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t he applﬂt’l‘-’t@-tailﬁ‘rpfd]ﬂe ffigened sdnen-or i gi nal data stream for 20exanple at
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t he amount 25of tine it talﬂ}agto star a video streamfrom

the ti n@P"IRELRECHRds torgnpwp t ﬁ’ﬁ@é‘i‘létyf) thgpiﬁ]lnfered stream 1s high, for example that

all or most of the original stream data is delivered to a receiver or set of receivers, or that the

15 video quality of the play-out at a receiver or a set of receivers is high. For example, the
channel over which the streaming data is delivered may be not completely reliable, e.g., parts
of the data are lost or corrupted in transmission. Thus often it is the case that other measures
need to be taken to overcome delivery degradation in order to achieve a high quality delivery,
wherein such measures may include the application of FEC to the original data stream, for

20  example at the physical layer to protect against packet corruption or at the link, transport or
application layer to protect against packet loss. Other measures include using a
retransmission strategy to retransmit lost or corrupted data, for example a link layer

retransmission protocol or an application layer retransmission protocol.

[0004] Another primary concern when designing such a system is for example the amount

25  oftime 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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bit-str ?N%miy or partially lost source packets. In yet other examples, other types of corruption can
oceur to the sent data, e.g., values of bits may be flipped, and thus repair packets may be used
to correct such corruption and provide as accurate as possible recovery of the source packets.
25  Inother examples, the source stream is not necessarily sent in discrete packets, but instead

may be sent for example as a continuous bit-stream.

[0007] There are many examples of FEC codes that can be used to provide protection of a
source stream. Reed-Solomon codes are well known codes for error and erasure correction in
communication systems. For erasure correction over, for example, packet data networks, a
30  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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[6010] It is often desirable to apply the FEC encoding and decoding on blocks of data

within a stream that is sent spread out over a large period of time, since applying FEC coding

over blocks of data that is sent 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
30  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



30 that is sent over a smaller interval of tine. This is because nany
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For example, if 4 bytes of header data are used to identify each 100 bytes of actual data then
the header overhead is a significant 4%. It is desirable to minimize the header overhead as
much as possible, specifically for both streaming and object delivery applications, but more

25  generally for any data delivery application.

[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

30  oveheads, is also of paramount importance.
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an enbodi nent nmay prlorltlze data into sub-blocks and nap
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system.

[0019] Fig. 3 is a drawing exemplifying the components of receiver latency when FEC
15  repair symbols are sent before the corresponding source symbols from which they are

generate.

[0020] Fig. 4 is a block diagram illustrating how an embodiment may prioritize data into

sub-blocks and map the sub-blocks into a prioritized sending order.

[0021] Fig. 5 is a block diagram illustrating how an embodiment may map sub-clocks into

20 physical layer blocks based on mapping integral sub-blocks into each physical layer block.

[0022] Fig. 6 is a block diagram illustrating how an embodiment may map sub-clocks into
physical layer blocks where an equal amount of sub-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

25 [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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101, or an i nput stream 105, is provided 15 to an input sy
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20  determined by the use of communication system 100, but a general purpose system might
include a symbol size input for input symbol generator 110 so that M can be varied from use

to use. The output of input symbol generator 110 is provided to an encoder 115.

[0026] Key generator 120 generates a key for each output symbol to be generated by the
encoder 115. Each key is generated according to one of the methods described in Luby I or
25  in Shokrollahi 1, or any comparable method that insures that a large fraction of the keys
generated for the same input file or block of data in a stream are unique, whether they are
generated by this or another key generator. For example, key generator 120 may use a
combination of the output of a counter 125, a unique stream identifier 130, and/or the output
of a random generator 135 to produce each key. The output of key generator 120 is provided
30  toencoder 115. In other examples, for example some streaming applications, the set of keys

may be fixed and reused again for each block of data in a stream.
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of the nmethods described in Luby I or 25in Shokrollahi I, or any
conpar abl evoetdaar7hat i nsures that a large fraction ofpcrhs2doeysise
generated for the sane input file or block of data in a streamare

ni que, h t hey .ar enerated by thi th K tor.
For ‘oxadlRE " Rhgn saharht otien BkSy abetabidoftanRatir S5 et cd BorRut of
a count gfmBaldwitha YAILE BEN,Stdne B@ihAe BfrhBdlefro$ided bt/ iffut sebd démsiio0f a

random generator 135 to produce each key. The output of key generator
120 is phevideat @oh puratyawel is gawratphbasehel tekeyAHe8 somefungtigihef e or

sone st ﬁ?o?é%fgtﬁe gic ékyﬁ?obis?f&%mem@hé@lﬂl agfthr{c]‘?ﬁﬁ‘ﬁl@v\(t) B dIS “hissgete@REut €USEd

again for ea of data I1n a strea

20095 13 EMOBRCTIISR (9 Sdsbadare. [Topieally, Butort elses, Réys the prmviotmgutsymbels
generator, 120, encoder ) ner.ates, an_out pyt s ol, with a value
By, s PR TRERE e S SRS G B N SRSy ol | gener at or
The val ue of each output synbol is generated baﬁed on . its key and on

sone f ubZBbn lpforgsembadupgits thernupHsT Kif dtPus SRRAISIS vpeskyrtheencpderier ei n

as the QutRWhe SYRAs lsrf kqiﬁcﬁ%@wa dRRAe, RN a@@lﬁ&'é ﬂﬁ;rinlin]g%t a dtlefim and K
or

"associ ates". Typical ut not always, Mis the sane i nput

synbol s camverp befpigen eaghiblsick in the stream, Kecanthstinst ep @gintase. Theevaliwrdemighiber
of RQjts. i . ppgf of input synmbols is
usezbbythggég%gJeﬁa?%?%g?ggﬁo%ﬁggégg%gﬁgﬁ%s. I¥mk is not known in

cach bl Y 1 EEReeET | S oes Qs 4R adtu P, S miah R
m ght 1Qah sGihereaed By kenseder subll Bulptt FhiteC /b 154 yagLerhior 1200put

synbol s. [0029] Encoder 115 Provides out put synbols to a transmt
nodul e Taosmitmaedilg M0 sasmids e guipst synbglsprns\degengingn the fevdne B8RAd such

out put  SYPRLNGLEOML IS 1 4EY; BERES RhiRhniddhe diaBBSH the ERYBF fie Mdlmitted
transmts fhe output symbols, and depending on the keyi ng nmet hod
usedy t oapshivmhebsdares athong titto alrengiviemansisie 150s et i4d igbssumed baebe

keys of .the tr R r I > 1.0 a
receiveaﬁgra#g%%%%%L&ﬁg%%2$H%§3&P§%§E§b§%%%¥% §m§%§@$§gﬁ%§g§h§%nel,
but t hatydtennod. soddegi40e ibhindf 160 cpit bpeary seblahardwaefcompnmunrs, setwaoen

system 100. Modul es. 140, ..145 and 150 can be .any suitabl e, hardware.
conponcAPEPOREH HE LB e AR oA oA P S RAC) b
t her eof adgfied RGNSt bEBSFboRRHY gy dedfed SatDgRR Bir koystts SRMmALIL 140 Wh@Ut
synbol s and any needed data about their keys tao channe]l 145 and
20 receive module 150 is adapted to receive symbols and potentially some data about their keys
from channel 145. The value of K, if used to determine the associates, can be sent over

channel 143, or it may be set ahead of time by agreement of encoder 115 and decoder 155.

[0030] Channel 145 can be a real-time channel, such as a path through the Internet or a
broadcast link from a television transmitter to a television recipient or a telephone connection
25  from one point to another, or channel 145 can be a storage channel, such as a CD-ROM, disk
drive, Web site, or the like. Channel 145 might even be a combination of a real-time channel
and a storage channel, such as a channel formed when one person transmits an input file from
a personal computer to an Internet Service Provider (ISP) over a telephone line, the input file

is stored on a Web server and is subsequently transmitted to a recipient over the Internet.

30 [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 channe] 145. Therefore, the key of the output symbols is determined using one or
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20 receive nodule 150 is adapted to receive synbols and potentially
sone data about their keys from channel 145. The value of K, if used
to determ ne the associates, can be sent over channel 145, or it may
be set ahewd 20d9187m® by agreenent of encoder 115 and degadsrocdbiziss
[0030] Channel 145 can be a real-tine channel, such as a path through

the Internet _or a .broadcast |in roma_ tel evision_ trans tter 0.a
t el evi si"yHi® PE@F BEERE S%Pmas 15?-5' ‘i?ho”}i%‘feeéﬁﬂm%ﬁ?‘&?ﬁsaﬂ et s Glerip
anot her,wrﬂéhtﬁ@@ﬂ@ﬁﬂsy%éls%@ﬁr&%wenﬁidqreag@ channel, such as a CD- ROM

di sk drlve V@b site, or the like. Channel 145 nlght even be a
nbi |
combi natps) O'r el ERlalk T8 ) BRRS ahe;%%%tugsgﬁb%ﬁsa@% ELRN B, RG] B8 2
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t el ephone |i ne, e.input file is stored.,on a ver, and
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Wier e chaiBflvidkd theSOIRE k@K oderN3S KBtcddet VI3 ices 60 RBIPr&B8ddISkesy St €M
100 m ght not be able to assune that the relative order of any two or

nor e padfasneraios 1Y wgetheieyith thecpuepprdinghoEngyehalsiarecods therpaitsyppels

t he key I
2009/ 13';%53(3; TS (0%%4%@%01%; %Md}ggi/eﬁﬁ%&grggg%@ggyﬁﬁs%ﬁo ga ipeut

above, dildrenassemideridSanhicy sasrdesd ol 169 of putdildépl pre sapy dAS phisput
out put s*q%nhéseX|t recei ve nodul e 150. [0032] Receive nodul e 150
prOV|des e output symbols to a decoder 155, and any data receive

nodul e ec ves about the keys o t hese out nbols is

pr ovVi degqu:'@ ‘&b@n ‘5‘333813‘3?1@? SHSGFIREHP 1@?“? éﬁ‘érﬁ%g%f{kﬁ‘is agtrg bgeMsrat es
t he keysnddid stich r@&Rierigrks e&nd@e&j 1§ A4 Salled SoREDIbAAS FhNBaRpleaYsdulce
decoder 155. Decoder 155 uses eys, prOV|ded by key re enerator

160 t ogéaﬂcrfércouhdthq atgﬁ@lpda”rs@'ér%mféwtﬁ graningat foeg hngitisof tige, prctloy eyaniea

i nput syyh fﬁg 0 vi des
the rec over I npﬁér&u}e%g% gm%l%g%g pih%‘? ur?d)e?cﬁdembg oggege%w]ﬁ& IEd)Wh ich
gendiat esnexateagpairiiatkeds thatypeisent, |t¢$ﬂ$ﬁwitb thegotigmpy sAUTE: pﬁtketmﬁthe source
103treag%1 5@rL0033 When used in nedia stream ng applications,

erve
source B ng the source nedia stream are sonetines
collected in groups call ed source b

F |
coul d bd0%®4r otigherendgyihe sopse Kewea f@§§ﬁﬁ?rﬁ@%rau5§¥ R%Bﬂ?r@ gﬁ%g%?rg%lg

and for gxamed fﬂcﬁetgﬁﬁﬁlfﬁ STEN[E) AL ﬁﬁdék&s&:@ el ﬂnfegc}pd@ﬁicb%ck and sent.
i ndependent |y t hese source bl ocks to l1l5generate repalEEfac ket s

that ardt 1§@mferablsgémmmlmtbmt0tahéndutq@idrﬁiay%@ﬁdc@ thabseef $E6 codee
soursge hl e

el L R L e e
arrive, dasignbhthn FE€zalutiopéckel thabscarqancrat ad dﬂ@yed%dltﬂesas posseblbhtaiok

ggg ezeg;serec#é bﬁé gei?r]:ggé blélg(hégsorl?rcrélami %e%altr ?chl}e%ttgll‘ a SNt 800. S8l 2 o
little total delay as possible. It is also preferable if the rate of the FEC encoded stream is as
smooth as possible, i.e., there is as little variability as possible in the FEC encoded stream

25  rate or at least there is no amplification of any variability that already exists in the original
source stream, because this makes the FEC encoded stream bandwidth usage more
predictable and minimizes 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

30  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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20 especially for live or interactive stream ng applications, and
thus it is preferable if the overall design of the FEC solution is
such that source packets are delayed as |ittle as possible at the
sender befwoeobasmng sent, and all source and repair pacekes2000043884
source block are sent with as little total delay as possible. It is

al so preferable if the rate of the FEC encoded streamis_as snooth as
possi bl beenjregeived; the pepajr pagkets| mat heaised i THEAVET PRF A NPBHRLHH ISt I ®he FEC
encoded strgam 25rate or at least there is no anplification of any
varlablplty t hat already exists in the original source stream

because kes FEC en ed st b e

oy ea o BT TR oo pASR R R e TR Bl R 8 Thidhape

posi i bl FfEcqm@@Es 8 gpfﬂietbileaaisorﬂetl«*ﬁcsua!des,@loﬂbgffmareatﬁoe;mcfn doldes, dglteac@mg in
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30pr ovi dRsystdng aRests oﬁéﬁﬁﬁﬁéﬂePBmﬁﬂ%nQﬁé toﬁﬂ’ hethbdrQ® §1§‘c%dm@@91§5@|>ls Alat ééf'ﬁ)e

receiver, If packets are l'ost or received with errors (which can
det ect edengratedipes sewrdebiock. o¥ineacymppls arq esnargliTRIEcedhiatokdifferentpapket

assunmn fi G r [

2009115 750kCH e Dger B eehREE T eSet B lada ppocticel pper boundon the

used t o nrag oove tengtheonche erapéding of & baurtcodocksowdrtine 1qczéxokce’tcsursd_ﬁ0@ﬁ>2r bound

so li.catio ack s, are.further sub-divided into synbols on
Itg,ﬁlfl“:sé’,Z ﬁ@té@gmf*g%%ﬁ%@d For some FEC codes, not any

