: WKYZe3ejj,r6T -1 23 APRi L 2003 EFFI Cl ENT | N- BAND SI GNALI NG FOR

DI SCONTI NUCUS TRANM SSI ON AND CONFI GURATI ON CHANGES | N ADAPTI VE MULTI RATE
EIVB Cross-Reference to Rel ated Appli cati o238 ARRILR0OSENt

appl iC mm"@g@, t he benefit of U S. Provisional Application No.

601109, Novenber 24) 1998) which is incorporated herein in its

entirety BY®M&ference. The present invention relates to communications

systens ) and nore particularly, to discontinuous transm ssion (DTX) and

configuration changes in adaptive nuftijrate comunications systens. Today)

nol t;.-node coding systens enpl oying at |east two different source and

channel codes nobdes can be used to nmintain near-to-optinmm conmuni cation

qgqual ity under varyi L S | i i | ow
source coding bit rgmmﬁ an §B3f£m on can be
chosen for bad chann ESWNsel ect i on
of a codes node wit ADARTTVEMILTHRAKE 6O EATEONS SYSREMS | ow
degree of error protection. 23 APRIL 2003 -2 As is well known in the
art, such nufti-node coding systenms nust convey (either explicitly or
|an|C|tIy) t he actually chosen codes node to a receiving decoder to enable
proper decodi g C onmuni cati on-systens wth codes
node adapt at i off travea ; it simlar information over the
return link. This is either quantl zed I| nk measurement data describing the
present forward chafiecpresansapplicgtion claims geernafinef YodicdRronisinmal Application
request/command taking the channel state account. Such link adaptation data

i's known in tNo.a80/108%694dHed Nuvembsi 24,NEI980 RehichoidShedrpotitedl hepeidids igode
i ndications (the actually sel ected codes node) and codes node

request s/ co node to be used on the transmtting side). The
evolving & ggg g%;}ébg%%%iﬁﬁibbl | e Communi cation (GSM Adaptive Mifti-Rate
(AMR) standard enpl oys the above descri bed codes node adaptation. In such
AMR systens, in band signaling is used to reallocate parts of the speech
transm ssion resource for transmtting control information. It is applied
wher e no ot heFieldi ofthednventiomo| channel s are avail able. The GSM AMR speech
codi ng standard is an exanpl e which makes use of in band signaling. It uses

ggggfaﬂ L he GSM sprRofebdt bivehtioh 1Ak td BominfichGRHYsis Bn@mo¥R |1 nk

particularly, to discontinuous transmission (DTX) and configuration changes in

adaptive multi-rate communications systems.

Background of the Invention

Today, multi-mode coding systc;xzs employing at least two different source
and channel codec modes can be used to maintain near-to-optimum communication
quality under varying transmission channe} conditions. A mode with low source
coding bit rate and a high degree of channel error protection can be chosen for bad
channels. On the other hand, good channels allow selection of a codec mode with

high source coding bit rate and a relatively low degree of error protection.
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data. More specifically, the GSM AMR standard provides an in band channel
fox the transm ssion of codes node information. Codes node _information
consi sts of codes node requests/commands and codes node i nd? ARRIO3 whi ch
are transmtted every second frane (every 40 ns), 23 APRIL 2003 -3 in
alternating order. Codes node information identifies a codec node in a
subset of up to 4 codes nodes out of $ (for adaptive full-rate speech, or
APS, or 6 (for adaptive half rate speech, .AHS) avail abl e nodes. These
codec node subsets are referred to as active codes sets. In any

comuni cation system including the abaye descri bed” GSM AMR system

transm ssion capacity is a limted and costly resource. For this reason, in
order to save transm ssion capacity, Discontinuous Transmi ssion (DTl is

Voi ce” Opr at od Tr sl kit AR, bt Bl sdthg sVl b oo o

transm ssion during speech inactivity. Instead, so-called confort noise
(CN) par anet edeither explicifly orimplicithy) e somallyechopan epdee modeito arregivingce t he

inactivity signal, which usually is sonme kind of background noise. CN -

par anet ers req!ébdi&r'tb'@ﬁaﬂl@@ﬁqﬁdi‘@&édﬂiﬁ%bﬂfec&ﬁv%@_uﬁﬁ? THeWayhunibitidn S al so
an inportant feature for nobile tel ephones as it allows turning off power

consuni ng devi radi o i s s i i i Vi Doi ng so
el ps 1 o save Barre i atRe e sdab ARSI Ebddiabtily 10 ol Sl 1009 °P
t wo-way conmmuni cati on systens enpl.oying, DIX, there w]]| typically be one
i nk active wiRfEmeNEn gYerdhe retur gk is\edtherguagized; Hal Rueasyrsmenh data g
while the other is listening). The active link has) with sone reduced frane

transm ssi on rdeseribihg theopressnt forward ehataret siafd, or a(cOtreypdndinpecodeainsleknown as
background i nformation) or confort noise, descriptor franmes} to the

receiver. SID mnéﬁd?ﬁ&é' Q38 n0é: st A bt qgﬂmﬂg i) able a
receiver to ger% ra goa confort H?oei se séilsgﬁcgési ghﬁi}dﬁf or ex %oer@ga%
reassure a |ligtening user that the.connection is.still,acgtive., l.n.thg
bresent GoM s SER BJBE oY 25hMierPIRde FHoTRRIN, Gopsiing s eofe o indications
very simlar way. By way of exanple, the state of the art of DTX operated
speech communi(@hetdcpallyrselastedgories madehand todesanaissequestsdcommandsesecodes o

t he GSM EFR codec For additional information) see for exanple the GSM

06. 11, GSM 06.rhéde fcHd @ied Hh) thetdnbinitiBy s The ol ving\G106aSysténdltr06. 61 )
GSM 06. 62) and GSM 06. 81 standards, and rel ated docunents. The GSM EFR

schere is chargahfs (3 ffmdcdtRn (%) Adaptive Multi-Rate (AMR) standard employs the
above described codec mode adaptation.

In such AMR systems, in-band signaling is used to reallocate parts of the
speech transmission resource for transmitting control information. It is applied
where no other suitable control cham;;zls are availgble. The GSM AMR speech
coding standazd is an example which makes use of in-band signaling. It uses parts
of the GSM speech traffic channel for the transmission of AMR link adaptation
data. More specifically, the GSM AMR standard provides an in-band channel for
the transmission of codec mode information.

Codec mode information consists of codec mode requests/commands and

codec mode indications, which are transmitted every second frame (every 40 ms),



End of speech activity is signaled by the transm ssion of a first SID
flame, which is not phase-aligned to the SACCH Rather, it is inmmediately
following the |ast active speech frame. After such a first 28/ABRIk 2083
update SID franes are transnmtted with a period of once per 24 frames
(=480ns). Update SID frame transmssion is aligned with the tine alignnment
flag (TAF), which is generated in the radi o subsystens and which is derived
fromthe SACCH frame structure. Apart from SDI franes, no other frames are
transmtted during inactivity. Sinply r@sumng the transnission of active
speech franes ends the inactivity period. The RSS handles SID franes as
regul ar speech franes. This neans in particular that the sanme channel

coding and di dgefainating ordera\Codkci riodes ifloratatiba identicies i cbdt mede th 4 vaket of
effectively fourty-three (43) net bits is used for the confort noise

par amet ers whi SCL | f i WVt 23
APRI L 2003 -5 @62@“@%5?%?%@%3@%@?%@@?@ wedh Pgﬁa§)s°5eééff8f SI D
bit pattern to id@nti@f{i[ the frame_as a SID frame and to nmake it distinct
from speech f rasapidve kalf-Faie speech, AHhY)availatie modes. aThese sadevmodesubsetsaarpect
to paraneters ) which are derived fromthe last transmtted speech franes.

The descri bed rBfeprddrtonme activeeodesFery) is illustrated in Figure 1 for TCH FS
(i.e., traffic channel / full-rate speech) and in Figure 2 for TCH HS

(i.e., traffic cha I : = . r [ S he
speech franes) as {]ﬁgyy?ﬁogﬁé%%%%@ %ﬁ’@?’ﬁ%ﬂp&%ﬁ ﬁﬁ'ﬁe@%ﬁ%%e

m ddl e row synbolises the TDVA franges fhat transmt the respective speech
or SID bits visYSHb tFangmissioncapacityeis arlimited apd costly, resovsen. | Eerthis,eeasondih or
confort noise frames after the speech decoder. Every speech frane is
exactly 20 ns drdemto Shve trhibmissioarcapadityy discontimeous Fransmiission OFXD) fis widely| y 5
ns. TDMVA franes for SACCH and I DLE are not shown. | nplenentation delays and
other side ef fgplisd ¥ientRhsHitaND sfedcherSom¥tiies DTR FedSivbdio 4 ¥BRR1 SSi on of

SID franmes, synchronously and tine aligned to a fixed tinme structure) ITUT

recomrendati on G 7 nnex. B b a, DI'X pet.hod LWGh transnmts SID

frames V\heneverbp‘gﬁ%ap% Lo} ‘03226’9 %ipi)g Sé%%?’é‘?@ei@%d? foe@ubg ause they

have changed significantly since the last SID frame transm ssion, In the

wel | known Pacransmission duminggneech inactivity;) Irsjeadesq-palled cpopfortineisei (G ity

speci al post- and pre-anble frames are used to signal transitions from

fspeec hzg oAiP gﬁﬁﬁd%ggmm%m transindttdd which, enableithd devsiemaeproduye the inpaivity (see,
or .

signal, which usually is some kind of background noise. CN parameters require

ria

much -less transmission resource than speech. DTX is also an important feature
for mobile telephones as it allows turning off power consuming devices (such as
radio transmitters) during inactivity. .'Doing SO 'helps to save battery power and to
increase the talk time of the phones.

In two:way communication systems employing DTX, there will typically
be one link active while the other link is inactive (as one speaker is talking while
the other is listening). The active link has, with some reduced frame transmission
rate, to convey silence descriptor (SID) frames (also known as background

information, or comfort noise, descriptor frames) to the receiver., SID frames



exanpl e) RCR STD-27D): These franes contain unique bit patterns on :gross
bit level to identify them Post anble frames consist of é@ﬁ?ﬁﬂw frames
of which the fast carries no other information than the i ' i on bit
pattern and of which the second carries confort noise paraneters describing
the inactivity signal. During voice inactivity, post anble franes are sent
periodically to enable the receiving end to update the confort noise
generation. For both post- and pre anble frames, the sane interleaving is
used as for speech frames. The above described conventional DT sol utions,
as realized in GSM FR, EFR, and HR, aré~not well suited for use in
mufti-node coding systens. This results fromthe fact that STD frane
signaling is done on net bit level. A special bit pattern identifying the

SID frane is dapfain ON ?ﬁﬁm@t&s lBhd efidb18 2 TecelR? tPbhktd FRofE, ﬁg@g&n@ﬁé& at

the receiver is executed after de-interleaving and channe ng. This
approach is inappropriate for nmufti-node codi systens with e than one
source and cif Ifgﬁﬁﬁgn&eﬁeé'eﬁ'émsar EQ‘FP%ES?&E?&% FonpeFtion Wo%ﬁ‘(rjacaé{ﬁend on
the correct choice of the codes node for channel decoding. The correct
codes node at the Indbepresentc:GEM speech coding standardhERe HR andsEFRs IFX ds r or s,
not al ways be guaranteed. Moreover) for anal ogue reasons, variations of the

| nter | eavi ng regilell aSetySinilawiy) BY WS RRmpRY e AMEEE RS ark OF DID

frames, are also inpractical, for conplexity reasons. Such approaches

require int ( . -L.nterl eavi ng
. mor e scubpEReEipekaR forh oot EEM tn(Wl he feh¥Aped SilreSpect

i nterl eaving and channel decoding. Additionally, there are at |east two

maj or probl erfd theGaYb FERepdese Havadditional information; sesdorexampledhn - anbl e
frames consist of two traffic franmes, the inactivity transm ssion node is
rel atively i n@$¥ @8.¢ht GEM 06125 GSM 062215 rGSMi0822) G8M 0534, 'GSM (&4, conf ort
noi se paramneter update requires the transm ssion of two franmes. Secondly,

as transiti ongeif G¥Ts s, Oé.mchh%ﬁmtdﬁ.s"lc b e&ééﬁal&d?rﬁé ab&tndis P Tead! e

frames, either parts of the spéech onsets may pped or transm ssion of
speech onset s,j esuned del gyed by the pre-anble franme. The forner effect
directly degr%%@sﬂfﬁrégﬁ?ﬂ‘?ﬁ atS‘I‘c‘?‘#fdraéggﬁ%‘[’%uct ed speech while the latter
increases the speech transni ssion delay which may cause degradations of the
conversati onal quakad of speeele agtivity istsignaladdyythe dranswissinn of @ifixgbHHDP frame,
interl eaving schene over two frames for SID and speech franes,.as is

present |y donghich i9aétphasivaligeedioGhe SACCH! Ratieg] itfs iamediately’fullowing the

di agonal interleaving for transm ssion of single SID franes is inefficient

int f I.Q,. nd. i i hal f
of every trarih G SHREREatRE SR AP RdiCk Bl SRR, Blac® SiBEAYa8TD 1
hal - remains truaqiléls:nei‘geda \ri}?thlaspetrpou of,\oﬂrxsctee;)(jer&i o evsveﬁ—-t&(amgfl {Jpglajtrésglf) fame

transmission is aligned with the time alignment flag (TAF), which is generated in

the radio subsystems and which is derived from the SACCH frame structure.
Apart from SID‘frames, no other frames are transmitted during inactivity. Simply
resuming the transmission of active speech frames ends the inactivity period.

