[0001] METHOD AND APPAEATUS FOR MULTI CASTI NG W TH

FEEDBACK | NFORMATI ON [ 0002] FI ELD OF DI SCLOSURE [ 0003]
wab@spsmsent di sclosure is related to w rel esSPCT/US2008/000294

comuni cation systens. [0004] BACKGROUND [0005] In

wi rel ess communi cation systens, nulticasting allows a

transmtter to send a packet only once, even if it

needs to be delivered to a | arge nunber of receivers.
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devel oped techni ques, commonly known as Ratel ess Codes
SYSE&®S- al so known as Fountain Codes) avoid this

inefficiency by transmtting "derived packets" which
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application in systens with feedback, including
alpeadnpassessRepeat Request (ARQ and Hybri d- ARQ ( HARQ
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the statée © Ke arf), a wmr €SS conmuni cat 1 on system
(RGallsclRAowa shBuodintain Fiogles e atoid thike fpffifieflcy By tuamsmitting

“4SRERATRACkes! WHich R dmeAE SR BB pHerl & §i0EL packers. Rateless
coding has been described and analyzed in a number of previous works,
including: M. Luby, “LT codes,” in Proceedings of the ACM Symposium on
Foundations of Computer Science, 2002; A. Shokrollahi, “Raptor codes,” in
Proceedings of the International Symposium on Information Theory, 2004; U.S.
Patent No 6,614,366 entitled “Information additive code generator and decoder
for communication systems”; and U.S. Patent No. 7,068,729 entitled “Multi-stage
code generator and decoder for communication systems”. While such techniques
are known in systems where no feedback from receivers to the sender is
available, their application in systems with feedback, including Automatic

Repeat Request (ARQ) and Hybrid-ARQ (HARQ) protocols is not well known.
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120. The source packets are of the same size and the
transm ssion is by neans of nulticast. The wirel ess
W@ b@sngds2 bet ween the base station 110 and t heP@T/UR08/000294
120 are nenoryl ess erasure channel s that are
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Phag missigg des UE igearblede geqoner evgratithi thegpasket using
tl%é;ﬂ}l(},i?ca\l"'léy%r Sy ABFHSY &ﬂ%cﬁ%n%fdxﬁﬁ&gﬁ@@ chlrUg Ry it WBle to

.e., mF2 In Figure e Protoco
seaxk ersdnglerlut @cbhowletdgemena/nbgamm saclmuvtiedgexhemEéACK/NACK)

rebfe e CPag s i SphaE BT BaE it PAFRE fo Pored Br not

WitHRIt 1688 ofipe@ality, 9. aAGinea theruble bdbe 3t28ion0r0tdehds a packet
packet. It is noted_ that a UE may ACK a source

acket
atxﬁheeﬁﬁtapertsrﬂ,f@ tigasioty ga: sthﬁerESda"@K@mt the AC ACK at the
ﬁrr(“t t he base station 110 sends a new
s%gfc}ﬂz)tg rttci)lggggggigﬁensures that all UEs 120 receive
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ocol. 1, the avera ‘%FF ect ed overhead i, S

AGHET i SesEhe BAcord SP FOTRIIEALIIN HYheRR L 00rwith
orﬂ?‘t’&%tUEE ans mnsellarﬁgei/@t) W1 RFER600] 25 eRRIHAEProtocol 1 to an
packets. By definition, overhead is a nunber nol ess
anthitrary nugier of Vs | er overhead is desirable. According
to Protocol 1, the nunber of transm ssions of the sane
packet until both UEs receive it is equal to the
[Ooapper ofPrbtueol1ansm ssions of the sane packet if they
[ I h UE.. Thi
[O\Iﬁibﬁehg? S@;&ﬂ%ﬁté*% r@g@){é‘dt 10 ﬁet%%@ s%:Jatlon lllg r%%pansmlts the same
packet until it receives at least one ACK from each UE 120 for this packet. It is

noted that a UE may ACK a source packet more than once, when the source
packet is retransmitted. Then, the base station 110 sends a new packet. Protocol
1 ensures that all UEs 120 receive all source packets.

[0011] To evaluate the performance of Protocol 1, the average (expected)
overhead is computed. Overhead is the ratio of the total number of packet
transmissions over the number of source packets. By definition, overhead is a

number no less than 1, and a smaller overhead is desirable. According to Protocol
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foll owi ng description that can al so be applied to
multiple UEs. [00 12] Let Z be the nunber of

W@ e@pesd98si ons of the same packet until both UXST/US2008/000294
receive it. Then, Z =max{X Y], where X and Y are
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paraneters \ - e and | - 2 . Specifically, for x,y

equb] 2o the lamget Yof=the=frahsmissiyns] of the sarge ma(cket:j(fj ﬂqqy were

. e2)ez=~' . The total . Of cket.s sent in Pr l.
infebedentlyiieny @ Febdfo Thisniab B Sidhefiitcald st fidin the
follbwing d€scyipbionythh0 048 hlso Hetppiliedrto (dultifdd UHs. where Z

are i ndependent random vari ables with the sane )
[0913k r i butlieb# hethe nuherof transmizgians ofthg spmepacket until both

i 1 ' . 1= X

ULhebbfe 8 AREL R ), O (R b A Ueomeri
rahdbhARb eRbst itharedRbive ﬁrarameté}@dl Ye, and, YK eAr 8pecifically,

i ndependent geonetric random vari ables wi th paraneter

foi x,1821,2,..[, ®(X |- s (5hayer 'and Balrat iy pa(1(-le), )et' MEhattakrpanber of
nunber of packets sent in Protocol 1 is given bébkE(Z)

packatscsenh in Brqteealdbuch ehafeallik sduree padkass ate reseiyed byibpth UEs
SE&YZIQ . It can be shown that [0018] E(Z) =-- +- |--
ISENER P%n (3) 1-e, \ - e2 | -e, e 2 [0019] Protocol 1

can be applied to the nulticast nodel with an .
[OQil%]itrary_ nber of UEs as fol l ows. [0020] Prot dedtation (1)
a [0021] n Protocol la, Protocol 1 is extended to

[oouklt i pl e wiese |Zafd Gh@6SEndedt FdifloBRSEaiililes ORith the same

retransmts the sane packet until it receives at |east
distieAKin asZelenye, Uhe toval hintbep@akidle. written,ast he base
station sends a new packet. Protocol | a ensures that

[0BYSr Y UE i{xey all source packets. Perfornmangguafion (2)
this protgcol ‘i § €valuated in a way simlar to the

aﬁé)ir:oach taken for two UEs. [0022] The_ present . ]
[0818k| osumehearpckK e ¥, arpdndependent geapelric randomy variables with

rotocol s . . . .
pae'ameter 1-¢,, and ¥,,...,Y, are independent geometric random variables with

parameter 1-e,.

[0017] As shown by Equation (1), the average number of packets sent in
Protocol 1 is given bykE(Z), and the expected overhead of Protocol 1 is given
by E(Z) . It can be shown that

[0018] E(Z)=11 1 ! Equation (3)

e l-e, l-epg,

[0019] Protocol 1 can be applied to the multicast model with an arbitrary

number of UEs as follows.

[0020] Protocol 1a
[0021] In Protocol 1a, Protocol 1 is extended to multiple UEs. In Protocol

la, the base station retransmits the same packet until it receives at least one
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and the efficiencies these deliver in systens where
feedback information does exist. Having feedback

w0 ndosiosmv: on about which packets were and wer eP@DUS2008/000294
recei ved can deliver significant additional advantages
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exl sting RC concepts to I ncorporate recei'ver feedback.
Several specific inplenmentations are devel oped and

[ strated by denonstrati | ticast over the
m&%%ﬁti ng 3GPP HSDPA syst erﬁ@%@mroved. Wi | e
[O0Rgse comteRicasihg paeEey daacinf HistdiePhekd eycedddsts len provide
extended to any systemw th feedback by those skilled

fepdbadke tar the jcammeR niganemitterras disoloegd grgren. A method for
PTI A ' . .

mOP LR Ffok o gty Mb Rebl O @bt Tl Fb e fn existing

povddotsniThgsel ¢schmigbésoare genernllpyrefoayedofo axRapdlessa@ading (RC)
be .underst ood i ' i ith th i .

algpr S RNEY e oV s Y oo Bt ~PAsHioRam i TR ot Which

pAARAE] weiré hmgnw@w irfot aeYeiRbdibedn dblivdEsadd#daa] abvaktayed not

is a flowchart of a transm ssion protocol with two
reghigeqd bp egistimgdeelnigues a f| ow chart of a transmi ssion

B 721 A B s L, Fgf 7 okl
eXif3® | REi goneephs i o aintoxporafeantcaifera feedbaeki sSevemnal specific
i glgltn%%gel\ti(m;al}e leggllépg(? g.1k18 t1111t1srt;$}a{]1;%Hib?Scf.eronno;nstrating how multicast
over the existing 3GPP HSDPA system can be improved. While these concepts
are described for HSPA, they can be extended to any system with feedback by

those skilled in the art, including 3GPP LTE.

[0026] BRIEF DESCRIPTION OF THE DRAWINGS

[0027] A more detailed understanding of the disclosure may be had from
the following description, given by way of example and to be understood in
conjunction with the accompanying drawings wherein:

[0028] Figure 1 shows a multicast model with an arbitrary number of UEs;
[0029] Figure 2 is a flow chart of a transmission protocol with two UEs;
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[0033] Figure 6 is a diagramof an H gh Speed Downli nk
Shared Channel (HS-DSCH) channel encodi ng chai n;

WO 08435991 gure 7 is a diagram of an HS- DSCH cheeirek2008/000294
decodi ng chain; [0035] Figure 8 is a diagram of an

~DSCH nneh - i hai n.for ' T
BB IR i BRSSP R S
Utisgcodi ng chain for a conbi ned packet; [0037] Figure 10
IS . a gra of a figst simulation conparing djfferent
0984t ocol Wgetn {is wlicvs aptpf arrzsn%ragsg?or{ H_G‘%%?Pi wiG B erques;
[0032p OF afgife HisHHRAP Eh Dt Bh b rRMiSAIR BrdtBeL HifK BloBRpacket

protocol results on the two UEs case; [0039] Figure 12
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B35S0 563§ PPl R 9 BBl B idhna

(HS-DISTH) chatiel bhcoding BRaifti| ti pl e UES case; [0041]
igure 14 is a graph of a second glﬁﬁﬂ atiop _comnparing

Fi
0932k er entfighes bEA dragaam of asnHEnRSH ehanmel desoding ghain;
(0938 | 0013kl B éiégr;m%f GhIRADRCH chithuldl ALK ChS for a
conmparing different protocol results on the multrple
cdrilsined pack€dD43] DETAI LED DESCRI PTI ON [ 0044] Al t hough

3B 2 TP b A DR e BB B
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and el ements of the protocols) or in various . .
[098#bi nat iFdgareni® Hs i srpPIfta dirple sipalationeeompgring different

14l r rred to hereafter, the term
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[O'((:)gﬁi lrj(cj)lelséFrigwaen ig Clg gés glr%%ﬁlﬁ tnot?da st %irhlgﬂl%ioﬁ’ cd"lnﬁzgxtiﬁg different
protocol results on the multiple UEs case;

[0041] Figure 14 is a graph of a second simulation comparing different
protocol results on the multiple UEs case; and

[0042] Figure 15 is a graph of a third simulation comparing different

protocol results on the multiple UEs case.



(AP), or any other type of interfacing device capable
of operating in a wreless environnent. [0046] New

WO e@R®8§98%1 on protocol s are descri bed which prpwi/tig2008/000294
performance (overhead) inprovenents. The protocols as
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incRIRRE ] Buta8 hb el BliRET0 LR retsB ByarRenidBédeivturdit PWITRU), 4 tnobile

ensure reliable delivery of npbst packets. However, the
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; y | it I
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t hat, were. not r.ecej\ved d ({f ;ayail agble i ch UEs .

stapeuihelrien bptiepet Bmieddsct Neghtae P sebirillet apdores point

(AP, 8f hhgloBidY type O idtesficingOddvicd fpedldaLlRiratingdh dRimless
not received in such a way that all UEs have a good

enviramémod of decodi ng the packets.[0051] By conbi ning

| ess i L t.h..fee i.nf ' r . .
CORAP o2 988 AL Rkl ST SR v
pafurulahcedoverhead tibgdroverhents. The proteyals amapplibd tebvoDES are

or se al "packet coders" which each tak [ nput
Prﬁamﬁgrah dhspsatrnsionsaf fagse Pseﬁc’&ﬁf %%?%leel? Uty &7 presented.
[09P! | Ci tRecallNGhA OOGRAkSefe! WinE, | lallZ SpdchetsXEReC QERELIVely

whi ch operates on packets each having the same number
retfarsintittedSeevteral pimesethoodr the makeless rcofling xowatione While
olibpe b GOl BERb A L BB DR 5By he

pregéivead fagdbhble TH dederdldramay®ork foe tiaprotdcolsciestibedlrerein is
to be of equal length and a coding operation different
ag oS’ si npl e XOR may be used.

[0048] First send one instance of each data packet in the usual fashion.
Alternatively, some repetition/rateless coding may be applied a priori to ensure
reliable delivery of most packets. However, the amount of such coding (the
“expansion introduced by the code”) should be limited and smaller than would be
used in the no-feedback case.

(0049] Buffer the packets and collect information regarding the packets
that were not received and (if available) which UEs missed which packets.
[0050] Now use rateless coding to efficiently retransmit only those packets
that were not received in such a way that all UEs have a good likelihood of

decoding the packets.



[ 0053] The usage of an XOR coder is preferred, as it

is used in the pr e existing designs utilizing RC
w@emsegtos2 However, nore conpl ex coders (e.g.,Pdi/ns2098/000294

bl ock coders) may be used. Such coders may output a

Lngl e pagket.,.as the der € or 1a& S€ f
09530us habicEnaBlad Phiel(e SR i Reafladnifindtion, greater
tlﬁﬁﬂmis@mif&Iigfégcﬁﬂab}bb%chfwuﬂ. (8- gi t packets) dand
out putting byte outputs). _us erein, coders
(0B8ebur 1 1 ABShONE BB b ANE: TeahoisteRarises e qreigveral
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the sane length. The sinmplest nethod is to pad the
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ernative may 1 nvo sing nore co
XORciay peasedsuch as concatenati on and segnentati on of

BBt o e G ORaheldh PR b bt B Y pre
exdi5t9h® @Rbighs [APP£hg RO WoR ceptis S HyweverY mbad toblek coders (e.g.,
transm ssion protocol 200 ("Protocol 2") which is

bigezyblople godens)rapybe ysed. faichepders may erfput awingle pagket, as the

P C }.S S h
e
codbfdper£tingy oh rbytteinputo8-bit gyaekeld) nad axftpettads bjte0dtputs). As

Prqtocol 2, the base station sets a buffer for each
usgel herefn, 63dsrs AYERHEDEFRFTe AER ORE PREKetRB Sijber Retprated ds an

aRag |6Ft‘:6'deir§o?a@ﬁ?%@buﬁrﬁﬁtmﬁ?‘%ek%@%@teﬂ%f' usut not
recei ved by the UE. e met hod 200 begi ns by
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cogeARisaPpb AL g, 15 pBBLe 5l B8 Mt BRVOPE s Mg IRha the
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f

noj . d,
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R G5 BT o SRR GTRbH 30808 Bl dionor

the XOR operation into other operations, such as channel coding, etc.

[0055] Protocol 2
[0056] Figure 2 is a flow chart of a transmission protocol 200 (“Protocol 2”)

which is described in terms of the multicast model with two UEs. Protocol 2 has a



station transmts a conbi ned packet, which is a

conbi nation of two source packets in the buffers (step
WQ1®p/0839992 at | east UE buffer is enpty (step 21B0T/Us1968/000294

base station transmts a new source packet (step 220).
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er's are non-enpt
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eI(ll%@R)a eltnhmaraonss npaleicehethen théether bufenisf drapty. (step 324). If

not ltg}rb}?etr{ég nm?a(/() 2:?1 Ofrottog t WO % e %g‘ﬂ’% al&ieﬁ% (Zth(%; buﬂ’er is

nérﬁéﬂip‘ty,l’hgl)acm 520001 eﬂe baﬁkﬁis, tr&ﬁsﬂhttﬁ (stenD2®) :imi the buﬁ'er is
recover its upnknown p ][n?cket by XORi n e conhin

upARIRE thasP RRETRAEK; WRORmPRLion (6D Z0be i PopUER & rotocol 2
(YR I4E5R)) H il eﬁf\%{, bRERARL SerdbilifAl in HES bulfb, base

stati1on renoves t first packet fromthe appropriate
[00GOF er ( s)Thefr@assiwdithgessin Fijobodoh2:dhe ' normyal Wammm shage”
evi ous|

Sl 4 2o o NSRRI 5 soure
packet which has not been sent before or both buffers are non-empty, then the
protocol is in the “normal transmission stage”. Otherwise, the protocol is in the
“completing a burst transmission stage”.

[0060] In the normal transmission stage, in each timeslot, the base station
multicasts a packet to both UEs, pursuant to three rules of order.

