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SYSTEM AND METHOD FOR ADAPTIVE TRANSMISSION OF
COMFORT NOISE PARAMETERS DURING DISCONTINUOUS
SPEECH TRANSMISSION FIELD OF THE INVENTION Exemplary
embodiments of the present invention relate generally to systems and
methods for discontinuous speech transmission and, more particularly,
relate to systems and methods for adaptively transmitting comfort noise
parameters during 5 discontinuous speech transmission. BACKGROUND
OF THE INVENTION Discontinuous transmission (DTX) is used in mobile
communication systems to switch the radio transmitter off during speech
pauses. The use of DTX saves power in the mobile station and increases
the time required between battery recharging. It 10 also reduces the
general interference level and thus improves transmlssmn quahty During
speech pauses however, the hack round noise .
transmitted YWith: e(‘%@é\éﬁ%%{a %@Qé‘ﬁ C ﬁ%&%‘tew
cut off. The resuftis %é e) at the
receiving end of tHESSAMANEAHS witching the
transmission off during speech pauses, a 15 number of techniques have

been developed whereby parpmejersirancharsdtenxe the background
noise are generated and sent in_Silence Descrﬁ(j%é (SI frames v r the
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CREERINRIGE Hrrameiaksdliypically include a subset of speech coding
parameters: in particular synthesis filter coefficients and gain parameters.
-I Conventionally, CN parameters are transmitted over the air interface at
a fixed rate during speeckK paRGES BUeR E6LENOVWEN BIENL where SID
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rale'iiR) ardenbanaedfR (FFR) spegehcthpmmels The use of DTX saves power
in the mobile station and increases the time required between battery recharging. It
also reduces the general interference level and thus improves transmission quality.
During speech pauses, however, the background noise that is typically transmitted
with the speech also disappears if the channel is completely cut off. The result is an
unnatural sounding audio signal (silence) at the receiving end of the communication.
Instead of completely switching the transmission off during speech pauses, a
number of techniques have been developed whereby parameters that characterize the
background noise are generated and sent in Silence Descriptor (SID) frames over the
air interface at a low rate. These parameters, often referred to as comfort noise (CN})
parameters, can then be used at the receive side to regencrate background noise
reflecting, as well as possible, the spectral and temporal content of the background
noise at the transmit side. The comfort noise parameters typically include a subset of

speeéh coding parameters: in particular synthesis filter coefficients and gain

parameters.



of the GSM cellular communication system, the CN parameters are
transmitted at a rate of once per 24 frames (i.e., every 480 milliseconds).
This means that CN parameters are updated only about twice per
second. In adaptive multi-rate (AMR) and wideband AMR (AMR-WB)

systemsnRRatiBgathergntheLNRaramaters IR damsmifted ataLaley fixed
of once per 8 frames (i.e. ever 160 milliseconds), for a CN parameter
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the background noise and, therefore, some degradation in _the quality of
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of tateGRaveManHeshsas e henefitehDEX inNadsinadheavetdimitied at a rate
transmission rate of speech and CN parameters. SUMMARY OF THE

of (IGAERFT NIV i E a et SFEHB P RaSORt v Rtomeans b HRonamagiers are

upRBAHHS BOMPRIRING S REQSRE TR AR NemeLY-stqrinaexesetaieband AMR
instructions that in response to execution by the processor cause the
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. transmission of speech frames interspersed with frames including comfort
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noise valye comprises recejving a current signal- {o-noise ratio or inverse .
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ga ses, aﬁ]sed lézon the estimated current noise value. In a second
sp e§§e3@[ of thEPFEEERTinvention, there is provided an apparatus

comprising: at least one means for preparing speech signals for

transmission in a disw%@@%s%{é{wﬁiﬁa'%luding

transmission of speech frames intersperse es including comfort
noiselparamate s piuting perodseafspaachipauses;théatledstanen apparatus

means comprising: a f(%rst means f?r receivin ap estimat%d curﬁent noise
comprising ?1 TOCCSSOL and a memoxaf 5 I‘IB%EXGC fable InStl'lIIC 101S hat 18 response to
value, wherein receiving an estimated<urrerit noise value comprises

exeegRivingya therrenicsignaleastothoiseratiowr ovetsksignatformoide réasibywing:
and.aseco&g m%%fgsffor controlling a rate at which the frames includi
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transmission of speech frames interspersed with frames including comfort noise
parameters during periods of speech pauses; receiving an estimated current noise value,
wherein receiving an estimated current noise value comprises receiving a current signal-
to-noise ratio or inverse signal-fo-noise ratio; and controlling a rate at which the frames
including comfort noise parameters are transmitted during the periods of speech pauses
based upon the estimated current noise value.

In a second aspect of the present invention, there is provided an apparatus
comprising: at least one means for preparing speech signals for transmission in a
discontinuous transmission mode including transmission of speech frames interspersed
with frames including comfort noise parameters during periods of speech pauses, the at
least one means comprising: a first means for receiving an estimated current noise value,

wherein receiving an estimated current noise value comprises receiving a current signal-
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of speech pauses based upon the estimated. current noise value. In a
third aspect of the present invention, there is provided an apparatus
comprising: at least one circuit configured to prepare speech signals for
transmission in a discontinuous transmission mode including
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noise parameters during periods of speech pauses, the at least one
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of BiisEnve: Whare i ek aaidReing g oRfigurath{o receive an
estimated current noise value includes being configured to receive a
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noise parameters are transmitted during the periods of speech pauses
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pauses bas upo%ﬁﬁeé estimate
spspéechrsigisisprdeabdngpan estiwaimedted current noise value, and wherein the

estimated current noise value comprises a current signal-to-noise ratio or inverse signal-
to-noise ratio. |

In a fifth aspect of the present invention, there is provided a method comprising:
preparing speech signais for transmission in a discontinuous transmission mode including
transmission of speech frames interspersed with frames including comfort noise
parameters during periods of speech pauses; and at one or more instances during the
speech transmission, receiving an estimated current noise value, wherein receiving an
estimated current noise value comprises receiving a current signal-to-noise ratio or
mverse signal-to-noise ratio; and controlling a rate at which the frames including comfort
noise parameters are transmitted during the periods of speech pauses based upon the

estimated current noise value, wherein preparing speech signals, receiving an estimated

Da-



-2a current noise value and controlling a rate are performed by an
apparatus comprising a processor and a memory storing executable
instructions that in response to execution by the processor cause the
apparatus to at least perform the preparing speech signals, receiving an

cugshimaiid oulienindoisa yalliesane-eoatofinganialening ?ﬁfgﬂ@ﬁ@e@&ﬁf)rismg a
the é)resent invention, there is provided a computer-readable storage
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frames intexsiparpect withhbraraesinahdingrceniertngiseidearametefSer-readable
during1 riods of speech pauses; receiving an estimated current noise
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and controlling. a rate at which the frames including comfort noise , )
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bacl%glrsognd, exemplary embodiments of the present invention provide an
e

PHIBFSVR Y AMTHIG MMethtE TR (FEShaRS AR SiTMBFCoTHIEHEL igrse value,
wh@Eh) pardnieess. cstiefhrd iubienseildestip@ntpHiSRMeENEN current signal-
o Rarameter messages or r;[e like (such me sa%es eing referred 1o herein

A9 AN LSO SO Y E At AR eQRESI AR R e REHRpI R frames
incdwibdimerits: ofoite prespatinveatiomsthieed e ahwiiehSHo aNes-aR pauses
bagr%nsmittt%d cz%tlr}n %?egdaplrteq é)éig%hfémse selectively controlled based

CO Upon the s cuiren .
upon a current noise value e current speech-to-background

noiselorsignal-thenfise)aiatiobtmNRulnl thissiegand, ebogiRRaratignef present

in&@ﬁiﬁn{)bzue .B%r_grllir%al a terminal entity such as a vojce activity detector is
CAPSBIBTGY SStAHAAHY The! StHeR Ul dacti eﬁgﬁéé@é{géba%’éﬁstﬁ% Qnfrufort
nOiﬁaIL(@l\f_hq_mrm@lnﬂe tecminalientificnsudheas piseONDNUGMSes, CN parameter
SRS DO ., P BT esesee a1 Sl
of geriodiof inbctivityritmacspeiichsignairAtm bighhBNR (€. G ahove:26v@BJon, the
ratgorz:l{a WajxeSlﬁHef;raé(ﬁQsTérg at@a%%n%?t%ﬂggfgieldl;g tz[garllpstg].t grl Doi%et:)rwise selectively
controlled based upon a current noise value, such as the current speech-to-background
noise (or signal-to-noise) ratio (SNR). In this regard, during operation of the mobile
terminal, a terminal entity such as a voice activity detector is capable of estimating the
current value of the SNR. Based upon this SNR value, then, a mobile terminal entity,
such as a discontinuous transmission (DTX) transmitter (e.g., TX-DTX processor), can
selectively set the rate at which the DTX transmitter transmits SID frames during a
period of inactivity in a speech signal. At a high SNR (e.g., above 20 dB), for example,
the TX-DTX can be configured to transmit SID



frames with a lower frequency (e.g., every 50 frames) to thereby achieve a
significant reduction in average data rate at the cost of only minor quality
degradation. On the other hand, at a low SNR (e.g., at or below 20 dB),
the TX-DTX can be configured to transmit SID frames with a higher
frafrequeticy (eveer euenyellyframes)vsotiiét thanesmfortwoibe adritaing agnificant
reaJAHEE) 25 BOSSIDIG, ASCOICIRG 19,00 Ssbec of exemplan emACdMSNIR. oiher
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actsysespbepaused bassdd Wison 2hivestiptateehetrent nviskovalnd. Beise. Also, for
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by varying the raté between a minimum value that correSponds to a first
upplpBsEaliva ghd ongasamusnsraluelthet corrdspdrtiectd grsbedpee-taisecnergy of
badFARASIONEY dhan e fisthRlsevEliE (L BiaRG AR iR fst noise
value in alternative instances). The second entity may be adapted to
selectivefidétitisl the Hate wyitedieapnigitie rawexyRBle giatwsimeisdincludes a
se&ﬁrcfeéﬁt_ﬂ?' 9.@!.?'W—Wﬁﬁ?&h‘ge@&tﬂ@@i@%%}iiﬂg;cr?ﬁ@%sa@%@ﬁ the frames

_increasing the rate when the estimated current noise value decreases.
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adapted to selectively control the rate by increasing the rate when the
adgdafsalesiveht prgigeL ghe rate by varying the rate between a minimum value that

corresponds to a first noise value and a maximum value that corresponds to a second
noise value that 1s lower than the first noise value (or higher than the first noise value in
alternative instances). The second entity may be adapted to selectively control the rate by
decreasing the rate when the estimated current noise value, such as the estimated SNR,
increases, and by increasing the rate when the estimated current noise value decreases.
Alternatively, in other instances, such as when the estimated current noise value
comprises an estimated inverse SNR, the second entity may be adapted to selectively

control the rate by mcreasing the rate when the estimated current noise



value increases, and by decreasing the rate when the estimated current

noise value decreases. More particularly, in example embodiments, the

second entity may be adapted to calculate an interval (inverse of a rate)

based upon the estimated current noise value such that the frames
valigelghsgseonirst RviseParainbiis 51 tatdmite st ccarirsignoise value
dedpterval. For the frames during a period of inactivity, the second entity may

be further adapted to determine whether the end of a calculated interval

has heen-Teatem. ANt Eanspl affRmm el ding CmIUAQISE,
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calotsrwisater tab(Brgist alcalatratetaneponl asHorwed s yesehegisthgalue such
thaPERRNE LRI, RRYRS adapiad IR eceue Heciondq,Yagamile FARE calculated

including comfort noise parameters, such as if a detected background
interyie fovdhe dimtion &xcesdsParighRimnrRivaRatibs. sseeef Ry to Bivepe further
adfprainplesembodimentsiel the Rigsentinvantion.neteds and RMBUIBHed, and

program products are provided. As indicated above and explained below,
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by prior techniques and may provide additional benefits. BRIEF
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noiIRarRLBEMSERTeEeHCe Wil lqQW: bea Madeda the RCRATIPUMINGN exceeds a
drawings, which are not necessarily drawn to scale, and wherein: FIG. | is

maxigpHeatieifilstration of Silence Descriptor (SID) frames being

transmitteehata fxprdniQaab RUriRELaiRRied Ffinastbdtyduting isRegfMhods and
communication; FIG. 2 is a schematic block diagram of a communications

