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FAST CHANNEL ZAPPI NG AND HI GH QUALI TY STREAM NG
PROTECTI ON OVER A BROADCAST CHANNEL [ 0001] This
wap@bilgEns ons cl ains the benefit of U S. Provi BEDO82009/043184
Application No. 61/051, 325 entitled "Fast Channe
Zapping and Hi gh Quality Stream ng Protection over a
Broadcast Channel" flled on May 7, 2008 FIELD OF THE
) IND DK & h atPROTECTION OVER
stream ng and obj ec ' In.general and in
particular to str “h Fec ivery over |ess
[0001] elIlh@JJAp@h@Jima elaﬁnyﬁierwnaﬁféfupsm@bﬁﬁﬁlat nﬁﬁ/%ﬁbﬁ Ny. /051,325
the delivered stream BACKGROUND OF THE | NVENTI ON
entltle[dO@‘ @%]Chatmeﬂ deppiae one HighRuality rdeping FrotesBers pyiara Broadcast
ngdi n ] data, typically audio and/or video
Chmnﬁgﬁg’%%P ezq@ngr types of data such a telenetric
data, over a channel. One prinmary concern is to ensure

that the quality of the deljver reamis high, for
exanpl e that all gﬂﬂﬂB§L¥§EﬁﬁﬁQﬁ§iigﬂ§al stream dat a
[0002 S T‘ﬂ@tph eg{i/th dnof} r{l&t‘é?iovﬁfea g;%d dgéecrt BEBYYF [Sgen@fal and in

€0 qua Ity of the at a recel ver
part1c1dar @ stretmoig and objeceddiviesy dnegless F@mbé)@:hamheés uditeFEC to protect

channel er ich the stream ng data is delivered may

thetuﬂ“ﬂ%&“%%%ﬁFﬁﬁgpﬁerl|abIe e.g., parts of the data
are lost or corrupted in transmi ssion. Thus often it
is the case that ot her measures need to be taken to

over cone del i VAAGKEEPENR OFHE INVENTION achi eve a
o UL DS P LU RD B ity o

and/orstid&@adata B@tralmml tepatofidar spbly stdahetkiayleta, dver prohb@ed. One

agai nst packet corrup n o[ at the | ink, trans ort or
prlmara/pcmnp%fatl$ rPrearzdhatits %H@g‘%%{ tha&s iYRed FEaRic highs for example that

all or anecrf tﬁ@&?%ﬁﬁ% e laddss Helkvgefx 5@}0&% s& ocf\rxlec%ﬁ\ye% SPhat the

etrans ost or corrupte ata for exanple a
video haiky béiherplayeoutain s mcssiconr psatodemkivers iahighp flor ezdample, the

| ayer re nsm ssi o coI 0004] .Anot her pr.i ppr
channg/GEE 1N B h TG Ot i 2y it SoPBIE S L. pares
of the HR@ aRRNNGr BfrupledBn trhndnAK8n.t Phisd Gt iBRANY &ie tha¥ bPmeasures

streamfromthe tine an end user first requests to

need tg bataken te pyargomb delivede deggadasiamin ordet t@eacamyg athiglf qualigedelivery,
where{ tsutcﬁlkeS IFII‘(C)S rsnggﬁ)nc uc%\%e %%pehcg {04 ﬁ}ﬂ% ﬁ'l ozltgr %’?anta sgeam for

new vid rea rlggere

exampleaBs bhysTé’iil &y@ﬂi@%ﬂbte@ﬁc agfa[rfﬁEpac&eIchcﬁ'ﬁl@tlbﬁﬁﬁﬁtrtB@hﬁlo tﬂﬁsport or
the channel zapping tinme. Typically, the smaller the

applicatieinlaser t2 apprHgetinpackd losst (Bheripraswicy inghide using a
retranﬁéigﬁg Qﬁg@?@qe&%}ﬁ shif 136 &[&ro?ruﬁ%h :ﬂgﬁl rteQEmpIe a link layer

vera ser or exa ten YEQUIFE nt
retrandrhdtioh pertedvdonan amﬂmaﬂ1<nglayemtriﬂSHﬁ$1(ﬁnpiotocalS possi bl e,
e.g., under 1 second.

[0004] Another primary concern when designing such a system is for example the amount
of time it takes to start showing a video stream from the time an end user first requests to start
viewing the video stream, or the amount of time it takes to stop showing a current video
stream and start showing a new video stream triggered by a user request. This amount of
time is often referred to as the channel zapping time. Typically, the smaller the channel

zapping time the better the end user experience and thus the more valuable the overall
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[0005] It is often possible to achieve such channe
zapping tinmes and high quality streamdelivery when

wo b@ogasrenns are delivered over highly reliabl BCT/US2009/043184
channels with no backchannel, or when the streans are

delivered over |less reliable channels and .when there
servicq. sFog epamRIenE Aniten ygauiEepens ha %%Bn?l éaﬂé%% time be as small as

poss1bf E%aﬂﬁgérqs§eg5h f lost data, but it is often a
lenge to achi eve such channel zapping tinmes when

st Siheem s, Selbrered ove L ess el able Shennels
delivery8lheatht httréémsaeﬁlg déinet&pslet h?ghl&sl%h%le %E&uﬁls@hﬁh R€backchannel, or

ppropriate. [0006] Recentl é it has becone conmon
when tpc aleangseart delwm@i @J@tr lass raligblRRbapradeand wherptheltees;@ bagkchgnnel

s 0 AR R oL OESCURERT 0GR TR

such cRitfheVdpBlRIEnAal NG tks sidiehar@dlelih@se oSéradacltibtechabyels and
groups such as 3GPP, 3GPP2 and DVB, the _source stream

when 4 b,aoaﬂ ca@@@l isnab tybe kesddo ashange rediahding ead inptesd thgngrs of FEC
and thus the packets are used to carry the
rFreamin the order it is generated or nade

ailable to receivers. In a typical_ appli

[00061F5&e%e@&§sﬂ hes bacems 09%&1 RIRCUCIn PRYLT UpiRg %%EIGOQ%EO Ti s
proteciSEE iR af ﬂ‘% ﬁg&%htd'uﬂﬂ brah GR&dion. PAGER kSt ToRerl c‘REﬂ rgs't\%’tlk

source packets conta nlng the source strea t hese
exampl e |wh1q:}amkhatis tedweertdt enp winstass yetivosts snble as @osn sialdardlzed by

S ei.ved repair pac| ket can

woupd ek & 08P 1R HareD TR utre R Remes Vb mf phekels 8
generaB@CkShate VA Ahd RATRE fiokelstard SseB QS 8irky Melsb@ce stream in the

partial packet ‘loss occurs, i.e., receivers nmay | ose
order ip Brgeserafedapr paask avaikthild © rc@emeeirsu hp opivel applicatsongif FH{aeodes to

h I
e G357 AP P AT E BRI 0 SRl i

sourceQfackas§ tdhihdhgltBS ouseiNieampatkeese replir p@dke@;tﬂaeé the property that
exanpl es, other types of corruption can qQccur to

when spuigge mﬁkq loss ageurs yegeired reffainpacketpagn brausedite, Efé:averéhqjdata

cons 48 PSS e L ESREE, i ke o

occursf Eﬁpheeé1ye1@fmdyhesespnﬂsaﬂ a@aclka&&&nlelreneMMg pthex parfsl et shat tpheket,

source stream. ot necessarily.,sent in discrete
and thiEBES CXBIPIP NP LT HE ol S FORITERAEHY G ted to recover
= T r
ool GBI ol Sphan LARRALTRALBIS UK. SAATBRgn con
occur & thosemtda@t e. gamluszeeﬁblswmﬂmpdégnéﬁ@smpalr paskoin may be used
des, f or error and .erasure correct.
0 corggaioh RSN 200 STEVEC PGl T BB (b urce packets.

In othér‘%&aﬁxﬁﬁﬁ}’ﬂh@ solR8€ i‘t%anﬂ@tn@t H&%Mﬁgﬁsenﬁld/\zﬁbdreﬂé RaYMets, but instead
ficient inplementation of Reed-Sol onon codes is to

Hmyb@§@ﬁ@auwhmnbﬂ$%m@wﬁWﬁﬁdétﬁﬁ@ﬁlces as described in L.
Ri zzo, "Effective Erasure Codes for Reliable Conputer

[0007]CO Tmbhréla@@hqlazz eRimjlecol BEC céapaphdtenn boussdrb gadvidprotection of a
2

might %e ﬁl?prg z%q

Revi ew, 27 24-36( Apri | 1997) (herelnafter "Ri zzo")
sourceggigay. Rzled mon\godga preal kfF@W%éﬂdﬁS Q\VlenPQélaBCil figRyre cpfrection in

communication systems. For erasure correction over, for example, packet data networks, a
well-known efficient implementation of Reed-Solomon codes is to use Cauchy or
Vandermonde matrices as described in L. Rizzo, “Effective Erasure Codes for Reliable

Computer Communication Protocols”, Computer Communication Review, 27(2):24-36
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Luby, D. Zuckerman, "An XOR-Based Erasure-Resilient
Codi ng Schene", Technical Report TR-95-48,

wo ndoensEdd onal Conputer Sci ence | nst itute, Berkel/@y2009/043184
California (1995) (hereinafter "XOR-Reed- Sol onon” )

er exanpl es _of FEC codes inclu L ode
(April 193E) (157 oisE SRae Ik DGeagS bR aee Ko i, M.

t hebh 3017 1R
Luby, %er e%%?er ?gf/gb%%dﬂrhﬂlryilgsﬂlgﬁb(ﬁéﬁx ée\gc st T ecﬁﬁlza eport
TR-95NER, 1260131106 8dhdufdt Scenpaissute, Bediel g, ICahfornia) (,1995) (heremafter

xR ARG Y Hratafp s EPERRAE SR ST B, s Shbigeacon
codes gﬁlf m¥R{- !stﬁgg Sha reRESHT REQIREL £adeR d%%@n%@%ﬁ U. @%ténﬂ No.
Rizzo" and "XOR- Reed- Sol'onbn™. In these exanpl e

6,307 éi&?:ﬁdremgaﬁes “hplp I”édnd)hlo% PabtisliediPatent doprNe ?&Qa/ﬂﬂé&%ﬁ&
RN AU N NN T

CPU resour ces avallable this may take considerabl e
[0008} i %ample@ @ﬁﬁneéiE& decelmginyecesplor warianingf Reask Selpmen codes are

descrlg'% z%y cli] EXQ%}(R? d §oltogj‘€3ur t Céﬁese[egiglg]%l daebﬁg?‘% I applied

Xppli Cati ofs, S are er su
once s&ﬁﬂﬂikﬁit Smﬁﬁe s &balt dexa phtkew Inse $sen feceippd.i Bk dedodingipodeess may

can have any size, but often the size of a s nﬁgl,ls
be comaputptinpplly finsiyerndndensndias op the\ePHgesaurces %ﬂé fhigmay take
considMbfithe E&?Ponzl?(lg@%egartﬁg?ﬁfﬂe% Bhﬁ‘m@ @gﬁﬁiﬂe@g leOgkaib tﬁ?the

source sy e synmbol s generate durlng
block.FEC process the "encodi ng synbol s." For sone FEC
codes, notably Reed-Sol onon codes, the encodi ng and

[0009de @xpﬁiﬂaﬂﬁ af);BHE%tl&'lso ﬁ@akbﬁ&&@ﬁﬁih@ﬁéuba&vfdés iR Fp@bole fon which the
encodi ng synb ger source bl ock grows. us

FEC ppocgst iis @epllftdwe‘k eyhBolsfan daveaanyusirse bulbefiandhe sizg ofa 2&515b01 @hat most

g M b T
block fleas@ecé Bfrabals, P hed aﬁtsyﬁ@@kegenaawdmﬁag it BEG @fﬁﬁb;tsmis
encO{slaces a ractlcalfg?per bound on the maxi num | en

Ag syebelfc olierrgmefFRL sesigs cwtahilp Bred-golgmon; qodes, ﬁ&c%é?dmg and

decodfi rigeagmkx% n%r §§1 %ﬂ%@ﬁ%??ﬁ&%%@y@%ﬁ%&ﬂ%ﬁ SARYY Gk grows.

Thus, &l practide, thetd is @ftam atippgdr boand)@. o2 Shen giezetabhurhbe of encodlng
source block itself if gg@hks nmbol is sent

symbala{hat eanebepeariated Hep Bt 196¢ SHRIRIS e affeB pltgecdgp gifferent
packe‘%ﬂh?ldgﬁscﬂﬁp tﬂﬁ’es chgggy%'u@ﬂ elbéd?fﬁh%n‘?ﬁe fakignumh Eéﬁg{h on the

treamthat 1Is ent spread over a arge per|0
encodinfg dfiarseyrcs bhek, app ifya mkﬁ&@/b@d iy novse il 024 loydkssthorf anjencaded

t t t ]
o5 B 5 B RGN Bl B 2SR Bn
the sd@%ﬁ‘ Y ubeeBHIEANORH iB&ach Efmﬁgldils RéntqN 8 kepthrite backef. data

is sent over a smaller interval of tinme. This is

[()01()f3 ailél §ﬁ8?n§$§fr@§i%33 %ﬁlﬂg R4 B ﬁar ac% gcfr: %%%nd (tleco 1ng%r h' dA ?ts ‘89 data
within 4 it@ahh thet i9Serlt @gieadi Butdiies b Sarg® péritRy & tirﬁe Isidce layplymgkIEC coding

short perlods of tinme when the channel characteristics
over bégcgs afiéaa st isesent over a larger interval of time generally provides better
protection to the stream for the same bandwidth overhead as FEC coding over blocks of data
that is sent over a smaller interval of time. This is because many channels are subject to time

correlated loss and/or corruption characteristics, e.g., data is likely to be lost in bursts, or
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than they are over other short intervals of tine.

[0011] A challenge with using FEC encoding applied to
whb@oks77e3 data that is sent spread out over arPCHUSEN9/043184

interval of tinme is that this can adversely affect the

channel zapping. tine. For exanple, at the receiver a
there ighEEK to b AHTbBRiPdaAT arrwayheaﬁﬁ Bhsaheliharecsrivacors pych worse
than tiie %9&’8\5&%@@1%2% &Yal0Wt i@t er enough data for the

entire blo een recelved. Thus, if the block of
E ded data i t | i |  of
oo11{ TR e BT DhoBia oitionds Myn 8 G BeeGospipread
out ovBt Hhredr GRARE] NEmERLARARE RN AGRIRYY Afcdt AR BRMRS LM EnPfime.

short™ channel zapping tinme while at the sane tine
For exgmpth, aigtha résketisk a biockBCertndod data daayaondy be akle tabghly recovered

interval of ti IS to order,t data in.su a

and plpfE RheniinobtfTisa orkfe SHEE et alRodh G, et blockc of

FEC eh&stRl dafii9Edmbberdilhtset nt&@MtofftiniSthed MRNGabite zifefing time may be
encoded data. For exanple, U S. Patent Application

unaccegialily hjghp3 391, titled "Forward Error Correcting (FEC)
Codi ng and Streanmi ng" (hereinafter "FEC Stream ng"),

[Oﬁlz}ém Oab nigshddme agtaedhe thehdjetine HOshoad dhapuel pagEsg time while at the
escri bes nmet hods for sending FEC repair data before

same P sdingsa Bloely pf BEG snpeded tsl@@ngf?r 2 i?égf‘gag)tewafe;aﬁnﬁa igfo order the

data i @R Ey thet tfn@ isf’iﬁgﬁ)rt@ﬂﬂ' datPR sgﬁt 158808 1ER HRSRtahPlata is sent
the source block and start sending it for exanple to a

first ammeunly the FlESyercofled dgh.aleroaxample .5 fPatdre AppbieatioarNg.b1/483,391,

X rthe streamin the m ddl f the_sour.ce, hl ock,. th

tited TN GG CiHgs (Coh e FRoSTg0nS) DarRdner TEC

Streanﬁﬁgg,eﬁzﬁichsts R offotitél K&eihT6r AMPMPbscRSf dEHIMR PhethQRBIYYN $B8ing
used by header data that is used to identify the

FEC remindsita briors sourdgalatadnt a squicgblael. dherebipaltnaving atreceiver to receive a

. gepgral | verhead that,negatively ippacts the amunt ..
porcof P Shinty INEHATAL SSUSE RERRM YEirbh RO o fafi dihpa
playere¥apipy-out éven4f g resiel jdigatie sirekah én tieenid8R G tie source block, thus

. identify each 100 bytes of actual data then the header
minimizipg pleageli Z8PpIngitgRa- f i cant 4% It is desirable to
m nimze the header overhead as nuch as possi bl e,
[0013 pamibthee adrdcyrif idto htimisd the amongt @ivdamiz)] essbuted used by header

applicatians, but nore generally for any data, deliver
data (iG] 5 e 1o iRy GeLagVANAAE T B et Jréaengr@g» h@??fod@& is generilly
overhd LA S8 E:1VRNinHRPRNRL Mol 3k lc%a'cﬁy\’tlﬁl_t i Shiigiakdrid¥livering data.

streamto be delivered over ess yellable channel s
For exampte, Bachkytehafihrede datacaraosedisedentidy eavhaidddytasloif agtindli daga then

en _short. channgl [ i re. requi .
the hefiONTIDGEY i3t P L Aol RAGHPLE e B Beadergpaigad as
much bEYRkibRE speifically fbd Both b@fangx@ bRl 6bjb&arkBler9\uBpR@EdSs, B0fmore
FEC oveheads, is also of paranmount inportance. BRI EF

generafjiyNivy dara deliverNyEBNTAEN- [ 0015] Enbodi nent's present

novel mnethods and processes for sending and receiving
[0014] What is desired are methods, processes and apparatus that allow a high quality

stream to be delivered over less reliable channels when back channels are not used to enhance
reliability when short channel zapping times are required. Minimization of physical
resources to achieve a given level of reliability, for example header overheads and FEC

oveheads, is also of paramount importance.
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stream ng data over a channel using FEC codes to

provide high quality delivery and to permt short
waeb@ongi7ozappi ng times. Novel signaling net hodBCHIS2009/043184

descri bed that mnimze the header overheads needed in
]no and obj ect delivery.

Novel arrangemdwis o Sendix izl e 3 g streans
r ..
o015, 2 Shp RSl ey d R T8 ekl vt i Pcsring

streamihg tatpoost achaand) ekingFR(hdetes tapdivitg hadh quadityndelivery anddo permit
advant ages aof the present. i nvention., BRIL.EE DESCRI PTI
short ehannelzappas NG {Jemlf}gn@fl@g methods grelegeribet g e fpe
def HE ALddRAh SURLATSRECHF JotGtanPReng BBRE dBREryONovel
heaet e present ?nventﬁ%ﬁ% [0018] ng. ZQLS a‘%ramﬁhgnp ove
arrangerenis|df sgrding driieprowaiponsraasisafe alec désgabed. at ency for a
known system [0019] Fig. 3 is a draw ng exenplifying
[0016} NETHE FTMRNBR HENED AQEAPNET tobdtheN&ith WMeeRchifaryaadrawings will
_synbols are sent before the correspondi ng source |
provideymitaties uidessiandingeof thyagtuee andgpdiantages of fleazesenfinyentipn; g
a block diagramillustrating how an enbodi nent nay
prioritize data into sub-blocks and map t he sub-bl ocks
into a pri orBRIBFEOESERAP TION OFETHE [MRWINEIS). 5 is a

bl ock diagramjllustrating how an enbodi nenf nay ma .
10017k y g 1ge Rg’lqcﬁtdéa%ﬁ?éﬁf éépmwtlsv%%ﬂ%?%%ewg%mﬁﬁlﬁﬁg}?@dlmem

[ : WR- bl ocks into each physical |ayer block.
Ofthe[pg%g%lﬂlﬁ%g 6 is a block diagramillustrating how an

odi_ment, may map sub-cl ocks into, physical . |layer
(00185 33k S ACrE 18 CSHmaN Vi oo ek G dor a known
Syﬁaﬂapped to each physical |ayer block and in which
sub- bl ocks are split sometines across physical |ayer

| Qcks,. . .
oo 545 R ER, PR B L S 3 ec

repairfs@ibsisGi@senhBefofeeths eadéspandihg Seurte synbadc Remwiliibh they are
mul ti pl e physical |ayer blocks, for both stream ng and
genergpj ect del i very applications. These signaling nethods
conprise nmethods that use mnimal additional overhead,
[0020andFig.r4 is arbockakagamadllasteting Adw an@niogimadnt imaty gurlogigive data into
source, bl ocks within a physi.cal |ayer block, signalin
sub-bleglys & eél"'é'bi(@;k%\f%%l Qtp opﬂéedssg}}%flgg 05466'0 ks fr gm °
whi ch t heyare generated, and signal ed sendi ng and )
[0021] ndiig&ht is erdoafdiggramrilledtragidg Hawanfeorbod uend endy| raark sib-clocks into

