METHOD OF TRANSM TTI NG SI GNALI NG MESSAGES | N A MOBI LE TELE | CATI
NETWORK Field of the Invention 5 The present invention relates*g ﬁé%b]ﬁ@glo
a nmethod for transmtting signaling nessages _between a base transceiver
station and a nobile station and, nore particularly, to inband signaling.
Background of the Invention 10 During voice and data transm ssion,
signaling nessages are al so conveyed over the air interface in addition to
user data. Signaling nmessages allow the network and the nobile station to

di scuss the managenent of inportance issues, such as resources and

handovers. Wen tYETHQD;QF JRANSNITIING SIGHARING JEESSAGESar ri ed t hr ough
the Associated CIAtAMNMOBIMNEEEECOMUNICATIONS AEBWGQREdD Cont r ol
Channel (SACCH) 15 is used for non-urgent procedures - mainly for the

" transm sEiebhofithe lmgthdomeasur enent  dat a needed for handover decisions on a

dedi Sat ed phyj,’hcal subchannel . The SACCH has the particularity that
cont Pnuous t r aAS ASSEH opy eptien redates genermllyge g masthed fardraesmitting sigadisg i s

" actually b ' . hannels (3GPP TS 43.051
Vel 100 YIRS Eaba iR AR LEHOR P ARbUE APRAE ot SRR | one
Syst em ( Rhabandsijmalin@. Mobi | e Radi o I nterface Layer 3 Specification, Radio

Resource Control Protocol"” (GSM 04.18 v8.8.0 Rel ease 1999), each SACCH
bl ock conveys: 1) one physical |ayer header of two octets (the physical

| ayer | npharmiis & theBvelfsPeer protocol for the control of timng advance
and power conirol a e operation on dedicated physical sub-channels, and

2) 18ne Layer Drrifg anisc afid @dta auhehissiof signaling thesSACCH ddlartonvepidaives 184
inforrrath}%r]d‘blings 25 \ﬁgﬁln a} 40- %t FI.RE code and a_4-bjt tail section are
added t o IHE PIFFBrHER 3G o esendate. Hprrlinedpesagssllariie notwost el that t er t he
bl ock cogbils sfeRtRtsNsS thedn e GRAKIrihbORalce i%ﬁ%.‘? sg&i’ "i"éfo‘h? s

S CCﬁ Block” “cont ai ns

constraint length is 5) and interleaved, the code
456 bi t shandleversr When tratfisds ohgongesignating mesiipes s, caselthafughithech cont ai ns

L B TS0 OB LS M RRRS ot QAR
1999%.  is used for non-urgent procedures - mainly for the transmission of radio measurement

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 subchaunels (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 % 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 aresetto“1” (GSM TS 05.03 v8.6.1 Release 1999).




| 07 OCT 2005 It has been proposed that a fixed anmount of bits qy? QéTeﬂﬁ5y
SACCH burst is punctured in order to convey sone signaling nessages at a
rate of once every 120ns. However, such puncturing decreases the |ink
level performance of the SACCH It is advantageous and desirable to provide
a nmethod of inband signaling using the 5 SACCH wi thout decreasing the |ink
| evel perfornmance of the SACCH Summary of the Invention As nentioned
earlier, the SACCH bl ock of 184 information bits are linked with a 40-bit

FI RE codgt f£rbe@h by ' Lan. had,. according to
the 10 present igvgﬁtgﬁﬂ;\l,gp%ﬁgéheag o¥ %Eglﬁ%wgl"%fﬁ%gg‘tewgﬂsaﬁ‘?e‘h

corr ect i & ol ialenyey sams signalsipntencd\at hirgte BEdudaney 1 2has KHO6#EGr, Code is
used. By _gpl acin tcre 40-Dbjt Fl FE code with a shorter CRC code, there
woul d b SIS PG decrenes thefink |yl ertiosmgnse ohe BASIGEL for i nband