The RSS handles SID frames as regular speech frames. This means in
particular that the same channel coding and diagonal interleaving is used as for
speech frames. A number of effectively fourty-three (43) net bits is used for the

comfort noise parameters which describe spectral shape and gain of the inactivity



marked in Figures 1 and 2). This efficiency loss in current GSM and PDC
systens is small as SD3 franme transmission is relatively sel dom However,
it is nore severe for new 23 APRIL 2003 _g_ nufti-node coAPRKELZ008n
systens with codec node adaptation. Hugh adaptation performance requires
much nore frequent information transm ssion (adaptation data) over the
inactive link conpared to the transm ssion of SID franmes in current
systens. Moreover, there are certain upper limts of the radi o channel
activity during inactivity (e.g.) the AMR systemrequirenent is: TCH AFS:
16 TDVA franmes per 480 ns nultiframe;, TCH AHS: 12 TDMA fl anes per 480 ns'
multiframe). Wasting half of the avail able radio resource would nean that
codec node i nfornafi oyl d I e transnqitted half _frequently than,
principally po§¥"€‘f'e&n‘qeﬁ$'ﬂvés(§ﬁ‘¥qt 1%%‘?@&1&%? SQFQW§%€@¢B§ Hﬁgnﬁb
sl ower codec node adaptation. A further di sadvantage of applying the sane
di agonal i nt er ltheaframg ak@rSID) frameandde make it distingt frotespescifraimes. o0t i on) as
for speech frames is the delay caused by this kind of interleaving. '"Wth

hivad . _ .
respect to acmg@tg aﬁtemlab@dﬁ%&pgﬁ?gg?%ﬁglgg%@% ?Hﬂg aptation

of the mufti nmuni cati on system trans ay of codec node
i nformati on shaul.d kept .at .a _mnjnum i s prohibits the usage of

di agonal interl Wf‘ﬁéonh a{ﬁtit@ﬂf’ﬁl{egrsgﬁ?%%&systens with DTX is the
detection of speech onsets after periods of inactivity. Mssing the onset
results in clipped sBe«dascribrd$iD Hesangmissioors illostrated inFigre Adod) if a
non-transmtted frame is erroneously detected 23 APRIL 2003 g as a

speech onset f rECR/RSIAdestcatie) chaphedy f@ﬂ-rﬁé%g?&ﬁ)lﬂﬁﬁn(ﬁﬁuféel RirrUHPR S Whesh
y

can degrade conmuni cation quality considera In principle) AVR systens

wi th DTX oper aty )( ASH . far.
currently acti vtdégﬁ?%y H@%S“F%g%: cﬁge %Hﬁﬁ)&ﬁgw%gix%&géﬁ%cggﬁﬁss for
the inactive link need be transnutted. However, when the inactive_ ljnk
becones active aﬁ@éﬁ)’rﬁ”é%?‘t&ﬁl‘@‘@@ the spsech ¢ngedery cThe-middie rpw aymboliseson of
how to sel ect the codes node for speech onsets after inactivity has to be
found whi ch enshe T®MAHfrarmhesithatiransmigtherdspeetive speech o SID bitplia theeadione
nmode. Moreover,  this codes node should be suitable with respect to the

current radi o GR@pM&!. TREYbWe % symbolises the speech or comfort noise frames after the

speech decoder. Every speech frame is exactly 20 ms long. The TDMA. frames
have in average a distance of exactly 5 ms. TDMA frames for SACCH and IDLE
- are not shown. Implementation delays and other side effects are not shown either.

Apart from regular tr;nsmissiQn of SID frames, synchronously and time
aligned to a fixed time structure, IT(j;T recommendation G.729/Annex B
describes a DTX method which transmits SID frames whenever an update of the
CN parametérs is required because they have changed significantly since the last
SID frame transmission.

In the well known Pacific Digital Cellular PDC) system with VOX
functionality, special post- and pre-amble frames are used to signal transitions

from speech to inactivity or, respectively, back from inactivity to speech (see, for



Apart fromthe codes node signaling nmethod in the AMR standard, so far no
further fast control channels are avail able. However, there is a need for
such a channel in order to be able to perform fast confi gufafiPBH-2008nges
(e.g., to change an active codes set, to change the phase of codes node
information in order to nunimze transm ssion delay) to handover to an
exi sting GSM codes such as FR, EFR) or HR, and/or to switch to a future
application such as a wi deband codes speech and data; or multi-nedia).
Accordingly, there is a need for inproved nethods and apparatus for
perform ng DITX and configuration changeg-in adaptive nulti-rate systens .
23 APRIL 2003 -10 ~jtor f the_,Invention The pxesent invention fulfills the
above-descri bed and ot her needs by providing novel solutions for DIX and

above- descr i bed and s by pr
wei | a5 the i AERpBie, PEICSTERZINS. nhkietinRErCotisn Rl ol R HHARRF b °°

I ti- JAd I he di scl d hod d
Cost of 11 ci onieveh 12 MeAH B iheRin P osHAmES Regies GADSSE, 05 G0 Fhamel BRres CamiiFhed

line transm.ssion, and in arns of inplenmentation effort. An exenplary
met hod for penhefirstcarribsawatheninformationthm theiidentificdtion bit pateerimandi ofat i ons
systemin which source data is interleaved for transm ssion froma first

CUaps of det oStantRCPREediEg Eatrf AOREBERIncdts WG DHR AN Rkl

silence descriptor (SID) frames fromihe first to the second cqonponent
during the ped?Wing voice Mactetynost-amble frames are santy paripdically 5o analile thes
transmitted SID flanes are interleaved using a different interleaving

al gorithm as aecgiving@nd o ujpddte tisecbnifort saise genedmion. Farbotx pogtt end pres source
data can be bl ock diagonally interleaved, and certain of the SID frames can

be bl ock intera&@ﬂaﬁ%mci,hmc%mnh@ﬂxaﬁﬁgmea% ff)fléeﬁe@&{ﬁjaﬂﬁé.“de the steps of

transmtting a first type of SIDframe to indicate a transition from source

data activity to sqQurc ata ipactivit WRAically transmjii econd
Cype of S 22"t r ame e fasge cBerrRd soténtioaBDIR seiftont. f SRR 1l ARMFRL T
type of SI17 frame to indicate a transition fromsource data inactivity to
source data adilR.and HRderemotgeellisnited fanysein multi-mede opding spsseras.- This

comuni cations systemis an adaptive multi-rate _(A!\/'R) system the SID
frames can i ngesifle G e faetlthat ST frwid Signdlingoid dohé 6fl neObis ldvelIC A special

description information. An exenplary nethod for transmtting protocol

messages fromge Liesd identifying the SID frame is part of the net bit stream. The SID frame
detection unit at the receiver is executed after de-interleaving and channel
decoding. This approach is inappropriate for multi-mode coding systems ﬁm
more than one source and channel mode since the SID frame identification would
depend on the correct choice of the ct;dec mode for channel decoding. The correct
codec mode at the receiver can, due to possible mode transmission errors, not
always be guarantecd.

Moreover, for analogue reasons, variations of the interleaving‘scheme.

either for the different codec modes or for SID frames, are also impractical, for

complexity reasons. Such approaches require in the worst case to run SID frame



conponent to a second conponent in a speech comunications system i ncl udes
the step of transmtting an escape frane in place of a speech data frane)
the escape frame including a gross bit pattern to distingu2SAPRIlC2603Cape
fxame from speech data franes and conveying a protocol nessage. The escape
frame can further include a data field to indicate to the second conponent
a particular protocol nessage. An exenplary nethod for effecting
configuration changes in a conmuni cations systemincludes the step of
transmtting an escape frane in place aff.a speech data frame, the escape
flame including a gross bit pattern to distinguish the escape frane from
speech data franmes and conveying a configuration change indication. The
escape frane can. rJnc at ield to indigate to th eco
conponent a pa -@#{e&?ﬁgoahﬂ, b@?@?%ﬁe’ﬁghﬁf@ &80@53 %ﬁ@%‘%ﬁo S@Qﬁ“ﬁ’pﬁ c\rgj?ér e
the communi catjons systemis an AMR system an escape firame can be used to
change an act i interlcaving and ¢barnsl deonding.nat i vel y) an escape frame can be used
to change a phase of codec information. The above-descri bed and ot her

features and advantAgdisioBilly, tBere A Bt lefst tHoSMATSP pAIbIESS inadepfing the PDC
hereinafter with reference to the illustrative exanples shown 1n the

acconpanyi ng i .k e i i e al. il | .apPreciate,that the
bR L b0ga Yedtitadn. FIRINC af bodiimtte Einicl "Bﬁ‘g}%ﬁ ostoAEic, frams e o
illustration and understanding and, that nunerous equival ent enbodi nents are
cont enpl at ed Haptivity tyansmissjonsmods is relativelyhingfficient én tormsofi tramsmigsion 1
depicts an exenplary full-rate silence descriptor (SID) frane transm ssion

schenme accor dipgverfsaviags. Eadieporafoit nﬁsepHMmMﬂmfefreglﬁqu the¢ hafgRission of
descriptor (SID) frame transm ssion schenme. Figure 3 depicts an exenplary

adaptive muftig P MELR) i %P&- i ] LV i

can be i npl erretr‘?{OZ%g— 'gureng'ﬁéggi C Sﬁg?gﬂ%ﬂ'ﬂ#%@%&@w&??ﬁg%%ﬂ:ﬂ@ﬂﬁﬂgg
according to the present. inventjon. Figure 5 depicts an, exenplary full-xate
SID frane int ey B&ﬂm@eme Wr?%'i“'oﬂ%@hﬁ?@éseﬁﬁy b ¢BPREARY. Figure 6
depicts an exenplary half rate SID frame interleaving schene according to
the present i rvansmission éf speech Gnsdtspis cesumed delayed byrthe pre-amnbls|fiarhe.ahef or mat
according to the present invention. Figure 8 depicts an exenplary

speech-onset ffoaRBr éfdciWiredlf Qécthdd the qubRty 6fahe BécohfMRRdI spBech while the

latter increases the speech transmission delay which may cause degradations of the
conversational quality.

Note also that applying a common diagonal interleaving scheme over two
frame; for SID and speech frames, as is presently done in both GSM and PDC,
causes further problems. Applying diagonal iﬁterleaving for transmission of single
SID frames is inefficient in terms of radio resource usage and power consumption
since only one half of every transmitted TDMA frame carries SID information
while the other half remains unused and is thus wasted (such wasted half bursts are
marked in Figures 1 and 2).