.Addi tional nethods are descrjbed . fqgr .organi zin
physiceh et 60k BRHLOL PP AL RGP b Erelikn BloFRR BhfieBRer lock
the quali t% of delivered streans, while mnimzing or |
[0022] ngdiig\6 i8¢ tlork diegsamd!lasisting how aearhedimens seayrpassBndocks into

physicga? ‘faeyie}/ 5loc PO e B %Sllﬂarl %%%uﬂ@c%dsﬁg—'block data is mapped to each physical

layer block and in which sub-blocks are split sometimes across physical layer blocks.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Embodiments described herein provide for novel methods for signaling the sending
of source blocks within multiple physical layer blocks, for both streaming and object delivery
applications. These signaling methods comprise methods that use minimal additional
overhead, and in some cases no overhead, to signal interleaved source blocks within a

physical layer block, signaling how symbols are related to the source blocks from which they
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[0024] Hereafter, the network carrying data is assuned
to be packet-based in order to sinplify the
walemensvi ons herein, with the recognition thaPCDN82009/043184
skilled in the art can easily see how the processes
and net hods described herein can be applied_to other
are geneypied; aofl stanaled sendingrnchiaigavions of peirriiacdedib for senee blocks.
..-Di t- e t : t :
Addi G R R YRy LRl g SO A SIE R SPRR, mors chamncls
that inlpe&ie thaghlay ofladlvvevddtdrieampactils iminimizimglarintpoodngrihkineyded
the descriptions herein, with the recognition that one
amoung Rf shapgeli rasquEess apd 1eCaTY SRR FryF e LECE &ﬁ?‘?eﬂe processes
and net hods descri bed herein can be applied to other
[0024]t yHeseafiér, datretwordramysgidatn is assunptiito he padkist-based in order to

. hit-flips,. [00258] Fig,, 1 is a.block diagram of .
smpli BB AP S EE IS rEa P g casly se
how t}f% bQses lald GRIANIS IRk ibeM RersiSda8Me HaPlicdd diiR Wpek iof Bansmission

1, or an input stream 105, is provided to an input
networky Ishdi asgentnatus bitist@am|nepuerksy Hisrsafterethe FEEoodgsige assumed to

providg %g?ecéﬁ%to%fag%]ln%elgf %%%eetso (f)r l(())_s )epa?TEaé %{aﬁ»\éﬂ}?ﬁ g%(ika/s:fﬁ gkgerr to simplify
the destkipBa8 hatéih hwiRRate refpaltichtiRIneRRNIcB dn the\apd da@ casity see how the
position (denoted in Fig. 1 as a ?arenthesize

. -1 g . d .

procesfestangangthodsiiesqsihed ihstedn Gan heeapplied tq ofper tyBSHAS R, transgission

1.ts alhphabeg. is typically an al phabet of 2M synbol s,
COHUP@8“F%%EBg%b]pﬁnput synbol codes for Mbits of the

ingut file, The valug of Mis generally %ehernin d.by .
[0025); héig,d ds pploch dingme i # somEyatcationsay SRt dhgdie glain reaction

i o &Y hAIGhY ISYODBL a® I8t $tRBHE 1059%s provided

COdm%p H%&tg ﬁl%/\ér%b%ﬁ%g%eﬁes%g% é?@%lll%@cg%t hat "M gar?%) be vari ed S provice
to an ifipwisymbel gametasa.11Thdnpuspubolgentmput! 18 getrshtesye prsjuanesyof one or

110 is proyide encoder 115, 026]. Key . .
more 40 SRR AT G508, P HE) okl BR S e o
symbdl Bafifig 9ARENE pRYitibh epBRAdE 'Fi% 135 afacdhikeeived tteger). The

generat ed according to one of the methods describgd in
possiblanjuds for inpnt Shloksol-¢-afis alphatst, 1&@@1@8%3@53@%&@&2@

that insures th [ 1 on
hat s il PROTG 0Pl S At B P e B Ty goneraly
detern@in&d BEMENRE 6f cith@lugicatidiedybem 100 putd gengend etugposdsysiem might

hi s or another key generator. For_ exanpl

: t e, key .

includg grszmiebnzeppuinay pyEsYANRY EBIsIaeT SH ¥ e C&B@ﬁ yerig frgm use
c is r

oo UL gt figp R SPAGHE AR O LIs ol Bttoler
key., The out of ke enerator 120 is ovided to

00261y s eenerasr Ff?fﬁ] EBHeFFS BRaBK S PRU YRR} @ Regiherated by the

encod&tt %1%"?‘ R0 kBPR defi@hicANLcorlig t8 She OF thé @YhdmYle8itet X@Tuby I or
and reused again for each bl ock of data in a

in Shoktalkhid, [0 6257 orfparable asthddghat inprresvthefierllabge sz@yion of the keys

enperat or 120, coder 11 ener ates an out put I
generqld for QU a BT of PoRh PR Hpte G hior SpPabnei y are
generdt&Eby THX6r MBIRP ke D 8ARFASOFor ERAMYIR! i RheR@EN20wWulse a

synbol is generated based on its key and o

and _on sone
combihatiwt ¢fghe oftpuine asounisr 42fa urhigus siisam idgatiist 430, aafior fhegputput
of a ratngorlglegregérgto%% 35 I{]oepr%lc’ittupeuetacﬁ Xg;[}) C)Jl'heS outBﬁtsoqcﬂewgglgerétgp 0 is provided

to encoder 115. In other examples, for example some streaming applications, the set of keys

Symbols, so

may be fixed and reused again for each block of data in a stream.
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synbol s" or just its "associates". Typically, but not

al ways, Mis the sane for input synbols and out put
waewaBzpsi . e., they both code for the same nuPQEUSIING/043184

bits. [0028] In sone enbodi nents, the nunber K of

I nput synbols Is .used by the encoder t | ect the
[0027]ys Em sgcdskey L iroYided Byt konsimpraf g 1§§ er 14 g ehngraeh A puput
r
symbdi %ﬂtg Rihe ?SI) afréﬁeq étﬁ]@fﬁgﬁ{‘%n%ogﬁtagﬁég R? ngﬁ?ﬁﬁa‘ttsg%el generator.
The valad uf‘eeats’.h nutgplut syahtsd ihgenasxl Hapedorc osikey drtiSon son functiment one or

oo SR ) Lk DRy SIS
symbcﬁ@%l st %@a§s§01§t|e§0 Wﬁé@ll@eﬁlttﬂé?allﬁ%&s N1 i RaBb &R input symbols

output synbol fromthe kéy generator 120. Transmt
and outpd symbalgOi.a. ,rtaﬁﬁsmthswdmﬁ)rdm faate o pEbitand dependi ng
on the keying nethod used, transmt nodule 140 ni ght
[0028R! HPsdnh@AEPddimSARENE ﬁhﬁhbé{bIQ WF idpueskedds BfustdBy the encoder to
transmtted output synbol s, over a channe] 145 to a
select thecssoréaterpdiiKes ngolmooaﬁlamr@évarmaw% ag wdgieehe Inpubis agream and K
can Vagi faieén gg&ﬁ%n(%k’ 1nkfl$et st}ela&t K c?anrb%guﬁ ah %?(ﬂhgt%ngﬂé \’\//%185 iK might
per operat on commni cat1 on system 100. ul es
also bélé&d bl4ncedd 1150 slitatestanye Hu trtp@bh;&nﬂsr&s.dwar e
conponents, software conponents, physical nedia, or
[0029]i‘ngn$&fgp papid 3&165 REERPEyMIRAS 1o Parfif HBMREN 50 MPHMERit module
40 1's to transmt output synmbols and any
140 is rahsedae@iwdlai the &bypof eachsiich &gyt symbohfinmehe ke&bgamhtor 120.

receiyv ule 150 is a to cei | s. and
Transtgf s Ty PG di S UEPE e et BT gmethod
used, t%ﬁmttﬂh@dtﬁ@hh‘@nﬁ%ht Kisoltfan4S R Aoin@ ddRIBOH RE kENOS the transmitted
associ ates, can be sent over channel 145, or it ma

be
outpuisambalearErafchanIeb |6y (aigreseivemodsie kife channd 185 nepsimed to be
an era%%golgaéilnellg gt 1O %g a %ﬁﬂ*?rﬁ?notu %pr%ﬁ& qkf)%{aglroﬁ Z)? coﬁltnltrl?ucatlon

systenDI @R AvBE]eS IHIK 1f45 QA a50 edredd ﬁ"lyCHillthtbla IhSlfdiIV\tahEdSorﬁlﬁbrﬁnts software
tel evision recipient or_a tel ephone connection
compangBtspRiivisical Bedinoisy combinatgn Hisreof 439 leng aftﬂéaf&f@t %‘P‘é‘&% 140is

adapte%qg%ﬁimﬂ %ﬁ)ﬂt ﬂ/ﬁ‘?tﬁ)iscgid%qglneg&%kd qj{)é%%t th@ﬁ@eﬁé {fohaffie f1 145 and

ht even conbi hation o
receive amldulel I8 ic hdapiel toaadtia Wqujm&mnelly sEUE ﬂataab(aut thelr keys

o 08001 SLTEE MOEY 00 FerBORPOTE LS 0 LORCL L1l
channarlgx' geg m(a& %E’)setoa\h%ﬁd & t‘irﬁ& 151 lagﬂ'égmlehtrtﬁ” enb&ifer il ‘I‘P hd 8ddoBer 155.

I's stored on a server and i s subsequently

s 5B SRR Sk 1y PRSI oL o

broad &QNAK Y&t tBIRSisFnSREMEARD taTh eidvisieh rdegpiahloe a&&e;ﬁﬁﬁb' @Bnnection
that the relative order of any two or nore packets is

from cpxeeo@gﬁ\v@@tnqthert orghannel 1P sarybe & Hgrgs|chans), StrﬁbaSea ©PeROM, disk
drive, W&‘) {%y tfhggﬂg 8H5rﬁ1‘é 12 ré4t %Vérisbedg %&‘é%%&% &Sd 1%%1 t?xﬁ? channel

or ot &° déscri ove,

and a §16@QE ﬁladrinbbf solet &ramhﬁﬁﬁbl b&rrﬁd’d&vi&fndﬁfe pefsowttia@imithign input file from
out put synbols exit receive nodule 150. [.0032] Reéglve

a perspRs sp@pq@otomnolmea%% SeRaceRFOBIder §§Hb%te§ atgjeghgigdiggethe mput file
is storedon a%% WVer BENEN subsequently transmitted to a recipient over the Internet.

[0031] Where channel 145 comprises a packet network, communications system 100 might
not be able to assume that the relative order of any two or more packets is preserved in transit

through channel 145. Therefore, the key of the output symbols is determined using one or
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recei ve nodul e 150 recei ves about the keys of these

out put synbols is provided to a key regenerator 160.
waKeyongrgeher at or 160 regenerates the keys for PEEUS2009/043184

recei ved out put synbols and provides these keys to

decoder. 155. Decoder 155 uses the keys. pr.ovi ded
more ¢idfe keting shemsn dessgaechahovi a1 R BeReB AN fdAemiAg g%th&ﬂrder in

whlch§%é-'?§ﬂ)§t sggn 0[5%9(%‘4@561@%08&19@5053/%0' s (again 150,

Decoder 155 prOV|des the recovered

t fi
ouszl, BT IRGLRf pi%é%ﬁﬁ? Ak pFIETI0F Groder danynipay data
recelvginddﬂféultSOSrEEe@@é@a%Q& thé RORIr tHRE Buips L mBbIBRPrévided to a key

stream ng applications, 'source packets form ng the
regenaam t@). nikeli regenaratarm 6 Egsmr@tm thekepofor gt regeived @}rtpluﬁymbds

ur c rce bl ul d
and prg S RheSRNE o eeitrson hasb s T e Ko PR R RV
regen&ﬁtoF M(ﬁtog@t'ﬁ@r WA xRk iR P He QBBR, ©Irasiveethe et symbols
coul d be %gglled |ndependently to these source bl ocks

(agamtIS(QjeI%})al hephi Pegnslek &3 spronigles Hegeeqysted ippigsymepls to an input
wi.th .t r

e el A LIS o RETKEL Bl (RIOTBLECEP | Pt

streanC805.be conti nuously partitioned into source bl ocks as
source packets arrive, and then repair packets are

[0033%?2?@6?1‘: l%gd f&&e&@%ﬁeaﬁﬁfﬁ%{aﬁgﬂaﬁ%ﬁ @g\grg Ff%ketsl ft)rrhfn% the source

mnimze o- end
mediaatddad abysanirgimeseobéctéE@ grovdssialled prreeallbykst dior Iexmplola source

i nteractive streamn licatiaqns, . .and t
block 5?1&5 bF 1SN 4t SPHECGRerh aa%@gaﬁn%ﬁ lfi:%g’ %“E@Sﬂ% FPefpryample a
Reed-BSlostdalrdsial codeebsia b@%%gﬁécﬁln@é&ngﬁit% dhés sbirkt bRcRSto
possi bl e at the sender before bein ent, and al

generaio tapekr packbty tpiire spricogetber with ﬁlesmgnn@é selirer Rackets of dhp source
as |ittle total delay as possible. It is also
bkmk3$é?5pgﬁ e if the rate of the FEC encoded streamis as
snooth as possible, i.e., therejs as little

[0034), oyt sendsr. Bis spursishpan oA bheoHEEowi BRIEH R itnopgredlocks
as soufde ﬁ\tcléétg Aitvel %rtﬁex:\ g );)Q AR dit %@ﬁe’rﬁ d ®r 3B source block and sent.

variabiTrty t exists®In the original source
It is pfferatsato Merdmitsethe kotsl emﬂkesentl delafr B engottie dssof ahcodes,

ban Mﬁdth usage.nore predl able an nimze e.
especi DI T TG YA ISR PRGN BEEr SO b Py E GBS I overal

desigrodf t @F’EC sblution 186 R (RARbEIcABh& et art DO AL & 178Oks pdisible at the
pac for a source block is spread as uniformy as

sendepbrsfsnethemg(me‘r andhell p@rrp@dldmpmr patkl@@tfgr aseureeblock are sent with as

e RO SR L B BSOS Bt s s

smooth®S Pb¥dble, ilef, tRA6 keLdsTitBE Qaridbslity Ak pf)@ﬂﬂé Yrﬂﬂle\ﬂmlerﬁbﬂai Sream
whi ch can be detected and di scar ded, for exanpl e

rate mu@.lwgt BRE is he ekw)ificatinarnf aawammgtysthatfalr@a@n@mté paibe original
sourceﬁ%re& %echagl\égv?serﬂake%gﬁe I\*‘Eé en&g~I d sﬁ'gﬁ'il r?cﬁ&ﬁﬁ% &sag@}ﬁopee

er one or nore o source
predideatK idSminimizes the impact on the network and on other possibly competing

streams. It is also preferable if the data sent in packets for a source block is spread as
uniformly as possible over the period when packets are sent for that source block, since this

provides the best protection against burst losses.

[0035] At the receiver, if packets are lost or received with errors (which can be detected

and discarded, for example, using CRC checks), then, assuming sufficient repair packets have
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[0036] In sone applications, packets are further
sub-di vided into synbols on which the FEC process is
wa@ppbiiettos For sonme FEC codes, notably Reed- Sol BODNS2009/043184
codes, the encoding and decoding tinme grows
i npractical as the nunber of encodi ng synbols per
been regsiyedeths Irenai Rcksis man de st © TPLOVET PRMOTHROG S dre I9gh quree
Qn the total nunmber of encoding synbols that can be
gener ated per source bl ock. Since synbols are

ener al | l aced into different cket. payl cads wh
100361c Babcane dmDCagr: RSO Wjbr b RGOR! EeSmags sty he
FEC pd¥e&dis Qg‘ﬂﬂ% @y ts&ﬁﬁ FRE (9B e R RQA-§416mBR 688t Be @hcRling

source ock and this is al'so of course an upper bound
and deondihp éinsi grews impiacticbay the nombekof dnsedihg syrobd7 perrurce block

many, applications, when protection . is to b rovi de
arows oS I b e R R o] o e a LV can be
generdid ferisSué 8ldck BirdByhiBol8 dMATHNBABY Phack®irf?b BMTedlént packet
protection over a |arger source block size than can be

payloasla pyhen usall 4 yheanpligatian leyes, Sysiletes paragsigeliunper bopindipadhe

. cases, ,Usi shott er. source bl oc n
mainfis GopuED] B P ot SR BT b S e g ppge bound
on theRlRUEShdodvdedgsckatsedl uti on where the source packets
froman individual source block are spread out over

a ' . ' nel ' :
0057, SS9 RSBARg s, OB AT 18 LBy o
or whaothe @iedid dtrebming matck digh, itzad bel hdvalageties te prdadepriotdcton over a

sub-synbol s t hat c%n be pué I nt o consecutj ve Pacﬁgtﬁj h
larger RYTREDIORK sizRHtARSAR PEFYRIOTISE BY CRTBING ORE SHRRC!RST packet. In these
cases, 3]91?1? QhdeG so@le bIRKSIREMER i1 NMNBe RAEENRE Yrom different

erent sub-synbol loss or corruption patterns for a
sourceshylntde| proHidewey @i ytidnrwhaa thecmyes pableateframeinandigidual source block

exhi bjts bursty .or strongl orrelated. corruptio the
ate PGSR QU RE G PTG S OrBRioA SO D E R P 1 TaiE iy
sourcd Blodd 88)ofed: k@hB616 that ab ot fitintd fRkes,| dsvi tHEBFmbols into

littl e degradation of the FEC protection provided when

sub-sypghohgthehgan beatuh o canseertivsPegketrEdsing s mpthogddargersource blocks

this de hption d .
ISR TN S e —
patterhsefo@h BymByIMHYveever, Wy Caves beheaf a eyindlembibits bdswynort sorongly

a single bit). Synbols can be carried over, the dat .
correlgfed GRITRPLOR. 18 RE108 CORKRUPTLIRHBISEMRRIHIERPHFING wwau%gﬁs highly
i Gi kL [ j a3 :
o RSB {4y 5Lty i B B BB Dl B s
when ngihg thps mettodt he synbol |ength, in which case the | ast
synbol in the packet nay be truncated. In this case,
Termih@loot he purposes of FEC coding, this last synbol is
nmplicitly assuned to be padded out with a fixed
FEC godé¢es ern of bits, e.g., zero-valued bits, so that even

hqough thesebits are no rri KN the packet th
0038 o 38 FReBeERRTt P ioFyent e e o ekl B s g peen
broke# $ht@ equal length “symbols”, which can be of any length (down to a single bit).

packe

Symbols can be carried over the data network in packets, with a whole number of symbols
explicitly carried or implied in each packet. In some cases, it is possible that a source packet
is not a multiple of the symbol length, in which case the last symbol in the packet may be
truncated. In this case, for the purposes of FEC coding, this last symbol is implicitly assumed

to be padded out with a fixed pattern of bits, e.g., zero-valued bits, so that even though these
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full synmbol. In other enbodinents, the fixed pattern

of bits can be placed into the packet, thereby
webdoeasi7vel y paddi ng the synbols to a | ength eptBEIUS1009/043184

that of the packet. The size of a synbol can often be

measured in bits, where a synbgl has the size

. 2d | [ > of M
bits arp ppcagmesl ke Biskpohe reseiver e vl il BHs lapt tmsaad eYmbel oo a
S [ i
ful sy R R RUR k. Wl BB St SATRERRLAL B (0ot
therebz 6fdctiveDOpRdinE e FEabae des lengthowsi tdehat fob thegtackanilhg size of a
erein are typically systemati ¢ FEC codes,_.j.€., e
symbod 6g pHeTsYaBEIyesin s Wi v BheIdis e i 1 ad e symbol
is selePRA Frodf ar %lrgh ?Qfdimgyn%ol§.hﬁo§—gﬁ{a%}¢di@t9% AL ohPH148E but
source synbols are transnitted. systemati c FEC code
binarythigrgprérates tHaycm mosoumoeollyeséd.of source synbol s
some nunber of repair synbols, and then the

[0039F° OTRE PR QAePlve LHEI&PYS CEredMthd IRPEN arStyPRAIIP st HREFEC
encodi ng synbols that are sent for the source bl ock.

codes,SenshofourdresyRta]cafdhe stvaseeblotiearg hivdlideg as pard fof theicapedipg of the

nerate.as.many repajfr, s ol s. eeded 0
soune S50 SHEPBETEtE BRI KIERR 85, ROBhSe G
generatésOfiddth Al sBuee BRsek oFRELEX bAS séthe hinab& of @€lRs syhbligiend then
"chain reaction codes" and "nultistage chain reaction

the combinasion of g s0preorne FePRECYWheks sresihe gneadimpaatsdy Bapie sent for
a r e I .47

the sof8 BRCKT SoBIATUICAIC LoRR iy SRRELA e LM B SE many

repair Sym;oi@ﬂs %s n&aledt Badecddgpae roferred dess “iafosmatioeaddittekcodes? and as

e St )e relatively large, wherein the saqurce block.is .

fountgiy qades” R Expmplss 8 isst codss meliidge chap agTien serles oalfﬂﬁ gpulti-

smgeémﬁhﬂ%. codbs source symbol s of the source block is at
nost e upper bound on the practical nunber of source

t

| d h t hat .t desi red nber of [
N T
limiteéli' RRAbeLUBShi OHitdEs REAGHIBR MUABS lof 8burt €Hahtols YFdIQh&se types

n some cases when these synbols are |arger than the
of codgppgrsopracdesksian stifl be relpévely lngs ohercyt theisguice Rlock as/eartitioned
. ckets, the I A ' .
o GBS Pl 1o TTREL ARG DG A RAT AR B ok is

at moRaASK@IPRr bdehdsdnk ipfa¢ticdl hegbeest sodeseyinpblspns] susl okl desired
are typically described as indivisible units, whereas
numberypf eRpj aels gprptRdsTorafh R UESRIP T8 A BPStHIF FRRSE ound on the
proc AU s UGARIP SASRUIRLSHRATRY s BUEOLA e
appropuiede tine forebeitranspgrt v physil daydr pachewsthe symbelk dabee fuibee

partitig-qimpgi,ilg? { 95.;;%13?}?%&2&1%{1 v }Sﬂlggslypgagé%/%oslﬁgh B%ﬁ%gﬁsrl]go simplify
subse%\%&lh{iﬁpﬂﬁt@&ﬁ, %lmméjal@ﬁﬂi&ﬂ%etsa?oe@% G di PG TbRNEhiREWAWeas in

I's exanple for sinplicity it is not meant to be
many kases symbole maydepoaipeined ofenultiple sub-syowolsx wherein the understanding

is thatgsg(?n%%ispgohpﬁe cﬁ$fd‘é’<‘i" int(t) Q\?b-tsfnrl‘tr)rolls Pnat%lé %tescrilpﬁogsogndqﬁea petsult[i%g
methods and processes would be quite similar to the descriptions using symbols.

