1 3 September 2004 Transmission system for transmitting a main signal and an auxiliary signal The
present invention relates to a transmission system comprising a transmitter coupled via a
transmission channel to a receiver, said transmitter being arranged for transmitting a main signal and
an auxiliary signal to a receiver, which is arranged foy receiving the main signa§ g@ﬁté&%%%gqry
signal. 5 The present invention also relates to a transmitter and a receiver for use in such a
transmisdiomsyistam Spiteinfentionsfurties aglessignaltradsmissiomryetgod, and a signal. In
transmission systems it is often desired to transmit in addition to a main signal an auxiliary signal. The
main signal can e.g. be a speech signal to be transmitted via a radio link of a mobile telephone
system. The auxiliary signal can be e.g. a control signal for 10 requesting a reconfiguration of a the
receiver to adapt it to a change of the signal it should receive. It is possible to include a special field in
the transmission frame for such auxiliary signal, but this inclusion of a special field in the transmission
frame is very inefficient if the auxiliary signal is rarely used. It is also possible to use a frame structure

which is changed 15 Wheﬂ%the a%ﬁglggeﬁ{ nal rfg,[gst?obettransmmed. Eyeemuggma Mzsipat%ll%grasrrrﬁ? ter
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structure results in a substantial increase of the comp ex?ty ofthe transmissio systems. An object of
the presenupivénion isterprowde Batragismission gystemd aecarding teithrapreambleninravisioltting

above mentioned in?ffic&enca/ and added i:?m Iexitx are avgided. 20 To achieve.sai% oglective, the
. da.main ména and an,auxi la]t”ﬁ signa Irece1ver, wnicn 1S arral%ﬁeg% {HI‘ recelvmﬁt (] am .
transmission system according to the mvention IS characterized In that the transmmter comprises an

encoder §grmaheodithg theitainssggahl in a way described by a coding property, in that the receiver
com%rlses a decoder for&iﬁcodln&%he main signal in a W&X descrltgﬁed %the codln%orro e.rr'gy§ |r1nthat

. . testoat :
the transmitter comprises Coding. propetty Sedtieheig means 1or changing the coding property

according tausspiedetesysined Pheseqeencefdependénton theaixiliaiysigadodrchdathighéhe receiver
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often encogled atnageiensl shaahahsignal sikildie anegdbe ageardingettibto be transmitted via a
radio link of a mobile telephone system. The auxiliary signal can be e.g. a control signal for

10 requesting a reconfiguration of a the receiver to adapt it to a change of the signal it should
receive.

It is possible to include a special field in the transmission frame for such
auxiliary signal, but this inclusion of a special field in the transmission frame is very inefficient
if the auxiliary signal is rarely used. It is also possible to use a frame structure which is changed

15  when the auxiliary signal has to be transmitted. The use a variable frame structure results in a
substantial increase of the complexity of the transmission systems.

An object of the present invention is to provide a transmission system
according to the preamble in which the above mentioned inefficiency and added complexity are
avoided.

20 To achieve said objective, the transmission system according to the invention
is characterized in that the transmitter comprises an encoder for encoding the main signal in a
way described by a coding property, in that the receiver comprises a decoder for decoding the
main signal in a way described by the coding property, in that the transmitter comprises coding
property sequencing means for changing the coding property according to a predetermined

25 sequence dependent on the auxiliary signal, and in that the receiver comprises a sequence
detector for detecting said predetermined sequence in the coding property.

In the transmission system according to the invention use is made of the fact

that the main signal is often encoded. In general the main signal will be encoded according to a



2 3 September 2004 source coding scheme in order to reduce its bitrate, and/or to a channel
encoding scheme to enable reliable transmission of the main signal over the transmission channel.
The source coding scheme can involve the use of CELP coding for a speech signal, and the source
coding can involve the use of error correcting codes,such as a convolutional cjogl%tg Ber 200

Reed-Solomon block 5 code. The coding property can be the output bitrate of a speech encoder, or
the rate ebarcemodohgtishaimeniocdder lie sahectitarigmitsiandgyste mshaheet odindipeopdamesn be
changed qine fhui iesRaANd toi.¢hR0aeiR e apacihof e ransmissian chansl, This gapaciy
of the transmission channel can change due to”a increased or decreased signal strength and/o
interferenckerecenrethidne theadio dink EbPdieltagfiore spetedss gmbestibhof @itransidisgicm 10 network
such as fye ernet, By chanaing e coding RioRerty, by upess.Acearding. @ a predeiermined
sequence, It'Is possﬁsﬁe {o transmit the auxi lary S|gna?tot e received without reserving extra space in
the framewsteudiur e atihapiogdoyuss b dryiogfre e stewdta spedrh envoddimerthofatveopresent invention
is Characé%ﬂ%&%&“ that the 15 fransmi sion s¥stem com Sriﬁis transmission gc%%lit% gﬁggrrendninghmeans

for determining aoﬁ%nesnr%?gselr()nnqst?a |%yrgfl fhe transmiseion ceacr?ngf,gfrgapggg {hlion medns for ac?apting

the codinty propegriydriade phagencétionctiyadrgnshtissicn oupialityn ahahireth@htheapaditygp ptbperty
sequencig, means aie arianged for.ehanding the coding praperty pnl. 9 yaliues caesponding to a
lower transmission quaﬁl& [Yan e transmission quaﬁ y de ermlnedsﬁ% & rafsmission quality 20
determiningrfreans. rdcaoedifig o higlivéakuve dtéstpravente tcthab dpestothe actionmokite coding
pro%rty sequepcing me Qi}&eacéﬁdlng property is chosen in such a way that reliable transmission is

not possf%ﬁe é’nyr%lore. 5 Coult appen when the coding property sequencing means switch to a

coding property suitable 8ylyHangigahsrisspepality beparjbsnathendiegent gredaasnmssion quality.
The present inventian will now be explained with. reference to the drawing figures. Fig. 1 shows a
tranemis SN St SRR ARETVER A5, SN B e S e et hsmission

system ageetdinghtoffaghe structure or having to use a varying frame structure.
An embodiment of the present invention is characterized in that the

15 transmission system comprises transmission quality determining means for determining a
transmission quality of the transmission channel, and adaptation means for adapting the coding
property in dependence on the transmission quality, and in that the coding property sequencing
means are arranged for changing the coding property only to values corresponding to a lower
transmission quality than the transmission quality determined by the transmission quality

20  determining means.

