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SUMMARY

[0004] One aspect relates to a method comprising: encoding video data; forming an
Internet protocol (IP) packet with the encoded video data; transmitting the packet across
a wireless channel to an access network; at a medium access control (MAC) layer,
receiving a negative acknowledgement (NAK) from the access network; determining
whether the received NAK is associated with a packet that contains video data;

determining which IP packet contains data that was lost in transmission; and if the



determ ning which I P packet contains data that was

lost in transm ssion; and if thereceived NAK is
waz®oossased with a packet that contains vi deo PIEI/ES2006/060141

performng error control. [0005] Another aspect

relates to a nethod conprising: encoding a first frame

of video data; form ng a packet with the encoded first

frame of video data; transmitting the packet across a

wi rel ess .channel to _an access network; before encoding
feCSI"&g&\ﬁﬂg if paspeiatsfl Wit Backst Hiat attainsviicRgiaim eetermiag efror
coﬂfﬁﬁi um access control (MAC) |ayer received a negative

know edgenent (NAK) from the access network;

(0085} Aot AEPeshEY et torarmethod sPUBwRIsINAK engoding 8dirsl fsgme of video
dati foﬁnﬁlgoé‘ﬁﬁﬁk‘ét tvhﬁtthé:éimoaéd" ﬁrs\f 'ﬁqgfé an;l%eot @a{%h tfefnsﬁltﬂtﬁng the

recel ved IS assocl at ed lat cont afns
PacletREotial ylrekﬁ%ﬁla@éelft@ramaﬁgeSé mletwo obafers encpdipge)second frame

of ¥1a0s Rets, @é@ﬁﬁhﬂ el R e atﬂe&ﬂn%@gsactoﬂﬁof t)ﬁ%fé? r@cewed a
gmi‘rmry St0r|ng a set o I NS

machi ne-r eadab
negagiie |aglemé’ded@m@hﬁ E84ENTrate thedacass retwonka deﬂennmwmther the

recBhRl ?\P@k L(, h?s})cﬁéﬁ&ﬁh Xm‘pg&& Bleclt ‘E&&?‘Eﬁ @1&/ dd%?a 1811%1 gf tg% received

transmt t acket across a wreless channél
NAde @E@goﬂéﬂedﬂﬂﬂ”f a packet teti¢antaing E@SG de’(anthen Ipe(fMﬁk@ng error control.

o ement
1000BY Rnonl FEGLPr R AR APaRRKN I T oo Retbessh iagemory
stofigg assbef iaste-tinons borsﬁgmmwt chévate mdmi deitaySotrh dﬁ (Intdﬁtoaprotocol
P ck ntal a that was | ost

(IP?%? g ans%tﬁg%cr? de%ﬁp elofd% % %ﬂﬁ@clrgs s Aowirelesy %b&nnel to
an wédehs aetpadk et a nivalium antai nmtvalc{kmd)ﬂa&ar pedehv@y I arios

control . ot er tes to an.a rat us
m&l&?}?ﬁ?ﬁ?ﬁﬁ%ﬁég @%ﬁé it %‘VRJED %Ie%wa? shgthe” theyreggived
NAlK]Sast mcmmn mlﬂmf)acglslf ﬁadt mrcalﬁ@ ¢Rlde dataf HétsEmink WMBCIWIP packet

rm. aﬂgacket with the encoded first frane

00“6?1“%. &Lﬁa‘i’aa‘" OB FSRATFISPING: Fulif e reeriyed N i assedated with 2

pd(&kﬁﬁﬂﬂﬁboﬁt&nﬁﬂlcﬁﬁQl@ﬁt-?p&‘f&ﬁf@éﬂfor &piere encoding a second
of video data, determ ne whether a nedi um access

[00(98 h tr&%(glthe( m’c ;reé%}@q. toraélcaéqu@ausdcmq g/2machine-readable memory

stoﬁﬁg BQw erigenRMoné DA 6L tdRALS Bisst FRBIMH Kdeo data; form a
deferm ne whether the received NAK is associated with

packehwithdhe encpded fxtt Ajame ofivadey drtedranspidt the pedlet perosy s wdreless
chd¥BK] foSards G IREeSHM b BrdeRB 88l a btel?%do E%‘f@ﬁjﬁ%' &0 determine

data, then perform error cont
whethige a fadim paeess eomrpl &Ma%@)akaw r@emsfpd ) n@@etlva agknppledgement

(NARG PHRN t1EORELGHRAorkO4&BERHUE WwHHRD ﬂ%alle?elsz ﬁ(asts'omated

confi %ur ed to forman Internet protoco
witlja ppcket that contains video data; and if the received NAK is associated with a

packet that contains video data, then perform error control.

[0008] Another aspect relates to an apparatus comprising: a video encoder configured
to encode video data; a module configured to form an Internet protocol (IP) packet with
the encoded vidco data; a transcciver configurced to (&) transmit the packet across a
wireless channel to an access network, and (b) receive a medium access control (MAC)
layer negative acknowledgement NAK) from the access network; wherein the module
is configured to determine whether the received NAK is associated with a packet that

contains video data and determine which IP packet contains data that was lost in
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[0014] Fig. 4 further illustrates the first and second approaches of Figs. 2 and 3.

[0015] Fig. 5 illustrates an example of detecting a lost packet and forcing an intra

refresh, which minimizes error propagation caused by a lost packet.

DETAILED DESCRIPTION

[0016] Video and audio encoding and transmission

[0017] Fig. 1 illustrates a communication system 10 with a video and audio encoder
device 12 sending data across a transmission channcl 16 (including an access network
component 15) to a decoder device 14. The encoder device 12 and decoder device 14

may be dispersed throughout the system 10. The encoder device 12 and decoder device
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embodiments of the encoder device 12 may include fewer elements than those shown in
Fig. 1.

[0021] The decoder device 14 may be in another video communication device and may
include a PHY layer module 34, MAC layer module 36, RLP queue 38, RTP/UDP/IP
conversion module 40, video decoder 42, audio decoder 44, audio output unit 46 and
vidco output unit 48. Othcr cmbodiments of the decoder device 14 may include other
elements instead of or in addition to the elements shown in Fig. 1. Other embodiments
of the decoder device 14 may include fewer elements than those shown in Fig. 1.

[0022] The system 10 may provide bi-directional video and audio transmission, such as
video telephony (VT), via the channel 16. Reciprocal encoding, decoding, and

conversion modules may be provided on opposite ends of the channel 16. In some
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packets in the RLP queue 28. RTP may run on top of UDP. UDP may run on top of IP.
IP may run on top of a point-to-point protocol (PPP) layer in one configuration.