COBPSH RIBEGEING A9 it B5keRIBAF embbARABRIGE HROTTedRMtHREEISh below,
apHashdsiog amohilenetwarsueRublissniichedtelerhenp Retwatk ARG @ts of the

data netwaork; FIG. 3. is a schematic block diagram of a mobile termjnal .
PreseebialiTg eTomeY sRbh iy reRiBBAIiEHt BN BrevdRt IR Angyrovide
additpAafunelignal block diagram of a mobile terminal operating in

be adapted to

BRIEF DESCRIPTION OF THE DRAWINGS

Having thus described the invention in general terms, reference will now be
made to the accompanying drawings, which are not necessarily drawn to scale, and
wherein:

FIG. 1 is a schematic illustration of Silence Descriptor (SID) frames being
transmitted at a fixed interval during a period of inactivity during speech communication;

FIG. 2 is a schematic block diagram of a communications system according to
one exemplary embodiment of the present invention including a mobile network, a
public-switched telephone network and a data network;

FIG. 3 is a schematic block diagram of a mobile terminal according to one

exemplary embodiment of the present invention;
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accordance with a discontinuous transmission (DTX) technique, according
to exemplary embodiments of the present invention; and FIG. 5 is a
flowchart illustrating various steps in a method of adaptively 5 transmitting
comfort noise parameters in accordance with one exemplary embodiment
of the present invention. DETAILED DESCRIPTION OF THE INVENTION
The predéft iheatiomnomaliilbbk diegeribed morebfildlychereshafteravuith in
r%“@é&'&%&é’&%%%%li% HUNE HERINGS oI RIGIRINed embodiments
of the invention are shown. This invention may, Rowe er, be embodied
ircreamnyl differdrtdiormmdsarfd ishprdst motnventsnstandd as limited to the
embodiment farth herein rather, these embodiments are provided so

that this s B i e SRR AT e 9
theascopeing tosifovention perthoseskilledder the@rtyvitlikenarebarerefenbodiment
Iikt%ﬁllements thro%%hout. 15 Referring to FIG. 2, a functional illustration of

Ot. resent invention. . . .

a Wireldss communications network configured in accordance with

exemplary embodiments of the present invention is provided. As shown in

FIG. 2, the netwqrk.of 1 ﬂ’ll?%' P SPIgsSe Hyention
includes a mobilgs![f(:e?r‘%?r?a 1%?}§§§h_ as at?higﬁl%e tellgi])hone. Itﬂs ould be
understobk; prsweayény thidiotheanobilé beldpivotied strelad aha tHondieraftah
29&9%%@99 ?dd% B Eﬁl&%ﬂl&ﬁ@%‘é&vﬁ%@?ﬁﬁ%ﬂi% ﬁ]@@ﬁe@%%im%ts of the

would benefit from exemplary embodiments of the present invention and,
thenrsfuien shoslidwot Bdimkerntiolimiethdeesper obeanprsieniimentidrferent
il seuealambettienialie neiR RITDahals letiaed AR Wlkein

be hereinafter described for purposes of example, other types of mobile
tertlinalgicsacmbsdpmenisardipiaidsdisedthes (PD Ay payersiibbathekmgh and
d%x&@%@%%%&ﬁ%&%? LIDSLIYPES PluAlcs A0 (8 Mose skilled in the art,

communications systems, can readily employ exemplary embodiments of

thbimegmﬂmm. lijgopéanentiteraystemtand method of exemplary
embodiments, of the |rgseny inyentan wilkharumedl, derciRethRunications

conjunction with"mobile communications applications. But the system and
meghiseroPexB aptarinasisaimehts b the eSS IbvEHIsAE A T pEesent

utiliz | Htﬂ&qg'ﬂ%&é’d“ WithsRovatigtyradioth %@Q&W@ﬁe% liﬂﬁ@nbodiments

mobile
of the present invention includes a mobile terminal 10, such as a mobile telephone. 1t

should be understood, however, that the mobile telephone illustrated and hereinafter
deseribed is merely illusirative of one type of mobile terminal that would benefit from
exemplary embodiments of the present invention and, therefore, should not be taken
to limit the scope of the present invention. While several embodiments of the mobile
terminal are illustrated and will be hereinafter described for purposes of example,
other types of mobile terminals, such as portable digital assistants (PDAs), pagets,
tracking devices, laptop computers and other types of voice and text communications
systems, can readily employ exemplary embodiments of the present invention.
Moreover, the system and method of exemplary embodiments of the present invention
will be primarily described in conjunction with mobile communications applications.

But the system and method of exemplary embodiments of the present invention can



10

15

20

25

30

communications industries and outside of the mobile communications
industries. As shown, a mobile terminal 10 includes an antenna
transducer 12 for transmitting and receiving signals in accordance with a
number of different wireless 5 communication techniques. More
particularly, for example, the mobile terminal can include an antenna

traKSHHsEk S tPAPPRIERG B RaTanstH0d sl R Sidioars hoinia thagwbile
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communication services gPCS) network and the like. The base station is a

part of a AeipirhetNehi et HEr ddsiachesiansintergraastesaiddyr
16apshathal UpitskOlaspiieddR apsrateithe callular nabwerisr TheMeGuiReless

capable of routing calls and messages to and from the mobile terminal

wiHERER R KeiiAbFis Makiiyaise! Fdéefomgrammientie madaiggninal can
contRIgthr fervarding Anessagasdaiant: famadeo mﬁbil%éﬁfm@ﬁ?nals from a

when the terminal is registered with the cellular network, and controls the

foRf difgBPAESEHEES RBP4 OB enMiRalo Shirbrst rrkseagents
cerieminpianew-AeWMill0s)appresialed e these sikdlegdnditars et of a

cellular network may also be referred to as a Public Land Mobile Network
(PEN P EctTRESR NN 8 Capabite ST RYdUREHG UShiMTe dfigtg ipther units

aGeQIFAce Wikrae muebrief differant criluirscormpRitaendechRigiRsnd
In this regard, the PLMN is ca{oable of operating in accordance with an

o AHHABBIOGI S5 Hir S L7120 SRt BB S ' Bk g and

ang(Qithipc-generaion {8Ql:eAIMORE FOrIQENTNE Y fa REHEE AMNAffom the
number of other cellular communjcation techniques_ capable of opeF%at;gl%
ple,

in BebdfisrRiitnhsmBsdrramal &t freiirasd it VR G BbRER]
thedntMiirafobe-canale ekopemting di-asebdassaiithdapi{eGiohalessage

System for Mobile C jcation), 1S-136 (Ti in Multipl
5 AR ASN T G VA RIS RLIGEe CURRE, Bfatiba

ER& otk ahansaes BatddarsM Enyi tamRthad MO LINCHEORRCIRTINIES 18.
Additionallé or . alternatively, mg PLMN can be ca}gable of operating%n & with
accordantBaiH O d DIHBRACEHANEEH B8 SOREISEE Eh R dh AR nee witha
teghniguestsiiohast highitate packeticalion (HRRIGheormunicagiod, the PLMN is
techniques including, for example, a.|XEV-DO 30 IA/EEI)?/I 5-856) and/or
BT DR P A LA Ceh B CEp b T cheron 1),
second-generation (2G), 2.5G and/or third-generation (3G) communication
techniques, and/or any of a number of other cellular communication techniques
capable of operating in accordance with embodiments of the present invention. For
example, the PLMN can be capable of operating in accordance with GSM (Global
System for Mobile Communication), IS-136 (Time Domain Multiple Access -
TDMA), 1S-95 (Code Division Multiple Access — CDMA), cdma2000, or EDGE
(Enhanced Data GSM Environment) communication techniques. Additionally or
alternatively, the PLMN can be capable of operating in accordance with one or more
enhanced 3G wireless communication techniques such as high rate packet data

(HRPD) communication techniques including, for example, a IXEV-DO
(TIA/EIA/IS-856) and/or 1XEV-DV. Further, for example, the PLMN can be capable
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of operating in accordance with GPRS (General Radio Packet Service),
GPRS-based (e.g., Universal Mobile Telecommunications System -

UMTS) techniques or the like. The MSC 16, and thus the PLMN 18, can
be coupled to a Public Switched Telephone Network (PSTN) 20 that, in
turn, is coupled to one, or more typically, a 5 plurality of circuit-switched

flenpesiiiaas2ooislioncagitifeline d heis siradissRatsphariaicerne S gsed
'?e‘{?p@*al%é?f;ﬁr%ﬂl@?%‘i’é@@xﬁ&’ﬁl%ﬁ'&ﬁé‘S?écéﬁmacﬁmﬁ%%ci‘{ﬂ{&u%‘}él%é like.

number of different techniques. For examplé, the PSTN may operate in

accordareNHh Wr@@iblﬁéhel\ﬂmlb@b%@%frmt&é%'@Lﬁegu%h@ﬁ‘%@@d
g‘rgp%ﬁ&l@mt@eﬁ! P?H‘@Pﬁ@%@ﬁ W@w@ﬁpe&@w}&%ﬂa%éré 1cafly, a

ps (ANSI). 10 The PLMN 18 (via the MSC 16) and the PS1N 0 can
usaipled ¢ cubtaotiehild ﬁéﬁ%é@@w%s & otherascliisEle apitigr wireless
QQ%HHP«!:%M%W@'IQ Baé%%BiéWftﬁr@\Q@ é}"‘é‘&ﬁ?o%%hﬂﬁ}%imlﬁrﬂﬁéccordance
Protocol (IP) network 24. Whereas the PLMN and the PSTN can be
aiiseaycod pladmbanel | snbircignes e hpoetisapieribe PERAN may operate in
a§%§ﬁ‘éé%&@??ﬁ%@?}iﬁ’i%ﬁ%ﬂﬁllﬁeﬁaﬁ%@fb% ESRSGHve 9alaWa¥s Kops

(GTW's) 26. The IP network may be coupled to one or more

dSEKED sonepeBuise b ot ipdidation ARE Mo amaigie s Hehio e Ay pe NS1).
coupledi.gnavas TRreVIRISISCAFEEARINAINIS PR 3Q: e Wishd 1o,

devices such as a terminal 10 may be coupled. In this regard, the
teleniFiar dasamedEplod W SRS T AR SF S A HBBRBHASHID a packet-

NORNRRES I RS dRACROIH ANEE WIS do¥! PRYVARERRAGIR ﬁwqm&@%ﬁeﬂw

technique, 20 such as wireless local area network WLAN) IEEE

gl tho PEilR s b et reaRIRL A FDWEYS ﬂ.aaeg arirasitidhe
neveAewn isiriead indicblusiiaies & Mede diagram ©f RsmelNe gateways

terminal 10 that would benefit from exemplary embodiments of the pre ii?t q
1X€

ihGdriion. zﬁheﬂﬁbﬂ.|aet<évﬁﬂﬁgﬁm%a%g%ﬁlﬁug%gaﬁg0fsrpf,@ff-zsﬁw 5

QMR 2fuUnclians ARl RCeREdRNEEWIER @eagm@laéu;ﬂmb@dmantm@fdhamess
present invention, mcludmgmhose more particularly sh vgn and escrlbe

RS POSMBGAIFLD Hhde BB R R A TRIBEI LM REISR)

il de,alternativermapns:oE e g.onedn m@raﬂlkﬁtiuﬂﬁ&l@ﬁhffercm

without departing from the spirit and scope of th sent inv ﬁ

AR5 B PERAATSRE I3RS NEINh AR B0 W e TR o@ﬂ%‘lﬁﬁ%ﬁﬁj IgRRnique,

iRGluAes 3 iraRsETten 3RamEeeeikavBiAand @ ¢neans, surh Bs Blprocessar/or
ultrawideband (UWB) techniques.