[(0061] Rule 1: If both UEs informed the base station of the loss of a packet

in the last timeslot, the base station retransmits that packet in the current
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the other UE, the base station stores the currently

sent packet in the buffer for the latter UE. [0064] In
wWao bh@sogiypl et i ng a burst transm ssion stage, atPCTESHNE000294

of a long transm ssion burst, at |east one UE has been

l ]ﬁ)‘c t\’%hr g%gée;{smgl aln A&g fg?#r%%% lﬁ)ﬁ%lfﬁt SNA Iﬁhtagn &{ehc?ci'xer UE,

gs' 1o ceive e source et'’s
tHeltmsbytdtion éﬁbi‘ed ﬂh’iatcuUEeritly seant-pankétyin thi dumﬁl‘eh forthedatter UE.

tation fl e u uf f t hat UE
(0B8] 1 Hls 2 TrBe pucte Pl toBh Ubbiaste Hhi e the brgp station
trﬁﬁ?mﬁ@'fﬁe RackSvel OO R MME Fakt Pﬁékéts ik th&eShvEBuffdts. It is
ACKfrom the UE. Then, the base station sends the next

notedwthat eglpankef the twieecomonent prologs |of fthe fecombined packet is

iR iTle O e HRAEE Hopl st sl » DU THRTBAGL ER TR able
toRekeve? itulknéwa ancEetabys XIOFtiagrtad combised paduet arith one of its

packets", and the other packefs that e sent are
pne&oe:rs}wcweég)ack@ﬁa ePIeRBY g an; ACK, Hﬁ’e?neo?ra]P‘&Bl}I]%?’ the

0651]&&1 FSmEAhelBrst Bscm'}mﬁ tﬁé aﬁﬁfUp?ﬁat@ %ﬁh@}@) k

Accordi ng to Protocol at "'the end of
[OﬁGBhaI t Rarde 3t The base s@gmndmenszmts lacnelyESoutge Qackﬂt whlch has

ngiGERY Bre b A C SURETI SRt oF ACK i PR BREF S Al trom

the dHESUH, tBe bALS Statidnsta@e the borrehtly sbht pedat eh thé buffer for
| ost packets Since every repair packet contains one

thedatter UH. unknown information for this UE, this packet
[Ogﬁ@] be r¢gapd %gm?)ge%tﬁ{§5 %ﬁ?%ﬁﬁérﬁ&s%‘:&ﬁge, a;m:?l'eeefn‘&rtﬁ” 'a long

t ot al nunber ansm ssions in Protocol
trensmaisstom bhest] at genstorinet P& hasibeentatde $oi mesewasalbthet Iseurce

S ckets Jj end ntI sent t ach UE.
o i B Pk VR BB Pat Settert e 1D IEE SPumemache X2 the
buffer-forthe WR4E asmwtygﬁfaﬁ%@wsé anden NadlicaPueshebtter for

paraneter 1-e, and let Yx,..., Yk be independent

th@é SHe Speeificalliche base stBtien keppsrepansmitting the same ppgket from

P TRy RSB AETUE! 045l Gl sends i

nGorpmaimgg ket ontheXuffért h Equati on (4), the total
nunber of packets sent in Protocol 2 is always |ess
than the total nunber of packets sent in Protocol 1.

[ob@s71] | fpemem%a@ BY £luadlof f Pirofddsl 4 WO i ndependent
channel s are erent,
[0066] The expected overhead of Protocol 2 is computed below. The packets

sent by Rule 3 in Protocol 2 are referred to as “regular packets”, and the other
packets that are sent are referred to as “repair packets”. The number of regular
packets is equal to the number of source packets k.

[0067] According to Protocol 2, if at the end of the normal transmission
stage one of the UEs does not recover all source packets, then all repair packets
in both the normal transmission stage and the completing a burst transmission
stage help this UE recover its lost packets. Since every repair packet contains one

packet of unknown information for this UE, this packet can be regarded as a

9.



for exanple, ex>e2, then Ef\ k X =k >k = E(\ kK YL

It follows fromthe k weak | aw of |arge nunbers that
W@300R/085992 the probability that X is |arger i =PCT/082008/000294

goes to 1. Hence, it follows fron1Equation (4) that

e%pag)gﬁylgéog Bﬁ%gbﬁé?rggorsﬁhf ﬁ%f gﬁl g% 5 %EIQ§MSSIOE£ Sml.lgrco%col 2

islequal GdneHAldrger tdfethéxﬁ)@ﬁlbéﬂ tPAtEYnkieSign®Tof Hih@t aanb 12 packets
approxi mat ed by [ - . t _Equation

indhbgdentbpng b U Thissan be patiempticol Presasedgfollovs.
10888} Ibe aghi, %‘é’,edx ﬂ@nﬁfdggﬁnci o%?érﬁet’i‘i‘@ fx%nBE&t %Zﬁabfl]es with

on sends '$oblirce pa y to the
pdTBERLY BS§ LIdABHY €. GNBENlepbhddhtFbofleAsY &snd&fl%aﬁfables with
max{ e, , e2}" From'the*informati on-t heoretic Vi ewpoi nt,

pdraéndteAli-Na)ITREs $hd tetaDiembendf padketdsent i Pebtocs] 4 fygiven by
t he rellable transn1SS|on and therefore the overhead

f..Protoco e2) 2 is near optinmal.[0074
mgﬁ%be andP Xﬁﬁg jthat Prot ocol 2 makes the Jué&on(4)
transm ssi ons' of The same data to the UE with a better

[oohaynnel Qs drif) Boiatiohe@) witkEqigitiona@)! i s@8Enumber of
unber of transm ssions as that used for transmtting

packetsioud sePreterd 24s alvayrdessthantthe dotad pumhen ghprgkets Sent in

PO i on are used wi thout any additional overhead
reqU|red The sane results are obtained for the

[0D@zInt i callf theserastrecxates of the temsiadeperslent chamiels po@dBlerent,
It is noted that a|(hOUjh Protocol 2 i kdﬁrcribed in

fol BRatmB, XL Ofthen £| Y X 1T E| >'Y, |. It follows from the
—€ ) '

k
weak law of large numbers that ask — «, the probability that ZX . 1is larger

i
i=1

k
than Z Y, goes to 1. Hence, it follows from Equation (4) that the average number

i=1

k
of packets sent in Protocol 2 can be approximated by the mean of Z X, ,le.,

pars l-e
Generally, the expected overhead of Protocol 2 is approximated by
[0072] m Equation (5)
[0073] This is the minimum overhead that can be achieved. Consider the

case where the base station sends source packets only to the UE through a
memoryless erasure channel with an erasure rate of max{e,e,}. From the

information-theoretic viewpoint, the minimum possible overhead for this model is

1

for the reliable transmission, and therefore the overhead of Protocol
- max{el ,€, }

2 is near optimal.
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only two UEs, it should be clear that this protocol

extends to m UEs. The decodi ng operation is the sane
w@sgoosns9ohe prior art for RC coding. It shoul d PeT/tkm»as/000294

fromthe prior art that for mUEs with error rates ei,

em t eoret| over head ,of .can be . .
OBFBF onchdfe Po0Yar R o e ERBIE st S8 Bpmisgions o
thehawe @eﬁ@.\ft@ thBIUL eGEH a%eﬂ@h chygsel cbedition fof fifed, meamng that

possi bl e overhead for the multicast nodel with, t

themsamenumhear of trappmissiansags that B%ﬁ%gcgdtrﬁef%@gathe source
0¢Ol1LS ot.0C
pAUBLP RS thk SUESWARE Y il ShafbbllOutilibh PhiOCthed without any
additipaaleayerbedet mqmnéd Z?heT$ame resulzcanesebtainegdr for dbelidantical
the E st ation.ensures the reception of a source
hanoghe Da’/ l%f’hs%Eg 'ifef6ee the next source packet is

Al
o, ttgtssf; ik ft%a%? RS Sl R 1oL ot of
orlptterc UHserit tshtm]ldcbe tchemm ﬂhaﬂathhm prdtbend aextendy ¢¢ o AUES. The

del i ber at eI roduces d.el The
derpuinganerqtidn i Ehe SE Aseld (e e lar KO F?fﬁmﬂ%aﬁ shotld be

cl&ﬂeﬁ‘oﬁrtﬁe %Jrﬁfreﬂ't kRat f38 nptjflfse\ﬁﬁhfeﬁ’for' rat& e delel.Y Bie¢/theoretical
0080] Protocols 1 and 2 represent two extrene cases,

st | atenc over head, the
mﬂ{lﬁlé}ﬁh vt.t/lb?xhﬂbt% ﬁtﬁhesﬁm%? aégtgé %ﬁ?ma\?\%ir se | atency.
[ 0081] Protocol 3 {0082] Protocol 3 represents a
bal ance between overhead and | atency, and is based on
Pr ot ocol 2. Accordl ng to Protocol 3, there is a
[0pvéldet er Yiameadivamsiof] %, which is represented by an
UE.buffer is

eger D. If t h '
OB H packAs hend Safd 5B i pordple Fppead
foP ffeemiltaddso thodel wEthitwoGRE. Abther dritetiofd8k&tdan be used to judge
i mredi ately. [0083] In Protocol 3, the base station

a geatecol s la?t%ﬁyf er for each UE. Each buffer stores the
[oBggket s t QBEP L{lggg 4]]S ?%Jltsbiﬂ a"Bkh' RREhYES iDYhdsN§ better

correspon I ng ere are two stages in
laRey asebmparedito Prodocod 2. Thisris beesisen Pretged] latbe bage station

ensRPER L, HERGR i b SR Bk B DRLLG L g, 16 fext source
pdRREPIsSeRt. AIPSdurbeipAdicts AereBéife®BPboth WRHETh tHeer original order.

[0079] Protocol 2 has a worse latency performance than Protocol 1 because

Protocol 2 deliberately introduces delays. The packets which are not received are
not immediately re-sent. Instead, they are stored in the buffers for later delivery.
[0080] Protocols 1 and 2 represent two extreme cases, one with the best

latency but a worse overhead, the other with the best overhead but a worse

latency.
[0081] Protocol 3
[0082] Protocol 3 represents a balance between overhead and latency, and

is based on Protocol 2. According to Protocol 3, there is a predetermined
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protocol is in the "normal transm ssion stage".
O herwi se, the protocol is in the "conpleting a burst

WO e@R®8§98%i on stage". [0085] In the normal traPSHUSRNL000294
stage, in each tineslot, the base station nmulticasts a

packet bot.n \UEs accor di o.t.he fal ' rules .of
o J<lp oy of ol S Pl LM ff L e U
b8 4 thRWtepLcket SRBRA B th¥ Rit6stWen? soldiek Packet| OKBB3se station
Rule 3: 1f a buffer is non-enpty and the first packet
trigs totsend shisrist packetdmmpedipielket ahead of the |atest
[Ot%gg]; Souﬁ{é?ﬁ%&e&; tﬁehﬂheté%gﬁﬁ}%ésﬁﬁy ek fANedBnl OE, Each

pack en receiving fromthe appropriate
buffer sturebahe padtdtontirabnbares beknssqeckvtt hobmetdived by the

buffer.. 9] Rule 4 : sane as Protocol 2, Rule 3.
cme?dww

e conpleting a burst transm ssion stage,

[00Bg] I Ul eTHRFCatdEvSHEBesS PridtdioPs:aeFneérm4ld8ddmiskioneage”
maxi mumdelay Dis set to infinity, then Protocol 3 is

andshe fempleting @ st sransnpissippatadsr- Hothera @gishs a new source

P ; P
pélist BRI nETEDLHO Codbheiilbn tIRE Buftek e A iR Sy, Fhop the
prdtodob fpimcthieYabymaRirkasiissorastaget. €xthbewisd, the griotocdkisan the
“ re% irement for the, UE. [0092] Al though this protocol

complRtng f BUTSHIEANIIRSSIBSTagS t ensi ons to an arbitrary

[oogsper ofin tEsnehRAl (FaRemdsRR stagd @9 3hclPamiedRS, the Bhbeatdtion

and | atency, another criterjon used to evaluate a
mpiltacastoh prekdtite betlbEs accardingte the followdng rulgs ofgrder.
(0§8BRL 21 M5 31 £ 0RATsG: Al & NERNIf er i zes in Protocol

. This may fesu ina large nenory usage, especially
(00871 he c&afle Bhedme tabProtorbe2, Rilesbur ce packets is

| arge an ne erasure .channel has .a, better conditio .
[00K8h ¢ he%ﬁﬁgﬂf a%ﬁf%@p%@%@@@@ﬁ@ﬁ%ﬁ gt 'ggti'}s ‘?ﬂﬁ%er 1s

tHRAPA Siet ARedl Ut!the AGTERE MR s5ufte pdtiet, hiteh GheHAR Rhtion
uffer capacity. If a buffer reaches this capacity, it

trahsmitd this peicket: #hempreceivids at ACK frémodbe approprieteolUE4the base

095] I n Protocal the,base. station sets up a buffer
St1[‘1 Pnﬁé@ﬁvgﬁhlﬁggﬂ&egﬁmrg&hg%8%35 t he packets that have
[0oggN sentRuldyt sifé ak Fadtocel2,Buleld:

[0090] In the completing a burst transmission stage, the rules are the same

as in Protocol 2.

[0091] If the maximum delay D is set to infinity, then Protocol 3 is the
same as the Protocol 2. Each UE may have a different maximum delay
requirement. For example, D, and D, denote the maximum delays allowed by UE
1 and UE 2, respectively. Rule 3 is adjusted based on the delay requirement for
the UE.

(0092] Although this protocol is described for two UEs, extensions to an
arbitrary number of UEs should be clear.

[0093] Besides overhead and latency, another criterion used to evaluate a

protocol is its memory usage. It is noted that no constraints are imposed on the
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corresponding UE. Both buffers are initially enpty and

the base station predeterm nes a buffer capacity C
WR@oRosRI t hi s protocol is described for two UKST/US2008/000294

extensions to an arbitrary nunber of UEs shoul d be

bucijﬁe&srlr%eis[l{l ?%ﬂior(ﬁ)lg aé}eagggg g g?%rgerx]nemgﬁtyolg aﬁe ésp%&gllym

theWasé wHead $he &&hﬂfér&ﬁ‘ ag€rce patckétads targei sridsorte @raisure channel
sour ce packet. wh as nhot been sent before or both

hasi 4 petter sendition téﬁfattbe ot Thgeehyy 60 a¥oid § mempryjputage, the
bas@oe{tgﬁb%tsh ftéhﬁihesé Qggxlm&h WRIEr $82e bDBulECEYERILy. If a
I'n etin urst transm ssion stage".
byffraehches thlt&canamtaj 1ttshankhb$de@tedsuagnmedrateblc h
timeslot, the base station nulticasts a packet to both
UEs according to the followi ng rules of order. [0098]
[0Bghle 1: Pe®cals4 Protocol 2, Rule 1. [0099] Rule 2:

same as Protocol 2, Rule 2. [00100] Rule 3: If a
[0888) er r dadtretocoht thebese statipacsaty upméﬁffﬁh fonppch UE. Each

butted! 'sﬂﬁleg tRES { "ot hde RREK eéedtn T 1ve&NIﬁn the
i o

recei ving an romthe appropriate ase
costespondinge il eBothh ibmiffeas leee  inithally hemptyf faed. the ®asd |station

le 4. Pr ot aco Rul . [00102] I.n the
DTl erEIRA DUBRF S CrrALEoEE his rocesol i dhferiped for two
UBBESALASI 0k 60 S7EBbi8fary TRinM<H of UE4 Sb\idlbeRIHrOCOl 4
reduces to Protocol 2 if the buffer capacity is set to

(0096l ni t y Therearetipeastagessindirotnsoht:ihe frorenalteansepissignistage”
rLcPﬁ? S%}h&lﬁé %.tl?&rgi: t14ans YBYE s o%”vﬁntht&g e;(fytsag new source
u mtation,

er sl ze e uni m capacl t
pa&:kbbﬁﬁhﬁdlﬂhaasﬂhleh&ﬂ'méptlheforbe)rtﬂoeh baffersome m0’n -tmphyp, thén the

t he esul head The bas ation pre-dete . .
PrBFﬂcﬁ ﬁg Qg? %ﬁﬂ%ﬂ}}ﬁS}PD@ g?e ’Sbéflgl"stg,:t%eé)qucﬂl is in the

c&qaﬁalfg @Qursﬂ:?%xﬂé%ﬁngsﬁé@“l d be adjusted
accordingly. [00104] Conpared with Protocol 2, both

[089@t ocol Gt@uomdttw@ﬂmwsvacsﬁagq, txeadhdiimeslptthe hase station
tfo rmnc t her e
mifidadbd R Backerdp Fof} UL chydifl 1f PRERT i IR I BhRer "

[obes]conrbl Radle Il OsdfR€hs mmcum: R@kedncy requirenents and

t he nmeno restrlctl ns. [00105] Variations in
[083%i ni n&y“ﬂ%gk%ﬁ%e IO’S’FOIIQ ]ngl eZssunmed that all

[089061Ce PRIESSIF %.rb%ﬂ%; rédi8es BRED St apbitF then the base station
transmits the first packet in the buffer. When receiving an ACK from the

appropriate UE, the base station removes this packet from the buffer.

[00101] Rule 4: same as Protocol 2, Rule 3.

[00102] In the completing a burst transmission stage, Protocol 4 operates
the same as Protocol 2.