[0026] The MAC layer module 30 may retrieve RLP packets from RLP queue 28 and
generate MAC layer packets. Each MAC layer packet may carry RTP/UDP/IP header
information and audio or vidco packet data that is containcd within RLP qucuc 28.
[0027] Audio packets may be inserted into RLP queue 28 independently of video
packets. In some cases, a MAC layer packet generated from the contents of RLP queue
28 will carry only header information and video packet data. In other cases, the MAC
layer packet will carry only header information and audio packet data. In other cases,

the MAC layer packet will carry header information, audio packet data and video packet
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appliotidMC RIRievice (wireless terminal) receives PHY layer packets via a wireless
forward link (FL) (i.e., “downlink”) from a base station. A VT device transmits PHY
layer packets via a wireless reverse link (RL) (i.e., “uplink™) to the base station.

[0033] The system 10 and channel 16 may be designed to support one or more wireless
communication technologies such as code division multiple access (CDMA), frequency
division multiplc access (FDMA), time division multiplc access (TDMA), or orthogonal
frequency divisional multiplexing (OFDM), or another suitable wireless technique. The
above wireless communication technologies may be delivered according to any of a
variety of radio access technologies. For example, CDMA may be delivered according
to ¢cdma2000 or wideband CDMA (WCDMA) standards. TDMA may be delivered
according to the Global System for Mobile Communications (GSM) standard. The
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wWQ@007/0k8338RTP/ UDP/ | P conversi on nodul e 40 may PCT/US2006/060141

renmove/ strip the acconpanyi ng header information from

the data in the RLP queue 38, and reassenble the video

and audi o data for delivery to the video decoder 42

and audi o decoder 44, respectively. [0031] Video

decoder 42 decodes the_ video data frames to produce a
Unitepsph Mobile Jelpepmanivication System QUMES) stigdarddrespyta BSM or
W@'E)(/IAE spérxﬂl&i{e OFM"p %ﬁ»n&a%mé%tﬂé st@l&ﬁ qg%ay“ﬁ’e aasaraso shisort

audi o data to TO uce audi o i nfoormation

highrdaiateaFIIR) ieamplagies suah a5, cdmaRgORAx 254po, Ksdasge P, Revision A,
oré&@%&npﬁ%)rel‘éﬁbes[ 0032] Video tel ephony (VT) refers

[-time communi cati on of audi o and vi deo packets
[003¢i Whanned conditigns map bgavdonesn fewirekess gl;a@nelﬁsblmznﬁhbb

espt]egrrah# E)aﬁghgt‘fc h&*?taggﬂ&uoﬁf{\g wq{;fé/ﬂ &ﬁm&@f q%dﬁﬁﬁls may

recel ves efs via a wre
suffgrfvem dadingér fetvprk congestidmdownl i nk") from a base

U"ﬁg?RhgglEﬁyg(ggyk e transnmits PHY Iayer packets via a
W efESS—Teverg€4i

nk (RL) (i.e., "uplink™) to the
(00363 époweatayenass[meﬁ]ied' mosmmmmmm anayheatdnesis efr®ramhyt occur

to \9‘1 eo %‘m% ﬁ i%r tochﬂee ré%rrer r eI Eods m fo] enable the
connunlca nol ogl es SU as CO I VI'SI O

v1dasu Icheqalce Zacl:@escsck(a orfinfogmetiay frdm\/ths MACrTay dri 30l aad

ST B SIoF PRAn BT B e e PR g Torehving device

14( CDEBMe,thcﬁrs najolideanechidhisaislte raiced/Resive @edon irfumatiodehat can be

bove rel ess co echn | Qgi.es be. .
uniiiond Pedieapach BRELT S0 aRyPOIISE VAAFBRY P ke igion complexisy
th@&ﬁﬁ&ﬁfohﬁ@ﬁumﬁsﬁli 188 MAQY 1afarBUdaa, beGEIMEYoM¥d Do two different

del i vered according to cdna2000 or w deband CDVA

OIRAEPMVA) st andards. TDVA may be delivered according to

[0037§ ARLR&civINS bRBY ARlsadBPirhbA IRRPURL A& HeARGeo &AoMlier 20 may (a)

st andard. TheUni versal Mobil e Tel ecomruni cati on stem

usg yifssyes refseers figaienior 3 nemNraRe. WEDVRE36s BerioRlockdMR)Tintra

rei?é?sﬁlrht@a&ﬂ @Nihser BE M@Eﬁfﬂe@ﬁ%ﬁé e stelf ShBP B ph Lat iR Phd
h data rate DR) technol ogi és such as cgmaZO 00 Ix

rec@\ﬂegdnsgélmg and- meR@Vl:pa@,chy the @mwﬁg%m intra-refresh. In an I-
fraﬁ}é', MIE ll\@lﬁsibeﬁltraL&)gg ,] ed‘i@ﬁ Inocf 9&%&' i@'ﬁle which
g be es peC| a

concerh for wreless chann
catp ptob teherrerdropasationi Fer MB@IW jefrgsh, sqope WHBscdhre mtra-coded

Oﬂfﬁ‘ﬁ?@)el]n#; Mhtuisfﬁ%%e%ﬁic I-frames (or decrease intra-frame refresh rate) to

improve coding efficiency and video delay, as well as provide better video quality when

errors occur. The video quality can be better because the video encoder 20 may wipe
out the errors at once, instead of gradually refreshing each MB in the subsequent
frames.

[0038] Fig. 5 illustratcs an cxamplc of dctecting a packet loss and forcing an intra
refresh, which minimizes error propagation caused by a lost packet.

[0039] A CDMA2000 1x EV-DO Rev A reverse link is used below as one example of
receiving/retrieving error information from the MAC layer 30. The methods may also

be applied to other communication systems, such as WCDMA High Speed Uplink



suffer fromfading or network congestion. [0035] Video
Error Control [0036] Lower |ayer assisted video error
w@ oo 0ed13sret hods may address errors that occurP@DUSI00€60141
data during transm ssion on the reverse link. The
nmet hods may enabl e the video encoder 20 to use channel
error information fromthe MAC | ayer 30 and
i medi ately apply error control, without waiting for
f eedback he receivi n vice 14. The nethgds may
Pl LSk I IS5 S PSS L TN e hgde
dette&t&fangﬂﬁbsﬁﬁ éﬁtﬁ'd Qﬁﬁd/gﬁﬂ)sbilhféﬂﬁﬁlchdeo enCOFer 20. .
endi n esi_red inplementation conplexity, the
lﬂﬂg‘.%f) dhe; ?WP%WW FayNIeyids ¢ sFossdayespplignization for error
perfé@RatO i Ritirid Ba bVer Wirbke R oflQ MRiuRling YH3d leléfhtoﬁﬂ/ and video
recei VI ng error nessages fromlower |ayéers, the vid
shagingoyhpreZmngassion ergess meydierinevitahle. r ef er ence frane for

