodi ng o e cyclic codée rs”perforned In a systematic
form as sipolynomialtbelw:pol ynom al below. 10 d(OD 223 + d(l)D 222+ ... +
d(183)D 40 + p(l1)D 31 + ... + p(38)D + p(39) where fp(O, p(l), ...,

p(39)) are the parity bits, when,divided b (D) _yiglds a remai nder. equal
Por 191 4 D5 b 2+ AODE 890 ir Heseher ) ra TS - ot PECBIEACDo 0 are
bl

added to the information and parity bits, 20 the result being a ock of
228 bits. u(k) =d(k) fork=0, 1, ..., 183
where {p(0), p(1), ..., p(39)} are the parity bits, when divided by g(D) yields a remainder

equal to:

15
1+D+D?*+ ... +D%.

Furthermore, four tail bits equal to 0 are added to the information and parity bits,
20  theresult being a block of 228 bits.

wk) =d(k) fork=0,1,...,183
u(k) =p(k-184) fork=184, 185, ...,223
25
uk)=0 for k =224, 225, 226, 227 (tail bits)
This block of 228 bits is encoded with the ¥ rate convolutional code defined by the
30 polynomials:
G0=1+D’+D*
Gl=1+D+D’+D*
35
This results in a block of 456 coded bits: {c(0), ¢(1), ..., c(455)} defined by:
c(2k) =uk) +uk-3) +uk-4)
40 c(2k+1) =u(k) + u(k-1) +u(k-3) + u(k-4) fork=0,1,...,227;u(k)=0

fork <0



u(k) = p(k- 184) fork= 184, 185, ..., 223 25 u(k) =0 for k = 224, 225,
226, 227 (tail bits) This block of 228 bits is encoded with the 1/2 rate

convol ut i gepdyeede defined by the 30 polynomals: GO = 1 prilagdydidiz 4 GL =
| + D+ D3+ D4 35 This results in a block of 456 coded bits: fc(O),

c(l), ..., c(455)} defined by: c(2k) = u(k) + u(k-3) + u(k-4) 40 c(2k+l)
=u(k) + u(k-1) + u(k-3) + u(k-4) for k =0, 1, ..., 227; u(k) 0 for k <0
4 WO 02/089376 PCT/|1B02/ 01443 The coded bits are reordered and interl eaved
according to the following rule: 5i(B, j) =c(n,k) for k 0, 1, 455 n O, L,
N, N+, BBo + 4n + (k nod 4) j = 2((49k) nod 57) + ((k nod 8) div 4) 10

where B i | s the first
burst or gﬂlhggﬁéeézggsréﬁé %%eh@g a‘@%ﬁ%ﬁ‘z&ﬁ%ﬁmﬁ%@l@%ﬁ?%ﬁ% - &)é< which is the

first data block in the transm ssion. The result of the reordering of bits
can bé seen from t ha®ypreatkofrof k6, bi.t., asfrber- index j, distributing
the 456 bits over 4 blocks on even qwoper ed MiNs1,and 4 bl ocks on odd 15
numbered bits. The resulting 4 bl ogks mre4huikimdiyaputting bl ocks with even

nunbered bits and bl ocks with odd Q%J%ﬁjgﬁé?ggf E"rﬂb‘?ir%),i,dw one bl ock.

The bl ock of coded data is interle ngul a ere a new data
bl oc kIO st %&ﬁe%e \{s(‘? lrléled%rh nu% é:n%g%ﬂg blilrsstsc(l)ir %Mck%&%(j) n(‘lja\llrﬁsr th% 1r!°,too(1:1¥s% or block
carrying bits from the data block with n=0, which is the first data block in the
transmission.
The result of the reordering of bits can be seen from the evaluation of the bit number-
index j, distributing the 456 bits over 4 blocks on even numbered bits and 4 blocks on odd
15 numbered bits. The resulting 4 blocks are built by putting blocks with even numbered
bits and blocks with odd numbered bits together into one block.
The block of coded data is interleaved “block rectangular” where a new data block
starts every 4™ block and is distributed over 4 blocks.
When mapping on a burst, the mapping is given by the rule:
20
eB,j)=1i(B,j) and e(B, 59+)=1i(B, 57+) forj=0,1,...,56
and

25 e(B,57)=hl(B) and e(B, 58)=hu(B)

where e(B,j)’s denote the bits in one burst and i(B,j)’s denote interleaved data bits. The

two bits labeled hl(B) and hu(B) on burst number B are “stealing flags™ used for .

indication of control channel signaling. The stealing flags are labeled SB in Figure 2B.
30 Currently, they are set to “1” for a SACCH.

