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VT device may include a video encoder and audio encoder to encode video and audio,

respectively, for transmission to another VT device.

[0004] Video data errors may occur during transmission of video packets from the video

encoder to the video decoder. For example, the error may occur during transmission on
the RL (from the video encoder to the base station), at the base station, or during

transmission on the FL (from the base station to the video decoder). Errors can
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incorporate a module to monitor the channel bandwidth conditions and select an error
control technique based on the channel bandwidth conditions. As an illustration, intra-
frame refreshing may be applied when channel bandwidth is higher, while random intra-
macroblock (MB) refreshing (RIR) may be applied when channel bandwidth is lower.
[0008] In one aspect, the disclosure is directed to a method comprising receiving an
indication of a video data error detected by a video decoder, determining whether the

video data error occurred on a reverse link of a wireless network between a video
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[0012] The details of one or more examples of the disclosure are set forth in the

accompanying drawings and the description below.

BRIEF DESCRIPTION OF DRAWINGS
[0013] FIG. 1 is a diagram illustrating a video/audio encoding and decoding system for
video telephony applications.
[0014] FIG. 2 is a diagram illustrating a video/audio encoding and decoding system

implementing an error filtration technique.



vi deo tel ephony applications. [0014] FIG 2 is a

diagramillustrating a video/audi o encodi ng and
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technique.[0015] FIG 3 is a flowdiagramillustrating

a technique for filtering revérse link errors from end

to end error feedback. [0016] FIG 4 is flow diagram

illustrating another technique for filtering reverse
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[0019] System 10 may provide bi-directional video and audio transmission, ¢.g., for
video telephony (VT) via transmission channel 16. VT refers to real-time
communication of audio and video packets between at least two devices, such as
systems 12 and 14. Accordingly, generally reciprocal encoding, decoding, and
conversion modules may be provided in systems 12 and 14 on opposite ends of channel
16. Alternatively, one or both of systems 12 may be dedicated only to audio and video
encoding and transmission, or only to audio and video reception and decoding. In some
examples, encoder system 12 and decoder system 14 may be embodied within video

communication devices such as wireless mobile terminals equipped for video streaming,
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[0022] Video source 18 may be a video capture device, such as a video camera, one or
more video archives or a combination of a video camera and video archives, or a live
broadcast source from a content provider. System 10 may support video telephony or
video streaming according to the Session Initiated Protocol (SIP), ITU-T H.323
standard, ITU-T H.324 standard, or other standards. Video encoder 20 generates
encoded video data according to a video compression standard, such as MPEG-2,

MPEG-4, ITU-T H.263, or ITU-T H.264 and its counterpart, ISO/IEC MPEG-4, Part
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presentation, show or movie.

[0025] In operation, RTP/UDP/IP/PPP conversion module 26 obtains the encoded
frame of video data and encoded audio data from video encoder 20 and audio encoder
22 and adds appropriate header information (e.g., routing and sequencing information)
to the video and audio packets and inserts the resulting data within RLP queue 28.
Typically, RTP runs on top of UDP, while UDP runs on top of IP, and IP runs on top of

PPP. RTP is a protocol developed for transmitting real time data, such as multimedia
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il a reciprocal manner. PHY layer module 34 converts/reassernbles PHY layer packets
received from channel 16 to MAC RLP packets. MAC layer module 36 reassembles the
contents of the MAC RLP packets to provide video and audio packets for insertion of
the MAC RLP packets into RLP queue 38. RTP/UDP/IP/PPP conversion module 40
strips the header information from the data in RLP queue 38, and reassembles the video
and audio data for delivery to video decoder 42 and audio decoder 44, respectively.

[0029] Video decoder 42 decodes the video data frames to produce a stream of video

data for use in driving a display device (video output) 48. The SN associated with each
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0032 F1® 2656 deighgn aluigiing deoddridenic edambRmcHtitkedn crror
encoder 20 (or_an ) ) )

filtration technique. In the example shown in FIG. 2, encoder device 12 includes
UDP/IP/PPP layer 26B, MAC layer 30, error filter module 50, radio link protocol (RLP)
module 55, packet consolidation protocol (PCP) module 56, RL rate adaptation module
58, and Channel Bandwidth Adaptive Error Control module 60. Some components of
encoder system 12 that are shown in FIG. 1, such as audio encoder 22 and PHY layer
32, have been removed from the diagram of FIG. 2 for clarity of illustration.

[0033] As described in further detail below, error filter module 50 that determines

whether an error reported in E2E error feedback from decoder system 14 has already
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performerror control on the current, nost recently
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F0Bb) Dedriotter hpyreichor clenfiBekeR L ichotsid eshiéthc ll®@sér layers of
encoder system 12 keep track of the transmission status of a video frame by a flag,
video encoder 20 may query RLP module 55 before encoding each new frame of video
data, and error information may be passed directly to video encoder 20 for error control.
MAC layer 30 may automatically send a NAK to PCP module 56 if a RL error occurs,
and the PCP module may send a NAK to RLP module 55, which sets the flag.

[0037] In cither of the approaches discussed above, if a packet of the video frame is
lost, the flag within the lower layer of encoder system 12 is set. Once video encoder 20

queries the RLP module 55 to check the flag, the flag is reset for the next encoded video
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[0041] Once video encoder 20 detects an error, video encoder 20 may apply error
control according to any suitable technique. Examples of suitable error control
techniques include using a different reference frame for the next video frame that is
encoded, increasing a macroblock (MB) intra refresh rate (i.e., “intra-macroblock
refreshing), or inserting an intra-frame (I-frame) to stop error propagation at decoder

device 14 (i.e., “intra-frame insertion”). In an I-frame, every MB is intra-coded, i.¢c.,

cach MB does not depend on the previous frame, which can stop error propagation. For
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output 48 to degrade.