Reed SoI onon codes, the encodi ng 5 and decoding . tine

i mpr act 109371 agor manyAbEI08s. @mt%@ogm&@r%#edsoaawcl@nww SIS

and thepeyhs, Gt bRBiAR LIRS atpiwfngh ¥ahiBE a&w%h?agedﬂé DsovRE p?d%&%@ih Br a
synbol s that can be generated per source Si nce synbols are

gener al lleygqylsauredbionlt o zelihff eanele suppariedtby pantyiva dse siehe! pgadcket. Infbese
applicatja i mum
ongt h Sk e R dyRefbR6E3aR RGO e P pRGHorh IR T
an Ulﬁ)pesomwbidcklstasmdidaa sslhution ofhetettbe smmeqaacltﬂtmdm an seiﬁxflduau B03F] bl fakr

por T o B¢ P OBt oYGh Brek Re s ar ke roaherg et bR gl e 1B e
perio
advant agaatsblotk RoRVbERr HinfHoBLthhild RV €f info Ib@k@@ fand aumz:ah@é}@ﬂd@iﬁh@e

than can be supported by carrying one synbal per packet. In these
cases, §4%- W%%WW?S@%@%HO@E%EUWC sienUsing bis ebedhigrachepuses lecks

packet s LRl %&éﬁr &the %ﬁ:@ﬁwma%gsgéntpan g\ﬁﬁ@&%%@%@&%%%ﬁﬁ&@

source packets from an di vi dual source
20  patterns for a symbol. However, in many cases where a channel exhibits bursty or strongly

correlated corruption, the loss or corruption of sub-symbols comprising a symbol is highly
correlated, and thus there is sometimes little degradation of the FEC protection provided

when using this method.

Terminology
25  FEC codes

[0038] In this description, we assume that the data to be encoded (source data) has been
broken into equal length “symbols”, which can be of any length (down to a single bit).
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
30  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



are spread out over larger periods of tinme. Another related nethod is
to formthe larger source block fromlonger synbols that do not fit
I nto packets, and divide the synbols into sub-synbols that can be put

i nt o consagghimaspeckets. Using this nmethod | arger soupegRbisksigan
be supported, at the expense of having potentially different

sub-synbol loss or corruption 20 patterns for a synbol. However, in
many cabésapet @reddh amsikes e teaier buy Sl filbthisdast Guprajedsgmbal ot
corrupt i td - LS nbol
o i ghi S ERE) Lt SreGRcHR) P Bl paltl TR P AR ik 08 Rt
of the HBEbyreficaitelyopadgmgvhedachbalsaena lisigthgequilits thmeofibe packetr Mihnslzegfa

25 FEC code 003 In this scription ssune t dat o]
be encodgibshpe tpmer b B b aceRor e BRSHER MRl I Shdol "
whi ch c@selgte@ifroanan diRetivrOiawabsle. Mosibit@hedibitd Jre alSy Bhintbplara, Hue
carried over the data network 1n packets, with a whol e nunber of
symbol s berp! bitsiae gretesed pphepreimgse FERUPRY &SRt packet. In some cases,
it is possible that a source packet 30is not a nmultiple of the synbol
| engt h, [003%hilhk FEEedeshee tasitdesipnifotaming honan padkié@alg'ewstb@atﬁqm at ed.
In this case, for the pu S of FE LR i i
Ll o1 €T msUet s BECERaERs b fR s Ml aS ey B gne P e
e.g., zetecyBlbileghdahisthe smréchginbelsare idinmitedt Resstemd FEC code then
2009/ 137705PCT/ US2009/ 043%]?4 bits arg not carrjed.in the py ckeé ht he
r ecdPve e ReEHeSHPIP R spyIce Diofk of oRise sympels SyRe Wy bis of reBtit SyBPols fif fren

synmbol . gdoithiehios BPOE BN shd bhter Jyimbrk apaiht ehdddiy sPinbsls R alkefIfac ed
into the packet, thereby effectively paddi ng the _synbols to a | ength
Y

equal t éhasearcedlockh 801;39%&@9 FErredas haye gre agildy ipgiiciently ssnerats apgrany
measur egeﬂlag sggbﬁlfs ag\gge][dgd.a&%@?és AOR4ERE 1§ hZCnBfmMoRiab St b debeand as

synbol ecte rom an al phabet of 2m synbols. Non-binary
di gi t s &feenaismdesTand wpimplesiof these chdasamajudsi chaimreacimedodey’ add Swukihey

are re,co nly used.. [.0039] The FEC codes we consider for
st réglr)n ﬁﬁ‘g%%?ﬁe\ég}oémto%%’cal |y systematic FEC codes, i.e., the source

synbol s of the source block are included as part of the encoding of
the sour@s0h| RRerdifd sadeschas Bot slonghaeies S e iealheeiy Eeraing

syst ematinGeEm®edst rt& bymbols from a limited number of source symbols. For these types

of codes, a source block can still be relatively large, wherein the source block is partitioned
into symbols of large enough size so that the number of source symbols of the source block is

20  at most the upper bound on the practical number of source symbols, and such that the desired
number of repair symbols generated from the source block is at most the upper bound on the
practical number of repair symbols. In some cases when these symbols are larger than the
appropriate size for the transport of physical layer packets, the symbols can be further
partitioned into sub-symbols that can be individually carried in such packets. To simplify

25  subsequent descriptions, symbols are typically described as indivisible units, whereas in
many cases symbols may be comprised of multiple sub-symbols, wherein the understanding
is that symbols could be divided into sub-symbols in the descriptions and the resulting

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
30  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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10 generates froma source bl ock of source synbols sone nunber of
repair synbols, and then the conbination of the source and repair
synbol s are the encodi ng synbols that are sent for the source bl ock.

Sone of t ReobkkGigoeges have the ability to efficiently genesaibhecasss
many repair synbols as needed. Such codes are referred to as

"information additive codes" and as "fountain codes" and exanpl es of
t hese ctigde thedirepder natieaioh defenies 3 ogicalbgraypingafsymbglspd pargalsypiols gt n

reactiop,.codes. nodiQQdal.s Ahele iGragdes such as Reed- Sol onpn codes
C ?caﬁ% oki [

can pra nl'y generate a litmted nunber of repair synbols from

alimt u r of source synbols. FEar. these types.of des,

sour ce ﬁﬁagk n@ﬁﬂe &5 q?ﬁowélénsr QI PRERP fﬁgﬁﬁﬁgh,er ﬁﬁgi{(go’ls Rt %Yﬁéb%gso ggé Eﬁ%]f%% k

ifs part fifat m@n%sr}lmie? sm@@h ﬂﬁir%lubgf@eﬁeﬁwggin&it}i’ee m@g,tﬂezhjchhi& methdmb &

of source s ols of the source bl ock is at, st t r bou

on the. fraatedonambLIBY S BB USYRLIF So5os oS RER " Wik olih dessalt e

number  pfe Eﬁ@ﬁi zs§%%@ﬂ§>d9§§}ﬁ§ Bfly WeAd biker § P TRoRERIK ahd tAdthdOSt
un Ica

t he upper on the prac nunber of répair synbols. In sone
cases whens ohd¥ecaiesbaiosd HEE drammigecodesh surhieh LG pobpeTesting s¢dee a8GFEG he

transport fsur%hc‘éaéi%!}g?%%ﬁig‘??ﬁ)lﬁ%ﬁe&the synbol s can be further

partitioned rnto s at can be individually carried in such
packets. To sinplify 25subsequent descriptions, synbols are typically
descri be#e3=Ing ndi vi si bl e units, whereas in many cases synbols may be

conpg| SﬁﬁmQI e b RLi®osd b HURIRASFE@BREREN bhesdun@detsinitd fgrdeSutdmat
synbol s coul d be divided into sub-synbols in the descriptions and the
resul ti Mgy herisombination prase €5 B0E REIGRIFIBENY GRITBPIET ¢ WhiTh 416 2 cpabination

descri pgk Qrp%gg'iqsk@g sﬁ%aﬂpﬁldsa ﬁﬁ%ﬂ‘ StHABT, § cBMBiIn RSN oAt B E Vet St dl @
carrying synpols wthin packets, and although 30the descriptions

bel ow uRdPtstrieam exampiimtibo of Bvagl mek videp strgasnspand seearination becanigl t i ng
or conp sixe. In cont e e kPt m
backer Tt FOLe bt HosEaR: GlnP oS IaRaEARS pRZ sl Ol i ik
sent}5as @ eshingleds 4 fovkcedfit @b, a $ausdeagohpol srears, oreastirct packdiGiream, the
2009/ 137705PCT/ %J 2009/ 04318-1 i nc%ud%a tpe br oader no%ri onsof defining
a | ogi cafndgh BayPHEETdhe WrABITS SaMES PP 2ur BEYsEG P SoRpH Ao OBy AR ot
be sent Lazkd BhdGhder Yotetulef afdakads th fet]stréhe bed teeeirsacdmrfiBeample,
corruption of data other than loss of s S nbols,tt& in

] ﬁnbols, e.g., sy at
transni spasiele Fuabryent over 7 Pydelretyprkarlde c6reaptded sterobisHt coppjred spyree
whi ch t Qg F@f}gﬂ' QfSim. The receiver receives the FEC encoded stream, which may have been

20 corrupted, for example, due to losses or bit-flips. The receiver attempts to reconstruct parts

or all of original source blocks of the source stream and makes available to for example a

media player these reconstructed parts of the original source stream at the receiver.

[0044] For a streaming application, there are several key parameters that are inputs to the
design of how to use FEC codes to protect the source stream and several key metrics that are

25  typically of importance to optimize.

[0045] Two key input parameters in the design are the protection period and the protection
amount. The sender protection 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
30  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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5descri bed bel ow apply equally. Thus, although the descriptions bel ow
will often describe the |oss of synmbols, the nmethods apply equally
well to other types of corruption and to other types of FEC codes

beyond FEGvanaguseoegodes, such as FEC error-correcting pegarseaassi&HEC
check-sum codes and FEC verification codes. Stream ng 10[ 0043] For

t he purposes of providing FEC protection of a source stream  the
sour ce Serseanee higk hre sentspiend peer adrFeemdorieday ohfre Bogithearotsstiongggod
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vi deo eam a co on o0 stream an_d an RTP stream
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control RTCP traffic and an RIP stream the source.stre r.ri.ves
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may buffer the streaminto source Dl gck%i?ﬁnd gggfera e a Trﬁigga%r stream
from t ha sawes bleclpmighk be terpigalsd AHerthe EREBRFKESE RE S hE SCPAeP L 6Eh e !
stream gnd,Lhg eﬁ'ﬂ%{h}fg el bEARotdcB5n FLRAP MBS alI0wR BRHFICSHrbRcih B8k to BY er

a packet networKk. FEC ehcoded streamis the conbined source and
repai r sligrednyithhe videe edding blpeks aihichsan heverRDYedraRegs.dededing thahi ch
may have.been 20corr.upt.ed, for L tmifildi RS
The 1 e averes Hepr e i § ey SR FVRERD Brerbl Snh PELRARRSRan Be bR,
bl o¢is of othbeappiicttions & tarclmdaadagmiefr awaiidtpbf watons fooatwaysangphteinghe

medi a pl ayer these reconstructe rts of the original squrce.stream
et he PRLGPPIAIT PO A F BN R S e S r R 45
several okgy deariptBistdefovt RkindliRity B tise frotettive pdeisd aid mbtebod dnounsge

FEC codes to protect the source stream and several key netrics that
are 25t ppesH ity bethe sampoior sabeubsappt F?ﬁr%eblmfke@%?wﬁ%ﬂ%‘éyn ik 1t

par ammet gf s B b0 HRHOR BF Rl A GQEE ANy RBEMIA: 806 thmphat ecti on
anount . e sender protection period for a source block is the

dur a6i onisofost mewdkeprovdsiastand yethoils deserieadderadn flsorapihabesyther@ebl ock
are sent. The protect.i : r I ()
FEC repé’fcf'tecsn)? ﬁ%&oggtsoer H?OQ?Cgirng% E%OJS(%LP P %le f%gﬁl&égﬁlé%iggﬁst a ﬁaag?i on
or a 30 vrheentapleciofizdsherynivrberne nfthsotxtce synbols in the source

bl ock. For exanple, if the protection period is 2 seconds and the

protect i{%lwsrmﬂﬁi b@fg%@ﬁ{@ 3nhe sHREGueAE GisdRsiBR)itSORMAOWBIThA shtcd he

source bl ock, then the 10,000 source synbols and the 2,000 repair

synbol s sywbols piiheedsmezrraspeiyas2 cok0Rsis i pHoma Sl c@cpipe R ayedy
sent),sp rrgtg,da[rﬁ\éﬁe% oftccth® REQDE MNHOWs Qfurtd %bo%%ggﬁll(ébt@at b &Gder QRen

period an rotection anount per source bl can vary from one
sour ce bhiseludnd sanee syevopls aRomadpevaipibde bhe necgivevatlesaplestrdprais er abl y

doce o MR R ST PGF TR REIh o EER S e
ina source symbol loss and that in each subsequent source block the encoding symbol loss is at
most the maximum possible to allow successful FEC decoding. This simplifying assumption
25 is not inherent in the operation or design of the processes and methods described
subsequently and is not meant to be limiting these processes to this assumption in any way,
but is introduced merely as a tool to simplify some of the descriptions of the properties of the
processes and methods. For example, for variable rate streams the corresponding condition is
that the source symbols are made available by the receiver at the same or close to the same