Reference is now drawn to FIG. 3, which illustrates a block diagram of a
mobile terminal 16 that would benefit from exemplary embodiments of the present
invention. The mobile terminal includes various means for performing one or more
functions in accordance with exemplary embodiments of the present invention,
including those more particularly shown and described herein. It should be
understood, however, that the mobile terminal may include alternative means for
performing one or more like functions, without departing from the spirit and scope of
the present invention. More particularly, for example, as shown in FIG. 3, the mobile
terminal can include a transmitter 32, a receiver 34, and a means, such as a processor,

controller 36 or the like, that provides signals to and receives signals from the
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controller 36 or the like, that provides signals to and receives signals from

the 7 transmitter and receiver, respectively. These signals include

signaling information in accordance with the air interface standard of the
applicable cellular system, and. also user speech and/or user generated
data. In this regard, the mobile terminal can be capable of operating with
tresonitoredirdetidadessestidals, [bsssmianestionl wiprogebRrg information in

%%9@&@99@@{ ESANd AGERSS gvmrw&fa@@gj{aw%% dbeumeRiladsrminaliso

can be capable of operating in accordance with any of a number of first,

secorEkeritiod/ohivgder epraetishdeémtiutiisarrsargrobscarbde tsamina! pa be
V%Vﬁmé%f*@ &Q&QQ%E%%@@% mex b sarakle JfpRsraling ilasserdance

second-generation (2G) wireless communication protocols I1S-136

FDNA)Y s BNy lation 5495, (CO AFsakd a0 tiigpHtatsipbiosskipdgrminal
E:c%\%vé Q%%%ng?(%\éfgl\ﬁg%?%@&@ﬁ&\é’@% A AMP S n{INAMR S} 38 WelliRSand/or

e terminals may also benefit from the teaching of this .
ithiahtioncraishouduat dionigieeerbuer Srohke. (89 corpriFatha spbie
TOMAERMARRAlg pReRGRdhis RetsaaddhakieeAttihREibn (26)

includes rcuitry required for 15 implementing the audio and logic

fonkslions-ofheisebie rerkieds 191861 Sl - conkisn®? Aidyde) and
g%%tpgéﬁe%?!oﬁ digitalsTional Prasesses SRVicREY ICrOBMNAE SRl HRYIA. AMPS
V

rious analog to digital converters, digital to analog converters, and .
diraMEpporretoud ATHe Bohiislanm RibnaIprBtedSAE REIbHS dtafune of
aebis terminals ars alocaten beiwesanthassdeyieas arsartingogbeir

respective capabilities. The 20 controller thus also includes the
fandHe S BMA conlasiimienatly encode and interleave message and data

prior to fppdylation,aRdtiameRissiencFathriuhe apndinllanmayunelice

the functionality to operate one or more software programs, which may be
g:mémmﬁem@murﬁ@ bk wdHRiHans 6186 %mbﬁ@@?@%}vs‘e@r ik agmte

including AidaeanVe RIRNAkeR MOMe el SRaal g dfseoriageicdOa microprocessor

microphone 42, a display 44, and a user input interface, iall of Whicth are  + other
chufsdanthiaranoniaeds eiliserTRBESiHerae WRIER SV the
mobiis-esRiRAl tarecsive faia. sarbpropsseaniaiimns wiberabdavicasinal
allowing the mobile terminal to receive data s%ch as a kei)(/pad 4%,‘
are allocated between these devices according 1o their respeciive capabilities. The
controller thus also includes the functionality to convolutionally encode and interleave
message and data prior to modulation and transmission. Further, the controller may
include the functionality to operate one or more software programs, which may be
stored In memory.

The mobile terminal 16 also comprises a user interface including a
conventional earphone or speaker 38, a ringer 40, a microphone 42, a display 44, and
a user input interface, all of which are coupled to the controller 36. The user input
interface, which allows the mobile terminal to receive data, can comprise any ofa
number of devices allowing the mobile terminal to receive data, such as a keypad 46,
a touch display (not shown) or other input device. In embodiments including a

keypad, the keypad includes the conventional numeric (0-9) and related keys (#, *),

and other keys used for operating the mobile terminal.
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a touch display (riot shown) or other input device. In embodiments

including a 30 keypad, the keypad includes the conventional numeric (0-9)

and related keys (It, *), and other keys used for operating the mobile

terminal. -8 The mobile terminal 10 can also include memory, such as a
subscriper identity module (SIM) 48, a removable user identity module .
(R-UIMY BF thebhlée!camien léﬁ@aﬁ%%tm@g@ﬁf@ﬁﬁaﬁésn%réhaéﬁ@#@@fé&rt@mty
ammRPesTpsIsbere ioasitian:ia dbg S Mo thee-mehipieuninal AQ GRRich

include other memory. In this regard, the mobile 5 terminal can include

VoS E TP RS &g slenat screliitiont mebdeshheritiss: (Ragition to the

ispldingractacheEalfen he ennaamsteragr8f datthid Resmehile mobile
terminal can also include other non-volatile memo_ré 52, which can be

KiBEdsaRaistmAtEe rsmavin®. sie AdKolYikiRaRkmory e Memory
additionalbyuaialtenativelcampise apo REPROM. lashmemennobiRerminal

like. The. memories can store any of a number of 10 pieces of information,

SAB Hsednales BlreREMomIB S FRLPES Thpidkfdhtah & kmbrdidorgier may

BORIBIBNN AL He Qo XxUTRIR, Ahene ek a8 Gaodanivge o ddentielomprise an
such as an jnternational mobile equipment identification (IMEI) code,

EdpbteNes Ul Rty id i g e MHisbis TeprifR SRS SIoRc Yo frbrwiger of
Hscthemabiedanninal Hagansfurheminalvte ariniiaed Wapreslyenks

r 15 another local data transfer device so that data can be shared with
AP BLEAINSIHRONT BB Ao iES SR §s Via BHE G ThETR REKG The
s@aﬂrmeffsdama%sa@wgum&m@ir@mue shaiing: of AR fRANGISONIET) code,
provided accordipg.to a.number of different techniques. For e ple, the
ﬁ?@ﬁﬁet% M‘?ﬁ%‘f‘?&a ﬁ%’IEYd’é%&ES ‘g ré‘if%l@%fﬁé‘aﬁéﬁ& Wﬁr@aé[grv{e 56
capabld bé shstringrclattmulito otrefuracio iftelpdengyi 2RHransaaicel s eitlor
may, thereby function as WLAN and/or WAN interfaces as described .
T L L TG B SO S TF TA BFbigied from
wsing dBlurtogibHuanth wirelasadechirolady. develdpad byftieBhetadtas the
Specijal |nterest .Group. Reference is.now made to FIG. 4, which ...
A e bl PR S ok A A o eren
opdustingsinfocoante ivitaldistentimab usatramsimission of DAY radio

RIS T 3COIRRE R I X IRIAR, SRS RS AL dRe RIS SERY

transceivers, and may thereby function as WLAN and/or WAN interfaces as described

herein. Additionally, or alternatively, the mobile terminal may share data using
Bluetooth brand wireless technology developed by the Bluetooth Special Interest
Group.

Reference is now made to FIG. 4, which illustrates a functional block diagram
of the mobile terminal 10 operating in accordance with a discontinuous transmission
(DTX) technigue, in accordance with exemplary embodiments of the present
invention. As shown, a microphone 42 converts an acoustic sound into an electric
signal, which is supplied to a speech encoder 58. The speech encoder carries out
speech encoding to a lower rate, such as in a manner producing one or more speech
parameters that are transferred to a TX-DTX processor 68. The TX-DTX processor, -

in turn, forwards the speech frames every time in the normal transmission mode
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invention. As shown, a microphone 42 converts an acoustic sound into an
electric signal, which is supplied to a speech encoder 58. The speech
encoder carries out speech encoding to a lower rate, such as in a manner
producing one or more speech 30 parameters that are transferred to a
TX-DTX processor 60. The TX-DTX processor, in turn, forwards the

speedh-farniehevenylineinlpedord frarsmissiphomocend ey ardiuhsor

of whether the signal produced hy the microphone rises;s (I
S BB ICe, i LR e A G SO o e
@3nwhieh compcidesraitthihecaivercang terdtherchmypanentsyamet! by the radio

functiops required. by the radio path., The radio unit rapsmi
FRed T A IRy ST S ot R e e gl
BSet 4hARIE iatdifackke 4Tk Mobife3ermihalli®.may be commanded to

the DT ode, with a command transmitted 1
mobileig]ﬁﬁﬁ%wg fﬁrfﬁleng] T eﬁf £ of?:%(? %%ﬁ%&%éﬁ%@%ﬁg? 34
tamahymsj_ lthenitghaicbbgdhcﬁiﬂ By tHe Imictop hortel c4Roideker mite WHetHapde, a
signal produced b i hqne 42 compri
R R o Bl B R R I one
tetzdhﬂiqeteﬁnlfﬁé exmthplahthsoA Drmbre:panti tutaricmpdiyred tserepasgyspecch
and spectral changes of the signal.pro |
RS R D Do e o
\(/:l/ktegnﬁmoﬁsefs:]ga)akmpmud%\é@‘@aohré\mniwmﬁmran?éjféebéihqumtﬁwzﬁéié%ﬁ%‘fal
= en the VAD flag is,set ( =1), ; ion J
I R e oL B o M SREIS, the VD
:c%eﬂteaT@é-%DVXID e ssboBG (Teandivitd MWasthen shaitienebial ugsssprech (VAD
rames. When the VAD flag i eth(VAR.= =1} ¢
T B (D e AT ger 15 = 1) the
infortiatiohaois epoasidrdundistoisénfoructimion iRBRE @N)agFemitting side,
gﬁlra]ﬂg ted %2%53 %%‘é%%%o%‘9@(%9&(2’&%"1@{?‘@%&%&@%%@1 gﬁchh frames.

changés trom being set to not being set, that is, when no speech is

duthetedidriVih® dlgaa, thiesTHCOTX 6D . switbises s hanfaHisriting ‘ehiogepits

Sgﬁgisgivarc%eﬁe%% J‘é?&%%ﬁ%@%l?ﬂ%ﬁc@]?ﬁgﬁﬁ%pﬂQﬂ@ fingreedkdl noise for

frames after a predetermined number of frames required for calculating
thenparanéter§ 1) thédbaukgroisheribistcal 9P §hech) flag in the

control b&'ﬁi&{ [H@ state of the VAD flag changes from being set to not being set, that
is, when no speech is detected in the signal, the TX-DTX 60 switches from
{ransmitting encoded speech frames delivered by the speech encoder 58 to generating
SID frames after a predetermined number of frames required for calculating the
parameters for the background noise. A SP (speech) flag in the control bits-of the
frames delivered by the TX-DTX to the radio unit 62 indicates whether the
transmitted frame comprises a normal speech frame (SP=1) or a SID frame (SP=0).
The radio unit 62 transmits one SID frame (SP = 0) after the last speech frame,
following which the transmission to the radio path is terminated. The TX-DTX
processor 60 continues generating SID frames containing noise information to the
radio unit while the VAD flag is not set, and the radio unit continues to forward these

frames fo the radio path for updating the noise parameters on the receiving side. In
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25 frames delivered by the TX-DTX to the radio unit 62 indicates whether

the transmitted frame comprises a normal speech frame (SP=1) or a SID

frame (SP=0). The radio unit 62 transmits one SID frame (SP = 0) after

_the last speech frame, following which the transmission to the radio path

is terminated. The TX-DTX processor 60 continues generating SID

{ratoas ia@tatajjaiﬂgwm:iﬁmwfmmimmmnﬂm@mcammmtmﬁtershedw@rﬂ@red

is not set, and the radio unj inues to forward t

A e b e oLl e R RD SEIRE (U spgect

ﬂ@ﬁogﬁ: ipataneerss thfabe §i@dhamesithdisy paatéAheseoide patdhibiets thereby
1a refer 0 as comfort noise updatin NU) fram

TR LT AL A ROLA W O Iy R s o

58)the VAD sets the VAD flag to thereby direct the TX-DTX processor to

restart conti ansmission, of speech.f es (SP.5=1). Th .
TX-DTii?ﬁjrg%%?s@gr Ogcgﬁseorg?é}sgg? I%?rgsrzgefsﬁrr%ﬁ%%erﬁﬁ?}%s%h}elrggawclggbr%%{r%ound
ﬁ@i%ébyeeihheb@@mﬁnmqasweﬁhﬂmﬁeﬁmﬁdém@bynh@bﬁeé@ﬁﬁf 58 into SID
ncoder 58 into SID. frames, or by e in i icating:
B SR L SR s
@maﬂaair((@ﬂ@mmm@d%mﬁkammpléldh@ﬂﬁo&tlmﬂxhpm@es’é@r snapeldbe TX-
€ noise parameters, t r )
B0 e AR DA R S DRl oo o
W?@H@ﬂmm@nme@pmhgiwqh@dwmw& the
umber of speech, frames,¢ i ithi
T Ll
fiameshishte GaltreiinmedredonitBrcorebsponaingito sl SPatShiBFRsgeaY
speech éreé‘ng{geS D&Y b%ﬁ%%%%?%ﬂ}ﬁé@&%% RARMSIRISMAYLShERdRe