[0044] Video encoder 20 corrects RL errors prior to receiving a report of the RL error
from decoder system 14 (via E2E error feedback). Correcting the RL error relatively

shortly after detecting the RL error helps reduce artifacts caused by a lost packet or a
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lower layer was queried. If the frame associated with the SN had an error, RL Error SN

Extraction module 52 stores the SN. If the frame associated with the SN did not have

an error, RL Error SN Extraction module 52 continues storing the SN of the most recent



in order to stop error propagation. In other words,
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than on packet is lost. In one example, TX Error Determination module 54 tracks the
highest SN reported by video decoder 42 as SN, because video encoder 20 will apply
error control to the entire frame, and the highest SN is representative of the video frame.
In other words, only the highest SN of the last packet used to encode a video frame is
necessary to uniquely identify the frame.

[0050] In order to determine whether the error reported in the E2E error feedback is a

RL error that has already been corrected or a FL error, TX Error Determination module



by SN 115. In this way, error filter 50 tracks RL
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[0053] System 10 optionally includes RL Rate Adaptation module 58 and Channel
Bandwidth Adaptive Error Control module 60 to adapt the error control implemented by
video encoder 20 to an available bandwidth of channel 16. In the example of encoder
system 12 shown in FIG. 2, TX Error Determination module 54 provides feedback to
video encoder 20 via Channel Bandwidth Adaptive Error Control module 60. After

error filter 50 determines whether to apply error control to an error reported in E2E error
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after the RL transm ssion. Thus, if SN2 is greater
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t9aphExanplchel ratreadap@tion fashmgers thyt maay ‘?ﬁﬂéﬁeé érq dqskrﬂ(eﬂw US.
PAUh Wi kiU PGRPNG. § @45 ¥8Y, ftled “VIDEO RATE ADAPTATION TO

REVERSE LINK CONDITIONS,” and filed on May 31, 2006 (attorney docket no.
060767). As described in the above-referenced patent application, in one example
technique for adapting video data encoding rates implemented by video encoder 20 to
match RL channel conditions, a video throughput is estimated based on a total size of a
video flow RLP queue 28 (FIG. 1). In this case, queue fullness is used as an indication

of RL channel conditions. Queue fullness is likely to be caused, at least in part, by
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rate according to the channel condition. For exanple,
tdsptifying IR erreisngtichias gyerying the lower layer of encoder system 12, such as
RLP module 55, to check a flag that indicates whether an error occurred. If an error
occurred (e.g., if the flag within the lower layer is set), video encoder 20 may apply
error correction to the RL transmission error by, for example, using a different reference
frame for the next video frame that is encoded, applying a intra-MB refresh or inserting
an I-frame to stop the error propagation (68).

[0060] RL Error SN Extraction module 52 may also determine whether a transmission

error occurred when the recently encoded video frame was transmitted to decoder
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[0063] The process shown in the flow diagram of FIG. 3 may occur within any suitable
time span. In one example, an error reported in an E2E error feedback is corrected, if
necessary, in about 660 milliseconds from the time that video encoder 20 generates the
video frame (61). After the 660 millisecond time frame, the process may be repeated
for another frame of video data. The SN buffer within the RL Error SN Extraction

module 52 retains the previously recorded SN; until the SN, is overwritten with the SN

of the most recent RL error.
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PeererEes s Yo Brmsdel) foam daiareqoheddrars videp sewree §8 greoder
Eﬁ?enggftlgﬁgn%s tB@ @féikeé ?Ilﬁrﬂesto zaeé:d-de{ bﬁken? i 4 Qla A0 @??ﬁggnlg&lt 15 and

encoder may then apply error control to a
tmnmchkﬂ§ébsequently encoded (76) to stop the error

B@%gﬁ&aéqlﬂ?rg%té-r ag%(lalzllplelz‘rgo% e JSal erF&%}P? épgl}ﬁop%ratlon shown

ehe ﬂ%ﬂﬁ(ﬁaérﬁﬁr&’ Figr4, @1&8‘%@6&@0 idRifibPE REASBr by a sequence
macrobl ock (MB) intra refresh rate, or (c) insert an

nemberfSMamd tiiq exapbm)(e&@nmmpg st data (O0opathar then thet SNy of the last
gac%gﬁ St theS %terren%%h y (fse%i]frarne t?'\%nclﬁd%eat Bl th;] € o%eratlon of

repor e error

éﬁ@daassﬂstehﬁlzash'awnaﬁm 4, RedeownsSok D@ atly HeohBgied t@dply error
vi deo encoder 20 does not take any action to correct

ERiECCEPR & the lpﬁcwengﬁ@h%ﬁeqp@nosmumheh eNfrrather thae pprlying crror
E@r‘? BBk Sy &ﬁﬂg (ffd%? ﬁllaﬂle 1CEZI§Lyesré)Etﬁ Enuflt?@g p%ﬁévf el:i)lhﬁe example

recent frane that ha ror,
dnmadaﬂHGOSaHba&dm;e@mrﬁﬁrmﬂu@amdaymﬁsdmémnndﬁmnﬂﬁenor
does not take any furt her actlon to correct ﬁldeo