[00103] Protocol 4 reduces to Protocol 2 if the buffer capacity is set to
infinity. The capacities of both buffers are set to be the same in Protocol 4.
However, given the total buffer size limitation, the uniform capacity allocation

scheme may not be the best one in terms of the resulting overhead. The base
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makes it easy toXOR the packets in Protocols 2-4. Wen
all the source packets are not the sane size, the XOR
wop@sasioon is not trivial. There are sever al WeyEUS1008/000294
conmbining differently sized packets. is noted that
these net hods can al sq be used V\henr{gﬁe packets are
Stﬁﬁéné’&ﬁéleﬁqrﬂ}n% he Butlereanacityoe cforHdl faml Akt G, <2C.

paj.t of a t with another. For
#b‘ﬁe:s SQ?J@ER eaJJ“Steflfcﬁ r@é’&&i& of 1 bits and p2 is a
[ODQG et oiCohdpdred WithVPR6tdCol Z; bobh Prot8csl FhdPrateed el sacrifice
/| 2, zero-pad packet pé to/, bits. The resulting

tlmm Rveetrhpéd Yerfoamanch toamrek ejther the datenggirequirements gr the

o YR58 30 S BRI ORS O iy e e

lapasiytreyeiremeateasd todmemagrestrizkional val ue. [00110]

4. Performrepetition of bits in the packet with the
shorter length to match the | arger packet and then XOR
[00065] €S UhtEDEi RPRGKEcinbinditdl PAtkethose skilled in the

art may be able tTo concelive of other alternate )
[0630®)i ni ngt ireassuaed tmlanuz‘fomrcetp@emtg greof ithe sppecsizggvhich

%g Jtstgas g X%ﬁ? e {c%t ?é: 81 Efé&%‘&lé’ 542 éne Qll tﬂ%} %abrlcg pagxets

| cati ons, scenari o O a nmu
al‘éﬁﬁiﬁ thié Qarh@ @ﬂzé 4ﬂheB(COR®©9i'atﬁn{ i @b Giviet. diheee hrésdveral ways of

sed col t.ocol t he, base ation
SRS eI RIz8 Preketpolt 18 ROfed sl ahest FisHRsHr deo be
u eﬁ%&?tﬂeﬁ%ck@@' afi%%h@gaﬁ@%kz%ta%dttlafl‘:hﬂm&mk%?@fhaﬁ%o packets.

not recelved by the correspondi ng UE. base
[OQﬁQT]l on dl so EORIpadofiapasket \bmhfaapthmpﬁelr egpn@plemtpyose P
denote the packet i ndex recqrded at the th lI‘“ on

IS& pagket; @ hlnlbfé%)i‘néu!’f d¢ apacket of tfg it *Bﬁflf>e42 fl§rcogpbine
ex_ buf f ful PJ > 0, .

pqckpts Tpandles; FIGPTLRIRET i7s 0 s ik T e dlipe parkeb is KORed
. Initially, all index buffers are enpty.

W[tgd)ffglf ‘lgi'gure 3is a flowchart of Protocol 5 300.

[00hesIpr ot @col  PRHoRAgh& Suih AR Modifo vp&taliivhs ih@Fgy), with

is a new source packet which has not yet been sent
qpsk-ep 310). If such a new source packet exists, then a

[OS?b&]r m n%t | onPiengorrrI%dﬁle summation in the ring of positive integers
modulo some maximal value.

[00110] 4, Perform repetition of bits in the packet with the shorter
length to match the larger packet and then XOR the resulting packets.

[00111] Those skilled in the art may be able to conceive of other alternate

combining methods.

[00112] Protocols for multiple UEs

[00113] The above protocols can be applied, with modifications, from a two

UE scenario to a multiple UE scenario.
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whether there is a full index buffer (step 312). If

none of the index buffers are full, then the base
W@ @B0gI91 ransni ts a new source packet (step 3Rd)/US1008/000294

one or nore index buffers are full (step 312), then

base stati transmts a conbi ned packet which is

[Ogtfi%]nbi nm several source packets with indices

in the buffers (step 316). Based on the

ACK/ NACKf eedback, from t he UEs, e base tion .
[00p43) es Hlratoseky islhased pp rs?syli qeé’mtﬂwfftr atehl&S@ statiopysets

up'a 11?%9! lgﬁ?‘?qﬁ{‘ @ﬁc_ll_{oﬁ%‘e Bagd Hdext ﬁ]ﬁfe@%@orﬁg ghé fUiEdsbTPaskets

out | ush out the buffers, a
thai¢ hevebeert seamt, bt matdeceaimied hﬁthwdnesmdedlﬂgdﬂ EeThe hase station

SRR B L R i
t?Agt]l %g{tio%rdcf tfb fin fifdex ﬁ%{.ﬁﬁ% é‘g ﬁg ﬁl%g)(’bu 17 ?o Iﬁﬁ 1P%§1 index

ransm S a Co

bt Radalidibo bk faHMiEPab 05 dur a& Jpac:k @hsmﬂe&rbuffuil iciesaidito be
the buffers (step 324) The base station then updates

ethpg 8 -0 sfobasetk onlni€islpeHlindetbbuifersereievstyf r om
the UES (step 326). [00118] There are two stages in
[0B1 b8locol FjgmllfeeB isadtovathdnt afiBritecil 51806t e pratnchbl 8A@ begins by

l.eti rst.transm ssi on st ".. LT there
desgraaming "HPer ezt i A BB SORPCRRREL FEh BREACE e been sent
(sRgf 91®, If b&¢h hheew é@ah‘é@ QYackst bxistd)Ehen @ d&ermination i 1s made
transm ssi on stage". O herw se, t he protocol is in the

whethepItherenig aaftﬁhuskexmiﬁfesr{ﬁtm B2) sk a@@e of ¢be index buffers are
f
fuglgﬁzﬁa# tltxé ﬂgg‘%tlsa?i’oakgﬁﬁgﬁs d ew %ﬁr({é a{&%t k&gg)ﬁr}éb\, If one or

érs are S8 PRI on Transm t's
merelindex paffkrd aretfull (stbp 3 12} thdiekhe hasestiadion tyarsenits a Whrebined

RSP g rem e (he el LR TR e
blﬁ?&ﬁ QBHeba 165) UBa ddadsic tﬁ’é‘f&f(ﬁ{/Nﬁ[@lQ]fg&ibalcf{ fP618 tAe MDE,&he base

i ndex buffers are ful gassurre the 1th index buffer is
sthtiph updates ﬂhaémf@mfatem i8hansnmits a packet which is

.[OQ? Ec,retj gfIF ﬁl \Iélsxxg)gl ?Q\g gyc%rp%ckg (t?% 2193 1%21 x %tb%s Iﬁ?{e()%sﬂel%Shes

erm-ning es O

outfthe aftsre.To flash oat phe beafferd, ar deterdintivh is MAade hefher all
met hod for determ ni ng%lfffe%}htdl ces of the set of

més&beﬁ@fﬁar%mr&@ (3}5RR P¥ Prffersars smnky, thgprotocol
ét%s R&Eg 3004 1FQNaT théiSRH bR A are [nQ@%%?ﬂtst'lt)ep 320), then

eate a s conponent source packets and a set
the base station transmlts a combined packet, which is a combination of several

source packets with indices in the buffers (step 324). The base station then
updates the buffers based on ACK/NACK feedback received from the UEs (step
326).

[00118] There are two stages in Protocol 5: the “normal transmission stage”
and the “completing a burst transmission stage”. If there exists a new source
packet which has not been sent before, then the protocol is in the “normal
transmission stage”. Otherwise, the protocol is in the “completing a burst

transmission stage”.
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unavai |l abl e source packets. Both sets are enpty
initially. [00123] (2) Randomy sel ect a packet which

WO 20080859¢DNt ai ned in the set of conmponent sourPEI/US2008/000294
packets or in the set of unavail abl e source packets.

OUR23] o S G P s s

fublacket basenstat®ns eransbfitd af hew saurbe tm&kete didtle chasa ok tbeen

oL S5 o B ATy e o
1nﬁfe§ BBt curbéntiFertf péﬂkbt hhﬁl ﬁ%ﬂ?ﬁﬁﬁat@[@hﬁd%ﬁ‘buﬁ@r

ggonent source packets gﬂThe set of conponent
[08820]ce pifens er mone index b enr@gre b(asgumeghe k8 index buffer is

AT oy WP LSRG AP0 R RSB PR g der
solyceXpiikiegs. tTeere uire satdril wageiof deltepmtkmtg thietihdResref tle set of

t he previousl yﬁ% gl ved packets. Wien receiving an
commeneghseESe Pp t¥h sets the corresponding

[olilﬁiqet | ORX et 6R FdiCdARRAAANE 3hE iREHCES 0B tRO s&ebCeomponent
[00129] One stop criterion for this scenario is a

SORAY ¢} tﬁJffompm(bmmgl igwelfollaws, andds reflerred|tg @isi “Algarvihon A”.
un u f t ff C t
g et er m)ned ee‘?\l/tgl ﬁe;% %gc%g?&%?q’?ha({lﬂgg EgtILé g d 29 R of
uﬁmllable sovptelpaeitety. Bathixets sfeoqmptyi indtialdyn f or

addr essing al | 00130] In_th | et] )
(03855 % + B Bandsrnl SeJect A RRaket Hhichin o FRAGRITShin dhg set of
cofoneHPEdurch gﬁcl@@é Qr3h ehé 08 Jﬁlﬁiﬁmlﬁﬁleasoﬁ%ékﬁéck% ch

I'S construct ORI ng several source packets. The
[0Dh2iHlces 63) t hAddethmfseledm:lopmhet douthee s¢gfack compenentpeource
ag?t rmned by Algorithm A The buffer index 1, used in
(1) of C AlgorithmA, is the one which maxi m zes

[00128) . WEr e AddsalldtBer paikesd @rthésdmleWNE buffer withQhe selected
recei ving an ACK from UEs, the base station sets the

packet tostheret afuparadilable ﬁ@l‘é‘)‘@efﬂaéh?ttshe appr opriate
[oBddiers ¢ ZeR@peitgé%&ﬁt%%) dadtilt CI ty Cis

set to infinit e resu tlng protoc[
[00127] (6) Transm;lt the XOR of all the packets in the set of component

source packets.

[00128] The set of component source packets contains at most one lost
packet for every UE. Upon receiving an XOR-constructed packet, a UE is able to
recover one of its lost packets (if any) by XORing the currently received packet
with some of the previously received packets. When receiving an ACK from UEs,
the base station sets the corresponding packet index from the appropriate buffers
to zero.

[00129] One stop criterion for this scenario is a minimum buffer fill level, in
which the algorithm will be run until all of the buffers have been reduced to a
predetermined level. It is noted that one skilled in the art could derive other stop

criterion for addressing all the UEs.
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is a multiple UE extension of Protocol 2. [00132]
Because a sent source packet may not be received by

W@ ewe0si991JEs, storing the packet index rather PEEDS100£000294
packet itself in the index buffers will use |ess

. 0133 . j t ' . .
GIEELY - ; S B Nom i Y S BhesRSRiof Stflee, eHMN B index
baffeisonedmpgy tieebpscdtation srawdmits aadketAwhihi islwmstructed by

SO, it is noted that or,jthm not result in
X0 Aetvetl Sogver Péglﬁetﬁélnrgpr%‘ti&?ﬁl° heriel f compponent source
paBN%RE Bhn BE BerABRALPES ABorRBhe Al TREbGABPRIARR, BRUAE Step (1) of
packets fromindex buffers. Afirst method (hereinafter

"AlgorithmA.1") is descri . as<f ol | o 0 (:1):
AGrR e e b SURER S RERBT g on Theter 1Y e (ihdicator
buffer and find all other UEs which are hel ped by
firiction Upom grechiving) caak eACKAfFom sUHse | thed basdhestation sets the

acket in itg buffer.can,be transmtted. [l these
g PopginEpRske indea red (e AP aaTe Huisce Fproun o
[(?ﬁ\SQ] e”ptﬂtmsﬁﬁéﬁqatpkgﬂ 85k skBlo infiay! R ntBeREsi1ag YEStoco]

find the next UE w the nost filled buffer and
isse mpdtipkndEoixtensjornf Prefocolvhi ch is not covered in the

f, = | :
(R, oY e P B B BRI g s,
storfifg thlelpatlost intiet rether telrp ket ibsefintthe iglekiiutfersewill use

packet. [00138] (5) Repeat again fromstep (3) until
legs MQEARTYUES are addressed (i.e., either a UE has an

(01553 bUf’flﬁ(g'e%rro%ngﬁaHEné &.&, Febikte &Jg%ket[ig %oﬂ-ge%%i\/eﬁ)by all the

Transmt t all the packetsS that have been _
Udis) shezel only®De40inponericsonacepadketiis(setactsdaf Algerithm A. Also, it

A ithm A.2") i foll . [,0014 I

AU BB S Tl e SRRl 100pe1 5
Takle atd186verdEb otMeir ahetiods vf|seRdting dobposeht sbigetpiickets from
.packet. Call these the "Found UEs." [0014

) . 2] . (2).
identriElors A st panthod hSeinpbRT MESFEHan T 4 dgchibed as follows.
3 I j [ i uffr
GH3eES] (HE) Sedthp Y phoklnqREIIE WCh 1R FllolHutfty and
findelfashedUBEwhitl ere balped by ttarsmetting thi§ paduet|A Uip “helped”

[l th el ected. UE a."Found 0,145 Fi »
e o patkeh i NP iREeRR e dgRRT R CaTtiten i Hlgynd UEs.
[Asket . [©@9 14B8hodedhoRe PR whichihdve)eniiply Buftdrk. t he UEs

are "Found UES”™. This wl| )
[00136] (3) From the remaining UEs find the next UE with the most
filled buffer and select one of its entries, which is not covered in the buffers of
Found UEs. If there is no such entry, repeat this step for the remaining UEs.
[00137] (4) Find all UEs that are helped by transmitting this new packet.
[00138] (5) Repeat again from step (3) until all the UEs are addressed
(i.e., either a UE has an empty buffer or the UE is a Found UE).

[00139] (6) Transmit the XOR of all the packets that have been selected.

[00140] A second method (hereinafter “Algorithm A.2”) is as follows.
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be achi eved when at | east one packet has been
transmtted fromall UE buffers. [00147] (5) Transmt

wo besHgR9Dnf all the packets which have been seP@USIHNS/000294
[00148] A third nethod (hereinafter "Al gorithm A 3")

O034T5 butber s Seiegb e frgtackdy B og RA° Friind ik BRYEr ana
fihd all\deh ¥ Ul stwigich @26 hefged gotratéhetingntthid packet) Caldthese the
LUEs which are hel ped by transmitting this packet. Call

&JEme "Found UEs." [00151] (3) Fromthe remaining
[09%%2] Finggy heA‘??fﬁa&E s dce amﬁ ftcﬁﬁ%efréﬁl'aﬁﬁnelﬁf}ﬁ&f and
se its entries, Walich Is

ect one of e not covered in the
[00ad8ler s of thé&aéouHthekesexidth anfemtry inthedusiec bf thetselected UE

t thi f h i.Ni E 0015 4
whithas ot coiesed fh £ bufeie 4t 2hE [P RS AR TSP Sty
[opagket . [ 00158}b)( 5¢affeneatleed UE 4 GousideDE(S) unti |

all the UEs are addressed. [00154] (6) Transmt the

[0RtSlof al®) t h&ipdelk biks thpharehalee aggptingthis new packet.
55 | f | ' .
00326051 TR CHRBEILER O it allthd DRE A0 ABILURLE FEL will

e the sane ven the tot
besachdetddnivhen ableast bwee padkied has ba@a tiangnetted den all UE buffers.

OBR8T csule) ng Tavermiathe AR alclhe PO cHBIcl: hikedeen

sdlétged ndex buffer capacity C1L for UEi, for i =\,..., m
,mwith 1C nC. An index buffer i is "full" if P > 0,
for 1§ C . Algorithms A Al, A2, and A 3 should be

&St ed ' « ' »
0B85, 1 CRHEE SARRb her®ipofdt RB A A 8948 feliows,
[Oaugg]gi verlpel mgnofhhogee@lilbtthashﬂw élnpty Puffexscol 5 has
etter overhe erformange than Prot :
10036457 iagpgﬁg%ﬁf%@ Feimite Ve Vps’?tg%e st fledyufter
ar-ﬂ]ﬁnh AlEaYr (AsWhichSird BEI;%Q:'I)? 98h&HlitkimgRhey et.Call these

t hough the activity to avo the buffer outage in
ther‘dound|UBsd@y i nplicitly reduce the latency, an

OBIBY L AL b 8 SRR s S Rl e
il &0B:Pdr dHddedécdlonb of its entries, which is not covered in the buffers of the
Found UEs. If there is no such entry, repeat this step for the remaining UEs.

[00152] (4) Find all UEs that are helped by transmitting this new packet.
[00153] (5) Repeat again from step (3) until all the UEs are addressed.
[00154] (6) Transmit the XOR of all the packets that have been selected.