According to this measure, it is prevented that due to the actions of the coding
property sequencing means the coding property is chosen in such a way that reliable
transmission is not possible anymore. This could happen when the coding property sequencing
means switch to a coding property suitable only for a transmission quality better than the present

25 transmission quality.

The present invention will now be explained with reference to the drawing
figures.

Fig. 1 shows a transmission system according to the invention.

Fig. 2 shows a frame structure use in the transmission system according to Fig.

30 1.
The transmission system according to Fig. 1, comprises three important

elements being the TRAU (Transcoder and Rate Adapter Unit) 2, the BTS (Base Transceiver



30 1. The transmission system according to Fig. 1, comprises three important elements being the
TRAU (Transcoder and Rate Adapter Unit) 2, the BTS (Base Transceiver 3 3 September 2004

Station) 4 and the Mobile Station 6. The TRAU 2 is coupled to the BTS 4 via the A-bis interface 8. The
BTS 4 is coupled to the Mobile Unit 6 via an Air Intergace 10. A main signal bepgelg%%@efsgwg&gh signal
to be transmitted to the Mobile Unit 6, is applied to a speech encoder 12. A first output of the speech
encoder $camyingdthehobiédlSBispeéchlsighiial Hi2asredenied to the Ediivdevey thbdisbis intarfied to a

channel §.”§’89%’ 4"5%‘&'9%)@5"&%' eﬁ%%‘f‘l?@é?%%‘%@%%?&' QIR ggeech encoder 12, carrying a

background noise level indicator IS coupled to an Input of a system controller 16. A first output of
the system controller 16 Aanarnsjgnabllinig voperspebdirsgeheléoddomminkteateodbsiymbénisignal RD

is coupled.to the. speech encpder 12 and, via the A-bis interface, 10 cadi operty setting means 10
T i e e A S SRRy PR TR
output ofstivedysitaml castrotiered caasyiogrensypibiktsiasecassighmentsigme | dRtdder ddupketh¢oda second

input of the channel gng¢oder 14. The two-bit rate assignment signal RU.is transmitted bit by bit over
o subeE e e T T P e, S s R e e e

downlink;agidaioe BplipkdipiamissiomsysiEm 9etencosind L& prperisrontpsentest Ry sihand RU
respectively. It is observed that the value of RD transmitted to the mobile station 6 can be overruled
by the codingoproprisasaqnencininpenss, ek lean foleedipkedttesnneae et &oof coding
properties, as represented by the rate.assignment signal RU, onto the block encoder, 18 the channel
Ceocer 0L S TSCH SO o D Bt L e e o BRSNS S Ao ying
additional jrifotimatenria theddablée atdtion 6yriithobimedding ddditiondicspaboitk thaltralsmission
frame. It is possible that more than one predetermined sequence of coding properties is used. Each of

the pred&fSARTHIHRE QRSB SaINEPLro pertris insrasHBHBYE e tigaram s Risiynal value.
The system cantroller 16 receivesfrom the A-bis intertgce.quality,measures 25 and, QD indicating
e o e e A e
QU is comparsrvith P braditatibresReltdayalsmandiierate assignment signals Rp and Ry

constitute a request to operate the downlink and the uplink transmission system on a coding

15 property represented by Rp and Ry respectively.

It is observed that the value of Ry transmitted to the mobile station 6 can be
overruled by the coding property sequencing means 13 which can force a predetermined
sequence of coding properties, as represented by the rate assignment signal Ry, onto the block
encoder 18 the channel encoder 14 and the speech encoder 13. This predetermined sequence can

20  be used for conveying additional information to the mobile station 6, without needing additional
space in the transmission frame. It is possible that more than one predetermined sequence of
coding properties is used. Each of the predetermined sequences of coding properties corresponds
to a different auxiliary signal value.

The system controller 16 receives from the A-bis interface quality measures

25 Qu and Qp indicating the quality of the air interface 10 (radio channel) for the uplink and the

downlink. The quality measure Qy is compared with a plurality of threshold levels, and the
result of this comparison is used by the system controller 16 to divide the available channel
capacity between the speech encoder 36 and the channel encoder 38 of the uplink. The signal Qp

is filtered by low pass filter 22 and is subsequently compared with a plurality of threshold
30 values. The result of the comparison is used to divide the available channel capacity between the

speech encoder 12 and the channel encoder 14. For the uplink and the downlink four different



result of this comparison is used by the system controller 16 to divide the available channel capacity
between the speech encoder 36 and the channel encoder 38 of the uplink. The signal QD is filtered by
low pass filter 22 and is subsequently compared with a plurality of threshold 30 values. The result of
the comparison is used to divide the available channfl capacity between the %412 and
the channel encoder 14. For the uplink and the downlink four different 4 3 September 2004
combinatiombiohthvesiivishordofiskn o dhn ehoapd citpasemnad thie thpsectchroodderl2 and the  channel

encoder 14 ibl hes lolITiy [ ted i I .

RxRSPEé“&%l[‘ 1&%@?&&{@é{g’g@%Tﬁ%ﬁtﬁ%@f‘%Lﬁ%%Eggn%%%g%c%lgfﬂgy8 311.11/222.8
05.51/211.4 17.05/811.4 28.13/411.4 39.36/711.4 5 Table 1 From Table 1 it can be seen that the
bitrate allocated torthespeechencoder-12—and:therate-of thechannetencoderincreases with the
channel quality. This is p&%%ible bepRsaerat(BRYS) charhaiesNgitions tRe@Hatk¥Shcoder can
provide the requirgd transigission quality g-£ame E[Tor Rate) Using aflower iygte. The bitrate saved
by the larger rate ¢f the channel 10|encoder is exploited by aﬂocating it to the speech epcoder 12 in
order to obtain a better spgech quality. It i pbserved that tﬁ)% coding|propertpig here the rate of the

channel encoder 14. The coding property setting means 15 are arranged for setting the rate of the
channel encoder 14 accorling to the codifi\g properfty suppﬁa,d by thel syster@Z8ntroller 16. Under bad
channel conditiond.the channel engoder needs to have a lower rate 15 in arder to he able to provide
the required transthission duality. The charnkl encdder will be a variable raf2e¢bnvolutional encoder
which encodes thd-eutputbits-ofthe-speech-enrcoderd2te
70 TS b, 11.4