%&%@Pn i bsenticagdsp rmegyen I élefewuqi}?g nySee ]§3 ahthgsxact
g&k%p@onftdlfﬁ %26@ g4an ﬁEntFﬂe@ and tfﬁ@bled)&pﬂli PMdr tS'I\pEQtPa)éUOIé module

uitable ti span. I n one exanple, "an error report
Ph an E2E error feedback is corrected, if necessary,

LbeBE Bt Sl AN (ou i SN BN e o
ﬁ@&nﬂwléﬂ &?&%Quﬂs | WEich 1#08ns POR QRS0 MY MM packet associated
geated for another frane of video data. The S

ftlea NyKe. i fiert (e mode 56 rde@Nnmﬁ ﬂm: thedviAfrorhgkes imctuded video
dé?t% aﬁéﬁ {ntolaule RS Vfo?rﬂsc’ kéﬁr o%Pu{l%? §j W : ec%ueu% ﬁntg'Ns a p%cket that

OVEerwri e rms
etpedienddda4lroF [Iﬁrarﬂinhﬁlcflﬂ With diRAPrckétINAKT RAP Mgdule 55

ger][gl?ntl]nelgs v%l)l(l%ﬂglaceketoceoenrtgilé ‘812 lgsft dgt?lco? gvehrlchsgasc’:}(eet was lost, which enables
RLP module 55 to determine a sequence number SN3 of the packet. Implementation of
a technique that identifies the SN; of a lost packet or a packet containing an error may
be more complex than implementation of a technique that identifies SN; of a last packet
of a video frame that included an error because the former technique may require
modification of RTP layer 26A and RLP module 55.

[0067] RL Error SN Extraction module 52 records SN of the exact packet containing

lost data (82). The remainder of the flow diagram shown in FIG. 4 is similar to that



12 enpl oyi ng another technique for filtering RL errors

from E2E error feedback. The process shown in FIG 4
waeamsoenwi al |y confornms to that shown in FI G BCT/D81008/051720

differs in error filter 50 identifies the nobst recent

RL error that was corrected by video encoder 20 by the

sequence nunber SN3 of the packet containing the

error, rather than the | ast packet of the npbst recent

shoavreindtlGy3 . dexpadtatudari videaetiaader Hecosreeisthe REweaor vsigany suitable

ncoder ener.at a Vi fra 61) from,dat a
FRRTE R B Pl S BV b e TR R B GORP IS 4 oder 42 that
indaaslithsSNher vpaeer donting Dstieides @ita $35! &18 chpaid SAN with
conmponent 15 and channel 16 (64). £0065] [ n contrast

bY: inéetearurpIacthrighe iraiieasitahisihe EAE Fria fegdback iy #1eRL error
ﬁﬁ%vg% #oq‘%g?é:ag)g}{l%i% &'ESdJr'F%@VMj 99 gggﬁsgreﬁér%af’ or & u%g@)rSNz, the

enco es a error sequence n
Eidkeofontdiging ¥aetropaekificddnnS isianR Il @sdr addtvideo@AFoder 20 does
rather than the SN of the | ast packet of the nost

Ptk Ay COHEHHERH e that included an error. In the

Wﬁ}afﬂ S?% iQies@ﬁﬁﬁWZ, §1I¥ gta&{@t gn%hﬁili‘[%/‘f%st' datd @ hadin \@T@]ﬁ%’ a result

encoder 20 may be configured to apply error correction
o Fherrpaciheth hadent bdenedribyted by waleo enendeb20. Bias filter 50 may

at her than appl yi errqr correcti.on. to an entire,.
oD@ PR eo P 259 “Rali ATTRLS TS RN 5Lk GHTQr TeRartichin the E2E
6y RXAABL B SOV pré&vehl ﬁﬁh@r-z%@%‘ﬁﬁﬁ of &%0rdM6). In particular, the

alternative, video encoder 20 neg apply error
ewerr fdeariS@ maycpromet €hainekBendyddthf ye BuenCphtreleodule 60,

S ce nunber. , SN3 of the exact cket cgntai ni .
BN RS MR YR FhePlor’ S aP RS RESGlo REHA A Bfpration
ot RGRimehitRdR 1 2okdtiol A& hahAcl B d@x@RBldeptivd¥rror Control

conponent 15 sends a NAK to MAC | ayer 30 when a
mogdule 90sdjusts the erpodipedate ol videp eRcqdst 89 Hisagemapgsdwit theeR L

‘ ) . Cp
s Aty RINERCLBRARRL R R ErtIR 0, b
détcketine dicavalR@GR baydwidth o6 thendhanma 1RloR thoRLI(E3 )Fasahdrcfeedback
LP gueue contains a packet that experienced an error
Eﬂ%ﬁ%&ﬁ%&pmomwu% RUPP54R RETMINAR, VIFOPT) PR e gpply crror
gﬁftﬁﬂ.nkﬁﬁ&g;ﬂ‘“o sHRAGKRFIGON kR NS cdsOShdwistheAa Mafhlso include
whi ch packet was | ost, which enables RLP nodul e 55 to
detmnmngeh@awelgble herdwidtbaithShBinofl tthen thaddeprior to prompting

| npl erent at{ on of a techni.que that identifies the SN3
ng%e?%%@ﬁ%%@%@Pgﬁﬁﬂgfﬁggﬂet containing an error may

[D6IPTRe ReARL S deb@bel MPHEIBIREIBSUr® haQTbe dmpRERAIEAUAthin a
that identifies SNi of a |ast packet of a video frane

géngral ipreogelmdcraproeesser digeelbtignal prascssor (RYP)t ephisiteprespecific
?Ir’lg%‘%tgg g-i cFuFi‘t Mbs,ihce% Ii)r%gra%];ma ep gllt%%%%y %%X‘P‘ojr O%g;‘ equivalent
logic devices. For example, video encoder device 12, video decoder device 14, and
associated components and modules may be implemented as parts of an encoding
process, or coding/decoding (CODEC) process, running on a DSP or other processing
device. Accordingly, components described as modules may form programmable
features of such as a process or a separate process.