~signaling. Acapisdigosty; .hbﬁncpa&aﬁﬂ%- ' | v Lhod Of
signal i ng nessages 15 %egt ween a no itingi’cg?«%%?gﬁﬂfgﬁ&; a Baseay 'éséﬁ]g/gﬁf
st at Pon iSAGCCHeVidwwbremeasiatg the fink dswebpéeforiimhagofthe SNCOH. channel in

air-interface for carrying information in bl ocks, wherein each block

contains the carried information, and a first error correction/detection
code havi@@@%ﬁdﬂﬂﬁ}nﬂéﬁﬂ&r of bits. The nmethod is characterized by
substituting the first error correction/detection code in the block with a
second 20 er rést mgeticest icarlict,dbieS AR bloak s t&h thitwmdtion tifs abd Eskedrwit] £r t han
the firstyn fo obtai ning.a shortened bl gck; applying a convol uti onal
code to ti rqtram sﬁﬁ' op‘:t %%Jee(fob?%%ri@q@?n% ‘Eﬁt?‘r"ém&- g‘bﬁ@dne@ﬂ rACePEEEP Has ;
i nsaot i ngresep invaltdnyinefead B FRMPIHFIRBL DAL B &RA sﬁig%% i in
pre-defined 25 bit ?_Iocat i ons f%r obt ai ning a rm%ﬁ??ée\g{%o e tf%hglg’kka
r ear r angPRgreHeydbic e durdanag Ghod (GRQ) culddsingsido dky ieplaging the 40-bitAIREg manner
for oDt 3b8l RendLnbRbACREALAE REIWouTPRE B B 15 AT B bk Rvaiiabie "
for inband signaling.
Accordingly, the present invention provides 2 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 2 second
20 error dete;ction code having a second number of bits smaller than the first number for
obtaining a shortened block;

applymg 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  bitlocations 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).




determ nable fromthe pre-defined bit |ocations; and replacingnaﬁe gynqﬁ%
bits in the interleaved block with bits indicative of the 30 .ss& ds 6
be signal ed between the nobile station and the base station. Preferably,
the control channel is a slow associated control channel (SACCH). z 07 OCT
2005 Furthernore, the interleaved block is partitioned into 4 bl ocks, and
each block is mapped onto a SACCH burst containing two bits of stealing
flags. Preferably, the dummy bits al ways have the sane positions wthin
each SACCH burst. 5 Preferably, the convolutional code is a''' Arate
convol uti onal mereethernistlgaved binckrispirtiyiondd inti 4 blocks aad eacidsledk #0 t he

SACCH bl i ‘ ' the convol utipnal..code to the shortened

bl ock. Tﬁggpﬁgggﬁotélgﬁven ?%ﬂr%g%uﬂtﬁmjﬁlg@gﬁbﬁéﬁgﬁ?% fﬂ"&%ﬂ readi ng the

description t dkeferibiy, thoRimAGIHGAIWhYshakl G Bmb-podiioR %’%ﬁﬁ@ Qfd-lgn of
met hod of 11

t he Draw ngs Figure 1 is a flowchart illustrating the and
signalind’, tcording to the present invention. Figure 2Ais the first part

f bl'e showj | at f bits..i 15 SACCH bur st .
P gure 28 15 theeab bl cRBheRRe s & RSP r H BpSe. ocati ons. of
dunmy bits i rPrefeSAGOH glirsity offfald bite 2R GdSd id18e KATICID Bf&ck%%kbg%@hkg de to

showi ng the bit. locations of dumy bits in a SACCH burst.
Carry Out®§ FRvPIRiongl code te theshomencdibleslia to add to user data some redundant

i nformation cafyeyal-R0inERBn will become apparent upon reading the description taken in

conjunction with Figure 1.

G

10

Brief Description of the Drawines

Figure lis a ﬂqw 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 bits in a
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 Qut 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 fo
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), 4(1), d(183). The block of 184 information bits is protected by 40 extra bits




the user data in a coding process in order to detect the presenqﬂomzeir PSS
in areceiver. In dobal Systemfor Mbile Conmunication (GSM, ™ a

convol utional 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 bitstreamonto a nunber of bursts.
Interleaving is used to prevent conplete loss of the transmtted data when