1 7.0 g 11.4

2 8.1 3,4 11.4

3 9.3 %, 11.4

5 Table 1

From Table 1 it can be seen that the bitrate allocated to the speech encoder 12
and the rate of the channel encoder increases with the channel quality. This is possible because at
better channel conditions the channel encoder can provide the required transmission quality
(Frame Error Rate) using a lower bitrate. The bitrate saved by the larger rate of the channel

10 encoder is exploited by allocating it to the speech encoder 12 in order to obtain a better speech
quality. It is observed that the coding property is here the rate of the channel encoder 14. The
coding property setting means 15 are arranged for setting the rate of the channel encoder 14
according to the coding property supplied by the system controller 16.

Under bad channel conditions the channel encoder needs to have a lower rate

15 in order to be able to provide the required transmission quality. The channel encoder will be a
variable rate convolutional encoder which encodes the output bits of the speech encoder 12 to
which an 8 bit CRC is added. The variable rate can be obtained by using different convolutional
codes having a different basic rate or by using puncturing of a convolutional code with a fixed
basic rate. Preferably a combination of these methods is used.

20 In Table 2 presented below the properties of the convolutional codes given in

Table 1 are presented. All these convolutional codes have a value v equal to 5.



which an 8 bit CRC is added. The variable rate can be obtained by using different convolutional codes
having a different basic rate or by using puncturing of a convolutional code with a fixed basic rate.
Preferably a combination of these methods is used. 20 In Table 2 presented below the properties of

the convolutional codes given in Table 1 are presenged All these convolutlongc%}% gvalue v
equal to 5. 5 3 September 2004 Pol/Rate1/21/43/43/73/85/86/7 G1=43000002 450030002
G3=4700Fr3®R04. 000/5G4=514p080210100MG5=532082 G6=553B7=572020230 G8+61002
G9=651116022626006000601G10=66 G11=672060010-G12=r1001 G13=73616 00002
G14=79f4015010000000100|G15=771¢0111010000 Table 2 In Table 2 the values [Gi represent the
generat 3@50 nomjials. The generator palynomials {z{fy are degfined accolgig - Gi(D) = g0, @ dl
DE...p gn- n-1 © gn Dn (A) In (1) O+ is a modulo-2 additiop. i is the octal represgntation of the
sequen(,g}gg—;gl, gv_1, g V.| 5 For eachgofithe different codegsile generaipsgoolynomials used in it,
are

Gy4=51 4 00002 101000

G5=53 202

Gg=55 3

G7=57 2 020 230

Gg=61 002

Gog=65 1 110 022 02000 000001

G1¢=66

G,=67 2 000010

G12=71 001

G13=T3 010

G14=75 110 100 10000 000100

G15=77 1 00111 010000

Table 2

In Table 2 the values G;j represent the generator polynomials. The generator

polynomials G(n) are defined according to:

-1
Gi(D)=go® g;-D®--@ g, |-D" @ g, -D" (A)
In (1) @ is a modulo-2 addition. i is the octal representation of the sequence go, g1, * * * Ev-1, Ev-
5 For each of the different codes the generator polynomials used in it, are

indicated by a number in the corresponding cell. The number in the corresponding cell indicates
for which of the source symbols, the corresponding generator polynomial is taken into account.
Furthermore said number indicates the position of the coded symbol derived by using said
polynomial in the sequence of source symbols. Each digit indicates the position in the sequence
10 of channel symbols, of the channel symbol derived by using the indicated generator polynomial.
For the rate 1/2 code, the generator polynomials 57 and 65 are used. For each source symbol first

the channel symbol calculated according to polynomial 65 is transmitted, and secondly the



indicated by a number in the corresponding cell. The number in the corresponding cell indicates for
which of the source symbols, the corresponding generator polynomial is taken into account.
Furthermore said number indicates the position of the coded symbol derived by using said polynomial
in the sequence of source symbols. Each digit indicaées the position in the Sec@'@%&%ﬁge? %anel
symbols, of the channel symbol derived by using the indicated generator polynomial. For the rate 1/2
code, thehpmetaionbalypnormdatg &Y gendré®mpelysenid o eathrsouttsl sinstanfitet wag dlsannel symbol
Ca'C“'at;&%?;%%‘i‘é?&é%@‘El'é’éboﬂ?}%ie?é’n{%ﬁﬁ&] 'gﬁ%r%ﬁ“ég I&Q‘ﬂ%iﬂ Rid PaRiSD %ﬁﬁ $204 channel

symbol Ing to generator polynomia IS transmitt n a similar way the polynomials to be
used for destemmigihfrohe e A el bytheisciolethe ¢ pendivred dencatibendetednsidéd fhigmhimahde 3. The

other co are punctured.convolutional cades. If a.digit in the tahle is equal to 0, it means that the
coresmo e S BRSSP O 5 can
be s€en thati sdmeaftites gahelaitopohatderilalsnare seot thee ddioe ed chegfcteradoupodysymbaddsirit is
observed that the.sequen of numbers,i thﬁ table are continued periodically for sequenc f input
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of the speeatveticodbpeiiddcdlthioratewiits ofianmelsgmbadelohddotharful] 3ateccitarsptandla.half rate
channel. The 10 decision abo twh%\ah channel is used s taken by.the system gperator,.and is, signaled
fo e TRAU 2. the B8 i BT S drt oy e A o AR PRl S o
can be trahamitteelrate afShpatatencbeatraldehddrfet. dl il Mattheheharineldenbaldestt 4 lalsocth@lsignal RU

is applied. The blgck coder, 18 is present tp.encode the selected rate RD for transmjssion to 15 the
Wil g S P RS TS eteeb BE G T edhied
that it is deshtldlette iRKBrh dhe thavioblldStadier 2B itannobile staidboid aemrobéeRDvigiire data
encoded according to said rate arrives at the channel der 28. A second. reason is that it is desired
it e S o e D S G A s s S R A S e
encoder @&4.iJ ggpmance the error correcting properties of the encoded 20 RD value even more, the
codewords are split in two parts which are transmitted in separate frames. This splitting of the

codewords allows longeriBodelwdrdsderid chpssentréseiltioddrhéusdhretadnptoReslferioamconiestingo
capabilities.
15 the Mobile Station 6. This rate Rp is encoded in a separate encoder for two reasons. The first
reason is that it is desirable to inform the channel decoder 28 in the mobile station of a new rate

Rp before data encoded according to said rate arrives at the channel decoder 28. A second reason

is that it is desired that the value Rp is better protected against transmission errors than it is

possible with the channel encoder 14. To enhance the error correcting properties of the encoded
20 Rp value even more, the codewords are split in two parts which are transmitted in separate

frames. This splitting of the codewords allows longer codewords to be chosen, resulting in

further improved error correcting capabilities.