30 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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5 MPER video stream and a second consecutive packet is the first
packet of a next GOP, then a source block mght be termnated after
the first packet and before the second packet even if this occurs
bef ore t hey@nehoqk77as protecti on period. This all ows the ptlEgspinobhgessd on
bl ock to be aligned with the video codi ng bl ock, which can have many
advant ages, including the advantage that receiver |atency due to,

vi deo badiferepeing. afne FEestiofipd evarsibdesign thas hefphfomipgnize thy spiflepiatraey is for
appl | cabQBzid o £8 sRRAIARIAIRRUIME BldePadBEy B Bné ERAANDAS

al ways maintain e sanme protection period and/ or source block size
f or eacHeggnmpedt ihvemsduize €helsbmdek latdnny perdgsaibed kigerdescri pti ons bel ow
for sinplicity both the protection period and protection anount are
assuned [§gaspe Addtes AR rA made ik (fasimank entpisome.eThk dake tikobetheas e
skilled in the art, it should be clear that this is not limting, as
one &an vaas fheyreepiea IamSIE reRyEHS e sHPATY 2Rchitst ST reca MR FISOHGE SRS
processes and ABLIGHS 1da56E LRGARDRIENE: BECRAIR RYM1WREENES §AdSld fén
protection anount or protection period or both vary from one source
bl ock t chetdreame ki genarud itvh desiblgrte mininirekhe ¢hagael vappng tragnske this t he
next. [0046]. To, sinplif f SIS it 1S
often af¥ %fs'(t% ﬁ%?%% e U§%§l%%t§la%&‘g? ect% ﬁ?@’?%ﬂ% %’“Zf{?’r eam&gfﬂr& \?%ae at a
sender tdbaidedl and pasgrdl anpryfkGeedicadirmighiatlsa nshieszhs tR0matvef ofdnde t hat
once the receiyer first, nake ource, synbol.s available at t

e dPyoPeheRa St ST AT ey SO ea E At P AT Pt fofe
recei ve%xﬁhpigtf&p‘;@mc@weorsa{gﬁn‘ assumng that in the first source
bl ock fromwhich a source synbol is received there is no source

synbol | a i : At
Symbol 121 P8t PG A TSR SRR R 18 cBRGRt 1 PPine
decodi ngimeTikifs the sepliérfty mintais therppiginehseRing ordst of thh equsert sympolshén a
operation_or design of .the, processes an i :
ubsequant ey alaier R Raug bR R AR e o lg e B8 smpbols
assuspt itk 1 apply theEC bodes] iditesendihgardempdeel dataafer sach emlred ok implayty
sone of the_descripti?ns of the properties of the processes and

met hods .thatgpniggsgRRCl EPRENTSh| e rate streans the correspondi ng
condition is that the source synbols are nmade avail able by the,

recei verl06fi0] t hes wanew descabo der maythnews sHcmohschangs! spaipe Hpeityrically

the sen : : rd forl IRLdR, &8¢ isncl ude
e b i e iy
M ni ni zipagitiohed Sengkgnertal sy bickaissbewn abfie. 3ydék. F dows edesign that might

SPPES 205 RS PLS SRR SHTAP 11 LS55 b, ARl egbions
aspect QeriadwhvRItEd tepseSingidld foatachebyse blockrimisent st bitve tisender symbancy
's for for that source block, and the example shows the case where the receiver joins the stream at
the beginning of the source block. The two components of the channel zapping time in this
example are the protection period and the decode latency. The receiver protection period is
25  the time during which the receiver is buffering received encoding symbols from the source
block. Note that the sender protection period and the receiver protection period are the same
if the channel between the sender and receiver does not have any variation in terms of the
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
30  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

yeceiver protection period are the same for each source block, and we use the term
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the sender to send source synbols in the sane order as they arrive at
the sender. Other design aspects that mnimze the sender |atency are
described later. [0048] Another inportant netric is the channel

zappi ng tiwe.2okiz$0sS the tine between 5when the recei Veirds2hgdnsfss
requests the streamand first starts receiving encoding synbols from

the streamuntil the tinme when the receiver first makes avail able
sour ce SPIviRSHian perisd sTnEMPRHNOr Bendgbprateation pariof andjesseiveniraletion
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anount treamis join t he.stream
first st 5??‘?%%%8%%%0‘3?? g & %’?“%&%Wﬁ?éer%rrec ‘ay Wqﬁc SP PE I deo

stream dh@ﬂﬂ&]twdﬁthrderfmyﬂlﬁaﬁmns.ystems, one i nport ant aspect of

m ni m zi ng the channel zapping tine is for the sender to maintain the

ori gi naljpghpdimg p%t?&i'bn%n&h&n%&lérﬁ%fﬁﬁém Rr 1akeacﬁls$h@§@memes%ect ion

we describe novel ways of ordering and encodi ng the source synbols in
a 15 bl ckokwntsy:st@pﬂobscameevaﬁﬁl@&@ 85t sauree block tati ipgo loseolany seleee dat a

for eac gg%\%%ﬁrs CoeR ﬁ)ﬁgs to Qlel\ﬁﬁ%lfhk}n%ﬁﬂe M \%}/}1%801% ?\?ﬁﬂglle 6 aEEQhFTt }51%% 1.'101‘1 hg

[ 0050] now descr i be the ¢ anne zappi
time typedad inyordanpensseessnmokit sopte symbqﬂ@hhmrs of Ahs@xemphteomfce symasds

co nents for a.streamthat art t|on d int nt i sour.ce
b1 0o e i 5rsief ooy bold Harbig RN qub Py RofRat g e SO THE
used i N pari6d amsd srahost BT elapd Bﬂmedodm@eif@letdaafce bicgk darfbd@karingur ce

bl ock per protection periqd where_the repair synbols for each source

bl ock arcenaEatly yih t@rrﬁ‘éﬁam%ef Qe Be SRR 4t %?ﬂdt Hdbe FBGFER B5Fisek,

and the yexamil 8e SMMGal FECQi@écﬁﬂ%}ﬁ&t%c&xﬁ?béf@f‘e&hé’ﬁfst bRkdRS ;nba@] @ttgeeam at
the beginning of the source two conponents 01}' channel

zappi ng spimebiopk tSWivsﬂeé’kafmm éheareecivanenng tlys periddad timeris b’be@héﬁ ﬁlh deadde ode
| 2L BCY e JS if RREDY Bl RU AL ARPRE GAT i3 e%gmf#gie saldRbRUEL D eyt O

the Teceive ering feceive enco rce
bl ock. NdiieiotdlFECtdeecdinnther oqenstbeftd thn smnd entl subsequbre spwcesywngrols of the

protection iod are the sane i.f ne n t.he sender .and
P ot v eronseBlopb ekl Fof Brnlibich B SRRl AT e e BT B8
it takeg, eathiddsumddyih ehis SN thed thitaelealuficfent hayiable (OPOMetdigces ender
to the receiver. Thus, in practice the sender protection period may

differ fdeenferlaopse simkals Mré@ﬂ?&?tﬁ@tugl&ﬁt? or the same source
bl ock due to network timng variations in delivery. To sinplify the
des@0i pt{0e?] wan Hesekiaver syssmanehantthe repdiecrdeppras tqlost e stram ipdhd oildind

the 1 ecelyer, oI OLBEHOH AL el ARTE of ShalPASbSRUG HRbOBls

and we ('sé
the decode latency when there is no loss of source symbols from that first partial source block

as long as the original sending order of the source packets is maintained by the sender. Thus,
for these known systems, it is desirable for the sender to maintain the original sending order

25  ofthe source symbols.

[0053] Another goal of a streaming method is to minimize the FEC end-to-end latency,
which is the worst-case overall latency introduced by the use of FEC between when a source
packet is ready for streaming at the sender before FEC encoding is applied and when it is

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

30 [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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WO 2009/ 137705PCT/ US2009/ 043184 "protection period"” synonynously for
sender protection period and receiver protection period, i.e., we
assune that the network delivery tine is the sane for all data, and
we note thgd20m838k 11 ed in the art can make the necessafrsslhanges to
t he net hods and apparatus described herein to take into account

di fferences in sender and receiver protection periods 5due to network
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period sgne or nost or all of the FE codi ng of the source bl ock
can be GBEWRKSURYN S Al EMSIAP! e Ho Fcf@dF%&%ﬁ%&ﬁUWém%ﬂﬁlﬁfgsegwbw s.
At the enduafistaBslol AlRGdbIER PESsAtk. there may be additional FEC
decodi ng that occurs before the first source synbol of the source

abel ea B SARUE R Tho UfeahBiintfhe 50 il o B%; hof okl B ot
the firatthsoeeeiver. Shibiskmpartay it hatyl @ntehsbecausythb escaiteli mipbeabui FE® a

RN R NI e T T X TR

FEC decggthd gaseSthBRim S Winiflcalit Bss o coftlitidntofismBES s sibh) & thus
exanpl e that there are sufficient available CPU resources tq decode
al | soufhsereesiyib ey baye @rreqorer om satagionhicr @ or EBIRIRR PEL#IOSIHIBORDI | n
these k QoMK TERRe AMARER 1N B EBhN¥ o NARPSAR! fhfin IBEAR if IR sBtdeam i n
the mddle of a source block then the channel zapping tinme can be as
smal | asecapiimos eottingingp dhbe dhepiimpler fnsl riere aelarst the egelyerdpgia theiaere i s no
| oss.of s o r t.hat i i.al I : g
as de SRReIEaH TR B Rl MBioeisbleth sBRH Bn R SRR AN AR deBD,
t he sendersoudaugmbdloof thhesecknman feys teeemioniof thestrdesi rabl e for the
sender to maintain the original sending order 25of the source

synbol s jod58P53Vhétat FEC cHQakd Qhta o Bd JeBEMT Bk WRERGLCISs det FPhdAd BuEvet he
FEC end-to-end | atency, which is the worst-case qverall |atenc

s ich | i
i nt r odudasaerppripef irgeindrlermd Witk desrniios athsr wyireddodsadheteniiag ngﬂﬁy
for str ' B ol A SARRN LA ARG MR
it is agg¥%%%P%ﬁf%gggfgggggﬁggga{ﬁgﬁggﬁgiver afﬁer FEC decod%ﬁg has
beedfappd exsdre tBOPGOBesibwrleetionggainsidpssar senrenden iy thashdmdl. i s to
mnimze fluctuations in the sending rate

[0057] The sending of the data for a source block should be such that the receiver can

recover the source data of the source block in a determined priority order in a timely fashion.

[0058] The data sent for a stream should be sent with as little header information associated
with the stream as possible, in order to minimize the header overheads. Preferably no header
25  information is sent with the stream, and some or all of the header information is derived from
or already available from other information embedded in the system, and/or some or all of the
header information can be inferred from other information, such as the timing of the arrival of

the information at the receiver.