[0041] There are many other methods for carrying symbols within packets, and although
the descriptions below use this example for simplicity it is not meant to be limiting or

comprehensive. In the context of the descriptions below, the term “packet” is not meant to be

constrained to mean literally what is sent as a single unit of data. Instead, it is meant to
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constrained to nean literally what is sent as a single

unit of data. Instead, it is neant toinclude the
whe@adsr7ohot i on of defining a | ogical groupi ngPOf/US2009/043184

synbol s and partial synbols that may or may not be

) sent as a single unit of data. [.0042] There are,%lso
include therhgoasier pefian frdedningra lagical Bowing phiwmbalsandgpartial symbols that

mayoxf%ng?m)tsbﬁs%ngas'a SYJPQLS oFRAL. I n transm ssion change

r-value or are corrupted in other ways, to which
t he nmet hods descri.bed bel ow appl ual ly.. Thus,
(00421, TheiG gFF AR 1S oF RTINS ARG ndp 1S SHRERl pg- symbols
that ing{%ﬁser%lﬁﬁi%n Qflargé%é R4} Salud HearBRERAGSa BPRLY: WaMA \yhi@%tEﬂé h&hods

types corruption and to other types of '
descrilsddetovh eprin dqiEly. dibasaltbougitibs desuiptionsbdt@g will often describe the

rror-correcti codes and C check-sum codes and FEC

toss offgiipise b oo G liie e poeh ST Eareor et i FRbamer
types XFHT 8)dedbBebidBE @ ERAL@E tbady, Qichas FOO &fordobrRamg dddes and FEC

source stream may be a conbi nation of one or nore
check-soyicod¢s andriddimenieatiapredesof whi ch are a combi nation

of an audio RTP stream and a video RTP stream a
Streantifgrbi nati on of a M KEY stream and an RTP stream a

conbi nation of two or nore video streans, and g
[0043)c o Fipi tha PreResestolgweniAme HRECoisctpn pha sttcatirerTptisspusfstream
may b § bR GPod S HAPCH it Siedths, ERmGRAO khich Ary combination
of an #udior REP syedohnda vilemR T steasoa ce@bipatked! s MIEEN sttdam and an

sender y buffer the streaminto source b].ocks d
RTP sgigiey o dn BInFispat VS OF BI08F V0B TS 61f £ CoBP e olregtro!
RTCPIEREEIn B LRI s8Sar@N A s FRNDRrdeNreSAUNETRs 2 fiRABARDAn aBrmat that
repair stream for exanple, in packets to be sent over
for exampladkesounet ibstkeanTT hsomECsEnbadtigamt eremsoures nakket stream, the

conbj ned source and repai,r ,stream The receiver
sender, B PyLE BlrREC bt PIRUR R EUarr e Y SISV fem ghe souree
block< OrHeUPh®4 schcdle® X AdRs tibuidR strosf @fd ee dopdir §thdaps for example,
The receiver attenpts to reconstruct parts or all of

in paclkgts tyi brajensonar eapheergvosk. TheFEewneededisireamiaiig crakigd source
avaj | abl o._f [ I t e

AN S AR Bl Ry e

corruptdie féregeanprl dud ©08<kkEs bobit-Aiist Bantaiveapptmp@to mronstruct parts

there are several key paraneters that are inputs to

or all efrprigiRad seice PlogkupBe RURSSUCR TR ﬁm%aé??% torfpgexample a
. . i t .

mecis SRl FEPRAFOHED P S LSS iy P

' t t .in the desi th t ection
a2 Bl B TRt o e
design$fHoREiol 2B FBEY ddaes fodiroRc S sS@Rcds Gk ARl Jeberallkdyahé@ids that are

of tinme over which synbols generated fromthat source

typically o kngortansetet optinfiee.pr ot ect i on anount for a source
bl ock is the nunber of FEC repair synbols sent for the

[0045F OURuGek e iﬁgxk,paf%wt&§ siethe A8sian breait bleddion peped aehtha@eotection
of the nunmber of source synbols in the source bl ock. )
amourtorl'he efidst protgotion period for a’source block is the duration of time over which
symbols generated from that source block are sent. The protection amount for a source block
is the number of FEC repair symbols sent for the source block, expressed as a fraction or a
percentage of the number of source symbols in the source block. For example, if the
protection period is 2 seconds and the protection amount is 20% and there are 10,000 source

symbols in the source block, then the 10,000 source symbols and the 2,000 repair symbols for
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protection period is 2 seconds and the protection
anount is 20% and there are 10,000 source synbols in
wo b@ogstnte bl ock, then the 10,000 source synbptEHUSI009/043184
the 2,000 repair synbols forthe source block are sent
pread over a 2 second w ndow of ti

h ) .
the soyseableek isriepfaPread oAFiR £ AreOpd Btiaeaw Bhifo %ﬁgi %@ Prasgsogeriod
A t
B T
examphf,‘ tnieen soet dlock pesferablyphek ﬁd)1sspann bem&enu carais saueenpackets in a

e.g. when a f t ket t he | ast k
source Girei ot Graen i) PAKORS sties PoRoF & Crasmyhig s (GBI o
MPEG%%&&)Céﬁtehl\ﬁeanﬁﬁ%%@Jrg c%nts%%tltlé ﬁ&eﬂ@%‘&eﬁrspﬁacﬁetr@étne%OP then
en a source bloc be termnated after the
a sourde stk m@hk bt temmmam@fafteethelfastsmbmmg defoee thevsegpnidipackst sven if
occ bef or h d.
i oo et T Sl e A PR RS BB Bt o g e

aligned WtEQh@Qiﬁb@ Bodth@Block Wahieh c&PRhvRaNmy RN ntaEké At RGBS the
i ncl udi ng the advantage that receiver |atency due to

advantagelthat m@fverlawgcm@ tpm;iq@mf%:rma gné¢ HRCrhwiigring sy beyminippized.
In oth%télp}g]é%e\?igﬁ? {t (rég% Va{l oaggﬁ? [y or a %in %féf%g?(ﬁg t(g erwa‘?ls maintain the

same [ROREGGT pRIdIRAAIR doaBel bRtk §1le E(ﬁ&:ablh o&lseqitize sf)mt:e black. In many
consecutive source block. In many of th scriptions
of the Bescripiensrbeliwrfiirisanplitydioth th%@r?ifé‘at%%erleg aﬁi PIaiesUgh gmount are
t.ec
s fLESHL O 2L B BB ke PSRRI, BT
should Be am whed thieisaloe dimitil@tas bhé san easﬂ!y)tietbmnmt up«gp, reading ias

can easjly determ ne n, readi.n thls di sur
discloguiehpy deccRrgesssenid et R e Pt P BV 2TED ﬁbﬁﬁﬁk}e
techBE ImBh e hrdtBGioRrRLi8E b BEthAABUREMVne BEGEEBICR o H@HeRdand
Protecar %gth ?r on#%ﬁe sour ce bloéﬁ tg t he next, an£ o
whens’dmlﬂod«msesbdaqcfromlczego therngxf.r om one to the next .
[0046] To sinplify some of the subsequent discussions,

[0046] t 110551 lﬁ@@oﬁ%%‘ﬂ RGubbRucHAI@SsiGHMM sftdf askiBed that source
ori Streamarrive at a sender that is to perform

symb ﬂ@nsmnlgst@amaargwawsmé@réhataﬁFP perErmditi{e cgeding at a steady
rate, apczgrg xlgcite tIl!% }r;]e‘cc’:glvgiagl%? m%géjsr s%%rc%%gﬁx%t)ﬁ r?‘g/ ?elﬂlé"‘gt’[l the 1tvgxe then

Sequent sour S are nm
subseiéai doablessyRpolshee adehvdlabRribyt the revaiver a;ttth«asi@me‘ ﬂte&i,y rate,

assum ng that in the first source block from whi
assumisg theidn Sheriiol squice e (i WIHEh 8 Spurch eyl iECey et is o

sourc s b hai f?ll HAE By %9&5?1%6 lﬁ@él{ @8 cht Qe §}J?I?ool 1oss is at

encodil ng sy 0SS I S e maxi num pOSSI
most the nﬁkimmm saum}ﬁsss«f allowr E@cd:fsﬁd dDE@decwmg §|hrﬁﬂ1mpyfyﬂ@ assumptlon

n t h
s not GheieHbG RSeRa ar P BT s PaEsers Bad e bibuBuEny O
subse(flﬁ:ﬂtl& Snd'RlnofRRAt thBe %lhhgﬂﬁebé‘?ro%&@%o RRiQ @SB Fioh On any way,

~this” assunption in any wa is introduced nere
but is asrcdutaioherely asiatpbl toysirsplify sometdf shegdeseintismis @ﬁ&ledﬁoneﬁ%es of the

BNEETHE RN RIS -
that tHeSotifd@kyhb6ls sRUNER SMITESIE By Wicerebritler A VIR Jadriel @ chyte td‘lﬁle same

receiver at the same or close to the sane
rate as they arrive at the sender.

[0047] Some key metrics of importance to minimize include the sender latency, which is
the latency introduced by the sender. Minimizing the sender latency is a desirable goal for

some applications such as live video streaming or interactive applications such as video
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rate as they arrive at the sender. [0047] Sone key
metrics of inportance to mnimze include the sender
wo atoensyps whi ch is the |latency introduced by tPeT/US2009/043184
sender. Mninzing the sender latency is a desirable
oal for some applications such I
confer SR A TP RBIoABEI S AP Y B8P bHE SRS agsender latency is for
0 n
the seffeERPRATSSLETChfkhls S FRACEHICEE: APy FURE N Inc PRI Other
designSBpétey thhan&&mteshmemdeﬁlywhoy sreidesdrived $dere or der as
they arrive at the sender. Qher design aspects that
[0048]m % gjh%{smg AERLELC ib BlethadnA LSS kb adisliatiRItime between
her 1 nportant netric 'is the channel zapping
when merm:elv'léh jand o mm@stsuthtesttﬁatmseirﬁmh@m'ts tieeciviag eneasking HinpRols

from tﬁﬁ&tﬁ?fﬁ@%&%@ﬁgs Bﬁ?rgtr%geq%%rl %ﬁaraltve% i Csteolu}/cle@&ﬂxbols from
the strbdI8. LSRRt fsl Je&?aﬂﬁ@@ﬁnﬁ%ﬁﬂe'tﬁ@&@nﬁ@%ﬁlﬁng yirdeokisicd thism
the stfream In general, it is desirable to mnimze

minimizes tlafhranmery Izawmm@tft atriee respinerfor HosngsHNhels beforqibey are

decod%f?%{oé/ags rge yt )r/ecgrve& gﬁd tl?g SX% nlfngg% egg 5+189nt og time

betwed®hERE Stirdt@ is jaindd bid $hed 8 sﬂ‘bmn Iﬁri’te;sarlts thecaning rat/altdble for
time between when a streamis joined and when the
example fas phaYPReksef &Yideq €998k oni ng avai | abl e, for exanpl e
for playback of a video stream [0049] For many known
[0049F Yy FoenBmny Rnew sm;oarmsanhe imm&t;mt adfpecti afinmnzniaggtthechannel zapping
annel p e sepde inta t he
time iGRF Gha PO O AR P P FRD s G EL L raiee Srpdls e
subse(giég‘cs&gﬂ&mveﬁggdb@ MoVE VIS G bRRriAL YA eM@Miglhe S1HES 4 iyﬁhﬂaols ina
encodi ng the source synbols In a block, to ap

block.tthepPECheBaE sodenand © ssedidg thy anaedasiistnton cerktsourcs rblock in ways
each s urc bl ock..in ways that m nim ze channel
that%ﬁlﬂﬁen §pp”[’%)5%‘6 As we now describe, for many
known systens the channel zapping tine tyP| cally
[0050% orzi’ﬁrW%@%W describpl for BERY bRRWE 8Ystoms big shyne meé%e typically

t
comprgseeg.ﬁlgﬁt?}lﬂal%oélgér}eg%é bﬁ(rg %igsrﬁ}%'lgt)f L%s@(%’rﬁr}ﬂ(ﬂeﬁt@ ¢ 4 ﬁxtegm that is
partltlsﬁkm/\fﬁtoasedﬁaitghsddﬁm blatighis sl’ﬁﬂvmmefdg ih Elgcl simscaadiesi@'lfhat might

ment V\,here here [ b .
ve sl B SR IR Bl e i St £ 395 e b BBt affrrccion
periof 4 %ae?e@%ﬁﬁéé@%??dﬁea&%%‘“%f UL S SO SRR v
for thatieuree bhveky andehy exanje sl wwstbe seseodmrathetrpreitse g-‘rlnﬁhihﬁ g‘ﬂ’eam at
0 urce kK. .The two conpon
the begigtty 109 BT IOt TR R rens Ab s bt PwTRERREip s
exampi8 gret the Fﬁﬁ&!ﬁ@ﬁ pkAb® kY the TBE deasi@hMe ITHRITOES s ipBdte @RIN REi0d is
Is the tinme during which the receiver is buffering
the um@dmngewh@h Meﬂgvgyﬁb@ﬁf@mgr@ﬁwwrs:@@mgéyn@b@lé Lfronr\ﬁleéource

blockpﬁg)%e @ﬁ tgﬁ & Brg)liecﬁlgr? ; IF]rgodS?!iglnreg::)‘tlhg ?ec%ﬁg é%geﬁhgll‘} S%r\f?:tf are the same

if the %llih%néle&?\%eﬁatﬁéi sériieeinterecé oasdorhottawve aaynyaridioh at iedims Ioﬁthe
erns of t
amount of time it takes each bit, byte, symbol or packet to travel from the sender to the

receiver. Thus, in practice the sender protection period may differ from the receiver
protection period for the same source block due to network timing variations in delivery. To
simplify the description we hereafter assume that the sender protection period and the

receiver protection period are the same for each source block, and we use the term
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amount of time it takes each bit, byte, synbol or
packet to travel fromthe sender to the receiver
Wabwes/137705 practi ce the sender protection peri OBCTEF2009/043184

differ fromthe receiver protection period for the

sanme source bl ock d e to network tim ariation
“protegféa RAGIOY. SROTRTIRHHY foF SREeTaESEr o redindtad Frsp Bt Pigjection
perlodaFec' UTE o dlde hdiSnSRREBEK Mﬁ&%ﬁrﬁ@& th€ Edrﬁ’éjfo@ Al dbfd€and we note

Celver protection period are the same for each

that or&mkrllbd ity it caandakmeh@ Becesdaey c}mgeqmodh@mﬁtmds pret appdtatus

nnus for send rotectio and el ver
deseriGEA R P BT BT IR G8 SN PRLICCTHE NSy kb eods
due to%%{\iidf@ﬁﬂnt/ér??lubt%aﬁ&ﬁ same for all data, and we note
that one skil in the art can nmake the necessary

ons LR SRR RS, ERRSFLAB AERp el

knowd §&Rm4Ehedali® eh iR (Refitsostfirettsotlothert ivab Kosdef | axv}emurce
fluctuati ons. #1051 The protectjaon period conpone
symbads, oppatil} beset islayiraaldntieisuiraaynbaelp B lahio B YA R Bprotection
perlodsﬁ%k?ew exgﬁ? aslllr?o%tﬁgcﬁﬂcé gynjltﬂ)l bRy P%ll SIHE npéoglf& sgmbols
1sTRo 1058 0 any “sour ce synbols, on

when ilih@rede @y offeikdodingt Syenbebiin G&bs‘sgm:m bcsuraa/bliob]ab [Teurfry thaprotection
east the pratection or der nsure snooth

periodsotiecs MDA el JBAesrag of Witoua ek Sat peaccuning

concurt¥ mﬁh Yﬁ%%céuplﬁ%fl ® ﬁ'coldfh%ssﬁu HoRNAdhOeh SHMRE bvtddlion period,

uent so | ocks ring the protection period
there mam’ee additiosi FBC ch:bd)dmg thtahecqaEChddersdli¢ fitpt ofureehzynshad p€ the

source, %gi@rillll%)?es& gflé}erc]%tvgr? ng &ﬁ%{)‘%lf%t(w éltnge %trl]agoé—t{ A% F%heI lode

latencP &1 Fi%dZ thaIgi s vaiearag did fiendhurdekonbor Qdilvﬂl%kilé?ﬁ;tere may be
occurs before the first source synbol of the source

additigriabERCidsceding fabpecuty baforetiee seseed gid subsgrpentiogrqseymgls of the
soure g 8 S 0 RO g PLEC B o b e

2, andavﬁlab@h{beﬁflh i [3 e;F]Me et el drke @ﬁﬁimdﬁEﬁi/ailabkading rdsharces to
occurs before the second apnd subsequent source synbol s
decodpll pprca pirnleals Biigcke BFsealA/ 5 AOFEN ™ Hor sinplicity,
this additional FEC decoding is not shown in Fig. 2,
[0052pndn iHesd knavassysteths, whehils reccaveplheppdnato jdmeﬂe saﬁan in the middle
suf fi ci ent 3¥allable CRU r.esour

of s ac i P DI haRR bR TES e 6 B S5 R aLE o %Pf&ﬁHO? Betdod plus

the deE&Qﬁgﬂen&thg}?ﬁl%relﬁQ AWToB VS b FBe sMIls £B® thedRbMRItial source block
appens to join the streamin the mddle of a source

as long hothe ariganal smﬂ@mﬁmf thappirergpackete icapingeneddyshapindgs Thus,

for thqsg &H‘g‘g’ﬁ g;téslgeorg? ts18 SF% L y‘%ﬁg%esegc?e% de lr?gug P}?%/ I gzp tsgxlp(ﬁﬁg order

of the 3OUEE SyRbsIsk as long as the original sending order of
t he source packets is maintained by the sender. Thus,

[0053L g %aleople? %oﬁ%?%tr%%ﬁ{n%qﬁeth&)& is t§ ﬁﬁﬁlé@ﬁ!eq:ﬁc@éncf L{3€ end latency,

malr ntai n I'nal sen order of
whichS© bl{]eﬁsgorstycbﬂsé bserall &R}y 1ﬂtmmhed bygdel usefof ﬁEéﬁttre&mnnn@en a source
nethod is to mnimze the FEC end-to-end | at
packet is ready for streaming at the sender before F%Cd encodmgqs appheeg%}/lc’i when it is

available for playback at the receiver after FEC decoding has been applied.