The block coder 18 encodes the coding property Rp which is represented by

two bits into an encoded coding property encoded according to a block code with codewords of

25 16 bits if a full rate channel is used. If a half rate channel is used, a block code with codewords

of 8 bits are used to encode the coding property. The codewords used are presented below in

Table 3 and Table 4.

Rp[1] |[Rp[2] [Co Ci C C3 Cy Cs Cs C;
0 0 0 0 0 0 0 0 0 0
0 1 0 0 1 1 1 1 0 1

1 0 1 1 0 1 0 0 1 1




The block coder 18 encodes the coding property RD which is represented by two bits into an encoded
coding property encoded according to a block code with codewords of 25 16 bits if a full rate channel
is used. If a half rate channel is used, a block code with codewords of 8 bits are used to encode the
coding property. The codewords used are presented7below in Table 3 and Ta?lge tember 2004
RDI[I]RD[2]CoC1C2C3C4C5C6C7 0000000000 0100111101 1011010011 711111011 Table3
Half Ratd Channel 3 Septdmber 2004 1 0 |1 0 1 1 1 0
RD[I|RDI2IECEE€LIE2E3CA4C5C6€7CBEICIOCIICTI2CIICIACTIS00000666660600000000
010011110100111101 101101001111010011 111110111011101110 5 Table 4: Full Rate Channel
From Table 3 and Table 4, it can be seen that thEabbd@wHids RisedCtomadull rate channel are obtained
by repeating the codewords used for a half rate channel, resulting in

Rp[1] |Rp[2] [Cp [C; [Ca |C5 |Cq |Cs [Ce [C7 |Cs |Cy |Cro |Cri [Crz2 [Ci3 |Cra |Cys
0 0 o (0 |0 |0 |0 (O (O |O |JO (O |O 0 0 0 0 0
0 1 0 (0 |1 1 1 1 (0 |1 |0 |0 |1 1 1 1 0 1
1 0 1 1 (0 |1 |0 |0 |1 1 1 1 (0 1 0 0 1 1
1 1 1 1 1 (0 |1 1 1 (0 |1 1 1 0 1 1 1 0
5 Table 4 : Full Rate Channel

From Table 3 and Table 4, it can be seen that the codewords used for a full rate

channel are obtained by repeating the codewords used for a half rate channel, resulting in
improved error correcting properties. In a half-rate channel, the symbols Cy to C3 are transmitted
10 in a first frame, and the bits C4 to C; are transmitted in a subsequent frame. In a full-rate

channel, the symbols Cy to Cy are transmitted in a first frame, and the bits Cg to Cy5 are
transmitted in a subsequent frame.
The outputs of the channel encoder 14 and the block encoder 18 are transmitted
in time division multiplex over the air interface 10. It is however also possible to use CDMA for
15 transmitting the several signals over the air interface 10. In the Mobile Station 6, the signal
received from the air interface 10 is applied to a channel decoder 28 and to a further channel

decoder being here a block decoder 26. The block decoder 26 is arranged for deriving the coding



improved error correcting properties. In a half-rate channel, the symbols CO to C3 are transmitted 10
in a first frame, and the bits C4 to C7 are transmitted in a subsequent frame. In a full-rate channel, the
symbols CO to C7 are transmitted in a first frame, and the bits C8 to C15 are transmitted in a
subsequent frame. The outputs of the channel encoder 14 and the block encog%rsgjge et itted

in time division multiplex over the air interface 10. It is however also possible to use CDMA for 15
transmittprgptieysepersdisighystiovBithasay idtecidiag . dncdieMakiiegSiaipen v réhesigrd veceived
from the air interface 10 is applied to a channel decoder 28 and to a further channel decoder being

here a blerdcHeEdfor 26 CRht b S o ddprtedalt srgshFond andifbishe dedihg BB raeptember

2004 prop gr%/ fepresented by the RD bits by decoding the encoded coding property represented by
codeworgi 0 CN, in which N is 7 for the half rate channel and N is 15 for the full rate channel. The
block decoder 26 is arrandedbfocicdimaldtintptheavengidtiondaétweengttie @folatposbibieccodewvords

and its input sign I This is don asses hecause t ecod Words are trans tted in two
el G R S G et R A St S
receivedathéaomsiatibm palteibetwemb st éins fiparts. of flve tiposgiblsigodlewordp antirtf ¢oitiput value

are calcuyfalpd and iared WOenin he subsequent fame . e R Banal corezponding fo e
second par 8'codeword 1s recened, the corr’e ation 10 value between the secont parts of the
possible podéviocdd et dharid phit iaignaifaima oeémdmddtechaln‘aslmd)ecﬂto}\fhmprenhoael;sa;oeedfmrr@Iatlon

value, in %rder to obtalln the flnal orr afhon vaIu value1 of RD.corres %%n% tot codeword

art he CQACWOr IS Ic el orre
having theq OfreiaticiPvafu ech% (iortla l?npu S|gna S Rfetied 4 the recaived codeword

reprede ntzurigetlbem@dmgl@ sep@rtypartmﬁth&qm(bto thécouipigtaniittie lnlpak sﬂgmjdee dcilhedutplt of
the bIoc@%& g0r26 IS con ontroélnput of the erty, settin ns in the channel
oeotor TP e RN TSI B1 SR RN A7 0 TR e P OB ST sacotier
28 and thabiteate of ﬁﬁ&@%ﬁ&&ﬁgQQ%@%&@M' ueveREraRnandine i tnisiopauR Rithigechannel

decoder 28 decodes its input signal, and presents at a first output an encoded speech signal to an

input of dodpleiaphtdeetdels 3o0leeBd hethpaensey dbeestiar g pridssenyng hieseoiid orpeiy sishial BFI
(Bad Fraﬂé@sed to the output of the block decoder 26. The output of the block decoder 26 is connected to

15 acontrol input of the property setting means in the channel decoder 28 and to a control input of

the speech decoder 30 for setting the rate of the channel decoder 28 and the bitrate of the speech
decoder 30 to a value corresponding to the signal Rp.