This efficiency loss in current GSM and PDC systems is small as SID

frame transmission is relatively seldom. However, it is more severe for new



23 APRIL 2003 -13 Figure 9 depicts an exenplary schene for inhibiting
first-SID frames according to the present invention. Figure g qﬁ)'cts an
exenpl ary schene for inhibiting regular SID franes accord@%@lg & ﬁ pr esent
invention. Figure 11 depicts an exenplary full-rate schene for detecting
transitions f from speech inactivity to speech activity according to the
present invention. Figure 12 depicts an exenplary half rate schene for
detecting transitions fromspeech inactivity to speech activity accordi ng
to the present invention. Figure 13 depicts an exenplary full-rate schene
for detecting a speech onset when a spéech-onset indication frane is

repl aced by a system configuration chainge frame according to the present
invention. Pigure 14 depicts an exenplary half rate schenme for detecting a

speech onset pMiltimadé peBmnRAGEH (sj;}slreﬂwwimcuadéd M8 adaptioh 2 FHEhNAaptatiohl €M
configuration change franme according to the present invention. Al though

enbodi nent s | (V. ' i Jhereinafter with spect to
speech tr ans?ﬁeg@%h&nr%aw@g%@ﬁgﬁeqﬁﬁﬂﬁu patiqn ﬁr?nsﬂlﬁsf%{ag?ﬁmﬁfﬁ

i medi atel y appreciate that the disclosed techni ques are equally applicable
in other contdai@svertie iagetivs)link comepared, tnthe dransmission of SID Arapnesdn cunrenty

w reless or fixed 23 APRIL 2003 -14 |line conmunication system including
TDVA syst ens gystefis) D- AMPS), PDC, 1S95, and the Internet. Figure 3 depicts
an exenplary AVR systemin which the techniques of the present invention

can be inplenente I ) | A i.ng and
Rate Adaption Uni ?MP %&@e’)&gﬁg ag'é é%lgﬁé@ég{ on- Bﬁé}‘lﬁ}g 10%2?\%@%& de, as
well as a Mobjle Statjon (M5). On the network side, a speech encoder (SPE)
and a channeldUENZIBRIVIR (S, , the AMR system requirement iged Scl6 DMLY a
speech decoder (SPD)) are connected via the well known serial A-bis
interface. Fdramecperl480khs qmitifirarye;i TCH/AES: A2 TDMdeframesipdry48@sis imat i ng t he
current channel state. Based on the channel state, and also taking into
consideratio m@ e Nl I { f3€art e
control, whi (r:hr} Islo étﬁ%ﬁ%\@%%&gﬂﬁgw&ggﬁgﬁ g)ot“lr?e codggeerr%g%; to
be applied. The,channel. node, 1o .,use (TC~Tl ARS TCHLAHS) is controlled by
the network. R4S "Pgomoaéﬂﬂqt only myﬁegp%@?%néﬁﬁ@‘mﬁymde. For
codec node adaptati on) the receiving side perfornms link quality

measur ement s possible. The result is a potential performance loss due to slower codec mode

adaptation.

A further disadvantage of applying the same diagonal interleaving for SID
frames (carrying codec mode information) as for speech frames is the delay caused
by this kind of interleaving. With respect to achieving the best possible
performance of codec mode adaptation of the muiti mode communication system,
transmission delay of codec mode information should be l;ept at a minimum. This
prohibits the usage of diagonal interleaving.

A particular problem in systems with DTX is the detection of speech onsets
after periods of inactivity. Missing the onset results in clipped speech output of

the decoder. On the other hand, if a non-transmitted frame is erroneously detected



of the incomng link. The measurenents are processed yielding a Quality

I ndi cator. For uplink adaptation) the Quality Indicator is directly fed
into the UL node control unit. This unit conpares the QualZB3tAPRIkdP&ht or
with certain thresholds and generates, also considering possible
constraints fromnetwork control) a Codec Mode Conmand i ndicating the codec
node to be used on the 23 APRIL 2003 -1S uplink. The Codes Mdde Conmand
is then transmtted in band to the nobile side where the incom ng speech
signal is encoded in the correspondi ng9codes node. For downl i nk adapt ati on)
the DL Mbde Request Cenerator within the nobile conpares the DL Quality
indicator with certain thresholds and generates a Codes Myde Request

i ndi cating tlyg JiinBEd &ift€t fRARS ufilifable pid é‘rgﬁgﬁguﬂ%

Request is tran?@ntted in bandl to the ere |E{;9|s le\@gl nto the
DL Mode Control uni t,. Thi s uni engr a ts the requcsted node.
However, conSARSESTIge GRmmymica t{9gg@pﬁéq9p§xd?qa§& network control) it can al so
override the request. The resulting codes node is then applied for encoding
of the inconing splaqnhlcxplg.nAMRﬂyslmMﬂM)m(r@ctatmnm&%oblmeﬁdrtotqahsmit and
downl i nk, the presently applied codes node is transmtted in-band as Codes

Mbde | ndi cat Icafed RIBAE feducitsifbr tHACUPRANY aSHRCTNk Bvrahe MachiviClinle C Ndedolet he

Codes Mode Indication is decoded and applied for decoding of tho received

speech data. Codes S n,.l S.done from a codes (ACS)
Aot ve Codas PHE DERge fr 66 AR B PO Auifte, “HoRBest, RlEBTRe.( og
wWth this set is alist of 1 to 3 switching thresholds and hysteresises
used by the Onactivadinkhegemes aetine again, mmgln@o&cmd@ws&her ectad. t At o
generate the Codes Mde Requests and Codes Mbdde Commands. These

confi gur at i osoRicArF WSt Rt thecadeb pade)fol el Ofidetyfler izt tivRy hacth at
call setup and can be nodified at handover or during a call. 23 APRI L

2003 -16 Accqy mgnshﬂéﬁ%g l?thsmlﬁaﬁ wn in
Figure 3 is basegﬂ%n I'n band signaling V\Ftaﬁdt %@53"?%@% %%ﬁn%utﬁ’?g'es
SID FIRST, r uI ar speec These franme t have in
comon t hat BEFOUQ% "Eférctoa Pf?f%e B@g&iﬁ ?f‘@%sﬁe%\}ﬂ@ c}lﬁ'éﬁf'fﬂaip t hem
Mor eover , they can al so convey payl oad data, which consists of CN

par anet er s arctanmel conditions.i nf or mati on. For exanpl e i npl enent ati ons
according to the invention) see GSM 05.03: Digital cellular

tel ecomuni cat i onspASxe M tHE @®c mode signaling method in the AMR standard, so far

no further fast control channels are available. However, there is a need for such a
channel in order to be able to perform fast configuration changes (e.g., to change
an active codec set, to change the pha_?e of codec mode information in order to
minimize transmission delay, to hand;wef to an c;cisﬁng GSM codec such as FR,
EFR, or HR, and/or to switch to a future application such as a wideband codec,
speech and data, or multi-media).

Accordingly, there is a need for improved methods and apparatus for

performing DTX and configuration changes in adaptive multi-rate systems.



2+); Channel coding-(draft ETSI EN 300 909 V7.2.0 (1999-11)) and GSM 06. 93:
Digital cellular.tel ecomunication system (Phase 2+); Discontinuous

Transni ssion (DTl for Adaptive Milti-hate (ANEt) speech t23AAPRL 23nnel s
(draft ETSI EN 301 707 V.7.2.0 (1999-i i)), each of which is incorporated
herein in its entirety by reference. SID franes are identified on gross bit

|l evel. SID frames are defined to be transmtted using k TDVA flanes, i.e,
they consist of k * 114 bits. A suitable choice for k is 4. In this Case
SID franes consi st of 456 bits, i.e. of one channel frame of 456 bits for

TCH APS and of two channel franmes of 2@ bits each for TCH AHS. Each SI D
frame has a SID franme identification field containing a unique bit pattern
and two nessage fields. The one nessage field is reserved for channel
encoded conf gt noi setﬁt@i Bar!amst ers, the other for channel encoded codec
node i nf or mat n information field can carry codec node
23 APRIL 2003 -17 requests only, or it can be further subdivided into two
parts, one carryi nbhepresentrinention qulfillsthe aboverddscribed antotlermeedsby r yi ng
codes node indications. An exanple of the regular SID fzame formt

definition i revidaf advelsalutionsfor ITX Hnd 83 3B siphing! df ohfifBrafieAsi sts of
a SID franme ?pdenti ler of 212 bhits, a field of lezlkg}ﬂt for tgigmconfort

noi se par amnet i _ i for.the codes infarmat.iqQn. In
(hi s exanpt o, s dngentoBhl pipdds, 4 ikl & oo, HierpAGR of Rl obPiafipgh e
encoded and the codes node information consists of block encoded .

r equest s/ confeRKAE ob Adantive mawtiriatesystemsa rAdvantageousiy; she discloseshmethods wo
nessage fields can be put together, if, e.g., CN paranetezs and codes node
i nformation and appafansnedost efficient intermaoEradiv waisdiissicitapatity i krmsHOL .
According to the invention) regular SID franes are bl ock interleaved rather

than di agonalyeq W gkl o afSn B4R GIRRIBN Gt idgRYI N0 gain (i e,
us S

the transmission Is potentrally I'esS'ro agal n rarnsm ssion errors))

SI D franes gener al carry |l ess infor ion than regul ar speech fr s, and
they can therefor %é%?B%&P&P@%@%M&G@PP@'%‘HW@&@ﬁW used
for speech transm ssion. This conpensates for the loss in interleaves gain,
or even nakest Gnbnfinigatons system sswhichrsoureerdatais tinteHeaved foptransniission firom
current " solutions (GSM FR, EFR, or HR). Inportant information |ike codes

node i nfor mat4 fifst fééﬂgoﬁexﬁ! in tREsyRletd fFA S6LoRY cOnpEARin BrySRM MeRAes the
(conmpared to the in-band transm ssion of codes node information in regular

e feuer oS dtarERER Aol o RRATERRA fuBlfinl, Wa s poabRRRE 00" 1

much fewer bi
descriptor (SID) frames from the first to the second component during the periods

-

pact
ack

of source data inactivity, wherein certain of the transmitted SID frames are
interleaved using a different interleaviglg algorithm as compared to that used for
source data. For example, the sou:cce. data can be block diagonally interleaved,
and certain of the SID frames can be block interleéved.

The exemplary method can further include the steps of transmitting a first
type of SID frame to indicate a transition from source data activity to source data
inactivity, periodically transmitting a second type of SID frame during source data
inactivity, and transmitting a third type of SID frame to indicate a transition from

source data inactivity to source data activity, Advantageously, where the



-18 CN bits can thus be protected with |ower rate channel codes. As an
exanpl e) out of a nunber of 35 CN bits, all can be protected, first) by a
|4 bit CRC code (which makes possible very powerful error23éP82¢09)  and
then by using a rate ~ convol uti onal code (constraint |ength k=5).

Mor eover, both CN paranmeters and codec node information is generally
relatively slowy varying information. Also taking into account the
proposed SID frane rate (of every 8th frame), which is nmuch higher than in
exi sting solutions, occasional |ossesjgf a SID frane duc to channel errors
are even tolerable. As shown in the respective Figures 5 and 6, for both
TCH AFS and TCHI AHS) SID frames consisting of 4 * 114 bits are mapped,

according to | i ‘l L i T ranes. The
pur pose of tﬁé%@@g%%?ﬂg){% %@@P&%ﬁ%‘%é%ﬁ@m% t?%"‘ess uch a
way onto the available TDVA frames that the robustness against transm ssion
errors i s nagRiinelile codec Hadlgdntormationsin addition togilengsedsseriptiominformationot
used. As de-interleaving is not very demanding in terns of conplexity, this

solution with a paﬂmémmmbdifm@mmmFgrmcalﬁeésagéﬁeﬁoﬁ% figasible. In

t he worst case) the decoder executes both SI'D franme bl ock de-interleaving

and conventi i - | [t AV ot et han
one channel - G3RBaRHE ¥4 sekcHF by Rohrih £ Fekdl it dibe b R
systens of wasted bits,in the TDVA frames bel ongi nqlto SID franes is thus
sol ved.  23SiKpf transmifting gnicseape drame-km) placeofacspgech data frame, the essaps ng
schene for the SID frane is of relatively mnor inportance. In order to get
a maxi mal i nfmeciackdinga gyoss bitrpaiteimciatdistingnish ithe edeapes frang frérhIspesthCN and
codec node information bits are distn buted as equally as possible an the

due o tho f SR s AEREYE s torok o e The BREPL B A, e

due to the fact that the Sl tted us chann ranes.