The method, according to the present invention, uses a different error detection
code to protect user data. Instead of using the 40-bit FIRE code, a shorter Cyclic
Redundancy Check (CRC) code is used. CRC codes are well known in the art. By
replacing the FIRE code with a CRC code, there are a number of bits available for

35 conveying signaling messages.



When mapping on a burst, the mapping is given by the rule: 20
e(B,j)=i(B,j) and e(B,59+j)=i (B,57+) férj=0,1,...,56 and 25 e(B,57)=hl(B)

and e(B, 58)ohuss¢Where e(Bj)'s denote the bits in one burgir/@ogedsil3, )’ s
denote interleaved data bits. The tw bits |abeled hl(B) and hu(B) on

burst nunber B are "stealing flags" used for indication of control channel
signaling. The stealing flags are labeled SB in Figure 2B. 30 Currently,
they are set to "I" for a SACCH. The nethod, according to the present

i nvention, useRederdingmerdatFigre drthg grasedinsror e dansraisgppoéthe SAeEHdat a.

155 o, R0 SR e o BB IR

FI RE code cuié biteaddRCiagiads (witharietabs £228 titshihes FIRE bddeSs asptddeabligh £ dortdd
conveyi ng signaling nmessages. 5 WD 02/ 089376 PCT/1B02/ 01443 Referring now

to Fi gur e GRCende gramyediagr shorgar epiqe deteetipirgods; a8 steprl 1h & Wnebty aadhigs s as

foll . E I M\ | ' ' 40 FI RE
code B t s S RAACEH ok AU Aot bR RIRE R Bl 0 7 O
repl aced wbhvolaticdabrods; at SSERA O dEhioshoateyiedSAECH block évyeneodairwitleh &ct i on

code, at step | 10, A plurality of tail bits 5 are added to the SA bl ock
prior to CABVAIBHAl goda Witk FERnOEEhY cquelEpiptdpngthy for DB A CPERHLO L at

Step 115, sHtenshad snach BACTHARIGGK S BoBeAetdhuihcrolR aseaual ut i onal

code with sane or constrai nt r obtarning a co short ened
SACCH bl oghyrakity oftdemni@bits is msertedwithm the epdddrshotibmadkS A GECHrHlecky et stepyE30. 456

bits,, a urality of .d its is jnserted within the coded.shaqgrtened
2ol ot ol lopk sttt e b B B st o] Setdctat iy SBRe o 1 s

t hen i nt enfj@ay €4 daktd, apstele1fr THY Kirsid bR dAbRAKS B, B2, Bural B4 iatFigkep 140.
The bursts are denoted by Bl, B2, B3 and B4 in Figures 2A-2C. It should be

not ed t halA-hG. firoriddwiots baidhe e leainecim 1495 idepticaldo Brrengdefingtini n
GSM TS 05.03 v.8.6.0 Release 1999. It should also be noted that the insertion of the
dummy bits at step 120 is carried out in such a way that after the interleaving step of 140,

15 they always have the same positions within a SACCH burst. For example, if 40 dummy
bits are inserted within the coded shortened SACCH block at step 130, these dummy bits
occupy the same positions denoted by the bit numbers 47, 49, 51, 53, 55, 60, 62, 64, 66
and 68, as shown in Figure 2B. Finally, at step 150, the dummy bits are replaced by bits
representative of signaling messages for inband signaling on every burst. The signaling

20 message can be a Fast Power Control (FPC) signal, for example.

It should be noted that the 8 bits of the stealing flags (bit numbers 57 and 58 in
Figure 2B) are set to ‘1’ as they are not currently used. These stealing flag bits can be
replaced by bits representative of signaling messages, if so desired. Furthermore, one or
more bits in the encoded block can be deleted or punctured, at step 125, in order to

25 convey inband signaling.