[00539] In the next section we describe methods, processes and apparatus that meet some or

30 all of these goals.
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when FEC is used. One reason for this goal is that w thin packet
networks, streans with a fluctuating sending rate are nore
susceptible to packet | oss due to congestion or buffer WO

2009/ 1377GhBediolds2099/ 043184 overfl ow when peaks in thecgaRreiodgsiat e
of the streamcoincide with peaks in other traffic at points in the
network with limted capacity. At a mninum the fluctuations in the
rat e of mprovédEndineg iV thdds ahdipioeess@s wor se t han t he
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to be able to use as sinple logic as possible at the receiver. This
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URdQOSt apdo & deviedbar@tibnahbentsdltheagh sthaepics ofFES codus atendisongntefipleses,
the sinpler and nore robust the receiver |ogic the nore 15quj ckl.y and
el i abl UHS HECEGEIES e oREP a9 Sy aF £ 650 ST G DaR it
avai | ablygtzagiabity! REHSRWASS, BY HX Smethat (e cHAIMEE Bats Fdr@adh ool block of
reception of the stream [0056] When the FEC encoded data to be sent

for one theotieam ipseatver.salehthe spntectian pertodpoist the Moz upllpibe eaedsd datr e
interle J ib® 061652kl pagRdiag of

t he FECqé%g%é\%e(tﬁ %ggt?g@?toﬁ)?ﬂ{eﬁé&st%ﬁéggf %]? gééﬁp(g o{)}l d bélg'sientp out as

uni fl6r mpyovideglrbytthevepplisatipodaiebFEC208®© ensure t he best possi bl e
protection against |loss or corruption in the channel. [0057] The
sendi ng jef61§ hen dad enbedliment $OtHeGResbhidakensibg uhdksehding Ut the haided Baa is sent

recei ver can recover the_source data of t sour c | ock | .
det er mi EEIDR PoYSIRYChERRRE N $RabSIES RIgAS) efga’s%%&af tes Fﬁg‘SgﬁreWﬁ@ﬁe@é’?‘iS‘%@ nt
for a stfRamEBRUITH: PRy sRaNhyMpbikeRSmhy fdvk @ pROACHE Tay b T BRfeiaPPlied to

associated wth the streamas possible, inorder to mnimze the
header dhem freerder. to prasgeeeash physiesl levaieacket from corruption. In some cases, the

20  number of physical layer packets is partitioned into slots of equal numbers of physical layer

packets per slot, e.g., 512 physical layer packets. The protocols at the physical layer can
sometimes be used to distinguish and uniquely identify the physical layer packets within each
time slot. In these cases, FEC symbols can be mapped directly into physical layer packets,
and furthermore the identification of which symbols are carried in which physical layer

25  packets can be largely or completely determined by the method of determining the identity of
the physical layer packets, alleviating the need or completely removing the need for carrying
symbol identification data within each physical layer packet together with the symbol data.
In some cases, a partial amount of symbo! identification data, or some information about
which part of the stream or source block the symbol was generated from, is preferably carried

30  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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25 information is sent with the stream and sone or all of the header
information is derived fromor already avail able from ot her

i nformati on enbedded in the system and/or sonme or all of the header
i nf or mat i oRoes/Beod Nnferred from ot her information, sucp@Tﬁgzgob,@_mm
timng of the arrival of the information at the receiver. 005
In the next section we describe nmethods, processes and apparatus that
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was 2§enepmpegesmriple pap- l@lp@lfse@ gqﬁity)mgﬁlpq @@nbol in a source block according to a
symbol ordering of the symbols in the source block, etc. In some embodiments, some or all

of this header data can be sent with each symbol in physical layer packets. In other
embodiments, the header data for each symbol is largely or in total derived from other

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

30  Svymbols 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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25  mapping of the ESIs to the ordered set of symbols that allow both sender and receiver to

determine the ESI for a given symbol given the symbol position within the symbol ordering.
Preferably, an ESI sequence that is easy to compute by both a sender and receiver can be used

to express a symbol ordering for the symbols associated with a source block.

Physical laver packets within a physical layer block
30 [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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associ atthid fsithen copsiisratien e arsRUntPAYE exagiple, HipdiS] sar Retraenged ki iqeniify not

physi Calonll%bolfg Bt Elso particular sub-symbols within a symbol, e.g., the ESI is both a symbol
and a sub-symbol identifier. As another example, the mapping might be such that sub-
symbols of a symbol are always sent consecutively, and the mapping from ordered symbols
25  to physical layer packet identifies the physical layer packet that carries the first sub-symbol of

the symbol.

[0069] In some cases, a large amount of the signaling data may be available in the physical
layer blocks, for example the ability to derive the ESIs of symbols or the positions of symbols
in the symbol ordering from the positions of the physical layer packets within the physical

30  layer blocks, a physical layer block identifier, and other information carried within the

physical layer block header information.
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[0071] In some embodiments, the physical layer block may be a block at a different layer,
20  e.g., alogical block or data, or an application-defined block of data, or a transport block, or a

media layer block. Furthermore, physical layer packets may be transport packets, or logical

packets, or application packets, or a media layer packet. As one skilled in the art will

recognize, there are many essentially equivalent variants of these embodiments.

Segments
25 [0072] Source and repair symbols associated with a source block can be sent within more

than one physical layer block. A segment identifier of a source or repair symbol can be used
to indicate which physical layer block the symbol is carried in, relative to the first physical
layer block that carries any symbols for that source block, preferably in reverse order. For
example, all symbols associated with a source block carried in the last physical layer block

30  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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and a sub-synbol identifier. As another exanple, the mappi ng m ght be
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sub-synbol of the synmbol. [0069] In sone cases, a |arge anount of the
signaling data may be available in the phy5|cal Iayer bl ocks, for
exanpl eall benseditive pyysical lapariblasks mey EBrssyaTbokyfebs Py UGHatsARCH BIOFK RBARE of

SYTOO! Sl b 06 YEPAL RS EL DS LA ANGPQSICEANR. o 4B PRURHORr

| ayer ayer a physical Tayer
bl ock i Hpblk irfaiy earry @m@bodzstihea sountfed:r}om aocxt(samnd phlysmat layer Hldel npyyol ety

| bl ock f VO 2009/ 137.705P 09/.0
[0970) P SBHE RGN RO LGP Yiiaceh P SRHE RVORE] B! DRRG Tyl

ei ther gySiIK foR tRF sduedRa16ckS YiTB@ks cakss thasdphef: stlicRACcdT apbyise biakk kay ee
packet together with a mninmal anount of header  |dentif ﬂ qﬁﬁ?
or der edsigealedby Bxliepinasior 6’?@%@&@@@%‘%‘%@%@%&6@6‘%@%8 Y& 1Ay°h o

physi cal, %@%@E ,ﬂ%ﬁ}?%épﬁgéfi% 'ihhr@r BoB s i€ 8kedn@behodlik glindi(%tcﬁghﬁ IRHQERS S

that is sender and receiver. For exanple, an
or der ed tteend of oflRgmyntifot @ecsamt) bloglapyskidie slertof 2 npimyegneeat for gyether

packet s Sequsaly atd kolie ARG 8fer e, SYADRRS pEAR: PR dISban ned

at the nrcat 6T Pecei ver el Lher explicit y out
of bhandwhere the fifsesEbphysicaiphyee padkyts betrvspen] wermemertiidnr ehwsi scewcetthookugh
pre-determ
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enbodi nents. [0071] In sone enbodi nents, the physical bl ock na
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an agpl i gatl on: &l AeiplOGHn Sch d8iRent Rlendiids! ISR 4 seBnBRKder@Ficfean
be used to uniquely distinguish the symbols from different source blocks, and thus i these
cases a segment identifier also is used as a source block identifier to differentiate the symbols
carried within a physical layer block. In other embodiments, source block identifiers for the
symbols are carried by other means, e.g., by including a source block identifier in the header

25  data associated with each symbol, or by including a source block identifier in the header data

associated with each physical layer block. There are other variations wherein a source block
identifier is not necessarily carried in the headers of physical layer blocks, but could be
carried in other places instead, e.g., a control data stream, in a separate physical layer block
that contains header information for multiple physical layer blocks, or sent via another

30  network. One 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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30  comprises a symbol together with the header data associated 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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sub- bl ock conprises the repair sygjol s, the sub-bl ock boundary
ndi cat GHocbAp DR GRS BEPalsdn Ak e BRkerRLRLNY R of FRimedt - FrsemPle,
COr RSPRLS alrBeel 2 rRYIFRO first physical layer block, a portion of the symbols associated with
the first segment identifier may be associated with a first sub-block which may be passed on
to a multi-media player for play-out of a low quality video portion associated with the source
block associated with the first segment identifier. The receiver may also decide to save the
extracted and/or recovered symbols associated with source blocks with segment identifiers
25  other than the first segment identifier in order to combine them with symbols for the same
source blocks received in subsequent physical layer blocks and combine these symbols for

FEC decoding and/or for passing on to a media player, perhaps in units of sub-blocks of

symbols or sets of sub-blocks of symbols.

[0078] As one skilled in the art will recognize, there are variants and combinations of the
30 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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20 with ESIs fromO to 899 and the second sub-bl ock starts with the
synmbol with PSI 900. The sub-block identifier of a source or repair
synbol indicates of which sub-block the synbol is part. Header data
sent with wacabwaymbol nethod [0075] In one enbodi nent pctrhsadveassess
data associated with each synbol that is to be sent 25together with
t he synbol in a physical |ayer packet conprises a segnent identifier,

a sub- Y8k iscwmpihey ample P gryapation, the headerdaip assogigted wath sahsymbgkmay
possi bl : [1d [ : tOE b DRSH |

N D T S
bits or dequiived smtlicitlybyishe égived ERbadethe gelt-blogliseoailt vdihdhe scgmente ath
synbol . Wt hin .each l.cal | ayer packet within a physical |ayer

bl ock, P%%C%%lﬁ%kér? %ubgl?x‘fﬁ%%g 16%9‘2‘%%8‘% | ayer packet 30 conprises a
synbal together with the header data_associ ated wi.th. that nbol
wher & t f bad‘éranaté‘%exé%%q%é‘é’éﬁjﬁl%@ﬁ%ﬁﬁdef gﬂéﬁ?%SP?l@tfd A eacBs may
i dent i f 'c%ﬁriée_f}%ﬁ;lot EidRiaSe HBAL TRHIEERE WL edth S IdeRERGOSS for
recei ved physicdl |ayer packets within a physical 1Tayer block as

f ol | ows examppin be detepripashimplicylpyialetating ¢ dixedampert of piveisaldaxer pagksiscal
WD 2009/ 7 L 43184 0G i ) AT=IS
fromt hé}‘;i ﬁ'gna%g]?%%# 2? %gg{)bg?%f grds u\l?mao;( %pilgﬁg%whgmg?#%%égc eg%%/tg{gg% a

| ayer pasddet that it is able to read. Fromthe header data the
receiver can determne a segnent identifier, a sub-block identifier
and 1an g1 orad Metheyamiplecantalings, Wethbider BRe apbystid alithlcadtesynbaCiey .

Fromthe segnent identifier the receiver can determ ne 5 which source
bl ock t lsodaqhests a siisamg ddeptifien du thif ¢ase-dhpTiganrdentisesppy ecteurcrbigh ocks.

From t h%E?dJ'xE aRbREK sthA Eirhlek 8F stfifis 5 8GEbNGE a560atEe AR E. N Canhiafe Stream or
sub- bl ock the synbol Is associated with anong the possi ’l_)l e sub-bl ocks
of the soidecostbimchoteRhamsirham EsntifidTenaydesiconed by afhcdiseaiifirne. & ribthe

rel ati onshi t r - bl ock
(el 3t ol 807 IRkl 0GR AHEE RLOSK AL e L b
symisl pegndniaherofor etenpdyatadtisock identifier may scope some or all of the stream

identifiers. Note that the stream identifier may also scope other identifiers, e.g., if the streams
are logically independent, such as audio/video streams for different program segments, then

for example a stream identifier may scope some or all of the sub-block identifiers.

No header data sent with each symbol method

20 [0082] In another embodiment, there is no header data associated with a symbol that is
carried in a physical layer packet. Instead, some minimal data can be carried within the
header data of the physical layer block. The minimal data can include, for example, a
segment table, where each row of the segment table corresponds to a segment identifier
which comprises the number of symbols of the segment for a source block that are carried in

25  that physical layer block and the ESI of the first symbol in the symbol ordering for that
segment of a source block among all of the symbols of the segment for the source block that
are carried in that physical layer block. The number of symbols in the segment may not be
included in some embodiments, for example because the number of symbols in each segment

is always the same across all physical layer blocks.

30 [0083] Insome 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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10 within the source block, and/or to be used in FEC decoding to
recover m ssing source synbols fromreceived repair synbols and ot her
source synbols. [0077] The receiver can then, based on this

i nf or mat i owp 20@aBTes on certain actions. For exanpl e, threTnEseaveenssray
use the sub-bl ock data associated with synbols for different

t h b- bl ock dat d t
Gt or i R08E, T TR dbia contioq Be Rt dvarausive oo HPre hca gy iisats
bl ock. Tagcissib-1bake khedghdo¥ayr ool sXRMMMb& ¢ %rlaﬁwuﬁﬁ%et;&hyﬁt@él%ﬁ} ned

what portions of data should be passed on to an pE)per

appl i catblesk; Tdexg are mamy formprca this wbah;l@?k tablecles exampiaibg Stﬂh Oﬁ"l@@@%‘ﬂon
' ” or def %Poé&rbgl%eh V#&E%w LEXE E%Srg@?%é g:gﬁ{eh{ Me@ﬁemd% fnhge[ &g %htvt%le

ortion covered source pass
on a§ a m;lamhrmﬂnem ezample thersablﬂaboc]@ hxémmatibnmaplbaytomﬂm@fsemﬂtt tabvked |hasorf@r

exanpl e, 20when. a ceive bl o

por ¢ | on BIFHREPL) HSSHE PIEk Rl RTef inep it B RpeeR O o1
may be ageMaicat act vskd br rchise Se sabdbidaking Is1gn/ﬁlhfghs Hadlddent paipdechpplicdtiona
nultl-nedla pl ayer for play-out of a low quality video portion

associ at!l®¥™wi th the source bl ock associated with the first segnent
identifier. The receiver may al so decide to save the extracted and/or
r ecover d80&5} nbloltleis smbedimantearagkiver might rrecdss merigedwhykicaldgyes packets within

ey { RO DDA DG ko ROTBAL ahISHEL B Lerhdh BEAST s

e Sane source ecelve
subsequ dﬂd&ckpbiyls froml thé pl)gercabllamlbﬁoca theladezo ddae.NErotthihs seggyanbable, the recEEéZr

G- bl ocied “aregpr HsrBer Adeteb Sadis il ERBBHoE) nBB et e " one

ski | | ed sofirck BRcRFdr wHitH theRGeONNZARIs daltRA8vied e YlysicANtagerdtitk. From the
conbi nati ons of the 30ahove_ enbodi nents. For exanple, the header data

for a syrdgralddysr degtification of tlflﬁP?Srﬁfé"fs%fr%ﬁ{?Vﬂﬁ?é%YFthcﬁﬁéhaéé@'ﬁ’@ﬁ% symbol,

i de nxts' F 1 84 1RNEoALh TMQ%tdlﬂﬁQ’éﬂefnhﬁﬂbép an@Yhiti B0t SIaBsoERted vt eaas)gégﬁ{em
exanple of a variant, only t ESI is sent in the header data with

t he syntrod froamie otapping @hthe cgwbmeégrdareﬁégtrm’ sympele fronf 4lkthe sagments-ob thec k
Izggg; I]_];,I B@E&]ﬁf?ﬁ%ﬁl@l}%ﬁé%?hpggalMygmlg&bﬁrthgﬁﬁﬁlcal l\c{%r packets, the receiver

can determine the ESI of the symbol and with which source block the symbol is associated.
From the sub-block table, in a similar Tashion the receiver can determine with which sub-

20  block of the source block the symbol is associated.