[0054] Another goal of a streaming method is to minimize fluctuations in the sending rate
when FEC is used. One reason for this goal is that within packet networks, streams with a

fluctuating sending rate are more susceptible to packet loss due to congestion or buffer
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which is the worst-case overall latency introduced by
the use of FEC between when a source packet is ready
wo o09as717@BN ng at the sender before FEC encodi PQI/iiS2009/043184
applied and when it is available for playback at the
recei ver after FEC decoding has been. applied, [0054
overflowigthga pegean ter seadipgraia of Hig %‘F@?@G@lr’icédet"&‘ﬂhi"?ﬁkﬁ—gnz‘étgell traffic at
intsfih HELHARE | f b NG £ RS thitions Gthe PRE of th
pmnwf%ﬁ%&%ﬂ&g?Q§H%@mgggfﬂggl'hg%gaﬁﬁﬁﬁﬁfpac et ng}morkg, oL He
FEC eftodedsBean tlodd bt no twoadei thap the didictugtiomstie tla mtenafrogiginal source
suscepti ble to pa t | oss due tp congestion or
sreamy 4Rq BIRGTARY FOMORERC RS SR RIER A S 58 aSpe iam the
fluctustidng %mhg%t@ oF ffe Pt BnddReK Strdath BEBRIe staBEf | &s /5pdeRil BAR, if the
In the network wwth limted capacity. At a m ni num
origingliserefirhsendsat b onsstam rathagherathe FHC ¢rvedreemcshguld adsorsendrat a
hsh.ouldlgbe no gg[se thag the fluctuations in the rate
rate thak1s g3 Plgpthay PS8 ASOP¥ANy and preferably as nore FEC
protection is applied to the original source stream )
[0055} hénpthee pepdtoff 8 ntedming meethart is tobe ahle trpE assiBRle dogi¢ peRgssible

beconme snel l.er. .a_S [ L f. the.originaly ...
a the GEFET, B noFipproah B aRPEb e Rt bR BRI bpiginco =
deviceSwite Hiteh eompu@tisnl saadostand dtiedr eesobite capabildtics! Faghamore, in

possible to a constant. [0055]. Anaot her goal of a.
some easeihpieganRe Hsrlicantdessos capyriiondt gymbals 18 frapinaisgiopy apd thus

: : This is i ¢ .

e e BRI ALLE FPELUEOMTILS ¢ SohTRERFBlgod R
conditétes immeronk theré isittle dr coopuesatto onddrstamefromywviene inahé etream

resource capahilities. Furthernore, in some case
receptiaaal SOy TG H1Gri SR 8B o st SRIeD DS JBRTS
quickl?' Bindl tANRSIY B8 kQRiveAR bONSe td Gart 84BN Mg IRYMABNE atBlable again
ecover from catastrophic loss or corruption scenarios
the sowlce spmbgile of thersdince smean fomoreeentivarod thesstiepmt | e or no
context to understand fromwhere in the stream

[0056] €ORRin RO FEE heddddtibka1@-be EBhiSfor bilesoskddBledk i8RehtRPredd out over a
robust the receiver I%a}c the nore quickly an

: d
larger peripdipf Yme fréeriesyed with data senbler abesquscestlapls. fhecevding pgthe
FEC e%&gde%{ r e ln%@ lb?ocﬁ%ﬁ{nﬂdtog "E?rﬁ%ldf &seurﬁyomﬂl f’veggxgieha% possible
source ftrean1pron1recep 1on of the stream” [0
to enstik@he bdyepbdsiblepotadedn dgdiast lassloe coemitiohdn tienehasnelr ce
bl ock is sent spread out over a larger period of tine
| NEgE! ht Naidaben SRRle 5108k QDRI bSQMA Rt Blcatks
m0571hg%53§g¥ﬁ%“%¢ tﬁe FEC ené%ded data for the sgurqéWﬂcan.
recovdylthe $ousdeadatalobibe sante blotk &sa detefoned yrigitgorddr iea dgmely fashion.
possible to ensure the best possible protection
[0058PI&ILB Yhtal SORISToPH sEQIT SIulPPe bt (W@ a8 MiayiRladed iQfRPrhhtidih&sociated
~sending of the data for a source block should be such
with thestteatrhas nosgiblevisrorderrdio mniovies thetheades giverdeelst referaplyeno header

T DI

or alrsafipul4llabR B&A btiwr idfosationtehit@dhabidiahe syt matiopBome or all of the
associated with the stream as_possible, in order t

: s ! 0 .
headeninfprmazien e bhidieread e otfiea drforprtionesueh|ay thigitwg s the arrival of

] g i i S nt wwth the stream and sone or al
ﬂWIn%g&%%gﬁﬁéggg?ayﬁfornation is derived from

[0059] In the next section we describe methods, processes and apparatus that meet some or

all of these goals.
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or already available fromother information enbedded
in the system and/or sone or all of the header
WO pdoonsmEdi on can be inferred from ot her informatT/082009/043184
such as the timng of the arrival of the informtion
at the receiver. [0059] In the next section we

Improvisssending andracsiving Bededsaukpraedssesppar at us t hat neet
0 or e v, .
[0060feggsome éaasjzs ﬁ‘L 4 IPa &1?1%1@ 8(?%% gélggégéa[ a%%é%?ﬂ{jéaﬂ%e fé)(r:lgécédé | In other

cases, H’(bedafdzato&)etd&ﬁt/el‘es ai abhek Gisaﬂmtmcaehrag pﬁohhmdk Inany base, an

prioritized. |In _other cases, e delivere
originglgtrgarp o§ éktall%P%B?Ol??édé@ssﬁPTCF)P %ﬁ? I repi dayeg &?ﬂ?rateg for each
such s&ﬁ%g blo% dng ktgérp@LE Eﬁ&fd‘é@ ALaf OId@Jcﬁ shéh RAFLHIHAD @&nbﬂ"‘&ﬁg the

ource repair ata 'S generate for each
orlgmaiu;ohrcs (blﬂck elatal and kkhe EEG rtﬂwfﬂatmgemmwﬁdndhﬁtaoﬂrw bleglshis spread

such source bl ock risin al rce
out ovEy BBIE ‘G Same CREnInauATe Hitbe S MRt BOH MR e gooded
data for@HbSe u@lt Q&!frce bRcRPAL %eﬂéﬂve@‘éﬁﬁl dﬂéraﬁot‘hbﬂe 14 PRBe ées, the FEC
ori gl pl ay-out tinme of the source block (and t hus

codes ap;ﬂledrwm Hedradae &Oﬂ@s whighseotgetihe dafain thelstiroerk ggaingt loss of data

up o G SRS NG ke PR 8EE  pes

such a9 3EE doded hat &b ABFLAYSHAS ol @S 6r PEC dada thif cta@ baused to verify
desired protection anmount, although other types of FEC

data mz@gxés by est] egeese mr@wmtmee@at thgepcossd dete fergeael seyrge block of
the stre At és %689 (\E/Vee?’i ({aﬁlg }i ;{gol%? ]Iber%r { %@é ei tﬁ@nﬂlcgged data is

ese c
spreadmfee tHel pi‘&tetﬂitﬁi pdrivd, & d:)etiﬁdhd B:tval (fquroteaodn &ams‘cmckhtdoks
of the streamis sent over, called the protection

providsd by e apphigationdaystEGerist Iy the encoded data is

spread over the protection period, the better the
[0061] elebnoémprdiment afdhe prgaim stvepack ¢ie $enéslg|®lf e qj@qdqgg,data is sent

withing DSBS RR T REE RIS ferie g = EAEL SN Fyjegphysica
layer ;Sd&ﬁet@ NeRE gl sstal &yblspa%ﬁ&% i tHﬂdvé] adhpliysisat FEbapae bﬁ)plféd to
si ze pieces, e.g 1 byt es each, herein called

them mrwéarcaprqtqy eaclmhym@lslé'yerrp@clfﬂﬁﬁmwmp&%r Iipsranesasesriye

o5 BRSO RO i B Bt Bl

packe@Qef Mpt, e Q.5 1R phecioE 1878 @acketsheTheiprbw@toloht thaphysﬁail layer can
| ayer packets is partitioned into slats o

sometﬁmypd@rxgse@fo @ﬁwm anﬁé‘}ﬁé}“eb’a‘éR@t ¥ tlﬁpd?hygcé layeér ;ﬁlcket%xjyzthm each
time SFA;¥ £ fidhe LRYEFR ﬁetEE?ns%k‘neotoﬁ cah' g n@eg)%té@ 99&&1@@ Lﬂgfrs]lgglylﬁi/é\r%ackets,

can so be use Istin
and ﬁmmema’e yhd idemifidaion hEwhithsiymhblslasy entighivkehish physdiéah layer

e 2L B PSR S3EER, (CECSUTNEL S SRR vy or
the ph@k’i‘é&lh%éﬂﬁ&eﬂ" Qllé\gﬁﬂ{gj thi fadd Qofpldbly GEnsViAR HeSnef €or carrying

arried whi'ch physical |ayer packéets can be larg ely
symbaridentifichtédnedafa déherqach ebiydisal {dyer paskhotggetherdwitle theissimbg! data.
acket s

t he |dent|t of th
In sori Vst AR ERBUHERAVBPo LR Py ARBrO v Ry ‘PioEmisgebou
which ¥t STahE Mthdadh or source block the symbol was generated from, is preferably carried
in the physical layer packet together with the symbol. For example, for a 121 byte physical
layer packet, there might be 1 byte of such symbol identification data and the symbol size

might be the remaining 120 bytes, whereas to completely determine how the symbol was

generated from the original source streams might be from a combination of the symbol
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synbol identification data within each physical |ayer
packet together with the synbol data. In sone cases, a

w@arvitad7ommount of symnbol identification data, POT/USIN®043184
i nfornmation about which part of the streamor source

bl ock the synhol was generated fro referably
identifgeation dataicAmieRan Hediveisn! lpygy dacks q@sther &gﬁgtth%m?\ml And the

methoﬁwi% (ﬂ{.e' pﬁgfcaﬂéﬁg}@keﬁfl% @ueg'% gdgpﬁfgﬁc%: %@é %&@tﬁ% pbANE of the

phymdal:ikamn packettwidtin déﬁamwmdi/«bm thy ideaokifisi (Zfetherfrgimb cbetainies the
.remai ning 120 byt where to co de rn1ne

physichl e Gy Bl R o RO e RS Bf PRy R Stmeer

and/oxs’thérrgxg_ﬁ% gﬂhﬁﬁﬁnﬁe%ﬁ?ﬁ&a@ 15RFBAGRL I 1/ ng.mH%ethe 1 byte identifier an

entification data carried in the physical
1dent11fyah@parp a;&ﬂhetsomrog blokk thaniltersytithol syfrmm wlmn@l farlesampleltheidifferent

t he sic cket uni.g |den i.fi ed

parts o 1 sougy R o tel arvoriene iy dnd M ot GE Bk b Shce
block Wi fal ¥, ﬁqdf/érqa%le@wmrch Rited Of hd@iplé bir@imsthattaufdeagmbol is

contai ni ng the physical |ayer packet, and/or by the
from.tim ng of the reception of the physical |ayer packet

and/or the franme containing the physical |ayer packet.
[0062JFOCeersiamplpeovehit@tskah Bt enddd @mthefabeve pidcesd éfhtepfuy phdkets are sent in

part of the source block that the synbol is f
advanvmeﬁseufcemaes@a%ﬁ@reemﬁlel%ﬁxqe&r&?é Ha FRS SBramig 58@5 @gproach has

I

the cog 0%15 eafngrzldaﬁﬁlngg%e?%r éwl:x I&Jé Q%gér %’outr%epaqgécﬁ g%ﬁ%?%ge?rg gaved in
a buffhyto\bhlsem aster thamepmifir packéts. pAe asoﬂlmnmﬂ’ﬁatemirshm@ﬁ be generated

symbaol is fr 006 rfain r t b
rom SEAZS] o s oD e B YRR RSy
generdtﬁi ﬁ'gﬁll%%tlgg S(ﬁl%(‘:r‘tﬁ&:kp BEkEh&ts hey b&gERI&d ﬁ@m‘iﬁ&% inRR€ other

FEC stream ng". This approach has the cost of
priorityhgyect ofithe adlued blodkal Ifdbdrays identifimgsgmbel datz parved withracymbol

i PR PE B b Bead Bl A LGy R e s
layer ptRk&, GRA lpa@ ogaﬁsefdeh@@ﬂ o Fawel tie forad tepiF smbdlsna;hderlnefy which
source block. For exanple, portions of the repair data

portiopwgf the seprblacled is generaied &AL re source bl ock, ot her
parts may be generated fromone or nore other priority
Smndhﬂykkﬂuﬂﬁ the source block. If there is identifying

100635 24R SemomBgiicets: s Aeqty Brbacrder s Sy oL Bith ool for
examﬂl!:1 Bl BRRE opﬁé/a%'eﬁgét? %}{ Bk uQ@H:%%ﬁgnaI ﬁl%hrﬁﬁ()h aQ(‘;utttltth Symbol, e.g., a

dent ying sy ata for a ftepair synb
stream dienti fidryif thiafech npoe thaonse etfreammet sgmﬁnfedmtd&k 1ﬁ & sojugee block is to

ted f S I th 063] ..Ln .
be serE RGN OGS SLRm AL & RSBEFE 5y igeL§ah wesplock
compiéel dififle §1YBTJBR)|cks fa‘ifosi@%ﬁ@m}ﬁ: s‘?ﬁﬁ)opiﬂ £sRcddckedccdids to a

can be ‘used to sign i nformati on about that synbol,
symbad .ogdering of ttlvee%/mbocbﬁemtthcf $cha logketce Insome eambpAimengn some or all

.str ment Jden ryif.a rce 1 S
of it B e o LR ER o SBh b SR S T PR REE gl
embo@HRnk BRkhehdie AhiaffbLEachsy@bsioy lgelploddkiotal derived from other

information, and little or no header data is sent with each symbol in physical layer packets.

Symbols within a source block

[0064] Preferably, an ordering of symbols of a source block is either explicitly or implicitly

determined and is the same ordering at a sender as at a receiver. Certain other preferable
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conprises nmultiple sub-blocks, a position of the
synbol in a source block according to a synbol

we@e@ensrigs of the synmbols in the source bl ock, BCT/US1009/043184
some enbodi nents, sone or all of this header data can

be sent with each synbol in_physical |ayer packets. In
propergest the pBisavgeH %qmthsrb@a%fé?ﬁgcf% %Stfe&fm_é%%ag %Jgsﬁvqf}é
applicég%gl“?ﬁll %{rte?éérre'gﬁ)ré%grﬁ'lég g??ﬁﬁg@, FoE O HNR thel RGBS f1tRDsymbols for

ta 1s sent wth each synbol
a sourderblpdkyiss @l solnay aympals Kiedt sn tHsyorbaring fllowedbpaald sepageymbols.

bl ock [0064] Preferably, an ordering. of. synbo of,
Anoth%rm_[edﬁ gk thesaopRere idBF pElct ﬁ?eaglnﬁ%v HEph§p1Sek ructure of
the so€d Bl REH AN nhts1¢ 8o SRR wthdRE FiRg s@-bRcE 8N&lSSurésSblatk are

a receiver. Certain other preferabl eproperties on the

first indhelerderipg, allsysboistdssapsatbbwah ity sgcorfdosubebleely elangomrpediock are
bj ect delivery,appli.cation. A preferred propert for. ..
secon gt i HEORRHER $i8e, Qeliofty ot EREO TPt utpRsub

symbols. source bl ock has all source symbols first in the
ordering followed by all repair synbols. Another

ESTs vE 48 |%1i§bt9€t the synbols are in the order

—~——dé¥g£§%§%djgy—the sub- bl ock structure of the source

[0065]b] A@KESI€etodedbymisyl ilkakiSieHss aoi idemtifianithidy deteaninies,Sh some cases
sub-bl ock of a source block are first in the orderin

in congmptieny il Pder NferraoB Judh #1he RSB TUSEBYBPYE K pFotce
block, EBW i€ @Q‘hﬁ’(ﬁ Ks ?érféract@&ﬁ@ 21 Dut & 1kdeLd Y5 chlte exPhcitly used at a
escri be ynbo [tiple

earfier, s s may al so conprise nultip
senderstu lpsiyerie IsgmbEiSlos at teoeineatos dentide aid/octec§ @D 6Hhbals, EShe ESI can

._(encode o]. identifier) is any identifier that
be 1mg.(31&t e e g%/el;%)rﬁﬁlgo%@ sypbals f%rneagla ﬁ?lﬁ'ﬁ%ﬁoslﬁ arg, qrﬂerg? Hlesruch a way
that thk BRI Rid RBeiS&dan Atk Bife MM f00f giv e EBRbSWFIPLIR JoRitidn of that
source bl ock, how the synbol is generated froma

symbad euthtresymhtwd erdesing EBpr camithe itthplsymbel iy thesetl symbel in the symbol

orderiﬁ%@%?{spér%gﬁg)/%g & %ﬁg}%&gﬁﬁ% ?ﬁ?g [glfagf[hegl%ﬁtetﬁg {hég{yn]ci:bgorll is&' a where j is a

positiveTRieb&l t |y used. Preferably, the synbols for each
source block are ordered in such a way that the sender

o i\ _ . ' .
oo SR 0 T T P e 19 SR
symbadbetRiing @an beeastixavpipatedibly Hoktea sgnabiodnd sretéiges). -Roh example, the

nbol in th | deri 1 bl.ock, it
e YRR T L L T BT
ESIs a%@&rﬁeéqti‘vg' ifeRDS kb ok DErBURA thdsARE&ImIAN bafiaRithe Bithe as the

not exclusivery, the mappi ng between ESIS o# t he
ESI insiistvases Amahotlive esgmple) the coesecutiyedsils e thaigideredsonglisyadols

. b a,sendegy. recejver. For example, the .
might 86 3o Bl o8BSt 5 Fob Dricop bep ate Bty SPOLTGp o Ry te
mappif€ oPthel ERs todthe ordered set of syhabo?d Gat alloveboethsBRleEBhEre@ERer to

consecutive integers starting at zero and thus the

deterngiperis| ESdiei 2 giyan ymbeieivemrthe agmbel@osigpnjvithimths symbel ordering.

Prefergﬁl&g%]neo%&gsrgﬂgex an | so%ag}g Fﬁccgqq peLﬁgB%‘Sgtfgséeﬁgéroaégtr&%wer ?an be used
to expﬁé‘sjts a sﬁr_’ﬁﬁbl"‘({rﬂerir@t for thEnghboRrBsdtidiyd witharsoway dldeh.
eterm ne e

Physical layer packets within a physical layer block

[0067] When physical layer packets are sent in physical layer blocks, the ordering of the
physical layer packets within a physical layer block can often be determined by the properties

of the overall architecture. Furthermore, the differentiation of one physical layer block from
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mappi ng of the ESIs to the ordered set of synbols that
al l ow both sender and receiver to determ ne the ESI
wo e009a3gpyen synbol given the synbol position PMT/OE2009/043184
the synmbol ordering. Preferably, an ESI sequence that
easy .to co ute bot.h S nder and, recei ver can
anoths hiaet) 6T BiRgk SELbe BT ot BeCHs: At ICRE b g eoReed on
ﬁﬁﬁi’a&ﬁ 3 BOM EEahhOCl de?&}/ inflls Ay 68 nRdpdrioS
tlmm%ﬁt | r% g’hd)l/\f)}ll%gl g er@?l o%k |":(0067éj esn p%ysi ch )
physidablager pwkﬁehsngaerasagtof diffopéry snatledds] mgledinigl lpekisconguential

.ordering of the physical |ayer ckets thin a .
iy AR OL U (R FOeB ey P ABHBgPeig physical
layer ;Pd'i:l?@t@ Fifak G311 BE sdrfd®h Qﬁﬁfeafl‘lzerﬁﬁé@ Wh @ lithirthe Eéﬁdlﬁ@éfﬁ!ﬁé @hysical

he differentiation of one physical |ayer block
layer Hlodwrmteheh CCpﬁy@Ucya Isymbgleis ntapp@d(w@mhyb@aldémmwkﬁé thahys sent in
sender, a eceiver
a dlffe[r‘ﬁ'& 6%qqagﬁng%%ﬁlﬁ ﬁ%dl (i)f tﬁ ag}é¥51%a?g g blo ﬁ g thsemglve symbols
are maAppe@ Q) Shy¥RY lRgerpapRas tHadare Rysi widh lakg’bﬂ!}emvmhﬁess affteqgencies.
a variety of different nethods, including_ |inear

The oseregrsaleaftsyaibolpeip be refit i p PhEsier) layerprhlopk ﬁg*lym&pm%‘iﬁ isthe
symb()tpl)ggisggg‘@? od tthé{ FIFS% %‘gg%%n% LA AEPRAGHed By BRIV *’rlfbg ds a{sgtyc?e[ted with

Sent in a time divers
the sewmmbgtnéﬂi’ted@ﬁlfﬂr ﬁglw&edtﬂy&h@k}ysbcdahssbayted whithacthjrd eegnent

. each consec tive sy IS mappe si cal e
identifgio ias AR 91SaMAPTER OB RBP4 ¥ h F hinogh Amone
the sylBB1sSERL} \thh Egb?l s'ég YiehGaknd fﬁy Qhe B Rd1s n@éht be ordered by

consecut|ve synb re mapped to physical | ayer
consecpmykb/t iscrehang BSk A@mfembkeiprbmrgeb thatitheenappimg dweerpfrdered

RN (E N R ERUE TR T

exphc?ﬁBS(S}Qh@'h@ﬁl YatdledsP o étesiing BYRETHers e Rtdeivers. f 0| | owed
ngols associated with the second segment

e

whereﬁf eRB gﬁ?ﬂéal ldlenpidideemay baybleeo osrey oric dranere sAlmmgbblls é>ut may
ynbol s associated with each seg ggnt |dent|f|er E
not bedyigs 6euSh GATBE SHIUIEr dal Be CaHSaBEPIVEa dprEipEaR PhEcthods

and prlc:s§é S€ 89 ?%&@ng%glﬁ gﬁgﬁ%‘?}l?ﬁ g{/‘%{rck&g Cal'BOPIN agﬁhﬂ‘&ﬁ% take

ere packets wthin a
this ﬁmﬂhyscmidefaﬂym lintblaoadunt. chwdthlpteovhe HSicambe amepdaddp tidentify not

only sybaloViut 850 PR AL gsiets WEBTA T80 5 DEFDis i gymbol
and a 8-SR i &ed el @Mdt]ﬁ’ér%x%@k%ﬁ@%@mg"ﬁ’l@h@b@S&QQHat sub-

physi cal |ayer packet may be able to carry one or nore
symbadsibf syymmlgrdoalwam§em mnsb@ﬂva}yg enkihe m@apptrrg feem royd@aed symbols

to phyﬁéf’qﬁ]&a%r péﬁ]éett B&e&g g qhg?lc%ﬁ%bﬂ%c < H;Sl? ?ef:ntll % tthlph rst%ub symbol of

the syh@¥gr packets can be easily anended to take this
further consideration into account. For exanple, the

[0069 SIIn ggme ?gseg %nxdgg%g{o%nwg s{%}ﬂ?lﬁ%[qda‘wh%%%)é gpzﬁla%lchﬂtth%%hyswal

| so Cular
layer BIStks, Sorkmbﬂﬂpﬁ tBty ﬂﬂﬁﬁ’[y tardénae filEdy Hf)glmb(ﬁﬁmt thé pe$1t101ﬁ50f symbols
) anot her exaqp t he mappi.ng m ght. be such tha £
in the §M1§§9]rﬂ§éq:r§1 om the positions of the phySical layer packets within the physical
layer blocks, a physical layer block identifier, and other information carried within the

physical layer block header information.