The shorter CRC code that 1is used to replace the 40-bit FIRE code can have 20
bits, for example. Preferably, the length of the CRC code ranges from 12 to 30 bits.
However, it is also possible to use a shorter or longer CRC code. For example, if 10 bits
per burst are needed for inband signaling, and a 20-bit CRC code is used to replace the

30 40-bit fire code, 4 bits have to be deleted or punctured when the constraint length of the



GSM TS 05.03 v.8.6.0 Rel ease 1999. It should al so be noted that the
insertion of the dumry bits at step 120 is carried out in such a way that
af ter thewig¥mgdeavi ng step of 140, 15 they al ways have t he13@iBoResi tions
Wi thin a SACCH burst. For exanple, if 40 dummy bits are inserted within

t he coded shortened SACCH bl ock at step 130, these dummy bits occupy the
sane positions denoted by the bit nunbers 47, 49, 51, 53, 55, 60, 62, 64,
66 and 68, as shown in Figure 2B. Finally, at step 150, the dummy bits are
repl aced lwpniilugonat egrteds srvreased/@raph Sditghtal 7 itp andstcatng flhgy arembmgdsi gnal i ng

on every burst.. The,signaling. 20 e .can .be a Fast Power ntrol (FPQ
orgnat .t obecaiginglyian hithBerstltirs SR ROTRGe ek R Bob Tepsare trsTorSal | ng
flags (bit nunbers 57 and 58 in Figure 2B) are set to 'l as they are not

currently used. These stealing flag bits can be éfeéjl aced by bits
represent at i ve inthesshgrienddrispGeHddesds; if so ddi2ed04rustepddfbre, one or

more hRits in the.encoded, bl ock | et ed, Qr -pynect d, step 125, in
order%!to 25 coﬁ{}gﬁy?%%ﬁﬁ%aéqr%33$5%ﬁﬁg)cgho?%og?%C%@ch((rﬁgeptlkllgi is used to
repl ace the 404iRiHe JodREbwerte can have 20 bi tH,0xbe420exa@Rba20Pr ef erabl y,

the length of the CRC code ranges from 12 to 30 bits. However, it is also
possi bl e to uséntheshpeesd eoded Blogkr CRC code.420ct=4d%anpisep 126) 10 bits per

burst are needqlig{egl{j?&ipg&iggdeﬁg)gg@.i ng, and a%@—%ﬁ;ﬁg{sfe‘egqujs used to

repl ace the 30 I're code, 4 bits have punct ur ed
when the constraint length of the 6 WO 02/089376 PCT/1B02/ 01443

convol utignal code |s increased (fromb5 bits) to 7 bits and steali fl ags
are nidt udde nunket Ritsgithe infegleatesitlack afersiepd 4 and B the sepippileqk aiter

various stensspli€aRs45Q! |ows: in the shortened SACCH bl ock: 184+20=204
(step I 10) "5 in the nodified shortened SACCH bl ock: 204+6=210 (step 115)
in the coded blAmither23@mpledid( 2 (bits ppr a6 are needefl dorpubatdrigthliogced apl18ek:

420-4=416 (. 125 in th i fied d bl . 416+40=45 t 130) 10
The nunbeIGrGiePas ssidie oAty Me-Ared BRoRe 1 Bl nestefp AP ucs Hobhe
repl aced hhO&dnsBhihElength of the convolutional code is increased to 7 bits and both stealing

15 flags are used. The number of bits are as.follows:

in the shortened SACCH block : 184+18=202 (step 110)
in the modified shortened SACCH block :  202+6=208 (step 115)
in the coded block: 208x2=416 (step 120)
20 in the punctured coded block: 416-0=416  (step 125)
in the modified coded block: 416+40=456 (step 130)

The number of bits in the interleaved block after step 140 and in the replaced block after
step 150 remains unchanged.

25 It should be noted that the number of bits in the modified coded block after step
130 is 456, identical to the number of bits in the original SACCH block, which carries
184 information bits, 40 FIRE code bits and 4 tail bits. Thus, the same interleaver can be
used to rearrange the bits at step 140. Furthermore, it is preferable to increase the
constraint length in order to maintain the block error rate performance (BLER) as well as

30 the error detection performances. Thus, in the two examples described above, the



step 150 is also 456. Another exanple: if 12 bits per burst are needed for
i nband signaling, and an 18- bit CRC code is used to replace the 40-bit
fire codewgwgyirgneeds to be punctured when the constraipg/igeyaiss of the
convol utional code is increased to 7 bits and both stealing 15 flags are
used. The nunber of bits are as follows: in the shortened SACCH bl ock:
184+18=202 (step 110) in the nodified shortened SACCH bl ock: 202+6=208
(step 115) in the coded bl ock: 208x2=416 (step 120) 20 in the punctured
coded bl ocknstzpig-leneill B inereensd T05) 5 t¢ 7 bitheHowgién, the covsteadntiergih camie +40=456