[0086] From the ESI the receiver can determine the relationship of the symbol to the source
block and to the sub-block of the source block, where the ESI can be used to determine the
symbol position of the symbols within the source block, and/or to be used in FEC decoding to
recover source symbols that are not received from received repair symbols and other source

25  symbols.

[0087] The receiver can then, based on this information, decide on certain actions,
including those described above for the “Header data sent with each symbol” method

described herein.

[0088] As one skilled in the art will recognize, there are many variations of the above. As
30  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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[0079] As anot her exanple of a variation, the header data associ ated
wi th each synbol may not include a sub-block identifier. In this case
a sub-block identifier may for exanple be determined inplicitly by

t he deri veslOB&19837705 t he sub- bl ocks coi ncide with the yegrosnios/ogfisa
source bl ock, or sub-blocking is not used. 5 [0080] As anot her

exanple of a varjation, the header data assqciated with each synbol
oy bon s SO IRt SPHERL e S CRa CHOBR T SPUES DIPH DY B° CUS S e
segment phebedal iaférlodkB)ank ‘ﬂ{us%é@%ﬂé e siebldel RERiMe Shithithé Béddbydaiysent
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physi cailhgpe sypiogbray alove aiopivectkat Jelss fisichamgl nhemgidiegidhe or
segnent | 1S . c at
e headarriSiaRir aisaile kok M Ay ARE e SRA s A R ol

idenfifbeek. In this case, the streamidentifier may determ ne which
stream anong a small nunber of streans a synbol is associated wth,
e.g., anosapi asshé@arsxanpR, sibdaecksig giam ndibt asddhat a stream
identifier may be scoped by other identifiers, e.g., if the streans
are | ogignab| ¥ AGQRRBS! &EmpRUGE hesiepil Rsddisley bvﬁﬁ@a&ﬁfh?@ﬂﬁ_ﬁ)@f patcE&
program 15 segnent, then for exanple a sub-block identifier nay scope
sone or farlekapple bheent ¢ sepaatediain Withie the sae pby didshiayetridoskiardam

i dentifi ) r | ief i re
| ogi cal PR 82 oReARER O Bl bonsifnleBul it el P UaBRT R
pr 040 amssegileid ©,thd feegivérper ;8 xanhérexamslk sednn b depatatd plasicadyyes bople timone
or all of t.he syb-.block.identifiers. . header, data sent w th each,
oynhol  REHHBEI B ESTGoh A PHENBE APEAPCLS Rea Ber B ealegart vi
dat a ass@@hdtnedvotkt h a synbol that is carried in a physical |ayer
packet. Instead, sonme mninmal data can be carried wthin the header
dat a of p I ], Al : i .

exampl ¢ 0TS Bl e e e T PR W Sh D Tl P Pk
cor r espenden wlealiftaegirethis daste Hieistrean idghiiltér neyrdsidmes widh sigabemong a

sy | s_of,the. s nt..far | a [ € Lri i N 251 hat
iy 8 c oo B8 TR Yo BRALGR@ 358, { B Bl ALK R by SN
or der i niyofeathattthaitreamgd@mnifieofmaabs suspekhbbthekidanifag, abl ifolie dteemsymwbol s

of the se nt for the source block that e carried in that physi.cal
Cayer bR ﬁf@eﬁfﬁ%a?h G angep et TeEbhaHne RRyHoteeREn] er fied
I N soneckaeh BRIbISck ekt fRX AR sCofeeemb SLall BEhe b idertifrysTItS thalthe
each segnent is always the sane across all ghy3|cal | ayer bl ocks.

30[ 0083ptr9am idlentiics sy @lsrerars other leadlifre He-tiaBF SUPRS rnloeialy be a
soupge Mdggéﬁtdtﬁ,béu%h ad Mide@9 RS0 WRAKE féﬁﬁffa@ﬁ%réﬁg%%nén@s? Beh ff?r%?(%ﬂ;gllgtao

be used f Wwo or nore source blocks wthina sa physi ca
bl ock. stream identifier may scope some or all of the sub-block identifiers. A stream identifier may

also be included within the header data for a physical layer block in a format similar to that
described above for segment identifiers and sub-block identifier, in which case it may not be
necessary to include a stream identifier in the header data associated with each symbol in

25  order to communicate the stream structure {o a receiver.

[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
30  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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WO 2009/ 137705PCT/ US2009/ 043184 [ 0084] The m nimal data can al so

i nclude, for exanple, a sub-block table, which indicates which
sub- bl ocks the synbols for each source block are carried wthin the
physi cal |wgenoohbrrek. There are many forns for this sulpcrhiseloobshse,
for exanpl e the sub-block information may be appended to each row of
t he appropriate segnent identifier rowin the se nt tabl e, Qr as
anot her B@J%&ﬁ‘bﬂ qarrisdan dheise BN kabis, PBY inseadgnichle 15@9@? BY ta 19 naméepsa#&t e

t abl e. 9 SMRedkPeRlsSto b a§%gnghggk tabl e may not be included,
for exanp ecau%e el'ther sub-blocking’is not used or because the

sub-bl o dl,e r
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(o b EreRaL aaroriag B b PR IREITEE b atoa P eite SR eI lor
the r eC%levﬁﬁlbﬁﬁ%lﬂl%gxﬁQﬂt@&nhﬂ@r MaERes coffectiiIMeSera Rt ginBiffondl uf&) 449

associated”™w th each segnent of a source bl ock for ich there are
synbol s icthisexenpls (The niabginf syrmhols fcaylerseemeéwtleﬂemfxehbwp}%wh@
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initial ﬂEﬂOOa;smbcls ategtappid bv eacidingeg fentderedsynfbobty phsicmhppemgelet t he

CoOneGuabAE S £ LSRRl b S ke iR

packet s radohty @62V ES toCAY ifefiesnpipe. t he ESI of the synbol and with
whi ch source bl ock the synbol is associated. Fromthe sub-bl ock

table, i[%ma] SitfiHeAEcon@ St e Eéafe &eqlein‘se[rofe%bsietf&&ﬁe &gm\éhmtmbﬁmer
sub- 20 bl'ock of the soufce bl ock synmb is assoclated. [0086]

From t h® iE$10, théchrvedd bteq:arnedwbm@tﬁ éﬂwmlmmym@a@@tsaheﬁtsb%} syptpels are
symbol L fublfio 30t Bl BEN ARG 48ublG BRI 19% pRicel BEpAAUTGGe R

where tREY can e use erm ne pos
symi6l s swirtdbloclt With sepnreneidehtblide j irathe fioat s¢gmebetahbedn bathEEEnelecibel 'swgca 0

recover nbol. [ e.not r ceive ro ved r

Cybol s DI B a ook St b P accond S R he B R0Es Tt RNl
based OmEY fdrShd & %Q&ﬂf&bﬂ:}ﬂiﬂemﬁﬁ@ i HEthe first &dgh@hNtable i wmisy thisnaAppéhiortge those
descri bed above for the "Header data Zent wth each s nbold%gﬁthod

descr i be# thserisrhESIand dwnumbeppfesyaIbpls|of fejspempe vainideptiter d sgond
there arg, hBAYLKari ations of the above. As 30 one exanple of a
variation, the header data associated wth each synmbol may conprise

the Ldentifi

eaC phJQ‘#%il hg;i;eealye %tgg Vatnaﬁ Q)%ﬁ‘%?és?ljl ﬁwlﬁ{aqgn@cfﬁgersgﬁ%ﬁagii%aglﬁgll}éyégrgg le
i n sone of phgstcal Agertthecks,Hu bidd ke sdrrietinwtieer plaagssinsiend, e.g., a control data
stream, in a separate physical layer block that contains header information for multiple
physical layer blocks, or sent via another network.. One skilled in the art will recognize that

many other similar variations of the above-described method.

25  Mappings to and from FEC Payload 1D
[0096] For many application layer FEC codes described in standards, for example as
described in IETF RFC 5052 (Internet Engineering Task Force Request for Comments 5052)
and IETF RFC 5053 (Internet Engineering Task Force Request for Comments 5053),

typically associated with symbol or group of symbols or group of sub-symbols sent in an
30  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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second physical Tayer m ght bé as shown in . 3, where
second plaeshatds to teysent fbt peturdedledkese betritervhyedsayint makmtersu@mehﬁsmﬁlslwer

o CahyL LSt B3l LS (BUATILE b SSTRRY, AT O

described in “FEC streaming”, the repair data for a source block can be sent prior to the

source data for a source block in order to reduce, in the context of these descriptions, channel
25  zapping time. The data comprising data at a given priority level for a source block can be
grouped together into a sub-block. For example, continuing the example described above, the
repair symbols can be considered to be a lower priority sub-block, and the source symbols a
second higher priority sub-block, and thus the lower priority sub-block can be sent prior to

the higher priority sub-block.

30 [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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explicitly carried in the segnment table, but instead m ght be inplied
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I des b d
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5052) anigs hEﬂHBdRF@ Seﬁciaws(d m ef dwet S(B'EQDMﬁrpI ing m;fﬁﬁ@lk% phesica ldyerbiesis J00+
Coment s 3 ica associ a i t nbal. I

or grouﬁeg’?ﬁ?) OCi‘;gﬁb@Ssg g‘éﬁffpr‘?sﬁmﬁ as ‘F?“gét‘tfe A0 f i&yﬁ‘f’rogﬁdﬂ‘& t%/‘gt?o >
FECoBay l.gad s0B Eboaatpld, 9ﬁgslcaﬁayertar&k$0m ©SkmARY hcAdE Bhidal ks

Payl oad 1D is associ ated With a synbol , the FEC Payload I D conprises

t he souméask é%éﬂ@dﬁ@%ﬁﬁé?rartsmtedth?@rg phirsinal tlask deangtvathig Phymcaltlﬁseer izkorek
f th
(2) 009/ i 3§§g%%%9}1‘?%g é Oﬂgaﬁ%%%fggﬁsof{sg@mn% As illustrated in Fig. 5, some of the data