a whol e d I s.cahrupt.ed. R i A‘():CH, when t he user ta is __

del i ver egégé%%%emém%%ﬂg?&f%?a@ﬁ%%etﬁgl% 15 ling .2 ghoartenedbiganyiavelied on a
bur st mdﬁeﬁaﬂimgo@et)ﬁligﬂ%dhg g&rﬁﬁrﬂ&%éﬁ{a@:r mation bits: d(0), d(l), ...
d(183). The block of 184 information"bits is protected by 40 extra bits 0 7
OCT 2005 2005 5 against errors. These bits are added to the 184 bits
according to a shoef®@me@ bitid¥gD'¢ydi+ 1) code (FI RE code) using the
genebator polynonial: g(d) _ (D23 + 1)*(D17 +D 3+ 1) where D's are the data

synmbol s dhbiedErsede tie ddiesyemssis dalvered o thd BecRIMgOgiing of the cyclic code is
performed in a systematic formas shown in the ™ polynom al below 10
d(0) D223 + d( Theepding of the cylic @@ DxperfpEyiia 8 systematic-fopn3s svwn p{ B8) 15

where {p Rial ., p(39)} are the parity bits, when divided by g(D)
yi el ds aﬁ@ nal nd]}é?lo“r:equal to: 1+D+D2+...+D39 Furthernore, four tail bits

equal to O are added to the information and parity bits, 20 the result

bei bl ock of 23RNbPRs- @M k) = & O K158 1,1 030 k) =
pCke388) for ke 184 g5, - ABMTLE). . HUSHIO HuD D+ L+ pED VRN )

where {p(0), p(1), ..., p(39)} are the parity bits, when divided by g(D} vields a remainder

equal to:

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

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

u(k) = d(k) fork=0,1,...,183
0s u(k) =pk-184) fork=184, 185, ...,223
uk)=0 fork =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), c(1), ..., c(455)} defined by:
o(2k)  =u(k)+u(k-3) + u(k-4)
40 c(Zk+1) =u(k) +u(k-1) + uk-3) + uk-4) fork=0,1,...,227; u(k) =0

fork<0




u(k) = 0 for k = 224, 225, 226, 227 (tail bits) This bl ock of 62g ils. s
encoded with the V2 rate convol utional code defined by the 304poIy brifhh s
35 V=1+D3+D4 Gl=1+D+D3+D4 This results in a block of 456 coded bits:
{c(0), c(1), ..., c(455)) defined by. c(2k) = u(k) + u(k-3) + u(k-4) 40 for
k < 0 c(2k+1) =u(k) + u(k 1) + u(k-3) + u(k-4) fork =0, 1, ..., 227; u(k)
= 0 07 OCT 2005 The coded bits are reordered and interl eaved according to
the following rule: 5i(B, j) = c(n,k) for k =0, 1, ..., 455 noO,

1., ..,N N1, BBo+4n+(knmod4) | = 2((49k) nod 57) + ((k nod 8) div 4) 10
where B is used for nunbering the bursts or block and Bo marks the first
burst or block <carrying bits fromthe data block with n=0, which is the
first datkhesiodedbitharemeordered nadimsail@ved Tberdiag b thedblidbmgars dering of bits
can be seen fromthe evaluation of the bit nunber- index j, distributing

t he §§6 bits over 4 blocks on even nunbered bits and 4 bl ocks on odd 15
nunbered bits. The FIUFtmb) 4ob) okkD. dr e ISt by putting bl ocks with even
" nunbered bits and bl ocks with odd mtrthdr.ed, Hi N1t oget her into one bl ock.
The bl ock of coded data is interl| eBveB,+dhactk megtipngul ar” where a new dat a

bl ock starts every 4a' block and jszqiﬂisk)r:hb&lw}jﬂ)ﬁk%o&lg iQals. Wen
mappi ng on a burst, the mapping is given by the rule: 20 e(B; j) =1i(B, j)

and 16( B, vaRt¢ B isubddBor Bltibdrid@ihe bufstLor Block and BASa®?%he first burst or block
carrying bits from the data block with n=0, which is the first data block in the
transmission. 7
The result of the reordering of bits can be seen from the evaluation of the bit mumber-
index j, distributing the 456 bits over 4 blocks on even numbered bits and 4 blocks on odd
15 pumbered 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,)=1(B,j) and e(B, 59+)=i(B, 57+) forj=0,1, ..., 56