19



10

15

20

25

30

of a synbol are always sent consecutively, and the
mappi ng from ordered synbols to physical |ayer packet

wo deotisfnes t he physical |ayer packet that carpPCEES1008043184
first sub-synbol of the symbol. [0069] In sonme cases,

rge anpunt of e signal n at | abl
10070 ] | HENG B EREnp ? %%S@Bk@lverf %’%aﬁi‘ﬁ%/b@lﬁteeﬂ grg%w%me}%r repair
symbog,aﬁgﬁf'l'ea th &QE £E§/ c?%gzi{yﬁ ?55@(%{ t%g@t‘helt Weh Q%hfn‘l&q RfhoBht of header

ofls int dering fromthe positions of
identiflyire dakay sAic atdetegyset ofxyoibetsfona stiirpe bloek preysappatl sequgatially to

BN O N A T e .
both sQRRASE] JeBEiQE B Or @Rarh 910,70 orh@re§ QBB %‘1@ @ﬁhH@l@ t&n B mhpged to 512

present i nventi on, one sy nmbo , ei t her source or
physicaklagénpaskeib sﬂquemtglllcfa rithie @ajdqrmg@ééhf: qrymb;@ﬂwn beglgtermined at the

sende Py RG A A Gy QP EBAETR U g Bf ety impliciy

betwe&PsdnEE &HQQ&lM ehrBEPHE-Rashieid prbdefses thdd ysimiak theytdering of
packets within a physical |ayer block using a process

the symhels forseagle blockn Wmntsan@@tsrfr% ﬁfd?é? thap @ne sRuEFs/ Rlpck prgto be

mappe%)%ggggﬁc% ?@ep g%%eg%?ﬁ% é saltre %18%?}%1}?& %F}Ek %ﬁﬂ%ﬂfc@ blocks

are ordvfﬁigmem glegfrdérhﬂg (ﬁ'}thé)g}rﬁbcﬂﬁwubees@ett&b micﬂﬂdmme ‘tﬂdsuk together with
sender. and conmuni cated to the receiver ejith

the or@wgwé the Syuar@tb s Gahbe usd 1Y deietmize, P SFdsBing A £l ghe symbols to

e
e L
embodiments antitiple eyﬂnbolwamasmmml eachi ploysiqablaget peaketode yetoathere

oo 5 LR TR 5, A A eyt
are diRIQCHD ﬁibesym%aﬁﬂ abIe Sut-§gn ] Geddrie thhfhrh%}ﬁl}li'&@ﬂbﬁer packet.

with resgect to each source block together wth the

As ongsldBed mg ofrt (il renognige, the proesssearndoaethedsidaserirst horen gan also
ord of.. al | the symbols to be nmapped to the
applyg%ﬁl? I aybgplr%%léi’(et w thin the physical |ayer block.

[007 lle aémsmémb%dmeave@e parseal ayicr Dok msw hgra bl riigrentlayer.
I \Y n C yer
e o JUTOA o PR S o T dppl A g E Rk BF B RS block, ora
mediadaye bieh- Wﬂbﬂhlolrcs phgsical éayenpadiiets raypbysarspdrtpagiets, or logical
packet one skilled in the 'l recognize, th
packefy Gl ion IR M8 i ey Pk te s e SR e apist
recogrh?e ENes SreQh S esEHRANY BRAY Aent 3P4k of he8O8Rbodiments.
nbodi nents, "t he physi cal |ayer block nmay be a bl ock
at a different |layer, e.g., a logical block or data,
—g—eeﬂl— an application-defined block of data, or a
[0072] ' 33aREMAd BipafikymBblsaissReital Wal kol 8lock bt bO&niitin more
hysi cal |ayer packets nmay be transport packets, or
than op@ ghy;sac}al baé{gkb;lpgk ,@rse&rpgmm etifish oﬁ:agq@g@esor r@pa%sml &an be used
er. .pa |
to mder%c %}H&Z éh}?s%cﬁl Xb‘geroﬁgck;tglﬁ g&r@ggl elg tc!ngll%fi;\{ teral\éfléfé 0 t%? first physical
layer MaEk that caroés dnyasmbesifotihaesiusce block, preferably in reverse order. For

er enbodi ments nultiple sij/)rrbols are carried_in

example, all symbols associated with a source block carried in the last physical layer block
that carries any symbols for that source block can have segment identifier 0, whereas the
segment identifier for all symbols associated with a source block in each previous physical
layer block can have a segment identifier one larger than the segment identifier in the

subsequent physical layer block that carries any symbols for that source block. Note that not
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Segnents [0072] Source and repair symbols associ ated
with a source block can be sent within nore than one
webysitsEDbs | ayer bl ock. A segment identifier ofPer/ssmue:3184
or repair synbol can be used to indicate which
physical layer block the synbol is carried in,
all conseshitivé pleysical tabier flpekstmayhsasiveymbolsfer a prigisklar paprce block among
ar n oIs fo t I
the ph}fsh ai 1—’99’81} @8&8;%% [carty gyméolésﬁ%‘rl tggt S%HCC% b%% % g g ng%t Q!: layer
block Wby Barty St h6krce Block &findx sédoad |ph§i1caﬂ) yei blakk hﬁy @t carry
bl ock that carries any synbols for tha bl ock
any syméﬁlsﬁam@ag@grﬁ@mloqkd whereps @ pexg, th%@h)@éf@ {abf u@%é%ﬁ&f carry
symbogﬁdtg tha L&ed (r)ckal Th. oBHETRY %§ t}?ess% eﬁ{ s‘%qucmré Q{(@s&ﬁ’é&r $16ck may be
In eac previous p yS|ca ayer can have a
signal&iegnBoicatisiefor ekareple arphysiealdayer phcket pdsmatuse'gnbmtthe physical layer

packetl@gcsanlfnlggrgr Iygly‘%l-}-ﬁ%eg %Fqg? uaﬁgs: a hyselgc 2 eiglﬂgl?.tgl(‘: Jﬁqg{rﬁlcates
the end’ 8fnggrle| segx?xgﬁtef%{"&ﬁé’ &upéytﬁb&aalndl tAY ﬁ&rt Rl 9 915§7 s@@ﬁdelﬁ%f ahother

or a particular source bl ock amon
sourceﬂﬂl()(fkl Falr ekaypie ﬂok @pk$s1¢ath myecblloply \m}nrﬂ@@ﬁ $>hf’&b¢al ﬂéh’&t packets,

where gg::f% % plg&l]ﬁ&?ergagliﬁﬁ QT eﬁﬁ to aaseﬁ@)%gteficg% 8%3& sOBre block,

the neﬁm()%'p%%wi@ély%‘i phdKREkcofRYpIMaLto Q@égrﬁerﬁ Mo ¥ BEehs sb@te block, and
hat “sour ce bl ock, whereas a next third physical |ayer

the rermlnmg 9@ yhysieal yaysy nirdets copesnomd o 8 segeent Biogek thifdource block,

t.h
e sy oSBT UGBS ST A M GF iy Ldpe o
first sduBdESSloRaENRIsp RIS itd thérﬁrw 300i phybiosl 1pyeyr paciats, H&ysegmpﬁ(dfehe
orderlng or a physi cal %er bl ock that IS . a

secondygWEANOCl ¢rareseangls 1@ H’étne?‘ asat RutaneRest i dhe seement of
the thlgcg %)%Jn%bl & cRE ng L& ﬁle%r‘ﬂ&é @%OHB?Si%Sﬁ%Cr%Ec@t@eW

. or ano er source r exal’rp e, for a
Alternplingsy,ahd sdgmeat bdalnolaky idertifie200@y ph yspmwed liraysts Qfapibols and

where th I rst 500 physical ckets c es
ey b ab i e TRk o L S BOR HhnE RERARBRE biock
physi cal | ayer packets correspond to a segnent from a
[0073]sehosrdnespu@fmdmrrdwld;m@mi Withén ﬁ@hmhsfsm@l lgp bisislidhara s at most

acket ond to ment
one Soélf%f%&% SpERate Wét § ﬁfneB ar & s ?‘léé; o%srﬁegt)@gmé%% cal
be useH‘tQ bhighely ldl%@i‘i'l%ﬁl@h tRdiyaol ﬁ(hﬂtdlfféientssemrdie ﬂ’_blocké alhl‘] ¢hus in these
first source bl ock corresponds to the first

cases @m@maldena?@rralm leaqdsas & &@é@é&@ﬁéﬂrﬁé@r&%ﬁ@r Ffédlé%s’é*ﬂate the symbols
carried ithii I ‘a s1ckl Fa%f 815 NS H e ks, 8 Sk &fhtifiers for the
&y ef’s, B

e segnen sour ce
symbdd$ %&aﬁ%@&ﬂ%dﬁeab@ d g'i;i‘by ﬁlﬂhldmgj’@scﬁl(i)@ bjbgl&dela[ﬁdr atythe header
packets. AlternatlveI%Y t he segnment

data afegeRianYiEr Sichaybel. G s B poire BOg KEYIY hefgader data
assoc1g@}f \&qfﬁ &eh ?Hfgﬁ&ﬁ% W bIRCE. eﬂ?&@ brd &h&f\%rﬁﬁ&%rw}'i@mﬁfa sbiRe block

yS|ca ayer & In sone
1dent1ﬁ<fre§ ﬁmrre:desaﬂmkyd:anmdtm theheatens oéahYsupth )besfletblloc sapetrcould be

o e 5ot Joc S0 AR ol ok oo 1 e o
that cdrﬁlﬁgg Fédd@f m?(ﬁfﬁlaQ@n wsefultipleHysidal 1 }Léil iR kB @tisdt vidgnother

fromdifferent sourcé bloc and thus in
netwotlh e@ee skilled in the art will recognize that many other similar variations.

Sub-blocks
[0074] An encoded or un-encoded source block may comprise more than one sub-block, for

example the sub-blocks correspond to different source and repair symbols associated with a
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cases a segnent identifier also is used as a source

bl ock identifier to differentiate the synbols carried
wowdobilsr7es physi cal | ayer bl ock. I n other enbodP@EDERN9/043184

source block identifiers for the synbols are carried

by ot her neans, e.g., by including a _source bl ock
sourceitdeshtthat corresnend e ldgécalfs eswoatatedapssis of Sieeympplsh Fopgrpmple, a first

nhol
e SRl BB RO LA 9P 8t g

of the Eﬂlﬁié‘&bloaﬁl&xﬁ&a@r& wkdey rendﬁfrlaabwaﬂsoluﬁmr 'adco of the pmcten of the
bl ock identifier is not necessar|ly C

d
video HsaRFd Vo (HnFSTEhO i HIerh 8 SRend et L SBUNCE ABUOLEPR symbols
compﬁsﬂl of %gfincpétﬁ)cﬁﬁﬁﬁ Hxﬁ% %?qugsoe ?engelaa 2R RLo1 8@ PyidEd SBRR portion

arate physi  ock "t hat contains
of the hfelad axsocmfedrvmﬂt ihe lsotﬁroe bloak tiheh esghipsiogancticy eith boroe ksall of
Vi a an her

t
the firg-SlaskogniepBIER ST BORURGTRATE T ferbggne or allof
the rep%ﬂl%gmbgﬁkagsc{c@aqgcﬁ‘lvltﬂ"ﬁ s6MeOURIK Obr dMUDNERAEE I M identify

may conprise nore than one sub-bl ock, for
some @xdingltie dvecestybitiolsoskariaed withpouree dlatks fiepang caseuaceb-block

e R TR S B A AR08 Mgl e

the firf$UBBlctk oFQlso@%8BRICR may }falvé Hie @Bllbl&fk 1&&&1&@@ OaWHéreais the second
repair synbols conprising a first sub-

sub-blogy @feas,mm hleckampo weothe é‘#b blek isgtiber 1b| mhftrﬁé%es él%ﬁwsub -block

be used t
e ST T RS T D 0y
symboMofleiag titat wmblselt b@indﬁ@uhdmamndiaomdroam itlre e;ydrdf@lns sub-

e R e o e SOR ErCEk TR Be GG o HISEL 8L
source%cié&cxlvﬂﬁ 960 %&%gm&é)&ﬁcpﬁ)ot}leﬁﬁk syMIS)s, UstRek 1B ESIs of the symbols

junction sone or all of the first sub- bl ock.
are coﬂ’&cﬂmﬁ inegemstanihggt zarcsand-whaye khei firstrubftilegk gpmyprises the source

i SR LTS R oG BBy KRR e

1nd1<:a’[o‘iI @06 infi¥ht3RMBe@lo Rlicafthdthige QY ELﬂaebl%MUJ@&JréS @ﬁﬁQ@ lt}ﬂ:t Fehbols
a source block. In sone cases, a Sub-

with ESdJ@frDme t@r89ﬁm;adt§1@e @pgmrbwdbl@sk BRY WHh ﬁhfrysmﬁ)@éwﬂthSé J0h The
o GERAQRS e o Tl BURTRL LS L s g oo

part. identifier 0, whereas the second sub- bl ock of a source
bl ock may have the sub-block identifier 1. In other

Heade¥ %%t%%e%t%tk?%%hkﬁg&%& @Eﬂﬁiﬁt ure may be signal ed by
ESI or synbol position

[0075\M Tibie éthodimEm@ kthedtedéeridatp dshatiated withsath findwik that is to be sent
boundary i ndi cato th indi%ates the end of

toRetbg N GRS e PRI 8 RN O T e RERL e i

on th §s9ibl fnca
ok s RGO HSE LIRS Tl AR O %Ejse%%

and themembet biepdsSbk sub- btlcbréi 1éwﬁw$ls§r@ddbmslern rjof &S %ﬁﬁé@%ﬁ* then 16

st ar t zer ere t t
bis ogssippr 8ty 3 e Rater ity M in Rt c RIS Wit
physiGP e} et Wghih %ﬁfh Sic8ARP bock! the cshtentdlod e phgtivgldayer packet
I ndicator 900 m ght be used to indicate that the first

compsse alsymbk] weethesyith ths headartiatasappasanted with that symbol, where the

header data comprises a segment identifier and a sub-block identifier.

[0076] In this embodiment, a receiver might process received physical layer packets within

a physical layer block as follows. Upon reception of physical layer packets within a physical
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with ESIs fromO to 899 and the second sub- bl ock
starts with the synbol with ESI 900. The sub- bl ock

wo d@oatisfner of a source or repair synbol indi CBEEESING/043184
whi ch sub-bl ock the synbol is part. Header data sent

with each synbol nethod [0075] I n one enbodi ment,
layer hieeld die 1geriver slsteamines S@mhe heades Hatgatnsiatednxith F‘§Y1PBOIB’§“hm
t
con REALIRELARE Wl il 08, Y911 B BOMRL ARl Ao o
deterninde B tstglﬂlcﬁit idene fiamn a Eﬁib-bldéh ideeifinparel, ani ESIt fhethesmimbp] @intained
ossi bl e_segnen entifiers is. 8 d e nunber .
withinjhe shove! &axsr Biebek raeribs st (denBicibe e AP ogpine

Wh10h§§{l e bfock K m Q’%s@dtéd %th%%nﬁ%ﬁeﬁﬁsk%l@soﬁy&%‘}o&tfs From

er Icrent for each
the subé;dﬂtkpthgtﬁufxeathelragewer pac detrmine mhmhesub’rhl@kdhd: S)rralgxd ris associated

bl
it SO STA O A AL UL PRt can

detemﬁ§§ e r@FaﬁQnéPﬁﬁ & thB3ymBoITh e sonhRHodkn@dhe arfesubbadek of the
onprises a segnent” identifier and a sub-bl ock

source blecit iwhees the 50 2@] be nsedtip determingithresymbohppsiide ¢lethe symbols

... maght prpc I, i ved nh in..a
w3 BF BRSSO LU FE A YET REGKELAG I Bk
symbd§fkSmCrateil @y RpaiP aEKIBIIS and bﬂhéﬂho&rc&fsyﬁibcal | ayer bl ock,

t he recei ver determ nes fron1the header data

[0077 gs S9GIy @c{ E\%{ \&I\r{ fheft bs%%ﬁj&l i 1&1 @ﬁ: hie@iﬁ)é %h Ceaih %Xt%ns For

acket eto rea ron1 eader data
examplBeh¢ seeiveemay ase ﬁﬂesw-Mmk datasaegnmtﬁd widle syrhbale for dafferent
sub-bl ock identifier d an

purposssn FAT FEPRIFLH PR e e Aty e|%9<§PaIBg@k@¥mrf%l?ﬁ Rgpgto FEC
decods E9%Her! sgﬁ@tok EH Bf ats&?rcé Bloek VEhe GTbldEt 84tHNDS fWhé:@ple also be

source bl ock the synb Is associated with anong the
used tpdssithined sunat p@“ﬂbh&)@ﬂ@ta fhopld thaS@LdkﬂnkiID @oRkpperday eirfdpelﬁcatlon

er can det ne whi ch
c.2. AU e COREN SIS Re pael B b SR
functlbﬁ‘ﬁltﬁ QuthGEhB kQekrer, il @ fotdetriaivle Wiich p@tiehyefa ﬁ:ﬁﬂvered source
determi ne the relatlonshlp of the synbol to the. source

block m mﬂ% oaraa apvholehie asybliimedisplarer fpreplanaricef mplgediaier gxample,
when 8 frectehveer §%}%§’e$ g ﬁ%ﬁ?ﬁﬁl@ap q%;e? [)fg'cfg & I%‘{}g Cxﬁ Xf‘f%@ xﬂgél's tak%@lated with

source
the firdsRgmient iB&Giftie aogi Ha:gasﬁdmatai:wuh 2} fmtssab-rbgoc:kou’ﬂcle gy b phssed on
fromreceived repair nbols &W er .source s
ad

to a muipmefiamiayer dranlpepu ﬁl lpwéwa tty Qﬂxltlcerm%omateg w1t%I thé source
block agogfaf%tdvﬂptheqﬁ&' sggrggfl‘t 18§{tfff%¥ nTH@%e'chQér mbPhls€ H@H@é & save the

e recelrver nmay u t he sub-bl ock data associ at ed
extractéd dndsyr mbwivsreflaymithb Fsfasscetedowitihemese blpds witapqeinesnt tdestifiers

ICTAIE SRR R PR
sourc@ial%@%s regage(ﬁhﬁkéu%&lﬁgnt(iﬁyﬁcmyyefr BlocRX AP EnhS theResyusiRdks for

to determ ned what portions of data shoul d be passed
FEC demodiog and/opfse passingeon wppnpdariayer, pérhgps ingunyiig [of pykeblfogks of

by 3L EBEEE i L recei ver. 1 order <o

[0078] As one skilled in the art will recognize, there are variants and combinations of the
above embodiments. For example, the header data for a symbol that is sent with the symbol
may include segment identifiers and sub-block identifiers, but not an ESI. As another
example of a variant, only the ESI is sent in the header data with the symbol, and other data

such as a segment identifier or sub-block identifier if used is determined from other data.
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functionality within the receiver, e.g., to determne

whi ch portions of a recovered source bl ock to pass on
w@sooa/134108 e to a mul tinedia player for play-oupPCDS2009/043184

mul ti medi a. For exanple, when a receiver receives a

first physical |ayer block, a portion of the synbo
[0079]as d6@netherexampie efrevariation, the heasst dty éWPFLMeérWIFPa%ﬂCB éymbol may

not in@SELE LB RY l{"idte ! 'I].li ?r{ls ééép ;0. %Focm&q’llﬁﬁ ?o%ﬁl‘f)ﬂ: be
onto a multir-ne plrayer for pl ay- out

deternfibéd indplicitlyagothp déxtwanlrEﬁs,Scﬁctthéﬂblmksrcoﬁrtwdmmh the sbgoeits of a
assqciated with the first segnent identifier. The

sourcey lpek, PepubrBlocking & ME¥sEe to save the extracted and/ or
recovered synbols associated with source bl ocks with

[0080]s e gsmnbthededntiflé eﬁasva:iahen thiheadehdath amma@égwﬂmach symbol may
Ldentifier in order t 3@ them 9 f

compryR RS RS LS B MSRKEeRig Rl ok 338%%%% : %ﬁg}i@f gy tor

examﬂl@}f@ betBnQR kS ingn i GPBPAINR ERNES Bix8Y BROWE of @hysidaClayer packets

decodi ng and/or for ‘passing on to a nedia player,
withinprech alvssidah layni bleclofor sulbblekckeeineifle withisetraenss, of seggnasting is not
ed. sub- bl ocks of synbols. [0078] As one skilled in the
Used- art will recognize, there are variants and

conmbi nati ons of the above enbodi nents. For exanp g
[0081} héstaaather cximple ph Variatippyidr heasder dpta assoniated WIFP g4¢8 symbol may
G f:
i IR T P RS L SRl i
streanV@hbgd smalhhymbérefsStamsa snboliinadsbeated adidy . gana aw'ht) fstream or
t he synbol, and ot her d%Ia sucgh as se nt . .
a videp eI Neke ! SEam GRS ERY| HisEoPe oY LR fegifier, e.g.,if the
streang%@ fo%\daﬁ cHRRARAL QRN a3l @o LAY (ko AR cAROfRle AR Eam
ariation, the header data associated with éac
segmemy,rrhnﬂ fona;yannme alsnb:—IbLmtb 1®n$llﬁbr tlap skopedeneiof pkof therstrepns

e S5 SNHSHST R Sbel DAY e BN g ERTBAEG0S g, i he s

are lo %Hﬁl}kﬁh@%d&ﬁ | fieh deaiMibRided %tr%ﬁﬁff'ﬁﬁfdﬁf&ént@r&gwmcse gments, then
or sub-blocking is not used. [0080] anot her

for examplepl ream ideniier sty GRopetsemcE alle taratuh- k&@@@éﬁl&t s
wi th each synbol nay conprise nmay not include a
No heﬁ@@m’@t seh’d\eﬂlﬁ eddhesymbbhmethiod case the segnent

ier may for exanple be determ ned | iCit
[0082h| |I@éa<tth¢rg‘mﬁquilr;e@a BAGUR RO BFadsh §R asioclalRer! %\EX&%@ s

carriedid Q ?@ﬂ: pcllyﬁxt%a%k&allnété%e EorRt BfKimaPHats ¥ BL 85K8d within the

COln egnents, or Segnentlng i'S not used.
headef 848 ibf th@h&moﬁlheyer dlomhpThe ofinimal driazbn owjudehor keample, a

dat CI t ed h I i ncl .
scemegt Ol TGO R Tt OF 1 EHPeTATs corppotts BanPeagit e
whlch% %E@ﬂh%ﬂﬁlb\ém&*}n%[se&f{h@ E}Q:nﬂfo‘i rzm;bhrce BIRE thddfare carried in

ans a sy IS assocl ate g. an audi o

that physnc@amyor blaclvardbtd)e 61 efithe fmsitsefmmhtn the sxmb@l rprdering for that

tif by ot d :
con ST WY oo PR R A B By
are caftiell 1Y1'tﬁ’eﬁ‘f>h§§1éeﬁ 3kr bRk ! TRe S@MBef¥RYMBOIsSL g{mgmeﬁthﬁﬂy not be

for exanple a sub-block identifier may scope songe
includgllin sgme prabedimsais for example because the number of symbols in each segment

is always the same across all physical layer blocks.