[0070] In one or more examples, the functions described may be implemented in
hardware, software, firmware, or any combination thereof. If implemented in software,
the functions may be stored on or transmitted over as one or more instructions or code

on a computer-readable medium. Computer-readable media includes both computer



[0067] RL Error SN Extraction nodule 52 records SN3 of
t he exact packet containing |lost data (82). The

wo eqvaioyides of the flow di agram shown in FI G 4PEBHUS2008/051720

simlar to thatshown in FIG 3. In particular, video

encoder 20 corrects the RL er#br using any suitable

technique (68), error filter 50 receives E2E error

f eedback from vi deo decoder 42 that indicates the SN

ghrage p@dﬁ@e@nd@@nﬂmmﬁahign Inestia clydmgdiay anqdia thag fagilitates transfer

conpar e SN t o, determ t her e er
ERRbERer Ot e Oab PlsP I RIS A SORES melE F5Y B oy

mﬁlam@rrﬁ@ﬁd &dt b bl dedsalepsdesmpllel BY) way bf Sl and not

greater than or equal to SN2, the packet containin

Ptaion, guit omderyadakie media ferReoraniss R AMd ROMEP OM. -

RPAREEEPo AREPURE okl SnB L SFHA A8k Bl Rk

datiecspmchnyaithdn gnediNgn it aar @swlet] t@€arsy dilst@t rd@&"lred\lplm')gl’ﬁm code in
as not _pbeen corregted by vi deo enco er 20. ii

fhefprgp oE@sirusrion 8hd4ls SEALGE arebthatagdeaceryst Yawryputer Also,

&y &Tnn Qfdhqg fgio%@r& Rerfi€ a @b gﬁtef ?@%951518 ‘fhe‘dﬂnﬁ h?orl-:t%%mlple if the

error in"order to prevent further propagation

sfftveare csrtra(nml)ttedl frorpamidbsitd, aeryvet, beotémr emotd stotuecne Bhgregoaxial

r nnel . Bandw,dt h Adaptiyve or dule
BT e Correhiop RONEE Sag: OEBT sibas My BT bt ouiE
ReBsISS 8Fsucklas Rﬁ‘ﬁa@ed“@lﬁ% ahl M ciRAVE ’haBthERALA bR fiber optic
condi t7ons and Channel Bandwi dth daptlve Error
G twistaduin ESBOOTa‘M]r@iQQSSIGQhﬂQb@FﬂS(Sdﬂn@S m&a@dolfadm,
BRI iy BRI WEABER Bl Pl S P S vt iy
dﬁm&moﬁﬁpatch gisav@b), aé;z;leembarb@w'czdtdli\scoﬁlgttmlevemﬁmbc (mflop floppy
the RL (73) based on feedback from RL Rate Adaptation
fisk and biygray ﬁise whese dissrippalhgropiodaee e suenrctizglly, gvialepiises

%ﬁ)?&{ucg 8& 1cal vtnlﬂpfég&s r@ ﬁﬁ&%s Pt el a?wg’sho'ﬁﬂ?also li)ehlélcluded

ocess s erein nay a so I nclu etermnin
amhnhhbh@qb&ﬁdmmﬁmmpﬂﬁdﬂﬂenmhanmshméﬁh@nnmmemﬂhm@hEHMesmnr

pronmpti.ng video encoder 20 to apply error contr I.
F@é@éﬁlatfﬁpﬁa@é FiaP et aofé%l&lﬁt%@aogrﬁmtfjmrg off BRFoBIANE!
RR71MLE0RGH Y@stoif“tl{b cﬁscg@s'ﬁ?er lzi‘elve@)%rp@ecs%rlbed These and other
m croprocessor, digital signal processor (DSP),
eppinlcatre wthsp@c is€ape of theefgtlawved daimsui t (ASIC), field
programmabl e gate array (FPGA) or other equival ent

| ogi ¢ devices. For exanple, video encoder device 12,

vi deo decoder device 14, and associ ated conponents and
nodul es may be inpl enented as parts of an encodi ng
process, or codi ng/ decodi ng (CODEC) process, running
on a DSP or other processing device. Accordingly,
conponents descri bed as nodul es may form progranmmmabl e
features of such as a process or a separate process.