FENEM era path in SID frames in the manner described .
abavepdnsiegdoohiy atusahivtiref gibet treashrinaesravRertRksalgEAsnhitfsg noise

whe %*eeréf@h% ?@e%%s?&n%%&g@ ¢ AROTIAN, FHAAS X POTRIELETS MdhRner
placed with “a SID code word including one or more binary zero bits.
Thescotier ahovecdssterd 20 {anamitiesanay ﬁlg@%@%&%ﬂfgwwsmm@d
5GP VAT R ol g v
froBilh @8e Mo prgbiding one or more binary zero bits.” The other unnecessary
parameters may also be coded to the value zero.
On the receiving side of the mobile terminal 10, the radio unit 62 receives a
radio frequency downlink signal (including a downlink frame) from a BS 14, AP 36
or the like. The radio unit separates the downlink frame from the downlink signal,
and applies the downlink frame to a RX-DTX processor 64 (Receive DTX) that s
responsible for the discontinuous transmission on the receiving side. In case the
mobile terminal is in the normal transmission mode, the RX-DTX processor forwards
the received speech frames fo a speech decoder 66, which carries out speech decoding
of the received parameters. A decoded speech signal is converted at a speaker 38 into
an acoustic signal. In case the mobile terminal is in the DTX mode, the RX-DTX

processor processes the frames received from the radio uhit in a number of different

manners, typically depending on whether the downlink frame includes a normal
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or the like. The radio unit separates the downlink frame from the downlink
signal, and applies the downlink frame to a RX-DTX processor 64
(Receive DTX) that is 25 responsible for the discontinuous transmission
on the receiving side. In case the mobile terminal is in the normal
transmission mode, the RX-DTX processor forwards the received speech

mevids(tareespeeth tbenterioghinmigardatied Subdpbeh tdeatinty 6ritAE
regeived paramelery Adlenaded-apredinsionsl SrapnyRted@ba-Spemkats-

into an acoustic signal. In case the mobile terminal is in the DTX

Ribdelomerx brmean ploeassst ProtssbsigradramBdraden et it set
Fagio ynitip Rumbeseidifarentamannerse DR icalb depeadingi®specch

whether the downlink frame includes a normal 11 s%eech frame or_ a SID

flernden AmRcRslgar D IPRN RRDIST RS FRUEBATRA G THBAFARTE o pRIHaERPIs
E@r%? %%é@tél%&wbﬁﬁ Ve theSRf |&ﬁé§§)§§bfﬁﬁt&r@,(ﬁﬂ&i@¥coder
e

rwards the speech frames to the speech decoder. When the SP
HEGHCABISSEOTBME g i b ePPREURe S G eI dsgpal (ot

QEJJW%OFmGié@%%@gnéiqg@%r@%% neesied speqh framesgensrateiic the

based on the received comfort noise (CN) parameters conveyed b)é %he

SIDWAIRISSISSH SRy HRGRREMA ORIES BERBHUN O SiRBNFigenew S1D frame.

9GP HRiTAIESWINR SRRABIEHNEH desadantnilie mabile tesmiraheiag a
shown) to provide a s:%)r}al directly to the speaker 38. The RX-DTX aIy
snaldhines saraitiied ﬁ@&mﬁa&@hmwm#&%@@@%m it to that
ISSEINGSDRON BlRdkameag 1T hespgeahdraosandesepeshospaedby the

frames including "naise" by producing a sjgnal that is co ted by the ..
9EH RO BG5S BEIGH e L Shray BHER SBRIFHRE O igtisener

gg%lﬁ&mg{jggéiqg.tﬁ@@ﬁg@m@ai@n between speech conveyed by the

ackground noise and complete silence, which may. be very un tto, , .
the listereri RS SRpitaag H B HEaa 1@ #%B%f?ﬁ%éé“et c%%%%%%ao 41t
BRI |_€et§é§m#@£t%@ Vllliﬁh tRSfesliasF Gle thabilledeiiniiudubebe: implemented
appreciated that the elements of the mobile termjpal may be implemepted
B b B0 RSt S RETE AP TN r, b e
%ﬂéﬁ)@lt&d@b@@ﬁté@lp}f)gr@@r@mﬂemprcgramwpmmt.t@enebmytpmémlth@
mobile terminal can_include one or more logic elements or entities for :
JRFIBHRS GAASLS FORGISREIBRSI1S 8 HF HIORe EIGHT ARplieation(a): e o o
vl herapnaciaistcdtedogic alerminisaancbaated, the logic elements can be

embodied in any of a number of different manners. In this regard, the logic elements
performing the functions of the mobile terminal can be embodied in an integrated
circuit assembly including one or more integrated circuits integral or otherwise it
communication with the mobile terminal or more particularly, for example, the
controller 36 of the mobile terminal. The design of integrated circuits is by and large
a highly automated process. In this regard, complex and powerful software tools are
available for converting a logic level design into a semiconductor circuit design ready
to be etched and formed on a semiconductor substrate. These software tools
automatically route conductors and locate components on a semiconductor chip using
well established rules of design as well as"huge libraries of pre-stored design modules.

Once the design for a semiconductor circuit has been completed, the resultant design,
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embodied in any of a number of different manners. In this regard, the logic
elements performing the functions of the mobile terminal can be

embodied in an integrated circuit assembly including one or more

integrated circuits integral or otherwise in communication with the mobile
terminal or more particularly, for example, the 25 controller 36 of the
mobskadéandinad dherdasidgnrofintegratpaicifaiiti iscoylandangey dbigtgmitted

wutomated process.,In this regard, complex.and powerful software tools
?ea %\%fg %‘1 o?rc%lr?\r}é}r tli‘r?é1 a %@X Pervep lt()zleg%r?ai% locaglgrel'miconductor
circuit desigtiteadyintthbéeichedmhddonmeith onnasemicd hilstarechniques, SID

ubstrate. These software too tomatically route conductors and locate
T G 5 CBR e ctoR Ay S DT T o e
desigrasve aghuge ditir pries af ordr stotesdesidii nddule So vOmmes thigsion
design for a semiconductor circuit has been completed, the resultant .
R oS SR LA T g Ot S BT pgize m
litee) b age berisBnsmitteatdd, desemiconainct alcfabrieado mof duilifyadnfab” for
fabrication. As. indicated in the background section, in_conventi _ -
s S e RN B T G SR B pencri
tedmshNiadeveithehaininteifaceshatafixed. abipadoringdkpBe dtepaases,
such as shown in FIG. 1. At.low transmission r oweaver,. I
A s e B B B N O PR, e
acoutaislionepie o6 SHY ftemdindptongome degradatioarindhefopatioh efactivity or
ckground noise. Increasi eyansmissio ay, reduce,
31%’ Eeﬁé: I d% tf?{ergcf U (r:rl}r%éﬁll?ﬁdetggegcg ﬁﬁgrg sﬁf%?gﬁﬁégti%g%%ﬁ ggch ande
Sibrérarmes:ch@Abadrginghy iniaccordimet withvexd mplaty Mhboliiteshs

of the present inyenton,, ﬁet%nsémiﬁ?&@&@%fé@éf@mwmmn the
p% ds of 8 8

spee uses, perio peech inactivity or the like can be selective

dentsfiliedbadedngpbn sveugeniatroists vilbecduerdalsttiment revignal quatity.
speech 0006 g%%%%ga @8&%@.“5%"&%398‘ﬁ‘?ésﬁ?&igs(%i&s%égyﬁha method
e

exemplary embodiments of the present invention are capable of better

refilidipgi thly 15urenictics 6MNaruring tid daserips! authauibomiof gsageaty s
e oot odiment of
pheapnetarsifdesttibed witiou iodd oigeheraing spepiiiaRsintedifspeech
SR frames), 40, 2GeosHange With ANe.EXeaRiREYLARQRMAGTY Of signats produced
by the microphone 42, while the VAD 64 analyzes those signals, such as in the
manner explained above. As also explained above, based upon the signal analysis, the
VAD can generate a VAD flag such that the TX-DTX 60 transmits normal speech
frames when the VAD flag is set (VAD = 1), as shown in blocks 74 and 76. When
the VAD flag is not set, however, the TX-DTX transmits SID (Silence Descriptor)
frames that include information on the background noise for comfort noise (CN) to be
generated on the receiving side.
To transmit SID frames in accordance with exemplary embodiments of the
present invention, the VAD 64 (or another mobile terminal entity) can calculate or

otherwise estimate a SNR (ot inverse SNR), such as in any of a number of different

manners. In one exemplary embodiment, for example, the VAD estimates the SNR

13-



10

15

20

25

30

the present invention. As shown in block 68, during speech transmission,

the speech 20 encoder 58 of the mobile terminal 10 carries out speech
encoding of signals produced by the microphone 42, while the VAD 64
analyzes those signals, such as in the mariner explained above. As also
explained above, based upon the signal analysis, the VAD.can i\?erat(? d
VPl BB IS RSP (SRS TN £ SR HaRRLed &
whendae %a%&ﬂ%gm%%%)(vﬁ%ﬁ Aiias shevdsipeelncky T4 amd 6l bdedripon
25 the VAD flag is not set, however, the TX-DTX tr%nsmi s.SID Siletncewk:D
tesengtisrymeanias plderiatRe g Afid ok BAKEIINARSR for
?QW@Q(&%%&%N)@W&E@%a%ﬁad?dgqmi%ﬁa%gam ragefg?les,'léodlﬁamsmiinﬁ & a
rames in accordance with exemplary embodiments of the  present

IVERREA DB AT IP Errhinal & e CcURecap
30pthervise astiiate -2y B(fripxese &NRvsutivasiiaraaylabded by the
number of different manners. In one exe pIQ}'é mbodiEnent, f?br ?xaq{&[{eﬂ
NP xp draifinted YHE SRR Fsoipids i GRUBRYs A8 Lipon
(Bgelgga s eapiaofastiarivainediands uawiaed)spocch)( KEaaiyelly
or only active voiced speech (LTEvoraed), and based p{on theilo‘r{%&te m
ahert DR RGBT ORISR PRREY & AR SGOR RSP e OBhe

capeatimaladherSNRibw fissicestimatmg thedpagplgravenecgiesi@ushiashe
in any of a 5 number of different manners, as shown in glo%jg.é%
cSaspp! SIS b OB BB SRR SHETGY B tha Balkgrbund
noise framdamasdabpledby:diapAR-asAinaetive’ (MaDmolg)e terminal entity)
contrast, the VAD can estimate th Ior]2 -lerm energy of ac '}/egs ee¢hy

RO TFHMES Yﬁ%&@ﬁ‘%‘%ﬁ?@yﬂf&@— EREmatvely, ﬁ?evﬁfg can
eslinaleheleng-Bemensroy otacivenapiech fivamon heloigst: 10 the same

"active” frames. In such instances, the may apply a corrective far ;
e elaivisi e e R AT O R

speeehcMowE padiawarkgiatsehample, the VAD 6o sthepholsiie a recursive

terminal entity) can estimate the long-term engrgy of sstimati
RREOF LSRN By PR RO Lt AEKCEMEN) estimaton

e ener
neabes o frasdemhietoanging te the samet Thectifityrotdse (e ambetveressed as
active, etc.). To take into account the possible evolutions of the level of
tHele %o signals, however, the VAD may also implement a recursive

LT E iactive = alpha x LTEjaciive + (1 — alpha) x FrameEnergy, (1)

for the energy of inactive frames (when the current frame is inactive); and

LTE soiceq = alpha x LTE gicea + (1 — alpha) x FrameEnergy, (2)
for the energy of voiced frames (when the current frame is voiced).
In equations (1) and (2), alpha represents a forgetting factor typically having a value
between 0 and 1, which may be fixed or variable (e.g., based upon the energy
evolution). More particularly, for example, the value alpha can be selected as 0.99 for
increasing noise level or decreasing speech level (slow adaptation), or as 0.90 for |
decreasing noise level or increasing speech level (fast adaptation).