[0083] In some embodiments, the segment table may instead be a source block table, in
cases where the same segment identifier is to be used for two or more source blocks within a

same physical layer block.
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identifiers. Note that the streamidentifier may al so
scope other identifiers, e.g., if the streans are

wo ogbaai7’hy i ndependent, such as audi o/ vi deo stPEBRIS2000043184
di fferent progranlsegnents then for exanple a stream

10084] § e miniad TSR SRR LTSS ¢ ﬁ&é@ﬁ&é\%@e Gihich indicates
whlchrE'ﬁB @(Q:k& AR YT P QécgesBul%QiBRﬁk%FenéamM‘%tﬁm' the Bstwa(ljlayer

er data“associate nbol that 1s carrie
block i ﬁhae prwmamafoﬂnafmthpaukfbiqck ltatd¢,fadexaggpiethei snbﬂbwckdmmanatlon
may bg %@q%%sﬁ Eaé?r(ac -ﬁ)]% 0 q}ﬁ%ﬁg?&&%ﬁ%&%&ﬁ%ﬁiﬁ%ﬂﬁ%@&&? brf,) ph)é segment table,
or as SOHPLLamfe %ﬁ%@ﬁfﬂloékqgfdi"mam&aﬁﬁy %@@f@)récpﬂﬁ’a% 4r9€ table. In some
segnent table corresponds to a segnent id f fier

embodihieots, tborspb1bb>@k tathemay mbebe wfludgdiiot @ammet b@as;@gemm sub-
blockling)xlsex?ots 2 uci;?(rebeﬁ%usf: Elée %%t blg?rkel]eé:] glrglglellhre}%tls Hanngﬁ cf atl} Ll'xgkheé application

layer.Synbol ordering for that segment of a source bl ock
anong all of the synbols of the segnent for the source

[00851?I pii ﬁn%r%ggmﬁ}f:n%nf: a1 &{e?\gr hlnglglﬁg)%cegg%ﬁ &l 9111}%}/0%[ lggér%lékets within

r o
a physllm layeeblotik a§fmrlrlewenﬁ” tel Ire’mmeSreaﬂmﬁncEﬁaﬁp the sogmantzable hed/or sub-
nmber of synbols in es%g segment |s1glmays th

block éaé)ﬂ%@gmém plaﬁy@i taxer bl eageiglaia FI[O g]segrﬂerg e, tqeerecelver
can d&%ﬁﬂﬁé (FE Matebe ggggr@%g ihihl Esﬁ@sxodlaéa A eQ@ﬂ R RRUT 66

ere the sane segnent
sourcd loleck fdr |vénch meteoarcb eyrulscésl cqdroed it the plmysiaal kaacurbieclhl E;romsthe

|
physigfl e ligin R EEoR e GRbiip A BT ARt IhE Bt g s gmbol,
from thEk&dind i bt R%aiviab Gt Siibd g Kﬁtl&l@l%ﬂé&kéﬂ With e@AGBgment,

source block are carried within the physical |ayer
and frbmdhckmanmeag ef ﬁreeconﬂawdf@dmd pasof syinbols denbilbthk segpemds of the

I .
sourcq bl l:?locks cr?n%medt fl?l%erééi%rsgalolg er'b c?{rtn%é tsﬁ?%lg?% p%lggeﬁg ?@edv\;ecelver

each row o rlaese

can ddtéintifieths &pren thets§bibel arfl wils whidt d’(’bﬁfce@kﬁimhe syrhigol is associated.
sub- bl ock informati on may be stored in separat e

From thgisul-black tapsin @rﬂmam@m@n the Receib Bl SRS Wéthﬁﬂvch sub-
block Q?Ehgggu cDpldidemk: s n%01%>d%% ifte cpecause either

|ng I's n use ecause the sub blocklng

o056 o3 e L2 0 R M B DB S o oure

block 5&&% e gutplabé%k %@the BURE br&ﬁk@h&ew PSIcad K8 &Adetermine the
| ayer ol l ows. The receiver reads and stores

symbal Ilves1$1@g néthe svmbbb valﬂdil dre wutsie|bbask, @Iaadmnetthemﬁq:ct Ine’EC decoding to
o EYPSE 2t o 2 8 SRR B P B SR s

symbdlynbol s and initial ESI associated with each segnment
of a source block for which there are synbols carried

I T
1ncludﬁlﬁg2ﬂh6§e ddﬁaﬁbddwbbveﬁorahé“ﬁﬁﬁlﬂbr data sent w1th each symbol” method

described herein.

[0088] As one skilled in the art will recognize, there are many variations of the above. As
one example of a variation, the header data associated with each symbol may comprise the
sub-block identifier, for example using a portion of one byte of each physical layer packet for

this purpose. This might be preferable in some cases, as the sub-block structure spans an
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fromthe segnent table containing the nunber and

initial ESI associated with each segnent, and fromthe
worpilsryodf t he conbi ned ordered set of synbol BCT/USIM9/043184

all the segnments of the source blocks contained in the

physi cal |ayer block to the | a acket s,
entire $qyEcer gk, v@#w&@%&%n&%@%ﬁ% yfsesﬁl SPURRE! %@%%1 behygr several
prysc A ML SEMSE B AR AbBathya3 SR NCARA: J ot
with eadrsyabbEmay aHowiatrbcaMur ¢hat gaibdbihe charofel inthe soddle of hieock
t he synbol a 300|a 008 e
s} SR drootsh DUERED R RSB RLHEHTBGTE S bt source

block.t 0 the source block and to the sub-block of the source
bl ock, where the ESI can be used to deternine the

synbol positi ol thin the source
Wﬂsﬂb|gpﬁnm§ﬂ§?gFm %BG§Eﬁ§ %ﬁE&%sg%élng to recover

source synbols that are not received fromrecejved
[0090]y eﬁa@noth?rmx@n@lqamp lppﬁ@rdamﬁqpéatg@wmegch P}@Gg:'ﬁ] laygrgpacket may

for examnpclee\r/ Pent G810 seé)t ! Qdatg %&nﬂ'lu%g sgul;l% ﬁggé;éag gag%% il)lg)gk opgé:' de

aln a ons, ove

commiigitatedBy bitensheansdatie ﬁeat/er\/\lfdr kxeaplke ssytbithin arehtielcthannel that
descri bed herein. [0088] one skilled in the
is avaijgbq to l’f]&:@ﬁﬁV%re OF 50 PRI SR AR P AERBRS Playsigah faver block that

contaifOP8er i at t G%L%lgkggiﬂaqng%ﬁ} bRRKs, bh&s Qﬁﬂ%@rexéirﬂf)l@ sent via

aSSOCIate conprise the sub-block
anotherr dettor.i er, for exanple using a portion of one byte of
each physical |ayer packet for this purpose. This

[0091]M 8RtnHBePb@hRI A RhEndalerSRPasSREREd with cabIEsyThiks] RhfGHso include
structure spans anentire source bl ock, whereas the

a streageidditifierofn thirecagetthe $tmant hientsfémm«'é/ @t@“@knwbwb glreare pmong a

oSS YL A RATR T DL MURSLELIP G sam

Note tRa¢He syaRobenttier akdyBy sdopeIasi (ycBér ilhratfickQens, if the streams are
channel in the mddle of the transm ssion of a source

logically eeniaested.ciyrle RY gudioaed vidge streams fophesppe mﬁga@wgm%rﬁf then for
examp% %E%leﬁgy[d%ﬁtlﬁé SC[O §(9rlle '&Salﬁ%%ngg re % AR 1ﬁ s Note that the
sub- Dbl ocki n nlgh

not used As anot
streanmiarfﬁlee matylfadsohseaptemhdaltiantﬁ“msg eigati€thewtreime acho gxbeylsy cal

1ndepeﬂﬁ@r§1r chﬁg géddg&}/dﬁgggrpgrgq;a ggfgqgggfpggéga%fseglge%rs atslen gor example a
streamclgmffélr G Qo Yol & al NBFARS sulbPb1b O  deREHdrY A, stk @ identifier may

exanple sént wthin a control channel that is
also bainaludad wethinothe headee deﬂa\f@rq plmswalslaaerdllm1ne»<fanpateslmémto that

descrﬂp.@g%@? q%][sggtf',xﬂﬁr?[ (ﬂltl&'%f:s F) F?ﬁ)oec% lgiglll’(i %vg{/ 3}088? 8 61?(21%1 not be

necess@fy @Sn@H@t J‘ﬁfeaﬁ%ﬂ@ﬂﬂl@erﬁﬁfﬂ{e hebderaiatt aﬁ%azﬁ@d Wexh leacH 8%k in
As anot her exanple, the header data associated with

order toaomnsymdagd thawireath seugtaes| to gaecelver.

[0092] As an example, suppose number of segments per source block is 4, number of sub-
blocks is 3, the number of physical layer packets per physical layer block is 512, and three
symbols of size 100 bytes each is included in each physical layer packet of 300 bytes, and
thus each physical layer block contains 3*512 = 1536 symbols. Then, a first segment table
for a particular first physical layer block and second segment table for a second physical layer
block might be as shown in Fig. 3, where the second physical layer block is consecutively

sent after the first physical layer block. In this example, the segment identifier might not be
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a streamidentifier. In this case, the stream

identifier may determ ne which stream anong a snal
woooobas77e3 streans a synbol is associ ated w t hPCEUS§2009/043184

an audio streamor a video stream Note that the

streamidentifier may be scoped by other identifiers,
expliciglygarrigdfin theessegmenidaklcahbus lm%@ﬁéaughibedam%@é {Edhe yepumier in the
audi 9 d d.he same program segnent,
table, &%67“”6%ng¥5%§ e %@ﬁ%ﬂFﬁF Hdentlfler may scope sone

of the strean1|dent|f|ers te that the .
(00931 it e scqiagn dala (he BFBOB LI PoIBAL] bt Sremens sy oy O s

450, Wik SIS REE LR ) bl ORRA B, IS 30 sypbols are
mappeidhe acdoading xathploedered $ymelanis toctdly’sucﬁll layer pagkes mppmgo hire &iSIs for
all of the suh-block identifiers eam i.deptifier
the syagls GBS MRS O oGO RE s adpg g | & to 449
in this Qéﬁﬁkfea ke %ﬁﬁfhelb(l)ﬁ%knﬂoﬁ Br {RIBBhefti vt Rentifert1iaBo0, which
escri bed above forf segment identifiers and sub- bl ock

wouldub@@ameﬂubeyrthe 100 plyisicial bas@packetﬁaﬁemb@ fitse 1pe plsssesd Jayeppackets
the 30Q 5? gﬁlgedlsuéép[%a rp% Igcgq%rixb%ogﬁrhe oF]de(g{?de SypRok o?s to d)m%u ida] l:é)fer packet
mappihf€TRS ESAToSihe UGinUbR With ®ghRAEidv@ifier [10@8% cBaseRtive integers
exanpl e, suppose nunber OF segnments per source bl ock
rangingdrom 42Unp ex 7 G indhiskeBRIS.- i s 3, the number of physi cal
| ayer packets per physical |ayer block is 512, and
0094} h [@&e%&@dﬁ@sﬁgrﬁén’[&a&le th® Quinpérast smbhlslfsr tha sd:gmhmi with identifier

ach_physical |ayer packet of. 300 n
0is 4%%;6&1&1@@% Farged bk theoktlaphysicakigyes mgﬁ%@* %v %ﬁéym%ols are
. t SWNote that th
mappe hgsgf%(g?&lk 6t§/ {e}}e%?{i’érgﬁ E}gﬁngtgg E)C%lﬁxmcgle}g%ér rﬁa@l%@étl gﬁapﬁbinrg ote that the
sourcestﬂodnmtp e identfier j 1b|thﬂ:ﬁrsmagmenb‘ab@scas o e samel%lsghe source

where the second si ca
block SHSEEUEH UG TEEN BTREHDbsoeR ot ity G d5 ! Payips the niia
ESI foR kiRCdegmbht With ?deﬁﬁﬁéﬂlj' ift thd 8t ?:%ﬁféﬁﬂﬁabled@ﬁﬁdefr itlg miEbgidg the sum

not beexplicitly carried in e segnent table, but
of the imitieldz®l amiglm nupeber g kyrebolp 9t thesegraont itbidentifier fhiin the second

., rowj corresponds to segnent identifier j
“gnwn?F%8©3] In the first segment table, the nunber of

ynbols for the segnent with identifier 0.is 58h
(0095 i | dRrovgst p@ebéartaapm wheIsi e éatfsfé)n%m?g%é%ﬂ yieagigfl in the headers

of phﬂﬁsrﬁgé thé; Sy n@%@ SR DU By B@(Qa& Q. gﬁcac&)rnﬁjof@ata

ols'top yS|c yer pac
sﬁanmmm@BﬂgumabEyiﬁﬂﬁnéobbtmﬂmsynbmhshﬁﬂthmﬁﬁgmmnnﬁnrmﬂﬂpk

identifier O are the onsecutlv rs.rangi.ng from
physicg! (51 odirgon 5711 K dredianBBor OnR KBS "ofe 8y bl sodege tha
many biier %ﬁgﬁg%rla\ﬂoﬁlp of #8bbId-88schkbdPm3@8d. whi ch woul d be
carrle he 100 physical |ayer packets after the
er packets the 300 synbols are
the ordered synbols to physica

[0096] a)F%'E nﬁﬁ? iéﬁﬁhcﬁﬁ@lﬁ’ld%r FEORo&S &esérifedtih 6tabyBQ lfor eMatriple as
segnment identifier 1 are the consecutive inte

descrlbechgn I FREGOA3D(Infsed Engipering hask F @X@fnﬁﬁ%leStFQQU@@meeﬁtS 5052)
and Iﬁﬂﬁﬁgéﬁgg@?e‘%ﬂ‘?'ﬁngm%? ifi g%&%&k‘é‘ﬁ&!iuegﬂ‘ fob LR hed §953),

typically associated with symbol or group of symbols or group of sub-symbols sent in an

application layer packet is an FEC Payload ID (Identifier). For the simplest case, when the
FEC Payload ID is associated with a symbol, the FEC Payload ID comprises the source block

number that the symbol was generated from, the ESI of the symbol, and in some cases the
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O is 420, which would be carried by the 140 physica
| ayer packets the first 420 synbols are mapped to
w@ewonsti’ng to the ordered synbols to physical PeEyes2009/043184
packet mapping. Note that the source block with
~_ segnent identifier j in the first s nt table .c be
initial {458 ok euerest pRbL pihdbe Ballast Sr0siaEE SrL AR HEHRIIFi eyl can be
iewell ia kib- ‘ £ Ahibd15 Arel pat of BHSL sub-block
viewel ida st bIOEK REGAAE, REHTE ‘@%‘éﬁ%ﬁ?‘% PHRbol Srcmaft of HS sub-bloc
and tht laepalr syaibobegperttof hatdondissb-biwk). t hi s mappi ng the sum
of the initial ESI and the nunber of synbols of the
eGTEShe WE b nlefigdisiahll BFockdsts HEcHP&l SRFENEe FBAMRRI0ad ID is not
mﬂgjfagﬁg. T0095] Ther e a?é)oﬁth Sériations mperg?Q t he
sent withteach symiwil, aveldeseat dthgr moeans aredddseribadghafanisonige gfe amount of
si.cal |ayer, bl ocks ut could be carried,in her .
headefHZ UG fspe st casgy gl piedp TfatEehun {48l His useful
in sontEdA8EsAt @ sBRES k& RhnslAY Ble sBAARK fdrhat fr6MNIniusEhg@dWT Payload ID
information for nultiple physical |ayer bl ocks, or .
to oneswsing the meanodasetibadeabape for comrryingdhis iBfprmAtiohe aieeeiygy |1t 1s

. t hat . = i :

s o FORhEE 230 TN G S S B RS D e

meand Bt dbbvd BR6vdyaig thiryfoapplidcatd @oeivayteoné&EGng anl EEC
described in standards, for exanple as described in

Payloadiy Ferccxgnmie, ther wight pe ehigadysievelqpe o fRbuses s C
Paylo%ﬁfD %%mtfﬁﬁlgg%%@’%d :5%% 1‘%%9}{15&1?@11’[ (4 BkeLA g%tgélg stream of

gi neeri ng orce Request for Conments
symbdly phd adsbyiatad hemicatiad gandrhted ysibg thip sofgrarapo pfodsgendioduput stream

or group of sub-synbol s .sent in an.application |ayer
of symphedgcand 4%0%?16@3%@ PAPPYIRC Wrﬁth(t*“?d%‘i’?r(]f“ﬁi f@m{“ Usige theartans
describtdRet case, when the FEC Payload ID is associated

wth a synbol, the FEC Payl oad I D conprises the source

l ock nunber that the nbgl ne f t .
10098 5P R aTS e T Qs e AR, L Bloe] G ety derived
from thBQesc@p@bh providedlabvd.h the smal |l est associ ated ESI

(and this initial ESI can be viewed as a sub-bl ock

Sendihé! gr%ﬂﬁfein%ﬁ%s t{):. gl g#i#kgey%&%feﬁ Q%EEI%W ce synbols are part of
= ir synbols as part of a

[0099% e Fond psiohitibddostichm th&A9T] bd sens ovee achatiied, whetrddais t@besent is
. .. pr.ocesses descri ped ove, .the FEC Payload ID.is no
Aiviadlato Qe TERDRICS) B OGkAoF FSHBRIA TaiEe o HESHEREFE he symbol

data (ORSEL RNt Rk s -rBéS [3}'[?%% lcﬁr{"ﬁe AR e Pfvel BRI e g@h%lﬁ’@l{@ﬁl layer

I's sent wth eac In order to maximze channe
blocks apapiidritizel tnansen,) setha reverseswde of dlsaspratrity. Sendample as

transl t he .sendi ng f.or, fromo si ng_an FEC
describi o1 B Gho RCERY e IR UG B BBV i e
sourcE @Y 8 @utdd BlodkTh A di kb RRlutS iR tHeR®BEeXEHf thede deScridti®@s, channel
useful in sone cases at a receiver to translate the

zappisgtiienJ he datasompriswre dlata ay sighventiviorive ksl fges sourpeblock can be

RGN SETUEAE F SR 1 ARl o
repaifd§ ol e deNEHQBEH 15e0f IowaE Bribfigtsubsdsck el thECource symbols a

second higher priority sub-block, and thus the lower priority sub-block can be sent prior to

the higher priority sub-block.