[0070] In one or nore exanples, the functions
descri bed nay be inplenented in hardware, software,

WO eosmende3 or any conbi nation thereof. [f i nplECEOS®AS/051720
in software, the functions gg¥ be stored on or
transmtted over as one or le instructions or code
on a conput er-readabl e nedi um Conputer-readabl e nedi a
i ncl udes bot h conput erstorage nmedi a and contuni cati on
medi a i ncl udi ng any medi umGIskMS$acilitates transfer
of a conputer program from one place to another. A
storage nedia may be any avail abl e nedia that can be
accesgadethyd sor -er. By way of exanple, and not
limtation, suc conputer-readable medi a can conprrse
RAM ROMVinEEmRaicatemRoN Wdcodaheerrerictestad by syideq éecager;
magn e&ét&mﬂhﬁlg v%eﬂ{eﬁ% \qae Jlal?é? %ﬁg&a&gﬁﬁ&goﬁ A %vggs% link of 2 wireless
devi ces ny o at can be use ry
oetwodtlob@wdasa viddo pm;gmamdmm@woﬂ: dcvef ardn of
;2?62 o }Illgg Segg{:gﬂ%qd atgi g?gegl)%%é%{oelzﬁgg%méd th Ee 512120 fata error if the
Plaed @5‘[5 ¥rbf &Ja%%t Bca?BR %ﬁevér@@gﬁpérﬁi ﬂfﬁ‘%ﬂyn Fe‘i)lror control in
exanple, if the software is transmtted
wehwist & theendeordataorrraptifibe videnolp® csio Dccelrwshormghareverse link.
coaxi al cable, fiber optic cable, tw sted pair,
di gital subscriber line (DSL), or wreless
bechnohomcRDdDMeRiAa, WRklcal @the Viddh @ita 86k SHCERQYEY e reverse
then the coaxial cable, fiber optic cabl e, tw sted
el of thpsiirelass nefiwosk, dhsmetio rﬁmlthyg cempspsivtaringiinformatian relating
J[’oatge Vir%eg Bgtarkgrrgorﬁ gr\q,(grvt% rggeg\élh n@lee n 182}t560|r1]1n0tfq|§en ¥ ECJ% gallt'a:l Ielorgr 19rorn the
¢iaop dedodet, afd (vaEkin dasaiinidl ShettRptieGadeodasCerrdt @bliddd on the
versatile disc (DVD), floppy disk and blu-ray disc
wverse ligk sxased o theptored ndergtsdionat a nagnetical |y, whil e
di scs reproduce data optically with | asers.
Conbi nati ons of the above should al so be included
% t hi Th¢ hethod @b elatrh 2¢ imhet eomprésicadgipdying direr cosroli®adsponse to

erein, a nmediumincludes any nmedia that. facilitat

{?ﬁeé/ﬁ%qo&atao%mé PEIGRISLACET VIR St bR RO et visted dataegror from the
aeb B&loded 0071] Various exanpl es of the disclosure
have been described. These and ot her exanples are
within the scope of the follow ng claims. CLAIMS 1. A

et ho |srn rec iving an, i cation f a vi deo

Bt 008 GPRpHRE im To5 Rt e sh BBl cter ok Bt Figa 58 error,
Wb %{etﬁdﬂiefuﬁh&%n%{s@s K618 inRGEIFHE tbl BThgdo QY& ideo data
link of a wirel ess network between a vi deo encoder and

erordhorR Bl s rerst qf.tr@wgprewnmwﬂmor fceiving the
{r}l?lgc%ggﬁ TR Vldegld%rg‘i} IEQ ]iOl’n ev1c¥eoqﬁe? (fj he?elP detlg 1% ning

dataer e reverse

watthapk Yirdgidordata gmbt@lrrddrontes pavse 1R id bsed bﬁle@ stored
data error if the video data error occurred on the
méisragien] j nk.

5. The method of claim 4, further comprising applying error control in response to

the second video data error.

6. The method of claim 4, wherein the indication of the first video data error
includes a first sequence number of a first packet associated with the first video data

error, and the information comprises a second sequence number of a second packet



2. The nmethod of claim1l1l, wherein if the video data

error occurred on the reverse link of the wireless
woedosovie3 t he nethod further conprises storingPCT/US2008/051720

information relating to the video data error prior to

receiving the indication of t#e video data error from

the video decoder, and wherein determ ni ng whether the

video data error occurred on the reverse link is based

@mwihf@d stithrtbel s¢oohdvideo idata cr@r, and detepninon wheth¢rgherfigst video data

er error _control in response

0 S TR s G IR, oY (i BRI ! P SRR R Guence
hindb&ati on of the video data error fromthe video
decoder. 4. The nethod of claim1l, wherein the video
data error is a first video data error, and the nethod
urth I 0
gk BRI TR OLAOR AELTTRBREhALL A 68 Ao o
tirgtk of the w rel ess network prlor to receiving the

i ndication of the video data error fromthe video
decoder, and wherein determ ning whether the first
¥1 deOTARRIRAIP LI CULHERiPe LiKond PUSICPR d hllhabiRet BESRtheoded
on the stored information. 5. thod of claim4
ﬁwmbhéwkbodpmjwhﬂgmabphgmn@vehodmamuntDamﬂhdvnésmﬁmﬁeaxmd
o the second video data error. 6. The nethod of claim
MGherein the indication of the first video data

error includes a first sequence nunber of a first

acket associated with the first video data error, and

he i hhometodem ckamdr ibersinathe seaond peeksti evroprisss thsesecayfd video
@ seﬁgpd packet associated with the second video data

761" and determ ni ng whether the first video data

error occurred on the reverse |ink conprises conparing
the first and second sequence nunbers. 7, The nethod

b9 cl Rhernsthogiol claim 4 wackein serinsnbir drfopponirslagng fethe second

d5§hm¥%gﬁ Acerror. 8. The nethod of claimsé,
ere nt ond packet is a |ast packet of an

encod M1g‘n[rgmseqﬁenm aembdatoa laytpacieit of binenmeded fidmeioflerlco data;

data error occurredaﬁiﬁhln t he encqded frane 9. The
met holasmittingjths gneo &R a¢TRES W Mair Sﬁg%tw@lf :conpri ses

the S@&Q{'ﬂqm tg%%tlfgi‘ttﬁnﬁﬁlﬁﬁﬁn oftlhe eﬁ&ﬁie[f%taﬁfédac‘fgss @ﬂe@‘e%rse link

4, wherein storing the information relating to
gethomdreldssl ectwabalt ecseltedon thosgoondedco data error; and

storing the sequence number if the transmission of the encoded frame across the

reverse link of the wireless network resulted in the second video data error.