The channel decoder 28 decodes its input signal, and presents at a first output
an encoded speech signal to an input of a speech decoder 30.

20 The channel decoder 28 presents at a second output a signal BFI (Bad Frame
Indicator) indicating an incorrect reception of a frame. This BFI signal is obtained by calculating
a checksum over a part of the signal decoded by a convolutional decoder in the channel decoder
28, and by comparing the calculated checksum with the value of the checksum received from the
air interface 10.

25 The speech decoder 30 is arranged for deriving a replica of the speech signal of
the speech encoder 12 from the output signal of the channel decoder 20. In case a BFI signal is
received from the channel decoder 28, the speech decoder 30 is arranged for deriving a speech
signal based on the previously received parameters corresponding to the previous frame. If a
plurality of subsequent frames are indicated as bad frame, the speech decoder 30 can be arranged

30 for muting its output signal.

The channel decoder 28 provides at a third output the decoded signal Ryy. The

signal Ry represents a coding property being here a bitrate setting of the uplink. Per frame the



Indicator) indicating an incorrect reception of a frame. This BFI signal is obtained by calculating a
checksum over a part of the signal decoded by a convolutional decoder in the channel decoder 28,
and by comparing the calculated checksum with the value of the checksum received from the air
interface 10. 25 The speech decoder 30 is arranged (;or deriving a replica of th§§ gﬁllgegj%@hof the
speech encoder 12 from the output signal of the channel decoder 20. In case a BFI signal is received
from the dhannk|; deagadac? 3, thétsp@eghbiec daardsbisnartartyethéamdesivingeai spéachulsignalmased
on the previously received parameters corresponding to the previous frame. If a plurality of

subsequélistfeatiesambineicate ik sagtiagiy iHerdpe sphtievdid Bowaespricsangedbse drmuting
its output signal. The channel decoder 28 provides at g third output the decoded signal RU. The signal
RU o CUBAHE S Oy ST HE Y b oL S e AR §she
Septemhgy12R04 aplanad 3\ campliggsido?ih (heRhbilein @ deformmalteinhibe {uvRahitsireceived in

subsequent frames are combined in a bitrate setting RU' for the uplink which is represented by two

bits. ThiSRAE eI RYP AR BEtssEBngl e prosishhriag besordingksreasi 1%d bd%ised for
the Up"r!!ﬁ&%ﬁa%%g&&%%msiQ%H%W%ﬁﬂg%%ﬁ%@%ﬁglﬁtﬁ@H%&Jd@@gfg%ﬁ[?ﬁ?s“ﬁ‘&' >

encoder 3 8, and to an input of a further chanriel encoder being here a block encoder 40. If the
channel desbtiers2isgihals@ibkdataedyséssisnggaided ssignaklthidedecoded signal RU is not used

for setting the uplink rate,.pecause it is regarged as. nrelyi}a?t le The channel decoder 28 wﬁ sata
fourth output a quality maRS S SR The bR i e A et SALt By e TV
decoder EBhusedasutheviVinoel dedhdsr ddd/ ddisigualilyitadasaredsifikered in the gracesdsiegdeit 32

according.to a first order filter. Eor the. output signal of the filter in the processing, unit 32 can be
o R A RS A A ATBE S e A St o A MR BE DR 6 s
been changed vigiedpdnse fika ahdrgadcyalng ohiRED the vaketaflVIMD' [n-1 ] is set to a typical value

corresponding to the long t%[@/@@ 1e_of éﬁ@é{}]}tﬁﬁf +%W$%?{ﬁrf(—) wly set bitrate and for a typical

downlink channel quality. 1 done ansien ena when switching(lRjween
different values of the bitrate.
After the bitrate setting of the channel decoder 28 has been changed in response to a changed

value of Rp, the value of MMD’[n-1] is set to a typical value corresponding to the long time

average of the filtered MMD for the newly set bitrate and for a typical downlink channel quality.
15 This is done to reduce transient phenomena when switching between different values of the

bitrate.

The output signal of the filter is quantized with 2 bits to a quality indicator Qp.
The quality indicator Qp is applied to a second input of the channel encoder 38. The 2 bit quality

indicator Qp is transmitted once each two frames using one bit position in each frame.

20 A speech signal applied to the speech encoder 36 in the mobile station 6 is
encoded and passed to the channel encoder 38. The channel encoder 38 calculates a CRC value

over its input bits, adds the CRC value to its input bits, and encodes the combination of input bits

and CRC value according to the convolutional code selected by the signal Ry’ from Table 1.

The block encoder 40 encodes the signal Ry’ represented by two bits according
25 to Table 3 or Table 4 dependent on whether a half-rate channel or a full-rate channel is used.
Also here only half a codeword is transmitted in a frame.
The output signals of the channel encoder 38 and the block encoder 40 in the
mobile station 6 are transmitted via the air interface 10 to the BTS 4. In the BTS 4, the block
coded signal Ry’ is decoded by a further channel decoder being here a block decoder 42. The

30 operation of the block decoder 42 is the same as the operation of the block decoder 26. At the