[O(ﬂli1 ¥ er@ng hﬁlpkddvﬁﬁfn%‘ﬁﬁnﬁﬁ%l&p A6, d\@% frle &Jc% rma}?gegse end-to-

resh rate, or (c) inhsert an |ntra rame
end fpedbask ta PFode papRigiimtiont However dithosarmethode salelygely on

enditb- Lbad £ c!l(sﬂg?%é;'aﬁ&t% %}Bﬁd ¥SRE, t%ﬁ/@%s%ﬂ?%{crﬁ*g _qmcglg denough to

Intra- re ever

reduceartifyqts @Rjésd hw ot ppeets. thetINe Hpﬂt@dsai@scﬁbedm;relmayh
For MB-intra refresh,
coﬁﬁéﬁﬂﬁe %ﬁgggﬁg%ﬁeﬁt{) r a- %ﬂ QOtl on (c) may avoid

[0(%1%? ﬁ%ﬂe&ﬁ‘&n %l?scgbésr%ow §1§ g? xefl\fllea erreorg ga‘i‘tf‘% %%h%%s that use
negative laskrmdeldgmérﬂte(NAIﬁ)amf@maItmh )&o@ﬂthek@cmmaﬁoﬂkeb'a dadoth

deo encaod e .out rors at .o
metdhos o0 Vo gra eglzl%yO T eé‘)réf 83}& T gy ?‘1 ‘Izé TN R 18 MC layer
30 subsfm:qm@by-ffatmmls i @O38ﬂord:erg‘.odﬁlgl d heis ﬁfaﬁIeE&leaﬁdeo encoder 20

exanp | e of dﬁ) ec %r acket ss anpd forcing
may e mwﬁ O ?ﬁ’%gre PYEF ab’?‘éﬁ&&é’l"?@ﬁm error control
if eadak dBiytd anlu@Sdrop atfioehati frOR3he AypMA A& ¢ cB¥er 20 may
everse |link .is used bel ow as one exanpl e of

Peﬁ?@%fi\ﬁeﬁﬂyf FEOF PR GRS OISR STTOs RTIN28ReThe MAC

[004ay %rs3ﬁpp?5&mmmoﬁi@ VR13ANbL WP PAIRE RAK
communi cati on systens, suc

[0045] g @d&k%:fatmwglm@%@m cfslffsf% mﬁrmp@nowgévwm@ video

end¥r 90 0PEREY coBitidl hdidu RPIV6A8 flYotRe 6 B hich i ARSHLSA @MBs) in a

v1dee{) rfr%hse \ggr(gllgsrt 11|1 ?1‘3}181;'112];1?){‘1 n%glct?%deo frame may comprise many
macroblocks.

[0046] When a transmission error occurs, the access network 15 sends a NAK to the
reverse traffic channel MAC (RTCMAC) layer 30. The MAC layer 30 informs a packet
consolidation protocol (PCP) module 210 of the MAC packet associated with the NAK.
[0047] The PCP module 210 determines if the lost MAC packet contains any video
flow data. Audio and vidco data can be placed in the same MAC packet, cven though
quality of service (QoS) is supported in the EV-DO Rev A reverse link. If there is video
data in the lost MAC packet, the PCP module 210 will inform the RLP module 208
which RLP queue (there may be several RLP queues) contains a packet that experienced

an error in transmission with a RLP packet NAK.



[ 0040] The net hods descri bed bel ow may provide a

cross-layer optim zation for error performance in
worioviossass a over w rel ess networks, includi ng RETHES2006/060141

t el ephony and vi deo sharing, where transm ssion errors

may be inevitable. [0041] For forward |ink (downlink)

transm ssion errors, sone nethods may use end- toend

f eedback to provide error inforrrati on. However,

t hod rel to- end feedha
[O“ﬂgﬁﬁ%gﬁ’ 6 208 dhieriatn S S roiser Wla%&@w data. ‘The
RLE masiyite 208 mdmmgd dfaml1p pask&e Fob ¥ V-DE msagk Qtvideo & is

thoﬁgh ?E" Herel n .nmay comcf(l i ment the
con HgBre[dosug w0 Ejtfaélggﬁs af B?)E%‘] ehpthogthe RIRymodule 208
infofddeOR P 18/er QOJZ] id @b apisiidaBoNiNet RhRhpt (?a@ﬁet[l‘@t@ 43tn 1081 With a

secti on describes two MAC-assi sted vi error control
vidge HRWJE nefrlket NRE- negati ve acknow edgment ( NAK)

[00u4of @h@RﬁPQQyérrm&ﬂﬁtM§% BRI hadwill &&\Q@ttthe lost }P packet
nmet hods, the video encoder or error control

intoplggt Mr%ﬁ in aFame- hEhopibe infpanatim ofitha I9st Migs pyll be amed to the
errch%h%ol no8ule 2|@gfa91%r Q/%gqgn@&le? G Hr%? e Bpgon\ﬂo eor

encoder 20 may receive error Information from one
l““ﬁB} Ehis dingrappesash snashiavplae redifieations atibnee differdnt tryetied.

. gg%e?’%fggd&r iOSﬂeas &flﬁfog%%#l%?g esrairgce)eratc ketc F %1\8/ ﬁgﬁglgyer

282mi tigate error propagation. [0044] Flrst Appr oach:
o ntr usi ng Vi deo Fl.ow | P Packet NAK [0045
e H RO 203 53 h P Risi bt E 6 DTSSR 18 et
mﬂemﬂlﬁy Mtabmcetrhﬁnb/ergbemd&ﬂmdlﬁbcl%o I66n 8P HAEkeE WTb5Othe RTP
of mhlch rob ocks In a

W T A A M S

fofﬁi&lommoﬂ'@lélsé@wﬁﬁaﬁuﬁ@@ﬂ £2BbASKS wilOQARIP PWASI:t Bray also be
tran t‘l’%‘ error occurs, the access network 15 sends

HANK PRRI&20% r af fi ¢ channel NMAC ( RTCMAC)
. |’l@a)é¢(L]£ondIQ@d%e{v§%§ék %dv@t&ﬁ%aé\cé@@%%ﬁ enlv?&i into RLP

consol i dation protocol (PCP) dufe 210 of
paeiess IH‘S%%YFI&P%WW@HPWH@(WOSTWkaﬂgéh@Sﬂlmmﬂnenber