and
25 eB,57) =hiB) and ¢(B, 58)=hu(B)

where e(B,j)’s denote the bits in one burst and 1(B.J)’s denote interleaved data bits. The

two bits labeled hi(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. -




25 e(B, 57) = hl(B) and e(B, 58) = hu(B) where e(B,j)'s denote tﬁ?‘ LS L0
one burst and i (Bj)'s denote interleaved data bits. The two bits il | deid
hl (B) and hu(B) on burst nunber B are "stealing flags" used for indication
of control channel signaling. The stealing flags are | abeled SB in Figure
2B. 30 Currently, they are set to "I" for a SACCH The nethod, 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 CheRferiDR@ovwcodagine 1yrtpro6iores il 8% BaRmisidn dNAYBAICT he art.
By replaci nggt.he g(h@ggﬁ(r:%de with a CRC code, there are a nunber of bits

avai | abl ™58 ¢ §T Y aA HgHhledkgpatnining 18¢mipoosiddsits; 46 KIRBow t o
Fi gure 1,colb8itp R fQfiant r .85 gN t he SA age is as
fol l ovs. For ever y@%g\f(%t_sl (g{ltgc{t%}}%ﬁ? g?éfnjﬁé %ﬁ‘%ﬁ%ﬁ%ﬁ%ﬁ%ﬁﬁﬁ a%go‘fﬁ‘i’rRE
code bi t £LBfA¢ode omarly dihérshomértdira detictibn 05de2 26stép 1 1. . AtphafilyRE 15088 | S

repl %cedag%t d% S%)Lé. {: Cﬁc code or_any other shorter error detection
code” at %(Ee 19 s % (ELipekpagr to ghe constramt legeth heiepuseddor he SACCH bl ock
prior to cohgolaansd cad i convol uti opal, code, at
step 115. This _shorta%@ﬁrgfjétg\% 'gﬁgcgo#éﬁgr%gﬁd%%%?\?ctkﬁsgn edgvdﬁ\ﬂ)(’ut i onal
code wi t IfoB¥etional kpdareith sams br hightr donstrhit feasthabi dbtainigy Acsdedosdpat ened

SACCH bl , st.ep, 120 order to keep the block interleaver over 456
bits, a %%Fcu?gltql?@(’ %?S G i?&eﬁtg&F%@"t“%@W@ﬂﬁﬁﬁf IpEerdifckitsshor t ened
SACCH bl alist ofdudin Bis i Wil ' udi bi i's
then int gﬂﬁez;%% and_%eosf.ldsjei?s gg‘ai@nt 0 dg%e;uoag(#(%%og{sehg@s%%bd&?g%ogg’nga{%/stc&lég' 140.
The 1ur stihegyholeblosk snrlidingthe dBmBBita keckhBidliriterlemy gl breoAdraliGntd datshoul d be

e e
: . Ingel ewi thin
nmepocy R bALALAPHTI Bl ol el s i 1 P PUhS g oY, (4
66 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 replacéd“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 stealmg flags (bit numbers 57 and 58 in
Figure 2B) are set to ‘17 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 is 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




and 68, as shown in Figure 2B. Finally, at step 150, the dummy ﬁlfsq,apgﬂ
repl aced by bits representative of signaling nessages for inbafd sig p%g

on every burst. The signaling 20 nessage can be a Fast Power Control (FPC
signal, for exanple. It should be noted that the 8 bits of the stealing
flags (bit nunbers 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 nessages, if so desired. Furthernore, one or

nore bits | 1e _encoded bl oc an he deleted or punctured, at step 125, in
or der tO%EE{;%]%%@(?;C‘?&;%E\H{F%‘F@CEQ%FH3%@%@f dsteahing fgaparemst used- used to
repl ace tAworlindly!th&hitkb&Dite 3N HRAYLCEH 1Bl i vali é;?s’l%é Lekeraply,
the Il ength of the CRC code ranges from 12 toﬁéga{—)l?%ss.ﬁ Wg%g)rﬁ?ggst is also
possi ble to use a shorter or |onger CRC code. For exanple, if 10 bits per

burst are needgd far .in ignaling, and a 20-hit CRC code is used to
repl ace the 3?%—%??3%%%§§gﬂoﬁ(bi ts havelé%zﬁéz%l@feé‘cﬁg} punct ur ed
when 5t he const #ienhodiBe@ibrighed BACUH Blebk200R4690y My Ut (sgadyspode i's
increased (frqmy5 bits%lto 7 bits and stealing flags are"not” used.