The output signal of the filter is quantized with 2 bits to a quality indicator QD. The quality indicator
QD is applied to a second input of the channel encoder 38. The 2 bit quality indicator QD is
transmitted once each two frames using one bit position in each frame. 20 A speech signal applied to
the speech encoder 36 in the mobile station 6 is eng ded and passed to the citgﬁ]&gh%g %ﬁ 38. The
channel encoder 38 calculates a CRC value over its input bits, adds the CRC value to its input bits,

and encadesuthsf donbibicititzocfeiritit bitsodstlcCR AL yatipe @ copeingntedtbe copwallRiohd code
selected by the signal RU' from Table 1. The block encoder 40 encodes the signal RU' represented by

two bits a&‘éﬂ?@iﬁgTQS tlepslsibseapip éwaeb%aewdﬁmh@merqi mm&mmm@t@n&wme
channel i is gs Jgscpe(h QQIX aIf W%rtql éh trgﬁs 'tlé‘?a 1 én a éa%lle[ . 01 ltlt(g)fut ftgnats of the

channel enco e bloc |n the mobile station 6 are tran itted via the air
|nterfacedb©<1¢ethé38TS 4. In the BTS 4 the block coded signal RU' is decoded by a further channel

decoder being here a bl k %J§e The er oft blo oder. 42 is.th g Same as the
opergtlon of the block dglc(::oﬁzr gﬁﬁe Kok § fgg em e?l o) dje? he Blo C}(Vdecoed%lrr 42 a
decodedlnmﬂfageﬂr@mﬂypﬁmémnitectlt@nmkt@wﬂalﬂéisThvaibabiel iibnsdtecékdd&t&ﬂgslalsmpus applied
to a control input of codin ert ettln means eld %)]%er ssed via the
A-bis mtertgac!a3 t%né%%sﬁfrsg‘ |npu %/ Spex %Vlgecoéergl ﬁr%a%ﬁeg %ﬁ‘ne signa r?(l)mht‘he channel
encoder Gé}:;orcmrettaqﬂdnalebe quamnyeﬁmfbawaﬂé)amqhmddmlﬁ@thh aranahmmdeuzAAy ‘dhiehehannel

decoder 4 odes its |n ut sgg and asses thneltd&c d Ofiﬁ?\% ?JIS[ via the A-bis m{erfac%i%to the

C¢ uni cessing. u €I O erat on s
TRAU 2. UP fRer dse prOV| S quatity measure Bu repr Seht ing {he flransmlssmn

quality obﬁnﬁmﬁdﬂnmhammemﬁgtgnwﬂtz%dme wbmﬁmmgyuhtt é@@emtdtmﬁheﬁltme@penatmn similar
to that 10 erfor ed in C?) SSi nd,22. Subs y.th of the filter operation is
quantize8 AN Ps AR H’Sp %@gﬂ}ﬁe elﬁta%‘fs %ésrfgéé ﬂllﬁiw ' the system controller
16, a decision umt 20 detgrpingsdhe &itiatriseténg E?éélstexb@lttszm&eetﬂﬁn@pttwmmetmmgahty
measure Qu. Under normal circumstances, the part of the channel capacity allocated to the speech
coder willoheresstfarithangrieasiingne langqed gy atibpsuid PheliaderRidrisaransnmitseoharcehppriing
frames. . o oy ) .

the channel capacity allocated to the speech coder will increase with increasing channel quality.

15 The rate Ry is transmitted once per two frames.

The signal Qp’ received from the channel decoder 44 is passed to a processing
unit 22 in the system controller 16. In the processing unit 22, the bits representing Qp’ received
in two subsequent frames are assembled, and the signal Qp’ is filtered by a first order low-pass
filter, having similar properties as the low pass filter in the processing unit 32.

20 The filtered signal Qp’ is compared with two threshold values which depend
on the actual value of the downlink rate Rp. If the filtered signal Qp’ falls below the lowest of
said threshold value, the signal quality is too low for the rate Rp, and the processing unit
switches to a rate which is one step lower than the present rate. If the filtered signal Qp’ exceeds
the highest of said threshold values, the signal quality is too high for the rate Rp, and the

25 processing unit switches to a rate which is one step higher than the present rate. The decision
taking about the uplink rate Ry is similar as the decision taking about the downlink rate Rp.

Again, under normal circumstances, the part of the channel capacity allocated
to the speech coder will increase with increasing channel quality. Under special circumstances
the signal Rp can also be used to transmit a reconfiguration signal to the mobile station. This

30 reconfiguration signal can e.g. indicate that a different speech encoding/decoding and or channel

coding/decoding algorithm should be used. This reconfiguration signal can be encoded using a



The signal QD' received from the channel decoder 44 is passed to a processing unit 22 in the system
controller 16. In the processing unit 22, the bits representing QD' received in two subsequent frames
are assembled, and the signal QD' is filtered by a first order low-pass filter, having similar properties

as the low pass filter in the processing unit 32. 20 The filtered signal QD" is cogﬁ%gfqn%gb%g
threshold values which depend on the actual value of the downlink rate RD. If the filtered signal QD'

falls belowpdbiallpredstepminaitistyiesiveldf\Rjud g thass Signakpeurttypisdaeriamdosthediate RBHand the
processing unit switches to a rate which is one step lower than the present rate. If the filtered signal

QD' exceE#RlHS Tt RarP e Seyanre e gl andhamy ltotateh rrite's4rs2Rg5dand

the 25 pregessing WndoNiichesiin dibata whithdgnel dendiohacinaprtaserasent (@@péhe decision
taking about the uplink rate RU is similar as the decision taking about the downlink rate RD. Again,

under notfAEFRRTR RS ciedn IR ASIRECHRANSBFE ApeRISS ANSRREaB e SPRIECYS EStFE il
increase withHRGIRASHG MRS BRI YOG SRELBH LD BIRNCR R G G R %%Ci%&mbe used

to transmit a reconfiguration signal to the mobile station. This 30 reconfiguration signal can e.g.
indicate thatpaediffenanicsheeckrensadicrgy deatdheglatedtod elenral ceogingédecnding ratgovithmamshould
be used.v;rlplglrgf%réfi usrs%llon Si%!‘é"sg%% b(aeselrgcr%gglde%sing a 11 3 September 2004 special
predetermined sequence of RD |gna‘is. i spemaY prédetermined sequence of RD signals is
recognised by an escapessequipnceigledodehS3dhimtieé doakhite $datieprevenichgisharcangid dpedsisuing a

reconfiguration signal to the effected devices when rmined ( g equence has been
derector B e e S T e T A O A PR R TR LR e
valuls okfghnbicapiplokedh By soregiadeg dee 4D Mengnfl tBEshitheagigiet vfithe tapreldéierdeinet

