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PLAYBACK TI M NG OF TALKSPURTS W THI N A SENTENCE W THOUT AFFECTI NG
INTELLIGIQ@&ITY BACKGROUND Fi el d 10001] The present invention rel ates
to wirel est? YR cati on systenms, and specifically toPpFAyHavEcIHe

packets in an adaptive de-jitter buffer for voice over intern&
protocol (VolP) for packet sw tched compuni cations. Background
[0002] I n a comruni cation system the end-to-end delay of a packet may
be defined as the tine fromits generation at the source to when the

packet reach i i J =S\ i I
System the QOEASOE AN AFRBEy TUB FRERRIBIETING PEATERERINAL: B
may vary dependi AALKSPURASIWUBH DY ar SENTENCEWITHOWT AFFEHQEING but
not limted to, channel conditiogi ?ﬂngﬁtmork | oadi ng. Channel
conditions refer to the quality T IHPYIIS | nk. [ 0003] The
end-to-end delay of a packet includes delays introduced in the
network and the various elenents through which the packet passes.
Many factors contribute to endto- BWCHEROUNYari ance in the
end-to-end ?ehgy is referred to as jitter. Factors such as jitter

l ead to degf¥dfation in the quality of comunication. A de-jitter

buf f er [guey) be i nphen@edegd ib@en6on r RGest @6 virkle@r BRhUNTRGY EsyRéBkaland
quality in a cg ni cation system _ . .
specifically to playback of packets in an adaptive de-jitter buffer for voice over internet

protocol {(VoIP) for packet switched communications.

Background

[0002] In a communication system, the end-to-end delay of a packet may be defined as
the time from its generation at the source to when the packet reaches its destination. In a
packet-switched communication system, the delay for packets to travel from source to
destination may vary depending upon various operating conditions, including but not
limited to, channel conditions and network loading. Channel conditions refer to the
quality of the wircless link.

[0003] The end-to-end delay of a packet includes delays introduced in the network and
the various elements through which the packet passes. Many factors contribute to end-
to-end delay. Variance in the end-to-end delay is referred to as jitter. Factors such as
jitter lead to degradation in the quality of communication. A de-jitter buffer may be
implemented to correct for jitter and improve overall quality in a communication

system.
BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 is a block diagram of a communication system, wherein an Access

Terminal includes an adaptive de-jitter buffer;

[0005] FIG. 2 illustrates an example of a de-jitter buffer;
[0006] FIG. 3 illustrates de-jitter buffer delay in one example;
[0007] FIG. 4 is a timing diagram illustrating examples: i) compression of a silence

portion of a speech segment; and ii) expansion of a silence portion of a speech segment;



BRI EF DESCRI PTI ON OF THE DRAW NGS [0004]FIG 1 is a block diagram of
a communi cation system wherein an Access Term nal includes an
adaptive de-jitter buffer; [OOO5]FIG 2 illustrates an exan‘E)I e of a
de-jitter WARHEIHHBD006] FIG 3 illustrates de-jitter bEFFASIYEPHHS
one exanple; [0007]FIG 4 is atimng diagramillustrating exanpl es:
1) conpression of a silence portion of a speech segnent; and ii)
expansi on of a silence portion of a speech segnent; WO

2008/ 134384PCT/ US2008{ 061348 2 10008] FI 5 illustrates a se nt of
speech #4848 ng ta?ﬁgﬁd("t‘%f%?ﬁaS‘E%’F‘?“BHEJPS?C%&V%&%’,‘SPPFS%)W]pr S @ stience,

i 'l ust n@joes an expym iﬁuﬁfat&%%&@éﬁ?lboﬁ RBprQXBARRR SipaliiofoRd LiRREEpcriod
period in a short sentence; 10010]FIG 7 illustrates consecutive
packets wit H RPriseRBRscanps;

[0010] FIG. 7 illustrates consecutive packets with RTP timestamps;

[0011] FIG. 8A illustrates an example of the disclosed method;

[0012] FIG. 8B illustrates another example of the disclosed method;

[0013] FIG. 8C illustrates another example of the disclosed method;

[0014] FIG. 9 illustrates a flowchart of an example of the disclosed method and
apparatus;

[0015] FIG. 10 is a block diagram of a communication system, wherein an access

terminal (AT) includes an adaptive de-jitter buffer and a silence characterizer unit;
[0016] FI1G. 11 is a block diagram of a portion of a receiver in a communication system
incorporating an example of the disclosed method and apparatus;
[0017] FIG. 12 is a block diagram illustrating a communication system according to one

example, including an adaptive de-jitter buffer and silence characterizer unit; and

[0018] FIG. 13 illustrates a flowchart of an example of the disclosed method and
apparatus.
DETAILED DESCRIPTION
[0019] Generally, speech consists of sentences having periods of talkspurts and periods

of silence. Individual sentences are separated by periods of silence, and in turn, a
sentence may comprise multiple talkspurts separated by periods of silence. Sentences
may be long or short, and the silence periods within sentences (or “intra-sentence™) may
typically be shorter than periods of silence separating sentences. As used herein, a
talkspurt 1s generally made up of multiple packets of data, In many services and
applications, e.g., voice over IP (VoIP), video telephony, interactive games, messaging,
etc., data 1s formed into packets and routed through a network.

[0020] Generally, in wireless communication systems, channel conditions, network
load, quality of service (QoS) capabilities of a system, the competition for resources by
different flows, among other factors, impact the end-to-end delay of packets in a
network. The end-to-end delay of packets may be defined as the time it takes a packet to

travel within a network from a “sender” to a “receiver.” Each packet may incur a unique



[0011]FIG 8A illustrates an exanple of the disclosed nethod;
[0012] FIG 8B illustrates another exanple of the disclosed nethod;

[0013]FIG_8C illustrates another exanple of the disclosed nethod,
[0014] FI GWQ20PH3¥ ates a flowchart of an exanpl e of FREUGFEIYEY

met hod and apparatus; [0015]FIG 10 is a bl ock diagram of a
communi cati on system wherein an accesszterm nal (AT) includes an
adaptive de-jitter buffer and a silence characterizer unit;

0016] FIG 11 is a block diagramof .a portjon of receiver in a.,
Communi cat | SHTESETTAHRL 0% AT g dhs Bodireedeln et Pas e had
and appar at kgeivEOREd kékborect Zod fttd, Phr@ekcdind@savilil sastr afsloRtbndwhen the
communi cation system according to one exanple, including an_ adaptive
de-jitter bD¥dkel ahip-aspinaiede Whan aeckelsiasidying af ¢ recgiver frg0e 8mbeat raglar
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The de-jitter buffer smooths the jitter experienced by packets and conceals the variation
in packet arrival time at the receiver. In some systems this smoothing effect is achieved
using an adaptive de-jitter buffer to delay the playback of a first packet of each
talkspurt. The “de-jitter delay” may be calculated using an algorithm, or may be equal
to the time it takes to receive voice data equal to the length of the de-jitter buffer delay.

[0021] Channel conditions, and thus jitter may vary and the delay of a de-jitter buffer
may change from talkspurt to talkspurt to adapt to these changing conditions. While
adapting the de-jitter delay, packets (representing both speech and silence) may be
expanded or compressed, in a method referred to herein as “time-warping.” The
perceived voice quality of communication may not be affected when speech packets are
time-warped. However, in certain scenarios, when time-warping is applied to silence
periods, voice quality may appear degraded. Thus, it is an objective of the present
invention to provide a method and an apparatus for modifying the playback timing of
talkspurts within a sentence without affecting intelligibility.