[0100] Fig. 4 illustrates an example of how an embodiment may prioritize data into sub-
blocks and map the sub-blocks into a prioritized sending order. In Fig. 4, data stream 470 is

represented with various blocks and sub-blocks of data. For example, data stream 470 is
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Payl oad I D for identifying synbols, and it can be
convenient to take an output stream of synbols and

wasmoasabved header data generated using this spET/E2089/043184
to produce an output stream of synbols and associated
data conpatible with the sending_ fornat u3|ng

shownrfeifthan aslie Plosle d5% Bed, karique o okp biteks seghnsiig r%@lﬁéé%l)ﬁéo and
vanoué‘é‘l% i g@éﬂ&n{ﬁﬁ&f ¥&c‘?@a‘§ p,B f496 nBbh S5 RE-B3SLIB,-B, 440-442.

derive Ja3 ption provi “above.” Sendi nY
In Fig.a4, Panpereprosentt thedpgliest mﬁ)rﬁh anﬂ:nb]ock apthie mgez{rﬂ %wa&bby B;-b,

130430 BB M ipoh b Bt audip ek SD i 1o P {GRA10, respectively.
Given Blfé)éé :pﬁ?llltg 18V, tlﬁé B68S anfiQp- %mgﬁbﬁthfe sBEHR cﬁl{ be arranged as

synbol data t Is to be sent tor a
111ustreseﬂJb3csenklirrgcdrrangcmm 480t @ht bawstipoargy biedkt(ZpH £0)sas he

v e LS 1 S AP SRSl i s

420) cAEBLEdnP Mt Idele 5CalBt 86§RAEM es beRfech RAY drioda kdb-bRkk$can also be
source bl ock can bé sent prior to the source data for

taken mtcszwomu wheogkeating cbhtedmortttzed eemlmg orider. thes esamplexaccording to

descr j han
some g ’f“g‘i‘tﬁ’gsub g’ﬁ%c l’af lyfife rﬁ?y gérjcli?p%nﬁgeen\gg RREE orFn tglgéseou rce
emboddnegk, i€anRy be a@ﬁﬁ%@%@ui RALIBAT théik @e}é’erﬁi@ﬁt sabatdcks before P is
exanple continui ng the exanpl e descri bed above,

t he
transrmféqsial Thusyasseps ag Bniseceevsdslbier Bg de@ ip81 and ghefits dependent sub-
blocks |, BL 'njiaxle sa%’ﬂ%% @ﬁ%lglg g{ja &ch ?}18 Lt?ﬁ%%sas%éﬁﬁﬁlgsarﬂnéegﬁém ﬂas been

her priori ["oc ower-priorit
deternﬁnlehi- Heoekdiag ﬂrrbﬁgeﬁx&mt cqar beouisedl oo divedelthg lan ingo idiffdrént physwal
sub-bl ock. [0100] Fig. 4 illustrates an exanple of how
layer blocks apesastinglye may prioritize data into subbl ocks and
map the sub-blocks into a prioritized sendi ng order.
[0101]I n Ok gletldhd foatmpping @aioridZ@l jub- blapi@éstemhe'sicwlwer bhackstpsmap

ock a f F
sub-bIGHS G ATOPRSERD I o g PO B RO SRS OLHE Fabeciment of
this m¥h6& OF@ 9GKSwSHEH 088at@dB0b bidkaARp G&b)vaﬁ@@s 1c‘dﬁlﬁyé}ll§ocks 501-
sub- bl ocks of synmbol data such as - Px 420-422, bz

504. ThgblogRsin Fadd gegypmsr@uw being tpangmﬁtpd 1pr[he4cb(pct1on 1ndlcated by

v S50 3Bl G S 5 BLL S Ml Ahel e v
block R4 @xd ﬂﬂib-léﬁamsnattdd befoteastysialthloensDd); d?rdanﬂn(x Physidil lyyer block
respectively. Gven these priority. levels, the_blocks

501, seghign o8 Jaiestiest ahend OLteckigi ShnAb HuaH RS o Bidiad> some of the data
IR
500isHELF L 290 A 0y 3R 000 REs 4, AR RIRR sgmeno
data irf the dataei00ag orilip ehdmeg pl'anémgltcoéneaoﬁthaphymcsai; layar, blablis| 1t 304 even
i ghest priorjity data (Pi can be_se

h
thouehedhor RG] G5 PSR GSEROR RES Biapyigal Teyer block.

FEC d%féb)‘lbh?ﬁﬂﬁéecpﬁﬂ) @k %ﬁ%@@altl@éﬁﬁlob@ £ BORGND, PREMO is placed into
creating the priofitized sending order. For exanple,

the phpsicad dadienflocks @cﬁ#@ Sélﬁbbdbzr@ba 430-43istplasel éntp thehysigaldayer
blocks a% 5%—%39 ,eB F—ﬁpcelata %Hb 429 is placed 1n{0htge physical layer blocks at 550-553; P»-
P, data 421-422 is placed into physical layer blocks at 560-563; audio data 450 is placed into
physical later blocks at 570-573; and I-Frame (ZI) 410 is placed into physical layer blocks
580-583. One advantage of mapping sub-blocks into physical layer blocks in the manner

illustrated in Fig. 5 is that the play-out behavior at a receiver will be more predictable

because segments of each priority group will be contained in each physical layer block.

29



10

15

20

25

30

enbodi nents, it nay be advantageous to transmt these
dependent sub-bl ocks before Pis transmtted. Thus, as

waeown/1350F1 is received, all of the data in PiPemdsSming/043184
of its dependent subbl ocks can be nade avail abl e

qui ckly at a receiver. Once a sending arrangenent has .
Howeyseveripas segmensswithineagle playsg! @W?rabig@wM tY@&%ﬂg‘g e (iffsgent sizes,

becau%eﬁgg i\éa}lsl’rllo%% tl%? ngl{lf}s k&{]lggyd)%afll%% nt (ﬁﬁgl%#mg%ln%%rﬂy ISfI; céata This can

lead tdPpdtextial p&ﬁﬁn&ube B las thentaziwhdae ctaﬂnofeay)mpliahted lpsocessing at the
map sub-bl ocks into each physical |ayer blo

receivaIoWSPalk T A BJPers REVEIDRHh BHb TR ES S b ferent

ﬁ e shows a set of data 500 broken up into various
Seeme F &cal | ayer bl ocks 501- 504. The blocks in Fig. 5

[OIOZfL%nreﬁt%égféﬁwdﬁ?roia%r%%Q 2 sayrbel gt 0o Aot ol Byt B

dlfferé?xl(t) gﬁ sic? i'atyblsbl'bﬁlgé" s8inid SsheN9 ?)?'ovchﬁesﬂﬂé/ Bést ﬁfotéc@i){)ﬁ agith@@kannel

hus is transmtted before physical block
Impalﬁlﬁﬁh)s Fagds stiotsian ephmgplecdlont gydpdiment RE metb@d:t Fign6 slgovs a set

ot drkig) b AT E AR SDaT 0 PR B FAURRAL R
represBR¥E h&Bding BY@miBbOfikthe Qire&fih indivdted bs’zl Eltrbw @)Qr FFOS e&mple
each segnent of data in the data 500 is on

physiqal hwemblpth @0 loig érapsmitted befeye plevgical b%y@rrbla%é%g(as@ {husay
transngé?cp ge ysﬁglcbqg%le 0 ,o%rndl \%ltfﬁ}l gﬁgsqceﬂ glock 6%][ , osce:itlon 640 is

rng se eac Sl Ca ayer
transnhiftéd Hﬁbﬂ: B 61(p| Aclsirattdint Fig. @hysiaalus ldaypgrioblkiesinshe

N IGNTERE OTRT Er
turn, Hz’[‘% g%ﬁgﬁl ;gd}gﬁ nte ?3&@%{1@5@ RIS oG- 65391 &l argc)lﬁbfs dRdr@larity

into the physical |ayer blocks at
purpo&S0eduh 3egrtht oPdatd 08 i@y 412@\/111 plapetdamgdonemfdhmw;cghlayer

| ock 560- 563; ta 450 i d i
wock Y Eob o o bhsrabiti BBy SRR Bl 8
phys1da515 1REAGIBE | m&xﬁﬁl}ﬁﬁz‘ BRIck l68Y ﬁm%ﬁéﬁkﬁtogﬁﬁ =18 3bl0€X1606 is mapped

advant age of mappi sub- bl ocks 'into phyS|caI | ayer

into 60-62kPlock GHes maapp intd H3%63 Fithbarki (P8 glapped igta ¢ 643nels 2

pl out . beha [ .
result &f %I na%pé)brrge tﬂbx%taagﬁ% 129(%2 81?1' blégacié%] alk%% g?llget‘?\ilve%nr %ro%pmgs. For
exam;ybk' datPBo@QAtAeBL@nl B;-Bagho-phy ﬁia@@le 11|1cﬂlydfrd in both blocks 606 and

However, various segnents wthin ach hysi c
607. Aéghélpn@bo@rglwm nhysigi begl papeotopfagt ¥ht 9:1&4 %@’gl Pﬂs‘é%'gad gylority.

For e%prmlé/ Hdd %?)1% Hpﬁdt C n%ﬁlvaﬁ}ysF 5to &MQ (9 Yhi#OMbak 04 may not

ér en amou ata s can to potentia
contalmeihfy denERge Pi $3uas618t Qrivaady ategeveithel nEtHOd ilesteated in Fig. 6 is that

bt A Tt
less pw?sgssﬂ{rgf k th€Y ntsS | F18S maly QésQl?t] in PFNEH rd¥BEvBOSkrfo¥mance.

e sy data as equally as possible over
Addlttdmallyilthé emlﬁm'n wgmntme alyesrstatinooiieg casiert hiogvegem gingg thgre may

provi des the best pr tect hann
not bRt o e cg panbar Sl b COREneipam v
physi@l 14y} 8108RthE Brayfdudlbefavidt @he@ed@@er will be less predictable.
[0103] One concern while mapping data is that enough of the high priority data for the
source block is sent in the first physical layer block in order to allow the receiver to start
play-out as soon as this high priority data is received. One method for achieving this is to

prioritize the data in the encoded or un-encoded source blocks in such a way that the amount
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of data 600 broken up into various physical |ayer
bl ocks 601-604. The blocks in Fig. 6 are represented
w@go0basTigstransmtted in the direction indi catBdr/bg2009/043184
arrow 609. For exanple, physical |ayer block 601 is
_transmtted before physical Ia%Fr bl ock 604g%and t hus
of high prietitysigH is se@oger frcsiop ey §MNaf the teselangrms of datiqpe fqnhfor the
ical. | I ' [ ] istob
source}¥G herch PG o BoRE B phiRal LGB Alchsionel wRA MRS o be
sent fotalid QuscedAbck, pf the chdel velseré highhpeiosiyyndsh fatabme 86@chalogk should
been grouped together jn bl ocks 605-608. These bl ocks
be avagS0lo 608 4 eRcly i Rec Ve LB A 1o IBYSTEhr! Payer
requircgrggﬁifsc‘thgpﬂ]é ?dgsgf fI 'p?io‘ﬁ@ig@!)fo@iﬂjﬂé'gdlsto bE %{}aiﬁi'o&rbe YordHiRP S&fee block

segnen data 600 I's only shown placed into one
after tiof retéieembysvesdd physjed ldyeoblosks 0kn6lid cavbhadhiryad if the dlaction of

.S nt is placed int correspondi ng section of each
dma"bﬁggﬁﬁéﬂnpg$€?mﬁFHﬁﬁﬁﬁﬂgr exanpl e, bl ock 605 i s mapped

into 610-613; block 606 is mapped into 620-623; bl ock
[0104]50 Ani exampppech firaferred patisivgingistraery 608¢ fallavdpperhiphhean be used

e 515 R Rl PE SHPPLC B LB £ ok o

be sent MithBXE PRy Seal dadea blocREvERESthS egiTRIata dBinpBigeshO sddt2e sgaybols for
be included in both bl ocks 606 and 607. Additiogal

Iy, .
the sourcgiblask aphyECagpaibsseholimalanogensarehitAmthy seea loplp fiat is to be

[ Ml AL AL OF | hieTBYh 3O the fracti
. S e o o g B OB e o
of the B@&it datanvith priaxty j dalP g for orh Pi, K20 at 613. One advant age
of the nethod illustrated in Fig. 6 is that since the

[OIOSE sgg%%tﬁriﬁ%ﬁ abOf, H{B’S%h@clﬁta LAY G prihPF KSanWerbljRdSABR: sub-block,

e receiver wll require I ess processing to
call it suiphlbokk j.hEhae greefiicsion Phiths seatydatesul in the ldshpiysicabilayer block can

recei ver r.for ce. Additiognally, .the uniform
be thegBiEMn Yitsd FANDY et hins TP ubbe e Eplaul Tegpiggl 1 and
possit&rRe FBihe RhaiRM oA 1§ YeHt AN tHRESst pRydieul ldyer BAEN. Let M_1 be
priority levels that will be contained in an '

¢ y, given .
this mpkiymine.zandletferl -bl-dbkl be the rpnaipingdrachen i thbe seppin physical

recei-ver wld be. | red :
tayer QPR o] P adrs TR NEpEgY G Bl P AR D SRAERI, block
N. TIQ:%E e Rkt the vt datal seskiniphysieditiayienbloake N-i kst be the maximum
sical layer block in aorder to allow the receiver.to
of P_g*t%ﬁ_tMpﬂ ayd bdt-1 o sl thehighfssPHITgH Sﬂkbﬁ?ﬁﬁaﬁ dicoad pighest
. . | e . 0 |
priorify SEEINER s T LTRE 1A O PRARH BYEREOLLY. Bnd fonkBly spme of the
remaisingdae a8 vadlk sThinisswoimiag ey thehdata ¢fttbe frsd time pfiothiigghs to be
riority data is at st fraction of 1/ N of the
played U e FEHYST S G AT uP DR BB RIOTS DY BDG BRI ock,
wherein N is the nunber of physical |ayer blocks over )
[0106}whi Tiis mkdod atrabé extendeddo determing witithesesbdate &0 $5ind ¢k cachrphysical

he case ere high . priority data far [ .
o 435 TR A0 AP 0 el SO BB B o
the refdil&ito PRSI 8ént lséreé blokcR@kta id Bifpedt@read., thefpribligy 2 sent data is to be
requirenment is that the first J priorities of

) dat a
played ewichftes raseivingsthrestihsicelrlayes lodks pusiead ofiplder PRbsigtldgyer
t he receiver, r I ve i-cah | {
ok 4t SERAEIS RSN PR LRGP RGISs e
different streams or bundles of streams over the same physical channel, where he amount of
space available in each physical layer block is used to determine how much of each priority

of sent data for each stream or bundled streams is to be sent in each block.
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data in the first J priorities is at nost K/'N. [0104]

An exanple of a preferred partitioning strategy is the
wo edobasi7ng, which can be used whet her or not tPeT/abmN®043184

mat hod i s enpl oyed. Suppose the sent data for a source

block is to be sent within N physical yer bl ocks
[0107Jyh Doée thrieths rieride deserdipgrabeus neerd 10k 6%0856 BBl qrfpring i

[
the prl%ﬂﬁessl%?% gg g ggﬂﬁk%@gg 615 F@Cﬁledhgo?gécﬁlef&yhd;? Ql%ozcets of{niaems(,:}el r(1)rder to place
the pmSth@iSdati had sefict piadriaized data thaius meolnbarakleiis tegiing ol pdority may
pr|0r|t|§ glerethefl;bagtlon of the sent data
be mlwdttﬂg 4T fheysepdipg opsler, ip gpmp ebodiments. | 1 0105] As
descri bed above the sent data with a priority j can
[0108]oe Agrdeeqyibetd iaho'e, implatmenlimgny aahdseipropoats $sindivie ajrrangements can
t.he. fracti.gn .of th t data sent
be acclpUshest ingy s a5 RBCRPESTOsE e St R g b apyRbeesses
descrlﬂvéd\herémee g akls, ﬁicclddh%b&@ﬁé’r dala :ie‘ﬁﬁwﬁh@ﬁ&ﬁéynﬂfdl Qiok hyader data
sub-bl ock 1 and possibly sonme of the remaining data is
sent witbreach synalbmd, dtasst physi cal |ayer block N. Let M| be
this maximum and let L | = 1-MI| be the renaining
Pamalfm@tcbdmg@faé@haebl@clbe sent in physical |ayer blocks
after a fraction M| of the data.is sent jn
[0109} h@%@albﬁ% cempe gw@alecbfra@wnwnnwmetmw progiles

capablilxﬁ?t nrgg(SVﬁg %1&:0 fn?i%,n(%r éﬁé}ﬂﬁﬁﬁ? b& ng ?ﬁf £ otf?&@@lgcl!\#f |en&?§l]1 Brce
symbdi$ bmisthe paires bloyk plub ré;iaﬁcslyrrﬁmtt gzaenatw fiving tteﬂoume |bhr01<taye

b-block is sent in the | t S
receiv i oRRS FHUTSOEEY B SoRBHES GPi D PRI R By Sogl o2 one se
of FE®eddair dhp Ba} Be ?&?ér'é'fb([‘ ot Btirst PErtidabR IR ol bldcksd sdc¥Rd set of
priorities 1s be played out at the receiver after
FEC relw_nr (et Biag &k gbm}eued ootk sechag gottion mfﬂ@c@um@dploq_ko Yoein example,
the seqpoporiahin® Fi-GRR b RS ki 5 B B e YR o iRBrnkes pius
some &RIHtieHa$ paroflé enp@ablbek.t %p@@@&e\gb@ﬁe tsftﬁbcﬂe €iavlrce block are
requi rements for the receiver to play-out sent source

divideg|infole lgutniioridy siur¢esubritlockeang a high @rlg}fl‘gyos,opfcy sub-blg¢k. Then, a
first S\ﬂh{)f’%ci( %f f:ﬁcqgl?a%lb %lsoégn b%g%géra e%cffdnY tHAGh V\%}héﬁ&lt?] Sopree sub-

SI Ca I nst ter t
block Iaalyl%r sebtbr@lefaS bla'dka)mmtwmr atambels rught galesaedfomote f i ed

y the reqwrerrent to rrult i ff t st
concatsflatquﬁ the oyt PEeT ¥ AR yarb ]é ag%ﬂ@%%f@é? SRR %@aﬂﬁck
The S%Maﬁ{gorgﬁro&@é‘mb Qbe C}gsgﬁ&?ccﬁl\f@bé %@&f‘nd‘ b ARG YR féﬁiur symbols,

ck 1s used to determ ne how nuch of each
low piporitgrsbtrye sfib-blexk, fifat subftieckecldfES tapearsymbolsumgh gdority source

stre IS to.be sent in each
sub-b5e i vt 50 BESEP 650 SOOI TP L Ok LB g e sub-
block %ﬂm @atnecr}f)fociﬁﬁ}} !Pl% odt i@ mediaf8y Af {hefe ik nBStobMmYudARofruption. If a
partial order, whi ch case’ there are choices for

receivahicctives dlber pat Cpﬂth@ Brst heb-plorlo of FEG aepadiatyanbodsrandthe hightpriority

sourcs&qbotgllp%l%/ ﬁegrtggﬂ}t/g?at n I{r% d%?%cﬁnpratflg ?}%21 prfg)nt(tjfgon'?ce %lb block using
the ﬁrkﬁbu@%’l@ck&ﬁm repair SymbOl @ﬁhep@ﬁis d615t66 Irrhﬁﬁ cahﬁlvtﬁ)n If a receiver

i mpl erenting any of these %osed send g
receivgs plhagparbaf the dew priority source sub lock, the ﬁrst sub-block of FEC repair
symbols and the high priority source sub-block then the receiver can try to recover corrupted
parts of the high priority source sub-block using the first sub-block of FEC repair symbols
and then send a media player the received portions of the low priority source sub-block and

the recovered portions of the high priority source sub-block. If a receiver receives all or
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be acconplished using any of the inproved sendi ng and
recei vi ng net hods and processes descri bed herein,

we2@9/,13E8 s, including header data sent w th eBchUS2009/043184
synbol, not header data sent with each synbol, etc.

~Partial FEC coding of a squrce bl oc FEC re ai.r
portiogreizallcighr HE-Rasksy Beadhs sy dtaByes flbo i éxga %%t BPYERY gl
Hmowg 20\ xﬁﬂ%@%h& bicy to recover the entire or

gn| icant portions of a source block if enough

(01105 %qe@?é@?@#&e&é?ﬁp%aﬁapﬁo°“r%ﬁa@Lﬂ GiPoR e SR Srbieptign over

each sﬁggld'cﬁgéﬁd'ratg@t & %”3 ViR tigeRes Rt KB-BI6 QAR rdpairts$mBbls protect
source bl oc one set of FEC repair data nay

the enble: sgerve mmnﬂcmfauit itheslowppmarity usome ﬁlﬂsebbelg p@*ebq)prsﬁekable

For S R L SRR P8 L5 RO o

and edcR@f BRAMIF HIOFphi@ BulblockRec s!éGSObrle]iﬁtﬁksyﬁﬂjblé mhu dRirdghRe
first gortlon of the source bl ock us sone additiona

methogadmn ¢d attpwe sapld@v BICOERY @ﬁm@ée @qvéceslzimlt%ve@whm@ of the
source, safmrbg)ésss urgcf%[ lgE %ﬁoﬂ{y SO Mé'sqg (ﬂ)ldclﬂt e st ﬁéfqgé %c%ﬁrcei(symbols

prirority source su

from th&&W phorfitlyrslircs yitb-bloak lardlf)stl:ﬁﬁelrewﬂ ithie tsyondoatce sabiblduks are
enerated fromthe hlgh pr|or|ty source subbl o

, d . .
proteciedspdensadatiy-y the kot EE@P%%&’I’@ OLrBT SRR Bgthe h?g% priority
sub- blgapﬁrrf%'i Eg%si‘tg? g%it%g nsg s %g&ﬁ?@lﬁ 0P heQub 6k MdUrk BRIYL30 repair

source priority source
symbasithabpotdct thEhabe.n@umRm puoftectios cambe mrmk@phheahzed using

oul d be: ond sub-bl oc FEC ir 0
Reed-§0 PN o TR SHRTBRURRIOY (1A Reel SO Brispie g el Mffos
ideal &@(R%N proYEfRL SvheR L& iR &h@&vh;‘s\’de%&iﬁe@%b@@to@r@fékt ovleRlapping sub-

his ‘case, if a receiver receives only all or part of
bkmk&he high priority source subblock then it can try to
play this out immediately, if there is not too nuch

[011 1? OIMhi$H hehodd dre alsbEEuV B pi@ERIngas cadel profectiardcrak tdidﬁl@ng ofa

i rst sub-block of FEC repair synbols and the hig
time PgFipGeRuSys Blie HEeNgHops elcdata FepiVEhE beawpmid apt %CéﬁSI?lP%}lyt gnstead,

o L 80 B SRAED BB e B v

longett ilockwthiat includdight isbort blokks caiebe pregarablec @hisewayalfl outage with not

part of the | riorit our sub- bl oc first

too miriog ko i i gatipds UGS BRGE<ARS SOt Igr ks ey
allow HRIE ESbSLRo R OL Kvﬂehﬁe aHéﬁﬁoﬁeﬁ TRV HloteeBbn hér¥sst18n e@%%&ﬁ allows

corrupted parts of the high priority source su
more los$ togbet dver fangst timelpelddsck of FEC repair synbol s and

then send a nedia player the received portions of the
ReceilB¥WnRIliiSE physieQ Wy bRdRshé@ek and the recovered

portions of the high priority source sub-block. If a
[0112f edior vieganring epplisgtions Wisrp b?guraélﬁsponne%ﬁd styegigis are sent over a single
soan RS R U8t D 8T SRl e S F B

such gH93it8] layﬁﬂﬁb&fb&%aﬂlblemepm@Em%ysﬁal lagerphl @kestr@lhenight be

to providing FEC ?rotectlon ove
256 Kbps, or 1 Mbps, whereas there might be 50 such streams so that the entire available

physical channel might be 12.5 to 50 Mbps in this example.