- [00155] The capacities of all UE index buffers are set to be the same in
Protocol 5. Given the total buffer size limitation, the uniform capacity allocation
scheme in Protocol 5 may not be the best in terms of the resulting overhead. The

base station predetermines the index buffer capacity C, for UE i, for i =1,...,m,
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[00160] Protocol 6 is based on Protocol 3. In Protocol
6 the base station sets up an index buffer for each
wQRosmassob2 | ndex buffer records the indices of PEkKs1088/000294
t hat have been sent, but not been received by the
corresponding UE. There is a predeterm ned maxi num
wiﬁi Y CPx m@! AlirithsxduefTdrliés frallk et p | B(d)e)fmf E<yrdedAddorithens A,
p@&ltlon of the ith index buffer (i.e., the index

bf r An buf f.er is said to be
ﬂ‘%s 8§'£§’%‘¥]gﬁeﬁdﬂ‘&€ﬁ@ E‘Tflpeﬁbénce bet ween P land
[00186] ndexsiafulatien | REGRE cBRiparE@Uiconabkads of Hrasrogelr 1a and
than D. Initially, all index buffers are set as

Protgcol  areqgivemeday. Ther eesulte shay hafyEzotogolpp olil%ﬁ: g better
ogert}){??tglpe%mhcé E}?a[l??}o%ﬁé&ﬁ stage" and the "conpleting

transm ssion stage”. |If there exists a new
sour ce packet which has not been sent before, then the

col VSl t he "nor rapnsm ssi pn stage".
[(ﬁlﬁgf M%%%%@%Mﬂ eting a burst

[601B8F M S STl lﬁbﬁ%e TactbP L6t conbiddied A1ArP®tocol 5. Although the
transm ssi on sta i f none of the index buffers are

aefivity tchavdid e Iy 11 cmtam imBratecs] amayimpligitbicredueqhe latency,
ﬁé&ﬁmp Q&IQ%EISQ)?%QI xgere%ﬁl ‘B(?ﬁ]lteXt tch%rlgte )ég ?Q?l?}l?grﬁb tl,sn'@o is end,

ase statiron reco e |n exX 0
Prétecalr ¢zanbé yodéfidd.packet in the appropriate UE i ndex
buffer. If one ornore index buffers are old (assune

the 1th index buffer is old and Pl,is the ol dest

[0AGKet | nPddBdcdl Bndex buffer), the base st ati on
transmts a packet which is constructed XORi ng

Q3601 al - Rrokess] e kel onePrtycod Brirocsacbf sho bagh stagion sets
?e Wi ﬁ?x buﬁgr {or %n?lﬁa } t]ﬁ c%sm?&g Pgﬁg’lcxrecgﬁg tRE lu?éﬂcesl Qfopackets

'S Nno e se onent sourc
tlﬁﬁiﬁﬁ@ﬁiesbdéﬁrﬁeﬁt Fataiot besh rededvddisi tl‘mmbk'mspbﬁdlmg\léEyThEe isa

p?%%‘gé%&?h%’%%m?‘m ﬁ%yﬁaﬁfétkéééégtﬁp@% Pagkey fnds reegatagat the
pefinnef ok spioehierRac dhe e ArBBEIIUG 'hAn pAe byfer

1§§%§d té B8 “&1@8& Bl 310 AthStplt thGiffePbi RYEREENP ,raaﬂwe index of
index fromthe appropriate buffers to zero.

tlT@l%‘“c@st%@ﬁt §&i&@é phclWR)S 18igef A1 DI ThiG@lly el muumsff&& are set
t he set of ﬁonent source packets for conbining.

apegtytikem B ;iT0Protocol 5 may not result in the | owest

overhead for Protocol 6. Algorithns A l, A2, and A 3
[Q161 There are two stages in Protocol 6: the “normal transmission stage”

and the “completing a burst transmission stage”. If there exists a new source
packet which has not been sent before, then the protocol is in the “normal
transmission stage”. Otherwise, the protocol is in the “completing a burst
transmission stage”.

[00162] In the normal transmission stage, if none of the index buffers are
old, the base station transmits a new source packet which has not been
previously sent. When receiving a NACK from a UE, the base station records the

index of the currently sent packet in the appropriate UE index buffer. If one or
-19-



Protocol 5 are all applicable to Protocol 6. There is

an additional algorithmthat may be used ("Al gorithm
w®2Qog/osfwrh is set forth below. [00165] (1) SeP@DUS100&000294

ol dest packet in the UE buffers and fi nd all the UEs

B R R R o e
p‘Q@k&hlﬁ‘ %Klesuﬁmge&y?u? &f)e?tl?% én[a?% %@Z&loé %}?Jg; {&LJ‘a ?ﬁglfet which is

renal e nex
cﬁﬂ%@hctbd byOQOngabedrall source phckdterAlgofitlitnel FroPrudoddES may be

(4), Fi d al | UEs whi.ch are hel ped by
‘g’rﬁﬁil‘il?’ilﬂdn? ods are degen - (5) Repeat again

[Mfa@ st eplt(@hoeéatthht fHd setUED ﬁt SoAtEpAKLELEHeMns at most
[00170] (6) Transmt the XOR of all the packets whi ch

ohavlest meeketie:r eergyE. [lmmmle]celvm @eXQR -cansipistechpacket, a UE is
c & .pag ket s .cont
BRSNS Bty OPRly P XLASha E KEbehgl recivs

pﬁaﬁ&ﬁhth QOIHE of ﬁs pbdvaotigly ta!émedrpaohﬁs OWheh S‘edeix&hg an ACK from
ackets (if any) by XORi ng t current| cei ved

18%@9 bgpe ?Fa?@ﬁée@f thet@riﬁsewilagmcwde 6% frogy thesrpropriate

mﬁ@}ggdzérg the conpleting a burst transm ssion stage,
enever not all the index buffers are enpty, the base

@QHM] on tThemnates sevepak Ways \if |cte|he1rnsmmm§he undleemyf the set of

[Ge. pac et.s, e i f
GrneBthE RIS pathelh Thr RS Hlibe, ARrifBi At Blotgddl 5 Hay not
réélﬂo ih the1Bwestherdhéd® forl PEREcol (B) SAﬁﬁohfhrﬁE enl (A)2 Qﬂ‘nd A3 in
orithmB) is the i ndex which contains the sm

Pp'g cpl & arq #li agplicahle to,Brafaedl 6 Tlperezlsefm{qddltlon:ill\,é}lgonthm that
Be LS&EH “M%g-ltﬁ% ﬁ%&ms}m ’f?ﬁtﬂ%eﬁ’ﬂée station sets

t e correspondi ng packet ex fromthe appropriate

[0QXgxrs td) zerSJelecftUm:b?(ﬂ}iediaIatkéﬁmﬂ;e b buffexsi z{uida figdtall the

GBS 5 Bl Rme B B HhEs TR i e
[pofkeiuch (hat IgherditdseEmewhial NeR epthabektédae | ndex

of the latest sSent source packet is |larger_ than

QO t hni3B s Honeme therepapining WFabeldersi find yhe pg@thld?st packet
vﬁ%}l} gtc%@fed%n%@ ﬂ?{ffé‘ié"&?%he%c?ﬁﬁﬂf%?e their
el er t

over hea ormance e nenory
[0@Ka8]i ct i @r)s dfintdhed] Uddsewhigh raze) thiel peeiyt t&anﬁamdttnrgjlhisspacket.

[ @&9:]3 Ir 8: Ioé(i ls glﬁé:paelgﬁ 2§geﬁg I‘IOIqle dstttalg) (gss ntﬁo H suc r{)leargﬁé% are
addressed.

[00170] (6) Transmit the XOR of all the packets which have been
selected.

[00171] The set of component source packets contains at most one lost
packet for every UE. Hence, upon receiving an XOR-constructed packet, a UE is
able to recover one of its lost packets (if any) by XORing the currently received
packet with some of its previously received packets.

[00172] In the completing a burst transmission stage, whenever not all the

index buffers are empty, the base station transmits a packet which is constructed
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| atency requirenments. [00175] It is noted that all the
prot ocol s proposed above use UE-based buffers. It is
W@k®e/0g985i bl e t 0 use packet-based buffers, wWhPCHUSYS/000294
al ready exi st as part of nbst system designs.
Hiicall t | O S
by 3Rohiss ety solfee Backetd ORI rdRe Beb b bifhporiine source
phtiects cai boletengiine@bbpAlddrithihBt Theobuaffér inderl (eset lin step (1) of

ource cket on_.the_first attenpt. 0176].Protocol 7
ATisitha B8 She SRagop hich, ntfinecte: sspUget b ingger i the
sé‘,ﬂﬁ.e%‘ et{H.f..frf?}f ; U%Bn%&élvﬁ&ua{r? AR flost UFRNthe E@é‘ehstbﬁ@iﬁ%ets the

buffer records the indices of UEs that do not receive

coREspoRd RS PAkdt N SORb M hR APpebpridtebUIRSE té Earol On al so
redetermnes a buffer capacity C. Let denote the UE

[G0Hd8k r edbrchelEamayriave pdiffarpohmeaximpm delay geanirgment. Let
DAL 5RO P AR LB i1, -
séﬂxl'{ t!]l%! gﬁe Gitfeferlled ?%lg{an P a%%st% iergﬁ%foff%ksltas &%’ sgurce packet

€ ;
ensitons to an a rary nu

is?llr?.ggén% tlh[ag% .718drﬁo Lt Baé'h%uicz\g% %gﬂxtgﬁe;d é&oﬁiiﬁg% ol 7: the

transm ssion stage conp ng a

[doir7al tr BRNFESEARE] § had Protocdl 8 HREEicE ¥héit Svérhdg¥performance
sour ce packet which has not been sent before, then the

tpmeebeisher the mentosy rasirivhions an$he tafebey reoadrements. Protocol 5

a% riﬁ[)%icﬁﬁi c&*f %epcrogtibgﬁ?% 641 ?tb(i].e@ Ibhﬁf Ehé: M&&' Ijagtr?ctglﬁrs%d the

ansm'ssi on stag € norna
ldtenasisraquirenderdt.age, if the index buffers do not reach

th apacity C, the base station . transnmts a new

@Hﬁ?_ﬁe_ ot ibndies dhanal Hir PEUGFPI RIPYE §PwEtse Wfishased
bluftefs W i8491s8 K1d foQiBePakket-Bdted BafBrsS val hQﬁa% 8hehdPexist as
the index of this UE in the current UE i ndex buffer

paft ofhostraysterh designs. Ppedifically thebase staton sete mp & duffer for
base statign.tra it cket ' | §..cRNstd:
e St Ry b F “The, Pk EC ] LA B S A MBLER o s

tH Y héthidBeide thisboufcelpackeBon dhél fibstdasehphied above,
the following method ("Algorithm C') can al so be used
to determ ne the set of conponent source packets for

¢AT8l N NgprkBL80] (1) Select the source packet with

[t he ]rmst ‘Fnlgl‘(%‘%d_buffer and find all the UEs which are
[0fdI7Fkd byintPraterel 7 thebasetatipmsdteup aandex huffer foheach source
pa('::koelf! rggntt.ﬂis’ach index buffer records the indices of UEs that do not receive the
corresponding source packet. The base station also predetermines a buffer

capacity C. Let 7, ;denote the UE index recorded at the j** position of the itt UE

index buffer (i.e., the index buffer for the itk source packet). Initially, all index
buffers are empty. Although this protocol is described for two UEs, extensions to
an arbitrary number of UEs should be clear.

[00178] There are two stages in Protocol 7: the “normal transmission stage”
and the “completing a burst transmission stage”. If there exists a new source

packet which has not been sent before, then the protocol is in the “normal
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[00181] (2) lgnore those source packets which have

enpty buffers. [00182] (3) Fromthe remaining source
wW@2wRe8992 fi nd one with the nost filled bufferPertiSzns/ 000294

entries in the buffer that are not covered in the

buf fers of ,foyn ource cket 0018 4

USRS A SPebEie 186 Teiisat Reot et bRl @ burst
t12@A84ddiont Stagér.ansmi t the XO? of all the packets which
have been sel ected. [00185]. is noted that the set

[QF178bnporarthe 9 Hm@étw@raéﬁ%we éFﬁngr Héha indgxhuffars dp get reach
: t

OGSt S, Bk PR EGR ¥ S PR S o

bpar lpe¢wdodsly s&ny)V\ﬂyenXﬁEen@ng lae NAGK dindihya (8E,ethecblase station

~ Bt Re e of B R hefFRtae DA pebusf e IDAEIRAS butfors

r&icht IR chPARKET tﬂfénc Sl GuRenethtion Urahs@ers A rpdokebeshich is
appropriate buf fer. [00 187] In the conpleting a _burst

censarinted by &O%mggs@vemitaoprquﬁéﬁeﬁeéwes dhg Adgeridyps 9\ Al
t ”
ASAFTER S ARADE0S b TR pRAE S LA ldrithm ) can also he
us«tﬂtoc@ﬁenﬁMelﬁesset obéomporport sntircequacketsfar kehbindeg. be
t thm C d d aboye.
G801 Vi ndtun SelctE himinse Perkeionih it morpHipd pfgg and find

alllBe UM WERANRGE RSIPdE HyntgaxsthittiMsitAf packet. Call these the “Found
Eproprl atebuffers. It is noted that Protocol 7 can be

ified to rreet addi tional |atency requirenents.

GHRRS] o30S TkrsiRold L9t BUREAR AL UL Lol PBudER

vari Ion C e consi er e
(a8l buf f(G) nﬁ&tometheerenmhﬁigsw‘urm Imélieltsplﬁmd,mm with the most.

s .of UEs.. The nupgber of UEs that t
Al 6 g6rall ok inrthsdHEfen thab ars PGk FoYeRe b 59 Bufits of

fdﬂﬂ@j%, &f MEgfoups. Such a buffering scheme could be
use V\/ﬁenﬁ%here isalimt on the bufferi n%mﬁesources
\2

[G03B3] ost (Back &epeat @'@pﬁ@} uitiballBentcsourbepg @ede addrgssed.

GPRATEL 5L, BB TP DR G ERLESRAEGAG, BV becr

s¢gleg@edsi gnnment or according to an adaptlve group
assi %nrrent procedure. Sone of the criteri on to grQ

[QHS5UES flois mptpd Ehriidiesat plrorponayt SonEraRAS! kets gptagps at most
ot [Bst Phcket for every UE. Upon receiving an XOR-constructed packet, a UE is

able to recover one of its lost packets (if any) by XORing the currently received
packet with some of its previously received packets.

[00186] When receiving an ACK from UEs, the base station removes the
corresponding UE index from the appropriate buffer.

[00187] In the completing a burst transmission stage, until the index buffers
are empty, the base station transmits a packet which is constructed by XORing
several source packets. The indices of the set of component source packets can be
determined by Algorithm C as described above. Upon receiving an ACK from

UEs, the base station removes the corresponding UE index from the appropriate
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geographic | ocations, same or simlar system del ay
guality of service (QoS) targets or service |evels,
W@ 2008/08199%51 i | ar system t hroughput (or bandw de¢l/USmes/000294
targets or service |levels, sama or simlar channel
asuerate, i r Ript r
?] 1spﬁ10tﬁ§ th%ﬁ g‘;%t?]) 015% n De %atrlﬁgérjt) g%g ftg (Qeq aEcicﬁ‘Hl?nﬁ latency
rdqmltemexﬁs Addi tional grouping criteria rray al so be
consi dered. [00191] Abuffering and retransm ssion
schene based on UE groups can be useful in a nulticast

[0@1??}“ io ﬁaﬁ%?sstar@m éx%hﬁfba‘é@&”bﬁﬁgfs consi der ed ,
sufficien successtul If any transmtted packet is
[00d88] ved Ag;otlaer prodedtol varatibn can be ¢insidered wheraeach bufer may
smal | er .than of the UES Qup, set of .
a8 pp s RIS b ispke RSP PHPES Tnd Rhpar of TBs that the
syMierheRyalad Bippsrt Woald {rﬁgﬁiérﬁbbe’ilaﬁgléﬁthﬁﬁ%he paaker of UBBroups.
the base station nay be able to re-send such a packet

Sy¢hy adrtening %ﬁhemenmld Dedisee etk thergris @it g0 3he ugering

rel ess network, to the other UEs
re\?mbﬁﬁﬁeg?&pl%gﬁ \é{r%oétljmp [ 00192] There are two different

[0@aDBbds dthetﬂEgrqampbagmwedanto ahatmhayoibgoupe,deach of which

c de&?sg)ﬁgl ngo amﬁggv'\zl‘roirru%g €l gﬁlo %ngﬁéf e e1t %% ny a fixed pre-

assh\trﬁﬁn@medﬂ PO $dFarh @ity @sap assghinefiByrdeed@iegSsae of the
one UE g Eﬁﬁi at any given tinme and any packet s

cmteawslrﬁOtareap s foe byifeTiagpurpeses\pay ingude; spms ggsimilar

el RS, YRR i bl PPN Ve o

tavgetgropsprvienidvels, ddee oosimskpeysieny thieughput(obbhhdwidth) QoS

oGR8 B TR 87 S Al Kot Figevtine or similar
sUB$eHAiB8bn plars c¥§feaghsbrt dns, Qn&’ﬁn?@@mlﬁﬁ{ét%stdftl‘ijé dBeehteria.

user groups, so that packets i ntended for a particul ar
Adgitional greuring eritenia mayalse be eensidenedr e t han one user

buf
CBAHP, bord i @R SRl TS BB ATl s can
usdfel éhyapacietssti siteadad WwheremttdrispliesivEswbhhl Heekatgidered
di fferent roups canp. b ocessed f el ess
sueien yaumesafgl'fb‘%gtwﬁ%%mltr%ﬁi% Ehrsroed by R?f?@i’@‘@}e UEor
a YR AImifiE uhOReAN&!, kARMeR §hME thE SRS ERS SIES gtroup set, of UEs.
mul tiple UEs, Protocol 5 may be nodified for UE

Ggograp baﬂedclom His omay dorn s snbinetwerk,t Whereby any UE that

receives a multicast packet from the base station may be able to re-send such a

packet via another air interface network, for example a local area cooperative
wireless network, to the other UEs within the UE group.