Accordingly, @hEefeaedblogk: bits in the SACCHIKZed2( n (smpil@0F steps are as

follows: int | | ock : 184+20=204 (st 1 5in the
modi fi ed shor':ﬁg%%gﬁék%%ﬁgécEL’:GE204+6:210 (é%é%:‘é%) ﬁeS%Ptlﬁg;coded bl ock:
210x2=420 (st epthkaBydifidicdded bdesket ur ed codedfulgquiqsﬁw&eé:lgbf (step 125)

in the nodified coded bl ock: 416+40=456 (step 130) 10 The nuhber of bits in
the interleaved bl ock after step 140 and in the replaced block after step

150 jips ah$@ nfiph 1 b bits r_burst are ded for
i nband sihgfﬁm 'ng, SRR AR foa e S0 e 19@@89%%6@13%%%%@( Bl ¢
fire codetepdo0hs 2lsmésbls t o be punctured when the constraint length of the

convol utional code is i c;siigg to 7 bits and both stealing 15 flags are
used. The nunBBICUST chrpale s {P6T beisare peeded dorinbamdeng iBAGOM dol 16ek

bit CRC code is used to replace the 40-bit fire code, no bit needs to be punctured when

the constraint léngth 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 afier 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




in the nodified shortened SACCH block : in the coded bl ock: 20 LP e oanr
punctured coded bl ock: .in the nodified coded bl ock: 184+18:2023(s§%ﬁ f@@%
202+6=208 (step 115) 208x2=416 (step 120) 416-0=416 (step 125)
416+40=456 (step 130) The nunber of bits in the interl eaved bl ock after
step 140 and in the replaced block after step 150 remai ns unchanged. 25 It
shoul d be noted that the nunber of bits in the nodified coded bl ock after
step 130 is 456, identical to the nunber of bits in the original SACCH
blrock, wiebadtrab@engtis idéidadediRiiBlb abite! Howell TTorkOtif Rhbh A2 Lol

e the

bits. Thys, the sane .interleaver can be used t'o rearrang its at step
140. Fur tPRgeR#ae 7 bifs if Birfhereprabtmentofithe BEERAS nbeessargos Hegfedt | ength in

order to mai ntg| bl ock error rate perfornpance LER), as well as 30 the

error detecti (’)I?lf e&éégggtr%??%g& asl‘ﬁ%f’gflg‘?dﬁmtor?@%ﬁﬂo%%’ 1gredesdelatsddoabove,

the 07 Opfocdfis fopeivenindthd SAQUH inbsidde bR BRCulshRIRiGe { P pdbldive LONEVET
rthe

the constraint |ength can be longer than 7 bits 1f fu I nprovenent of
t he BLERYFSIYFeidesis 36 {ollgwsdesired. The present invention, as described in

conj unction w_t i is related to rocedure fo veyi ng_ t he SACCH
message on the ?Aaa‘ntg?nh%aéﬁi @gaq%O%&'&c%%PgS%Pnﬁﬂ%ea@ é‘%@ » yBerein as
fol | ows: the jJResitibrs lisclidetho geptdc@d FubdSy Bits SPiht by &SbIB Rtk ﬁ?ﬁﬁ CCH
burst, wherein _the positions include the rep:pgce(} gum'rygglﬁig{aan ng‘ﬁ
possi bl e PUREWedRMishi t s and additional punctured bits; - De-interleave the

456 bits. bl Ockﬁe-ﬁ'ﬂéiileweme%ﬁ%%bﬁ&ﬁs-saﬁgo" bl ock wi thout the dummy bits.
: 10 - Decode the SACCH block without the dummy 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.