[Oogf-]oFé’teér?cfr@oH§§l 'si‘ncE tﬁ?e vigsd e g Pf&ﬁ%&%ﬂl@eﬁﬁs%&’ Igst the

| ow data. Audi o and video data can
Vldt:m @1@&%2 MrCrpricieatrol mwdnlet2061egh patfaith bye of neee vf the following
em(rgg?)éotl %egilggpor ted in the EV-DO Rev A reverse link. If
® Restrict motion estimation search range so that the damaged (lost) part will not be

used as the prediction.
® Intra-code the co-located MBs and their neighboring MBs.
e TUse different reference frames for the co-located MBs.
[0052] Second Approach: Error Control using Video Flow NAK
[0053] The first approach described above may provide good error control capability
and performance, but the implementation complexity may be relatively high. The first
approach may need to modify the RTP and RLP layers 202, 208. A second approach
may provide a simplified yet effective approach for error control.
10054} Fig. 3 illustrates a method and structure for the second approach. Compared to
Fig. 2, Fig. 3 may not require modification of the RTP layer 202. In fact, the second

approach may not need the RTP layer 202 to perform any operation. Instead, the video



data in the | ost MAC packet, the PCP nodule 210 w ||

informthe RLP nodul e 208 whi ch RLP queue (there may
wheoogevsasal RLP queues) contains a packet thatPCT/US2006/060141

experienced an error in transmssion with a RLP packet

NAK. [ 0048] The RLP nodul e 208 determ nes which IP

packet contains the |ost data. The RLP nodul e 208 has

knowl edge of an | P packet. For EV-DO Rev A, a video

flowis confi ure that a ata unit is .
encopi S SHEEROIHEAY EHOORED SHSGUTS KSpB ol 0 belpencoding
eadhaeQr fra&le of Ridad daRp hhd BirbOn fdrasEbn \WiyChE pRsRBEiK&ky Réshe video
been | ost with a video flow I P packet NAK. [0049] The

e"quﬁpf Phgerrosental medrks08 fragTes roanigp|-¢ This: &rromqssage may
¥&hifakhe ?gl A¥ind:H R kel th R PP @sduldVESs At &fBﬁMe video

hen the information of the | ost MBs will be passed to
emtqéér &} Hahere bas besn ayciatelosben anigesrflopy giaee thedaddimehe MAC

1ayf31030 s ﬁﬁ'&'ﬁede rlh%e CRHotRhent| BORPA CHRYS 0 rhﬁ% ?tgﬁfaﬁ@é‘lﬂ send a

i nvol ve nodifications at three differe ers

NAlfﬁ@ thed&d madplget] 02@’115&@@@@9 4 NAdE prathiediLd fnogste 20{& whith sets a
ﬂa%al Q568 4 :%Qﬁegtrdj e o 2AC Ia}g(gs FGPshayer 202

ntain conversion nmap or I'e between | P packets
[0055h @@Mﬂlﬁpcg@qg éwe efldﬂsprfoeen@) therd dempenaoidbn2k may fifst aged to
, T
b IRBEkn{ B3 g1 02080 D 8 o oo
corﬁﬂnlmoctum%)@m mBﬁzrmTctrmrszeq’uremethn warrent ﬁsmoc Satce the cncoder

L E05 ! o o MRE R B PR &
20 W o £t el Eo TR E R OB mRETREENS Gk Bt bosis
ie ]’Peﬂoeﬁcmbdingraena‘w agmenkenvinp idthBteRs pay kehsmBpidn error may be just
as 961 nesn th dﬁf@%ctket [ S, | ost by checking the
S%%cﬂ‘j & AtfRBErC T ES°%r ror control, since the

[005i6§ &Othe MA@GHyéKhukcﬁﬂm t\&bea: h’ied‘vBSt @IARKDSS usdd’libr Wedgdeo flow,

.encoder or nt.r dyl e 206. can perform one
i il e Bt G RMAR S Pesh e P Final Hae doa s 1o
posieedly héltndﬁb&lg&al (@ﬁtxﬁatth@ﬁhmn alyef.ange so that the

%gﬁ% g dSt;? part will not be used as th
10 ELaeboRC SHbACE EHy THE SRt e P BSnaHan epmplexity and
proVed iNeall iffdrivBSon fddRe Gidbd Bh&Ider L@ EEHQRGE HroRBESTdrontrol.

t he co-|ocated MBs.
However, since the flag may only indicate if there has been an error or not, the video
encoder 20 may not know which part of the frame is lost. Therefore, the error controt
should assume the error may happen in any part of any frame since the last query.
[0058] Once this flag is set, the video encoder 20 may perform one or more of the
following error control methods, which may be different from the first approach:
e Encode the current frame as an I-frame.
e Incrcasc pcreentage of intra-coded MBs.
e Use the frame before the previous frame as a reference for motion estimation.
[0059] Fig. 4 further illustrates the first and second approaches. EV-DO Rev A reserve
link channcl is uscd as an cxample, but other typcs of channcls, standards and
communication protocols may be used. Near the bottom of Fig. 4, the MAC layer 30
sends a MAC packet containing audio and video data to the physical layer 32 as a first
subpacket in time slot n. For example, there may be 50 packet transmissions per second

at the MAC layer 30, assuming 12-slot termination and all these MAC packets carry

10



[ 0052] Second Approach: Error Control using Video Fl ow
NAK [0053] The first approach descri bed above may
w@e@viogia3good error control capability and perPCr/Is20€060141
but the inplenmentation conplexity may be relatively
hi gh. The first approach may need to nodify the RTP
and RLP | ayers 202, 208. A second approach nay provide
a sinmplified yet effective approach for error contro
.1 0054] Fi ust es a met hod and structure for
Vldt[ﬂﬂ é‘agaeéSthaﬁ Reieal ﬁrperﬁéan%bée £ gocess tepgpal to driget a lost

padket ox‘e@‘ﬂh’é FeerR dinki CabstaRstftadddasIKTP | ayer 202. In
t he second approach na% not need the RTP | a
Q

100585 the MAFH8reh Srfpoe e SNAI oM bass dtationdhrough hybrid ARQ (H-
\QL)%eﬁmoct% MACel%S/QJMPt?{@E getdurgasi s@c%nagébmemt&ﬁag thﬂesrot

RCP nodul e 208 befodore encodi ng each new frane of vid
n+3afhe Mg lasrar 30 reegivesriateren Fempihs bask giptiecagajn thsough H-

Aﬂ(f' Shatin&E 01“1%11919@@ rlay%P 30 rtn&rsreﬂcﬁmg Qi@ Euliﬂ%@ﬂ%t%u%tgg {n?ef slot n+6.