[00192] There are two different methods of UE-group assignment that may
be used, depending on how many UE groups any of the UEs can belong to. In a
first case, hereinafter “Non-overlapping UE Groups Case,” a UE may belong to
only one UE group at any given time and any packets transmitted to that UE but
are lost would be buffered to only one UE group buffer. It is noted that over a
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as Protocol 8. In general, Protocol 8 changes the

buffer update rule, including flushing a UE group
whodoBessoef a packet if at |east one ACK for thetT/psaok&000294

is received fromany of the UEs belonging to the

g B e RSB, A . G VA o

cdﬂﬂ&;ﬁ?dﬁlgﬁUE%oﬁp ib?ﬁﬁr,rbﬁﬁ%tallbﬁledho bhingwtlxt way gﬁ)\eﬁrtlme, the
sent (step 41 I f._such a source packet exists, then
UE- a@ttmﬁsr@%tt is stilkieedoanedio ®Kere is a full index

[ddi]b?]?f Itnezpﬁé%ézi cakd, ITOFEcaA bl {d @B rOM IR Sré\ifs, so that
full]

then t ase station transmts a new sodrce
ppdmketn&adedn fwlmpanidulmnb’Eobuhmeelostrmb@bﬁffenesl larmgore than

oS 5P B P ERY” AR 0o CRb Hact SRt BEvphaneping UE

GoupsL€agsrcket s with indices in the buffers (step 416)
The base station then flushes a ggo p b

[QQd8#bt i fProtogolssehershy Packets rmtenstad cHHé]ttl %ééé?‘mlong to
AERRERE Souby S?%’E?ﬁﬁ%‘%ﬁ*&fb%g‘a‘ég%EiP%mﬁ%‘*ﬂ PrAIPbEBodtd bl
yet been received by both UEs (step 410), the base

on flushes_out the buffers. To flush out the
“ﬁﬁggL £¥;§§?Z§nination is made whet her all index
[JabkEr s aﬂjﬁngrﬂhby“l\(cﬁi-@s‘érfa%{ﬁng IUE @rouph €as8Utr multisleSUEs,

are e rotocol termnates (step 422). |If al

Pmtomg) At de medified forsthe B erewp bgsedanesation)and iagferred to
a T”?ot% 5158, Sltna%én%? rﬁ'ﬁ’?&})f 8 cfafi m}fem@%at%@ u!laudmg

a Co |nat (e sever SOUTC packets I CeS
flushinigea BIE geswp baffep oftd4packdhif dideestsord ACK fdrethat packet is

date t he b on ACK/ NACKf eedback i ved
T By O he GBS onE g6 {8k Broibcol o [ 00200] I
[00197] Overpy ?'gpé % HHoWcRHR (ﬁlﬂfrﬁﬁkﬁ e ’I‘heRerﬁoQGlOiO‘O begins by

i denti cal t he above can be still used. In th

detesminiag Whiether therega akeaw seyrep @apkatiehich has rtqmeb peen sent
nor E. uf S¢h
SRR o0 FURREE B LBl LS o e
tlﬁerp&@ kel Rnders bﬁﬁ'ﬂﬁ (sté;#JElﬁ) If monm thenndecbuﬁm arg ff(lliythen
the UEsS in either of the UE t
te s stiHoR KEARSIRICR PeY TEeR Rket (4iep 105 UEoR B iore index
bgﬁélfseél% fuﬂn@téfﬁ 1JE¢REP UiRe ﬂ)a@‘&aﬁ'ﬁﬁ t?ﬁﬂﬁhtf; er codibife@ P cket

In alater retransnlsS|on (e|t er conbi ned or
wﬂnmimeratnonddylatlom of severalisopriepacketsiwith inglices inthe pyffers (step

41&6‘&‘}12 %lase gtsatlon tI‘IJl ncﬁtgslfl%s ]a @]\j group buffer of a packet if at least one
ACK for that packet is received from any of the UEs belonging to the group (step
418).

[00198] If there is no source packet which has not yet been received by both
UEs (step 410), the base station flushes out the buffers. To flush out the buffers,
a determination is made whether all index buffers are empty (step 420). If all the
index buffers are empty, the protocol terminates (step 422). If all of the index

buffers are not empty (step 420), then the base station transmits a combined
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not UE Goup 2. In this case, only the buffer for the

UE Goup 1 will be flushed of the packet P. [00201]
w@@apssssi gnnent of any UE to any of the UE gpOU/pS200&000294

be adaptively changed, using a base transceiver

(BTS) he
P R Brmertigefre of PRl shllreithets with indigegin the
bluffexss '(Ktbp as2HX PHié e dst@Vﬁhh €B¢h Jplagsic \the Mpufferg, based on
service-level, or any other criteria) _and re-assign

ALK/NAEK &eahafhé?cegv%h%omftheﬂé%é%tw 42fhr UEs metric

val ues change such that the UE now is best assigned to
anot her group. [00202] It is noted that allow ng
[09398t es tRrobacbt 8rs (i.e., flushing out packet s), even

not .all UES have. ed t a an . .
R ol W Reiﬁﬁé%ﬁusﬁﬁge%a&ﬁ " BEitogpls jdgptical to
tRdabovdQ@as Be0dtilD sEE Ja thiy/ cdsey oh Vdentical padket haseBe buffered to

buffering and transm ssion. Instead, such a buffer

twip gnmere EHegroupdhiifers Surpase acdJBdAe palongs i to By sxoups, UE

b ATEONE- D gl Uk Ot A55Eced 0 10w

np%lcetved byhnyp af thenURs dih lerthele%firtha {4 geoups. fbh@ftamepackeB? will
||

bd st 6 et d e B pup plier e Gl uig iy ad the

ot el HSE @P&Jﬂ’%%‘ hSlabdr ?ét@@nﬁnﬁﬂfofne(elﬂie‘#s@inﬂﬁned or non-
schene i nclude decreased | atency and buffer menor
hd iroup 1 by

corabined s ¥he PeckeaioR iBtecsived dm {B)etbat belongs §o P
nBPS Ep(ﬁlootu% lIﬁ th?soga%é] ncl)g Bﬁgf foqfthg 195:7 %ﬁ'?\flg h will e ﬂushed

adoption-of’ "any new a m I'n conmuni cati on sys
ofﬁtetﬂm:kdEBJ gn of an appropr| at e syst eni pr ot ocol

hj t ect .e., th d
(R0} e 1 oo irieymRnt bt U Ao Bie §h Grpupmgan be
a@RRL Qhaffed, NEsial 4 Wakd Franmbivep Idthtibie)| fB’TS)[ @he BTS may

aspects of a system architecture that wou be conmmon
nronitep she gmmaﬂsmmmt mptricsrassotiptadvith atpﬂétwbtrde% Ksyich as

describ 00205]  Packet . t

HHBRt Yot s P e it ho B Pt and

r% SsdiQtWah9|SUE rtgbnbﬁi\méi%rUEh B M&baﬁﬂ:ulaleUEanah'ﬁ: wailaes change
ein c ed in ich transm ssjon packet. [00207]

sughy tbat.thgtfﬁeﬂ‘gﬁﬁéﬁst 3958209, to ol 819 Bndar d

[(W2PRPachat 1§abtkE W38 dhllRvinkIRpdatel i teMbPE&KeER., flushing out
packets), even when not all UEs have received the packet and indicated so with
an ACK, can be used in a situation that does not necessarily involve UE group
based buffering and transmission. Instead, such a buffer update scheme can be
used more generally with any type of buffering scheme, including those
illustrated in Protocols 2, 3, 4, and 5, which are independent of the packet
combination and/or retransmission protocols. By allowing buffers to be flushable
before all UEs receive a packet, the system effectively allows erasures for some
UEs. The benefits of such a buffer-flushing scheme include decreased latency and

buffer memory requirements.
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are transmtted. An associated control and indication
channel, such as a H gh Speed Shared Control Channe

W@ RiBs8e&e) in H gh Speed Data Packet Access (HBDPBY1088/000294
one exanple. The tinme instances of the associ ated
signaling channels are aligned in a known fashion with
those of the data carrying channel - e.g., the HS-SCCH

(002085 M S By@berhiAwehitaétRiry & Sudpblt she Prdtotol® sl ots ahead

of the high speed phyS|caI downl i nk shared chann

[00284ps e HPeFlofOf WEHCEPES o AHORIREn ARy oW afgorithm in
n. t t e

LR oL T80 R PG SRR Ll

avatidietiwonai.ei, rther ambeiatedraigneling domlinfprivatioar excbdnge) that is

i ncl di cat or si.gnali ng, whe
recpiiedfp SpBfrt 1B abdafiont B aleRE iy SA e belamerg papects of
alishsténd hRdetcteeiNabivithld %@Qﬁﬁﬁn@iﬁ]!o Bost 6thmw@nication systems
conbi ni ng schene_indicator field; and if packets of
utilipipgriefantacalscdascrbed bereing | engt h val ue or, nore
generally, a transport format indicator field. [00209]
Al ternatively, such informati on nmay be enbedded

[0208Lkt | y Racket irifermdatian sizmatiel protocble f or m of a

(OEBRE e ol B el 16 bl BRcreREed 1§ Hokctnmgnalyfi e UEs
wwc@ﬁﬁcuew si@eﬂemghﬁclua@&m %ol SraBemiidiipadket.at

| east a "super-franme” (in which case it is short and

has a short repetition period) or a |long packet i ndex,

(E&69]as O g&ﬂﬁggﬁnqynber can be used. [00212]
sstom, the packet index of each packet

[00208] ned Severltdtandamnspproaches caadisuded thesignajnahiet . packets

If a lon equence, nu be .short ened,.

atf; traBFRINRA. Péi%la}jtﬁgg%@gﬁ%‘i mwlmmﬁa%nedaﬁw &7'8 High

sb&id Qﬁ&&df@&nt&-&t cammmasccmqaﬁ%]gh%@%aqba@ E&@delt PGcess

net hods can be used. First, the packet i ndexes and

(I%%lqﬂéh sooneerpammle flye timelinstaadesdif teeasspciatmssignatingchgnnels
ages alﬁ%?%{iﬁﬁ %lim f%ng{orﬁe dlth Igﬁose%f ﬁ%g %t% cta?;l%)g gi:ﬁ:?ﬂrr%i —rpé/ the

W 2RV SINdY EarrYitng 100 mic
HS@@CBEtﬂa@Bnﬁ@suﬁm tasé Qﬁ?ﬂeﬁ'aﬂd (TTI)raxk todvaslonrl ahdagicahihe high

SI?%bé}lgf@ifgli dpnabier shoese sosnnel B RBSCH Mol offich the Hs.
@g-fgﬁ}qgg emfaﬁhaﬁsg IR fdratatiol Mot t pAORTE Sédlmnez{ Nehto a

be further run-Ilength encoded using a
trianginissin wamdé byshe hssosiadedichidnmel. Additionahiméermgation may

optionally be carried, including an indicator signaling whether a transmission is

a new data packet or a retransmission; if different combining schemes may be
used, a combining scheme indicator field; and if packets of varying length can be
used, a length value or, more generally, a transport format indicator field.

[00209] Alternatively, such inforﬁation may be embedded directly into the

data channel in the form of a header.
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coder. [00214] Synchroni zation aspects and user

dynam cs [00215] Availability of synchronization
wWGEe@Rasiomy i s used to support both robust systReT/US2008/000294

operation as well as user dynam cs (a user entering /

I ast services). A nethod to establish and
Kﬁ@?ﬁialnqg%%@ﬁﬁgﬁ¥¥§gﬁg#§ls by establ i shing

[oD2peY - f r anesigaanodli¢le pacliis pees befrgreormbinad} itrris assumed that
i nterval (usually on the order of 100 nggc
%wm exed. (Ttie ipdepsbedldde yagpe fe At LLasha, SIarﬂrframe (in

will e gn stdhoBt ARG h§.§'§9s W?Jpeﬁ'i;ﬁﬁepe‘i'ﬂﬂ) B aqgﬁ@ bﬂﬁget index,

al'ing protocol generally contain a sinple
sw@yaﬂmlongenquéycemembbarcandfe @edew super frame. Thus,
E that negeds to estab est bl i sh .
OB R on Pk e el Sioh iy backes SRIGE s Phoket combined
ir6 YRE BraYis mli a8l fde A0 bR RIgrAl1é R TPA lénE sdgeh fhiuiBenis used, it
transmtting multinmedia data such as MPEG streans

maychbe shpgeped yin A PRETQAIEESe SoAdulygt QRegption when a packet is
ﬁﬂﬂﬁéﬂ@ﬁkéﬁ%ﬁﬁﬂﬁé@ﬁes in which case the start of these

anes nay be used as a neans of achieving
(628 oniSeatialsigf i metatsddzacke fsed Fikinthd packet indexes

0218] The t hods es ri Qed herein assu t hat _no
b FEASOSE GHFPHFoLRE (HeoRTSE T SHF Yo Be DR, o urs packets
cotbigal istol a“sm%l@ Qrair@rﬁl@%ﬁ aniSDQé FdsEaéte@ bSavi@ cél@ﬁiﬂgf t66lmuch
to ensure that the system can handle errors

cqnéeal informatioo opon arﬁ@cwrtgcbmtnwhae%lr Sseenda @dmteﬁeld may be
o5 R B B 58 bl W] SRR e MG

pidket§ yd melwied inathel mrmntctrrsnsmlsfsmad Fhe kit field2@@y be further
| e the specific algorithns described Qye assu
g SROBRA P I HIPEY ST SUULRY B AT G SB ER Copmetic
cqdad the feedback is tagged so that the UE which it
cane fromcan be identified, this is not necessary. In
fact, several other possibilities exist, such as

[({Qgﬁgjg n |g § kh OOrHI tll\ol'%cgs %rctso n1|1(¥ u’%r Q th ev\gte 2 e;

um%wrm@mmwﬁMMMMmm@mmmmwmmmmmm
process by which feedback errors are addressed depe )
robyyst ﬁXSt@%@P‘?}P“PQe%&’@ .ag geendynapysHarusssLnt ﬁrlrlgtfi)eawng

muMicd 8elHURR).0A th&RdRA6 establish HRPmAIRaRE KyRHfonization is by
establishing super-frame boundaries. A super-frame is a time interval (usually on
the order of 100 mSec to a few seconds). For the purposes of retransmission, only
packets within the same super-frame can be combined. The signaling protocol
will generally contain a simple way to identify the start of a new super-frame.
Thus, any UE that needs to establish or re-establish synchronizatibn can always
do so at the super-frame boundary.

[00216] Another alternative is that when transmitting multimedia data

such as MPEG streams etc., the encoding includes some natural synchronization
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and/ or NACK. A block ACK / NACK woul d be useful in
situations where the erasure rates are known to be

wa@edoBlogivent |y low in the systemor relatively PEr/ys2008/000294
| at ency can be tolerated. A block ACK, which is sent

upon .rec in [ ets that ,are
frfﬂ?lsﬁgm Whish ety Half of nPE tiBHRs Mok R Firgd anaameans of
Ffsyﬂéh&hlﬁaﬁohespond to a received packet. For
exanp suppose that 10 multi-cast packets, nunbered
fromlto 10, were transmtted fromthe base station.
se t A gHCe ully rece d kets 1,
Efr y i ved packets
wgwgl? 5, ﬁg%ﬁ% noirgecel ve packets 4, 6, 8, and
[(00218]To i MHecmethdds delseribek berstimbsarmethahing actozs ocoprrip the
syccess uII. eceived send_a
regiicio Wi bl S firealistic. ThRTgpate pibgfti PR EtFequired

todHzues Shat tlh)é s&@fe@th V@ﬁi hBAdledrfork.indeedback. 7, and 9.
Alternatively, UE "A" could also send a block

[0RRLY i ndiThealaerithims deseeibed abgye gssugne Hiad nEIFRIBOCFRRIN the
fe5§§§ V%gm{cg Zn%%refailgf A Cﬂl f@ﬁgwﬁltgg E{dd éﬁlcgl%sgﬁi&@ Ckhat the

ove’can ransm pac
sy(ste’mlcaﬂlh’ajldﬂn’bﬂord)lmfeddbaaﬂsr ansmtting and conbi ned

Iy h.Dbl CK NACK:
(0pEROF o bERS Bhe sberiar plecxithits decriRed Bbore msmen thatboth
A@Kf 4 NWGIK ngﬁﬁls%‘@ QG Frémaek UWa8d he fedbadktis tagged so

packet inputting 5and 'packet flushing* operations,
tham ¢he AFE shischifranegony can hesidientified ethisiscest nacessary nkn fact,

PR e B e PR SN o i ACK

withghe @ther hédfig 2ablibit JDkie iS pasticulatlpwsefudmthenfa shaotdecahdom
5 500 nodified transm ssi on. case. The
3P QRO SR ar oA SORITRDSTSS oY RIER IERGiack rrors are

cgﬁje§§e§1(ﬁe ﬁae%%g eéf%&@ac&ackets whi ch has not yet
een sent (step 5 a new bl ock of source packets

[0822%k s, tArether n@sdmhtsnﬁxrutbn type nbifeedhads ischo udesa bIQCk ACK

f d ff 04 f f
oy N AR B B 5 Y SEIC Gl b 51 S el here e
eﬁar‘sabefa'tteé age kﬁb\eﬁ tb %6)suﬁTéienm¢d®eﬁ1$ th@Bystemcanitel ativbly barge

ny manner previously described. [00224] If there are,
lafepiay,fam g ioeraded < block K, whish 15 S57ibBROBFEGAVIPE A ftEwE of
pmkseﬂ‘ﬁdt'a%ettfﬁﬂ%ﬂﬁ?tfetdeéjs é%ﬁ(ﬁ:ﬁ @%Qid chrRQﬁlzél]ultAf)feeACKs each of
transmttin ocC mbi ned packets (step 506)
whwhmsvmdspom@ tma bé@m?ecbpaqkew Royexempheslappese diad ;10511@1)t1 -cast
pac %tstf lfllgm ered fr%mufgoai(? were transmitted from the base station. Suppose

that UE “A” successfully received packets 1, 2, 3, 5, 7, 9 but did not receive

packets 4, 6, 8, and 10. To indicate to the base station which packets were
successfully received, UE “A” can send a block ACK for the 10 packets, in which it
indicates that it has successfully received packets 1, 2, 3, 5, 7, and 9.
Alternatively, UE “A” could also send a block NACK, indicating that packets 4, 6,

8, and 10 were not received.
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based on the feedback received (step 512). [00226] |If
there is no new bl ock of source packets (step 502),