[0113] Typically a receiver may receive one of the streams of physical layer blocks at a
time, due to a variety of different reasons including power issues and memory issues.

However, there may be advantages for the receiver to receive more than one stream of
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each sub-bl ock separately, e.g., having the second

sub- bl ock of FEC repair synbols protect the entire
waomwas77hd ock i nstead of just the | ow priorityPCDURINEY/043184

sub- bl ock can be preferable. For exanple, suppose each

.of the two source sub-bl ocks conprise 100 source
phy51c§g,]|%@] blogksc For erandadhthgreqene 1§ fserme q,lbwﬁ jStreams, then channel

zappir%e%?%rgl gé: cafiP n?ﬁ%g ofh 5&9951230%@’ Mﬁn&ﬂ&&, gﬁ%hﬁ%e%%eam

escri be ove can | ow recover
that the nédeiver suecte dah be played nuifinien tdbapfinttileatsbehipbes yodldly devel,

fr the hi priority source sub-hlock are |.ost and
becausgislighe dlifa e BewSyrbies PrafrEvas fosd RFOBf finedsTiie avhen the
receiveiiaRt Qchatle® Bt srhiB! F8S it frul Q\%nﬁ%c%%%&%? are protect&d using

sub- bl ocks are protected i ndependently by the two FE
FEC pr@paion witlha lingpkstettimarperiod oweaf thestreatheatgi videommicodddtiy such a

sub-bl.ogck is not, possible (|ost 60.source nbol s of
way (e Y (BRI b e PR IS TGS SpAVKEE jRET. opihpnes called
I-framB$, @bRetimbNEIRUIDRLPSKs (1RUHBndREDRaR Fdsh BRAned)) aR&ehOr
exanpl e realized usin eed- Sol onon codes, where

infreqesnple duminthsirdtrgwsizhail hindepicdbl waby thal destiag gpasined by a GOP
al ppst i | . recover ro e X '

(Groua PRt o8 ot BORS ke PLERSRY PSR YEE b JFor ot

the GOP dildkliod he sevidmt fieds maight B $Osdesads)bnd BECprotaddn might be

_case protectiagn across too long of a tine period
provided (s proteshthiercatitg GRPpdr ) seronds. Bthis cagk ayithent ygngiome of the
. | . . .
metho B Aot -G PR e AT gl g ety o
possiblE@dphat leeter amd wer ptiortyatatdis atsoslitphaied tmenhadee thelay-out
.. short blocks, can be preferabl.e. This way, if outage
quality, £ e 5t BRYTRILrARERSEes: H AaBT4 RS AU EFCE IS LY piydiannel ata

time tHe\@RnAECafiiRd BfkicOldaR R3FISRONN sebb R kwharaYs i@kHeQ¥eeiver is
those to be tecovered, whereas additional FEC

receivipgellebaimts ther deschaomy eapihg ks catlddrsimostandtagancpus. be
over longer tine periods. Receiving nultiple physica

[0114] aYBérebkOsImSstRFB I bbediblE@he cbRAdE G oMkt BalhedH 8 receiver
where logically connected streans are sent over a

is congyiriegile repepvanganere thay sneHreamagiatypicaldryer padketse ffqregample, the
_ . . o

e B0 FUPEO I B SAURRG 0L LRy o s

protecibiy 8¢coding| ayig thddtaaksshatesbainghirrdndy Dobmgldbpisto forr exhmple the

. Mops, .whereas there might be 50 such streans s hat )
medlag%aefefﬂr ip_faéf'%aiT hadpia faq%gi PrICARp §Fh e St%eéh%nd@?ylé!ig degoded if
the reéglem%gb@cﬁa%éls, ﬁ?ﬁénethe [F@E%o%ﬁﬁg 'ﬁ&@l}é&ﬁlr @leﬂg)e/(@r?dk\f}efm the data

may recelve one o e streans o ysi ca
that hdslabrekdy taten aedeived fodthe new chanvet iestyrt dfe redid plagritut almost
. .easons i ncluding power issues and nmenory issues.
1nnna£% ver, there may be advantages for the receiver to
recei ve nore than one stream of physical |ayer bl ocks.
[0115]FoAsexeifipt Rossibfe artiisnizatiosi, wheh 8 reastyier 8 rageiwnE oslycdne stream at a

. trea t hen, channel . zappi fromone streamto. ..
time, TR ookt B iR e SRR R BTBRE A SRR dRgeqitpe
receivért Ha@ i B! pali 1 © £ (HRCBeXiBrav MRS fdr Playadut eheR Ity RPei0ét first joins

fromthe beginning at the highest quality |evel

the stream. Examples of such redundant data might be low quality video IDR frames that are
included very frequently in a video stream solely so that a receiver can join a stream and start
playing out some video almost immediately, even if it is at degraded quality. If the receiver
had previous portions of the stream, including a high quality IDR frame and all subsequent

frames sent earlier, then there would be no need to include the frequent low quality IDR
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because all the data for the new stream has been
arriving for a period of tinme before when the receiver
web@ngewothannel s to that stream This is trueP€wes2009/043184

the streans are protected using FEC protection with a

| ong protectlon eriod, or if t estrearrs e Vij
framesekhsdey qualiy DR HamesycanHise 2iSIrigHt Jmewtg %aﬂgtg ¢ pandwidth,
e.g., 1%&?1({;@{1&? ?}Iﬂa%lglg "i*xqg% r%% ?|Iﬁ%éﬂl€§1g?l %fdff &ﬁf@ac? génﬁg)glﬂrfﬁﬁ 256 Kbps
stream( thédepemd\equahaaﬂm Rafice ske dwea 8261 thareikbletbandwidth. Sending

the low GG L RS PAIIeCRPa Ty o e TPES g P O the¥tream
that thEl ',r%!eWe? Shan @s!"toggloﬁ e rchLuﬁ{eg @hd %jgo Mhagftdnconpr essed

eo stre r exanpl e, duration for a

orne S8 SR, S FEEH) h c

more ﬁﬁi%?"é@ﬁme r&d’énteli‘ k}%nQi%,&%ing\/Vota@&gle Stedaff) A&dTBo®lly h®re memory and
met hods descri bed above where high priority data fraom

other repmiretsraecngedsd cn gpledhedatagecqivied oy ayltidrgresmes thase single
ower and | o pr i y
s, it GRS BREhRETPTo BELRA P Peud SO S
methoR Q' &F&ﬁﬁe the flogdc meber e datag ballg oebnthagyailable somems in such a
channel at a time the channel zapping tine could, be ah
way thgi gﬁecﬁgfeaoe%‘éé‘bf?&@we RRbraisY steaps at ¢ By gpder {o achieve the above
beneﬁ{ecel ving all channels then the channel zapping tine
coul d be al nost i nst ant aneous. [0114] There are sone

(01175 SpEeed] VR 1 WO RELTRERS! §GEBr Ty Hsreerajeht lkely

chang® BRambls 88 rﬁl@fo RIvSIRalich B¥etheRECKRE S reE@fllng)ﬂfI’ém liRelytcRgnnels
recei ver only needs to FEC decode, e.g., perform

in advendeldranerctel cleoge tcthatorhateslodi ng or erasure protection
decoding, only the streans that are being currently

[OIISPG'AEQanéﬂﬁ ek@nflONthedai tetphesiom dhyzr ploay stredngy mlght be organized
ggﬁ K out. The data for other streans can be stor
such thatdhespisorrmbysieeldaxa bigekistream dbasicomsies alk aﬁ@’@le&w%ﬁﬁ%? for all the

other Ylﬁ %Ia%&s Eﬁ i I@gslﬁgfggéggg g@fheﬁ%gw othéf Mf#bﬂ{%& W8tk stream

een receil ve e new
carrieSA1a0NGk du 6t aid oftthevided s@eaphsoxcepttfoatha@BR frames for that video

e TRt (DL, pesenerhe pebe e SO TR0
the VI{I r@rea&hﬁﬁt?s Eiﬂ’)‘en?lg HeUnskantoyd B%r thelhédia b&ybx"‘\%ﬁﬂ’éﬂﬁC{hé fhme time

e streamt not  ‘'needed iT the receiver
(cithepalewyoosinEanittendy WH&B appnopamehmmlva medmbistrqahayﬂmﬂ the receiver

R T

either PIAIHS \J&H’éﬁ%ﬁﬁé@/lﬁ@ﬁf&%ﬁoﬂ ghout fall @8 4eRE by theVideowind@as available
g treamsolely so that a receiver can join a stream and

in a themrdraipthaynel @umm@tﬂmr viede stas] diedayingrnael idgoysireamayhen a
o oot & RT3 i b5 5L, T i o

be recdHAH ikt¥rntibhly! a@e oatgdreaéﬂve Eum@q uset blbélaﬁm@m&ﬂ@enlDR stream that
earlier, then there would be no need to include th

contamd@&érnmea; Bwtleuatriently pmfnearideo strge. | 18wl gasas; FHC PEfection can
be pr(B/g?: ge n d{aﬁﬁ] pH?s?ca?la%rlengl I:E S0 AR, U e{a%aﬁt\!lgé LEBLE methods

is that the receiver receives at most two physical layer block streams at any point in time and
yet gains all or most of the advantages of receiving all the physical layer block channels

concurrently.

35



e.g., if each lowquality IDR frame is 3 KB and they

are sent each second in a 256 Kbps stream then the
woowoqsmEbity | DR franes use over 9% of the avaPtEBDE®09/043184

bandw dth. Sending the [ow quality IDR frames is not

necessary if the receiver jis rece|V|n? data for the
[0119]st Wukethérinventinn has besnydascibrahpisl raspeqs fq greniplary jggbodiments,

a 1
e S
the prdcesséilaéscnbedﬂ&e&n myebqlﬁWmatted eng eardwaercotripanents, software

Ilstenlng to a le str Addi tignal |y, re. .
COMPORERSAPI/GR AN £ 4B I el BB g By dstied berein
could geaérﬂb&ﬁ&?%ﬁ’ Egor{lfn?c@} f@dh&ﬂl@h{%dﬁfn{ AP ad H@D-ROM, W]? etc

ream ere are sone nmet hods that can be used
compriving mrz;mtdrmscamhlawmdhst ca@dgestcpropassdrod aj ogntpater to carry out

rgan c.and/or, the data.glpbally over the

the mefrR) Thive ofousthe i eRt e B e SRR b ORETS lsiary

embodtnﬂel'it@ Q?Wﬂﬁb@gﬁﬂfc@atg&VMﬁ tHe8AvEtiBh iRintend®d {0 coRELEI mb@ifications
achi eve the above benefits. [0117] For exanple, if

and equiveleatsi withio ghecscopaof hamolpnvedg elaimbi ch streanms a
receiver mght |ikely change channels to, the logic
can be such that the receiver is receiving these
i kely channel s in advance of an actual change to that
channel . [0118] As anot her exanple, the data in the
physi cal |ayer block streans m ght be organi zed such
that there is one physical |ayer block streamthat
carries all of the IDR frames for all the other video
streans, call it the IDR stream and then each other
physi cal | ayer block streamcarries all of the data
for one of the video streans except for the IDR franes
for that video stream In this exanple, a receiver
m ght receive the current physical |ayer block stream
for the video streamthat is currently being played
out by the nmedia player while at the sanme tinme (either
al ways or intermttently when appropriate) receive the
I DR stream Thus, the receiver can have avail able the
IDR frames for all or sone of the video streans, which
it can use to either play-out when displaying
i nformati on about all or sone of the video streans
avai l able in a thunb-nail channel guide node, or use
to start displaying a new video stream when a channe
change is nmade at the receiver. The IDR stream nmay be
received at all tines, or may be received
intermttently, e.g., only receive physical |ayer
bl ocks fromthe IDR streamthat contain IDR-frames for
the currently playing video stream In all cases, FEC
protection can be provided on each physical |ayer
bl ock streamif desired. One advantage of these
methods is that the receiver receives at nost two
physi cal |ayer block streanms at any point in tinme and
yet gains all or nost of the advantages of receiving
all the physical |ayer block channels
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concurrently.[0119] Wiile the invention has been
described with respect to exenplary enbodi nents, one
wakiobligttoi n the art will recogni ze that nuner ORST/US2009/043184
nodi fications are possible. For exanple, the processes
descri bed herein may be inpl enented using hardware
WHA 2 L¥of t ware conponents, and/or any
conmbi nation thereof. For exanple, the nethods
descri peg, Qfe%%bﬁ‘lc Ry Q?stm&dde‘?i@e &ata streams over a broadcast
conput er - r eadabl e nedlun1 such as a ROM DVD, etc.,
channgl pwherei thg beadgast draneslgs atchebinel modentelyang stgmlsdiromone ar more
a conpu er. to net ho

soureef b BE K SLisRet e, PHVEI B drae b LT P St gty the

same digRPeRd elE&r&ﬁ@ﬂ@iv%fWS}@féﬁpéﬂrﬁﬁﬁﬁﬁg: it wll be
appreci ated that the invention is intended to cover

a aﬂnldemydiefri bat Jeodsdaim tordbpidaa bevans Withinhysichld ae ppekess of
el ﬁeeléyt agergng c(i(s wﬂg’reln 1{1(}-1cat%on9‘@‘ h W%ﬁe s,Sent &e&a /én relatted to the data

|ver OF “aeP T ver

OV@feath el@é bagddas Ieaahﬁlpaxe bn thstyeical labe Hlldidkadc ast

channel is a channel for conveying signals fromone or
nore sources to a plurality of receivers, wherein

recei verl hstelesgnic Q%BV?I@éml@ of &&ménwh%{ﬁwncélﬁ%u%ﬁgﬁ ow the

sent da?a Q{}‘g Jated'h ?heeélaﬁﬁ Lr §r8 %@é \oF ﬁéésﬁﬁ?%ﬁ'@gQHMhﬁérpﬁ hedders of

r systemthat sen ata ata stream
the phymd:din layepblpsks athetedry the spadsk ey semnfcopfgisecthe headeey of the physical

| ocks, erein indications of how the sent data is
bymﬂﬁ%ﬁﬁﬁ%8“¥glﬁ%%“ﬁa?ﬁpﬁ%rean1are based at |east in part
on the physical |ayer blocks. 2. The electronic

del i ves yriewsdcadhRldetival By demhEicRim 1i, Rthefedt indtatiohs dFw the
the sent data is related to the data stream are based

sent daje is relpéad tp thepdata stegant #iE bpsesltat dnesi in PRE LBdRTHALIQIHA headers of
1heph§§¥$h§%r8%§¥ﬁe bl ocks, wherein the sender system

headers of the physical |ayer blocks to
i nclude the indications. 3. The electronic delivery
S y st emd .Ofhecdl&itronit, de%hatyes'ystemnﬂ ictadii 10 méheiin thewetthiatasient

ais relate o th ta.strea re .based at .| east
organifs i 100l WBPREE TR Aieredoriersia HpdiFeigns comprise
1nd1ca!1&}éecff HBACK&$hol £ ,%e-ﬁgﬁaté?il 86h 2QBLe Bk LRl Yncﬁé/a'iﬂbﬁgrbpin
claim1l, wherein the sent data is organized into

assoclaymthﬁt‘sematwmoéand geowtoblesk.of data, and wherein the
i ndi cations conprise indications of how a synbol is

gener ag ferl%?ioags eﬂrggrg f%l%tgli%kOfaC I4n h%f%m %16 1n§£at%)rllls arc

assocl at SOUYCG

encodihB %yﬁb@pﬁétﬁfﬂe@s delekdigtne eSMSdlﬁg’ﬂs%b@ﬂ iaérmifrers avbar Rhdl phhRlly
i ndi cations are encodlng symbol identifiers, wherein

carrieq Heheadrb @l pley siqphisuer blaedwt i fiers are at |east partially
carried in headers of physical |ayer bl ocks.

6. The electronic delivery system of claim 4, wherein the indications are
encoding symbol identifiers, wherein the encoding symbol identifiers are carried in a control

data channel.

7. The electronic delivery system of claim 4, wherein the association between

symbols and source blocks can be largely determined from headers of physical layer blocks.

8. The electronic delivery system of claim 4, wherein the sent symbols of data

include FEC repair data generated from source blocks.
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6. The electronic delivery systemof claim4, wherein

the indications are encodi ng synbol identifiers,
wok@wasr1os he encodi ng synbol identifiers are CBECT/USZNOY/0M3184

a control data channel. 7. The el ectronic delivery

system of claim4, wherein the association between

7Y oo BB Bl ST TG R B e el At
stream€ Rt i99é:% vl ¥ @fnglessflr%ﬁﬁmf%ﬁ]\éﬁl:aa l4Pefblosker ein the

sent synbols of data include FEC repair data generated
fromsource bl ocks.9. The electronic delivery system

of cl altnThe elgstpricielivere synem obslaim dgwbaieinstepbairmiss of data
' i Lhi ' f physical |
are seft A8 ESNEM il Slllh & VGG BERIL. POV F20) i 4,

wherein sent synbols of data are sent over nore than

one sttkedheefecpbyisideAlerl ayaem lolf okaka 4, Whereithiadications of how the

el ectronic. delivery systemof.claim4, erein g
sent syTRATE S SRS TERIeHGNhECRBY 0&;% Suigrot JapLoor Sigpiodn
hysichPlay 8% askd SR SrryPBk §GhbORLRAsH Ga@dl | east partially
p)muéaﬁgggﬁi$n physfgal Ig§er pagketg that carry the

synbol s of sent data. 12. The el ectronic delivery

syst em bfThelekictrodic dghegrgisysteneof dhaim 4s wherefothe datasantder a

source s SR o MBS Qb o RS B i PSR Ver

system of claim 12, wherein indications of the

sub- bl px:kTid sle@toniedédivery souncef diiacke, arterdiaimgkidayions of the

determ ned from headers of physical |ayer bJocks. 14.
sub-blaglestpiciie phn PeureRbloge pxe lgrﬁgﬁecf%%mﬂdérqw hoadeypf pbypical layer
blockd Ndi cations of the sub-block structure of a source

bl ock can be largely determ ned from headers of

physi cal |ayer packets carried in physical |ayer

bl ocks14.1Bhe dbaraieddliveni syseel ofaaipn B stheninindidations of the

12, wh ip th t I f ta ingl EC :
sub-o1f sfeFisEp e et BPb ST Bt B ne Do Bades gppmsical
layer paeRdt Batib@nSpigkicilRbésiksks. 16. The el ectronic delivery

system of clai'm 12, wherein the sub-bl ocks of

priorities are used to determ ne a sending. order of
t he sub-pibselestroniz delinary sysemobslasmdea) pheteip By sed gygpols of

- i i ' DLLOLIA . ]
o TR S B R L RELOHIL (Bl o
blocksdhl ocks. 18. The el ectronic delivery systemof claim

17, wherein the sub-blocks of priorities mapped into

tpR)e/ S IDE%? iﬁ%{;&%c?%ﬁ%égbggrgssygérg 0§%laiirtn 1 ,e\twﬂgr%{]n t?lie fSIflbe—EE)rc]]t(s of

priorities are used to determine a sending order of the sub-blocks.

17. The electronic delivery system of claim 12, wherein the sub-blocks of

priorities are used to map the sub-blocks into the physical layer blocks.

18. The electronic delivery system of claim 17, wherein the sub-blocks of
priorities mapped into the physical layer blocks are split between different physical layer

blocks.

19. A method for transmitting data from a sender to a receiver in an electronic

delivery system for delivering data streams over a broadcast channel, wherein the broadcast
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19. A nethod for transmtting data froma sender to a
receiver in an electronic delivery systemfor

waledobusrnhg data streans over a broadcast chanpel/[S2009/043184
wherei n the broadcastchannel is a channel for

conveyin i gnal s from or nore sources to .
channg);if ﬁa%m% | B CpRtSingst EalS R anA OB B $UEGS (o PFRIENSE s
receiveR, WREGEInVEicH HRatv@PhthptY td J&@eﬁ@ﬂ%s&hﬂﬁlﬁj the sB8e @Ehﬁog)e method
conprising: sending data for the data Stream w t

compydysi cal | ayer packets of physical Iayer bl ocks from

o ot Rrate G g A R B e gotf pRRln R Tsica loyer

blockPRbh tBNsehh&:, Wh}él%'irpﬁ‘lhldaﬁéh%r ofHowbthe kst dat%Qs reéfated to the data stream
conput er - r eadabl e medi um conpri si ng

are baggsirgd Iaet ingeecut thd physicad Byeoe td‘)‘l‘é@utl ng the method of
cl aim 19.

20. A computer-readable medium comprising computer-executable code for

executing the method of claim 19.
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