error control hi's error nmess ge may
The é/h‘gC layer g0 rrartvar q #llréé‘tA&errh sherhgpe ﬁt?@@negamslmohgh H ARQ

chda%{a 3 MA% Yd,RE 90 i ﬁ&még fblfll‘ﬂtl E\ﬁ{ %cﬁ%sdtu}?ﬁlg rtrtrrﬁegﬂm%l@ The

ost on vrdeo f I nce t
MAGyasrer 30 rovesvegureNAEdfrois se statibo drrn'egh Jast AR QUAGAR(Y)erhannel

oL TRt S0 BT R ESR PN e
Thisetagsca trm M:A@nhtm 30 ta inyforyui e RGP tm)dgltcraZREP or NAC
055
AP 358 & Prras ARRuER U5 R TRl it gver afer
thevdmirt; endahwummwm sé@d;etgradedtthprxadem UShd sexord approhéh may
error cont

nco r nmodul e 206 can.
insgh 38 T EMPHED Fler e FHUREe REDRARILTROP ehef Drogkagion, When
the%tﬁ@fi&ﬁ‘rzogpthe rseﬁdﬂdﬁpp@@i&bh&My ﬂfﬁdiélle RO alief hﬁgﬁlfebdﬁﬁatﬁé P
modul e on a frame-by-franme basis, i.e., before
SleWE‘gdir“ﬁ@O if‘ﬁl@tz\?s‘ft(l m,ﬁeﬁ(%‘ééw if there is any
[0062 %dﬁ&é’ic@ﬂeﬁddv@d’e 1By ap Buy kb e ASatEDRE ckgﬁrlc!s\férﬁgg instructions
ﬁ& ayer

I ch IP | gst. [0056] |f the
and fitgrhsovel %%‘it?at?@a%régfﬁr% rer Gy, prrorBayasdbereof. 1f
imple@dhtetith §offt4v§ﬂ3 shobichidifes 28ty e bI&Nad ﬂr‘é‘trﬁ%@s ona

packet containjng video data is not positively
cogpisbifadablengdiviasugh as madomasress miragryr(RAND 573 d-qiy gnemory

(R@%OM@Qﬁﬁf@ﬁﬁdSﬁlea@E&ﬁ Iﬁ@ﬁ(o@ I RRIEA VD tél@ctncally erasable
[enentation conplexity and provrde usef

prqeﬁrlemﬁ’ateuréw-%ty mpyaoty FEFRN.JE-ASH mempies pbrlm likeogdre
ms?rﬁ&t%ns%ﬁ;‘sé' e oﬂi‘ﬁ% beesSdrs €S pdiaGind éé?&1§§%_’pegﬁlc§f the functionality
indicate I f there %een an error or not, the vr%%
described in this disclosure.
[0063] The techniques described in this disclosure may be implemented within a
general purpose microprocessor, digital signal processor (DSP), application specific
integrated circuit (ASIC), field programmable gate array (FPGA), or other equivalent
logic devices. For cxample, videco 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 digital signal processor
(DSP) or other processing device. Accordingly, components described as modules may

form programmable features of such a process, or a separate process.
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encoder 20 may not know which part of the frame is

| ost. Therefore, the error control should assune the
w@enon48tey) happen in any part of any frane si nPEI/UN®06/060141

| ast query. [0058] Once this flag is set, the video

encoder 20 may performone or nore of the foll ow ng

error control nethods, which may be different fromthe

first approach: Encode the current frame as an

ase erce age i nfra-codcd MBs.
[O“Pﬂfa{’aﬁrf’él%g Pl Iﬁ?ﬁé memery gtrest%mgénftarcﬂons
andiith, QR vesdl hs@ddicited 1ROHHk, ﬁifﬁwaré filthl BRI o ¢drhiSihERIRShereof. If
the first d second approaches EV-DO Rev A reserve

implemented in slitwpee, thedechaiquss maydiesnebodiest aspinpisyctiopp execytable by
onéEhanoe] océsL&@d @h@ﬁn&@ﬁt@h&my bé %‘réetf‘oﬂ? b QbAY %meir%}ébl@e

used. ar the bottom of Fi
mediURyEIC AYAENGNIR REFESE BISTRY: (lgéh@ufﬁaé-(&ﬁﬁmﬂﬂmb ReM), non-
volhflie rRRYsth 88desk ?ﬁé%{o& NoR BV, '&%ﬂéﬂ@%&%ﬁ%ﬁgﬁhﬂﬁable read-
slot n . For exaqp t here
only magraoRyJSESROMer Flshd meeraeryt mgme ¢ra3mxcamata stosagridagice, or
|
the }&eS MOk 155@%189& kegﬂe @Hg%%llnt)h%/@gé% MI% %@%F{B%eﬂatgla epeacﬁs of the

carryvideo d ena
ﬁH@E@@%§Yﬂ®WWWﬁémlﬂw5@éﬂe@nea | ost packet over the
I Q060 The
100650 TGy b EE R RN R P AT AABUE Yuper i S FBncnts er
withipithe écomcgf(thmﬁtgomhanhahs The MAC | ayer 30 tr| es
sendi ng a second subpacket during tinme slot n+3. The
MAC | ayer 30 receives a second NAK fromthe base
station again through HARQ channel. The MAC | ayer 30
tries sending a third subpacket during tine slot n+6.
The MAC | ayer 30 receives a third NAK fromthe base
station again through H ARQ channel. The MAC | ayer 30
tries sending a fourth subpacket during tinme slot n+9.
The MAC | ayer 30 receives aNAK froma base station
t hrough [ast ARQ (L-ARQ channel and al so receives a
NAK from a base station through packet ARQ (P-ARQ
channel . This causes the MAC | ayer 30 to informthe
PCP nodul e 210. [0061] The second approach may all ow
the video encoder 20 to quickly recover after the
errors, and the user may not see degraded quality
vi deo. The second approach may insert an I-franme right
after the errors to imedi ately stop error
propagati on. When there is no error, the second
approach may provide better quality and | ess frane
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ski pping due to I-frames than other nethods. [0062]
Vi deo encoder device 12 may have a dedi cated nenory
wo 0007588188 Ng i nstructions and data, as wel| asPCT/US2006/060141
dedi cated hardware, software, firmwvare, or
conmbi nations thereof. If inplenmented in software, the
techni ques nay be enbodi ed as instructions on a
comput er - r eadabl e nedi um such as random access nenory
(H&iﬁﬁ@ﬂ read-only nmenmory (ROM), non-volatile random
access nenory (NVRAM, electrically erasable
progrannable read-only nenory (EEPROVM), FLASH nenory,
1 % gc The. i nstructions cause one or nore
' processoP POPHEYBor m certain aspects of the
funeﬁmﬁﬂﬁﬁVﬁWbdﬁﬁcrlbed in this disclosure. [0063] The
tec ue escrlbed |Eﬂth|s di scl osure ma

i np é‘Wé W‘inﬁ‘i pyotpcgedE} aéiwkﬁwaéé’ée pRGod m@e@g@s

di gtrh@dmﬁi@t&b PREIRE BEDH a (SRks cRiRel foAdi &ees%rh%ﬁb&
|ntegrat circuit ASIC) field programmabl e gate
arr¥ g’@l{) accgss Magay Enficcpiggiec ereptivesckuppedgement