WO b@n/0839e2 base station attenpts to flush out tPEI/US2008/000294
buffers. To flush out the buffers, a determination is

[05?9% }Nhte Wég{olggiglxaégg? rl%&grée ge(? toYze( Jne F%)e5 gh@d'l ied to

are errp e pro
trhREMit1A6ES of pheleth ﬂlﬁ):ludlnfig ﬁhlcomfmﬂdd&etﬂmmhmﬁé and canbined

it 8 A UL Sl i it
m.?ﬁfeﬁcgﬁpffi WERNAEE that Cf,%'a}{ 886 eP&@Mﬁ%%p\igﬁﬁﬁﬁf 4 Bl basis, in

ers are update ased on the feedback received
bc(tht pckep ﬁ)pw;tiahgaaniéﬂmckeirﬂuslung’ @enad@sz\mmthed ofiinpusfing or

e i ndex are t st 14) an
IS 365 begket 4 LS THIB, Prostdi, K eediflsrHfien usgd with a
blBEk- nenegﬁaauoﬁ QoluldBe nktlified §§s]§6v@ﬂ ﬁi Figiﬁreﬂi’ obabi l'ity
threshol ds to bal ance the false al arm robab| lity and

[00R23Ini 55 Fagwneabiis at fow Thaplerd Bentecal i pOO meedifiad ifomthe block

s AEM G5k hd AR B el SV ARLEANL RN e it
névd BR)ZB]of séburcerpaclmhs wihéch kasnsatiyet beensieé (stay 502). Ifzeniew block
i npl ack Qf s cess rec ti.on i case when
of S0UEgaBR RS BclstombimationiiA TpE BRRGITApgrT 3 o full
me%uhb? ®teF rsdun df thé&reladakll indePBaftr, then i Blvékt bPEbmbined
that a source packet is retransmtted many tines may

pw&ppﬁeﬁ traqnqnwétqsir tercof®). The parkety capbeso jrpany manner
p%@?dﬁs@p&‘@scﬁ%@ne' s have bad channel conditions. In

ase, nost of the retransm ssions are ained to
(00224 t hodLthdrs avetrdo fudl beffatsastepl 5GONthen 2 bdockTdfenew source

ransm ssi ¢ n of so e packets to the UEs with worse
Pét‘ifﬁ??n‘éltr do{%eﬂ #{éi rs the overhead performance.
[on9§30] lz‘szﬁe%t tﬁglsﬁﬁjctlﬂﬁé %%1&!&9918%&@%& pabkdts (tstbq: 506) or
nber of retransm ssions of the sanme source gac ket .

transmtﬂhmg avblogk of inlewt $nirpes paektetsfstep S18h dhe ps arsf updated

S eaches i n upper bound, stop
bassgﬁd’i"n&%afﬁ?@ etwedl'ﬁslt F’i 't can inprove the
[0oze6jhead Iﬂﬁ{é‘r@ Iiiﬂiﬁl Qew\lblbé‘k 6ﬁ‘tﬁ>u®€§515ad§b€d (st 5@2)| thdnsthe base
receive all pac et o thi se st atl on
stablensattempbs 9 tsh grﬁ it Een?lé!ﬁ f 81t e, buffers, a
d&%osgiﬁatfbgﬁg hadd Qﬁgﬁﬁr aYfiblieh baffemiﬂetamﬁ%fy <§€e5)v5 199, If ll the

packet classes [00232] In sonme nulticast
index \buffess atdremptpd thep e pratadot ernGnsyesofstep BEG)df all of the

index buffers are not empty (step 514), then the base station transmits a block of
combined packets (step 520). The packets can be combined in any manner
previously described. The buffers are updated based on the feedback received
(step 522) and a determination is made whether all of the index buffers are
empty (step 514) and the protocol continues as described above.

[00227] It may be necessary to tune the false alarm/miss probability
thresholds to balance the false alarm probability and the miss probability. The
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be different fromanother UE. In a wireless system
the QS of a UE may depend on the UE s nmaxi mum

wao boosogput . Usually, a UE close to the cell cROI/Es8200&600294
a greater throughput than a UE close to the cell edge.

Henge, .the JUE cl.ose_t.o the. cell ,center equi he a. ..
ot Sl fasvimndtidR créfetdicd e RETHE] oY o dfoRisation
pfcédisres Figiklpfal ir0torr&@tivey fdedbadyerre. ster for a hi gh

808 | evel, while others may register for a Iovyvlgs
(00298} . [ dotizmr ommdhe transmeilier\Rige may Redwsed e TRply gplagk of

r o 0
sERE AT hIhe 406 (heh FRACK of NACIRIS i réleh Bl iBhin the
tiches expirg dirad wen sendibe thegatketd to work with vari abl e

chenpes, .and. sych, nodi fi cat,i ons are _ . .
0gRPal s e A ciation thisd Eourer Biis KreBrBomyitted mppy fimes may
h&iendacKe bréto¥ols 8¥RribeAABeR], edptRiad BV Kéh spatddatneRhave bad

cate?orlzed to variable classes. The source packets, of
chagaw] eonditions; dn this ersie) wmoskaf the tetransmipsionpareimgdsto help
. L iy y el
o5 RO Sob b I R A g
tof thie WBs patidworgei chasing] tarditions mapaide tlor ovegrtiead performance.

i ousl y, except,.now t he decisi.on on successf ul ..
(008t 1 osistinsrelhichr Bt SR EisbiE  Re P URbEE A pfemsmissions
of 186 @Rte¥duide fdtReRNREREF RbRISQATENE hasither (0P Pet3SdsnliR6loRs of a

are several options for encoding the class

squrtepanket teaches a sertairepperfbonnd step sending shisipaglketoThis limit
SO I | .
celp D BC Rler L BRIt An ) I (ML bihu e A1 DBSELejve al
padk@dts: Toidorthis) sebdse stationdeeds tdsefup axetanaadssiery chumter for
negoti at ed/ adapted with the transmtter based upon
m%%%%”?%bﬁ t.as desired throughput, system |oading,
etc. Third, each UE then operates on its class of
service and provi des feedback only on those packets
[00BBth ar daxiabilé quality of sexvice MIOS) andipasket classes UE
' sends _an ACKLNACK based .qn i .0
(0043 o1 ndt sPRRERTHERRS so ERE R aphlly GRERlbE QoI RFRUB may
bﬁ@ﬁ%ﬁfﬁﬂfﬁ&n\ghetﬁt&fllm g awhiilerg spsteks the QoSwipdHe chdyadepend
e delivered to that UE. Lf not, ase station
on the VES magimumcihraughpita H%laﬁf/saﬁgﬁ?ﬁ@ﬁg G ths eplscanterhas a
B} NGAR%hah QIUR! s BftheREN lelge. HORZ3tHe VBT A6l 8 th
V\nﬁl?ﬁlllgh a packet [00238] Each s?og?ce packeet S ¢
cadbeeniter magdequire achigbReSlayet étheoQoBiof ¢ UE may also depend on

QoS class registration. Some UEs may register for a high QoS level, while others

may register for a low QoS level.

[00233] There are two ways to meet the variable QoS requirements. The
QoS may be controlled either on a per packet basis or within a packet. The
protocols described above may be modified to work with variable QoS schemes,

and such modifications are straightforward to those skilled in the art.
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according to each class of service. This may be

achi eved by adapting the coding, rate matchi ng, and
wore@slstodon schene used for the various cl ass PET/D51088/000294

in a packet. The source data for each class nust be

Lvered, to a, ce i N t of UEs, while it is
[(&?L%]pt ablvewﬂ-‘-a—l‘-ﬁ%ébg-lglgnlgt delivered to other UEs in
[00R85BY St elhe EORR3Yackstst birs beacegdrivedptooegduble élasses. The
responding is simlar taq thal\t descri bed above ip)écegt ..
squfee Baekess ofeash dassmausihn delwere tfamcertainaet phifiggwhile it is
= GERR LB INg] e SRS e 1 PR VIR e P BRI RIS A6, he
pexcedukierfgr réspondingss sithdanto fhah desiribed premwushy, except now the

on .the class of ,a sour.ce pagket nma e sent_al W th
IO, BREUBIOFLEREo B AT oS ARPRL gt the sletdbstul
red8pfi6h of itk SsptopAbteaQdSicludscat i on channel . Second, a UE
0808 or class may be negoti ated/ adapted with the .
[00286k i t tTherp azeepvigpalrontinng forencedmgteglagsinfprmation. First,
AR of V5 O P\ Bt Flb e s8R0 g e
paxkey onthesprrketmder thmiughram dssocieted opatiohesd imditation channel.

ithin acket. which . are w.thi jt I 00241
seadoall B5S Ealees mevcresritaradivtehne LR ter Based
updrR9eéh BfctéRsS@dsViedthrbighit] spiteiPloablling, Bpd. eTRd, shch UE

as a hierarchical nodul ation schenme. In this case, the

theinrapenates aniitscalass e sentevanhpeovidgsdpedbaskamlnen shose packets
C S =1 . |

ARG D 1006 ABRTALFRchlh T IERBE, acoaci

badetdhorits eceptiler. Whas tretdiaingomn NAEK froinha AT the ke station

service uld he able to successfully receive with a
A PRI D S e RS ERPCHED o SRHALL0 G LB aP bRt UE. If
n&t9 tRd Shé@éﬂa%nqgﬁo 8 tRafRACK GhaRaptd Rstrefrabkinis6Ks based
synbol and the high order constellation may be a

upan thevhegotiated class ofsesvivene with four bits per symbol.
O these four bits, two bits are the same as those for
the | ow order constellation. [00242] This latter
[092B%NE MaYarikble OIS eutlbnicpadk¢t and each UE nmay
sel ectively denodul ate the data, and provi de feedback

(09838l updtichnaowsePaskeb s RRItinRed: ISR Prispatate; setcgf, bits
atl,Q:lﬂchiig Qbact DALs ot sePPirb I PRIk LY bO aE15ENAE b4 MHingd Bhe coding,

strate the potential advantages of the algorithnms
rate soatichong, syclmotivlagions sdhemes ysadefor , the harkiugorassheh libhin a

it i 1ot B BEr C S iba® bs AT AR M abertin syt UBs

whiiShPR)acceptable if they are not delivered to other UEs in the system.

[00239] In this case, the procedure for responding is similar to that
described above, except the decision on successful reception is determined based
upon the successful reception of the appropriate QoS class bits.

[00240] There are several options for encoding the class information. First,
the information on the class of a source packet may be sent along with the data

packet or the packet index through an associated control and indication channel.
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[ 00245] HSPDA overvi ew [ 00246] According to Rel ease 5

of the 3GPP specifications for w deband code division
woriosiogioe2 access (WCDMVR), four | ogi cal channel BCHDS82008/000294

i nvol ved i n HSDPA operation: high-speed downli nk

AR RS G e T g AR B DA PR fser based
upsbticH facberang! ddsiie@RBChlighmitd syiteinCiah dihgs ki) MHird, each UE

( DCH) . $0024_7] The HS-DSCH and its caqrrespondi ng
themegerates araith slassrof sgswige poe Rrowides deadbagk ondy op supsrss or

) e b el ' ® " he
fa{i}él‘?ni é::e%gct{ﬂ?%‘%mgrg?l%dda soc=t g@é gfég}r?él: I ng g?}%r?hel S
[0aBdth codhrthe casredbaddntivg theanodiantion fandifferentogradeTnEQoS

DCHi n.both. the downlink and,the uplink directigons i;s a
ST hbeABUERATHEDS TRPIEaRe pos hiar sl sGTpaR sitferte. In
thi€ EabeCthd Bt leRRFR - enlcbd einGilag efd thb@ulaionipFocess such that

repl aced by an Enhanced DCH. In addition tq the above

a fesgives Mabhaloyw QoRear sugcesstiydly reepivnidie bits a3df theyavege encoded

oci o fr L . .
wiBGE 10 SRt ikl 364 QR o Bgh TS CerbREN O be able to
sutoesshiliyk récefef with iashighrord edcomstdllatiodSFDE€khmp ) 2H8low order
One of . the k t ol.0ogi es.wi th HSDPA is sjgal, .
copayrdatioprnan o TR Scigtas Bt twp B e sutBl i B pigh order
conStlRktionSRa} Hed 1o tchistellBfloh 8ehénd RitMfolar bits per symbol.
controller (RNC) will schedule the retransm ssion.

Ofi¥hedse Fsoryits, twe bitscte the same as theseder thajloprordepearsiellation.

) he b . . _
00R42 ks HAPRSSRIRERE ribTbL Uhed W Bhimiify AR SGRNSE may
sdlegtiveiindemodulatstheadatpatidgirovide debidbgck based wpon the best effort
retransm ssion automatical]y takes places fromthe BTS
dempediyatiormEosess Hi SATEATY °FB0249] Figure 6 is a di agram
of the HS-DSCH channel encodi ng chain 600. According

to Figure 6, the information bits are first attached
[0A243] t he Application éallIFINAY check (CRC) bits (step

. The, biit. _scrapbl i upckional it t 6, .
0858s 1 dgbaREEERN hASalHIqr AR ot R FRorily described
alﬁﬁgﬁb;&ﬁét’m‘g’l sjis)témrsﬁ t]%é aigorfthd) canl be hsed adiingprove effiviency of

next . (step, 616); turbo codes are uni. que type of
trapsmissionf gealtisagilata ow%%apef%&vﬁméegswe%msmm

operated in two different ways: chase conbi ni ng
retransm ssion and i ncrenental redundancy

[00845]lans mMBESPBA overvieWase conbi ni ng,
[00246] According to Release 5 of the 3GPP specifications for wideband code

division multiple access (WCDMA), four logical channels are involved in HSDPA
operation: high-speed downlink shared channel (HS-DSCH), high-speed shared
control channel (HS-SCCH), higﬁ-speed dedicated physical control channel (HS-
DPCCH), and dedicated channel (DCH).

[00247] The HS-DSCH and its corresponding physical channel are used for
user data multicast. The HS-SCCH in the downlink direction and HS-DPCCH in

the uplink direction are two associated signaling channels which control the
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the rate matching functionality is identical between
transm ssions and the sane bits remain for

WO 2408488991 ssi on. The recei ver has to store reckCTES008/000294
sanpl es as soft values. In incremental redundancy, the

ad at Nl cialﬂg tlba%%s ﬁ?ﬁse tfh%'ﬁ@iéﬁ.? 'bg?gthe%ownflﬁ&ra%ﬁtghe uplink

ere |Ve nu er o arit systemati C
divedtions 1bei sgaaling ichanset \shichrtSm berused ﬁﬁ'l any kind of service in

Ryabiech. InialereSs FonDORtisoRBiagss By earbnhrese0OEE ge Siition t
tlferkﬁ)okrgfw dteinnel D PRexblis hmhdvh eh 4yl iidl AR sE @mliﬁhﬁ%ﬁs the

650, first bit separation occurs (step 618)
fractianal dedicated plursidad chawhelt(RDBECHY ctorcaver fqvappmaﬁ@n when all

S and 624) ws tuning of the
dé‘%‘&b‘%&%ﬁ#@ {fe‘i'aévf‘lgﬁo t\[\%l $er e¢1]§i retransm ssi ons when
[00248l0 | NOTRAL tHe kesutethnologicdl tdth tHSDIFA St physical layer

rat emat chin tage (step 620), the information_ bit
eﬁ%msac&aswo%@@a%a% o Belchse B%Pflé‘? data s regeived gorrectly, the

$ R0 dr ﬁtcsnﬁﬁhgﬁémcﬁfmg ScHedl Mréd%ﬁﬁséa&? Wsth HSDPA,

yS|ca channel segnentation (step 626) occurs, which
thegaicket st taceiveddn ladaffendn th@b@ﬁeanraowel\eﬁn@tm‘aﬁ&i&‘ﬁ The

BTRGe8s A aer hBAEREG doemin s pont kRS Lo MRt O of

pddRet QgPpafid Rildis,aetra@Bmésidhgutdncaibally take pla@lErond tite BTS
onIy extra bl ock in Figure 7 is the conbi ning bl ock

withpahR )nvohﬁm%ﬁlperforns t he chase conbi ning or the
[on&é]eﬂenth fadaagf/aﬁeﬂ tHsrbsch gﬁﬁﬂgleéh%g?ﬁ% chain 600.

process, t'erl eavi ng, modul atTon, physi ca
Adalading] tonmgpm 6, tbe énforb@tionduits afe ﬁ$$t attatHedwivith the eyclic

N T R MY M )

612) fa%ia@qm%:r@stofm@&ﬁs bithNek) RoddbloBk baph étatish®Beurs (step
716 e punctured turbo codewords are

Gwcﬁ‘@sbq apdlygd@@emaexta(srtep $i16);usborgodes ate &t apigue type of
cHaS 8P edith ?kﬁgggﬁ §§ conbining (step 714) occurs
e

agaln un unctured turbo codewords are
[0925@]es sf lHABQdéHID te obpeBattedSEpamtdlﬂerem tveqys? ZB)asea cambining

next follome turb co step 722
el EARSEHOSPn SRS FRF e R A por I Aneg PR RSk In phssg ombining,
t&@ﬁt%ﬂﬁﬁ%sﬁh{@ﬂhaﬁ £RdrSdal beRPdenitrahiistin’%nd the same
ackets in 00254] The HSDPA specifications

blmansm;a fomtrm@mnT reiceivier has b sterssteceiyad samples as soft
35T oL P AR R pgisions
is diffigreat. The HEIe nember bf paality. bifldte systematic bits varies between
retransmissions. In actual implementation, channel encoding can be done for
each packet transmission and the data can then be kept in the IR buffer.