As di scussed,i et ai | wW.wWth respect to SB3 inhibit franes, {he

si tuation caFch‘i:cg:Lﬂ %éﬁ’ﬂ ?%’%@E‘tmﬁ§$F“8P&Fﬂ@Pmafﬂmﬂoﬁpm g the SID
frame has been transmtted and the second half cannot be transmtted due to
a speech ons®essagdr this case, it is inportant to be able to inhibit the
SI7) pattern) which has already been sent. This is ensured by transmtting

the second hal f ofAd &ennsihéyemBthbd tfor effectin, c@ﬁﬁ!g," ’m"ﬁ&;’m‘g’e@{hi he second hal f
of the TDVA franmes. Wth respect to the cgdec node information, it is

i nportant th m&ﬂﬁ%i g@&ﬁ > caell t is
avai |l abl e. TE?S can&ggﬁ%s ur eéﬁ%&gltg%&g? éﬁfsr?ﬁ&é:[ N f%ée&g%%%g%%kﬁ&gf t he
codec node indication, bits on_the odd, posjitions of the,second half of the
TDMA frames. Ogaaa%%@ﬂtﬂa@ g@F\Et theFseape; B‘Ci‘lﬁ]én&)ﬁgf%sﬁ URALIBIY t he codec
node i ndication

distinguish the escape frame from speech data frames and conveying a

-

configuration change indication. The escape frame can further include a data field
to indicate to the second component a. particular c;mﬁguration change to be made.
For example, where the communications system is an AMR system, an
escape frame can be used to change an active codec mode set. Alternatively, an
escape frame can be used to change a phase of codec information.
The above-described and other features and advantages of the invention are
explained in detail hereinafter with reference to the illustrative examples shown in

the accompanying drawings. Those of skill in the art will appreciate that the



bits on the TDVA franmes by using diagonal interleaving. Consequently ) the
CN bits and codec node requestl command bits are transmtted in the odd
positions of the first half of the TDVA frames and in t he?34BR “ﬁgﬁptrons of
t he second half of the TDVA franes. The described interl eaving schene for
SI1? frames on TCHHAHS is illustrated in Figure 6. 23 APRIL 2003 20
According to the invention, particular SID PIRST franes are transmtted

i medi ately after the |ast speech frame when going fromactivity to
inactivity. The solution is nerely to identify end of speech irather than
also transmtting CN paraneters. An exXa@mple solution for TCH AFS is to use
a 228 bit field consisting of 212 marker bits and 16 bits for codec node
information) as shown in Figure 7. The codec node infornmation is either

{1 ame: had bogetiad celtpugaliee e SEIRRH OaRoll R idnalod HiFuhicralindBETT

with the SID FI RST frame thus e ends on the frame nunber and the

transmi ssi on 4pfihat nymereys diments,arg sAntemplated hefe@pecr al
interl eaver maps. the SID FI RST f| raym-e onto the 228 bits available in the
unused half bursts. Figure 5-illustrates the described transm ssion schene

of the SID FI RST frarre for TCH AFS. Note there are no | onger wasted half
bursts. An angtaay& dhiotthé PradfihlisHS woul d aransm t a~Sm FI RST
identification pa ' an codec WOd® i nformation on the 2 available
usual | y unused haI bur An exa mkes the, det n of SID
FIRST nore reli abI éP)exF%‘ {ﬁ%wl'%e g"fﬁgcﬁéﬁﬁcr@mﬂﬁ%ﬁs 4Mes. This
means that 2 channel frarres SID FIRST 1 and SID FIRST 2 are transmtted. A
possi bl y i dettansmissidp&chéme ficcordings it is used in the TCH AFS exanpl e
solution (consisting of 212 marker bits and 16 bits for codec node
information, see Rigie® dépitts aHRR hﬂ'ﬂ@a@%ﬁ&d&%&éﬁﬂ&s ifRinel DVA
frames) whi ch carry t he ?st spee?:%ﬁlar?gma (unused hal f bur(sts? and on the
odd position f _th bsequent TDVA 23 APRIL 2003 21 franmes. This
kind of di agglﬁ1 ""“Sﬁ’&sﬁﬁe‘i‘rjr ows application of the existing diagonal
(de-)interleaver. The codec npde information is either request/comand or

i ndi cati on) dependiigérechdeniets pnexamplary adapiiyg muld-rate SORMUNICASionE SYKEMOf 1 he
codec node information. Transmitted is that kind of codec node information,

whi ch woul d limwhidlethe present invehtion casbeimplementsdnnel franme if speech had
been transmtted. The mapping is done in a way that equal portions both of

the pattern bits i rst
two and the secon %ﬁg@g@@%ﬂ?{?ﬁgﬂi% gureogﬂaﬁust ]ﬂgg%ﬁiaéérg%ﬁfrtu gue

for increasi rigvetnrtri%nrel iability of SID FI RST

Figure 5 depicts an exemplary full-rate SID frame interleaving scheme
according to the present invention.

Figure 6 depicts an cxemplarjr.half-rate SID frame interleaving scheme
according to theﬁpresent invention.,

Figure 7 depicts an exemplary first-SID frame format according to the
present invention.

Figure 8 depicts an exemplary speech-onset frame format according to the

present invention.



frame detection still further. According to the invention) the oven
positions of the additional two TDVA franes are filled with an additional
identification pattern. It is also possible to use a partz%ﬁpﬁﬂé§@3half
bursts for the transm ssion of codec node information. The identification
pattern could al so be the code word of the codec node information, repeated
that often that all available bits are used. If, e.qg., 114 bits are
avai l abl e and the code word for the codec node information is 16 bits w de)
then it could be repeated 114116 ti nmesi3-The di agonal interleaving used for
speech franes inplies that the odd positions of the first half of the TDVA
frames carrying the first speech frame after an inactivity period are free

for other purposes, | i i set detecti rding to the
nventi on) s o e st dn cRRnBler) SRt SliaEbe A SHEF Ratmer o, ° |
pattern. Moreover) parts of these bits can also be used for 23 APRI L 2003
-22 transm sdareordmg ta thepresentdoventioni cati on that signal s the codec node
according to which the first speech frame is encoded. A solution which both
conveys an onset Ipijyreail fpicts' B ekEYRplapy! ShettRABy inhiHifiAd rephidrSIPihMREat the
codec node indication code word that often that all avallable bits are
used, as is illustrat in Fiqgure 8 An exanple for TCH AFS is to repeat
the 16 bit c&ﬁ‘é°‘§5‘ﬂgt°3€°l’¥?ée‘i“3rm’%°1“0n 228/ 16 times. Fox TCH AplS) the 16
bit code word is repeated 114/16 tinmes. Such an onset frame is mappee by a
particul ar inter| &igwre ldrdapiets an gxersplary full;rate schemg for deteeting transigdons
respective frame transm ssion schenes both for TCH APS and TCHI AHS are

depi cted in Hidhspeck iitivity té-epeethidctivity ado%ﬂdih%to thePrédenttfvention. S| Dr FI RST

frames are transmtted using 2 channel franmes. Situations can thus occur in

whi ch a hi gher pri@gi i b Sl ' LAY Caifihfi St but
before the second cg%%n%egﬁ%?m%gféﬁﬁg%@fﬁtg%éﬁgg& [ %\#sa"n .l{)é%.' In
such a case, the error, event coul d-happen that, the receiver m sses the
onset and inﬁ%ap%bmvgy@@whapgwée@qw@nw theqresent RYenteBe) even
though it has actually only received the first half of it. To help avoid
this problem a siigurel133dpidts REExemplany fuli-raterschiemefor detectingadpeecha

regul ar onset frame when the first half of the TDVMA. frames carrying the

SID FIRST ha\(ﬁs&%ﬂ%ﬁﬁé&%ﬁ&d@%&@ﬁi&ﬁ&ﬁﬁéﬁs Reed bPa sysein ébifigufatibnspeech
onset. The pattern bits belonging to the second hal f” of "t he STD FI RST

frame, which wo. t ] now i nverted. This inhibits
the detecti Oﬁ%&qﬁ%ﬁ%ﬁg&%&@gﬁﬁ@%&%&%&ﬁ@& the receiver. The codec
mode information bits 23 APRIL 2003 -23 remain the same, as fromthe
original SID FI RSFigurgni4 depiets an exemplaryhalf-raisischgme for detecting a speech

(S

onset when a speech-onset indication frame is replaced by a system configuration

change frame according to the present invention.

Detailed Description of the Invention

Althougﬁ embodiments of the invention are described hereinafter with
respect to speech transmission in the GSM system, those of skill in the art will
immediately appreciate that the disclosed techniques are equally applicable in other

contexts. For example, the invention is readily applied in any wireless or fixed-



unusable frame in the described situation. It is useful to hide this frane
by applying proper error conceal nent (EC) techni ques. The_ d ibed case is
illustrated in Figure 9. Another special frame, nanely a é?ggﬁh-rr?- °t fl ane,
is used instead of a regular SID frane when the first half of the TDVA
frames carrying the SID have been sent but the second half cannot be sent
due to a speech onset. The pattern bits belonging to the second half of the
SID frame, which would have been transmtted, are now inverted. This
inhibits the detection of the whole SID pattern at the receiver. The ‘codec
node- ~nf onnation bits) which representjga codec node indication, remain the
sane) as fromthe original SID frane. The receiver wll get an unusable
frame in the described situation, for which it will continue to generate CN

using the pregyio QAL s he. reg r.can al so f he
pat t er ns tha%r@hﬂ%gﬁfoﬁ%ﬁﬁr ‘Pﬁhhﬁmgpée syskis %&%@W%@Q%
speech onsets with inproved reliability. The described case is illustrated
in Figure 10IS%&candsbadutetnethe i nvention) SID frames are transnitted during
inactivity every n~ frames (TCH AFS) and, respectively, every n~ flames

{TCH AHS) . A sui t Bibrech depibtsish éxenipldty AMR sysleasHrwhich Wtekﬁx_ﬁﬁﬁég Sthen and

decoding of SID franes (alignnment déduced fromthe SACCH as In the current

GSM systen) | i bsidnag in tQday'.s M tem _whi hel ps to
2chi ove. gond PErERF i & B banicntuled. Dk oheplarl MR, S 66067, B
frame identification 23 APRIL 2Q03 -24 based on_gross bit patterns

provi des t hatTmanipedingznd Rate Adaption Unit 3RAY) asdhe Base ﬁtatlowﬁB'ES)r oihiep| e
solutions without a fixed phase are possible. One exanple is to start
transni ssi on netwéiklsidé, rasreell as & Mobile Sthtior(NMSROn tHetetwbdrkeside, aspeestsi on of
the SID FIRST pattern, and then to transmt SID frames every 8th franme. An

al ternative %ﬂhbﬁérQQPE?%@X%sﬁQﬁxM%H&dﬁf: gﬁg;gfsf@af AR cﬁimg gendgg]&{ fdéigﬁsed to

any fixed tine structu an exanp franmes are

whenever a node request chan ossibly with the constrajnt that a
certai n maxi ﬁﬂﬁlaﬂ’ge‘f é‘?ﬁ?ﬂﬁ @’?ﬂsﬁwqwﬁé%&xﬁh@mﬁﬂ Shas not
yet been exceeded. Another enhanced solution can transmt a SID frame if
t he CN par anmdnterfacta¥or eqcinkinki qualjty informnation is detrivedrhyéstimating thercurfrent
transmtted TDVA franmes per 480 ns nultifranme has not yet been exceeded.

Such sol uti ohatihel l3ta36.yBexBd @AQHS cluridel §taET ahd al86 tkSSd Rifo 6asiderdtiorPack to
time ali gned transm ssi on whenever certain mninmumtransm SSion

requi renents sl i e headif ferent
bit patterns p&ﬁ#lgt]e' %&%&%j&?%@l{?@nﬁg@&f @e& lwaeere%ééﬁao}l'r%meh%pes can
partially be corr(gpted ql_‘\?éwtransm'ssion errors . .In qrder to ensure reliable

det ection of 1PFACHIR the HEWRFK sidenselerts flesadpemodes oreapplicdr rors,
The channel mode to use (TCH/AFS or TCH/AHS) is controlled by the

network. Uplink and downlink always: agply the same channel mode.