[0022] The following discussion is applicable to packetized communications, and in
particular, details a voice communication, wherein the data, or speech and silence,
originate at a source and are transmitted to a destination for playback. Speech
communication is an example of application of the present discussion. Other
applications may include video communications, gaming communications, or other
communications having characteristics, specifications and/or requirements similar to
those of speech communications. For clarity the following discussion describes a
spread-spectrum communication system supporting packet data communications
including, but not limited to code division multiple access (CDMA) systems, orthogonal
frequency division multiple access (OFDMA), wideband code division multiple access
{(W-CDMA), global systems for mobile communications (GSM) systems, systems
supporting ITEEE standards, such as 802.11 (A,B,G), 802.16, WiMAX etc.

[0023] FIG. 1 is a block diagram illustrating a digital communication system 100. Two
access terminals (ATs) 130 and 140 communicate via base station (BS) 110. Within AT

130, transmit processing unit 112 transmits voice data to an encoder 114, which encodes
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Here, PKT 2 is received before its anticipated playback time, t,. Packet 3, on the other
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4 and packetizes the voice data and sends the packetized data to
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[0029] FIG. 4 111uatrdteb examples of “silence compression” and “silence expansion”

due to differences in de-jitter delay from one talkspurt to another. In FIG. 4, the shaded
regions 420, 424 and 428 represent talkspurts, while unshaded regions 422 and 426
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silence periods illustrated i 1n FIGs. 5 and 6, the length of the transmitted bﬁence may be
determined and then maintained at the receiver. Therefore, one objective of the present

disclosure is to determine when silence occurs within a sentence, or intra-sentence. In



7 one exanpl e, sentences may be distinguished fromeach other based
on the detection of the end of a sentence. Wen the end of a sentence
is detected, it nay be determined that the silence periods occurring
prior to M@ 200803438 t he sentence, occur i nt r a- sent ence PCARE2004/881348r e
nei t her conpressed nor expanded. It may be determ ned that a sentence
is over if a certain nunber of consecuthve silence packets are
detected. For instance, a nunber of consecutive silence packets

indicating the end of a sentence nay be eg_ual to 10. In another
exanpl e, if ORhEABIRERIGICT BRY b didauishediirem seprathpidiasetion the detection of
determ ned kR ARG of #3hidRaWRPAE thE O AdcnRABMR Getcbied 1t maPHe H‘(ﬁ&'&'[inédtthat
may be assumed the silence period occurs intra-sentence. In this
scenari o, i thetslenagaresedseercairingpeier fosthg@ad aithe strdenge, el inbnsentpee, ad

cenar o, | fiHenaagodeers _ _. _
nor oxpanei ) aF° S Gy iR xbiBed A BE g Bkt GHRERRS Bl

buffer. |In d@m examphebeaoscdreemeave sitprepsken aar desdctednEer iaxtpansh aimber

trigger may pe disabled when the detected length of the silence

per (od 15| bEPHaRveSienfe BrekeBindiFergeicr R thoaes B Be i © 10. I
contrast, whgdhdickensle, if shedel QK bethe RLWEIGE] SIRMEE PSRN is determined to be less
("inter-sentence"), the de-jitter buffer operates normally and may

conpress or 18R FaAGHAr SAOEN §Beet0 TeREE.it PBY beusutgdihe sikenen petiadapdsyrs
100321 In appthehteRsPECHisQEedRS, ipﬁﬁ%%%tes“sﬁﬁc%tﬁo@ stebfong,eyglehc&ﬁerﬁd
silence period between tal kspurts may be cal cul at ed Using the

di fference Ph2#0rmsed webkenampigtained\ot dre epravdr abtithsa ctmmpressfionandraixkasiont of
and the firg; t,..0 t purt. ... gyence._nunher (S
of a real -t pissef i octhertobfied BY cpd sk kY B S0 ERR RO TRER S
each tr ansncémpdssxackedilencEheaxp&iNidnstrigge dndyybeadisabbel wiesh the detestdtedgth of

packet sequence and t.o detec et loss. The tinme stanmp (TS) may
ol ect "t e HEABRIE RS B oo T 200 Focs O BPeEnd i § Reterd lagPRRsctet.

The sanpl i ngildnds iaBétcdtsd GerinieMe BertdRER AiittbrOfkich&AS, thé Qb SRBNbSfer operates
nmonotonically and linearly in tinme. In applications processing

speech, t he"IGafHpnbEay FRPRHETRIEAPAY SHencs RatkaHtdorsiet guiitgthese ntervals.
correspRAss to the pinbesspll sl Gesehd d%@ﬁ@ur@,pﬁﬁci%n@ﬁc&?ﬁ 'silglg:% period

instance, an input device nay recelve speech packets” having
sanpl i ng pebétoden tallispertsn8ay be ralevlatnd nsingl theydiffgendedn REFClimenarkst between

[ 0033] FI G i t i f ckets i-n.a stream W
consecut i ve GNPHREETR RS 5 8k PRGEERT Ardndush LIRRNEL O seopee
sane, i.e., niBBer (BNpbhercat-time pacipett peatocdl €RTR) ekrentreradntspeaahfontach
represents se t of sil e. Fqr, exanple, for an RC-1i ke
vocoder pr o%ﬁ%ﬁnﬁgg‘gﬁa%ﬁte?@mu%gtw %rg‘}éﬁzﬁf IhFSIOLT BAGE SFauRRee o
RTP TS i ncr gasetabhiet RS B 24niBED 30008540 tMaﬁpE%iﬁﬁMMrsf &tet
consecutive_ packets. As illustrated in FIG 7, the TS of the

first packet? the Rigbdatrpeckess The sermplingbskat s4lskeed fram3zpgockippt mgregrents

the third p j : : i |
the VIO 2008 13335 aRCt R 180n4 Dafs IRy IRks PRhiE. e HESTL Raf e

of a sil encecpandntd Iee wordiant aleks plat teorreshosdi® thheRber of sesplemin edch
the last fr ] ) IS . 0 he RIP tinestanp qof th
first f ramgﬁ(}%cfh%&ﬁ{éﬁoﬁ Igagpd%%ud?lt 11?1? @ dfg%g .rﬁig'hrlege“é? \b/peeg1CE11 al %ﬁ%ﬁbgpgwgglﬁpn
RTP TS ( ARTRmming36AdsinesFS 30@0remedied by i1 60 fogsadh packe640. Furt her, 640
corres s to | l.ence period of.length 20*(640/160) or. 80 ns .
For S0TBES P anel ATET RS PheSaA Rk G BB o e R FaSt A
of silence iRrdn@RtsHHN6OL Tie TRiMIGh MR thPs8RIT. €168 whERGARHIRY: Rfties a
renoved fromthe ofgerati on of the de-jitter buffer. A

oal of_a
de-jitter bEFERSAt PiSSICECly RteRigeRIEs mspepisel efuithensst Byr simaed hr ancE U Tt
for jitter.  JQjs H64@¥TRYmAe MRS LS a%ﬁqgii@@fégif%g(@ﬁl@wP TS increases

conditions and in consideration of factors such as frane error rate,

by 160 every 20 msec (8000%0.02 = 160 samples) for comsecutive packets. As
illustrated in FIG. 7, the RTP TS of the first packet is 160, RTP TS of the second packet
is 320, RTP TS of the third packet is 480, etc. An example may be used to illustrate the