(N@K;iﬁphﬁnhe\@cg&gn@m&ger deV| ce 12, video decoder device
14 11and assocj at ed conponents and nodul es, may be

CRRERE Wactherthe rospivad N delrsgeistascels a pavket that contains
de@aétag/ decodi ng (CODEC) process, runni ng on a digital
si gnal processor (DSP) or other processing device.
Ac cOFtermging Whishpl naskics centsims idbtadhatswarldst ie srammyissionnand

t
peréééfﬁi?%%’%%?@%%%%%ﬂ%sé b p R ISP calinlyRER BN ©

IReperERr Gomiroty for storing instructions and data as
wel | as dedi cated hardware, software, firmware, or
conbi nations thereof. If inplenmented in software, the
2. t echie get®drad\Claien mblodtiadhapackes bbmphs@nﬁa@dlﬁﬁbﬁsa(MBs) of

cessors. The.instruct.ion
e TRy T N AL W
a videe es®deetns yed( RAN)transgaEt prandgol (RIPY layeROV) , non
vol atil e random access nenory (NVRAM, electrically

erasabl e programmable r ead only nmenory ( EEPROM,
3. FLA’B&@mﬂmﬂmf@l&gﬂetﬁlﬁhwc@@ﬁs@@g data storage device,

or ter éa o‘%ft @ ons ause one or nore

process 8?% 1? ag@f"re M 4243 nd E?f@ﬁft gegflingipgnew frame of video
datd, qn_eﬁyur&fg’lﬂielmyx_(ﬁlaﬁﬁf tb e rinthel Wh&h el the Mﬁ@rl%er Eré&@ﬁ’h aNAK;
andVarl ous enbodi nents have been descri bed. These and

ot her enbodi nents are w thin the scope of the
f ol iif avd A C lBienFeckihbll MIAK, performing error control.

4. The method of Claim 1, further comprising informing a packet consolidation
protocol (PCP) module of the received NAK.

5. The method of Claim 1, further comprising, if the reccived NAK is associated

with a packet that contains video data, informing a radio link protocol (RLP) module of
the received NAK.

6. The method of Claim 5, further comprising determining which RLP queue

contains a packet that experienced an error in transmission.
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1. A nethod conprising: encoding video data; formng

an Internet protocol (IP) packet wth the encoded
wop@en4sdat a; transnmitting the packet across a MT/EFBIS060141

channel to an access network; at a medi um access

control (MAC) | ayer, receiving a negative

acknow edgenent (NAK) fromthe access network;

det ermi ni ng whet her the received NAK i s associ at ed

7. W tIhhﬁ%il%ﬁg ﬁcg a h rﬁe?lcamlpa %%q?ﬂ)?}n%i éjne%p%rhﬂl &Pﬂyer of the

packet assemamilwmh ttendcdited NAK.ecei ved NAK i s associ at ed
with a packet that contains video data, perform ng
error control. 2. The method of Caim1l1, wherein the

8. padketmehodbf €esmgdiidreokprigidgs) of video data, the

met had further assi n tio
T B RG - Frp AR s el aiahh (1P LSRRl B pordblSiks of
videbrcﬁ&@port pr ot ocol (RTP) Iayer 3. The nethod of Claim
i si.n after. encoding a franme of. vi deo

further conpr
aﬁeﬂ‘%ﬁ"%f“&ﬁﬂ‘gb‘@f“&gg? BRATKST ForgeRs fath SRS IR iy iTgaynigsiey using the

mapqu%ma@tﬂeh@ ﬂ%ﬁét'lﬁﬁb@ﬁa&@bl@@ﬁ:ﬁﬁﬁﬂ VidedVnabiRes defemMBGvhich
| ayer received NAK; .and if the MAC | ayer received a

macwclﬁévqrsﬂvﬁtﬂ»@ﬁé?%ﬁsmw 4. The nethod of O aim

1, pettoldifle GRIOLELINDr kHéftﬁééFbBE:cﬁs DRCK R 166118 AahslaiskdN.
prot ocol (PCP) nodul e of the received NAK. 5. The

method of Claim1l, further conprising, if the received

9. NAKHS, &880k 2lffh dviirdn RAGK %nt}ch%nfb‘i’ﬁ&saétr@as’t’bg@Qf 2)
dat a, |nformngara|ollnk pr ot ocol LP) nodule o

restripfing etion gsiptiomsseaiaapgs sothabs d@nagqﬁ mut Wil nete used as a
pre(ﬁ&fqz{__) Eaa &2 G HE B SURR UGB BT arﬂﬂ?éfgta X %Tg%molﬁocks and (¢)

t experienced an error Int sm ssi on.
usmﬂq:bffmnhwergnced’rmm for rordodresd maemoblaskng i nf or i ng an
application | ayer of the packet associated with the

recei ved NAK.

10. The method of Claim 1, wherein the wireless channel comprises a code division
multiple access 2000 1x Evolution Data Optimized Revision A (CDMA2000 1x EV-DO
Rev A) channel.

11. The method of Claim 1, wherein the wireless channel comprises a wideband
code division multiple access (WCDMA) High Speed Uplink Packet Access (HHISUPA)

channel.