Having estimated the lor{g-lerm energy of active or voiced speech (LT Eqqive OF

LTE voiced) and bac.kground noise (LT Eiactive), the VAD 64 can calculate or otherwise

estimate the current SNR value based upon the respective long-term energies, as
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approach. For a recursive estimation of the long-term energy, then, typical
estimation equations based on the energy of the current frame
FrameEnergy can be expressed as follows: 20 LTEinactive = alpha x
LTE;,, a,,,,e + (I - alpha) x FrameEnergy, (1) for the energy of inactive
frames (when the current frame is inactive); and LTEvo,ced = alpha x

SRvPiS B1ddk adphahyrameD e AR fioe th@get@afgmfg@a'tﬂ&d:ﬁmsech
when the current frame is vojced). In equati (1) and%%ﬁa/\;g ﬁ ol
paammle. o AT fesaler /R HRADR et R Gefpllowing

équ&tllﬁh(@@yeb@&mq;@y variable (e.g., based upon the energy evolution).

More parti cularlg for exam Ie the value alpha can be selected as 0.99 fg )
mcrea%?ﬂ@ (Rbisb0Veesy Eﬁé ﬁ@fﬁé&h level (slow adaptation), or a

B9 hlosugetrarsinadoise \evpl afiinareasingosgaent tevet(fastoiced Speech
adaptation). Having estimated the long-term enerqy. of a.ctlve iced

DR AP R SPPROL SEVS U ok GBI e Cing the
UadNeh HRYABY Gdican EalatsaiechrotheniselaastimatetedaivremiSNR

value based upon the respective long-term energies, as -14 shown in
BISEK Y. When the VAD estimates the long-term energy of active speech,

for eXENR@)EhQO/G\ngmlmtgwﬁﬁmgcguyr—emeﬁw in accordance with (4)

the followin tlon (express
i@@i‘@t}ﬂf(@ﬁgég 1%5@1’[?@615&3:”& Bé?r) S R b1 s may fhset in any
WADhastisaie s Hiertangriare - energy oﬁwemﬁpmenhbothmwkﬂ)ean is set to

directly apply a corrective factor to the SNR |mat d only usjng th
I%%&I%e?rﬁaéﬁ%%ﬂ’/v&*‘@&c(gﬁ%gmgg f’§88ﬂ‘as in cc%%e R #1“% Qi long-

ance wi
fellgning o atinedINRER)d o llag-oteT ElafgedflatEysdame). - Delta,

& e R 0 S B B
%@i&ﬂﬂﬂﬁﬁb@ﬁﬁ%ﬁ@) Zﬁmm{@pwvtbasmmtetmmml entity) can
LS L GG TATH SRy BTt e o) B e T g sty
tianamitta SidkSieaca aﬁsmlptov)a!‘mrthetdlmngmnds to a high SNR value (or
low inverse SNR value), and a maximum value that corresponds to a low SNR value
(or high inverse SNR value). The rate of transmitting SID frames is the inverse of the
snterval with which the SID frames are transmitted. In this regard, the TX-DTX can
adapt the interval SIDpervat 10 the current SNR value, or otherwise calculate the
interval based upon the current SNR value, as shown in block 78. In accordance with
one adaptation technique, for example, the value of SIDpervat Can be linearly varied
between a minimum interval value (INTiqy) that corresponds to a low SNR value
| (SNRyow), and a maximum interval value (INTapox) that corresponds to a high SNR
value (SNRycw). More particularly, for example, the SIDervar value can be adapted
to the current SNR value as follows:
(INT,, — INTyg )< ( SNR ()~ SNR 5 )
SNR, .y —SNR, o

(©)

SID, . . =INT,,, +

Juterval ™
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15 period of inactivity (VAD = 0), the TX-DTX (or another mobile terminal
entity) can adapt the rate of transmitting SID frames to the current SNR
value, such as by linearly varying the rate between a minimum value that
corresponds to a high SNR value (or low inverse SNR value), and a

maximum value that corresponds to a low SNR valu r high.inver
AR vAlGe). TRErate ot wﬁ&ﬁ&@fﬁ%ﬁ?ﬁé@‘i&ﬁ?@%&gﬁ g%‘ﬁﬁ’é@(f Hax
%%%H‘c%ﬁs@?&é@ﬁ@??ﬁ areairdespittetdeknthisnagardntbee
- a

can adapt the interval SIDrtena& to the current SNR value, or
othephiseatalndiaethdhaseerriiB 88 Pt paA s Eﬁf?ﬁ?t“é;NR value, as
shown in bIoc}N%Sm;r;qgcordance with one adaptation technique, for
example, the value of SIDS ,era can be linearly varied between a
minimum inteﬁﬁél?mm“el@rqfﬁMmr) that corresponds to a low SNR value 25
(SNRLow), angp maxisgum interval value (INTMAX) that corresponds to a
high SNR value (gﬁerircH . More particularly, for example, the SID,,,,,,,
value can be &&pted g current SNR value as follows: INTM,

-INTMX SNR(T) 51 SNREOWD SUREKFINIMI Dt S RInSMRAB)HIGHNt SNR
IOW ~~5."where INTMLN 5 SIDinte val S INLMAE?/.' A&“QQE% -%Qﬁe"%ﬁﬁe
T e SRRD B O INPIAR S SNRISTELPRAFBE beTEC y of a

eainanyo

i Q&a&%ﬁg&eﬁ%ﬂba‘@m&&m}@%&mmwymmmmms@at instance
values can be selected as follows: INT,, fw = 12 SNﬁ%Qewﬁr%nggly for
INTEsedseokig IR HHeRe 2398 Mren vt S8 how the SIDIn érval

‘é]%(')abl %iﬁ: aglantedin thecrirent SNRI valugetive TXEOTX-B0 (oranbiiseretermine

terminal entity) can determine, for the 10 fram ' g f
iifabtiving, efiieerravientrieim BEHSHANR Cé?%%ﬁﬁ‘é??ﬁ?ﬁ%?‘%ﬁ]}%r%w%%p

skinithe frame Haseeienxse. SIDiniervaavd iethvionmpartififfarty; friods that has
example, for the frames during a period of inactivity, th -DT. irstal
aapsadinenat the Bl ot TR S £ wé%?&%%%%n@gﬁﬁé%@ o

framesasbeen reachedpaxshavaninhioakns®. SHaHisregasdhpisin block

number of frame periods that has
88.

In addition, the VAD 64 (or another mobile terminal entity) can perform a
number of steps to detect fast and/or important variations of the background noise
jevel, such as between SID intervals (e.g., when the end of the current SID interval
has not been reached) as shown in block 80. More particularly, for example, the VAD
can detect fast and/or important variations of the background noise level in
accordance with the following condition:

10.0 loggo (FrameEnergy) - 10.0 logie (FrameEnergyLassin) > MAXgver var, (1)
where FrameEnergyrassip tepresents the energy of the last SID frame transmitied by
the TX-DTX. Also in the preceding equation, MAXgner var represents the maximum
energy variation, which may have a typical value of 4.0 dB. Alternatively, the energy
measures in condition (7) can be replaced by their long-term energy counterparts to
avoid updating the CNG model ona localized energy burst of the background noise,
such as in accordance with the following condition (8):

10.0 fogto (LT Emaene) — 100 10g10 (LT Eacine_LastSID) > MAXpwzw vars ()
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15 elapsed since the TX-DTX transmitted the last SID frame is greater
than or equal to the value tiSIDinterva , the TX-DTX can transmit a new
SID frame, as shown in block 88. In addition, the VAD 64 (or another
mobile terminal entity) can perform a number of steps to detect fast
and/or important variations of the background noise 20 level, such as
bebre &SR inténsalélleapronmenttivd @rpitofthenetarerft tBetam e H i pas-
t been reache shownp,in block. rHcular r -
B o B e S berarey (e
moish 1oV et dniang dickarice Withrtnerfol awivg Toditos: (36 Glogic?). Otherwise,

rameEnergy).- 10.0 logo (Frame S5 NERmVAR@BID
T e B R e st B
frame, tasismitied blypcih®TX-DTX. Also in the preceding equation,
MAXENER, ‘AR represents;th ' AlationnWhighm@tect
have a%ﬁ%sa {’/a?LYgl b}@e %.ﬁ?&%ﬂ%ﬁ?ﬁ%ﬁrgy me%sures?% s

canditid Th pandse vempitiondthy 1halP kavg hetmeeharyreatiihs igsisgn energy
%’i@% wpdating %(%slg%ﬁﬁgﬁlﬁg B loGAlEed LR O RSH B rame Energy, as

roun% noise, such as’in accordance with the following condition

@20 .1 lolgick @7 EAdse, ineirs ispRsesmbate o iRRDBY &b is Wgred to

LTEmaa::.va) « e i L ISRregantathedang-term
e%a@%?/ﬁo? %ﬁaéz’ |§§{9 g%ﬁ%é#%& ﬁ@ﬁgﬁ%gzﬁgn (7) (or condition (8)) is

et ENAD, can ditesid ot OO th EEFX-R T HEUENGNY SRASEHBRT I can
transmit, a new SID . fr; I LAherwise Fihe Satbent IRacHYE |

f é.lﬁ%eleé &g}p% egﬁbq%r%%T%?? ngggss)ﬁot transmit a new SID‘%& frame, as "
d¥lovkn8id. block 86. As also shown, when the VAD 64 (or other mobile

terminal enfiy) dSieets 2. (S ARAANIBAONAD \aialionuihansbik-comii
need not, reset the long-term energy of the background noise LTEnacu e
tertticicrergyrof thestus dusdrivd Sheynsurrady AR SHOMEITASER 5

%?or'c%ﬁhgsc? insiancssiierehnithe - RTX SQimBirestetidmilvirdnsivitused
a new llf:)tfrfme, the energy of the iast_ transmitted SID frarpe_ For example
FranheEaRypodsmsthe(foX dehditomy(75) BriHesenva 1id o o OF SXamPie,
ngt?xltt'ﬁ)@ E()@é—?&ﬂi energy of voiced and inactive frames LTE oiced aNG LT Einerive May
be initialized to a default value (e.g., 0). The energy of the last SID frame
FrameFnergypuqsip (for condition (7)) or LTE jnaciive._LastSID (for condition (8)) may
be initialized to a default value (e.g., 0). Also, the SID interval value SIDerval QY
be initialized to a default value (e.g., 8).

Further, to make sure that enough frames were taken into account in the
measurement of the long-term energies LTE orced and LTE jpaetive, and consequently of
the SNR, the VAD 64 may use two counters of voiced and inactive frames. Those
counters, in turn, may be initialized to a defaull value (e.g., 0). During operation,
then, whenever one of the estimation equations (1) or (2) is executed, the

corresponding frame counter may be incremented by one. Accordingly, the VAD

may be configured to suppress adaptation of the SID interval before both counters

have reached a minimum value (e.g., 50).

17-



10

15

20

25

but need not, be reset to the energy of the current frame FrameEnergy, as
shown in block 84. As indicated above, the TX-DTX 60, VAD 64 and

other mobile terminal 15 entities perform the steps described above for

each frame of an encoded signal. Before first operation of those entities,
however, a number of internal variables used by the VAD and/or the
TX-DTXomasilyshnitmiireceorBeisnsyudmgsenror exbpshacoboh ffepresent
Wg#ﬁ:@c%gﬁ&é{” %{ﬂﬁ?éﬁ‘fe%@ﬁgd nachve framesldieuaiaR@ntbnt of the Freseni

| n‘aef!vemay e initialized to a default value (e.g., 0). The energy o
threcENSIDRRNE 20 Mk Reigyiaininiqmntompismirpbend) speech
LTEInaerve. JastSIhy (for canditio - initiadiz a hat
va lﬁrég(eag €-5‘;§Afso, thge SCI [S)]K{iil%ervrgl{%%ue@é} J"tg?\l/ﬁ:?[il fa%/at%f i?ﬁélgiﬂzéga?s that

woaldefalitevainenisigd 18y tRuReR TX hak fosareomarénaalgh RS warader

n éﬂ% Wi i vl t : j -
[PrEDI g L%@%&?&*‘;‘?2%d@co“?sﬁqfﬁfeﬁf&*%}g‘z‘??ﬁﬁéﬁ%@tﬁ’ea@f\%"MR

BFagadse eanfigoorldroerdies arthifscfacmandenahasbebniee! the
1N JUI, i’g&@ﬁ&&&‘@“@ﬁ%é%ﬁeﬁult value (e.g., 0). During operation,

en, whenever one of the estimation equations (1) or (2) is executed, the

corresponginy frame countgr may be incremented by ope. Accordingly,
Lhe]c VA[S %M&W&ﬁ@@recﬁ%%ﬁpﬁ?é&% Mtﬁt?cﬂﬂ‘{ﬁ RER DY BNl
efore bot 3

TS A Ve TR e 2GR VAU (85g, 50 17

To verify_tke improved efficiency of exemplary embodiments of the
present inyémtigsle d¥tiZider{impMmentatitr dbthe aforgfélitioned

~—r

embodiment-of-the-present i["EV&JIIJIUII it S@B}PZ Vivi +OV B
(variable-rat&'fulti-mode widebarid) speefl%' coding framework. Table 1
compares the percentage of DTX fraggg.(ie. frames that 5 would not be
transmitted by the TX-DTX 60) for a conventional VMR-WB encoder

(el d R by LR fams fransapiieg darm@nedineciieptaneshvandon,

~a VMR- WB encoder configured in accordance with the aforemeést\i}é)ﬁ]11—:-{1(2‘Ctivity
h 3

shabodrAEm efhe JHOSFISA TSI B IS GT RBEAR
3«!}'815 (;E@Q@%L%%M& SARWE BNRes B EBsiandand HTX 5k R3304 48:95%

exemplary embodiments of the present invention are capable of further reducing the
average data rate with reduced detriment to signal quality as the decrease in
transmitted frames during periods of inactivity is coupled to an increase in SNR.