(step 130é The .number . its in the inter ed block after step 140 and
b Che T enpRee i i et gty UK REN I RaRei 485ed Shoul'd be
noted that the THeph@knOhvdition, A9ddsbebetadicbhjabctéati@iih Pihek 1 Ak kitedtep 130
is 456, identical to the nunmber of bits in the original SACCH bl ock, which
carries parcduredoheanvenngithesS AGEHIEssago o thsitransmgide. (e pregedyre ofibs, t he
sane %nteq&%%%g&kﬁggsﬁgb“%sed to rearrange the bits at step 140.
Furthérnore, 1t 1s preferable to increase the constraint length in order

to maintain the Reactke &iband sigailénger therfixed @ositiGhddd) caeh SWaCCH darsBGvlid€iner r or
detection performances, Thus, in the two exanpl es_described abqve,. the

7
WO 02/ 089 3P esetigns prdndpithe zeplacsd s bity addhe ppssible stealmedytsrand gditiogal7

bits. Howeyel, difigisconstraint length can be longer than 7 bits if further
i mpr ovenent J? the BLER i s necessary or desired. The present invention, as
descri bed i n cofasintdrieave thictdy6 bty bieekd; ands rel ated to procedure for

conveyi ng the SACCH.nes the transmit side. The procedure of the 5
receiNe side i§%§§°¢%§F§§gﬁ:§ ihoutf ¥£6ﬁaling on the fixed
positions on each SACCH burst, wherein the positions include the replaced

dummy bits and the possible stealing bits and additional punctured bits;
Thus, although the invention has been described with respect to a preferred

embodiment thereof, it will be understood by those skilled in the art that the foregoing
and various other changes, omissions and deviations in the form and detail thereof may be

15 made without departing from the spirit and scope of this invention.



- De-interleave the 456 bits bl ocks; and 10 - Decode the SACCH bl ock
w t hout the dummy bits. Thus, although the invention has been descri bed

W th respagiodogosspreferred enbodinent thereof, it wll henmdesaipod by
those skilled in the art that the foregoing and various other changes,

om ssions and deviations in the formand detail thereof nay be 15 nade

W t hout departing fromthe spirit and scope of this invention. 8 WO

02/ 089376 PCT/1B02/ 01443 What is clainmed is: | A nethod of signaling
nmessages b¥hatsenlaamedisi | e stati on and a base transceiver station in a

t el ecommuni cati ons network using a control channel in air-interface for 5
carrying information in bl ocks, wherein each bl ock contains the carried

information andy ﬁletﬁcjdroef{s%]@%ﬁﬁé e EChdtRBLISERBIE SBHGPIR DBKEBAndeeler St

nunber of bits. said nmethod <characterized by substituting the first error
corr ect i orstaioneu g itegdeconpdunicatiank eetywark ksing aivontrglehomat] i sir-orterdatecfor i on code
havi ng. a second .nunber of hits spaller n.the first nunper. for. 10

obt a1 1 ng AT E ERBRe Bty M igen prhPRek e Sams bt s e huriatop gpd a
transm ssime erfftdoRbafdnNtittdction tH&S hdvidSa fiftk Buber TPk, fART he@bdt he avail abl e
bits, wherein the finther bits are indicative of the nessages to be

si gnal ed ishesgerizedhey nobi | e station and the base station. 15 2. The nethod

of claim1, furt char a rized by . .applyi a_convol.ution code to the
ohort enad bl ook PSR FrtGF LotteiBR Rt i Bt R YR Mh Bt £ S8RAL g "t e
further bidn®ridsleatidnedahavingl secdtidifiimber off bigs sRiled thaafthe it fmmdberd fof t her
characterized by 20 inserti ngL a plurality of dum"rg_ bits into at | east part
of thk) avabfaming aisherened blopk haygeapluragist efavailghle bits foi tigpangEpad bi t

| ocati ons for i F D8 efoiedid A ¢ r E e, in
the nodified cggée%ﬁ% oC eﬁ]?lﬁlmglﬁg ?tﬁ%éffgggf‘?‘é%%%aﬁé%ﬁ b@g%%ﬂ;;ﬂﬁl ng ég#@
i nt er | eaveitke tdoakive ofitha inmdsseget ebasi gimteddbdtweemthe mottileatation tand tedias®ns

station.