Thus, although the invention has been described with respect toqa,preferred
enbodi nent thereof, it will be understood by those skilled in t@é?éintaﬁg
the foregoing and various other changes, oni ssions and deviations in the
formand detail thereof may be 15 nmade without departing fromthe spirit
and scope of this invention. 07 OCT 2005 What is clainmed is: 1. A method of
signal i ng nessages between a nobile station and a base transceiver station
in a tel ecommuni cati ons network using a control channel in air-interface
for 5 carrying.infgormation in blocks, wherein each block contains the
carried i %ﬂ%ﬁ?ﬁ&ﬂl§nd a first effort correction/detection code having a
first nunber of bits. said nmethod characterized by substituting the first
error correction/detection code in the block with a second error detection

- code havilng aAseetdiod ofisighslinghedshis iRbded mbhddsthiiéh fid Sbashwahelkipr 10

obt ai ni ng g short?ned bl ock having a plurality of available bits for
transni sSPHRR Uk wlespaynicaligs petyvopk vsing acentsel chaunsl ipair-intaffacetfor avai | abl e

* bitss Whes@yife idtEmbdtiohng b1dd e | ndi [ of -t he nessages.to b
si gnal ed between the Onnhﬁﬂée&é’t%%%e?%ﬁ egﬁgt@%%c%@%@s ﬂ’ﬁ%%iﬁ(%g‘aﬁ?’nﬁ‘ia met hod
of cl ai mitst efror ¢cdresctiondetzcti@r ¢odethabingapfisyinigba oTORY Qali heal code to the

shortenegﬁt}lgack. fq{ obtai ning a coded shortened block prior to placing the

further F#8 Bhe available bits. 3. The method of claim2, further

char act er i zed gfpsti@RinoN8EELS -al bist:;s ;into at | east part

of the available bits St O%cﬁ%ﬁgwgg%%ﬁ%“ﬁt&%E“‘%br%g’%?‘é?‘@é’f‘si“f?é‘ bi t

| ocat i onétrpodetetionicninbaangre didond dunbeedf hikoakalicr fleaihafgt Ramb&gopi tS in

t he di fied.coded bl ock, in,an interl eaving pmanner for obtaining an

i nt eI;GF _ea\(?é%mﬂﬁ%%%%%ﬁ?‘gﬁlr‘?fzﬁgam%a _ Wﬂ?ftaé’_aﬂﬂﬂ? bty fo frapympissigseamidons

deter i nabl e flmeltiendssdebian sy dORELANBIe BAMyAGCIERE pgfle_dumy
er :

bits in the interleaved block with the Rut Its. ne method of claim
3, char agtdpilisgtiveiof thavaessages todwtsigialedimtwedn the mubils emtian ahdthc basc

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. Themethod of clai:_n 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 miterleaving manner for
obtaining an interleaved block containing the dummy bits in further bit locations
deterrninable 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




associ ated control channel (SACCH) . 30 5. The nethod of claim4, o+ 00T 2005
characterized in that the interleaved block is partitioned into Qa VLU
plurality of further bl ocks, and each further block is mapped onto a SACCH
burst 07 OCT 2005 containing a plurality of stealing flags, and wherein the
dummy bits al ways have the same positions within each SACCH burst. 6. The
met hod of claim2, characterized in that the convolutional code is a %2 5
convol utional code. 7. The nethod of claim®6, characterized in that the
convol ut | emnedinie® deLitatyd s stc@liss f1ad f it 8., The, met hod . of
claim1, char acfge?i_zed in thaté?ﬁ%g%?é ?tﬁgltéa?}%%re dcz:lgr r’%@ltt? é%ﬂé{%?%"&ﬁ}%?ﬁm%ode

i s a FI REPOsSBpaEs #adin ¢ash S burstor det ection code is a cyclic redundancy
check (CRC) code. 9. The nmethod of claim 1, characterized in that the
second nunber of bits ranges 15 from 12 to 30. 10. The nethod of claim1,
charact eré.zed The the@bd biPElai® ISaBStdribel : ntraol signal. 20
11. The met hod .of claimb5b, f%’rthertchar'g%itﬂlg?lﬂ%taa%h‘ﬁgﬁﬁﬁé\aétcg ?]ﬁ& /(’)ne or nore
bits 1 n tip8vedntenalisodst for conveyi ng the messages. 12. The nethod 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 nmessages.
25 13, Tie metfiadnehod baiinds, ditdchiized BREAFIR DRGSR AMHSLNO the Tength
of. the shortened block with tail bits prior. to the appﬁ'yi ng o t he

convol ut iSRsraRideReth of ¥ Bisshor t ened bl ock. 30 14. The nethod of claim 7,
further characterized by 10, adjusting the |length of the coded shortened

bt ock to accommobdate the constraint

10 8. The method of claim 1, characterized 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.