WO 2008/ 134384PCT/ 1182008/ 061348 9 [ X-a, X+bj, where a = MN (0.2 * X
0.02) sec, and b = MN (0.4 * X, 0.04) sec 100361According to the one
exanpl e, for the first talkspurt of each received sentence, the

pl ayback OYORMEIMBSt packet may be del ayed by A, wher ECKUSVUEPRIMS ¢ o
de-jitter buffer delay. For subsequent tal kspurts of each sentence,
the playback of the first packet may begdel ayed according to the
exanpl e of the follow ng al gorithm [0037] Let arrival _tine be the

arrival ti of the fir packe dept h_pl ayouttine be th
at whi ch tﬂgetfmg%twﬁaﬂf &¢ 166t o ha @Csé)@ﬁog‘ﬁa%an GRiKopts {Assys ahe RTP

del ayed by dgwithinb @F tRUkEEfantebry alshet id ﬁ@oadrﬁltM@mpAirﬁ&tanhﬁ&f the ﬁrst
spaci ng_playout _titne (n) be the tine at which the first packet would

have been pffa@é@fﬁmﬂeﬁf tallespurhisri49-ndds eivepaditiseenes inrRTR HA (ﬁﬂﬁpbﬂmﬁﬁlﬂ
revious ta t o

Backet of the pr evi oh@&th §F %gl%%?? Ggﬁdp?llﬁiﬁp%g}sg%{ég%ﬁl\ﬁg?? {Ené éﬂtﬂ)glc’f

del ay denot é&npthe20t{646/160) atB0ahset Her Hhmketiranss pt Bigdd out. Then:

d h X- | del =
Spact ndfyourt MhapstSentl-§ Y fiumer s %osﬁé@?%éeﬁ%dgqueg%
ti me(X-a) Aleﬁé@mrhm _;p bayahidvet FRonctheSipaaition of Mk Ay gl Bufter( Xpol) of a de-

actual _del ay = de% pl ayout thne(b) Else If (depth playout_thne >
spaci ng_pl Y5t DT TR 6 RN Y€ POAPILOPRgelSy AREEaPraopsFt Iof Jifg; This delay

spaci ng_pl amytbte'@ﬂﬁéa(ﬁm)cﬁﬁﬁgmg channel conditions and in consideration of factors such

as frame error rate, etc. If the length of silence is strictly maintained and a de-jitter
buffer is designed to only adapt between sentences, inefficiencies may be introduced.
For instance, during certain initial channel conditions, inter-sentence adaptation of the
de-jitter buffer may prove sufficient. However, a sudden change in jitter conditions may
result in the need to adapt between even short sentences. If this capability is disabled,
the de-jitter buffer will not be able to adapt quickly enough to overall changing jitter
conditions,

[0035] In order to operate the de-jitter buffer with a requisite degree of freedom while
maintaining integrity of voice quality, an example of the disclosed invention aims to
loosely maintain silence lengths between talkspurts occurnng intra-sentence. To achieve
this objective, the intra-sentence silence lengths may be adjusted by an amount
calculated using an algorithm based on channel conditions, user input, etc. The resulting
length of silence, although adjusted, approximates the length of the original silence in
the voice source. In determining the adjusted length of silence, the effect of silence
compression and silence expansion is taken into account, In certain scenarios, for
instance, silence compression is more noticeable than silence expansion, therefore only
expansion may be triggered. Another factor taken into consideration is the length of the
original silence. For instance, when the original silence in the voice source is relatively
longer, there is more flexibility in the amount of adjustment. For instance, if the original
length of silence is 20 msec, expanding the silence by 40 msec at the receiver may be as
noticeable. On the other hand, if the original length of silence is 100 msec, expanding
the silence by 40 msec at the receiver may not be very noticeable. Assuming the original
length of silence in the voice source is X sec, an example of the present disclosure

maintains a silence spacing of:



100381These conditions are illustrated in FIG. 8A-8C. In FIG 8A

pl ayback of the first packet of the first talkspurt of the sentence
is delayed by A where Ais equal to the de-jitter buffer delay. For
the next tEPRYBHHB80f the sentence, if the time at whi ERTUSDOPNGISHS
packet of the next tal kspurt would have been played out if it were
del ayed by de-jitter buffer delay aftergits arrival is less than the
time at which the first packet would have been played out if it

mai nt ai ned a spacing of (X-a) with the end of the previous tal kspurt,
then the tinme at which the packet is played out is equal to the val ue
of (X-a). [0039] |X-ElIXGb/8Bhrerp| 2y hamlo. 0t xtdye) b Il b PagheD 401y bb@sec
first tal kspurt of the sentence is delayed by A where A is equal

the de-jitter buffer delay. For the next tallcspurt of the sentence

if the gdzp at V"ﬁb@d?dlh??o fHeronk eﬁﬁﬁéﬂ@tfopthfw}tfﬂ@t {3f l‘[%m%@ﬂ %@ﬂ?%&w@@ nébnce,

have been pl ayed out It were ayed ter buffer delay
after its atheiplabaglsofghefnsepacketarrydre de‘lﬁ@@@ﬂ&l WMBMPGHU&USZ@EJSI@B&@@S
10 equal to e en pl aye
out 1Tt ey dioh 5 hhClaipledof gt er A e BB U R RS BT
tal kspurt; aadelagfedtabe)rﬂmgm the emlﬂhoftﬂwf(ﬂloﬁa&ﬁg ﬂg@k&:ﬁu of the next

tal kspyrt..woul d have ayed aut if i e del ayed jitter
b fof WG by af t LR qrrReiapep VAT g phae T autker 5 et Hlout 4
whi ch the f g #e tRAC KOkhidR uieoh@taim@ka%upha&%e@ytaﬁw oltlif MBS adined b?«
spacing of (X+ b), then the tinme at which the is played out

equal to théewlgFru'@ffﬁ’F delgy aftprifs agfivainfisp, tehwaﬁtnggtfamék@te (\'xb aleﬁa%a’f
been pl ayed .

Crearr i val GG T RUEEEORUBETLRE fiebiohd i bR SepRingbf Flvit
first talLks tim:retnd@f prelvus ealtspnit Lt & bethegeiup! byacn@ be&mmnehw,asu p;wleeq oéthe

to the de-j r Xt L2

sentence. | PRl BRSLahEi b bt S B BN his M P8 etigh e
woul d have pegantipplyetiowuthdnt it were del ayed by de-jitter buffer
delay after its arrival is greater than the tinme at which the first
packet woul d have been played out if it naintained a spacing of (X+b)
with the end of théf(ﬁd’pﬂl/_bbymat tiak kspatite, pltoentiid&-«)i me at whi ch t he
packet is played ou S lé eater, of the arrival time, of
the first packet ofmf‘?tl de(?ag sp{}n%{_é}c} i ”mg{t f5)<+b) [ 0041] The above(9
method is illustratfésd fuft hétt?pffrmhtyh@ l‘FWeowchart spdcing| hyo@,_tinai ) oc KND

900, it is %}zlﬁjﬂ}ﬁﬁ%n:\é@eis?%ngtﬁ%wﬁEz)né}ﬁh@f silence occurs within a

sent ence. it~ does not rocess returns to block 900. If the
si | ence per| od occtﬁfffg"fmﬁlet"ﬁl‘rf‘*’eﬁ”’sféﬁtoé’n@ée the process continues t &

bl ock 910 where it gigrs ﬂ@gpg{‘?)\gj;}ﬁg ik >qgm;@=[m}@ypm,%§gn@) is less than

spaci ng_pl ayout t bn n . the actual applied to the
silence is equal 6’2‘? ‘%e\lfﬁfl WAG e ’5(’? ‘}”"’afp"ﬁ‘f"’%é’f(’y@‘ml”’e Wer wi se, e

process continues to block 920 V\/nere it is determ ned whet her

depth outti i S ter t or .eq

spaci ngéﬂgglayout {r? h?58(°8<‘¥§§i 1S gre 21 strated, ubggdésetsgg onth K340 lbrbaek obis
and the act @iadt paeketdf tAPtst Rtkshort bhtcSédt@Re s deta Bye@m A, tleleleis\eqlidl @0 e
dept h_pl ayoutt| me. The process ends_ at bl ock 980 etur ni ng now to

bl ock 920, Q¢ifter ltvs‘feaétief WOREY nerdelkepas of thy sspisnes e fime ﬁt)whlata Bt
than or equatck%pofstﬁ@%bﬁqamtp%ypw&m@arﬁ@&aﬁfeta)l 1@9@0@@&%&9%%@%@1%%& it

to the silence is equal e greater of ‘arrivaltine
spaci ng_pl ai’@ﬁtrtdeiﬂb/eﬂ(fmm aﬂWélSdﬁ@cfé@sthenmse atwlbtlotie fg&m%{(@mid:h@e