For codec mode adaptation, ﬁc recei\;ing side performs link quality measurements
of the incoming}ink. The measurements are processed yielding a Quality
Indicator. For uplink adaptation, the Quality Indicator is directly fed into the UL
mode control unit. This unit compares the Quality Indicator with certain
thresholds and generates, also considering possible constraints from network

control, a Codec Mode Command indicating the codec mode to be used on the



correlation techni ques can be used. One possible solution is to count the
nunber of matching bits, when conparing the received bits with the
patterns. As an exanple, if 70 % of the bits coincide, th@dARRIL2ER%| ver
can regard the pattern as found. An alternative solution using soft bit
information is to accunul ate the 23 APRIL 2003 -25 received soft bits
wth a positive sign if the corresponding bit of the pattern is 1 and with
a negative sign if the corresponding bit is 0. This accunul ated neasure can
be normalized by the product of |engthi®f the pattern and the maxi nal

possi bl e soft bit value. If the normalized neasure exceeds a certain
threshold, e.g. 0:4, the receiver can regard the pattern as found. One
further critegl i S1D, 1 o t CN
bits. If therell'rl lggc‘a Bgﬁgtro,%t e radr)ri;§ Tg Hofb%gg%%%gadhgg %ﬁl&s
frame. For cost reasgons, it is desirapble that, the identification patterns
do not requir¥ € HEOPHDE FRech sipnalls eng indhe,coressppmding cedpe mode.
identification pattern for SID FIRST and regular SID for TCH AFS can be
constructed by repFat downlitioadaptation; theclidviodes Request Gaidtatdd Hithin &he t i nes
and then discarding the last 4 bits. Such a 9-bit sequence is, e.g., {0, 1,
o, 0, 1, 1, : Aq@l s di #iﬂﬁ@% ' e
possi bl e dec é’ﬁﬁdﬁ’é" g%mgfr%f gl-gl-:i?tR'S }t%trlrnedliaé&ﬁ&eig% ar |sr%%e€éﬂgﬁgegg

vi ce-versa. Theref the identificatio atterns for, S.D and S| D_El RST
are nmade as d g@qqﬁoﬁgg{egggsg ?#@%%R“&Q‘EFA)F@“@@%&S’E F’&r‘ﬁ’w ﬁE‘e
SID-FIRST frane can be identical to the pattern used for ~TCH AFS. The
pattern used Codea Mypde Requzshis tramsmitted in-bamshitotthe network side acheisy iti is fed fritog
the SID FIRST pattern. The solution to transmt only a special bit pattern

and codec nodgeipyf, Wods Controludit) Tl thit bERTally [thé BRfuedtbdihodes O

transmtting CN paraneters hel ps to keep the DIX cf Fci ency at a maxi num

(i.e.) the ac}iyj . - ihterface i s kept at a
i A PRl S0pliaaE bossioe i B aefPolk Syl gl oSS
identification pattern can be nmaxi mal since all available bits are used for
the bit pattePYerpids ghgrequests £he sesyltng codee mode ds then applied fge encasting of the
information). A problemwth this is, however, that the receiver does not
get a set of iomimgspeeeh sighalrin@swapbinkrditettion.duri ng the period fromend of
speech until the reception of the first regular Smfirame. The solution is
to derive the CN p iRt j 1 speech
PO ok 168 ol 8 e Bl R ol P encoder

parameters of the franes before 'en
operates wit hu?ﬁ"s%h%é{ fn-band 85 Codec Mode Indication together with the coded speech data.

At the decoder, the Codec Mode Indication is decoded and applied for decoding of
the received speech data. B
Codec mode selection is done from a set -of codec modes (ACS, Active
Codec Set), wl;ich may include 1 to 4 AMR codec modes. Associated with this set
isalistof1to3 switching thresholds and hysteresises used by the DL Mode
Request Generator and the UL mode control unit to generate the Codec Mode
" Requests and Codec Mode Commands. These configuration parameters (ACS,

! thresholds, hysteresises) are defined at call setup and can be modified at handover

or during a call.



even though the VAD detects voice inactivity, a certain nunber of mfranes
is_ still encoded as speech. The decoder caa thus derive ng_%éers

|l ocally by, e.g., averaging the gain and spectral paranet A

hangover franes, i.e, n = m Another solution is to apply the | ast received
set of CN paraneters of a preceding inactivity period. According to the

i nvention, an AMR receiver incorporates a 2-state nodel with the states
activity and inactivity. The purpose of this state nodel is to support the
speech/ SID/non transmtted frane distinction. Going fromactivity to
inactivity requires the detection of &6~ FIRST frane foll ow ng speech
frames. Going fromthe inactivity to the activity state requires to detect
t he speech onset idenrification pattern and a valid fast speech franme which

can be decoded w t&&&dﬁﬁ%%&ﬂﬁeﬁﬁtﬁ: romn(t?a%wg mrﬁ;“ﬁggﬁ'%ﬁcqual ity

measurenents that are : derrve e‘recelrve oder and
whi ch exceed gert APR 003 ;27 ¢ reshc' ds. An exanple is the SFQ
measure (gr osSEW&t ﬁrt?aé? EtIF‘I"?ﬁ“i?lE“Wﬂgc‘m ¢ diffepent FRMOBPEEnr eshol d. The

reliability of this state transition can be |ncreased with the constraint

that nore thaSIDoFRST aregalan$iD, hnd speeohl oadst dranies ) AieséFiame typds havedn
optionally, not exceedi ng a certain SFQ rreasure Anot her criterion, as

i1 ustrated 'dam&v{h‘atafc BpRtRAH A SrBls WP hrerl® WHfidh IdERRE) dibaS f'rom

inactivity to the act|V| ecelve rar’res I medi y ‘foll owi ng

SID frames c never\kﬁeas eech frane rowddthat bloaéNlnterleavmg i's
used for Sl D PLHPNET: FREY: FAT a«g,mrégeymgg@a QRSB N BFUPPIEE i ng
for speech firames. Figure 12 illustrates thls criterion for the exanpl e of

TCHI AHS. Anotandrcodes mode imformation. hForiexample implementations aqoerding to thees and to
hel p to distinguish themfromnon-transmtted franes is to access neasures

from ot her cqmmat sec0GSMO5 loscmgim ckRullr teldch@nithidafiesd ¥RterR (Ph438
equal i zer). Exanples for such neasUres are carrier aad interferes strength

bot h S 71 RoT- S Wanel CERHE B Yo T b sbB o2 bt 35 i Rist g 81 °°

transmt the TDVA frames carrying themw th increased transm ssion power.
Accor di ng t o Iigital enblalar telecompunicetion gystem {Bhase 20ns Riscontigueusl e f or
defining the codes node for speech onsets after a period of inactivity: (a)
Sel ection of Trdassmigsion (DATS) for AdiaptiveMultiRate(AMR) apeech ityaffivichinnels(dpaft h

robust codes node. The safest solution is to choose n=1. No codes node 23
APRIL 2003 ETSI EN 301 707 V.7.2.0 (1999-11)), each of which is incorporated herein in its
entirety by reference.
SID frames are identified on gross bit level. SID frames are defined to be
transmitted using k TDMA frames, i.e. they consist of k * 114 bits. A suitable
choice for k is 4. In this case SID frames consist of 456 bits, i.e. of one channel
frame of 456 bits for TCH/AFS and of two channel frames of 228 bits each for
TCH/AHS. Each SID frame has a SID frame identification field containing a
unique bit pattern and two message fields. The one message field is reserved for

channel encoded comfort noise (CN) parameters, the other for channel encoded

codec mode information. The codec mode information field can carry codec mode



28 _indication need to be transmtted. The drawback for n =1 is that, for
good channels ) a too robust codec node with low intrinsic sBpech uality
is selected. (b) Selection of the same codec node as for 2B& &U-r?QQ%tly
active link. This is notivated by the fact that uplink and downlink channel
qualities are simlar. The transmtting side of the link resum ng speech
transm ssion applies the codec node which it is requesting for the incom ng
currently active link. The receiving side of the |ink becom ng active again
knows the applied codec node as it is Jdentical wth the codec node
requests which it is receiving fox apﬂ:Fcation on the outgoing currently
active link. The schene can be nmade nore robust if a node is selected for
speech onsets which is n ée.g. n=1) nodes nore robust than the node of the
currently actrequests; oIty (rrib ¢ar bel sybdinided rimto dwo @atts: onemderying codse. (c)
Sel ection of the same codec node which was sel ected at the end of the |ast
speech peri odnédeareqaésadcdrmandgid ﬂlbto!he@%i'rgﬁlg cbdeSmode didaviohed by the
fact that radi o channel conditions generally do not change very fast. The

schene can be nade ' ' el e J.0X. speech onsets
which is n (e.qg. rﬁﬁ no%lgg?r%rﬁo?g@ga&r%ﬁ%g%fﬁﬁhﬁgﬂa%ﬂs VY used at the
end of the last speech period (provided that such a _nore robust node

exi sts). (d) Fgure4.ilnthis examples the SIDhEame consists of a1SIDfmmeidentifier of 212 As
transm ssion on inactive links is not conpletely stopped, link quality

measuring i s bixess fieldeof T biesfopilic SgnforbficisepRRmeteePOid £ field TBIEitgRSIC
requests | commands are transmtted over the active link. Wen the inactive

i nk resunes R : : SE:SSh de
correspondi néh?é))&tcﬁe[ﬁ%%cs recgﬁgégﬂggigreég% éﬁglgqihsgged@sﬁgﬁegc ed.

Advant ageousl y, sol utions . and, (.c) .above, can mgke use of the fact
that no code W@éﬁ%&g‘f‘é‘&%‘ﬁﬁ"‘("ﬁ & tfz“@é‘p“l‘— Fodecraede ipformation SARSHE od.
The active link can thus save the transm ssion capacity for codec node
request and wfdlock énsodesorequestsicommangoand indicatiosiplnean altermative ssohition
transm ssion capacity for better protected transm ssion of codec node

i ndi cations. ghéitvasitiesdaB flefds d3a RGAM 0 nifhed. | ERNprAtH&ers’ i ddet Or M ng

DTX in AWR systens, the invention further provides techniques fox

performng fast, copfiguratio hanges, . R systens., The, purpose qf these
t echni ques i?‘fdc? 'gﬁ “"301835? QQ%LT %%Fda‘fﬁ%A%?ﬁﬁﬁﬁ@nmpgwgﬁh&&ﬁgaﬁbne

usi ng existing slow control channels. Mreover) existing control channels
cannot ensure t hatAecording b the Hvenrtiom gegnlag D 8 a7¢i bleck ipfarleaved satheriat a
transm ssion. Like the above described DTX nechani sm the configuration
change nechanthandiagodsdlye cWhileithis lpived awaypossible intaplehvinggaiar(hegrthe e. g.) in
connections with tandem free operation

transmission is potentially less robust against transmission errors), SID frames

generally carry less information than regular speech frames, and they can therefore
be protected using more powerful channel codes than used for speech

transmission. This compensates for the loss in interleaver gain, or even makes
SID frame transmission more robust than is possible for current solutions (GSM
FR, EFR, or HR). Important information like codec mode information can, e.g.,
be protected by stronger channel codes (compared to the in-band transmission of
codec mode information in regular speech frames). Furthermore, CN parameters

are usually represented with much fewer bits than speech parameters. The few



(TFO, the change of the active codec set and the change of the phase of
the codec node information (in order to mnimze transm s&gg \(E%%é)s
Further general applications are handovers to one of the RER M
codecs (FR, EFR, HR)) or to switch to a future application as, e.g. a

wi deband codec, speech and data, or nulti-nedia. Like the DTX nmechani sm
the configuration change nmechanismis 23 APRIL 2003 -30 described with
respect to TCH AFS and TCHIAHS in the GSM system but is equally applicable
in other contexts. The configuration change nmechanismis based on frane
stealing simlar to the well known FACE¥l franme stealing (i.e., speech
frames are replaced by configuration change franes)) and is therefore
referred to hereinafter as escape signaling. Since the escape signaling

mechani smis o) ' durin connection gnd onl ew speech
franes will bgﬁgﬁéﬁ @ﬁ%’mﬁﬁgél@?&g&!‘&c%’ﬁ@ggWFﬁéﬁ? el cddeyl, A an cadnple it
to make the frane steali ng virtual 'y inauch'ble. According to the