sequences,.it can easily be.detect en an escape sequence js recejved, and, which.of the possible
cacapo B NDRTE TRTIRB A TS hAOT e AT Y B 1" bvBEENTHS the encoded
speech Mﬂcwrﬁs@mw&mwégis antenfrdeféd dhﬁyTIEgﬂdi@licathﬁtH'd%ﬁhb& thensinedidied
speceh 0sqraispnistic e speschderol B Ase Sl e cumipltegharne
interfacer8cciel spaachddender d&islarangacsferdedvioda 48akcarahibe tpekrelvisigaabetihe
SR T e o e e, o e e e Lo he Pre oo Homes s the Same
way as is done by the speech decoder 30. If a plurality of subsequent frames are indicated as bad
frame, the speech decoder 48 can be arranged for performing more advanced error concealment
procedures.
Fig. 2 shows the frame format used in a transmission system according to the
20 invention. The speech encoder 12 or 36 provides a group 60 of C-bits which should be protected
against transmission errors, and a group 64 of U-bits which do not have to be protected against
transmission errors. The further sequence comprises the U-bits. The decision unit 20 and the
processing unit 32 provide one bit RQI 62 per frame for signalling purposes as explained above.
The above combination of bits is applied to the channel encoder 14 or 38
25  which first calculates a CRC over the combination of the RQI bit and the C-bits, and appends 8
CRC bits behind the C-bits 60 and the RQI bit 62. The U-bits are not involved with the
calculation of the CRC bits. The combination 66 of the C-bits 60 and the RQI bit 62 and the
CRC bits 68 are encoded according to a convolutional code into a coded sequence 70. The
encoded symbols comprise the coded sequence 70. The U-bits remain unchanged.
30 The number of bits in the combination 66 depends on the rate of the
convolutional encoder and the type of channel used, as is presented below in Table 5.

#bits/rate | 1/2 1/4 3/4 3/7 3/8 5/8 6/7
Full rate 217 109 189 165




received from the channel decoder 44, the speech decoder 48 is arranged for deriving a speech 15
signal based on the previously received signal corresponding to the previous frame, in the same way
as is done by the speech decoder 30. If a plurality of subsequent frames are indicated as bad frame,
the speech decoder 48 can be arranged for performing more advanced error %oggft%m b 004
procedures. Fig. 2 shows the frame format used in a transmission system according to the 20
inventioptdlheagpeet®Sencoder 12 or 36 prd¥ides a|group 60 gf C-bits whjdBSshould p/protected
against transmisston-errors,and-agroup 64-of U=bi o,.f(vlglu:“ donothave-to-beprotected-agains
transmission errors. The further sequence comprises the Ubits. The decision unit 20 and the
processing unit 32 providenene i RREGRIRET fepraseiRtsdaliiRopRyp PR asan eodiaineshaboyrisThe

above combination of bits is applied to the channel encoder 14 or 38 25 which first calculates a CRC

over the ¢onilisdtisnresenetiecnendss B CrBMCENdegpends!s rodbipdayeiidlitdCiisitg 60 and
the RQI h%%%d@&eoh’fﬁét'a\%@aﬂfettﬁﬁeﬂxﬁgimt&lﬂa&t IR G S8 CrRitSe 3R ngmipasion 66 of

the C-bits 60 and the RQI bit 62 and the CRC bits 68 are encoded according to a convolutional code
into & cotledasatpderitss TOMWhEaagsodibel endaerdconsrseling cogadsedhendd yendhe U-bits

remain ”{}Qﬁﬁﬁﬂf%gﬁﬁ%yb‘?e@%?ﬁ%féfﬂzﬁtﬂ% the SombinatignR 66 depends on the rate of the
convolutional encoder and the type of channel used, as is presented below in Table 5.
#bits/rate1/21/43/43n3/85/86n Full rate217109189165 12 Half rate 105 159 125 3 September 2004
174 Table 5 The two RA bits which represent the coding property are encoded in codewords 74,

which represent the encoded coding property, according the code displayed in Table 3 or 4,




dependent on the available transmission capacity (half rate or full rate). This encoding is only 5
performed once in two frames. The codewords 74 are split in two parts 76 and Z%an[g ng%r)gsp%%)iﬁted in
the present frame and the subsequent frame. 13 C{AIMS: 3 September 2004 1. FRdmidsto system
comprising a transmitter for transmitting a main signal and an auxiliary signal via a transmission
channel to a receiver, said transmitter being arranged for receiving the main signal and the auxiliary
signal, whé&Ein M transmitter comprises an encoder for encoding the main signal in a way described
by a coding property, 5 and the receiver comprises a decoder for decoding the main signal in a way
described by the coding property, the transmitter including coding property sequencing means for
changing the coding property according to a predetermined sequence dependent on the auxiliary
signal, and the receiver including a sequence detector for detecting said predetermined sequence in
the coding property, wherein the coding property is exchanged in two frames including a first 10 frame
having a first part of the coding property and a second frame having a second part of the coding
property. 2. The transmibgigsnsysian pihaiatorprdhareinsaichfitst foatieandtbaic sedantefsame are
successive frames. 115 3. Thﬁﬁi:ansmission. s%/ste%acc rdinr%to.claim 1, further cowg.rising

transmissiS?ldaaﬁgﬁ'fﬁ) P HRIRINYG A EHE TP e iRt a 1 ﬁ%ﬁﬁ%sFBffl&{?&ﬁi{)lHﬁ H&nsmission
channel, andaadaptatioccsiciapsio hadapigngl thedahding Prapsaighil, depesdanceramsthigtetransmission

quality, wherein the coding property sequencing means are arranged for 20 changing the caoding
ooy oF T VAN AR R K5 0TS P P R A T s A A O ity
deterrhinedraytlisedtainsmissiprisgyalify dekerfoiniagpdiegiise Ahalirainsnitien beingaovdabgeyfdic

transmittin? ﬁ.main Si naltgncti an auxiliary1 s%ganal, té'ue transmitter com .risi?]gl:] an ?ncolgler for encoding
the main sTgRAIP AN dRSHBETZE by CBamG BRI, CoaTRg SR By SeGUeh&IKG FHgans for
changing tihe codiing ropleettycacatinging @@ duedaiechirgdesed depasicdepanteniuailitie sigrdiary
signal, Whgrrl%ilt tehreeceiver including a sequence detector for detecting said predetermined sequence in
the coding property, wherein the coding property is exchanged in two frames including a first
10  frame having a first part of the coding property and a second frame having a second part of

the coding property.