10 is a bl og | n

1040 comuni celft b ﬁg‘{dtiﬁmolfg%tl @Mﬁ% WOr gﬂ#qge%t E)y@e%vgtﬁ %Q%Béd) fA{#g pielv?i’mis

1030, transmllspmtabesthe ngleunwhtclhmabkeamptaﬁeﬂ ouis egquall & the traluaof (X-a).

encoder 4 whi t h 0 ta S t he packeti zed

it o ¢ P er "1 R R abSiek i Fisp i Pae 2 TlEsrb ot MR e s
delayed by A, where A is equal to the de-jitter buffer delay. For the next talkspurt of the

sentence, if the time at which the first packet of the next talkspurt would have been

played out if it were delayed by de-jitter buffer delay after its arrival is greater than or



11 in the | ower |ayer processing unit 1008, from which packets of
data are provided to an adaptive dc-jitter buffer 1006. Sil ence may
be characterized as inter-sentence or intrasentence either inside the
de-jitter WORPBAIEE as part of a separate nodul e, for PAZUSRIISV61A48
silence characterizer 1005. In an exanple, silence characterizer 1005
determ nes whet her silence periods occuf,intra-sentence or
inter-sentence. If the silence occurs inter-sentence, the silence
period nay be expanded or conpressed, e.g, as disclosed in co-pending

appl i cat i on¢qGbo thgtmeabwhigh thepfarperksss ookl Ve ADAPTIRXEE IDELFj| MFiERined a

BUFFER, " fi : al 0 | aSSi . 2SS O f
present di Is (E:I%g Isr@;bgl&'% SVQEB é a(\,(:/h:ﬁoor%@}g% &iﬁlb%ggmé ugt’ téa?‘%fﬁ%cfﬁlﬁg gt?‘ﬁ%? h g]?%ﬁt
1040. AT 10pecker eftbeints tefaspartomowld patehbden hayed ansifiit were delegsi ngdasidtdr

1016 to enc [ 18 1o0.lower lLayer, processi unit 1020 and fi nal
Lo B 1070, Sprrby wel i BTy S B SESTR! Rt e e fusf ekt
processi ng would HhO2Bednpladdpiit ifet Meinfairet @rspluifd ef (Y02 2hante Shkan6Mich
characterizer 1021 .tqQ decoder 1024 to recelve, processing unit 1026.
Furt her pr oBESBFRRS S Resrdiou 151ogEAl athecaligor iyt oy We ot apeiet RoBk

data, such agveMRES Blayd@dht mb’wisx@\d@ﬂaﬁ&i LR P HRFESR I Aot SI L6,
di splays, etc. [00431FIG 11 is a block diagramof a portion of a

recei vad4¥4Pn a cobnil§l- && plesbapligxt b fivst peobol off the firsd mallespartif éheofentehee is
Uecl osed | . e ' i . .
Gata Lot he Har B i BV ahaRo AU BLIRGTSRIROEIIN il B BRE b 08°

the de-jitt emidngé.fié theatoe @omtadl thadirst hilds.of Sid eext ealkipartaeddd ihzer been
1110 determpes et her t detected sjlence periods occur

i ntra-sent eﬁfégedoér’,miiﬁtt grefestgeﬁ?ygﬁi’édeﬂ t h‘ﬁe i F@ﬁ@ Ctiscpgal 1s greater than the
i ntra-sent enge,at iMhechdBe fitst pokewdile havebdah dlaysd binaf §irhBRGiBe@S spacing of
di sclosed in Jte@e .gixtgrrplcfs gf the present invention. The forward |ink
(FL) medi unfHe¥ st CaRtd of the MgtPupedeaysithy thafime shubichthswiagkss isplayed
handof f i ndbgat Qi k& tHdQrddtdrlod theoathil A indnek GO R gbckle%ﬁth%%-ta%%%n'\é%c
| ayer inplenents protocols for receiving and sending data on t
physical |a¢€t®-i.e., over the air. The MAC layer may include

Securi typgpENCryp . p r N,

= ayst SHEnn 0y PrhCRheg® o ARLER) 500 SAPERLUAR dralOT LT sb5
t he Cont r ol itGhéaterelinedtwiethac tegsrichafiviience casursvedithinasseherceFindres natthe

Reverse Traffic annel s. 1004 ring sil.epnce intervals, packets are
sent from aaﬁ’ﬁ%ﬁsx%‘alé?? }gltoflé%%i%%r&;ﬂ%{%ﬁ PE%%{]?‘«‘&PTSJ‘H n ﬁ?fﬁer{%&t € process
di scont i nuotsntinhesn soTibkskol  BhYe @nist ddtdrhdnedMfe Hgdn pldfok e tis 1242 than
provi des background noise information to decoder 1114. The packets
provi ded by RHES.FEvHimefX-gufl s thendhe el gelay gpplicftto ghenpilenee bpauplde
decode procegsiang oﬁrﬂﬂaﬂﬁb’blgﬁc SR, OEBHist AhdBrodQS QR IBARKR & 926N Ehere it
decoder 1114 decodes the packets. In another WO

2008/ 134384 BCTAwSPO08) 06hsiher 1 Zenis plipent dhnet his pgrestent tidinscbosame] ao

i Sl oced | PR BRRGE 1t Shteen R B ARR SRR aREEAT et o

DE- JI TTER BuyffiERtd tHei diledceAisgpgsdl 180he 2006 ofitighiasiajogn etle.t Thet frecas shdsnee

of the present, di sure. Pyl .Joodul at ed (PCM speech sanpl es
are provi degﬁf%géngeﬁ%g \RBWB? ﬁgw@ﬂ?f lfi? i*BAQ? egé%d‘é’r’#—i;’%[%f—””f’ie Aot
war pi ng uni gredtédhanbyequel®isyring jlkyoR: Wad(Pt£)Otht BEHIAALRY applRE:6 Brejsilbdcr
buffer and control unit 1108. The indicator may indicate expand,
conpress, ofS SB\RHSi OO epadcting arkere mglomid dre@Ed. The prasess ends at
abovenent i opdk agpl i cation for patent. [0045]FIG 12 is a bl ock
diagramillustrati ng an access termnal (AT) according to one
exanpl @043nc| udi H§- gﬂ isgblpeli diagrgm-gfiatsysem hudding tha0drmanas, A Tselfde, 1040
characteriz [ . 0 t -jdit e f :
i ncl udes thgg%@%%aééégtﬁgw gtaeﬁ‘?[%@ﬁ?l%h%mifgp gg M]}OUSh gibié&fon gt
processing unit 1012 transmits voice data to an encoder 1014 which digitizes the voice

data and sends the packetized data to lower layer processing unit 1008. Packets are then

sent to BS 1010. When AT 1030 receives data from BS 1010, the data is first processed