11. The method of claim 10, wherein determining whether transmission of the
encoded frame resulted in the second video data error comprises checking whether a

flag is set in a radio link protocol module.

12.  The method of claim 1, wherein applying error control in response to the video
data error if the video data error did not occur on the reverse link comprises selecting an

error control technique based on an available bandwidth of the wireless network.

13. The method of claim 1, further comprising;:

encoding a frame of video data to generate an encoded frame;



assigning a sequence nunber to a | ast packet of an
encoded frane of video data; transmtting the encoded

WO p@s®9@e3 0ss the wirel ess network; determ ni NRCTAIS100&051720
transm ssion of the encoded franme across the reverse
link of the wireless network #esulted in the second
video data error; and storing the sequence nunber if
the transm ssion of the encoded frane across the
r ever gencritimg agfackdievith atd¢agkss pereipnof thereestedétanim andhe
secon

aner ol fedfh gt b v IR TRLARE 48 e iRl detOaer.

eReRiedc MR afatstor beshricd willen BRCABEH I fieee. dat a error
conpri ses checking whether a flag is set in a radio
l'ink protocol nodule. 12. The method of claim1,

ere [ r r
0 deo "o PRHY PR3, wAABH hork Bnb RREN sl fhoh{ Fame of video
dﬁa,tthenfe&mdrcsmphsmmmmg e&e&ef eaisntigingnhepdcket across the
contr chnlq e based on an, avail abl e bandw dt h of
W@rsw?% BTG et s meworls resvies fehpsiios @I HoR 1,
further conprising: encoding a frame of video data to
generate an encoded frane; generating a packet with at
ﬂéastThepmﬂmﬂmﬁcbmnﬂﬁewhﬂemdéﬁxmmangﬁmammrtmanﬁﬂhgﬁhn@wkd
t he cket a the rel ess, net k to the video
ST o SREN R AT (N 4R GRS QoG TP E) Ibe PR G R
tdigpeegoded frame. 14 The met hod of claim 13, wherein
before encodi ng a subsequent frame of video data, the
met h odlet@mwpmlgsve@ﬂctetaemﬁmm ﬁgceamemﬁ@ﬂ (MA&Rdasicr rdcatyct hacgative

cke acros rse. Iink he rel ess network
‘Frl)%s u ﬁ“edéemﬁn S(NtAn(\e/) s 20 aea‘fwrelﬁsr%erwor he net hod of
cl ai middsmihg vetiofhed ﬁteexreeewedmAmetabb%blatddanﬁﬁrihbtﬂaag:t.t he
packet across the reverse link of the wrel ess network
resulted in the video data error conprises:

t er 4. 0j )
P o D 18 e e e SR e N s peceived
theeN AK rfedne 88 wietlagsmictw @k donhtisssrahneking whethber flidhs set in a radio

.ecei ved NAK i's sociated with the packet. 16. The

Aopcot (Rl Rme Uge,- wher ei n det ermi ni ng whet her the

MAC | ayer received the NAK fromthe w rel ess network
conprises checking whether a flag is set in a radio
17.nk Eh©m@w©H0@R@BylnwﬂmkérmiEnoﬂhmnmthDmmﬁﬁatkaﬁnndpf

wherein the e nt r ol rises at.|east o of..

OB Berty 1% PLHEeft) Pybin AT TP e S dhes of intra-coded
AeloBRTkNEr BiMes ARNERGBePirainBF 2ide8deM that was encoded before a
second frame of video data comprising the video data error as a reference for motion

estimation.

18. A system comprising:

a transceiver to receive an indication of a video data error detected by a video
decoder;

a video encoder; and

an error filter to determine whether the video data error occurred on a reverse

link of a wireless network between the video encoder and a network device,



macr obl ocks or using a first encoded frane of video
data that was encoded before a second frane of video
W@l 2108/02100pr i si ng the video data error as a ref PCEOSW08/051720
for notion estimation. 18. A system conprising: a
transceiver to receive an i nd#ation of a video data
error detected by a video decoder; a video encoder;
and an error filter to determ ne whet her the video
dat a whesm the videp sdcwler & coafigursd td appiky exfroracopirpkinggsponse to the

K i d d Kk
BEUARET R ARER ks 45 Re R BB AR BOE 4 G Rl Sp ghe reverse
Bpply error control in response to the indication of

the video data error if the video data error did not
dcur Thasyskan peclaing &8, whekein ifghe yidso dytacaior a¢cugied iomthgreverse
Nel

LG fildeV BptoRE Lt (I Rop AR R g e pigeo dat

sitror Ehor it footiviiy the indédasivh bfthcoiddoalat dam febat eheariderdecoder.