[00251] In the hybrid-ARQ (HARQ) stage 650, first bit separation occurs
(step 618). HARQ functionality consists of two-stage rate matching (steps 620
and 624), which allows tuning of the redundancy version of different

retransmissions when using incremental redundancy. After the first rate
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former channel can serve as the multicast channel and

the latter channel can serve as the ACK/ NACKf eedback
w@ehb@sngdo9i n the nulticast nodel. [00255] HSDPAP©T/182088/000294

nore than the nmulticast nodel. In HSDPA, if a packet

o 5, G50 50095 By PR AP b e

(stigr 622)s Thet Sioflé aate myatihingustage dseepf 624)t then occurs. Physical

d K . .
chggne] EREBCRGHAD (HeRaaMeoeeheR EREnCEoLPu R, Blerasing,

mad&rmhasﬁd BUGLRAPCIRLARY Eea PR (hp mi the packets
sent. he average erasudre rate can be set as a

[0P252% i on Fagunerfeshowatdre HS$-DSGH shepnelsiegeding Fbain 700, which is
exappl e, _th v S .Qlaninh ' .
IRER TR pupodfe YRS oF ERE DGR FraiBlooh P Bl Sty blockin
Figaté ansthescintbinigelletk (sSep714), aihdcH perforney ﬂgaec}ﬂtsafeomnbining

rate for the second retransm ssi is e2, re.
orghe &ncre@@@tal r[eéelzéeawwrﬁ%?ﬁeot& d&é%fﬁps Bé‘&FeE%dG'&erf%ng’
mgg?ﬁl i9n, o ngﬁy&r}@l dAahRal & %}Sb{x{g@%ﬂ 710) &ﬁlr%ﬂm(ﬁl&fmg this

data streans Es as described in
stRge pbysicalchanmgi swgwedaticm owrrpégep 02). stpbuungyistep 714)

°°-EII%|§,SS %e%gﬁﬁ&ul%be ext tOS% Iﬂ% gf‘asu%lof (N ?step

7E8)E1fNtHe paN@GESH birbdr &id@%k‘ds? ard Bacdeasiklly d€cbed, a first rate
operation in Protocol 2 is new to HSDPA. [00257]

3

matrhing shiage 6iep 728} keeing @lsmcmbmgeﬁx@te? Eé‘l)foswrév'agﬁglountﬂ the

plﬁ{@ﬂﬂe%sttﬁ'ﬁg cgwﬁordkrhrfe he (%%Eﬁ?l:y ' dethddu. ARG ;ﬁ]altlon (step 720)
transmtted packets In g

e automatically store
ocicars mext feXldyedd ley tirbo dectding (sibp 722X, eordkrbleck sagmeigation (step

") b R oo L8 sHG pttech et e TRBEC v °

buffers sinmply record the i ndi ces of the m ssing
ackets. A packet is rem)ved fromthe IR buffer if the
[0B283)r e ceiGomtbinmespacket SDBA for this packet.

R e
mbifelDSiadcribadi rebloven fI‘(hdl H§-Db8&H aﬁﬁOHSHDPC@H aré the downlink
SRS B R RS et D D BA 891.

fo@ef lcusﬂleacaahcs%r@@ak ¢he nl16ieRY] chaheie] hhaRE&T4tte N ehannel can
conmbi ned packet according to Rule 2 of Protocol 2, if

serviead the éQK/N@rCIs deasbark Cba@nﬂan-tbﬁmgltw@ﬁemsct@
[Obﬁgﬂsm t?—IéﬁﬁA)s%rs more than the multicast model. In HSDPA, if a

packet is not decoded correctly, instead of discarding it, the packet is stored for

further decoding use. This decreases the decoding failure rate for the
retransmitted packets. It is improper for the multicast model to assume that the
erasure channel has a constant average erasure rate for all the packets sent. The
average erasure rate can be set as a function of the number of retransmissions.

For example, the average erasure rate for the initial packet is e,, the average
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of the first packets in these two buffers. There are
two approaches to XORi ng packets in HSDPA. [00260] A

wo 2oososzappr oach is to XOR before Turbo encodi nBCT/Tkz08/000294
XOR operati on can be perforned at any step fromthe

oSl PR PR RIEER ks E SO0 90T G T G racure

enco ure an exahb
rdt@ ff@xr ﬂmtéee&$’fét§aﬁ§mfsgﬁnq%kgﬂis , ¥hetie, CRC Bl ock.
[00261] Figure 8 is a flow di agram of an’HS DStH

[aolzaepel aeo@irdtgcslbaddscHibed f aiova &anibenapplial ltettheTHSDPA
HS- DSCH channel encodi ng chain for a conbi ned
emarmRetasThf expmeiRichmteasiing dada stregnpio twed! 558 described

SSRGS R 5 s T B o

extshéel Blihke. caﬁ'ejoftmultqdleﬂﬂ*ls §‘hehﬂaanpek dodingpand EiARQ 8p&jations
il {SDEBE Sl Bvered By HaSipol s AR Ly cf QRAEER g fotocol 2

lsmaﬁggm% 822) then begins foll owed by data
passi ng through _an IR buffer (Shts.ﬁ% 824) and then a

[09288hd r docadept Prptogolseipnare w1 Pl’g’g@;le fabloyang ghanges are
m%ﬁ@mfffl theCHUREL ax;v!it‘ﬁn I—f&]’t@p a§12§} éf mn&eacg#{ Ctg Qh! A are

nterleaving, nodulation, physi c hanne
amimpmtmgll(y%medaﬁ&he Iﬁ)ﬂeﬁé&] foApa;esmtnad ramansnnésmrs Hence, it is

e ECATIEEEe  ETR——
IRBERT it R8s v Bufrerst tﬂﬁ)ﬂlﬁsbé{frﬁethe bh@teks ofStCAIHihg packets. A

transmtted packets in are automatically stored
pagket isrenrRved flfoecr the IR buffersf theB TR receivesA ¢ Ke figm bothUEs for

m ssi ng packets which are stored in the IR
t}Bgﬁ?EM [00263] If a systematic Turbo code is used in
(062B8)A, t When transniittimea spatk @hsk@meﬁrdt@tdﬂhmleugdr Rle 3 of

PEPRGENGi (o) PR RtS B OR 6hel R R SR e ©

toagéﬂ%réﬂeraﬁ{w%ﬁ Cgﬁ?ﬁfﬁaé]&@ APk f6AbWS thOHI DS OH eMin 5 Heebding

packets are conponents of the combined packet.
cliﬁmr'YOOhBFh@m dmde almegmeqbaclkr@espamth the received

83,1 G Sran RS Dol R e 2 o

be"tewl aLis klye bifiéris ForelbthtUEs RACkR!-epty, 8hé BOS tRmsntic<tiie XOR
y place i.n the receiye chain, but the

otbe [t Dprsats it sheer ver Rinttees: Jhere arefye 3BPTEHRhes g FORing
pidietd ] AYDERA.. prior to the first rate dematching

[00260] A first approach is to XOR before Turbo encoding. The XOR

operation can be performed at any step from the original source packet to the
beginning of the Turbo encoding block. Figure 8 shows an example of XORing
information bits at the beginning of the CRC block.

[00261] Figure 8 is a flow diagram of an HS-DSCH channel encoding chain
800 for a combined packet. The HS-DSCH channel encoding chain for a combined
packet 800 begins with XORing packets (step 810). CRC attachments are then
made (step 812), followed by bit scrambling (step 814), and code block
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and Turbo decodi ng. [00265] Figure 9 is a diagram of

an HS- DSCH channel decodi ng chain 900 for a conbi ned
wpawkesi99d n t he decodi ng chain 900, the sour cePCT/US2008/000294

packet (s) which is a conponent of the conbi ned packet

f 910),. It is foll
sogtenthiin Sren 14T B Sotthe othan betBrhed (B 81, HARQ
o;%@?ﬁmé;%gc)) are tlédiﬂcc?ﬁﬂbfi@ed, t%taiMnt%lxgi‘th Bit tselﬁﬁ'aﬁb(ﬁt(smp 820). A

st e and a T1TiI1rs rate nmnatcnin SS
Pe matehipgiegupprester B2 E%B%@rgl? Rl asiby datd passing

thgﬁg?ﬁ g+ hhe? (§Rp 824) and BRdh zggeéoﬁgqlal%e‘rr?ﬁlﬂé’fﬁh §8bquence (step

segnent atl on (step 926 onto a secon
8261t Physival ctliangpeprsegeentibor (sbas)8282f then XGRIragfollowed by

ngZi% .Conbi i1 ste 33% lt en_o curs.fo{s‘ltovxﬁgq)

FToTaryRey e ‘ha BAYYISY 11 2985) APPSRt ur ed

[00B62I0 CcodewBédhdi apmsnssfﬁdl XpRiagedeTurba éndoding. éllge XOR
de- natchlng process (step 934)occurs, else t

he
oRexAHPM Ay be Resforored)at ansistep Ak khaontputid the Turbo encoding
bIHER t6 %%wa'ﬂ&q Q%S%dsﬂfé CHYRF Q%SL&&&&% gQQ&\ﬁQr gSHSDPA are
owng the first rate erra I ng sequence (step
anﬂsm)a,tlcblly stepdintholR baffep 1936:))nuenieﬁtltd3)§0&1?etdmdiitsgof the two

step 938 cyrs 10 [00267] The new
éﬁs B‘t‘ﬂi o) il %FT%WR*%@%L}B setE| ng u]p an
[00ReZX bufif glsybRimAachuile coaeqia u's@&jeﬁf HBOPA! theaLtHeléombined

the indices of packets that have been sent, but_ not

packetsi generakpditheougly thesphavaitng approashien apefdenticaby o
[Oge oYy at &{ol?ieecg CC nﬂigedé%\ensﬁ%%sntl?géian aiﬁ%%?l&lbir&d packet, a

s ri bed for
URufibstr cofatédEthe hmplhdahen cofetlie ]s[xﬂ@ﬁﬁ%])uﬁeepmlmte twhich are

CCRRPIERES O SircteBinAES 2ok THER AR E ST OR® Lhesanows Backets
wftth@ r@ééi\%d%oﬁnlﬁﬁéﬁ §éEHe€ el‘lﬂ@x%‘éﬁttﬂ!‘éﬁé‘lehﬁﬂuﬁ%n ﬂﬁ:ﬁ@t is then

sent before or both buffers are non-enpty,, then t
demedulatsid through tthe regpiyerghain: Asspieyiiusty semgioned, the packet
rwi.se. the gl
A Ry ot T Ly B b Bog Pk VB AT BLEfeifodt idtiid place
tol peafuri slsé pﬁclﬁdtaageractlbﬁ BT the I® buiffer, poidr rtulthe dast sate de-
a ket a &ordl g tQ the follow ng rules of order.
ngpngy Jjusbe degoddag.n UEs i nformed the BTS of the
[obesélur e %glﬂ%@fy 4 Giafr&A0TAY BTGt H &Qﬁn@l-r&cgﬁﬁ@'éfa% 900
a retransnt ssi on et as descri bed above.
for a combined packet. In the decoding chain 900, the source packet(s) which is a

component of the combined packet is first CRC attached (step 910). It is followed

-

by bit scrambling (step 912), code block segmentation (step 914), Turbo coding
(step 916), bit separation (step 918), and a first rate matching process (step 920).
A combined packet simultaneously can be demodulated (step 924), then go
through physical channel segmentation (step 926) and then onto a second rate de-
matching process (step 928) before XORing (step 922). Combining (step 930) then
occurs followed by storage in an IR buffer (step 932). If the punctured turbo

codeword is successfully decoded, a first rate de-matching process (step 934)
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I n Chase conbi ning, the retransm ssion packet is the
sane as the original packet. In increnental

WO edagiaory, the retransm ssion packet is a di PEEUS2UD8/000294
puncturing of the Turbo codeword. When receiving an

ACKfram one UE.and a, NA m t he ot her , ol he
odgiftrs D S RIS PR o507 b FhatR itk s PpflGesstully
dddbded YblireBRuTarks cbdewdidsbWollewing ehe btsh rdfs du-matching
non-enpty, the BTS generates a conbi ped packet .t hrough

. ! g
segMenefiiteR ORdl kit sepanstionaistrre93@)pand lawhe deppiling (step 938)
Odgg%rom one or both UEs, the BTS renoves the first
packet index reference fromthe appropriate
buffer(s).[00272] Rule 3: The BTS transnmits a new

et ag, descrjbed above. Wen receiving an ACKfrom

[ngé UE amwfromthe ot her UE, the BTS adds the
[opaeKet i MiRnewiprotbdtt ISP A Riclidee the BT sétfing up an index

[00273] In_the conpleting a burst transm ssjon_ st a%%é
byffertfar eaeh Udy. Eadhoingex baRerireeras the indicesgf packets thaé have

p f

e aRE UL T £ R oy o g e B PR Rl art ety at
thelbegintfihgr Afthough tiis Protiosolris desamibted fort tvem UlklsgexBESsions to an

flushes oyt t utfe Specifically, the BTS keeps
afrbé?f”é}hgmntéff Hgﬁﬁfsﬁthf’ﬁld BREIEEs w th | ndices in the
[0bY6SIer UMtheke afe thds@hy@Sn Frotdest 10F SHE “bbEmbFraddifidsioh@tage”

BTS sends the next packet with an index in the buffer.

arjd) theey ongilating @i lwrst dsansneission svage”Fligthese egists agnew source
' Il gt | j t e
pHISP SRS Bad i el B Bell of BERPELRERS 1€ OKEHIFAS 3ph the
pifobdicol {3cinnthlet“noasal trademissidhstage”. Eherwise, thiemrotdcobisdn the
.assunme that the erasure ratgs of the two independent
cempiHing 2 RYRTITRDSPISSIOPHAERal . Let e denote the

[0bgEHt | Calln?ﬁ@ﬁéi‘i@alrtﬂr?smigﬁbnﬁﬁéﬁ?ﬁﬂem P28 and i@ticasts
curves are plotted 1Sherel nafter "Curve - e A") and

a pheketiagedrding toGivefoll®ving rmles oflerden0. The forner curve
[ eriv - r uatd on W t .
b s Bl R e RIS R H0FEBPBLGng
co@rnbly @dckdtPtheBMDB igeNbrdtey a séiRwhsigiskive picketasdgosibed hbove.
over head of any protocol for the nulti rhast nmodel with .
In (Ghasg-combining; the retransmission packet is the same as the original
packet. In incremental redundancy, the retransmission packet is a different
puncturing of the Turbo codeword. When receiving an ACK from one UE and a
NACK from the other UE, the BTS adds the packet index into the buffer for the
latter UE.
[00271] Rule 2: If the buffers for both UEs are non-empty, the BTS
generates a combined packet through the approaches described above. Upon

receiving an ACK from one or both UEs, the BTS removes the first packet index

reference from the appropriate buffer(s).
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[00276] In the simulations, the nunber of source

packets is set as 104. Each point in the curves is an
w@r@sagmInf 20 i ndependent runs, and the vari aPCEUS$008/000294

each point is less than 1 x 10 . It is seen from

re 1l tmih ver head of Prot t
1005848 5 ps Tetlp GeThE BIRITRRGER S nvt B et ap B SiiREbove. When
reebivgd a9 MOK fipmh dae¢'VE aBd d NAOK fonithe@sherUB] theBTSadds the
achi eves the best _overhead perfornmance. It nakes the

P%qkﬁﬁsfrﬁ%P% l}ffb‘%ffﬁé”f%ﬁlﬁe]d’é VE the second user for
[00298) 937@ ?Wtﬁrgl} bluss rgﬁﬁﬂibsﬁ;ﬁ B8 dththe end of a long
Pr ot oco 2 VE

over head 1 and Protoco rsus channel
transmisson lairst,@2 Jeash oheuﬂwbas:lbmﬂle tnés:ode al aoerce pagkets. If

fixed 0.2. ,F .
thsitiey B ot pol APR38R BaBRRE e 13 oY ik spetyEis
nélefn! ?ey ,SthiEn {HeUBTS . flishesSoutethie Buffsp Elp%iﬁ@allﬂ, theaBTENeeeps

over head of Protocol 1 al nost overlaps the _curve, of

Wmlémng all the pachess witdyindiges i the lmff@'d;ntg ifrecpives an ACK

frg’eﬁot 0CcO ﬁjﬁgﬁj%@?ggﬁg gg‘% hg% éér—;‘%)‘i og'gfh %{ a(fbt%ﬁ%ug}% buffer.

the gap is not as large as the case of , = e2. It is

0@2{7 dth the.curve tof Equation (3) approaches the
[ e of %@i@%ﬁﬁﬁfr Sat a high e2val ue. [00278]

[06RST € 1ZibSredl (O AlRash oM fitst siBulRYRhkeRPariak th &eé2heAds of
1 and Protocol 2 versus channel erasure rate e2, while

Pratecol Hzant:Pretoea) & vensys shannelerasyeairate for the mujticast model

s Fi e 0
witBothd RS, The il didns HALAE MRS WY hastlD R8RS of the two
1nd\e§d§rhi¥mﬂ radurerchtnnels dreddemtdcd?r hétoe dén&efthe iddsical erasure
mul ti cast nodel with five UEs. The channel, erasure

rdtal Bt cBinpdlrisoh pUepdsR3 AR curdéLar@ibited 2£d hpetdigaB@ ™ urve
in the sinulations. For conparison purpegés a | owner

bound is drawn on the overhead, i.e., , in\ - e
ABigdr e—lahefélnaﬁeﬁ‘é(exﬁrvbrm’mﬁlmgnm 1R THeaforinkee camer ik eedived
of Prbtécol 5 decreases with the buffer capacity. This

frb ng&&ﬂgﬁ? (ay sthgwﬁlé Fﬁf@%@/&%({ %erﬁ@&@%f P}loto@@icf‘ and]c the latter

packet to contaln one packét
cumk noderived fnomaqumtlém £5)ngdrosvihEdhe Asinithenbpdssérle overhead of

SRR bS5 et BSORLSHASHD OB 0L e
[0op76he siTAWh@binfilatidns TBE hustBERF Sslirke Packets is set as 104. Each
point in the curves is an average of 20 independent runs, and the variance of
each point is less than 1 x 10-3. It is seen from Figure 10 that the overhead of
Protocol 1 almost overlaps Curve A, and the overhead of Protocol 2 almost
overlaps Curve B. In other words, Protocol 2 achieves the best overhead
performance. It makes the transmission of the same data to the second user for
free.