[0047] Whi | e the specification describes particul ar exanples of the
present invention, those of ordinary skill can devise variations of
the present invention w thout departing fromthe inventive concept.
For exanpl WO 2P4d34884chings herein refer to circuit-swi PEREBHEPHSI
el enents but are equally applicable to packet-sw tched domai n network
el ements. Al so, the teachings herein argynot limted to
authentication triplet pairs but can also be applied to use of a

single triplet including tw. SRES s (aone of the customary format
and one of Ihg‘er{% Li&‘ﬁ(’i@ﬁ"e??“&ﬁs‘ﬁ’l“o@é P aThigh pachesaaf dHe e mrTfiedlg ann

the art wil ldipadedsyadpihatiod fnrnat m%nb@ﬂﬁjar%t&%b s RY%-Lhtence or intra-
represented using any of a variety fferent technol ogi es and

t echni ques. SEB¢ncegalgsliesidethe de Jlﬁﬁd?tuiffﬁt@ﬁ a5rpgrt of @ yrpandie modleoforinstanes in
signal's, bi t,S1.35B0kRcBRd 1668, R] efxth:Eangn?% s@l@%eélﬁ{'a%%ﬁgg §6ys° Hgg%l%es

t he above description nmay be represente
2008/ 134384 POEheS2ia8s @6!1@%8001731' vmtatsage@qe munmaﬂblﬁenoel Ecmecnmgmecbacurs

tic field ticl fi
iy cormbi nat B PREFe D BBEHAR SR R ERer A EHEMEREd i o FiF bbb

appr eci at e thatndifie a}\)‘;ﬂfchtﬁmﬁ 93h I“08ETRODVANDO@IPEAIR AT FOR ARAUDEPTIVE
circuits, mi) hods _and aIﬁRr”i hns, described _in connection wth the
[

exanpl es di SH-GSEGRABYEF Py hetlé indsasairrcd; oo Hiccashigrepnelr the

conput er so%teéa{t%sc%ureom kv of T b@.ms sitfllaf k@Bt ¥t Air! 1086 ake1040
this interchangeability of hardware and software, various

illustrati véf%@@ﬁﬁd;l@ém%a PBthcfeks trapseit Psessiorgiti 1046 torendeders! WRdo lower
al gori t hims IT@?\éreB@ %ﬁﬁﬁ??‘%@%ﬂ?{lﬁra e§§r1@h5 yA'Inléﬁl%rljg@ d\pes dta{%» Jrn ?Ngath

functionalit suc uncti o 1ty 1s i nplenmente
or softwar efrdepémdrs lupmprctchmqgaumi ¢020ato auptive dejicer bufter d@2R gind silence

constraints sed t,he over stem Skilled.artjsans nma .
i npl ement t ﬁféaq% & g@& tp ﬁﬁ%otdFr ﬂdgﬁlt‘? %ecf”ﬁe VEFGIHG ‘W&?QE% o? rglfé H%Cessmg
particul ar aptiithetiaed bubtiay a6kt therplagbRRITdaAN sih8 s SioRRS arkh@kY thvafle

be interpreted as causing a ¢departure fromthe scope of the present
invention. { %BT?ﬁ“ém\ga“rcFeGHéh“P W&t ati ve | ogi cal bl ocks, nodul es,

and ci neuit s dessm heds & Bloke Hﬁ@l%i S Iwrﬁchl sme@ef@em @&%ﬁ&k&ﬁﬁ%ﬁtem
herein may be inpl enent ed 9Eer ormed with a general purpose

processor, #cgingatiag as ﬁgmnle e disslosed(iDBMyion. g hheppkiceldayen prospesighing

i nt egrat ed sTs]g

othor pr ogr Amtiekidpeilo n Sy H1087 THERA: Sa0E) P plfigle B
di screte haridmamdmfﬁerrm"@mtrsl, unmtri lﬁ&ySﬂem:dnhlaat:tedmrtme@ é@émﬂﬁsw@meﬂr the
performthe [0 rein eneral - purp pr.ocessor
oy be . m &7 SHFbEREE PR SRCHr (B SN ER S M sep R o D SUGCe e
any convent imﬂaaientﬁﬁ&g&ﬁ&ﬁmtteﬁBdiffd’r@hdzﬁéms AeCdi [0SR Ms r@dclo@éd inGhe &4t f}ﬁ’ee of

machi ne. A processor nmay al.so be inplemented as a conbi pation o
conput i ng deEViREsN igvegtion gl hefppyasd i fF lormedpsapoegsgicontgl eop) BosesHE,

a plurality,g l%?ﬁl@?fd@é@%ﬂ&f in@f3etidH tor&[jﬁtembﬁffapcfng%ﬁ&&rlﬁnt' 108, The
conj uncti onle\th: lay%r 1rnp|:l.erg((e)nr’c%e pro(t)()rcognty r r%t:elslzlgsagcciz Een%?nnfclia?au(gz? ’Ehleorll sical layer,
g phys y
1.e., over the air. The MAC layer may include security, encryption, authentication, and
connection information. In a system supporting IS-856, the MAC layer contains rules
governing the Control Channel, the Access Channel, as well as the Forward and
Reverse Traffic Channels.
[0044] During silence intervals, packets are sent from adaptive de-jitter buffer and
control unit 1108 to a discontinuous transmission (DTX) unit 1112, wherein DTX unit
1112 provides background noise information to decoder 1114. The packets provided by

the de-jitter buffer and control unit 1108 are ready for decode processing and may be

referred to as vocoder packets. The decoder 1114 decodes the packets. Tn another



100511The net hods or al gorithns described in connection with the
exanpl es di scl osed herein may be enbodied directly in hardware, in a
sof tware nodul e executed by a processor, or in a conbination of the
two. A sofVR3M&1H38uI e nmay reside in RAM nenory, fl ashPREMSRAPS/0GH
menory, EPROM nenory, EEPROM nenory, registers, hard disk, a
renovabl e disk, a CD-ROM or any other formof storage medi um known
inthe art. A storage nedium may be coupled to the processor such

that the process?é can read. information from and wite information
to, the stoPSge Metit FseThdisgigsuss alime A48 BIPETINEISIE0 BF FH42ad to Amehwarp

al ternativeg c%ﬂ?p@:ﬁ(@trs%g%w%gé@ﬁ‘ d¥BMcdiBn i %egﬁﬁtﬁb@ hR® RPPERAGPIS FARE

processor and the stora ge nmedi um maé/ reS| de in an ASIC. [0052]1n one

or nore exerpl SdP g ht BER (HIEFHERAC filasinduglist 8P DG rmilydbblgned to the
i mpl ement ed, g n%npéaﬁw [ FresBOUNRLGe, FTURE Snoflic @MV AR | Hbigs g

t hereof If emented I n softwaré€,
transmtt edpst:}edas ﬂm’@morwanmngunuaslﬂimﬁbmdﬁcom EdcbdeTmm: ﬁ&rpmg umt 1116

corrputer-readabl e. med r-r ude

comput o1 st B8 et R et RO B e B A et e
that facili trﬁ{ﬁcﬁﬁbrﬁﬁa@rﬁﬁ&%te efpafd CRMsS lor ROAEHTFIAYL bF GrieaNpacREt L dllosed
anot her. A st nmedi a nay be any avail abl e nedia that can be

accessed by! tﬁ‘éﬁ GF’G‘F“O“B?&WAW%“ YeiPite, and not limitation, such
conput gggasieadabl praradii, 6R8k ARERH §1ﬁst%9{§ aftibes ﬁ%ﬁlﬁ%{l (AP EMiRY 10 one

ot her optlcal dISk storage, magnetic di storage or ot hér magneti c
storage devFP¥aale,dicludine st mpti‘mafimﬂm buider 1284 alubslisrsmllamcwazmné r1224.