500 is placed into each physical layer block 501-504. For clarity purposes, each segment of

data in the data 500 is only shown placed into one of the physical layer blocks 501-504 even
25  though each segment is placed into a corresponding section of each physical layer block.
FEC data 510 is placed into the physical layer blocks at 520-523; P; data 420 is placed into
the physical layer blocks at 540-543; b;-b, data 430-435 is placed into the physical layer
blocks at 530-533; B-By data 440-442 is placed into the physical layer blocks at 550-553; P»-
Py data 421-422 is placed into physical layer blocks at 560-563; audio data 450 is placed into
30  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
iflustrated 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.
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initial ESI of the repair synbol with the snallest associated ESI
(and this initial ESI can be viewed as a sub-block identifier,
identifying the source synbols are part of a first sub-block and the
repair syrwoRevas’part of a second sub-bl ock). [0097] IPaTESR®043184he
nmet hods and processes descri bed above, the FEC Payload IDis not 5

sent w each synbol , and .iinstead. oth ng are deserib t hat

M ni i 2 EFECTARBINNE SEmMREAFEN a%@aphm%%? ?@ﬁ%ﬁ&wwtﬁw“ﬁ@&? G e

order t @edR¥d ik 78 GRPABRLy I6APAGIILtYpicdlly dofitalSEffblent dinciRERfda8 e Thidlad

sender to translate the sending format from one usi nP an FEC Payl oad
i

ID to ohdiie PeigntiahBerfuaREcedassies AiserreetieRy due By mersoBplisRed mpesssing at the
I nformatlon.to &E%&Ctﬁé &ﬁé,'anh rthé;ﬁ‘egmg* 5OisHRE With stalnRQR K8 88He Alffefent
ate the sendi ng

receiver to tran ormat from one using the 10 nmeans
deschi beegradndvigest or conveying this information to a receiver to one
usi ng an FEC Payl oad I D. For exanple, there m ght be already

devel opgghepf taaeRr hidddod iS@Spiche tHeEGnbalydatad ehilfyer pbaiid bifey theg

synbol s, _and it can_be convenient to take _3n out put stream of nbol s
and ass difeaens phyaced By erdip ks gribis gesepl ey Sﬁb%bfgb?rpmw Et‘gamafr%éwg

an out p%géihﬁ&ﬁsm 195 SHIRRLS ARGh12SE8RIATREiIntAL 6 tBRFRAJD Ip%wish@w; et

sending format using the neans 15described above. [0098] The nappi ng
met hods of datae0 broken whistFROoPaphystee! Inpprfobncka 601c6lt. bheddpsks ip Kiard ared
from,the_ d L RLion j: o) - Sendi n timze
Lo oSBT bl P Sy s SERRLARL B LAIBORINE SR
over a Gghasicedlayerbleckec(dat aatsmitied sdort: phgsi@Dlagenhl b0 il thif ik er ent

physi cal | ayer  blocks, faqr. e le fr S, Or. er-fr S he, sy:nmbol
ot a t narntied bpBBiecelsiock W08l VBB e il MBS st els
mul tipl @raﬁgﬁﬂe@fw?fhmhidna@wr _A?Hmﬁdgateﬂﬁh Eigptis,itliﬁ’ ‘ifdrioﬁedatﬂ_pﬂgmgfe_s ini the tE ge
reverse order o eir priority. r e scri in "

st r eani mymbokdsta 09 have b%tgaowsa to&e@‘ﬁ}f‘i’g’rzgf g%g@%ﬁﬁﬁée @Bﬁis 655168 1o

t he jSounge HakBedihatbed Pitb PRydRlapEer H?o&&@@f—ﬁ@@iﬂe%ﬁbélcagmuhﬂa. kheciaapt ext

of these descriptions, channel 25 zapping tine. ata conpri sing
dat a at rarmgisssecachisemnint pf dasy 600 s onlyshewn plaeedintcqne 94 themby e lnyed

t oget her, | 154D r LB chAGe SRR each
descri bebéA cg%)g(\)/g?éﬁfﬁ'g%l g"% Fre gc%ysg%%?@?%@ﬁceggﬂ%g ns#g%ro e{q % 0 ge aleﬁagwer
pri ori t yphssibel dyecklpclantbrtckamsloihladk & mbmbigped iste GO 1 hibigedro0p s roanped
sub- bl ock, hys.the .l ower priaorjty.sub- ¢k _can b it prior to
the. hi giE PR gt in Phse a e bl T PR prgee e BT R LASH ol o
of b@g\l/v arEsuﬁrﬂmda rﬁmﬁngrmysu&tddgh Fid. g,esodatsagibmcas slplitiletades ganginga pFdrhe
sub-bl ocks into a prioritized _sendin rder. .In Fig. 4 afa stream
470 is resprRSettRtoOnidel SEPFSEY-h g v e oot It e
exanpl e,gofathgidiioh 88T 4AR8n pysical block may not contain any data from particular priority.
For example, block 601 may not contain any FEC 510 data at 610 while block 604 may not
contain any data from P, 420 at 613. One advantage of the method illustrated in Fig. 6 is that
25  since the segments of the physical layer blocks are the same size, the receiver will require
less processing to unpack the segments. This may result in improved receiver performance.
Additionally, the uniform segment size makes stat-muxing easier. However, since there may
not be any guarantees as to the exact priority levels that will be contained in any given

physical layer block, the play-out behavior at the receiver will be less predictable.

30 [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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WO 2009/ 137705PCT/ US2009/ 043184 shown wi th an audi o bl ock 450 and
various video bl ocks such as an 1-Frane (Zl) 410 and vari ous

sub- bl ocks of synbol data such as PI-P 420-422, bi-b 430-435, and
Bl- By 440-WQ2009118778% g. 4, P1420 represents the hi ghest BOTYusS2INP43184
sub-block in the stream followed by bl-b, 430-435, Bl-By 440-442,

L v A

can be aguNBREk Aheldid NS§ thahasbEyor PR thyal H186kg en@nihidBle da'taes fo®aest
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enbodi nent sub-b

Chese efBuPrbtrae B e D haBRY sBok T Dendfis PERENRER pER fnchihuot
sub- bl oglks ihefedtrer J%ohﬁestﬁaﬂ&mﬂwﬂd Thus, as soon as Pi is received,
all of the data in P1 and all of its dependent sub- bl ocks can be rrade
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B o p P Suprstlinsed BERLT Ryl PR O K potifes S O ioh”
i ndi cat et tHyseRMatd wignbi®R Ry j 5O j @¢adanl.e, Kphysi cal layer block 501 is
transmtted ahead of physical |ayer bl ock 504 (and thus is

transni tgﬂﬁgbelisodegcrm&f%b&\%l (2150 a0 3 B9y LR GRS GRS 2 bRl

bl ock 5 ection 580 Is fransm tted ahead sectl on 52
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phyS|caI er .ol or i L
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| ayer blpa;edi‘slyﬁaﬂne bbdhe eatmmag datlacnn;ht mah:dﬂasz@gmmﬁi laysr lpibddédLeirMol be

ol aced R GBI RPOTE 1| Fay b T ghscemarigtnedaS S it B aBligp Plbicel
pl aced |1§§e@ bideRs Riy Sl Catter hadtefiodMO ¢ ks thatdafdOsdndd; thdiastphysledl dayd8Bod35
is placed into the ah ysi cal |ayer bl ocks at 530-533;. Bl-By data

4402842 N s Thera ghedrachenolitheseshgatr senl in piysicaldrse Rloc N- begp. bsghe mpsimym
data 42150422, pS). 1 %ﬁailm q epmy&tﬁ@hlgh@asﬁm%@dégmeﬁ mﬁiﬁ&céﬁﬁn tgdi o
data 450 i s placed i nto 30physical [|ater blocks at 570-573; and

1- Frane ;(rEIri)y abeblock ipbeat duthe kasbwmkesieel|1a}1eaple¢k5bmtsh:n@§s®8(§oesef thene
advant a e
manner (PO RRR g S5 Gl G Sir B ne BRLih LR oo b8

r ecei verplaeldloubst thmieem‘perreﬁem@bdhembw}¢wsblosl€sgmemb®nd¢ceeadh priority
group will be contained in each physical |ayer block. WO

2009513716 9SdTCTThISRRMA4 @éﬁﬂ@&t&@wt@e{ermrel wiieh SR0MRNoSeid Inhath fiRcHRal
physical layer block wl| Pl cally be different sizes, because the
S

vari ous lpyerdhacky Themlsodvﬁan falsp pp ieétand%l t Hnea%erwlaﬁrlfthweweré%ﬁ{n&n%@f
data. This,caRe) tﬁ% Lt DO SRE-L A0 AEILEs 'd?ffkcf&lt i eS% ﬁérltgr @%eﬁt%%' i¥ &/ be

due to nbre co at ed processi ng at the recel o un
dat a, ar;ﬂayteldexutaaﬁmyecbe*m@hmeyhym@hlae(elahlafmammd dﬁeﬁetf(bwo h quaf kaeerre nt

blocks. The methods above might also be modified by the requirement to multiplex many

30 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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5segnent sizes. [0102] Another method is to spread the synbol data as
equal ly as possible over the different physical |ayer blocks, as this
general ly provides the best protection against channel inpairnents.
Fig. 6 showe 2em/1exampl e of one enbodi nent of this net hedr/uSe@so6B184
shows a set of data 600 broken up into various physical |ayer bl ocks

601-604. T (o] Fig. represented.as being transm.tted
i the. dWRE . RARE TRGPE AR edio ok Pl suB Rt SR Ao TS PEITH Afer
bl ock 6@de priorfieafaibs b eattiRES @ EnRINEG] Gt tHeRYRE cHli@S KorGidcH Rael tb Blase | S
transmtted before physical bl ock 604), and within physical |ayer

bl ock 6 priveitizeddats 40d insfa@trpalﬁeﬁﬁdtd@tﬂ tbeﬂWéO@ee@bleﬁl tgrmy, of ggiority may
illustr |es in the synbol data
3k g‘gxé&ogétger i thetsglﬁix ﬁlbﬁqoc 2 gf?)%ﬂ%{elg{ y

600 have en grouped toget 08. These bl ocks

650- 608, 15t u been mapped in si cal bl oc
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section deffcrléa%erﬁlﬁyes c%$134 1aaeﬁimg perdkr d%?ené%hﬁ?fé‘ SYBPgle ROtE§Eder gata

mapped @Q&Qmﬁggdﬁéﬁm &ck 606 is mapped into 620-623; block 607 is
mapped i nto 630-633; block 608 is nmapped into 640-643. As a 20 result

of the BRRR Fig. 6, some sub-blocks are split

bet ween i?EcCE&H Ef@&ﬁﬂm lock data from data segnment Bl-By 440-442
may 1be i[oudi9ydeded ﬂ&p:hr)ﬂdla bﬁndﬁ:l@nﬁ@lﬁd Gneh @lehiireAddice bk dngd pravidgsven
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of the method illustrated in Fig. is that 25since the_segnents of

the physsesied) Eerrensirgiatasmay ke &%erageéﬁ@ngvrzlé paitf thessoprcg dlock ¢-¢., one set
I’ eCIUI re

Tpr ove Sk £8E rQ;Fa‘?;Cd%x%asﬁlﬁ';gbé ”%en%%cfi‘orﬁ Beirst S&%HB?thaI&r@e BBk, h8Sebhl sdidf

recei'ver pertormance. Additionall %@ uni f or m segment si ze
makd§ SFEC mr éﬁga gas be generbedelvem a setond gort méthmyurn@bbble Apgn example,
guarant ges_as act Lk OF I | i in
any gi vgkh Sﬁ c§/S| cgil (pnl ay 005{{‘%1%’ 1h<ﬁ¥§_t§afﬁﬁé 9(,%1!1 Sﬁllgg e@r)ée](e(ei‘llsver
wi | | be sbmsadqitiehl pmsb:lfehe s’&ﬁfce bOi8k. Sh@aos@meeGMCwmnitelsrfap@sd@cedﬂbc& ars

t hat enaqu of t i r|or|t 0 he source sent in
the 1 r Sty aiealbwits e R hogk fud high B paR SPEe ReCdPdLrTED o
start play-sabblRE oS PRO résirlshinSol c@hbdgeneratedroiathe high prReisi s)b@fbe stihe
met hod for achleV|n this is to prioritize the data in the encoded or

un- éfc sHGracsce) e@lq% ok fiEh repaitey bRkt FeefwBifdtonnibe
2009/ 13%39&%91&&%9&910%90%@ Qurdd SQB-beck %éi 4 Helat Riokidy %tu} JIRED-bRck.

fraction of 1/N of the total” anount of data to be sent for the source
bl ock, vieseaidng\vrider afife subrbbesks gfen ppyld ﬂa%ﬂecqrdweb -blgicl ek EEG vepainapiinb ls,

(1.t ol b S U, 08 UL PRl D8, Spaca U B
recei verub-dekyvisths chier Hla rpdeysir mhwhﬁg«ﬂy alb bogdct ofltie lgeneriadity sbdrcé fub-
25  block then it can try to play this out immediately, if there is not too much corruption. Ifa
receiver receives all or part of the first sub-block of FEC repair symbols and the high priority
source sub-block then the receiver can try to recover the high priority source sub-block using
the first sub-block of FEC repair symbols if there is not too much corruption. If a receiver
receives all or part of the low priority source sub-block, the first sub-block of FEC repair
30  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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5 requirenment is that the first J priorities of data need to be
avai l abl e for sonme first source block after the receiver receives K
physi cal |ayer blocks, then this can be achieved if the fraction of
data in t h&Oof20e8aB779spriorities is at nost KIN [0104] AcTasasmploesisf a
preferred partitioning strategy is the follow ng, which can be used

whet her or. not .t abov, thod.is enpl oyed. .Suppo t he.sent data
For a scurisBS bf dlieer SR Godke HE* beeesliRt SRS e R B BB e e e
wher e t hecoverdll dfak@son@RymBss. t he source synbols for the source bl ock
and FEC repair synbols, 1f any, generated fromthe source bl ock that

istob rf@?t Noﬁyma @af)(W% @!éﬁ@egr@fermes@%@dlﬁg pek \ﬁkoﬁe&lbwod&d

into K ities, ere t he ractlon of the sent data th priority
j is P jea¢lmubybiqck separatell, e gollm‘i}g the satend subbdockadfdirg; reptivsypehols mateet
wth_.a iOFJt e y ! cal | _i

sub- 51 o ert e Ty SRR 0} e BBy sBuBE Suatper@hopelagye
physi calFok agfcemplég Is@;ﬁ;bs«-:ea&hbéﬂriehm BB Ca R kP cdmprisg 100 Bhurte §rmbodl daclgf

the data in the highest priori ub- bl ock_1 and i bl orme  of the
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to be sent in physical |ayer blocks N-1,..., 1 after a fraction M1 of

t he dat &owrse 8\nRols Fom e higls prigrHy sowreg subahlesk a5t etand FONT thesaprce syaebols

fra o] I t he
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maxi mum o I ghest priority
sub- bl ogkotesied méqmndlemhy@helset mprﬁ .12 iepgtir sulbblbtisahken recayentofitie hipepliagy

et 1 rnE 3ok RGP Aoy SR PSR Rel TR BT RE R b £BAF

to be plsgyeolsahst plitect the silpbleileSuali FEC pwmctmhybat bafor beangple hliakdisingv e
been re d, 25[0106] Thls nmet hod can, be extended t def.erm ne

whi ch Sdred Sl sodemtr BE%W%WQPM\““&&%%%OIBFBBW FRLBBkRGE can
al sgsbe gl RRERYY bRPEMEs FASLuBNANKE MR YE BGEIINEEIbERAYIpkREER eb&zaiaplhgtsﬁ@
receiver to play- oug) sent source bl OCK data is different, e.g., the
priorityl®ksent data is to be played out after receiving three

physi cal |ayer blocks instead of after two physical |ayer blocks. The
met hods [Abldye 'Pﬁegérmetab@scnrbelsmifdlifmq:rmyctiﬂgén lcaqu:ilcrtem'mntacm&s oo dnigif ex