prior to receiving the indication of the video data

error fromthe video decoder. 20. The system of cl aim

é@ WL %lsfbrﬂ Bﬁclé{lhg@@ WwnRead %ﬁe xhée&&%#i&% EshiRr &6 fl&ode a
frame of video data and the systemfurther conpri ses

ﬁcalmle oliveleo datgené that systempfack et comprisesad modalstto genpoate aacket with

t he e cod frame, the transcei.ver, bei ng.confi
et BRGIHOR < e e ot SASPERGH VGl i ORI (BTt the
bdtReVd AR adBEQER MBI thBicividRr BB dPAnd ﬂﬁﬁﬁfoﬁﬁﬁtl@h comprises a
sequence nunber of a | ast packet of the encoded frane.

seruenisaugipst efn it packétaf 118 enghdedelirame.ne vi deo dat a
error is a first video data error, and the error
filter is configured to store i nf or mati on relating to
21 secUhésysteaeof laind 1 & wiicih fad vioecdits e6orap atfire vi @o&fakeerror,
link of the wireless network and determ ne whet her the
pd the GVPHEBerd&t:@pfw@rwéa% Hfenasiongplatingtpey sgeond yigeo data
f
Rl 3 B SR TR ARl e NG R shether
thadostevideof dazan@r@focvirtkabordit acvangd lhﬂtéaasgdsdnem fstmlretdﬁeformation.
conprises a nodule to generate a packet with at | east
a portion of the encoded frame, the transceiver being
sonfi gyg %%tetrﬁ’of £1805 M twitdh&n RRCKELo AbASSs é’oﬁlﬂg'u%det%%ncode a
network to the video decoder and the 1| nfornmation
ﬁr@mp of sideg datasied tersystenuivitber wimpaistes mogaleke peraiate h@acket with
ed fra ans ssi on .of .t he encode

FNEREE ReltB DT theleripded LRSS R s iRt 48 b%nit the

?&‘k@%rd@s depirddkdctidRto th%%lldeU&c@dé? beMRfinfok@h B rlébmprising a

he system further conprising a radio |ink protoco
sequence number of a last packet of the encoded frame if the transmission of the

encoded video frame across the wireless network resulted in the second video data error.

23. The system of claim 22, the system further comprising a radio link protocol
(RLP) module and a medium access control (MAC) layer, wherein the RLP module is
configured to determine whether the MAC layer received a negative acknowledgement
(NAK) from the network device and determine whether the NAK is associated with the
packet in order to determine whether the second video data error occurred when the

packet was transmitted across the wireless network.



(RLP) nodul e and a nmedi um access control (MAC) |ayer,
wherein the RLP nodule is configured to determ ne
wob@sheros he MAC | ayer received a negative PCT/US2008/051720
acknow edgenent (NAK) from the network device and
determi ne whether the NAK i s &ssociated with the
packet in order to determ ne whether the second video
data error occurred when the packet was transmtted
&tr os$he spstan ptleios | Herheorik tikdpackietas & yistt packst, aot! dienindication
cket is a fi
e SUEP S srOF sRAG o' SaRtaeb PEpET ks @Pieh Ahciuding los
ggguence nunber of a second packet including | ost
data. 25. The system of claim 24, wherein the video
data error is a first video data error and the
SLAUCREEMIPGF clhh 34K HHdin BRANELF FuMUTRES o (1S iRL! i error
iI'lter conprising. a nodu 0 recelve rs
sieljihe Reiencymenbdr ioafitsh eecpmmﬁmbee,rthe amer filtes ecmpesing:
nodul e to rec ive a.se d sequence er |dent|fy|ng
a | ast figy eotP r%f:em?stl% E 1 &Ue)C oft} thrapgeeiver; and
vi deo, ﬁd GRIIE 8 912 SREARAULARE ndlber BEAGineMAbst packet
occurred on the reverse erein the erro |IteP
oka mostfrie@ﬁmltlg@nmﬂed(frmwcef Vadha@ data etmp@anthgsesoo vidgudate error
@?Fbers é eterm ne whether the first video data
Breugec ar dfﬁﬂsq reverse |ink. 26. The system of

cl ai MyBsreirt A€ cRYSHRP b %ﬂf{g‘i‘lfed:t@ WBfpaicnBe first 8ad Setcbﬁ'@sequence
transport protocol (RTP) layer to assign the second

Benbesh tedgienies whetheibe gt vidsasiketereon gcprmdiogehe rryerse link.
second sequence nunber to the second nodul e, wherein
t he second nodul e determ nes whet her the second video

gat a ®hé Ofstede 6£¢1aRO2 N ERBEHA AgGthehedhgisigg 4 teabtihg tfa@gport
in aradio link protocol nodule. 27. The s%sten1o

prosacel TP imerr & psstgndhe pegend sqquerernunbes gnive dast Bepkelpand
ﬁﬁ%ﬁgqh@sef&me&m@nc\é' n%ﬁﬁ)egt%t tRe §&%na Q?olgiﬁye‘f’ : %ﬁﬂh‘é r§§Jond module
a packet 'wth at [east

onpri ses a no generate
éctmmiha’:mhahertth@seem@dﬁdo tatarepr ddvared by shaikuey whetherg flag is
configured to trapsm.t the packet across a wrel ess
P i Faciq m%W@“VPE%@ dg&coder, wherein the video data
error is a first video data error and the sequence
nunber is a first sequence nunber, and the error
£7.1 t eThe syspmi sdaina24,iwlstreimtithided encpéaras venfiguecdf torestode a