store desi r‘frg é%% fﬂgede gﬂteﬁ‘ r.B‘*:c‘lfff HI{H@LSC 61%:2& !elﬂgé %}ﬁct&gzeg um? 1224 as

structures and that ¢&n ccessed
connection ilhlsqu:{tacpenllil& el2mdd :modmrrmuampler elaadabhl&embdffwmzoaoand silence

exanple, if the so transmtted fr server

ot her renpt &% errggr §7gi4 are ST ClEmp D ffll%"ervﬁe"‘g%l 20 % &Bice Wal?\RP’étf‘éd

pai r, digitahit s-b&clfecdmr clduiey (DS, )silele WMafRlcgiss Gibe NPRI, QEhRS HHERsAS
then the coaxial cable, fiber optic

i nfrar ed, ?2@ and %r owave,
cable, twis gagmory 08, Bnspjit srelsy tléé@}n‘%ﬂcﬁ‘&fe@(}éuwgg Fetioh e,
radio, and eac%a&v\me bt ;%ééé&lﬁ 1998, her Sfdcfbd 182 :9$.y BB giupad tl?géllﬁer

and disc, as used herein, 'includes conpact disc (CD), Taser disc
optical disés skivgi tathevrspesding] exaniplss. (nDvidtionf thep pyeydbe kowphed toigetherayia

di sc where gérﬁr'ﬁﬁmﬂ&féﬂ'b’ul’lﬁﬁoﬁBﬁH?r?Fﬁ?tlgomgnet' cally, while discs

reproduce data opticall nmbi nati ons of the above
shoul d[MH€lo be |T1h;d udéxddwftﬂ?lm St Hezcisted pabooé nﬁaqnmpﬁfmmea@bdo&emdﬂmg

o enabl 6 SO SoRTERT Dot Aot REap( G bk oBF HBES: NeSprADenr 0

invention. WhkiraiedinBId. Diatipans ¢ Meilioses fxampl Bsckwilbbo Re1Izoamhsded
apparent to, tlﬁ%rri skilled in the art, and the generic principles
defined her & be applied to ot her exanpl es wi thout departing

fromthg@sgpirit @mis Qﬁhoﬁje&fﬁcﬁt% de@(\ﬁ*%ts I @ficul 3 ESim >Pt1 e(ffgcé@?ﬁegént 1%vent10n

invention is not intended to be limted to the e wn herein
but is to béoscelerdad dl gindésyisesetpions of diestresent wcmamnwﬂthpnﬁ drpantings

and novel T gahufesndhie! RR6H: %% Shinpld WS ERMR dori PRt MERircSt-swithed

CLAI V5
network elements but are equally applicable to packet-switched domain network

elements. Also, the teachings herein are not limited to authentication triplet pairs but
can also be applied to use of a single triplet including two SRES values (one of the
customary format and one of the newer format disclosed herein).

[0048] Those skilled in the art will understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips

that may be referenced throughout the above description may be represented by



1. A nethod conprising: receiving a plurality of packets at a
receiver; 5storing the received packets in an adaptive de-jitter
buffer (106 122; having a de-jitter buffer delay; det er m ni ng
the | engt WVBRVSHIBEESt one sil ence period (422) associ ZCEFSHOPASIB e
received plurality of packets, wherein the at |east one sil ence
period (422) occurs between tal kspurts {£#20, 424) of speech;
10determning if the at | east one silence period (422) occurs within
a sentence of speech, wherein the sentence conprises periods, of
si |l ence and"B‘é‘"‘r%Q%&grr%‘ftSat cHepaFIcEc FATes m&ﬁﬂ‘aﬁ;‘ir}gﬁ‘d} qripagtivies eRpticalafigldsaive
sil ence perhaicRS Gdhsy Writhdioh ier&gnt ence, then determning a silence
spacin% based on_the Tength of the at |east one silence period (422)
15 and [9848] de- j i These slilied ax thelert avjll ferrgr appaeriats thet thy verieus shwretdve logical
ackets at ' d -+ h ' l.ng Aeneln. i . -angt h
o the at | SSEF anBRRED Rl Bl BE SRR IR Rolrheck B DA
then the si kemedessdmclosyy hgeisemapdualmplenethed fs reddctrbain gtandwanhecanputdérf

the length of . the at |east .one sjlence period 2 l.s.greater .than
second | engtPtHHt Hafott m@”%ﬁt%ﬂ"ﬁﬁ‘anﬁ (REeaFly r@lgﬁ]ia@bbﬂ% }Ig?rﬁgar?g?"r]?éhty °
si | en(r:]e fspaﬁhﬂagrafels ase lsofewlata) vfz@outs hi@lu&ﬁz@iegctfg%g)@édm, %Ms,\/\/ﬂﬁﬂﬁiﬁﬂ %i_fcultb,e
| ength of the at |east one si]ence periog I's between the fjrst
length and {HEOEBARIERTGIR, havRiebecf hdeseitednakove paeieidlyi @ &ams eqfusfierr
to the | enghc@bndiBe aVndiRaSducRTBntohANR¢ §s REPleREnted 2¢)hardware or software

depends upon the particular application and design constraints imposed on the overall

system. Skilled artisans may implement the described functionality in varying ways for
each particular application, but such implementation decisions should not be interpreted
as causing a departure from the scope of the present invention.

[0050] The various illustrative logical blocks, modules, and circuits described in
connection with the examples disclosed herein may be implemented or performed with
a general purpose processor, a digital signal processor (DSP), an application specific
integrated circuit (ASIC), a field programmable gate array (FPGA) or other
programmable logic device, discrete gate or transistor logic, discrete hardware
components, or any combination thereof designed to perform the functions described
herein. A general-purpose processor may be a microprocessor, but in the alternative,
the processor may be any conventional processor, controller, microcontroller, or state
machine. A processor may also be implemented as a combination of computing
devices, e.g., a combination of a DSP and a microprocessor, a plurality of
MIiCroprocessors, one or more microprocessors in conjunction with a DSP core, or any
other such configuration.

[0051] The methods or algorithms described in connection with the examples disclosed
herein may be embodied directly in hardware, in a software module executed by a
processor, or in a combination of the two. A software module may reside in RAM
memory, flash memory, ROM memory, EPROM memory, EEPROM memory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. A storage medium may be coupled to the processor such that the

processor can read mformation from, and write information to, the storage medium. In



25 2. The nethod as in claim1, wherein: the determning if the at
| east one silence period (422) occurs within the sentence further
conprises determning if a |largest consecutive nunber of received
sil ence pa¥REWE/134884 ess than a certain nunber. 30 3. ThECHUSHWHOHIS n
claim1l1l, wherein: the determining if the at | east one silence period
(422) occurs within the sentence furtheyq conprises determning if the
| ongest of the at | east one 16 silence period (422) associated with

t he received packets i s shorter than a certajn tinme frame, 4. The
met hod as i ﬂwa?famml‘iﬁs E}F&qu?@rm%%ﬂaé’ibﬁg’?te@?{f tohfeprgeespasa dpic prpgessor and

sil ence per iRGidrdddheddnif Was rididdthAn Asgent ence, adapting the de-jitter
buffer (106, 122£Qt0 maintain a length of originally transmtted

si | encd005eki od (bp2ype aaneorer axesmrlayi ergbadinacdr the ofingfons Hissyibed emay be
packets at ' I.n ot 0,6l ai

wherein t heﬁﬂﬁfgﬁﬂgg& g%a@%ﬁ‘gg@’s SF%’%},Q’ %ﬁ%ré\;he&el}pggy %?m{lbgh 3@ hlg %%%ﬁ h IcJ)ff
the at | eastmpgpmeged enoétvper, ittedfudR@y maydie stgedorf or sanspitedeatver ad orecor
| ength of tine second pre

i Terent | PR oty of Foff it Pn PSRy Cmafim, PP THs et pedi

| engt h of thehaks bstAsémpiter sérhgnaedipend athidnddation media including any medium
that facilitates transfer of a computer program from one place to another. A storage
media may be any available media that can be accessed by a computer. By way of
example, and not limitation, such computer-readable media can comprise RAM, ROM,
EEPROM, CD-ROM or other optical disk storage, magnetic disk storage or other
magnetic storage devices, or any other medium that can be used to carry or store desired
program code in the form of instructions or data structures and that can be accessed by a
computer. Also, any connection is properly termed a computer-readable medium. For
example, if the software is transmitted from a website, server, or other remote source
using a coaxial cable, fiber optic cable, twisted pair, digital subscriber line (DSL), or
wireless technologies such as infrared, radio, and microwave, then the coaxial cable,
fiber optic cable, twisted pair, DSL, or wireless technologies such as infrared, radio, and
microwave are included in the definition of medium, Disk and disc, as used herein,
includes compact disc (CD), laser disc, optical disc, digital versatile disc (DVD), floppy
disk and blu-ray disc where disks usually reproduce data magnetically, while discs
reproduce data optically with lasers. Combinations of the above should also be included
within the scope of computer-readable media.