30 diff t st dl t
Thvai oot etiod Feusty SR R hrouiite: §ite ooshid BNy T huloRCashBy, dosras,
| ayer blpekding Pﬁs:qdot&amﬁeivelr JHon &1deRyy antl een @fso @ashdipg FE@ ipkotecibn sedat

data for each stream ndI ed strea is to be_sent each pl ock.
WO 2809/! ﬁ@ﬁ?b@ﬁéﬁﬁﬁsﬁfg 91@?@4’1?%&(??”%&8{%8@‘1431 Thig gragyi ?8&"‘?% with not

descri bag, ﬁﬁ%%s@ﬁ%ﬂnﬂﬁdnﬁ%ﬂ £ b&ﬁ;d@ tﬁm@hﬁ)t&ﬁgﬁﬁdrﬂﬁ shért Blocks B8y
a

prlorltles my be a partl or er case there are choices
f or whi ciowrtbese ta be fskeicecd wlersas @ﬁitmﬁl&ﬁ(aﬁioﬁcﬂ%@r@%ﬁ lgrgex blocks allows

prioritized &9*&4@%}105281‘(} g}gggi?,g@bl einterns of priority may be

m xed toget in sonme enbodi nents. 5 [0108] As
descri bed of these proposed sendi ng
arr angenreh any of the inproved sending

and xsecqoyiz)g F@%ﬁ%ﬁn@ﬁ}ﬁbk@ﬁtﬁ@ s&hes 166641y datecharsGldms fe Gent olrdlaSsingle

i ncl udi ng header data sent w th each synbol, not header data_sent
with ea egpﬁﬁg}pysm@k]@yer blocks, the entire physical channel might be composed of multiple

& -;_n_og.,~ 1IedIns

such physical layer block streams. For example, each physical layer block stream might be
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.

30 [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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Partial FEC coding of a source block 10[0109] FEC repair data can be
generated froman entire source bl ock, and provides capability to
recover the entire or significant portions of a source block if
enough sowwe@aousiaised s fromthe source bl ock plus repai PCIYushwb/843184
generated fromthe source block are received. FEC repair data may be
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second portion of the source block. As an exanple, the second portion

of the SWlifedeIsIEERONO CHEPL IRyt fromdhe lgﬁg#wrwt&fe hghesicakiydewsl.ock
pl us soq;a:aa%ﬁmeaﬂa f&%é &Mueraﬂﬁqﬁ gwn%ahg?df p%HQcPBiStﬁné Do UHehi Fhe

synbol s for a source are divided Iintoa low priority source
sub- Bl ocﬂcela'nmclangnsgharmpism ihaystecouy ddissisl bubtmkf thih@eramsairef pro&eted using

sub- bl o r b d fr e

ot or ¢3S Qi Ea e g BERS, FAa G BREEENF e O bSed A
synbol s vwaarthdy i lighle cahmdsskd,arg. ,txhl&ncraﬁmhtfmm:’s iromdeéo ithﬁmL Somgitried Chlled
source b- bl ock and t he. hi riorit bl ock, The sending
or der O?E?H§S§BQQWPSH? ﬂ%ﬂg%%@BﬁFgg‘ﬁ%“ 1b$@8%96¥eﬁﬁb repair
synbol s infleguerilyi dRE kd theis Uiz unn@dyﬁﬁmy Iﬁlbé}ﬁtthﬁ ui@mﬂl@@lﬁn&ti yE@Goepai r

synbol s, high priority source sub-block. In this case, if _a receiver
r ecéPve bGP Pt Bicturesy ciberrather keras lﬁaé}ghb’rqogmsyeds‘ﬁwe@ubhwtek

then it yeamop 'Eﬁ{raﬁ@? R @¥ided! 'sﬁeé?.t'x’hu e ds ?ttc@ s, ad Fﬁdf'ﬁfoﬁechﬁe %,ht H00

nmuch corruption a receiver eives all "or part o rst
sub- bl octovcﬂed IREEIOteep@zﬁ entery e sf H}mcqrid@ i this cpse, withoyt using saree of the

sub-bl o r I er .the. h rioridt

sour ce %153 Bh_o%? S& ﬁesfl aﬁ)g ?Wgerf: %@ Prg uB;cgaIt ‘1%8\{ © jEen iy gé]a}p SRAuF %ly i°f

t her e i pogsie ar@ahmﬂahzelcmdrlumn miority dataisraboelispiiyed mhm&s tiad playosutpar t
e lowpriorit urce sub-bl ock, the first sub-block of FEC

Cepdfr SOLREnRE ket BAG SR GREERPO I 4 St S SV ER GER D eHnRE 2
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source sub-bl ock using the first sub-block of FEC repai r synbols and

t hen seffelingedficiamicliiben thashansglgapping PEecPEd $e gimashmstapiagnisipor i t y
source sub-bl ock and the recovered portions of the high priority
sour ce §i4pl dbkee atef someropbmiizagiong ma’blﬁce’shea lcbnspdering @solutiors whére alrécefveur

sub-bl ocks, thep the. recejv of .the FEC repair | s
Loy ocoppnedrtelly KU EBARhY Har B shen Bty Sl s bickeels PR SxaRfotte

met bods I‘&Dalﬂ'e]b(ﬁlljafl&fdefcﬂme dé@dprenu) ﬂrfhgn Efkor prrof-eatdcttn @tedingatrasure
sub- bl ock segara@g @ﬁ ﬁF haV|@g thg .second s gb bl ock f FEC repalr
synbol s%%“’c?fl pee Y Pestreans hat a5¢ Beipe pHplx gcine S‘f“&%ﬁ of ggmple th
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each of the two source sub-blocks conprise 100 source synbols each,
the receiver changes channels, and then the FEC decoding can occur very quickly on the data

that has already been received for the new channel to start the media play-out almost

25  immediately.

[0115] As another possible optimization, when a receiver is receiving only one stream at a
time, there may be redundant data that is included in the stream that is not needed if the
receiver had previous parts of the stream available for play-out when the receiver first joins
the stream. Examples of such redundant data might be low quality video IDR frames that are
30  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 guality 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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and each of the two FEC repair sub-bl ocks conprise 50 repair synbols
each. Using the nethods descri bed above can allow recovery of the
entire source block even when 60 of the source synbols fromthe high
priority s&r20®/18Ts bl ock are | ost and 30 of the sourcecayushaio®43ie
fromthe low priority source sub-block are |ost, whereas if the two

source sub-bl ocks are eg t ed |nd endent C.repai
Sub bl odiegietnafe PalbouByBRTE A G TRPORTL B B BBV Bl pnnt,
possi bl @ o lipsdch 68w gL DB HaRels: BB aﬁah@wwha siéhpéhkh sécb@d B 205 IO6sy 50
repair s%érrbol s that protect the sub-bl Ofﬂ) Such FEC protection _can
be for e&leamplthenythajaveeualiticiDigirmeedsssrs mO%%ﬁé%allabéﬁ@?@V@%erSF%m s
show t haf Igggg] DO GR r
properties ﬁﬁgggd In tﬁ%ﬁoﬁglégsﬁgigﬁé%%‘é%?vgg?%nérggtg\ggr the stream
over Bapplnaﬁ@lesa@webbmgsﬁto[p@mllm]tha'ti@seelwbmg@d@ﬂﬁa?@reaMSo useful for
protecting in case protection across too long of a tinme period causes
entire fonm} padicQiisvinkk daligedige@i metplt atr&enswif phgkieilllayocs ckis @bt iyuses

| nstead, providing FEC prqtection over, short blo nd then al so
provi di ﬁT@OfFE@”’ffr%g@éF‘i%‘ﬁr Biga Histopipg iy pingp kel 14y ﬂl?rﬁ@wa%fetfrf?@%hm

bl ocks, gaprleuRiehenable stdb &evéﬁté’reéeﬁve@'ﬁoﬁgﬁjumplé’htﬂ@%s AR a Ik ?fé | oss
i n sunpundi ng tine periods, then FEC protection across short bl ocks

may al | swearnoSkere aretseme anstods St canthsrisedstogpigimirorase Fpbaskot @eg sueh
acrqsgs | ds.
RecaDyi HOARTis R AEATA, R FRICE 1Bl 10 oRU e L RARL sfioE RSN
stream n@yahmlalre@imon&dmm«eeeim)@ﬁp alféwstc&anmatm aute st ordants agievestbatbove
over a si n%J e stream of physical |ayer blocks, the entire physical
channel be conposed of multiple such physical Iayer block
streans. For exanple, each physical |ayer, bl ock stream m ght he 256
Kbps, old0H7ipger eww%a%thﬁn%% gm%ﬁtcarbgreé@t Which sEams FEcAGT Mgt likply
entire %‘ﬁ% e%mi?emw %h@f?:};m%@ﬁﬁ@@dch%ﬁ e B&ives irelPvind RSk elcHalthels

exanpl e. ypi ca a receiver may receive one of the streans
of physiizadvanesy ranlﬁlcmk@aage tg that gkannelue to a variety of different
reasons i ncludi ng power issues and nenory issues. However, there may
be adva 019]@5 AgdanotHeeexaggdd, vier datain tleceiyviealimyee blohiasiraans rmghtéﬂmrgﬁmzeﬂ\o
2009/ 1373171c that tﬁgg%s() c?n%/p%?g%a Lllayer block stream that carries all of the IDR frames for all the
other video streams, call it the IDR stream, and then each other physical layer block stream
carries all of the data for one of the video streams excei:t for the IDR frames for that video
20  stream. In this example, a recetver might receive the current physical layer block stream for
the video stream that is currently being played out by the media player while at the same time
(either always or intermittently when appropriate) receive the IDR stream. Thus, the receiver
can have available the IDR frames for all or some of the video streams, which it can use to
either play-out when displaying information about all or some of the video sireams available
25  in a thumb-nail channel guide mode, or use to start displaying a new video stream when a
channel change is made at the receiver. The IDR stream may be received at all times, or may
be received intermittently, e.g., only receive physical layer blocks from the IDR stream that
contain IDR-frames for the currenily playing video stream. In all cases, FEC protection can
be provided on each physical layer block stream if desired. One advantage of these methods
30  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.
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physi cal | ayer blocks. For exanple, if the receive is receiving al
such streans, then channel zapping fromone streamto another can
occur al nost instantaneously, and the new streamthat the receiver
noves to &0 2we/1pi7esyed out from the begi nning at the hipghaseoosyOBig4t y
| evel , because all the data for the new stream has been arriving for

a perio ore when the 5 r. ver ch es ¢ hat
ot Peam (o' R i PG R totd o BEE M resbh B EBAR R ks

pr ot ect bkikMddhn thel ANGiIRERIRE uganmérb@stim@ﬁcaﬁfoni Js:te p8§sﬂﬂ@ nlsor@mnme deo
encoded in such a way that is hig qgressed ., when refresh
frames he PEoogps§edesstipeddiprein manbe %@e@aﬂp B ARG CO@W@W@@W@% | ed
I DR-fra f 2BHh eouent!ly
due to ?%ﬁ?c{nleﬁgr gfbgls‘g}e %ﬁ%ﬁ?;ﬁeﬁtﬁ FB maanlse ?%g?ﬁfdggd%ﬁeﬁg spanned
by a5 GOpouldbg almq@ecbdn Rrapiputergyadgbln rrhfélm":atshdraSI adrlg® O, RV, glisl. y

oD R A58, R . S1PTR 5 408, SR T4 S 80 £ 6,

pr ot ec]'E ﬂiehﬁeﬂ@cﬁﬁslh H‘gu%@a@h ﬂblﬁ C;ﬁmlﬁﬂldhas Hebn ﬂtmﬂbada&&; revpechip ikerpliaryg ]
some of the. nethods cribe wher e riorit ata.fromthe
stream P& %ﬂ”é‘ﬁ’l“éyé&l vy TRureciatsy ok hioExee iR bl B BoRs:
priori t Ypdafudvatehtsalioin BeSBhRWEthe B11SRMAARKANSE. Ne pl ay-out 15quality as
the stream play-out progresses, if a receiver were receiving only one
channel at a tinme the channel zapping time could be as high as 10
seconds, whereas if the receiver is receiving all channels then the
channel zapping tinme could be al nost instantaneous. [0114] There are
some optim zations possi bl e when considering a solution where a
receiver is concurrently receiving nore than one stream of physical

| ayer packets. For exanple, the 20 receiver only needs to FEC decode,
e.g., performeither error-correction decoding or erasure protection
decoding, only the streans that are being currently being sent to for
exanpl e the nedia player for play-out. The data for other streans can
be stored, and only FEC decoded if the receiver changes channels, and
then the FEC decodi ng can occur very quickly on the data that has

al ready been received for the new channel to start the nmedia play-out
al nost 25 i medi ately. [0115] As anot her possible optim zation, when
a receiver is receiving only one streamat a tine, there may be
redundant data that is included in the streamthat is not needed if
the receiver had previous parts of the stream avail able for play-out
when the receiver first joins the stream Exanples of such redundant
data mght be low quality video IDR frames that are 30 included very
frequently in a video streamsolely so that a receiver can join a
stream and start playing out sonme video al nost i medi ately, even if
it is at degraded quality. If the receiver had previous portions of
the stream including a high quality IDR franme and all subsequent
frames sent earlier, then there would be no need to include the
frequent low quality IDR WD 2009/ 137705PCT/ US2009/ 043184
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franmes. The low quality IDR franes can use a significant amount of

t he avail abl e bandwi dth, e.g., if each lowquality IDR frame is 3 KB
and they are sent each second in a 256 Kbps stream then the | ow
quality IDR frames use over 9% of the avail abl e bandwi dt h. Sendi ng
the low quality IDR franes is not necessary if the receiver is
receiving data for the stream 5that the receiver changes to prior to
t he channel change to that stream [0116] One drawback of |istening
to multiple streans of physical |ayer blocks is that it uses nore
power &LAMME receiver than listening to a single stream