12. A method comprising:

encoding a first frame of video data;

forming a packet with the encoded first frame of video data;

transmitting the packet across a wircless channcl to an access network;

before encoding a second frame of video data, determining whether a medium
access control (MAC) layer received a negative acknowledgement (NAK) from the
access network;

determining whether the received NAK is associated with a packet that contains

video data; and

14



8. The method of Caim1l, further conprising:

mai ntai ning a map between I nternet protocol (I1P)
w@aoRetsa3and nmacr obl ocks of video data; after PCT/US2006/060141

determ ning which I P packet contains data that was

lost in transm ssion using the map to convert the IP

packet into macrobl ocks of a video frame to determ ne

whi ch macrobl ocks were lost in transm ssion; and

erformn rror .control t he macr obl oc that , were
p %‘{tg? ﬁecp%gﬁgﬂ&(gﬁ 8?15008“6 Rih APPRIEH) it certg {(q%wvsdeo data, then
peﬁm@@ﬁgbﬁop&ﬁ@ﬁﬂcontrol conprises at |east one of (a)
restricting a notion estimtion search range so that a
damaged part will not be used as a prediction, (b)

13. | N nEReisy &pcia%qtze A HERSE Qabﬂﬁﬂﬁﬁlgametﬁsﬂ agﬁl@@fuhn fccess control
macr obl ocks, and (cj using different reference frames

(MACy oy rpesivadenenibiv e BF edgegneny (EA kR s thet acopssi network
com}éﬂ?és%@cl&ﬂg wilefiek 895065 8035 h rSRIRRL $BSt08oI1 FREP) %o‘ﬁu%é on
tiple access 200071 x Evolution Data Opti m zed
ReV|S|on A (CDVA2000 Ix EV-DO Rev A) channel 11. The

nmet E .
4. o e At R sl e Rtation fayer of
the 1ey@DMNAK.gh Speed Upl i nk Packet Access (HSUPA)

channel . 12. A nethod conprising: encoding a first

frame of video data; form ng a packet with the encoded
15. f i I vhgtborkoHElaiind@o ftditca compamegiitfoimmpgt dradpacketder of the
rmm%md%§ a wreless channel to an access network; before

ncodi ng a second frame of video data, determ ning
mhether a medi um access control (MAC) |ayer received a

e RO 9 Tl D5 SR o o i

prota&ﬁQRLa) amduletth iadipatekied MA@ tayeordcaived aNAKO dat a;
andif the received NAK i s associated with a packet
that contains video data, then performng error

17. COMthe@hsthod of Claim 12, wherein error control comprises at least one of ()

encoding the second frame as an I-frame, (b) increasing percentage of intra-coded
macroblocks, and (c) using a frame before the first frame as a reference for motion

estimation.

18. An apparatus comprising a machine-readable memory storing a set of
instructions configured to:

encode video data;

form an Internet protocol (IP) packet with the encoded video data;

transmit the packet across a wireless channel to an access network;

at a medium access control (MAC) layer, receive a negative acknowledgement
(NAK) from the acccss network;

determine whether the received NAK is associated with a packet that contains
video data;

determine which IP packet contains data that was lost in transmission; and

if the received NAK is associated with a packet that contains video data, perform

error control.
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13. The nmethod of C aim 12, wherein determning
whet her a nmedi um access control (MAC) | ayer received a
woeganisies acknow edgenent (NAK) from t he accesBCTER2006/#60141
conprises checking whether a flag is set in a radio
i nk protocol (RLP) nodule. 14. The nethod of Caim
12, further conprising informng an application |ayer
of the received NAK. 15. The nethod of Caim 12,
orm ng. a video encoder of the

further conprising inf
19. | oS ARpa fs‘lélag"rﬂg WRERBIhE Pagketicamppisesraperpliocks (MBs) of

videodged,ithé ﬁgtrﬁﬁidnls Wl@er%ﬁrﬂ@isingf P8 ani%rtﬁé’t@dtpoi} thB¥nacroblocks
r ot ocol RLP ule to'indicate

aye
fronp & viqsPehic MR“? M EapgoRRToBco R 12ger. wher ei n
error control conprises at |east one of (a) encoding
the second frane as an | -frame, (b) increasing
20. perEhsirRgE EY ol (laion 1 R ovbereiveibe disitosiiens am dintley cosfiguyed to:

frafer Qﬁé&ﬁﬁ‘g & Prﬁmfe'o&‘ %ﬁdeforcﬁt@aﬁisb&bfeeén%ggﬂgea J &RE 2 0ideo

estimation, 18. appar at us Cconpris
dataﬁggﬁyﬁgc M dmice tqmns thethry the M&"&C tefyer restived iINAK; and

confugueE f9er 2B 99:?&1 %éiﬁ;rﬁle dprrdp@nﬂrael nt er net

protocol (1P) pac et Wlt t’he enco o dat a;
transmt the packet across a wireless channel to an

21. ac Cﬁ?éa@ﬁ%a\e&r& 'Cl8im 39 r@ﬁérgﬂ? tg% gr\lla%uaﬁgt}rj?éaﬁg ﬁtrm)cznﬂi%%ed to

| ayer eceli ve a negative ac

lnforfh@ paskeiseonselidaton prcueetosl (RCR2 mddatd‘mfrthé heciveaiAed NAK
is associated with a packet that contains video data;
determ ne which I P packet contains data that was | ost

22. i n Kheappaiags afiClaian d8,i whrbia the treinvedondNAlfe g tas s68fi@tred to, if

the f@c&?e@ }\P@glfse %sact.)mgtt % g&?%}t ahaéapc ¥ t]ad gquﬁ%tgg VW%E :dgga;gw{ glrérrl grradlo
link pactoet] (RAP) mcinte afths edlcpedNAKBS) of video data, the

i nstructions further conprising passing information of
t he macrobl ocks froma video encoder to a real -tine

23. tr artenephraps@f@loin $EMerbiagé instructions are further configured to

determine which RLP queue contains a packet that experienced an error in transmission.

24. The apparatus of Claim 18, wherein the instructions are further configured to

inform an application layer of the packet associated with the received NAK.

25. The apparatus of Claim 18, wherein the instructions are further configured to:
maintain a map between Internet protocol (TP) packets and macroblocks of video

data;

after determining which IP packet contains data that was lost in transmission use the

map to convert the IP packet into macroblocks of a video frame to determine which

macroblocks wcre lost in transmission; and

perform error control for the macroblocks that were lost in transmission.

26. The apparatus of Claim 25, wherein error control comprises at least one of (a)

restricting a motion estimation search range so that a damaged part will not be used as a
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20. The apparatus of C aim 18, wherein the

instructions are further configured to: after encoding
wa@2dorama3of vi deo data and before encodi ng a nROT/USANE060141

of video data, query the MAC | ayer to determ ne

whet her the MAC | ayer received a NAK; and if the MAC

| ayer received a NAK, performerror control. 21. The

apparatus of Claim 18, wherein the instructions are

furth con ured to.infor pa ke onsol i dat i on
prediifiofio |mt(¢’e¢? CHotasHEd Sractahiogle o gncropigeks, and (0)
usm%ﬂﬁ%réﬁt%%fe@émﬂfﬁinﬁ@s]f& cqat&a&urimtd?@mbeﬁ. ructions are
urther configured to, if the received NAK is
associated wth a packet that contains video data,