[0053] The previous description of the disclosed examples is provided to enable any
person skilled in the art to make or use the present invention. Various modifications to
these examples will be readily apparent to those skilled in the art, and the generic
principles defined herein may be applied to other examples without departing from the
spirit or scope of the invention. Thus, the present invention is not intended to be limited
to the examples shown herein but is to be accorded the widest scope consistent with the
principles and novel features disclosed herein.

[0054) WHAT IS CLAIMED IS:



15 6. The nethod as in claim11, further conprising: determ ning the
de-jitter buffer delay; transmtting a first portion of the stored
packets at a tinme equal to the de-jitter buffer delay; and 20
transmtting a second portion of the stred packets at a tine

cal cul ated based on the value [X-a, X+b], where "X" is the | ength of
the at | east one silence period (428LAIMS is a first predetern ned
|l ength of tinme, and "b" is a second predeterm ned | ength of tine
different from"a", wherein if the de-jitter buffer delay is

less thap a ti penmeidEepRpiisigy:to X-a, 25 transmtting the second
portion of the stored packets at a time corresponding to X-a,

i f the de-jit regeivinffaplutelityofl pagedaser reRgivesr equal to a tine

coual o a 1Rl e JBfMAG FEeen iRTa D RaRlVEr e BB R P
of the shave) 3QePaedeh Ffaidalayi me corresponding to the de-jitter

buffer delay, and _ if the de-{;itter buffer delay is greater
than a tine ceptesgpeing e lengthnf 2t laashiang slensr p@é@sn%-?%drasw@fed

the stor el pRGKEl %Ly ?ilqlfgﬂﬁ/t ,Sﬂégéléét%' Wierefn 1Y Eﬁﬁﬂdst%nfgﬁ% period

corresponding to an ar a’'time correspondi
7. The mg42@co@sursbetiveemtblkspheisddr0adapl ohgpebdeh,de-jitter buffer
82929105 122) Bg{ér?neigin%oi Ef%eseast:le%%;c eornnei giiigﬁcéhgeﬁoe&j(h&&?roc?:l{ljfr;evrvithin a
sentence of speech, wherein the sentence comprises periods of silence and
periods of talkspurts (420, 424); and
if the at least one silence period occurs within the sentence, then determining
a silence spacing based on the length of the at least one silence period (422)
15 and the de-jitter buffer delay, and transmitting the stored packets at a time
based on the silence spacing,
wherein if the length of the at least one silence period (422) is less than a first
length, then the silence spacing is set equal to the first length, wherein if the
length of the at least one silence period (422} is greater than a second length
20 that is greater than the first length, then the silence spacing is set equal to the
second length, and wherein if the [ength of the at ieast one silence period
(422) is between the first length and the second length, then the silence

spacing is set equal to the length of the at least one silence period (422).

25 2. The method as in claim 1, wherein:
the determining if the at least one silence period (422) occurs within the
sentence further comprises determining if a largest consecutive number of

received silence packets is less than a certain number.

30 3. The method as in claim 1, wherein:
the determining if the at least one silence period (422) occurs within the

sentence further comprises determining if the longest of the at least one



transmtting a first portion of the stored packets at a time equal to
the de-jitter buffer delay; and transmtting a second portion of the
stored packets at a tinme calculated based 10 on the value [X-a, Xtb],
where "X" is the length of the at | east® one silence period (422), "a"
is a first predetermned length of time, and "b" is a second

pr edet er silerexk Ipenigdh(442)t & seo diatielde witht tHer oaceiagd packetwuris eorter than a
conpri si ng: jf.th(;E de-jitter buffer delay is less than a tine
cor r espof@itAly YHEXTAMet r ansnitting the second portion of the stored
packets at a time corresponding is to X-a. 8. The nethod as in claim
6, wherein adapting the de-jitter buffer(106, 122) further conprises:
det er mi nfng t héhdangihodeas butfaém tduather 2omprigiegi tting a first

ti f the stored ket tine, the de-jitter buff
Gl oy and t 1 andif i 9958 B8 ol st BTt AeRb Refe d e SeRrees.
time cal guhpting thesed-frert bafeal tod, X122) X((?bigmza)iﬁ\ﬁA?’iQa'_'{éﬁgt'[fﬁ_dfht@riginaliy

| ength of the at |east one silence period a" is afirs
pr edet er trenemittechgtlenes perieg (4284 am? is a second 25 predet erni ned

| ength o Lne.different. fr Lal n |SLOG .1 fa.t he
! Chabs R ok Thp S A A 6 PR A e
corresponding to X-a, and the de-jitter buffer delay is |l ess than or

equal to_a tine corresponding to X+b, transpmitting the secand_portion

of tR& sPored phEKBEEENQH 3§ i ¢laiIMol.r ¥BREHAIRE $ENCRSRRCING t18 dX-BukT B
delay. 3Qhere “x” is the length of the at least one silence period (422), "a” is a first

predefermined length of time, and “b” is a second predetermined length of
time different from “a”, and wherein [X-a, X+b] is proportional to the length of
the at least one silence period (422).
15
6. The method as in claim 1, further comprising:
determining the de-jitter buffer delay;
transmitting a first portion of the stored packets at a time equal to the de-jitter
buffer delay; and
20 transmitting a second portion of the stored packets at a time calculated based
on the value [X-a, X+b], where "X" is the length of the at least one silence
period (422), “a” is a first predetermined length of time, and “b" is a second
predetermined length of time different from "a”, wherein
if the de-jitter buffer delay is less than a time corresponding to X-a,
25 transmitting the second portion of the stored packets at a time corresponding
to X-a,
if the de-jitter buffer delay is greater than or equal to a time
corresponding fo X-a, and the de-jitter buffer delay is less than or equal to a
time corresponding to X+b, transmitting the second portion of the stored
30 packets at a time corresponding to the de-jitter buffer delay, and
if the de-jitter buffer delay is greater than a time corresponding to X+b,

transmitting the second portion of the sfored packets at a time equal to the



9. The nethod as in claim®6, wherein adapting the de-jitter buffer
(106, 122) further conprises: determning the de-jitter buffer delay;
18 transmtting a first portion of the stored packets at a tinme equal
to the de-jitter buffer delay; and trah&mtting a second portion of
the stored packets at a tine cal cul ated based on the value [ X-a,