i nvention, esebbeumberel3yEN bits,#llfanhe nretested, frst: b a 38 it CREeoddescr i bed
above. They are identified on gross bit |level by a particular

i dentificati ofwhiel iakes possitle Seiy fowstha erforeletection), ded tHenyRainges Patang one
or two nessage fields. One field carries the actual channel encoded escape

nmessage) the 1 ' Bld 90 a t pe frame
can include 4 %%ﬁ@gﬁﬁﬁﬁwgﬁ%?r ég@%ﬁ%aﬁgﬁf%yﬁaﬁég 1B% r anes
(sec) for exanple, Figure 4), where the CN field is replaced by the. escape
message. The %FM%WW@P&&%‘EF@W rolatively Ql@\Y@'p\éﬂfﬁgghﬁfW@n‘aO% &dsq ed

t he escape nessage. Escape nessages constitute of a number of net bits)

whi ch can be gkinghatb accolnthe proposed SID Famecrate(@f e very 8tk feamie) | whith is
according to the invention, see GSM 05.09: Digital cellular

t el ecommuni cajyl (iRhassin iy ARAntA Y4 I 301 709
V1.1.0 (1998%“??%?%15 I ncoggél’rugtbgpd ereln ?%Q%té%%ﬁ?g@?dbdé%
reference. 513 APRI L 2003 - 3| Es?gﬁge messages can be channel encoded with
any suitable ﬂeﬁvﬂ%fédﬁfﬁa"%%ﬁ‘? ,-as e.g. block or conw utional coding.
One cost efficient solution is to use exactly the same channel coding as
used for the CN padarsBowndnithe respective Higures §and &s for boash TAORMAES aud s neans)
follow ng the above described exanple solution with 35 CN bits, that an
escape NMessagECH/AES, BID friunss eonsiating of et 194 bits srel agipetl, S58Grding t6 bR
convolutionally encoded with a code rate of 114 and constraint length k=5.

invention, by block interleaving onto 4 TDMA frames. The purpose of the

interleaver is to distribute the SID frame bits in such a way onto the available

TDMA frames that the robustness against transmission errors is maximized. The _
diagonal interleaver for speech frames is not used. As de-interleaving is not very
demanding in terms of complexity, this solution with a particulgr block interleaver
for SID frames is feasible. In the worst case, the decoder exe;:ﬁtes both SID frame
block de-interleaving and conventional speech frame diagonal de-interleaving, but

not more than one channel decoder. Advantageously, the problem in current GSM
and PDC systems of wasted bits in the TDMA frames belonging to SID frames is

thus solved.



As with the SID frane) the codec node information field can carry both

bl ock or convolutionally encoded codec node indication and codec de
conamandl request. Escape frames are bl ock diagonally int e??égﬁﬁﬂzora%i
speech franes. This inplies, assum ng the exanple solution with an escape
frame of 456 gross bits that an escape frane repl aces one speech frane on
TCHI APS and two speech franes on TCl ~I AHS. For TCl13/ AHS, these are not
necessarily two consecutive franes) however it is assumed in the descr' bed
exanple solution. Not stealing two cong@cutive franmes i s advant ageous for
the error concealnent in order to hide the stealing. On the other hand,
stealing two consecutive speech franes is beneficial in terns of

transm ssi on del ay } i i ch
a vay. that the f.rs?'ﬁdﬁ’ﬁa@ﬁﬁéﬁ% ieifea B SEEERY 13 Ind S0 35 B Of'
replace the firsg eech frane. |s inmportant that this first half
contai ns t he Edatiysly miger WRWF‘?}n order Apget a maximal interleaver gaip, pat t er n.
Thi s enables the receiver to check for this pattern. After fording the

pattern, the identifivation masket dits,0ad welkhe ONhandeuder thodle Ghformaieebits dreane,
which carries the second half of the escape frane. In order not to

i or | oaves. caReTEE B SRl IR AR TIMASRHR e Rl rRRBon o1 s on

bit positions of t ol en, speech frane. Consequently, the other
codes node i nfor m%&&@@mqai&i‘ﬁﬁﬁ%°%¥fﬂﬁ t%%c%@‘?tdh%tbﬁPSm&%ond
stol en speech frane. Furthernore, the placing of codes node information,

i .e. codes noisetransdiitted hsing 2channe] feames. chsmioubsed int detdihbelowdeith vespectf tee| ~
is done with respect to the codes node information phase during

transm ssion Smmvitmthlﬁfaﬁﬂﬁémbé&xr‘%vﬂ&n)théﬁﬁthhl?%hﬁlaﬁ)m the

escape flanme replaces a speech frame which woul d have carried a codes node

i ndi cati on, as_ st smit
a codes rmde %&%@g tﬁéfsgﬁ f&ﬁﬂ% %ﬁgﬁﬁ@%@@ﬂrﬂﬁéﬂe %?83%@%8?&4% m can
al so be used in conjunction with the above_ described DTX mechani sm Thus,
accor di ng to trApsmitied due & a speechrnset. oHorthisease.dp isdowportent torheyabletach
frames, but also all other r types of franes, nanely SID FIRST, regular

SI D, NoTX) anihhdlyit de SEnpatterh; which. ha@mmadjebeengehmérmﬁsaeﬂsbﬁﬁdw escape
frame is to be sent during an inactivity period) it is efficient in terns

of transm ssi GandRieh ff2 seSGHiPhAIP of il parBlPbiks wﬁﬁrdda}\bsi&ags 8P theSselome T or

SID franmes. However, since the escape mechanismis targete e used only
occasionally, half 3F ?he fﬁk\&’ﬂ frames. thurseggect io the codec mode information, it is

important that the codec mode to be used for decoding the speech onset is

available, This can be ensured by also transmitting the second half of the codec
mode indication bits on the odd positiomﬁ of the s;econd half of the TDMA frames.

A possible solution is to map the pattern bits and the codec mode indication
bits on the TDMA frames by using diagonal interleaving. Consequently, the CN
bits and codec mode request/command bits are transmitted in the odd positions of
the first half of the TDMA frames and in the even positions of the second half of
the TDMA frames. The described interleaving scheme for SID frames on

TCH/AHS is illustrated in Figure 6.



23 APRIL 2003 -33 not the nost inportant criterion. Rather) cost efficient
i npl ementation and | ow conplexity is inportant. Theref orﬁqﬁpﬁlﬁ@@b' ci al
solution is to keep the frane format, channel coding, an : gonal
interleaving, which is also used for escape franes during speech. Note that
usi ng bl ock di agonal interleaving for escape frames during DTX inplies that
there are half bursts not defnned by the interleaving. For TCH AFS, the odd
positions of the first 4 bursts and the even positions of the |ast 4 bursts
carrying the escape frane are undefined. Undefined bits are no probl em per
se) however, the follow ng probl em capge sol ved by setting the undefined
positions appropriately. consider the case of a speech onset. As descri bed
above, a speech onset frane is marked with an onset pattern which both
allows for better jdent.fyi fhe frane_as.a n d identifying {he
codec node used fd}‘cquémgrnggl?e E‘H&%%Wﬁ%ﬂ“@ﬁaﬁﬁ&éﬁweﬁmﬁﬁﬂ%e sent
at the sane tine) it will replace the onset frane. Thus) for subsequent
speech franesimmediatelyraftee thti kst spgech frame wéhenigoing from astivity ée itactivigyes)
since the onset pattern was stolen. According to the invention, this

probl emis avpaeiggtivn i imdrelyotientify ehd o&'@iaéccﬁfrathéﬁhﬂﬂdﬁbitﬁﬁﬂnﬂéﬁg Cglﬂr”dd

positions) with the onset pattern) regardless if there is an onse not .

For the case er t TS 4t nee . i gnal ed that
nactivity cotineies: Kaitnglebioh R TERARS o JECE 2o ikl cdiduiy,
frame does this. This defines the 'second half of the otherw se unused bits
(even positi o312 marker biss and b6 bits for codre made deformation, as shewn in Figure 7.

i npl enentation costs. ft 2~ ApR_I ~. 2003 -34 allows handling of escape
franes) apar tThe eslle ifvdedhforndiion is eitRe réquesticoniminid SEmdRRE6Sdepehdiuges 13
and 14 illustrate the described solution with respect to TCH AFS and

escape pur poote PAGH I PR o ARkl RARE bl REF EnalD, PHE o 0. Ch ey

escape purposes, canno e escape)
since this would jncrease the speech tra 1.SS1 del qy. wever) SID

| ames. that | diete iausen syansma v b STLFIRST huime Bt dpgmisit te
reschedul ed for transm ssion inmmedi ately after escape frane transm ssion.

Advant ageous| frame hixmbemtnskthe drangmission phase of thecotlpemode infoomifion. Aoi se
signal quality. Exanple solutions are provided in the above cited GSM

06.93. In or d@_@ci‘apin?&!‘édﬁﬁ' lﬁﬁjfié_ ﬂﬁtSH)ﬁ_FﬂPSTM orft§ URPE28'BiES AEHEELRIA the
define appropriate routines for errdr events ) an escape protocol is

b oPosed: B THkey B TR, SRS AR b RPpRR B PR B, .,

SID_FIRST frame for TCH/AFS. Note there are no longer wasted half bursts.

An analogue solution for TCH/AHS would transmit a SID_FIRST
identification pattern and codec mode information on the 2 available usually
unused half bursts. An example which makes the detection of SID_FIRST more
reliable is, hoimzver, to use also the next 2 TDMA frames. This means that 2
channel frames SID_FIRST_1 and SID_FIRST_2 are transmitted. A possibly
identical 228 bit frame as it is used in the TCH/AFS example solution (consisting
of 212 marker bits and 16 bits for codec mode information, see Figure 7) is
mapped on the even positions of the TDMA frames, which carry the last speech

frame (unused half bursts), and on the odd positions of the two subsequent TDMA



limted to the specific exenplary enbodi nents which have been descri bed
herein for purposes of illustration and that nunmerous alternative

enbodi ments are al so contenpl ated. The scope of the inven238RRIL2Q03er ef or e
deftned by the clains appended hereto, rather than the foregoing
description) and all equivalents which are consistent with the neaning -of
the clains are intended to be enbraced therein. 23 APRIL 2003 -35 1. A
met hod for perform ng discontinuous transm ssion (DT's in a comruni cations
systemin which source data is interleaved for transm ssion froma first
conponent in the systemto a second céﬁ]ﬁonent in the system the nmethod
conprising the steps of detecting periods of source data inactivity; and
transmtting silence descriptor (S1D) frames fxomthe first to the second
conponent  durframges. hEhisdring of diagosal umappingallowsrepplicationyof théexisting dimgbadln of
the transnutted S1D frames are interleaved using a different interleaving

al gorithm as @enRRaver ‘Iibiéli:o&&%o&é)fnf&%ﬁ%ﬁ il afifer r@rg;e?bé‘odi%ﬂ@ grof claim

1, wherein source data is block dlagonally I nterl eave ereln certain

of the SID fr t ve thod of ai , Wherein
the SID frane@gﬁaté&{ldggsﬁ ?‘ﬁ%b@@ %beb g}sg:ussgméﬁaé Etgt}?od of
claim1) including the steps of: transmttin first type of SID franme to
i ndi cate a t repdes mode infosmation Eéarumxaecbﬁtthaﬁm)d obcadsgmadedinformatiant i vi ty;
23 APRIL 2003 -36 periodically transmtting a second type of S1D frane

during sour cewhiehavduldhve/ béen sefih the 2expettivel dbanel FHMif syQRhHad Bebh f r ane
to indicate a transition fromsource data inactivity to source data

adapt i ve i ¢ AP 2R e s bonkiEh S et a IR OB O A RABRR e
information in addition to silence description information. 6 The net hod
of claimi1, witsrandthe sedecynpds jnformation hitsaue puten thefirstiwe ansl thesecongui sh

the SID frame fromsource data franes. 7. The nethod of claim6, wherein
the bit patt etwosused SIDMFS frafmes. patterns. 8. The nethod of claim 1, wherein
the source data is speech, and

Figure 6 illustrates a technique for increasing the reliability of SID_FIRST

frame detection still further. Accofdihg to the iﬁvention, the E\;en p;ésitibns of ﬁe o
additional two TDMA frames are filled with an additional identification pattern. It
is also possible to use a part of these half bursts for the transmission of codec
mode information. The identification pattern could also be the code word of the
codec mode information, repeated that often that all available bits are used. If,
e.g., 114 bits are available and the co.de Qord for the codec mode information is
16 bits wide, then it could be repeated 114/16 times.