15 2. The method of claim 1, further characterized by
applying a convolutional code to the shortened block for obtaining a coded

shortened block prior to placing the further bits into the available bits.

3. The method of claim 2, further characterized by
20 inserting a plurality of dummy bits into at least part of the available bits in the
coded shortened block in pre-defined bit locations for obtaining a modified coded block;
rearranging the bits in the modified coded block in an interleaving manner for
obtaining an interleaved block containing the dummy bits in further bit locations
determinable from the pre-defined bit locations; and

25 replacing the dummy bits in the interleaved block with the further bits.

4. The method of claim 3, characterized in that the control channel comprises a slow

associated control channel (SACCH).

30 5. The method of claim 4, characterized in that the interleaved block is partitioned
into a plurality of further blocks, and each further block is mapped onto a SACCH burst



determ nable fromthe pre-defined bit |ocations; and 25 repl acing the dumy
bits in the interleaved block with the ffirther bits. 4. The nethod of

claim 3, glpnagdeEi zed in that the control channel conpri Sfs/@BoshQYS
associ ated control channel (SACCH). 30 5. The nethod of claim4,

characterized in that the interleaved block is partitioned into a
plurality of ftuther blocks, and each further block is napped onto a SACCH
burst 9 WD 02/089376 PCT/1B02/ 01443 <containing a plurality of stealing

fl ags, andowhenes aplnadityofistgalivig Saga) amdshdramahd tensyrbits aposisthaenthewamki n
each SACCH bJ,fl.rst. % Thﬁ 2@@9@ of claim2, characterized in that the
convol ut | dRsitiopyEhineagh § BiSVol uti onal code. 7. The method of claim 6,
characterized in that the convolutional code has a constraint |length of 7
bits. 10 8. The nethod of claim 1, characterized in that the first error

correct i orfl. det eldteimethod otidains 2 achiMctanded mriiat the cemobintbnel ¢ade isletect i on code
is a clic reldﬁlndainca/ check (CRC) code. 9. The nethod of claim1,

char act er 2B PN E S he second nunmber of bits ranges 15 from 12 to 30.
10. The method of claim1l, characterized in that the nessages include a
fast power control signal. 20 11. The nethod of claimb5, further

char act eriZzed Bhhegneibedipf elginphccheraciasized i that the cenvelusmaalragdahes af or

conveyi ng t The method of claim5, characterized in that
t he steal i°r?§§‘¥¥§3§ﬁ@r§§f3§§%ed, .and the unused stealing flags in the SACCH

burst can be used for conveying the nessages. 25 13. The nmethod of claim 2,

further characterized by adjusting the |ength of the shortened bl ock with
tail Hits 8pri orThegngthed g_f)'apl}iql hgc})@factenzed in that the first error correction/detection

code is a FIRE code and the second error detection code is a cyclic redundancy check
(CRC) code.

9. The method of claim 1, characterized in that the second number of bits ranges
15  from 12 to 30.

10.  The method of claim 1, characterized in that the messages include a fast power

control signal.

20 11.  The method of claim 5, further characterized by

puncturing one or more bits in the SACCH burst for conveying the messages.

12.  The method of claim 5, characterized in that the stealing flags are unused, and the
unused stealing flags in the SACCH burst can be used for conveying the messages.
25
13.  The method of claim 2, further characterized by
adjusting the length of the shortened block with tail bits prior to the applying of

the convolutional code to the shortened block.

30 14.  The method of claim 7, further characterized by

10



t he convol utional code to the shortened bl ock. 30 14. The method of claim
7, further characterized by 10 WO 02/089376 PCT/I1B02/ 01443 adjusting the
| engt h of wig@/eeded shortened bl ock to accommopdat e t he congtm@osbiasad ength
prior to the inserting of the dumry bits into the coded shortened bl ock.