As explained above with reference to exemplary embodiments of the present
invention, the transmission rate of SID frames during speech pauses, periods of
speech inactivity or the like can be selectively controlled based upon the current SNR.
it should be understood, however, that the transmission rate may be selectively
controlled based upon any one or more of a number of other values representative of a |
current noise value, in addition to or in lieu of the current SNR. As suggested above,
for example, the transmission rate of SID frames may be selectively controlled based
upon a current inverse SNR. Also, for example, the transmission rate of SID frames
may be selectively controlled based upon a current noise value determinable from the
SNR and a noise stationarity measure, as such is well known to those skilied in the

art. In such instances, the system and method may operate as explained above,
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Variable DTX: 56.90% 51.75% 8.21% Gain: +5.07% +2.80% i-0.33 Table

1 As can be seen, by implementing exemplary embodiments of the

present invention, 10 the TX-DTX can be controlled to transmit fewer

frames during periods of inactivity, with the percentage of fewer frames
increasing as the SNR increases. Thus, exemplary embodiments of the
phéseghinyventidre appreapablecoffartheraeddbingxtheplaveraiE datecraabove
Wigh [)%du%ggdgnet{imeonc}iff% gignal quality as the decrease in transmitted

frames %Curlng fiods 0 inactivity is coupled to an increase in SNR. 15 As
explainédtimhleonithrafgrencenbakormpl afytbenbesimienrswiandgrbsemshown
invention,. the transmissio e of, SID fr i :
B e by e
ehosifled eudfent@NE:d. eathou bl Beundsrsiop deasieaatrd inarthel a number of
nSiElon fale A e SISl CARAIRHDASE HPONAYODE v enion.
fore of a nUMber of other value representative of a 20 current noise
\aluepicaddiionmbatindiefaf thennirent SN A Ssougesteadsbovey oy
e)(()gtag l% tEgt\:[?\[Gaf nnsmészsr{i)c@%gngfé@ng %?ﬁmnh%ﬁq}&c Hé’l?gf ming the

&on rol?eg ased upon a current inverse SNR. Also, for example, the

tfamsimissidn rpedf &@M@&STW%%@@QIMW$@N@IE@%’%EW@%D
gguprent noise, V@&&%ﬁﬁfﬁ&ﬂﬁg'&H%@ﬁ@&;ﬁ» NR and@ pRisasialionasie

measure, as such is well knownto those skilled in the 25 art. In such

instances vk eysteamaridrrahotbniapespbritengs BpiamEgEbsEgTEgls, on
thouan ps wi G , EXRMBIRVHALES m time t

3%‘%%%&‘3%3%%@%@%%?%%@%i{ggﬁﬁ%{ﬁ%h one exemplary e

déimisdatisndenchtherpres stiinvelition tagsoadhasiswnranaca eselee! above. In

3RS ﬁ%f?&g}ﬂ,%%&@@&f siRaghaLAGHYE ANS INAGHNR SPAESRIPAY&E Mnd
C %h C? (0]

assified and/of encoded, and/or SID frames may be generated in any of
alenishipetaofertifferemt MBHIERs Wtk bepesamp idsdihe Gt iHe e
of the presENLIDYEREARIN ARAISTRAIVE BMORMMER! JAbeXRRRAIS ofl the
complete "source encoder” may be positioned between the microphone
Aol ineonidho.unieee For persrning thes REasHE A pESEntBh EBRIsPLS ©f

S JAVRES QOHINGIAING ENG BRGPEE L RRENYAD

Discontinuous Transmission (DTX) for Enhanced Full Rate (EFR) Speech
Traffic Channels, 3rd Generation Partnership Project, Technical Specifications Group
Services and System Aspects, 3GPP TS 46.081, December 2004,

C.B. Southcott, et al., Voice Conirol of the Pan-European Digital Mobile
Radio System. Global Telecommunications Conference 1989, and exhibition
Communications Technology for the 1990s and Beyond, GLOBECOM '89, IEEE, 27-
30 Nov. 1989 Pages: 1070 - 1074 vol.2;

Adaptive Multi-Rate (AMR) Speech Codec; Source Controlled Rate
Operation, 3rd Generation Partnership Project, Technical Specifications Group
Services and System Aspects, 3GPP TS 26.093, March 2003; and

Adaptive Multi-Rate — Wideband (AMR-WB) Speech Codec; Source

Controlled Rate Operation, 3rd Generation Partnership Project, Technical

-19-



10

15

20

25

30

10 64. In such an embodiment, during active speech, the source encoder
can feed the radio unit with one frame for each input speech frame.
During inactive segments, on the other hand, the CNG encoder can feed
theI radio ur?it with one frame from time to time based on the current SNR
value, such as in the same manner explained above. In this embodiment,
Fowelieri e ERHENRIOR TP TS S AP A1 doemoet
gggision to send a new SID frame may all be accomplished by the CNG
encoder. To further understand various asgects of exemplary

embodifserding fReTSrEsePIAVEMISH! PRSP SSEbHE B HRBrd G HHRs NS
Fﬁél@fﬂﬁ@d@;ﬁéﬁg cesadne fantenisiet aflinl whithbeirg Rembyhobile terminal

corporated by reference: Discontinuous Transmission (DTX) for

Efranrde FuliRats (EFRYISEERERN 0T AR REFAHHE 2N S SEREA ol cluding

Bartnarshin BIQisste Tech0isRl/ SPerificatians (G o SRrIEpRaRInSHSIanY.
Aspects, 3GPP TS 46.08 1, December 2004; C.B. Southcott, et al., Voic?
ChngonptthesagEy ﬂﬁﬁééﬁ &bﬁ%‘lfﬂﬂ%ﬂ% REGiEYSte ?@%&# exempiary

Telesemmunisations Sanfareage f 989 anchadiibition r&aaynuisaionsdium,
Technology for the 1990s and Beyond, GLOBECOM'89, IEEE, 27- 25 2‘}% bl
a0ic

Nesh 2080 ParyEelal iy eroreey MEBIR. 404 SR RIGIRE AR SEEE
g%&n%ﬂ%gmﬁ%k% RatescQpesatiompidrGenemlion, Rartoaishim the

roject, Technical Specifications Group Services and System Aspects
IGRPUES 126dabE: NRIAER PSEEANd Adaptive Multi-Rate - Wideband

(AMR-WB),RReest Gades; iSursacBiGostralad Raith&isenatiprogiath products

Generation Partnership Project, Technjcal -1.9 Specificatigns Grpu
Servibeiing SRR RSHBAETSEH 14 DS9S DERLing) Sbg ndersiood

AGSOSHINGIRRE SXEHPIanfasREEHOk Il presant imverttidncthértncflomshart,

performed by one or more of the entities of the system, such as the mohil
tenitalS KOnSRI Y SRR RERDS é&??bﬁ%q?ﬁ*é%‘% nﬁ%‘é’%’ﬁ’a%&w%rre”m‘%m

gﬁ}@{@&laﬁ Wars iReL g ihesecdesaribasations, Alonslhbdippunierd, any

PR N R A

Preseakinventigspinatudese hompvie) teadate storagemmedicinthat the
instructions which execute on the computer or other programmable apparatus create
means for implementing the functions specified in the flowchart block(s) or step(s}.
These computer program instructions may also be stored in a computer-readable
memory that can direct a computer or other programmable apparatus to function ina
particular manner, such that the instructions stored in the computer-readable memory
produce an article of manufacture including instruction means which implement the
function specified in the flowchart block(s) or step(s). The computer program
instructions may also be loaded onto a computer or other programmable apparatus (o
cause a series of operational steps to be performed on the computer or other
programmable apparatus to produce a computer-implemented process such that the
instructions which execute on the computer or other programmable apparatus provide

steps for implementing the functions specified in the flowchart block(s) or step(s).
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such as the non-volatile storage medium, and software including
computer-readable 10 program code portions, such as a series of
computer instructions, embodied in the computer-readable storage
medium. In this regard, FIG. 5 is a flowchart of systems, methods and
program products according to exemplary embodiments of ese

he pr
inventiGca e biogkstpeigriidiBa e B aR ST g, e
AR GRINAtneS Ripireke ik doasfowabarki bacanshpimpleemantathbyhe
various means, such as hardware, firmware, and/or software 1includi.rggd
B ISFS EO U PO RCE HBHE AL SRR 1S s Ry
SHER SOMPULT RIGg RMHAStustioasmay berloadedoohiaasamptitbe Glowchart,
other programmable apparatus (j.e., hardware) to produce . a machine, .
R R T A A R
pragranable-appsakismeserias2lameans darpenplementipg difedutetionss or
specified in the flowchart block(s) or step(s). These computer program
FHIYP BT GRS A IR0 W SRGTAL B PR E @F%&%%&B%P %‘rﬁbrﬁ%&%“c‘s‘an
direct apgoraRIMelOfPthelRrearammal e apptiatuis todiitetigrpimded drawing
particular manner, such that the instructionlls stotri]d in thet. elate 10 4 system
Bgmiptitrshosih B Rnars B D SUTIE S SRR S RN CRE SRS e fding
DgtHRlionmganswhishsinplament tbe 25 JuiClionpspenified. ifthenples of the

flowchart block(s) or step(s). The computer program. jnstructions ma
5 B A SRS 1 O e PO e S st T e F

serigscafoperatianahsteRsia kempriammed wepthe cinpiftenatioghdiscontinuous

programmable apparatus to produce a computer-implemented pro ,
AT OGS TR SIER RSl s i 6%@”{% et o of

er or ot
RagiemRhisaRaRimprdvideGhstapsfonimpleniectitgshafunitiogs: st
specified in the flowchart block(s), or step(s). . -20 Accordi Abd of
%ﬂéﬁﬂfﬁ@mBW&%&?{%%%&%%&%F@&{%rﬁ‘i% %%%‘ﬁé“?do?qg‘g%?fr!’%%%thOe °
shesifed:lunclionsaembinatansisteps fomgddbraindating spéeitied! based
functions and program instruction means for performi spegifiedhitted at 41
PR SHCHERRA ﬁ?éﬁeﬁ/éi[&ﬁd‘év od that %{fntéogsrerﬁ%re 52@ or steps ofthe
floweahaet mepechombinations of blocks or steps in the flowchart, can be

mplemeited by SRecial RUIROSE AR AR FRUIRUIBLHSIMSome to
which It (6’ cified functions or steps, or combinations of special
RHTROSE diarshiidee andicarnpureribstirisciorstion pertains having the benefit of the
teachings presented in the foregoing descriptions and the associated drawings.
Therefore, it is to be understood that the invention is not to be limited to the specific
embodiments disclosed and that modifications and other embodiments are intended to
be included within the scope of the appended claims. Although specific terms are

employed herein, they are used in a generic and descriptive sense only and not for

purposes of limitation.
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Based on the foregoing description, as read in view of the appended
drawing figures, it should be apparent that some examples of the
invention relate to a system 10 capable of adaptively transmitting comfort
noise (CN) parameters. Examples of the invention further relate to a
method of adaptively transmitting comfort noise (CN) parameters,
wherein the method comw’ﬁﬁ?ﬁge(ﬂg&ﬁgg I(éL) effectuating discontinuous
transmission including at least one period of activity and at least one
period of inactivity, where effectuating discontinuous transmission
1. AiﬁCAW@&ﬁEaEb%ﬁwmgaass;okés@é@h@aﬁtrﬁa%@i%@oaa%ae%@rtﬂ@ﬁﬂmﬁons
one Instance during at least one period of inactivity; (2) estimating a
that i) FREPRTHGILL UAERIECHRY (BF SARSSRSRR GG RS oBPHARS o drpthBeelma the
folloMaige value, where the set of noise parameter(s) are transmitted at the
calculated, interval. Many modifications.and other embodiments of the =
PrePRRIEN RSNt e b T HHIRG S Shé iﬁﬁ%&‘i}?ﬂﬁ‘é SPPEBTRIRh Tqde Including
trandmissitionofestaiech héimgsthmieespefited§ thvithtefghingSptieséniedomitre noise
foreqgoi uc‘;}.ldes,cri%gl'on and %he associated drawings. Therefore, it is to be
P derstGoatthar the ThveRton 1S not to be limited to the specific
recepnigadireemstedsclosad aricetvatun odifications anc D trersembediments noise

valu rltgﬁoégﬁg§ geé%]g\;ﬂ?gr%éﬁgrr%ﬁtzvél igl_ S gs%pl%t% g}e:rgpe?s%ngggaﬂ%m&se ratio;

specific t mployed herein, they are ina

and cremeid nacedesterigtivaiisbn See ofiymeding ufbn gp appuses wiikien pationstes] are

ran RS RrfbAMER bR beADARPBLANS GRLORTRING ALLAGRRRON At noise
memory storing executable instructions that in response to execution by

valuge processor cause the apparatus to at least perform the 5 following:
preparing speech signals for transmission in a discontinuous transmission

5 mode in IUdin% 'g_an mi sion1of% eech frames interstg rsed vlv'th frames;t.