The dhéonal interleaving used for speech fraimes implies that the odd
positions of the first half of the TDMA frames carrying the first speech frame after
an inactivity period are free for other purposes. A solution improving onset
detection, according to the invention, is to fill these bits with a special onset

identification pattern. Moreover, parts of these bits can also be used for



wherein the communi cations systemis one of a Tinme Division Miltiple Access
(TDMA) wireless system a Frequency Division Miultiple Accessw(QFDl\/A

wirel ess system and a Code Division Miltiple Access (COMAARRIeASs
system 23 APRIL 2003 -37 9. The nethod of claim1, wherein escape franes
are transmtted to effect configuration changes, and wherein an escape
frame can replace a source data frane, a SID frane, or a no-transm ssion
(NoTX) frame. 10. The nmethod of claim9, wherein SID franes are bl ock

i nterl eaved) and wherein escape franes are bl ock diagonally interl eaved.

i1. The method of claim9) wherein thgxomunications systemis an adaptive
mufti-rate (AMR) system and wherein an escape frane is used to change a
codec node set. 12. The nmethod of claim9, wherein the comrunications
systemis an Y f{i (s . te nd wherein.an escape frane
Is used to cﬁ‘%ﬂ%@k ‘°§h eédcﬁeéglg@&lﬁaﬁ%%(? ggnﬁﬁ%e co%%“‘ﬂ%? ﬁ%‘i?rgﬁn%?f’ai m 1)
wherein active speech source data is block diagonally interreaved, and

wher ei n unus &high the fiiist spesch famenis @nreded; gy selutiomahichrbath cenveys poanset! r ane
are used for a specific bit pattern to mark end of speech) and wherein

unused bits Wbitputterd hel thetcodee modedndieAwirEis t6 kepraf the toddcaiderindicatiefl for a
specific bit pattern to mark begi nni ng of speech. 2a APRI L 2003 -38 14.

In a speech ' ' t ' heh h ta is transmtted from
a first com%ﬁg%%#%%kggggﬁ%ﬁc@%gﬂg% ,b?tﬁ aﬁ?@fﬁgda%?ﬁ?ﬁugﬁgﬁpt lgﬁﬁ' r ot ocol
messages to the second conponent, conprising the step of: transmtting an
escape frarre%e’ﬁﬂ@léf‘?ﬁ'l'éggﬂg@dﬁ ’-’Qima‘fﬁh&rig,bltmeéwdp@therlad@atlﬁnl uding a
gross bit pattern to distinguish the escape frane from speech data franes

and conveyi n@28/1§ tirhes: OFonTCHYNHS, Ithe 16yt code dd 65 repestedrl 141 6whnései n t he
escape franme further includes a data field to indicate to the second

component a @Rkh uf\ s AL AApgEee S Bariithlar Hlertea b UMB P HBARIsE Y ST EM 1 1

whi ch speech data is transmtte compon to a Second

conmponent) a_nethaod. for effecting configuration changes, copprising the
step of: traNSH¥ bl&ﬁwesi%éesg?%l-ﬁﬁﬂ%wwnas botadon: flane, the
escape franme including a gross bit pattern to distinguish the escape frane
from speech RGHE/ARSamd TORY AJES areydepicted imFigurgsiSaaridoé change i ndi cati on.

For TCH/AHS, regular SID frames and SID_FIRST frames are transmitted
using 2 channel frames. Situations can thus occur in which a higher prioritized
speech onset is transmittgd after the first but before the second channel frame of
the SID frame has been transmitted. In such a case, the error event could happen
that the receiver misses the onset and instead detects a SID or, respectively, a
SID_FIRST frame, even though it has actually only received the first half of it.

To help avoid this problem, a special SID_FIRST inhibit frame is used
instead of a regular onset frame when the first half of the TDMA. frames carrying
the SID_FIRST have been sent but the second half cannot be sent due to a speech
onset. The pattern bits belonging to the second half of the SID_FIRST frame,
which would have been transmitted, are now inverted. This inhibits the detection

of the whole SID_FIRST pattern at the receiver. The codec mode information bits



17. The method of claim 16, wherein the cscape franme further includes a
data field to indicate to the second conponent a particular configuration
change to be made. 23 APRIL 2003 -39 18. The nethod of @B#AARILEUOGher ein
t he conmuni cations systemis an adaptive nufti rate (AVR) system and
wherein an escape franme is used to change a codes node set. 19. The net hod
of claim 16) wherein the communications systemis an adaptive nufti-rate
(AMR) systenm) and wherein an escape frame is used to change a phase of
codes information. 20. The nethod of cé28m 16, further conprising the step
of: --- transmtting silence descriptor (SID) frames firomthe first to the
second conponent during periods of source data inactivity, wherein an

escape frane ﬁ‘gﬂnafcl Wﬁ% r :

transm ssi on ?E@Le@ég%eﬁ?ﬁﬁﬁu%@eﬁe 0 FSo =clarm é W@F%%V?}h‘gﬁ%%m

frames include confort nqise (ClA rameters.  22. The nmethod of claim 20)
wher ei n sourcé‘“ﬂ%{’ﬁ?&?%é@% es@%&gé’t‘!@&ﬁes“ isrusefil ¢ hidgithig Srame by

i nterl eaved) and wherein certain of the transmtted SID franes are bl ock

interl eaved. apflyindhiopeP&idr certement (BC)rschmiquest THeadestidbdd caselisidi ng t he
steps of: transnvtting a fixst type of SID frane to indicate a transition

from source dafigi@edd 4l Fiputelg source data inactivity; periodically
transmtting a secon tyg'é of SID flane during source data inactivity; and

transnutting a third type of, SLD franme to jpudicate.a transition from souxce
data inactivity to %e‘l’&ﬁ’@ ] Wﬁl.tyaz H) it frameis fised insteadof a

wherein the comuni cations systemis an adaptive nmufti-rate (AMR) system
and wherei n SirégularSE fiame! when thedirst halfief thef XM frames carsyidg the 8ID have
silence description information. 25. A speech comruni cations system

conprising: apekf §ént AFRRRRENd hAP XAk B SehtHiR th s%geeéhm&? hggiga;tgérhaﬁes;

and a second conponent receiving the interleaved speech data

ranam s si 1 6 pofRERY ithe SEichR R e the SR ekl SRk pABG Y kR s

during the transmitted, are now inverted. This inhibits the detection of the whole SID pattern
at the receiver. The codec mode information bits, which represent a codec mode
indication, remain the same, as from the original SID frame. The receiver will get
an unusable frame in the described situation, for which it will continue to generate
CN using the previous CN parameters. The receiver can also check for the
patterns that are transmitted in this special case in order to detect speech onsets
with improved reliability. The described case is; illustrated in Figure 10.

Aécording to the invention, SID frames are transmitted during inactivity

every ng, frames (TCH/AFS) and, respectively, every ng, frames (TCH/AHS). A
suitable choice is 1z = e = 8. Phase-aligned transmission and decoding of SID
frames (alignment deduced from the SACCH, as in the current GSM system) is

one solution existing in today's GSM system, which helps to achieve good SID

frame decoding performance. However, the proposed SID frame identification



period's of speech inactivity ) and wherein at |east sone of the S1D franes
are interleaved using a different interleaving algorlthn1as conpared to
that used for speech franes. 23 APRIL 2003 -41 26. The #&ARBY203¢| aj m
25, wherein speech frames are bl ock diagonally interleaved, and wherein
certain SID franes are block interleaved. 27. A communications system
conprising: a first conponent transmtting source data; and a second
conponent receiving the source data, wherein the first conmponent transmts
an escape franme in place of a source data frane to indicate a configuration
change to the second conponent, and wpgrein the escape frane includes a
gross bit pattern to distinguish the escape frane from source data dies.

28. The nmethod of claim 27, wherein the escape frame further includes a
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ft(Blt v If Qhe normahzed measure exceeds a certain threshold, e.g. 0:4, the
receiver can regard the pattern as found.

One further criterion, which can be used for SID frames, is the CRC of the
CN bits. If there is a CRC error, the frame is not regarded as a valid SID frame.

For cost reasons, it is desirable that the identification patterns do not
require much memory for storing them. As an example, the identification pattern
for SID__FIRST and regular SID for TCH/AFS can be constructed by repeating
short 9-bit sequences ceil((228-16)/9) = 24 times and then discarding the last4
bits. Such a 9-bit sequence is, e.g., {0,1,0,0,1, 1,1, 1, 0}.

For THS/AHS, it is furtheér important to avoid the possible decoding of a
SID_FIRST frame as a regular SID frame, and ﬁce—vema. Thereforc,—the
identification patterns for SID and SID_FIRST are made as distinct as possible.

As an cxaﬁple, the pattern for the SID_FIRST' frame can be identical to the
pattern used for"TCHIAFS. The pattern used for regular SID frames can then be
constructed by inverting the SID_FIRST pattern.

The solution to transmit only a special bit pattern and codec mode

information in the SID_FIRST frame rather than also transmitting CN parameters

helps to keep the DTX efficiency at a maximum (i.e., the activity on the air
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identification pattern can be maximal since all available bits are used for the bit
pattern (except those used for transmission of codec mode information). A
problem with this is, however, that the receiver does not get a set of CN
parameters for CN generation during the period from end of speech until the
reception of the first regular SID frame. The solution is to derive the CN
parameters locally in the receiver by using the speech parameters of the last n
frames before end of speech. Usually, the encoder operates with hang-over, i.e.
even though the VAD detects voice inactivity, a certain number of m frames is still
encoded as speech. The decoder can thus derive CN parameters locally by, e.g.,
averaging the gain and spectral parameters of the hangover frames, i.e. n = m.
Another solution is to apply the last received set of CN parameters of a preceding
inactivity period.
According to the invention, an AMR receiver incorporates a 2-state model
with the states activity and inactivity. The purpose of this state model is to
support the speech/SID/non-transmitted frame distinction. Going from activity to
inactivity requires the detection of a SID_FIRST frame following speech frames.
Going from the inactivity to the activity state requires to detect the speech
onset identification pattern and a valid first speech frame which can be decoded

without CRC error and, optionally, which exhibits quality measurements that are,

e.g., derived from the receiver/channel decoder and which exceed certain
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be below some threshold. The reliability of this state transition can be increased
with the constraint that more than one frames must be decodeable without CRC
error, and, optionally, not exceeding a certain SFQ measure. Another criterion,
as illustrated in Figure 11, helping to properly detect transitions from inactivity to
the activity is that received frames immediately following SID frames can never be
a speech frame, provided that block ‘interleaving is used for SID frames which
requires less delay than diagonal interleaving for speech frames. Figure 12
illustrates this criterion for the example of TCH/AHS.

Another way to improve the detection of first speech frames and to help to
distinguish them from non-transmitted frames is to access measures from other
components of the receiver (e.g., the RF receiver or the equalizer). Examples for
such measures are carrier and interferer strength estimates and derived measures
such as C/I ratio.

A further way to improve both SID_FIRST and first speech frame
identification performance is to transmit the TDMA frames carrying them with
increased transmission power.

According to the invention, the following solutions are suitable for defining
the codec mode for speech onsets after a period of inactivity:

(a) Selection of the most robust codec mode or, alternatively, with the n-th

robust codec mode. The safest solution is to choose n=1. No codec mode
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channels, a too robust codec mode with low intrinsic speech quality is selected.

(b) Selection of the same codec mode as for the currently active link. This
is motivated by the fact that uplink and downlink channel qualities are similar.
The transmitting side of the link resuming speech transmission applies the codec
mode which it is requesting for the incoming currently active link. The receiving
side of the link becoming active again knows the applied codec mode as it is
identical with the codec mode requests which it is receiving for applic-ation on the
outgoing currently active link. The scheme can be made more robust if a mode is
selected for speech onsets which is n (e.g. n=1) modes more robust than the mode
of the currently active link (provided that such a more robust mode exists).