X+b] , whegreateX'ofis tithe cbaegpbndingt ieaatarrieaktinaner i tieceopesposding to
(422), "a" is a first predetermned length of time, and "b" is a
second pP%“(ﬂ’eterm ned length of time different from"a", and further
conprising: if the de-jitter buffer delay is greater than a tine
corresponding to X+b, transmtting the second portion of the stored
packets &t a tiTime egtladd tas inhelajmedt etheodinaadaming tne elepjiihel bgffeo (a06,

arrival ti or._a tinme corresponding to 10 X+b. 10. An apparatus

conpr Psi ﬂ&%ﬁ‘é’é‘?\%r ¢YFPFEER®i ving a plurality of packets; neans for

storing YeermfRkg ek i'ﬁ%l?%ufﬁe?%e%ﬁns having a buffer delay; 15
e

nmeans for determning t ength of "at | east one silence period (422)
associ at éeknainitiinghe firscpdnien ol Uneastorgd plackatkat 8, tinvh aaeiah to hiee ale-jitter
| east onﬁ ﬁg I ;ngae_per' od (422) occurs between tal kspurts (420, 424)
of speech"ESFEH & "Yeternining if the at |east one silence period

(422) ocemnsmittiny 8 skceAatiteen T theeRehsd pheksshitd GneBaRNRed base
conprises periods of silence and 20 periods of tal kspurts (420, 424);
10 on the value [X-a, X+b], where “X" is the length of the at least one silence
period (422), “a” is a first predetermined length of time, and "b” is a second
predetermined length of time different from “a”, and further comprising:
if the de-jitter buffer delay is less than a time corresponding to X-a,
transmitting the second portion of the stored packets at a time corresponding

15 fo X-a.

8. The method as in claim 6, wherein adapting the de-jitter buffer(106,
122) further comprises:
determining the de-jitter buffer delay;
20 transmitting a first portion of the stored packets at a time equal to the de-jitter
buffer delay; and
transmitting a second portion of the stored packets at a time calculated based
on the value [X-a, X+b], where "X" is the length of the at least one silence
period (422), “a” is a first predetermined length of time, and “b" is a second
25 predetermined length of time different from “a”, and further comprising:
if the de-jitter buffer delay is greater than or equal to a time corresponding to
X-a, and the de-jitter buffer delay is less than or equal to a time corresponding
to X+b, transmitting the second portion of the stored packets at a time
corresponding to the de-jitter buffer delay.
30
9. The method as in claim 6, wherein adapting the de-jitter buffer (108,
122) further comprises:

determining the de-jitter buffer delay;



nmeans for, if the at |east one silence period (422) occurs within the
sentence, determning a silence spacing based on the Iength of the at
| east one silence period (422) and the buffer delay; and nmeans
for transmitting the stored packets atl tinme based on the silence 25
spacing, wherein if the length of the at | east one silence period
(422) i strhasmittihgm érdti patiohesfghb, stbheh phbketsi dtea tiens pgaehtp the detjitter
equal to the first length, wherein if the length of the at |east one
si | ence peffepdeley2andis greater than a second length that is greater

than the Ebéﬁﬁttihﬁ@%ﬁcoﬁ@?’&rﬁ&ﬁ % ith & A6 eBPREEMs a8 256 ClBlIated baged
30 seconc{ engt h;” and wherein |f0 the length of the at |east one
si | ence perthedv4ld22)X-bs XodilwedrereheXf isr §te leanujhhofatine ehéeasdtcome silence

| ength, then,t i ] ence cing, is set ual,. tq the [ ength .of the at
| eact SonbOEpH dA2eS e ce {Rabpretiergmiped it s i uahde Sca et
10, wher sféaéteﬁnmm%npﬂs oftiRld AFIcrBRt r8MEIar CHNBIGHRES cERMPIIRES an
adaptive de-jitter buffer (106, 122). 12. The apparatus as 1n

cl ai m 11if thteerdsi-jittehdudier ededayi iy greaies Brasorgprtivescarreispgndingrio X+b,

buf f er ans (,106,,122 and erein. the de-jitter buffer

122) °t ur FREF TG e Soco R ettt e "Sietid nAdsBls M4 S e ug dpe
progr am gréteeof GOTRId 8bRB5p6AdIRYL 1 af eafall GrEedr umivenPsireésPehiding to
10code for causing a conputer to receive a plurality of packets;

codelPor XdRusi ng the conputer to store the received packets in an
adaptive de-jitter buffer (106, 122) having a de-jitter buffer del ay;
code for causing the conputer to determne the length of at |east one

sil ence peri odApdarassocomipeiding:t h the received plurality of
packets, wherein 15 the at | east (g)ne sil ence period (422) occurs
bet ween ﬂbﬁa&spf@rrt@c?wm a@iﬂ')a“&‘ifo B@@é@ﬁsi

means for storing the received packets, the means having a buffer delay;

15 means for determining the length of at least one silence period (422)
associated with the received plurality of packets, wherein the at least one
silence period (422) occurs between talkspurts (420, 424) of speech;
means for determining if the at least one silence period (422) occurs within a
sentence of speech, wherein the sentence comprises periods of silence and

20 periods of talkspurts (420, 424);
means for, if the at least one silence period (422) occurs within the sentence,
determining a silence spacing based on the length of the at least one silence
period (422) and the buffer delay; and
means for transmitting the stored packets at a time based on the silence

25 spacing,
wherein if the length of the at least one silence period (422) is less than a first
length, then the silence spacing is set equal to the first length, wherein if the
length of the at least one silence period (422) is greater than a second length
that is greater than the first length, then the silence spacing is set equal to the

30 second length, and wherein if the length of the at least one silence period
(422) is between the first length and the second length, then the silence

spacing is set equal to the length of the at least one silence period (422).



code for causing the conputer to determne if the at |east one
silence period (422) occurs within a sentence of speech, wherein the
sentence conprises periods of silence and periods of tal kspurts (420,
424): and 20 code for, if the at |east’®ne silence period (422)
occurs within the sentence causing the conputer to determne a
sil ence $paci nfhbaapparatus has liangkaimofl 0t hehartein east neenssiforestering the

period (42 e de-jitter buffer. dela causj hg e conputer
o & 1 ansHAC Yl Parbs S HPIEES ARG RO G HLes DR OS2 e
spacing, 25 wherein if the length of the at |east one silence period

(422) is less than a first length, then the silence spacing is set
equal to1he fiThst ap@ﬁgaﬂms waserigi gldifn tHe wemem ahet mtemminmtnmaes

Than EneBeTAERehdh Jer TN o nBeanedADS: dae A reateln i e HlsFThgfer

second | aRgiry Swed 1\212 F@HRet éoh?ﬁsb@%g&ﬁ’a@fcté%r%eéﬁ@%ﬂ0@51)9 silence
period 30 (422) is be ween the first length and the second 1 ength,

then the silence spacing is set equal to the length of the at |east
one sil ense pe)r(_\i géingﬁge%)program product comprising:
computer readable medium comprising:
10 code for causing a computer to receive a plurality of packets;
code for causing the compuier to store the received packets in an
adaptive de-jitter buffer {106, 122) having a de-jitter buffer delay;
code for causing the computer to determine the length of at least one
silence period (422) associated with the received plurality of packets, wherein

15 the at least one silence period (422) occurs between talkspurts (420, 424) of

speech;
code for causing the computer to determine if the at least one silence
period (422) occurs within a sentence of speech, wherein the sentence
comprises periods of silence and periods of talkspurts (420, 424); and

20 code for, if the at least one silence period (422) occurs within the
sentence, causing the computer to determine a silence spacing based on the
length of the at least one silence period (422) and the de-jitter buffer delay,
and causing the computer to transmit the stored packets at a time based on
the silence spacing,

25 wherein if the length of the at least one silence period (422) is less than a first
length, then the silence spacing is set equal to the first length, wherein if the
length of the at least one silence period (422) is greater than a second length
that is greater than the first length, then the silence spacing is set equal to the
second length, and wherein if the length of the at least one silence period

30 (422) is between the first length and the second length, then the silence

spacing is set equal to the length of the at least one silence period (422).