e

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




length prior to the inserting of the dummy bits into the coded s ogtgp_.ed _
bl ock. 15. The nmethod of claim3, characterized in that the SA | oek 2005
containing the 5 carried information and the first error :
correction/detection code also contains a plurality of tail bits,
resulting in a first total nunber of bits, and wherein the nodified coded
bl ock contains a second total nunber of bits equal to the first total
nunber. 16. The nethod of claim 3, characterized in that the convol utional

code is a V2 nyolut ional, code, havi n constraint |ength, said nethod
furt hle? char aczfdglrslﬁg%xheb]énl j‘ﬁ%"ﬁ 3@4 ﬁ@\ﬂe@%fbgh’%ﬁo foromgpRslateihie gonstoak Wi t h
tai | bitdeggthoriol @ hbmseRRIIGE Gimmy BRs GAIVA WHERDRMnGRAGILR | e shortened

bl ock; and adjusting the coded shortened ock to accombdate t he
‘constraint length prior to the inserting of the dummy bits into the coded

hor t bl in,t SACCH. . 15 bl ock t ai th i ed
ntormmtiian, ot A BENRIR s dBrdtireti i Bebie S CH dockpmmaing st
cont & ns caupdinfoinado®ind ﬂtetfhﬁrenbﬁhén@h%ﬁldefe%ﬁgﬁ E?%&@ccﬂ:{t&hg gi)m}ﬁ}et%lon q

nunber OI?ﬁbiﬁést and _wherein the nodified code contalns*a s
total nurfi&st BYS: Fispllinggn alfirsidotehauribersif bits,ctnd|whneih ¢he maaified codéeblagt hod of

claim 15, I i hat-.,an interleaver i used to rearrange the
SACCH bl 0¢ Qﬁjas\%’:gr?gé#cﬁggfl ?l{rilélt%ert Cg:tbéﬁg eﬂﬁﬂ%‘é Fheg%[rsbﬁﬁé nP-Hie’E'r ansmi ssi on, and
said interleaver is also used to rearrange the nodified coded bl ock for

transm s\s}i on.s,[]q8§. The et hod _of claim 16, characterized in that an
interl eav@r i sthGdBehed of daim 3 rparacesizedin BACERIchinaditidal bodp ik hes i rst t ot al

nunb@r ofcoli ; S 1.SS] sai d.interleaver i.s al so used to

rearr anggo ﬁ(;elﬁtrlr%ﬂc?lﬂ% (IS({ea cogﬁ&%@%@pﬁ%&t ?aé‘!rlug}ﬁ .erl‘“é‘.af%t%‘ﬁbbi of

si gnal i ng nes sdipstingtitaiength af thelshbeerd Mo Wil thiFhiRasRr k6 ﬁﬁ%?giifﬁ%}of station
C

annel 30

in a tel onmunj cat i onﬁfneﬁ)\é\o{lk usi n%q a sl ow associ ated cont
( SACCH) ?COCPA’PL@IOH@WO & thachoiened biackeaad  wherein each bl ock contains the

carried 11, Oadfdstingf3olibd I rst. error _correctign/ detection
code having a fl rstgnuhber % gl t(ggoglg%d&c#gf[ﬁogﬁ%c 3?3#@9%3@&{)9“0”0
the inserting of the dummy bits 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. ' T