(c) Selection of the same codec mode which was selected at the end of the
last speech period preceding the inactivity period. This is motivated by the fact
that radio channel conditions generally do not change very fast. The scheme can
be made more robust if a mode is selected for speech onsets which is n (e.g. n=I)
modes more robllst than the mode which was used at the end of the last speech
period (provided that such a more robust mode exists).

(d) Selection according to measurements of the inactive link. As
transmission on inactive links is not completely stopped, link quality measuring is
possible. Corresponding measurement reports or codec mode requests /

commands are transmitted over the active link. When the inactive link resumes
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speech transmission, a codec made corresponding to the last received codec mode

request is selected.

Advantageously, solutions (a), (b) and (c) above can make use of the fact
that no codec mode requests for the inactive link need to be transmitted. The
active link can thus save the transmission capacity for codec mode request and use
it for some other purpose. An example is to use this transmission capacity for

" better protected transmission of codec mode indications.

In addition to the above described techniques for performing DTX in AMR
systems, the invention further provides techniques for performing fast
configuration changes in AMR éystems. The purpose of these techniques is to
enable fast configuration changes which cannot be done using existing slow control
channels. Moreover, existing control channels cannot ensure that configuration
changes are synchronized with speech data transmission. Like the above described
DTX mechanism, the configuration change mechanism is based on in-band
signaling. Applications are, e.g., in connections .with tandem free operation
(TFO), the change of the active codec set and the change of the phase of the codec
mode informati6n (in order to minimize transmission delay). Purther general
applications are handovers to one of the existing GSM codecs (FR, EFR, HR), or
to switch to a future application as, e.g2. a wideband codec, speech and data, or

multi-media, Like the DTX mechanism, the configuration change mechanism is
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equally applicable in other contexts.

The configuration change mechanism is based on frame stealing similar to
the well known FACCH frame stealing (i.e., speech frames are replaced by
configuration change frames), and is therefore referred to hereinafter as escape
sigpaling. Since the escape signaling mechanism is used only occasionally during
a connection and only few speech frames will be stolen, the error concealment unit
at the receiver is able to make the frame stealing virtually inaudible. ‘

According to the invention, escape frames are of similar format as the SID
frames described above. They are identified on gross bit level by a particular
identification pattern. Like SID frames, they include this pattern and one or two
message fields. One field carries the actual channel encoded escape message, the
other codec mode information. As an example, the escape frame can include 456
bits and be of exactly the same frame format as SID frames (see, for example,
Figure 4), where the CN field is replaced by the escape message.

The paylgad to be transmitted by the escape mechanism is called the escape
message. Escape messages constitute of a number of net bits, which can be
grouped to logical units. For example implementations according to the invention,
see GSM 05.09: Digital cellular telecommunication system (Phase 2+); Link
Adaptation (draft ETSI EN 301 709 V7.1.0 (1999-11), which is incorporated

herein in its entirety by reference.
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use exactly the same channel coding as used for the CN parameters in the SID

frame as described above. This means, following the above described example

solution with 35 CN bits, that an escape message of 35 net bits is protected with a

14 bit CRC and then convolutionally encoded with a code rate of 1/4 and

constraint length k=5,

As with the SID frame, the codec mode information field can carry both

block or convolutionally encoded codec mode indication and codec mode

command/request.

Escape frames are block diagonally interleaved, like speech frames. This

implies, assuming the example solution with an escape frame of 456 gross bits,

that an escape frame replaces one speech frame on TCH/AFS and two speech

frames on TCH/AHS.

For TCH/AHS, these are not necessarily two consecutive frames, however

it is assumed in the described example solution. Not stealing two consecutive

frames is advantageous for the error concealment in order to hide the stealing. On

the other hand, stealing two consecutive speech frames is beneficial in terms of

transmission delay of the escape message. The interleaving is done in such a way,

that the first half of the escape frame (228 bits, see Figure 4) replace the first

speech frame. It is important that this first haif contains the escape identification
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10% & ()-12 1p%0 1&1;,(&& receiver is able to locate the second stolen speech frame, which carries
the second half of the escape frame.

In order not to interfere with the regular transmission of codec mode
information, the interleaver can further map one of the codec mode information
code words on bit positions of the first stolen speech frame. Consequently, the
other codec mode information code word is mapped on bit positions of the second
stolen speech frame. Furthermore, the placing of codec mode information, i.e.

~ codec mode indication and requests/commands into the codec mode field is done
with respect to the codec mode information phase during transmission of regular
speech frames. If, e.g., the first half of the escape frame replaces a speech frame
which would have carried a codec mode indication, then this first half of the
escape frame has still to transmit a codec mode indicatjon.

Note that the above described escape mechanism can also be used in
conjunction with the above described DTX mechanism. Thus, according to the
invention, escape frames can replace not only speech frames, but also all other
types of frames, namely SID_FIRST, regular SID, NoTX, and speech onset
frames. Considering the case that an escape frame is to be sent during an
inactivity period, it is efficient in terms of transmission resource usage to apply

block interleaving, as is done for SID frames. However, since the escape

mechanism is targeted to be used only occasionally, transmission resource usage is
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format, channel coding, and block diagonal interleaving, which is also used for

escape frames during speech.

Note that using block diagonal interleaving for escape frames during DTX
implies that there are half bursts not defined by the interleaving. For TCH/AFS,
the odd positions of the first 4 bursts and the even positions of the last 4 bursts
carrying the escape frame are undefined. Undefined bits are no problem per se,
however, the-following problem can be solved by setting the undefined positions
’dpbropriatei'y. Consider the case of a speech onset. As described above, a speech
onset frame is marked with an onset pattern which both allows for better
identifying the frame as an onset and identifyiJ;g the codec mode used for the onset
speech frame. If an escape frame must be sent at the same time, it will replace the
onset frame. Thus, for subsequent speech frames, it is more difficult to identify
them as speech frames, since the onset pattern v&;as stolen.

According to the invention, this problem is avoided by filling the first balf
of the undefined bits (odd positions) with the onset pattern, regardless if there is an
onset or not. For the case that there was actually no onset, it needs to be signaled
that inactivity continues. Sending SID_FIRST immediately following the escape
frame does this. This defines the second half of the otherwise unused bits (even

positions). This solution is further beneficial in terms of implementation costs. It
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speech. Figures 13 and 14 illustrate the described solution with respect to
TCH/AFS and TCH/AHS, respectively.

Note that speech frames, which have been stolen for escape purposes,
cannot be rescheduled for transmission after the escape, since this would increase
the speech transmission delay. However, SID frames that are affected by the
escape frame transmission can be rescheduled for transmission immediately after
escape frame transmission. Advantageously, this helps to maintain a high
subjective comfort noise signal quality. Example solutions are provided in the
above cited GSM 06.93.

In order to ensure correct reception of escape messages and to define
appropriate routines for error events, an escape protocol is proposed. Example
solutions are provided in the above cited GSM 05.09.

Those skilled in the art will appreciate that the present invention is not
limited to the specific exemplary embodiments which have been described herein
for purposes of illustration and that numerous alternative embodiments are also
contemplated. The scope of the invention is therefore defined by the claims
appended hereto, rather than the foregoing description, and all equivalents which

are consistent with the meaning of the claims are intended to be embraced therein.
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1. A method for performing discontinuous transmission (DTX) in a
communications system in which source data is interleaved for transmission from a
first component in the system to a second component in the system, the method
comprising the steps of:

detecting periods of source data inactivity; and

transmitting silence descriptor (SID) frames from the first to tﬁe
second component during the periods of source da_ta inactivity,

wherein Gertain of the fransmitted SID frames are intérleaved using

a different interleaving algorithm as compared to that used for source data.

2. The method of claim 1, wherein source data is block diagonally

interleaved, and wherein certain of the SID frames are block interleaved.

3. The method of claim 1, wherein the SID frames include comfort

noise (CN) parameters.

4. The method of claim 1, including the steps of:
transmitting a first type of SID frame to indicate a transition from

source data activity to source data inactivity;
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periodically transmitting a second type of SID frame during source

data inactivity; and
transmitting a third type of SID frame to indicate a transition from

-source data inactivity to source data activity.

5. The method of claim 1, wherein the communications system is an
adaptive multi-rate (AMR) system, and wherein SID frames include codec mode

information in addition to silence description information.

6. The method of claim 1, wherein each SID frame includes a bit

pattern to distinguish the SID frame from source data frames.

7. The method of claim 6, wherein the bit patterns are gross bit

patterns.

8. The method of claim 1, wherein the source data is speech, and
wherein the communications system is one of a Time Division Multiple Access
(TDMA) wireless system, a Frequency Division Multiple Access (FDMA)

wireless system, and a Code Division Multiple Access (CDMA) wireless system.
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effect configuration changes, and wherein an escape frame can replace a source

data frame, a SID frame, or a no-transmission (NoTX) frame.

10.  The method of claim 9, wherein SID frames are block interleaved,

and wherein escape frames are block diagonally interleaved.

11.  The method of claim 9, wherein the communications system is an
adaptive multi-rate (AMR) system, and wherein an escape frame is used to change

a codec mode set.

12.  The method of claim 9, wherein the communications system is an
adaptive multi-rate (AMR) system, and wherein an escape frame is used to change

a phase of codec information.

13. 'The method of claim 1, wherein active speech source data is block
diagonally interleaved, and wherein unused bits within the interleaving scheme for
a last speech frame are used for a specific bit pattern to mark end of speech, and
wherein unused bits within the interleaving scheme for a first frame are used for a

specific bit pattern to mark beginning of speech.
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transmitted from a first component to a second component, a method for

transmitting protocol messages to the second component, compri;ing the step of:
transmitting an escape frame in place of a speech data frame, the

escape frame including a gross bit pattern to distinguish the escape frame from

speech data frames and conveying a protocol Imessage.

15.  The method of claim 14, wherein the escape frame further includes

a data field to indicate to the second component a particular protocol message.

16. In a communications system in which speech data is transmitted
from a first component to a second component, a method for effecting
configuration changes, comprising the step of:

transmitting an escape'i;'rame in place of a speéch data frame, the
escape frame including a gross bit pat.tern to distinguish the escape fraxpe from

speech data frames and conveying a configuration change indication.

17.  The method of claim 16, wherein the escape frame further includes
a data field to indicate to the second component a particular configuration change

to be made.
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LAdBYNC 10\ ! @10%&18) - & The%heéth¢d ofdlaim 16, wherein the communications system is an
adaptive multi-rate (AMR) system, and wherein an escape frame is used to change

a codec mode set.

? 19.  The method of claim 16, wherein the communications system is an
| adaptive multi-rate (AMR) system, and wherein an escape frame is used to change

a phase of codec information.

20.  The method of claim 16, further comprising the step of:
transmitting silence descriptor (SID) frames from the; first to the
second component during periods of source data inactivity,
wherein an escape frame can replace a source data frame, a SID
frame, or a no transmission (NoTX) frame.
21.  The method of claim 20, wherein ﬁxe SID frames include comfort

noise (CN) parameters.

22. The method of claim 20, wherein source data frames and escape
frames are block diagonally interleaved, and wherein certain of the transmitted

SID frames are block interleaved.
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source d ity to source data mactwlty,
periodically transmitting a second type of SID frame during source
data inactivity; and

transmitting a third type of SID frame to indicate a transition from

source data inactivity to source data activity.

24.  The method of claim 20, wherein the communications system is an
adaptive multi-rate (AMR) system, and wherein SID frames include codec mode

information in addition to silence description information.

25. A speech communications system, comprising:
a first component transmitting interleaved speech data frames; and
a second component receiving the interleaved speech data frames,
wherein the first component detects periods of speech inactivity and
transmits silence descriptor (SID) frames instead of speech data frames during the
periods of speech inactivity, and
wherein at least some of the SID frames are interleaved using a

different interleaving algorithm as compared to that used for speech frames.
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26.  The method of claim 25 , Wherein speech frames are block

diagonally interleaved, and wherein certain SID frames are block interleaved.

27. A communications system, comprising:
a first component transmitting source data; and
a second component receiving the source data,
wherein the first component transmits an escape frame in place of a
source data frame to indicate a configuration change to the se;:ond component, and
wherein the escape frame includes a gross bit pattern to distinguish

the escape frame from source data framies.

28.  The method of claim 27, wherein the escape frame further includes
a data field to indicate to-the second component a particular configuration change

to be made.