15. The nmethod of claim3, characterized in that the SACCH bl ock contai ni ng
the 5 carried information and the first error correction/detection code

al so contains a plurality of tail bits, resulting in a first total nunber
of bits, and whdjusting tHedemgill of theadtodatiddrtbhatciioclc tordcaommodatedlocmhstrainal
nunber of bits equal tpo the first total. nunber. 16, The thod of claim 3,
char act er i\ PRk thdhe ’trﬁ%‘)ué‘gﬁigmetﬂu?%{m%’@&éﬁﬁesco ewortf’é‘gﬁ@ﬁ | uti onal code
having a constraint |length, said nethod further characterized by adjusting
the length of the shortened block with tail bits prior to the applying of

t he convolldt i orfdie methied otclaine3 sheracteniged inl thatikhe SACCHIplosk icngtainireg thoded

shortened block to acco at.e .the constraj,nt lLength prior,to the..

nser 0 ng COTRHBCGIRG B4 6 FR GPER TRt B ol oS ORRAPHAIRG n « he
SACCH 15 J7kgriitss pirtiRingSn b TRstGatal nefbdr oF 8ftshnl Yherdih thefhé@itie@E6d¥d block
correction/detection code, and further contains a plurality of further tail

bits, resoniamg ajsgoend totad pumber! bifgwhes! totherfirsitotahnambether ei n t he nodi fi ed
coded bl ock contains a second total nunber of bits equal to the first
total nunber. 20 17. The nmethod of claim 15, characterized in that an
interl eaver. i s Theefethéd bLARMABIMardcteeiz&NaCGhatthe eénvddutiongl édde i a /st t ot al
nunber of bits for transm ssion, and said .interleaver is also used to

r ear rhge copwlpienal cede hayiner emseaint lspgthy spd picthoddirthergharpgieriged bivd of
claim16, char ] L I r i P : 25 the
SACCH bl ock ha\%lﬁ g{ﬂtl‘%mggflﬁ%{l B?{ohtegﬁo#t}%gy}&%%}f *ﬁ‘? Hfll%?)glf % g’n@r‘éﬁ %l?g%,%fand

sai d i nt eéhd emwelutionaladogle tauthedhortenecd diackngel t he nodi fi ed coded bl ock for

transm ssion. 19. A t ho f signal. nessages, befween a. npbil e station
and a base tr ar?gli’éfl’@gﬁle cgﬁg&l&qteﬁﬁ?’éloglg]ﬁoe{cg }ﬂdé‘éi’ttf‘%ﬁ%nsﬁé‘c’\%n%ﬂ{@q{éo a
sl ow assogh@fgdingBF ffel queRPBRY into the coded shortened block, and wherein the SACCH

15 block contains the carried information, the first error correction/detection code, and

further contains a plurality of further tail bits, resulting in a first total number of bits, and
wherein the modified coded block contains a second total number of bits equal to the first

total number.

20 17.  The method of claim 15, characterized in that an interleaver is used to rearrange
the SACCH block having the first total number of bits for transmission, and said

interleaver is also used to rearrange the modified coded block for transmission.

18.  The method of claim 16, characterized in that an interleaver is used to rearrange
25 the SACCH block having the first total number of bits for transmission, and said

interleaver is also used to rearrange the modified coded block for transmission.
19. A method of signaling messages between a mobile station and a base transceiver

station in a telecommunications network using a slow associated control channel

30 (SACCH) for carrying information in blocks, wherein each block contains the carried

11



30 (SACCH) for carrying information in bl ocks, wherein each bl ock contains
the carried WO 02/089376 PCT/1B02/ 01443 information and a first error
correcti oWgEelgeizkon code having a first nunber of bits, saithgoyeishd
characterized by replacing the first error correction/detection code in the
block wwth a second error detection code having a second nunber of bits
smal l er than the first nunber for obtaining 5 a shortened bl ock; applying
a convolutional code to the shortened bl ock for obtaining a coded

shor t ened iddbou#tion ander firstigrrar golractidn/deteation dnderiraving s first nombhleo ndeshid

short ened b|Q§G;in Fre-ggfined bit | ocations for obtaining a nodified
coded bl o&ethodrhagacterizad b¥g the bits in the nodified coded bl ock in an

i nterleaving ”?ém&ﬁné e GRS RbAECHRRY/ dcBbh 883ER i Bk GRlAlRbRbetde
dummy bits in further bit |ocations determnable fromthe pre-defined bit

| ocat i ons detaditon epgledeivimg a seeorfLmmybdpiof bits smalter thamnt the [fiesh methblt foc lobtairtihg bi t s

i ndicative gf thgb ssages to be signal ed between the nobile station and
the base APTHTIPIK50 “The nmethod of claim 19, characterized in that the
convol utional GasIgiIRasScEhvoR@iBhil0as td BB GhdrientabthoREbNGSlathitigtd ®ded
characterized by adjusting the length of the shortened block with tail bits
prior to sheteasgbldcky of the convol utional code to the shortened bl ock;

d dj ing t, ded.. sh . bl b h [ | h
orior to the  FeniHLERT REMGERTD T L b RO0E bt RRE) bR Bs o