20 17.  The method of claim 15, characierized 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




replacing the first error correction/detection code in the block with a
second error detection code having a second nunber of bits snafllfelitihatls
the first nunber for obtaining 5 a shortened bl ock; applying a

convol utional code to the shortened bl ock for obtaining a coded shortened
bl ock; inserting a plurality of dumy bits into the coded shortened bl ock
in pre-defined bit locations for obtaining a nodified coded bl ock; 10
rearranging the bits in the nodified coded block in an interleaving nmanner
for obt aifohRftichaddy o ; LSt furt her
bit l|ocations deterniﬁE%Fg&ﬁggﬁ$?ﬁ%ﬁ%?g%gggpggﬁ%%gﬁq#ggggﬁg%??bg%ﬁmd

repl aci niadnd chameferisieddyi n the interl eaved bl ock with bits indicative of
the messages tq he ﬁ%%ﬁ%tgd bet ween %?e mobi l e station and the base
station. 15 20°P'§4@e TH OPSPYAT eetection code &t the bipckivitinaseqong error
convol ut iderafiorCQsiR Hi¥ngta seeOR hidl \ t | [ ohtaing
characterized by adj ust‘gﬁsg theﬁliﬁgﬁ%tdﬁgt?%t agagﬂgg%%r% I'glgcﬁtgl}(\%cfw% bits
pri of toashertensgiyodky of the convol utional code to the shortened bl ock;

and 20 adj usti t he coded shortened bl ock based _on the. constraint |ength
prior to the aﬁﬁ?&%%ﬁ‘b“v8?“ti°ﬁ‘§f‘dﬁﬁ§3/tb&589ﬁ?@ﬁ?9¥eg€Bh@aﬂﬁ&ép?@ﬁied bl ock.
21. An appateabdbidcef signaling nessages between a nobile station and a base
transceiver station in a tel ecommunications network using a control channel

in air 25 int ¥SPEME ¢ phuralidy of dwgmiyrifisintetthocoded shbmered bivdkeingirerdefisdd bl ock
cont ai ns G | i.nformati.en, an first error correction/detection
bﬁ Iigcaﬁ?lltzgr is‘ot?%rll)u 1nd a (ﬁ“’ddﬁ?% cocgegl%&ocka

code having a er pparatus characterized by neans

f or 18ubst i t ut reagrafing the Sits mmemmﬁé@w&ammtﬁ%gﬁ%&%%ﬁé?%@ ock

with a second error detection code having a secon Its smaller
than t heOPlepuRe symieieavad blogk contaming thg damampbiteindrthérdsikldeativnsg a | engt h:

12, determinable from the pre-defined bit locations; and

—

yad 4

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

inserting of the dummy bits into the coded shortened hlock.

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  forobtaininga shortened block having a length;

12,




07 OCT 2005 neans for adjusting the |length of the shortened block\%
bits for obtaining a nodified shortened bl ock; neans for applyin@ 00
convol utional code to the nodified shortened block for obtaining a coded
shortened block; 5 neans for inserting a plurality of dummy bits into the
coded shortened block in pre-defined bit |ocations for obtaining a
nodi fi ed coded bl ock; nmeans for rearranging the bits in the nodified coded
block in an interleaving manner for obtaining an interleaved bl ock

contai ning the s.in.further | ocati ons .determ nable fromthe
pre- def i ned blt%locafggﬁﬁ 5%%§ﬁﬂ£§%shqﬁmm Bkﬁ%”ﬂﬁ”@ﬂbﬂaﬁﬁﬁﬁﬁwmngaln t he
interl eamadd:bied@homﬂdﬂm@aé i nd| cative of the nessages to be signal ed

bet ween the nobile statl on and the base station. 22. The apparatus of claim
21, further chEeaRsEF FPRINIDG) copuelstionnl cads testhe ngdifivd shengidd Méckifae coded

shorteneq) j%gg%é”t Q%%F pgﬁw&s prior 15 to inserting the dummy bits

into said ene 23. The apparatus of claim 21,

g EZL ﬂﬁe: It eriz ed mnaﬁd”lﬁt ilsbRingPlnalinycdannghy bis ﬁ1t§ 1HRWod 8P SRHAL LR oSORE T O!
(p %ed bit locations for obtaining a modified coded block;

I"’{
&! 5

L84

means for rearranging the bits in the modified coded block in an interleaving
manner for obtaining an interfeaved block 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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