2. The transmission system of claim 1, wherein said first frame and said second
frame are successive frames.

15
3. The transmission system according to claim 1, further comprising transmission
quality determining means for determining a transmission quality of the transmission
channel, and adaptation means for adapting the coding property in dependence on the
transmission quality, wherein the coding property sequencing means are arranged for

20  changing the coding property only to values corresponding to a lower transmission quality

than the transmission quality determined by the transmission quality determining means.

4. Transmitter being arranged for transmitting a main signal and an auxiliary
signal, the transmitter comprising an encoder for encoding the main signal in a way described
25 by a coding property, coding property sequencing means for changing the coding property
according to a predetermined sequence dependent on the auxiliary signal, wherein the
sequence detection means is configured to transmit the coding property in two frames
including a first frame having a first part of the coding property and a second frame having a

second part of the coding property.



sequence detection means is configured to transmit the coding property in two frames including a first
frame having a first part of the coding property and a second frame having a se nd art of % coding
property. 14 3 September 2004 5. The transmitter @ficlaim 4, wherein said first frarme anc?sa second
frame are successive frames. 5 6. Receiver being arranged for receiving a main S|gnal and an
auxiliary signal, the receiver comprising a decoder for decoding the main signal in a way described by
a coding property, and sequence detection means for detecting predetermined sequences in the
coding property for receivisgriienaiwsiliary ignal wihesrirdhrfreouencasietattion sngansis geonfigured
to receive the coding_property in two frames including a first frame having a first 10 part of the coding
property aﬁ%?%l%%%%ﬁ“f?ﬁ?ne having a second part of the coding property. 7. The receiver of claim 6,
wherein said first frame and said second frame are successive frames. 15 8. Method for transmitting a

main signal and an auxiliary signal.to a receiver, which.is arranged for receiving the main sjgnal and
the afx.naé signal, the METHSH iz RPN LAShERRY Y AL gRAT) ﬁ%%ﬁ%%gﬁ%%ﬁnﬁllacodlng

property, daeoelisly ¢heomaiisignakid deyivy das;zﬁbgdqbyﬂm @tgdmgrmcmgrweseh@eglng ghe coding
property according to a predetermined sequence d nt on the xiliar, nal, and det tlng said
D0 precietGi G BB e B A LR ISP e E G BPOB S TSGR o
frames inchoding prﬂp@tﬁyab”red&aimgahfersmaﬁrgfstgﬁamdhwem@pesaqaﬁd:a@@eanﬂl fiame Raving a
second part of.the coding property. 9. The methad of ¢ |m 8, w gﬁﬂem S%l tfrenme .and said second
frame ate 98 HEAAE 0 ARTES 6 RS b SHTHIRS RISt rt s AR Bl the
methidl  ceaipasihg cedipdnopiey mair sigadifranvwdin dageriedyparcodihg psapgrpropadychanging
the coding property according to a predetermined sequence dependent on the auxiliary signal, 30
wherein the coding property is exchanged in two frames including a first frame having a first part of
the coding7property andhseeafickfrafdahavingleesecqnid fiast Hhihe woding peopadtftame are

successive frames.

15 8. Method for transmitting a main signal and an auxiliary signal to a receiver,
which is arranged for receiving the main signal and the auxiliary signal, the method
comprising: encoding the main signal in a way described by a coding property, decoding the
main signal in a way described by the coding property, changing the coding property
according to a predetermined sequence dependent on the auxiliary signal, and detecting said

20  predetermined sequence in the coding property, wherein the coding property is exchanged in
two frames including a first frame having a first part of the coding property and a second

frame having a second part of the coding property.

0. The method of claim 8, wherein said first frame and said second frame are

25 successive frames.

10. Method for transmitting a main signal and an auxiliary signal, the method

comprising: encoding the main signal in a way described by a coding property, and changing

the coding property according to a predetermined sequence dependent on the auxiliary signal,
30  wherein the coding property is exchanged in two frames including a first frame having a first

part of the coding property and a second frame having a second part of the coding property.

11. The method of claim 10, wherein said first frame and said second frame are

successive frames.



11. The method of claim 10, wherein said first frame and said second frame are successive frames.
15 3 September 2004 12. Method for receiving a main signal and an auxiliary si)grgal, th% me %d
comprising: decoding the main signal in a way desggbed by a coding property, a GRS
predetermined sequences in the coding property for receiving the auxiliary signal, wherein the coding
property is_ exchanged in two frzmes including a first frame having,gfirst_par of 5 the coding property

and a secdrid frame haLSAQ0HE PER%DF IRARSHAY BROFEYRY™M 327 SRR BRm 12, wherein
said first fresngpasid saiccsatonthdramia s asucaassivéciaines byQ t4dnigpalpeerptisingadmain signal
component and an auxjliary signal component, wherein the main signal component is encoded
according Paeﬁeéi‘fam@e r‘c?ﬂélﬁ%?eﬁﬁﬂth?ec% BrBPSHérfrﬁ]?r&ﬁ&?fﬁgbgé EAHhY R el te tEHiHEd
sequenceshs daE tereperyy the:xabxiiay iaamp aneids wbridinth€isodingohapeighissxpharged in two

frames including,a first frame having a first part of the coding property and a second frame having a
Secont palke AP RSN T G & e SRR L LR Al S G IR Bame and sard

second frame are successive frames.
13. The method of claim 12, wherein said first frame and said second frame are

successive frames.

10 14. Signal comprising a main signal component and an auxiliary signal
component, wherein the main signal component is encoded according to a coding property,
and the coding property changes according to predetermined sequences in order to carry the
auxiliary component, wherein the coding property is exchanged in two frames including a
first frame having a first part of the coding property and a second frame having a second part

15  of the coding property.

15. The signal of claim 14, wherein said first frame and said second frame are

successive frames.