21. An appanédatisné for obtgiiag b dbdiksbagies birkyveen a nobile station and a base
transcei ver station in a tel ecommuni cations network using a control channel

in aild- 25 int &earrpeinedhe bidy inthegodiiegioeded Bleck i #1 wéstlpavige apaangr ©5ch bl ock
al Nt ey ) . . _ o e
contal ns toﬁﬁnﬁx?g .gulé ﬁﬂ%%%,gg&r ﬂiggk g{;i%tglﬂﬁlglh% hﬁ%%lagél{s% M&%ﬁ 1b@fLget ection

code having a ratus characterized by
determinable from the pre-defined bit locations; and

replacing the dummy bits in the interleaved block with bits indicative of the

messages to be signaled between the mobile station and the base station.

15
20. The method of claim 19, characterized in that the convolutional code has a
contraint length, said method further characterized by
adjusting the length of the shortened block with tail bits prior to the applying of
the convolutional code to the shortened block; and
20 adjusting the coded shortened block based on the constraint length prior to the

mserting of the dummy bits into the coded shortened block.

21.  An apparatus for signaling messages between a mobile station and a base
transceiver station in a telecommunications network using a control channel in air-

25 interface for carrying information in blocks, wherein each block contains the carried
information and a first error correction/detection code having a first number of bits, said
apparatus characterized by

means for substituting the first error correction/detection code in the block with a
second error detection code having a second number of bits smaller than the first number

30 for obtaining a shortened block having a length;

12



means for substituting the first error correction/detection code in the
block wwth a second error detection code having a second nunber of bits
smal | er tQ{ayvatoges7Ei rst nunber 30 for obtaining a shortenagiagaskspvi ng a
| ength; 12 WD 02/ 089376 PCT/1B02/ 01443 neans for adjusting the | ength of
the shortened block with tail bits for obtaining a nodified shortened

bl ock; neans for applying a convolutional code to the nodified shortened
bl ock for obtaining a coded shortened bl ock; 5 nmeans for inserting a
plurality of duneansiborasljisting theHengtb o€ thesshortemadddodyl witk tailbitsdoeohteiningd bi t
| ocati ons fqﬁg§$tai iqghg nodi fi ed coded bl ock; means for rearranging the
bits in tHg° Fhosem &bl ock in an interleaving manner for obtaining
an interl eaved b6 oCpplydhdh BEhvoRRidAHTEBA b te thédifisd tilefentd block @sat i ons.
determ nabl e fromthe pre-defined bit l[ocations; and 10 nmeans for replacing
t he durmy dbiaiging g cofed shertenédblodd bl ock with bits indicative of the

nmessages to be _signal ed between the bile.stati and .t he ba station.

2o SThe: appar atUEBRoCnsr I P pR AP 1t dblotRe 8RRl gk th

adj ust i ng prévdefigsiginloohtidnl ocsiigdinghanbdined cbdgdaoo; t h farther bits prior
15 to inserting the dummy bits into said coded shortened bl ock. 23. The

appar atus of clTagans 5ar reamanging e bitein the madified ended blackdn ag heriravings a sl ow
assocl at eqnaﬁﬂl@f fo? lob&%ﬁggﬂl 1&%%%3 blotB containing the dummy bits in further bit

locations determinable from the pre-defined bit locations; and

10 means for replacing the dummy bits in the interleaved block with bits indicative of

the messages to be signaled between the mobile station and the base station.
22.  The apparatus of claim 21, further characterized by
means for adjusting the length of the coded shortened block with further bits prior

15 to inserting the dummy bits into said coded shortened block.

23.  The apparatus of claim 21, characterized in that the control channel is a slow

associated control channel (SACCH).
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