nb f th t
Fih PL ¥ g0 i ang s bRoih SOTaTIES hORALE T BEIRTHT oiPAgket with
hthBasPapkionQf thd @ chi@iarRé, tNd @8RS Bbcidg donARSFH IS trdfkmit the
of the packet across the reverse |ink of the wireless

paskgforckoss @svirdlesd nchwvaak sethervadopi d¢eedataviaereintleg video data error is a

first video data error and the sequence number is a first sequence number, and the error
filter comprises:

a first module to receive the first sequence number from the transceiver; and

a second module to receive a second sequence number identifying the packet of
the frame of video data if transmission of the packet across the reverse link of the
wireless network resulted in a second video data error,

wherein the error filter is configured to compare the first and second sequence

numbers to determine whether the first video data error occurred on the reverse link.



wherein the error filter is configured to conpare the
first and second sequence nunbers to determ ne whet her

wo b@sfH9roe: vi deo data error occurred on the reREr/E82008/051720
l'ink.28. The system of claim 24, wherein the video
data error is a first video d¥ta error, the packet is
a first packet, and the sequence nunber is a first
sequence nunber, the error filter conprising: a first
A®dul &he systeszef eleim Prb wWhergn tl@e‘dd@w@éa pugbep firstonddotdata error,

ran Lvek: an secaond no ve a

bEGARRTL R i B R R REY blinbt 4 BEE o dafEFfitiyne
aq@amgﬁ@oﬂ@ﬁgggdata error that occurred on the reverse
link, wherein the error filter is configured to
conpaf 8yt modplertgrocgie tBe S élecglémﬁe%@ the tragsceiver; and
det er r | r.r
on + iSRS AR 10 KB ot L8R B BE! Qln B3RS Bond
pavkthemm iy d sicogl vided dits trropdied @ctigedromticatvase link,

condition, of the rel ess. network; and Seco ul e
to selMBgirinthe éFPth%rdﬁt:?Qﬂguff‘é’ctﬂr‘FP@@éreé %ﬁr%ancgvcehgsequence

¥hH6Gs %‘&&Qﬁ{mf%@tﬁe%e FRE v ?(fée Glafal Ry %f:cdrfb@l oW thetReRe link.
net wor k. 30 e system ot aim 18, wherein the error
control conprises at |east one of encoding a frane of

deo ata, as in - f I.ncreasi ng a percentage

O nabEh B ot bbitoehd BirtSikg o 1 vt 1 ane. of
V'deOaGﬁ&%ukﬁﬁho%@ﬁn@ﬂﬁ@Q&ﬁn&@&@%@w%e&%@ﬁ&%mﬁf%HE of
vi deo data conprising the video data error as a

r ef er @pesend oroditstto oelcetsini amer comrol 3achnigue epplisddyy the video

ct o n a co er-readabl e
bl 8gm‘ égapr sfﬁn |nsf?ﬁ8¥wde r?%@%%use a conputer to
recei ve an |nd|cat|on of a video data error detected

qi a video decoder; instructions to cause a conputer
de?b@ P Stan %@@lﬁei&twi@rw derrepicantgelcompaises At leagt @g of

@ncroa r I r%é 8&718%0 @at $ &l fnfa- Pfh%e"\@t{clfeag gvﬁ%?ceﬁta:ég g?ﬂltra-coded

enco a ne deV|ce and 1 nstractions
oatedloakconyiiged fitso ﬁamp loy velco dataclattwas lentatetd dsfoons scdoad frame
6Ee VI%%O dat a .error he video data error did not

Ao gia Pweprﬁ%%r@emiqo LGP O P r%fgfﬂnﬁe B fRgicBgtgion
in response to the video data error if the video data
error occurred on the reverse link. 32. The conputer
pt.ogr Amoprotiu progrim eraluet Gimprisiez: conput er - r eadabl e
medi um furt her ﬁq) ri in instructions to cause a
conpu?éWnPgﬁﬂﬁﬁ/?gg 8%&??9Qﬁp%ﬁ t hewi rel ess networ k

and sel ect jshEctRIE & chROk E&hpl@@lsﬁqreémvé Heinaradbt bohvigko data
the wirel ess
error detected by a video decoder;
instructions to cause a computer to determine whether the video data
error occurred on a reverse link of a wireless network between a video encoder
and a network device; and
instructions to cause a computer to apply error control in response to the
video data error if the video data error did not occur on the reverse link and not

apply error control in response to the video data error if the video data error

occurred on the reverse link.

32. The computer program product of claim 31, the computer-readable medium

further comprising instructions to cause a computer to monitor a condition of the



network. 33. A systemconprising : neans for receiving

an indication of a video data error detected by a
wok@soIdexoder; neans for determ ni ng whet her PeEUSI00€051720

data error occurred on a reverse link of a wirel ess

network between a video encod®t and a network device;

and neans for applying error control in response to

the video data error if the video data error did not

vereless mtwptkeandeglscsibe kirnkcantig! hased ap phe/gangitemradithe wireless

cqntrol in response to the video data error if the

g‘data error occurred on the reverse |ink.

33. A system comprising:

means for receiving an indication of a video data error detected by a video
decoder;

means for determining whether the video data error occurred on a reverse link of
a wireless network between a video encoder and a network device; and

means for applying error control in response to the video data error if the video
data error did not occur on the reverse link and not applying error control in response to

the video data error if the video data error occurred on the reverse link.