[00277] Figure 11 is a graph showing the overheads of Protocol 1 and
Protocol 2 versus channel erasure ratee,, while the channel erasure rate ¢, is

fixed at 0.2. For comparison purposes, two curves based on Equations (3) and (5)
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wi th the nunber of source packets. Furthernore, the
buffers store the packet indices only, rather than the

wobmBesParket s. Hence, the storage requirenent BCD1S2008/000294
Protocol 5 can be easily satisfied by the base

wihoti g2 18 Mot 3t P g ool fer o B that the

ovVerREAEH ijofé?:o}af er&&togﬁfeﬂl Hd ngv@oEf Efftied (3hd the overhead

respective Agal n, annel erasure rates of
oﬁHmtwob& ahnatswarlepaﬁwme pbEgeatie (Dafbe DV\enhIeed of Protocol

t|on rove can be
2 ghtRerfistrnian o FoReel SeafheSEy fhe BROIBOF 24 J5RE Bathe case
ofenbedi I’Eeﬁt fote@0232]the. cuiveRf IEfhdtivn (B)| dppraséiedadkh@ curve of
packet i ncluding providing a buffer for each of two

Egsatiore(f)iapmengh & Whje.i n communi cation with a base

station; determning if there is a previously unsen
[092¢klet aFigwre bAde emplshowingthe ovetheads s Pqum‘ol 1 and

P{%ﬁqﬂf)go? stqugs Qﬂéhl?ém%%smfel Hﬁ@%zr} %lﬂ&@ﬂ{b gﬂtrq{%/el Ryfd IJaEee e is

revi ously unsen et and one O

fikudf 4t€0.4. Sﬁnil‘&nre%ﬁlt%)éss i Eigatd NDcan Packadrve® transmit
if there is a previ ously unsent acket or if hoth

[08&79ler s igureokd b eyaphpit lafdon Frsulfisfoncthe aysslends of
T e e -

eragateutites d’eilhﬁm chameld attetesstofefléop be shesqny jn the 51mulat10ns
transmtting a packet fromthe buffer; updating the

FMohﬁfarhb@ﬁqﬁuszefseed&ae:kbdxﬁfaeﬂs\dedwhrdﬁmhterweﬂ&atdhaé L in
recei ved the packet; and repeating the flushing until e’

t he f T

?rg f IS se ?%*lépﬁﬁatn Mrﬂ?zle{' ?ﬁlﬁg&?%&lfgu%&reases

withmnbﬁﬁ'ém@ap&cimc Kdis ihbécaduss vaehra farget tbuﬁley capamty, each
transmtted byt .not received b éh UEs. 0285

coppined Pheiet it WERLYitA GORta AR RR ak%wrzl ARBR g for more
Uifiigﬁéi&leel%ﬁéi&abﬁﬁlttﬁﬁ:%eééeé %@&Efﬁ&d%f@emcwameheses the

ere 1s no packet that has been preV| ously

10%} ?pg%é@ l?‘ﬂg bﬂ%te{ cgﬁa\?%ééretgsehymkﬁlglg ﬁ)rﬁ S sé)taqpéo%apared

ers arg non-enp na co pack

conbi nation of two packets in the buffers [0028 l
withedhgeryrabenelcsvare gackete iherhanere, the buffers store phe packet

infktes only, rather than the whole packets. Hence, the storage requirements of
Protocol 5 can be easily satisfied by the base station.

[00280] Figure 14 and Figure 15 are graphs showing the simulation results
on the overheads of Protocol 1a and Protocol 5 with 25 and 50 UEs, respectively.
Again, the channel erasure rates of all these channels are assumed to be the
same in the simulations. A large performance improvement can be observed by

using Protocol 5 over Protocol 1a.
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sel ecting includes transmtting a previously unsent
packet if there is no packet that has been previously
WO e@n®sa9vt ed but not received by both UEs and PET/08m08600294
the buffers is enpty. [00287] 6. A nethod for
wﬁ%@ﬁid!” fg) back in a multicast comunication system
udi n a packet from a base station;

[odgsgr m niing wAehbEKod foe rRaltkeistingsa peciatsiatluding providing a
recei ved; and providing feedback to the base statiogn
far ¢ack 10k twesuger esruipmentiotSis) i FRIDAcASIR withrp base

stgngH;O&et@ﬁﬁﬂ{ig% 'i‘?thﬁg?e : QLbvBRE1yGinsEHE bhﬁ{et I2Ghe $a88 station;

term ni ng e e recelved packet is a conglned )
dgsexriting iflbarhdd Engifiis \ard umin-eraptkye fiishinga mes-eqopityi bafier if

packet; and. provi di ng feedpack t.ot he S ati.on for )
R 55 Al OB Sy HOREE FAFRPPETE AP TR HE oimpty
seletingl £phekt!ty teaxesini St thdrg i5 acievRmhsly QR3] palketlfieif both

nmet hod accordi ng to enbodi nent 7, wherein the .
byfters aee noryempty; prckupsiating thehyfigrs based ¢uifoedhgek received from

tion on the conbi ned packet and a previously

recel ved packet, whereby a previously unsuccessfully

[00283&i ved 2pack®he inethed awerditg tp 60:Dodiment 1pwhbetenl the flushing

ordj ng t.o.an revi Qus.enbodi nent erein a,user
b flskermiBing K the Putler i SERRG: HehBIHiRg, o patkebDun the
bulffer; dp@ithostRGidH S baSed 6n fladbREIEM O B thd TR that received
wherein the method is nodified to work with any nunber

thefpagket; andrepeasing the Bustong until the buffabis GBEBE di ng to
pr evigous ' t : | Si r '
0¥y Poqui TRay ol spontine 4 ERBRIDEIAT BEST AR the
selextmgyinpludes ot samibang repdckef thidthieds lbermppreyiougly transmitted
addr essi.ng r estrictions. [00294] 13. A nethod
b‘&c‘lz‘lﬁrrﬁﬁ%ﬁeq g‘?g&g}ygﬁéw ous enbodi nent, further
[0028%) | Si QY a TRERREHLA 2ebAthg t&emPRaIRSst106€2, wherein the
conbi ned into a conbi ned packet. [00295] 14. Anethod

sedestimgdnolydestrangmitting a gembinrddpankat if thprerising pagket that has
o RS0 P AR e s
ndi4éhty, vwherellt 8 upmbisaliphelfet 45 a combination of two packets in the
buffers.

[00286] 5. The method according to embodiments 1 or 2, wherein the
selecting includes transmitting a previously unsent packet if there is no packet
that has been previously transmitted but not received by both UEs and if one of
the buffers is empty.

[00287] 6. A method for providing feedback in a multicast
communication system including receiving a packet from a base station;
determining whether the packet was successfully received; and providing
feedback to the base station based on the result of the determining.

[(00288] 7. The method according to embodiment 6, further including

determining whether the received packet is a combined packet; recovering
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[00297] 16. The nethod according to any previous
enbodi nent, wherein the nmethod is applied to

whe@bosperd downl i nk packet access. [00298] 17PCHIS2008/000294
architecture configured to performthe nethod

.. gccordi ng, to an revious .enbodi nent. [00299],.18. . The

indfidiel Bt s T SPeRIEb R EREEH HnProTIng (r(dbapt to HE base

st&ﬁaipfdr%dn?qnaﬂﬁid@eﬁéaae_ﬁeﬂmh@Eoﬂlnfr@a(rjaﬁtck@trthaitg;raaldjoagreviously
[003001 9. The architecture according to enbodi nent

sugqessfullyt regeivednpri si ng addr essi ng synchroni zati on and
dynam cs 0 chi c [

B

ret@edhgdkcleides petfantingren ¢:2030%4 ordperdtien an tle doediinedpacket

ccordi.ng.t mbadi 7, t her, | Si .
S PECUPIAY Fefer oAt ARG THYFoBY & 5P P B BB sy Fpagived

patkbhRUGPoVeREd.f eat ures and el ements of the present
di scl osure are described in particular conbi nations,

(0829 f eaPur e Amethedw@geording vigusreambgdiment, whezein a
ot her. f I [ i ous conbi nati ons

usht PbiprRielf S5 el 6 TRBbRmdthe dlothBlt, 000, COMD 0

[00291jods @0. f | Awhethad hecopdimgitoleny preyidies entipddinment, scherein the

a.c ut er, ogram software, or firmvare tangibly
mgHRse &P ifibd, B AP A5 BBber o BEFRADRALHH f or
[06288Ut i 0f1DY A QENRIIAhcBHIIRESD® £ BEBSuPEembodiment, further

processor. Exanples of conputer-readabl e storage

comyatisimg addusissig latensydequirgmentiory (ROV), a random
Ss rya( a register, c RY 1:
OB oniat of ABRbie Sesbr g & any BeVIoE Sfibbdiment, further
cohi’jirfﬁiﬁlg’lhd@ﬂisdinl@ rﬁk%m@ﬂdestﬁﬂﬁum_b| el di SS_S, ]
magnet o- opti cal nedia, angd optical media such_as
(0QZ M o ks, AdmathadgnecardipgrtoAny Breiieks e{f%eégrwnt» further
co[erﬁ)gﬁsg%%a nilithad k@se{i’é& the gQEertb b enbiR¥d WY aQErlnbined packet.

a general purpose processor, a specia _
[0p29Fose pdocedsumethodacondiagts enypreviosesskndiment]ivdierein the

. gnal processor P), a plurality of
bﬁegr‘ﬁﬂl“%gg%tg%?%flb Tor more nicroprocessors in
[083g6)Ci at 15N WAlRetBo@RELo8ding to ang prEvidils edlibodiment, wherein the

m crocontroll er lﬁéol i cation Specific Integrated
buffer ds,pgoupbpsed bulfere| d Progranmabl e Gate Arrays

OpFF), 301 et SRS PRl i
thassethiodtis appli¢d to kightspeeé downlibk pascket accesspl enent

[00298] 17.  An architecture configured to perform the method according
to any previous embodiment.

[00299] 18. The architecture according to embodiment 17, further
comprising addressing packet information signaling.

[00300] 19. The architecture according to embodiment 17, further
comprising addressing synchronization and user dynamics.

[00301] 20. The architecture according to embodiment 17, further

comprising addressing feedback error handling.
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a radi o frequency transceiver for use in a wreless
transmt receive unit (UE), user equipnent (UE),

W@ 20080882 base station, radi o network contr ol PEF/US2008/000294
(RNC), or any host conputer. The UE may be used in

LT, 440 SRS A 8 BT 3. s
coffijHitifg addrdssimgphatihle Qu§n@&k&"eph6@ tevels. Vi brat i on

devi ce, a speaker, a m crophone, a television
transcei ver, a hands free headset, a keyboard, a

[oB3¢ft oot Fﬁfh)ougﬁq}ile %ea r{:]{ 504 elEnje CDQH éﬁé %gege'ﬁMdﬁc%yuQe are

uni t, iquid crystal display (L I splay unit,
desmglaard m pargiculaonthingtiohs dack @aE@)e afiedgrnent can b uwd alone

i qi,tal Si G a ;nedi a d
wihdite oo, St deRUf4F ng ek e P e 3 Variche spRiRp A58 with or
withé & @hér fagdtestinibel Bflenty. Mhe\Waétibd50e Abe. dhlafds\iroWiRH may
is clained is: 1. A nmethod for nmulticasting a packet

bedeplementeg: ingrcowmuterpregms witvwase, crfmvaretapeibbegmbodied
t
in d%;é %%@éﬁrew ﬁ? gear&gmaam fo%ﬁ%ﬁﬁ%@ éﬁaé gga%?&l' Pllrpose

ning I ere S a previously u
cotﬂ]mtéxa:m & tpabéesnor. detampleni ofgcoxﬁpllulet'-head:'aﬁielfs%er&geamdlums

inglods Aokt g rdemorp SERBE A Feidm dieesS mamer] Eie) & peister,
caBROMRYrY; sebficSdu dBer ReRRSK BEviks, M apmetic mddia EHEH £ internal
a _previously unsent Egcket or if both buffers are

hayd diskspng remayabrodisknanagnetogptierlynediseand pptiead apedip such

PN ccording to
asc(ﬁgiqirggf,jdlv\kér &g}@fv?ﬁ%atlg‘?ﬁlgﬁggcl ud Zs det erm ni ng
[00304]he bBiiftable proeegsbys inchales by twaynd exappdé et gérreval pqumse

buffer; up dai ing the buffer based, on eedback recel y
PrPeesHon RePepal RUTPase PEFCSERPTY ?1§°’b"a‘?6‘&’é’{“a ’FP&e?SQb’e%\&%g?ﬁj‘ Slgnal
prbaé%s&l GZ%P)”Q ﬂﬂfdlityto?%leﬂfpfr&'eséoﬁ'sem (Yr mdre fﬂ‘@roﬁ%c@@%rs in

accord laim 1, wherein said sel ectlng i ncl udes:
assmaatsm mﬂnfg D§Ppmk,eet confieallelras mienspodrelléry Application Specific

In‘:egg%gf?e'g (Ellrgl%tsb &XSI‘&S, Field Programmable Gate Arrays (FPGAs) circuits,
any other type of integrated circuit (IC), and/or a state machine.

[00305] A processor in association with software may be used to implement
a radio frequency transceiver for use in a wireless transmit receive unit (UE),
user equipment (UE), terminal, base station, radio network controller (RNC), or
any host computer. The UE may be used in conjunction with modules,
implemented in hardware and/or software, such as a camera, a video camera
module, a videophone, a speakerphone, a vibration device, a speaker, a
microphone, a television transceiver, a hands free headset, a keyboard, a
Bluetooth® module, a frequency modulated (FM) radio unit, a liquid crystal
display (LCD) display unit, an organic light-emitting diode (OLED) display unit,
a digital music player, a media player, a video game player module, an Internet

browser, and/or any wireless local area network (WLAN) module.
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recei ved by both UEs. 4. The nethod according to claim
1, wherein said selecting includes: transmtting a
w@e ovbiosioo2 packet if there is no packet that haBCDES2908/000294
previously transm tted but not received by both UEs
and if both buffers are noq% wherei n a conbi ned
packet is a conbination of TWO packets in the buffers.
What fEhﬁaii’fﬁddh@d according to claim1, wherein said
sel ectin des:transnjitting a previqusly unsent
paclet i é}oafpgmr\% PERSEEE # PAFKHtaOBRAMDE! evi ousl y

: L ZBE(Wle Merrf&t ed’cﬁ%?t\y@ gseméqgﬁﬁﬁeﬂ’égw B Qﬁn' cbn2enif4tion

_ uffers Is enpty. d for providing
Wltleediaaelstatmm mul ti cast comTunl cat| on system

OB hfhnd R EEL09, e DAGKR! BT AR5 +Rb BbbOWtation;

r eCﬁbté@ﬂnnﬁfgCifbbﬂi/U@ Wéxeedbfmch drgptiyhe base st ation
based on the result of the determning. 7. The nethod
acc8vghing a por-empty buffer;Hithere is iomexionsgly wnseat pagketgnd if

ong@ﬁ&ﬁ@guggglg Sﬁ'ﬁﬁﬂPPaCket is a conbi ned packet;

recovering indv packets fromthe conbi ned
packelectingid packeti i nrgn$mi¢dlﬁ tlodretip atpreviousky wnsent packedror if

ny kndi vi dual ket .in the conbi ned packet that was
boﬁb%“ﬁnEV?Sdgpylgﬁ gggfully recei ved. 8. The method

accapdatfifig the BLb# basedloprfebdbakirdesi®edfreni tige URg| udes
perform ng an exclusive or operation on the conbi ned

packet and a previously received packet, whereby a

pr eyi ou S'g}{e WEtH6& ﬁé&frﬂiﬂgytorc@&% Y e@h@?ﬁﬁﬁ ghid flushing includes:

recover
determining if the buffer is empty;

transmitting a packet from the buffer;

updating the buffer based on feedback received from the UE that received
the packet; and

repeating the flushing until the buffer is empty.

3. The method according to claim 1, wherein said selecting includes:
transmitting a packet that has been previously transmitted but not
received by both UEs.

4. The method according to claim 1, wherein said selecting includes:
transmitting a combined packet if there is no packet that has been
previously transmitted but not received by both UEs and if both buffers are non-

empty, wherein a combined packet is a combination of two packets in the buffers.

5. The method according to claim 1, wherein said selecting includes:
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transmitting a previously unsent packet if there is no packet that has been
previously transmitted but not received by both UEs and if one of the buffers is
empty.

6. A method for providing feedback in a multicast communication
system, comprising:

receiving a packet from a base station;

determining whether the packet was successfully received; and

providing feedback to the base station based on the result of the

determining.

7. The method according to claim 6, further comprising:
determining whether the received packet is a combined packet;
recovering individual packets from the combined packet; and

providing feedback to the base station for any individual packet in the

combined packet that was not previously successfully received.

8. The method according to claim 7, wherein said recovering includes
performing an exclusive or operation on the combined packet and a previously
received packet, whereby a previously unsuccessfully received packet is

recovered.
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