: ﬁﬁ&%%%ﬁajuc?o%ﬁ RSS2 “FaFam&teFS UG HERSuS O é‘%é‘@&%‘ paUSEs: rate or
invarseaiging-nneistinatic SouRksRITERR adLRCWHNetighebtdviaigaratio or inverse
sigrRfinaiRd eacanknARE HdthvakimeRIINIASES IRRRIVINERyaEfeRhergy of active

[ nal-g};-nmse ratio %r inverse sL%naI-tg-noE,e ratrlé)' and controlling a rate
8% &

SPeSP AT AR HRRELA T SUTRY LB R SR BEFE e

3. An apparatus according fo claim 1, wherein receiving a current signal-to-noise ratio or

inverse signal-fo-noise ratio comprises receiving a current sighal-to-noise ratio or inverse

. signakto-noise ratic that has been estimated based upon a function of a long-term

energy of active voiced speech and a long-term energy of background noise, and based
upon a corrective factor applied to the function.

4. An apparatus according to claim 1, wherein controliing the rate comprises decreasing
the rate when the esiimaied current noise value increases, and comprises increasing the
rate when the estimated current noise value decreases,

5. An apparatus according fo claim 1, wherein controliing the rate comprises increasing

the rate when the estimated current noise value increases, and comprises decreasing
the rate when the estimated current noise value decreases.
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transmitted during the periods of speech pauses based upon the
estimated current noise value. 15 2. An apparatus according to claim 1,
wherein receiving a current signal-to-noise ratio or inverse signal-to-noise
ratio comprises receiving a current signal-to-noise ratio or inverse
signal-to-noise ratio that has been estimated based upon a long-term
energy of active speech, and based upon a long-term energy of )
6. ApZPREIBUSAFRAKENS IR $1adR Apparsei SREAlinGs imoMRiisersfArying the
rate resteiwengaontoiment sigjnaltetnaisesatiode tor érsensigaalaloenaisica atiximum
valuE SAPHSFSIRFRIVING REWHEMRATARI MAISE IS AR YRLTRst noise vaiue,
signal-to-noise ratio that has been estimated based upon a function of a
long-term energy of active voiced speech and a long-term energy of
7. Ahagigratidddoisen anddsed, whora cortesting ietanappligditostbalculating
.functiP%Z% 4. Antggpatratuts ccordi? to clairl'n 1, %vh rein cont[ro lin thef "
0 PR EompriseR e Cre BNy the tate WHERThE Bt mated el St HoTEe™™ 0
noisvglsrernceeaistsg and soompgt iscehéncdeating ihervatcanderhthsre Stimbtetlames
.current ngise value decreases. 30 5. An apparatus accordin laim 1
curifl SRR MR 0 TSRy ol SRS RSERCER B esponse
o eystivtiatedcuhe provsiservahyecirbreappstatird tcomphise paiéomatingolheving:
detet MDD SRS H UG RE OISRV deCIeasEs 22 6- A
apparatus according to claim 1, wherein controlling the rate comprises
diregiaprgi tepasaissins Hetiren wetidintuarvdiie nestccomespaneasichefiad of the
calcdlRIRG ¥alie.fnsk 8dnaxirayey. yalue that corresponds to a second noise
value that is lower than the first noise value. 5 7. An apparatus according

recey iBikirECtiie OinREBRRFB ISy tHENSIEss M phisEamaIditHAR CasIRtERFanoise

parBRGSE HRAB dhe Gstimpiadcu TRV EDIRE NalvRetherenes including
comfort noise parameters being transmitted at the calculated interval, and

wherein, for the frames during a period of inactivity, the memory stores
8. Aexepptablesirstorciig otiokiin Fegpass teceidng tinediprtheppiorisessrceiving

direCAbS et Q- aRRRIA S Y R RERP ELHIB OB T pat HISIREMINIBY detected

whether an end of a calculated interval has been reached; directing
DaCH ST L YR YRS O BT EEh RS ENBINE YaFRSters if the end of the

calculated interval has been reached; or
9. An apparatus comprising:
at least one means for preparing speech signals for transmission in a discontinuous
transmission mode including transmission of speech frames interspersed with frames
including comfort noise parameters during periods of speech pauses, the at least one
means comprising:
a first means for receiving an estimated current noise value, wherein receiving an
estimated current noise value comprises receiving a current signal-to-noise ratic or
inverse signal-to-noise ratio; and
a second means for controlling a rate at which the frames including comfort noise

parameters are transmitted during the periods of speech pauses based upon the estimated

current noise value.
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receiving direction to prepare for transmission a frame including comfort
noise parameters if the end of a calculated interval has not been reached.
15 8. An apparatus according to claim 7, wherein receiving direction
comprises receiving direction to transmit a frame including comfort noise
parameters if a detected background noise-level variation exceeds a
maximum variation, 20 9. An apparatus comprising: at least one means

10. £} IRRAsENA G EPRIEASignals for transmission in a discontinuous
at E@nsenssarmodeifglieingdranepaiesiep-etppsiRallframesintarsngsaetn a

wittafrastiratedicigr rentfoniseivalbeanviereidudagiviiipn ot spiradieshaiey e at

poise value comlji)r.ises receiving a current signal-to-noise ratio or inverse
least one cipicult CoTp :

signal-to-noise ra%fg,g'and a second means for controlling a rate at which
a fitkteciramtesnirfcfudidigcoméort moisstiparai etersnanetsansiuitieshduringlthdirst
circﬁﬁr@eq Oggbgﬁgl%do %’Sr%ée%s‘?ag %B&r@xi@e% e Eegof’gg %f&%”%n@fﬁ'ﬁes being
value. 23 10. An apparatus comprising: at least one circuit conflgureo? to
conPuprittosperivh siyivaly fgnakitsiitssiontin or disentimelintraismistiomd

a semadeingly @mgﬁ@ar{y%%J&po?fd%a%emgae@énﬁ%ﬁpﬂéaqdwgQé@m%%emse

including comfort noise parameters during periods of speech pauses, tf
pargpetsTe 45t BResEted B M g merndr ticresricprifigaizgad veeeilis geiimated

cureplimied gugrent noise value, wherein the first circuit being configured to
receive an estimated current noise value includes being configured to

receive a current signal-to-noise ratio or inverse signal-to-noise ratio; and
11. dAsesppratatire Lstcodfigute dimncotiroivhenaie abevireh dneufraeieg iooidigingd to

recSRMOIL RAISE A RNaremple rmeovqmg?é@eQi&#ﬁmgﬁ%&%@&i%n%m%esang

pauses based upon the estimated current noise value. 11. An apparatus
COnGBHETLIR RS TNAIR 16TI0REIFIANIRISE (RERICH INETEB SRR G RoIse ratio that
has been estimated based upon a long-term energy of active speech, and based upon a
long-term energy of background noise.

12. An apparatus according to claim 10, wherein the second circuit being configured to
conirol the rate includes being configured to decrease the rate when the estimated
current noise value increases, and inciudes being configured to increase the rate when
the estimated current noise value decreases.

13. An apparatus according to claim 10, wherein the second circuit being configured fo
control the rate includes being configured io increase the rate when the estimated
current noise value increases, and includes being configured to decrease the rate when
the estimated current noise value decreases.

14. An apparatus according to ciaim 10, wherein the second circuit being configured to
control the rate includes being configured to vary the rate between a minimum value that
corresponds to a first noise value and a maximum vailue that corresponds to a second
noise value that is lower than the first noise value.
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receive a current signal-to-noise ratio or inverse signal-to-noise ratio
includes being 15 configured to receive a current signal-to-noise ratio or
inverse signal-to-noise ratio that has been estimated based upon a
long-term energy of active speech, and based upon a long-term energy of
background noise. 12. An apparatus according to claim 10, wherein the
second circuit being configured to 20 control the rate includes being

15. A0 ARGHASS P BBEH gg%e the rate when the estimated current noise value

a traAskaase soafighing udes-hsing mﬁgﬂréﬁﬁmmdm&@ theschteraetisdion, the
estimated current noise value de ases 1 %r

?tus accqordl %_)

AN IHRT 1 O i SRR E s S o e CII‘CU Se?ﬁg confi guredI BB ES trol t ’]ﬁ ames
includiecinaides beiisg qandigeres thimtgeasadtie iswhen thaestimadin the
tran&ﬁ{ ﬁ%P 5 cé]ﬁﬁﬁ\’;?éﬂ% 'ﬂ%ﬂ%@ﬁ?%t%“?olﬂ%‘tl%?é%? [reResInilely fﬁ&ﬂ@%@é&%ﬂm

erate w e estimated current noise value decreases

noisgReEREIBe R RUIRNGPelors PhsRARSTeRRYReS BB ATRREliehEsNy configured
to coardigHEeditoatoneantrebid teaisdaciidesthingreeofiguredriesiarbised upon

an RIFREEGR, 8]1 H%@é"UaYm?é”eaH&ahﬁgFé‘ﬁ?%@déM{é@t QRISAVAKE A0S e

a maX|mum value that corresponds to a second noise value that is lower
COMPrFRHRIFEIHGIEaa/AMRCI92 rEE0 AhIBYRISRRIENROIPRSRHERNL transmitter
configured to transmit speech frames during speech transmission, the

16. tAnﬂ%”égw%&&e' ogamégw Gt ANSTULIDG SRE %.E‘rfé AMELEY ?s@ergtl? or

mes " including'comfort noise parameters during p&riods of speec

invessRiSiosahdTeiie 1RES mIrhiRR g EaafiE GRIUr i aralfsPaltmated AoRAD MEEN 2

iongaéemthadramesstickidirgthe aamiastdoaemparangetens eusing theackground
&eriods of speech pauses, the transmitter being configured to control the
rate at one or more instances during the speech transmission based upon
an estimated current noise value, and wherein the estimated current noise

17. VAL pEaanE e e @ty entGignals0-waigeiratine Ot ureat ssosiginalicidenistio or
lnvé%é03110 il'g) hAc,rt]s%F%Qfa 5%%1%%@@@ {gté: %@'H&&?cﬁ@@e&eé%bh%ﬁy rtaggéd upon a

0-noise ratio Oi’ Inverse signa to-noise ratio, from whi erate’ls

fun%@ﬂr@ﬂéﬁ 0BG RIARRE B ST ARIHR HOIBRRy-BRRAGNBRGy D RINRITEpBRRIGY  Of
backBebHRs edisk andadesg: ieion anpigycaidackerewnikd to the function.

18. An apparatus according to claim 15, wherein the fransmitier is configured to transmit
the frames including the comfort noise parameters at a rate controlied by decreasing the
rate when the estimated current noise value increases, and by increasing the rate when
the estimated current noise value decreases.

18, An apparatus according to claim 15, wherein the transmitter is configured to transmit
the frames including the comfort noise parameters at a rate controlled by increasing the
rate when the estimated current noise value increases, and by decreasing the rate when
the estimated current noise value decreases.