27. 1 nfige %ﬁalﬁﬁg'o? dlélﬁkl@rvﬁie?&ﬁlthé %H@es%@l Fmpriies a code

recei ved NAK. ﬁﬂaratus of Caim22, wherein
divigigrenjudfiple &e@qsaﬁgo%}%Em AR DagAPTEizsdR e asiae Ae(GRMA 2000

1x BV RBLRyaesgicont ai ns a packet that experienced an
error in transn133|on 24. The apparatus of Caim 18,

wherein the instructions are further configured to

in i Yolo
28. | " RE TR B ABRRl A R BLER. (R o OB P B AREARCTh ildeband
codmrseqmnmheolﬁ: aeresLCOV COM A Hagl BpedicdplignPicinat Adcesn(HSUPA)
chadiBi Ntain a map between Internet protocol (TP) packets

and macrobl ocks of video data; after determ ning which

I P packet cont ai ns data that mas l ost in transm ssion

us t onyert ket into nacraobl acks

¢ St Ofg TR0 LSO el o B oy STRE L IR AC
nwﬁhosonsammﬂgaﬁﬁnDSS|on, and perforn1error control for

| ost in transm ssion. 26.

Kk
Thgngp% F%@a%Pt V%#%f “ wherein error contro

c orfpioh a@@olaett withaiht eﬁdit&iedfﬁrétaﬁarﬁe of videb idag; a notion
estlnatt range. so t damaged part I

rch
not™ 3, YPY @‘eﬁiﬁf%ﬁ ac‘t’FS]ﬁSS% PriPrAR-2C6He "E6 I e at ed
ga??ﬁhb @ﬁ&aiuf?@d bé@h@?ﬁﬂd ag?aas:mb: m&méawﬁettl@ﬁ a hh%Eﬁﬂn
ifferent reference frames for co-located macrohl ocks.
aceesyconffRl %éﬁ} RYESTeTived apagatye A ledesment mééf)efg%m the
accBbadmRIkconpri ses a code division nultiple access 2000
I x Evol ution Data Optim zed Revision A (CDMA2000 I x

Ev-dotsrméne whetbehastceived NARds apogiofndiyithp pepkgt that gontains
videdhRELiangt he wirel ess channel conprises a w deband

if the received NAK is associated with a packet that contains video data, then

perform error control.
30. The apparatus of Claim 29, wherein determining whether a medium access
control (MAC) layer received a negative acknowledgement (NAK) from the access

network comprises checking whether a flag is set in a radio link protocol (RLP) module.

31.  The apparatus of Claim 29, the instructions being further configured to inform
an application layer of the received NAK.

32. The apparatus of Claim 29, the instructions being further configured to inform a

video encoder of the received NAK.
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code division nultiple access (WCDVA) Hi gh Speed
Upl i nk Packet Access (HSUPA) channel. 29. An apparatus
W@ oup0iEBhg a machi ne-readabl e nenory st ori ng BCEHEE2008/060141
i nstructions configured to: encode a first franme of
vi deo data; forma packet with the encoded first frane
of video data; transmt the packet across a wreless
channel to an access network; before encoding a second
fr of vide ta, determ ne whet he medi_ um access
33. ¢ oﬁ"gg appatrm@f)? pi%igq, QQ,éI&%}r\ggactg)qs‘ é)ﬁgllgl I{bgger configured to set a one-
bit fRgkNaWMEE %@ﬁ%wé&lﬁ@, R BuldYD iaeeRIhO BAMO N er received a
dgternine whet her t eI?eceived NAK is associéﬁed with
A]Erpacket that contains video data; and if the received
NAK i s associated with a packet that contains video
data, then performerror control. 30. The apparatus of
34. g dibgrepeerapys of SlHmya.rherein sEronpeR Y commFises eipast eraef (2)

| YEhn T8GRIV EH ifc ' intra-
ool §8lsclMiGla @4 in i3SIy ) iRrDREY potEontage of intra-coded

mac ol (hesing adramprebatere the fird drame ases rojfererce fagmetion

estixjrzxétmﬁ.pro_t ocol (RLP) nodule. 31. The apparatus of Caim
9, the instructions being further configured to
informan application |layer of the received NAK 32.

Th . im29, the instructions being
5. RN Slgly

furt o informa video encoder of the
r e eeiidadcnodc3®nfigheeddp gacatcuddaf da@hai m 29, t he

instructioQn i rther nfiqur 0..S a..opehj
11 Sghiiile SR ek e L S B AR daboca
t heidddCaksgyer received a NAK. 34. The apparatus of

0 S 00 P e SRR PS5y o

accespaste@sk,ngdgey meaivaganafiuinnictds conteel (MACH Myetsgatiaad
INCNTEC T T

wherein the module is configured to determine whether the received NAK is
associated with a packet that contains video data and determine which IP packet
contains data that was lost in transmission; and

if the received NAK is associated with a packet that contains video data, the

video encoder is configured to perform error control.

36. An apparatus comprising:

a video encoder configured to encode a first frame of video data;

a first module configured to form a packet with the encoded first frame of video
data,

a transceiver configured to (a) transmit the packet across a wireless channel to an
acccess nctwork and (b) reccive a medium access control (MAC) laycr negative
acknowledgement (NAK) from the access network;

before encoding a second frame of video data, a second module configured to
determine whether the MAC layer received a NAK from the access network and
determine whether the received NAK is associated with a packet that contains video

data; and
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35. An apparatus conprising: a video encoder
configured to encode video data; a nodul e configured

wa eoof70s8188N | nt er net protocol (IP) packet w t hP€T1ES2006/060141
encoded vi deo data; a transceiver configured to (a)
transmt the packet across a wireless channel to an
access network, and (b) receive a nedi um access
control (MAC) | ayer negative acknow edgenent ( NAK)
fromthe access network; wherein the nodule |s

, l .
corff U €am ol eder fPR BB EHBF LT B ARS fogeived NAK
is asA&SEMA6H JM Ycks: tBatiiabs Vidasd dg@nt ai ns vi deo data and
determ ne which I P packet contains data that was | ost
in transmssion; and if the received NAK i s associ at ed
with a packet that contains video data, the video
encoder is configured to performerror control. 36. An
apparatus conprising: a video encoder configured to
encode a first frane of video data; a first nodule
configured to forma packet with the encoded first
frame of video data; a transceiver configured to (a)
transmt the packet across a wireless channel to an
access network and (b) receive a nmedi um access control
(MAC) | ayer negative acknow edgenent (NAK) fromthe
access network; before encoding a second frane of
vi deo data, a second nodul e configured to determ ne
whet her the MAC | ayer received a NAK fromthe access
networ k and determ ne whether the received NAK is
associ ated with a packet that contains video data;
andan error control nodule configured to performerror
control if the received NAK ated with a packet that
contai ns video dat a.
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