Addi tionally, nmore nenory and other resources are needed to store the

data received fromuBlcibdd &1iSdY S3FM ﬁ)rhﬁﬁve@m%tlaﬁzgétl%arﬁg 6@%roéﬁlaﬁf &aﬁ{eﬁ
sone nef hods that can be used to_m nim ze_ these drawbacks. One such

10net hG4'FS edr i gsmiamel nechapt o sHupote iamels Gamangpranss fopresvier plupdity
avai | abf xece&tei‘sea]iﬁirem Bach I:E@élvﬁ atéyptd B dceife $uBQQIVIES thOQARSIghA, heq&kvdconl y
a few Si;5.eans 813 in order to achieve the above benefits.

[0117] SE5F y&séeﬁ‘b]l“%u '™ there is logic that can predict which streanms
a receiver m ghtaslendeekwtemhmgﬁdscdmmﬁhsddiﬂ,tremhenthlﬁghﬁlcalaﬁyeb@cﬁdﬂ@&f

that t recei yin se.lik n_advance of
an act §S{C§q AC ﬁoctks %Y} Ienm%%aﬁ%éslc’?g‘f%ﬂlféin?ﬁs{a S %t‘?ﬁ ﬁigidgfﬁf}fegm Th Se&ﬁf a
in thelep%yspatia)h theapjrgsicableyre klogltsy elzngn an girredzet aisgetnisdach suchblbékadre mapped
there is,.9% I Rele calries all

fr anms Far N O PRARE, e ey s BREEAT oA R e St

t hen eblepk ipsdveprionFnihé watceﬂﬁyé)rtflblsm‘t@bé@keam carries all of t he data
for one of the video streans except for the IDR frames for that video

20stream In this eXafRlosic d@w’él‘f}"%ﬁtéﬁgsf digughtwh'E:I%QQﬁ&{&tl&Q%f frd 5,8 B ?ata is
physi cal bl ock streamfor the video streamthat is current

bei ng Eﬂlaéi‘i‘é%“adf*a P REs taisdictlepst npart opmiqrsation in bradespofshenbiical eyer Rlogks,
al way s whdreih fie@bdiiet dy@ith boh AdENhARREGPH B @ik ?ér%ﬁackﬁ@ incldfe B [ARMons.
Thus, the receiver can have available the IDR franmes for all or sone
of the video str can use to._either ay- out when _
di spl ayi ng i nf orfE}?BgﬁmrgﬁlﬁE?hvgliylsy%?m STRU™ b Whepsdn \95 @%é“ss#ﬁlg‘ﬁﬂtesem data is
avai | allaged2&the datasttehm nie-tasgidlat ledsainmperdt oginfab@ationdeheadds ¢f$ie phesicl Bidr packets.
di spl ayi ng a new vi deo stream when a channel change is made at the
receiver. The | t

received inter mqug%@]@m}%&w@@ ﬁ?e%!r)%g F%e()fg]ﬁfssllég vi’herem t{m%én CEM '
from t préanipRinge ?@é?ﬁiswrrétn seeyer dolss WDRtaf and rberemghe msh@tlemrmcéme lindigplicugohg
VI deo §5V§ @%boi 19Fa’l]ellateg%ﬁ%’SOEFE&JIWk%B&&EfCQE%E? BQ%OB&%M%&G/Q l‘lq:lr% %@&QHL{.&
physi cal Ia er stream it desired vant age fiese'

net hod¥v¥oP¥CckEhat the recei ver receives at nost two physical |ayer

bl ock streans at any point in tinme and yet gains all or nost of the

advant ages of r efEQ‘ hy élélg'oﬁll: Helivb@ sﬁé{rﬁbi’(‘c&hm hanylféfellbthl@&lﬁlcﬁt{bﬁ@ﬂ@ Is&odm symbol
concur rdeqtlé ‘fF{‘} )’Hé’ e | ngentl on1 has alle{en descri bed w't %1
r espec iR KLy fidentigers are pf leqsbpprtially eaypedyp peagip pf physical

r ecogniage blobilat nurrerous m)dl fications are possible. For exanple, the
processes descri bed herein nmay be inpl enented usi ng hardware

conmponents, sof twar e lg%@ggq %{ {md/fo[ any .combi nati on t her eof. For
exanpl e, the net ¥ d Se Qe yh%s emofc almQ wlherein tlhe indications ar€ encoding symbol
identifiers, wherein the encoding syrnbo] 1dent1ﬁers 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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5 coul d be enbodi ed on a conputer-readabl e nedium such as a CD- ROM
DVD, etc., conprising conputer-executable code that can direct a
processor of a conputer to carry out the nethods. Thus, although the
i nvention has been described with respect to exenplary enbodi nents,

it wll be appreciated that the invention is intended to cover al

nodi fications and equivalents within the scope of the follow ng
clainms. CLAI M 1. An electronic delivery systemfor
del i vering data 8tTheakgropigdrlivgribween cbddimehahmeh nowhemenalogig stream of data
broadc@§£mg@@ﬁgg%gh%ugmggﬁﬂﬁ§£1ﬁﬁﬁbﬁggveylng signals fromone or nore
sources to a plurality of receivers, wherein each receiver attenpts
to receive substantlally t he sane S|gnal the el ectronic delivery
syst em i ncl udi ngl0- The electronic delivery sysicshefetains ¢ s¥herain seatsymbeleief d@mpes seusover

t he dab@rehineaBkiaintdic BhypldMIdveablodk@yer packets of physical |ayer
bl ocks, wherein |nd|cat|ons of how the sent data is related to the

data stream are art th si cal er bl ocks,
wher ei n an ordergﬁﬁg%?“: nig %B@W§“$: mﬁﬂgﬁﬁﬂﬁgﬁﬁYﬂﬁﬁmﬁPﬁoﬁﬁ% Egent

sequentymetiolsyftiaa shelsedcalthe saymt orpajekelha awlal Risdpatiplyeatiedin phayariafel packets

wher ei i.r. data for t e source block is sent prior to the source

dat a fgﬁ[ﬁﬁgmese%£3fﬁgg 2. The electronic delivery

system of claim 1l wherein indications of howthe sent data is rel ated

to the data strebnlhs dedvagedelaerylsetest ofichim drwheosn thefiatr swat foiorsoiime block is

header §.,9fi,diRSo BIRESLGAD-blA%LEE aftlQ6 erein the sender system

conflguﬁggztheoheaders OP t he b ysﬁ%%ﬁm$ayer bl ocks to include the

i ndi cati ons. 3. . The electronic delivery systemof claim

1, wherein indi chtiTdgsglegonisiilivnesyeenef datmd 2i gheredy ndisgioppofithesuirhlogk

str eanmsalcRrddTs86urad bid Rt larkély Badrhnied frbﬁlfh@zfdeﬁrof 1151@51beﬂ H&aRks of the

physi cal |ayer packets. . ectronic delivery

system of any on . . e sent data js

organi zed into s%‘rglglf §IJGWQPWid]ﬁ1“?BVLﬁy§8“ 8?%%1?320‘;’1]“6%’{ igdicatiops offfsrsub-hloghe

i ndi casthomse ifncbweteblochdircimtlirgelg dadrmirpiviramsiyatee lof plgsige MY eaatdishian a

source bgggﬁa ng ndlcatlons of an associ ation between a synbol and a
Vyer block

sour ce® 5. The electronic delivery system of

claim 4, mhereln the indications are encoding synbol identifiers,

wherei n the encotfi- e dsotrbait délidensistanerislagn &2, athelemalst sepamnbbad dfylata include

carriegdpbRe Ql?@g:?ée%m‘%@ced ﬂ%%ﬁf?&%mt %u@%ﬁfck@n@g&lﬁbmatlon of syb-block: 6. The

el ectronic de ivery system of aima4, wherein the indlcations are

encodi ng synbol |dent|f|ers wherein the encoding synbol identifiers

are carried in a Q:glfxﬁ q.wroraaflfawetﬁé_yﬁﬁ@ of claim 12, wherein the sulp-blogigeof priorities are

el ect r ot & dehhieh Yenans b @fnecl@bloed, wherein the association

bet ween synbol s and source bl ocks can be Iargely deternined from

headers of physi I r .bl.ocks. : el ectronjc

ol very syot am 5 TiS SHFeuSGRES srsem ofsii bt USSR Ch PRt

FEC r ep=i ro at the gdtbbrickt iew terphmicdlaye élobtsocks. 9. The

el ectronic delivery systemof claimd4, wherein nore than one Iogica

stream of data i fs. %ﬁenélecgbﬁ é}h&lver? s?s'te%f%laﬁ%é’f%;her%m tl?ehs}ﬂ? Ibf(;)al%)sfof r?{ r1t1es

bl ocks. ectronic
wher ei marnse tntesiippiyisisal dfyertdodks ae epli éﬁwe@\ﬂeffermplemtﬁmerdﬁ@kst ream of
physi cal |ayer bl ocks. 11. The el ectronic delivery

system of clai m /b, AheiRI daRghitiak Hé?aﬂl%lﬁfa W & Qﬁecé%ltn RO &afwery
data is related to the streamor object data are at |east partially

carr i ctlSR BHLIEAE HBJEATpaCkb e TR P Ay pAETechetncLisEhanic

data. for conveying signals from one or more sources to a plurality of receivers, wherein each receiver attempts
to receive substantially the same signal, the method including:
sending data for the data stream within physical layer packets of physical layer blocks

from the sender, wherein indications of how the sent data is related to the data stream are based at least in
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12. The electronic delivery systemof claim4, wherein the data sent
for a source block is organized into different sub-bl ocks of

different priorities. 13. The el ectronic delivery
system of claim 12, wherein indications of the sub-block structure of
a source block are largely determ ned from headers of physical |ayer
bl ocks. 14. The el ectronic delivery systemof claim12,
wherein indications of the sub-block structure of a source block can
be | ar pel 9 tererlwrienl laes of blasks et & asderqdhigiof satbolsfyrersopag Netkgremapeded

i n physdealial Y lysRh 05K Spackets w1thm a physmaE e:f blokR %lﬁleﬁ%ﬁa%aﬁ rstel sbiv&d Bock
system of claim 12, wherein the sent ol s of data include FEC

r epai r ISAS BidmBF 3RuE dpta danadpyreedyieskt sub bl ocks and conbi nati ons of
sub- bl ocks. 16. The electronic delivery systemof claim
12, wherein the Buh-cbhpekSedbblpmbdiih idcREing c@nptSedxdcablet®le MrRLecating the
sendin ?rggg of .t he sub- bl ocks. 17. The electronic
deIive%?jg € " claim 12, wherein the sub-blocks of priorities are
used to map the sub-blocks into the physical |ayer blocks.

18. The electronic delivery systemof claim17, wherein the

sub-bl ocks of priorities mapped into the physical |ayer blocks are
split between different physical |ayer bl ocks. 19. A
met hod for transmtting data froma sender to a receiver in an

el ectronic delivery systemfor delivering data streans over a

br oadcast channel, wherein the broadcast channel is a channel for
conveying signals fromone or nore sources to a plurality of
receivers, wherein each receiver attenpts to receive substantially

t he sane signal, the nethod including: sendi ng data for
the data stream w thin physical |ayer packets of physical |ayer

bl ocks fromthe sender, wherein indications of how the sent data is
related to the data stream are based at |least in part on the

physi cal | ayer of bl ocks, wherein an ordered set of synbols for a
source bl ock are mapped sequentially to physical |ayer packets within
a physical |ayer block, wherein repair data for a source block is
sent prior to the source data for a source bl ock. 20. A
conput er -r eadabl e medi um i ncl udi ng conput er - execut abl e code for
executing the nethod of claim19.
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