20. An apparatus according to claim 15, wherein the transmitter is configured to transmit
the frames including the comfort noise paramesters at a rate controlied by varying the
rate between a minimum vaiue that corresponds 1o a first noise value and a maximum

value that corresponds o a second noise vaiue that is lower than the first noise vaiue.
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noise. 15 17. An apparatus according to claim 15, wherein the current

signal-to-noise ratio or inverse signal-to-noise ratio, from which the rate is

controlled, is estimated based upon a function of a long-term energy of

active voiced speech and a long-term energy of background noise, and

based upon a corrective factor applied to the function. 20 18. An

apparatus according to claim 15, wherein the transmitter is configured to
21. ArBISEhRR 9PTBIFISES including the comfort noise parameters at a rate

prepSRRL ofediby siatiaasing htsdiotenvh andbaasiinale SHiTaok RRISE velu8ing
increases, and by increasing the rate when the estimated current noise

transpaiRiioRe e SREE STRECANFHRARIEY SRS diFG cERf 4B wFRIRRS HRpise
paratf@ftsniieinis sendiglgdiectansmisihamramesdnaiudiig theaeefdiiring the
noise parameters at a rate controlle bérinc%easing tl]e rate when the

SPeeqLHHRBTEHE e FRYROIDY AR S eSS 6L e IR i R s NG Y LRESINgh N
estirtiated stinnatetd reusec néineisevatised ecredseg . 3¢ sapehiatusse ratio or

inve%%%&ﬂé‘l%%&i@é%ﬁé’ Juperein the transmitter is configured to transmit
the frames including the comfort noise parameters at a rate controlled by

contpaling # 3 e s FiMIRRHT s SRR PR OS RSFURES T e iFapsmitied

durif@ige:VpHiR &N AR JNRsiNpaisssa bigddali walreRPQREm iR $06RAH AEIRE value,
value that is lower than the first nqise value. 25 21. A method comprising:

Whep B, RFTRF SR T G nSRM G tFSRRMREIGR irf S BEEEnSHITETS BtRsniREfomd
contialidierinclading peansmissionaafl spacahdrinesitiigrapeseskwithirameasnory
jncludingt%quort notise artameters duritng eriotds qg sg}gech gauses; andth
ST SHE B FRor & s tirRd TR B S 08 T IS S PTREERAh G T
appastimated rustert fooisehegitmpavuine spireck cedvislg, accesing ateeb dured tcurrent

. noisle vaILée comprises receiving a current signal-to-noise ratio or inverse
ROWSE. Value an Cﬂntl‘ra INg A rare

S gné’l-to-nmse 107 and controlling a rate at which the frames including
comfort noise parameters are transmitted

22. A method according to claim 21, wherein receiving a current signal-to-noise ratio or
inverse signal-to-noise ratio comprises receiving a current signal-to-noise ratio or inverse
signal-to-noise ratio that has been estimated based upon a long-term energy of active
speech, and based upon a long-term energy of baékground noise. )

23. A method according to claim 21, wherein controlling the rate comprises varying the
rate between a minimum value that corresponds to a first noise value and a maximum

value that corresponds to a second noise value that is lower than the first noise value.

24. A method according to claim 21, wherein receiving a current signal-to-noise ratio or
inverse signal-to-noise ratio comprises receiving a current signal-to-noise ratio or inverse
signal-to-noise ralio that has been estimated based upon z function of a long-term

energy of active voiced speech and a iong-term energy of background noise.

25. A method éccording to claim 24, wherein receiving a current signak-io-noise ratio

comprises receiving 2 current signal-to-noise ratio for which a corrective factor has been
applied to the function.
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during the periods of speech pauses based upon the estimated current
noise value, 10 wherein preparing speech signals, receiving an estimated
current noise value and controlling a rate are performed by an apparatus
comprising a processor and a memory storing executable instructions
that in response to execution by the processor cause the apparatus to at

least perform the preparing speech signals, receiving an estimated current
26. A3 98|68°8Fﬂ!r"8o‘}‘?tf6ﬁm§ A riereie $9noliaghisg g%‘@o‘im ST ARReSEINg

the mﬂgevbam nbgammmc_imamtsmgmlMaiymnwea’se_soendmregrsmmbteaamu@me
rate UHIh SOEMRERJE CEYARY MbisHVaRERAlEGsa0Ise ratio or inverse

signal-to-noise ratio that has been estimated based upon a long-term
energy of active speech, and based upon a long-term energy of
27. hackiralac:naise R0c<28mAL etheckiaccontiniing itkairat? tomwhesemincreasing

the CROUHMLRGHDS LRtREUMRLIRGS Ké@é’\gamé’ ifefeReVERE M%Q&Q@é@&é@

that corresponds to a first noise value and a maximum value that
the rate ulpl RS DL AT SO R N RUR SBRIFERRS: than the first noise

value. 25 24. A method accordlng to claim 21, wherein receiving a current
2. & ‘%L Qé’c'se ra“‘% ¥ '“Vezﬁs Sgnar té)or?t%jﬁ ra ecr%@%%ﬁﬁﬁ ltg,%cel%qga%ng
current S|gna ROISE Tatio or Mverse sigha OENn0ISE ratio tha een
an 1mvahtmﬂebaa&d1 uporsfumedi@oroir kungpteaﬁue,eﬁmr@yamﬁamedmg:emnfoﬁ

HOISép%? 3%}9&l§ %ﬁgg}lﬁgg £g¥h8f09ﬁgllfgtre%u qenOI %O %ereln I'q C frames

cording to ¢ erein receiving a current élgna -to-noise ratio
duriggmpeises aeicaitinga hermestheigranpoisesise ratio for which a corrective

detei%ﬁ%g'%Qﬁ@ﬁarﬁ&%'ﬁ%@a‘l‘&ﬁli&‘é&%&%%@ veeMRHgd AGggrding to

claim wherein controlling the rate comprises decreasing the rate when
diregiat SRS oD i (o vasliedingreasuertaneiorfsseshdfchsingdy 2

calclARARABENRS WOAIGL, CHIEC B RAISK YR UG-HRRIPAS eBnsndl a ArMRRINAGuding

according to claim 21, wherein controlling the rate comprises increasing
comicat pissERAE e hithasad efiheseiistednieriskhaades bssrreeinstises

decreasmg the rate when the estimated current noise value decreases.

29. C%XS r;rnne'? S?eshgg EI%Or%n%ig?mclggnw%!%rggerreeégi\%?xgt@}gggohh%ort%prises receiving

direction to transmit a frame including comfort noise parameters based on a detected
background noise ievel variation, the background noise-level variation being detected
based on a logarithmic differénce between an energy of a current frame and an energy
of a iast {ransmitted frame including comfort noise parameters.

30. A method according to claim 28, wherein receiving direction comprises receiving
direction to transmit a frame including comfort noise parameters based on a detected
background noise level variation, the background noise-level vanation being detected
based on a logarithmic difference between a long-term energy of background noise and

a long-term energy of a last transmitted frame including comfort noise parameters.
31. A method according to claim 28, wherein receiving direction comprises receiving

direction to transmit a frame including comfort noise parameters if a detected

background noise-ievel variation exceeds a maximum variafion.
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10 an interval based upon the estimated current noise value, the frames
including comfort noise parameters being transmitted at the calculated
interval, and wherein, for the frames during a period of inactivity, the
method comprises: determining whether an end of a calculated interval
has been reached; and directing transmission of a frame including comfort
noise parameters if the end of a_ 15 calculated interval has been reached,;
32 ér (eRIBRAIG EHIERRISN TOREN ST RR 2R PR IR TRt B iggogram  code
portieAraeeie hdtdherrndofdhrnaley Bischinig il ns deidennseachgshras to
A method accgrding to claim 28, wherein receiving direction comprises
at lepspRy ﬂrgmnge%d t8&ransmit a frame including comfort noise parameters
prepadsgdpeach sigtetiddr 2endadkgoaund drismtéveluaraiieisdha hadddmintng
. noise-levelL variatié)n flraeiré de%ected bgs%dtgn 2 Iogari.th i&fdifferen{:% .
PANPRWEEN An ENERYy OF B EUHETERE and Bn EErGy Vbt 188t FARSMInEE'SC
parafremes tholndipgricdnddpaeibepaxameters. 30. A method according to
rece%lr?ﬁm a%8és¥Vh?i{eec§r?c{xeCe 't"hrégsg'{x ﬁ}é?%%%{@ nxse%%i(ﬁ% I%ﬁn&tizsagﬁea%}%%tt%&)ise
transmit a frame including comfort 'noise parameters based on a detecte
vahigaskygposicr ersisenigwetwagiv tiagn e atkgraim dmisisasie vignabfiatiorse ratio;
anaDEIRGRIECIe LiRased AR IROSFHRHBLC HITEIRNCL ARSI ALOPIIGIR are

energy of background noise and a long-term energy of a last transmitted
tranfrgified; seriEng commfels 1oiseepd e $a3Ei3IPOR Medfbtnatsordifitaoise
valy@daim 28, wherein receiving direction comprises receiving direction to
transmit a frame including comfort noise parameters if a detected
background noise-level variation exceeds a maximum variation. 27 32. A
33. conumietereadddiie starage mediurm dr@oidiingoion plaier-t2adaeieiprograoiing a

ratecg%gﬁgég%mgr&% thRtessdating ‘?ﬁmﬂéﬁwlt%ﬁi@%{%% %8&‘%§rf£%st

“cause an apparatus to at least perform the ftollowing: preparing speec|
noISGqiRiiE AAKPAMEN TR NS BRGONGETRE0SS s AARSuERINE Hgidg fayver
thairirshinisatseoffpeech frames interspersed with frames including comfort

noise parameters during periods of speech pauses; receiving an
estimated current noise value, wherein receiving an estimated current

34. foicempHifreatpit atoragR i MR U Gretiiga-tiifbe rireR i_ﬁ%“f‘gg‘g a
cummbmmmgamwommeemdlmmwataﬁ mhictothprivasnesdivtigdingrrrent
sigﬁﬁﬂgﬂ&g@ﬁﬁ&@f %U@rt?éss@?%i—to-noise ratio that has been estimated based upon

a long-term energy of active speech, and based upon a long-term energy of background
noise.

35. A computer-readable storage medium according to claim 32, wherein controlling a
rate comprises decreasing the rate when the estimated current noise value increases,
and comprises increasing the rate when the estimated current noise value decreases.

368. A computer-readabie storage medium according to claim 32, wherein controlling a

rate comprises increasing the raie when the estimated current noise value increases,
and comprises decreasing the rate when the estimated current noise vaiue decreases.
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10 transmitted during the periods of speech pauses based upon the
estimated current noise value. 33. A computer-readable storage medium
according to claim 32, wherein controlling a rate comprises varying the
rate between a minimum value that corresponds to a first 15 noise value

and a maximum value that corresponds to a second noise value that is
lower than the first nofddSiieC B4A o btietkétddBi storage medium
accordRBIT SRS Bl RERMAG AU G SIRPHIORAISR AR Gheccn
inverse signal-to-noise ratio comprises receiving a currént 20
sigmah-io-adiseordtiviondtvanseisigrainodn disduditie tushadipeepcech frames
FROMAIRIPRRAhURAN HANGHE BRI AL NG ARRER AR ARRRD specch
upon‘a long-term energy of background noise. 35, A computer-readable
storage Thedintit@syordindete GrairmndDy (onesdimeaidngrativgeat ngipgrealue. In
COmPBIIReR eaieaRg e fale Whsn N RS RLER AUERPEARRANA S ate o
INncreases, aha comprises increasing the rate when the estimated current
mdind viad fexthesrieabelinB e afesmpistepaieneRiple Sooragemideiutiing the
Reaorling inclamre Ahere i sanolinga Late rmAags Vagieasing the
Fate when the estimated current noise value increases, 30 and comprises
decreasing the rate when the estimated current noise value decreases.

28 ABSTRACT OF THE DISCLOSURE Apparatus is provided that
includes at least one entity for transmitting speech signals in a
discontinuous transmission mode including transmitting speech frames
interspersed with frames including comfort noise parameters during

periods of speech pauses. The entit(ies) include a first entity for estimating
a current noise value. In addition, the apparatus includes a second entity
for selectively controlling a rate at which the frames including comfort

noise parameters are transmitted during the periods of speech pauses
based upon the estimated current noise value.
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