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[0002] CROSS REFERENCE TO RELATED APPLICATION
[0003] This application claims the benefit of U.S. provisional Application Serial
No. 60/883,954, filed January 8, 2007, which is incorporated by reference as if fully set

forth.

[0004] FIELD OF DISCLOSURE

' {0005} The present disclosure is related to wireless communication systems.
[0006] BACKGROUND
[0007] In wireless communication systems, multicasting allows a transmitter to

send a packet only once, even if it needs to be delivered to a large number of receivers.
When a source packet is sent out via multicasting, it is typical that not all the targeted
receivers will recover the source packet. In existing protocols, when all receivers do not
recover the source packet, the packet must be retransmitted. The practice of
retransmitting the source packets creates inefficiency in wireless systems because
some receivers recover data that they already possess. |

[0008] Recently developed techniques, commonly known as Rateless Codes (RCS;
also known as Fountain Codes) avoid this inefficiency by transmitting “derived
packets” which are linear combinations of original packets. 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
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if it needs to be delivered to a | arge nunber of
recei vers. When a source packet is sent out via
mul ticasting, it is typical that not all the targeted
receivers will recover the source packet. In existing

is avdillatlﬂé;(thbﬂ' appliestial in syeteeis/eith féhllbﬁ& iﬁd&dit@‘rAﬂtbmatlc Repeat

Requ lﬁf}"@-’ﬂ‘i Wh& g?‘lsfit%c e ﬁgﬁ‘é’f@egr e;{] gs

{0009 nef fi "Fd B8GYr LAdMstRIEHR Siked em@aﬁal&s&l@m communication
receivers recover data that they already possess.

systepgpodil Ree éﬁﬁh@”@é\/@gﬁb?ljlstd@éﬁmeéué%u% |sjathoroldp veighes
to Sen?\%ﬁd& ﬁﬁr (g%?ﬁ%? % I Cl esr%ilsg)(j tr anspé%&?ﬂ Qﬁt'%(gUE Q\?%gs'l‘he souree

packeﬁ@%.k'@fo? theVRh&B @FeLahd MRS KrHRINLAG LOBS I@éar@rdfqnamcast The
packets. Ratel ess codi ng has been described and

w1re1%ﬁsa>byze@ls mtvaeqnmhséwse)ﬁ%m@vl 18andidiers, Ubni2Qarergempryless
erasuk’éJ P%anne 151 da%g 1?dé8§ngé %1315] gﬁleg.f L%%U 2(@\(:['\-4 l,S.Y,';Sp O(fe'nldfg the

oun I ons Cl ence,

: erasuﬂ"ﬁ%é of ﬂh@h:hann&@ﬁv@éen%g %ﬁse 'sthfloill 08 88FURES 20f I diBer words,
' I nternational Synposiumon Information Theory, 2004,

the pugbabilitsthait URG l@%tqezsw packet Fedes pRildhaarabekility that UE ;

120 d&%‘i{o& !ré/q%’n? g%@gfsr ﬁbsdc%gé&gg%edfggmlg%t eg%‘l's QRable

to recb‘MrI dviers bétgia ﬁmdmcbemasnag ¢he ahgsicddoger foi“@ard error correction

mmun ste Whi.l e su hte ni ar e .
technfIRBEH PR | 4 cion R AL 1 B P LOROBP B ppgative
acknotwillgeefeee (ACK&W&@KD fe% Bb@ak thlihé bas2Rphticm inforning iSybéthabthe

th feedb k A t opat R t. R
packe\é\nﬁg@ezee g ‘ng Y r&ﬁ%{ g@&aggtltergec}]&%%a}%qs@ase station

110 smw@ pic@&@%mlebﬁi@ceﬁa&rtqeg stasdlot e S tiad T 1bO&end the
a W reless comuni cation system nodel 100 as

ACK/Igﬁgiﬁhaq hemegunderart pStheddweslpled. ~ Assune a base station
10 wirghesst YRRV axS AU B RREH HSRKLI dBicrib
[Oowﬁser equ?%ﬁéﬁ%gg?%g% 120. The sourceS packets are of cribes
the em%mgmweoczgi zle thé wlxe&®8tcpmmswus@iucunsyssemy10ﬁe@iﬁls oply two UEs
G.e., s altn %E%_G_LB C}%gtogcislﬁ%s %lﬁropo%hle\’\ﬁgora t%g)étge number of
UEs. channel s that are independent of each ot her Let e| ,
for i =1,...,m, denote the erasure rate of the
channel between the base station 110 and UE i 120. In
[0011]ot herpm()aﬁl the probability that TIE i 120 receives a
Is Fel, and the robabl llti that UE i 120 does
[0012] 01 ré@éb@*@nanﬁa@kr@tlnas a5 statiomd k@ retranympits thpotarge gacket
until ifFe81va0 at leat e ABRUDAAIS L OTH ?ﬂpf(ﬁ this g)%@fetblttls inBtddN@at a
packet using the physical |ayer forward error
. UE npor A@Jil@rﬁoule@hmebkﬂjl gwre Fdein Thee, 1%bepsthebeunce padkgt is

a_si novvl d e G
0B 0 S SASRTELAENS) B AKIEI PRIR
allUE\AheDhecrevtdwellpmkepaﬂ&w ecei ved or not. Wt hout Ioss of

e, station

generlit it's assunmed that _the 0
[0018]gndsTe, YRLIARE 1 RHEIFAGE PaPioere ?afﬁ%érf‘&ﬁge Trepected)
overhetaaelsuﬁm%agads e@der‘h@@d AGKEINAGKt it of RBe SREANduddet &f packet

the tineslot. [0010] The existing protocols wthout RCs

are now described. Protocql 1 describes the existing
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only two UEs (i.e., n2 in Figure 1), while Protocol
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[0011] Protocol 1.



[0012] As shown in Figure 1, a base station 110
retransmts the sane packet until it receives at |east
one ACK from each UE 120 for this packet. It is noted
that a UE may ACK a source packet nore than once, when
the source packet is retransmtted. Then, the base
station 110 sends a new packet. Protocol 1 ensures
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[0019] As shown by Equation (1), the average number of packets sent in Protocol
1is given by kE(Z), and the expected overhead of Protocol 1 is given by E(Z) . It can be

shown that
[0020] EZy=—— gyt ] Equation (3)
l-¢ 1-e, lI-epe,
[0021] Protocol 1 can be applied to the multicast model with an arbitrary number
of UEs as follows.
[0022] Protocol 1a



1 is given by kE(Z), and the expected overhead of
Protocol 1 is given by E(Z) . It can be shown that L
[0020]E(Z2) =+ 11 Equation (3) 1- et 1- e2 1- e, e2
[0021] Protocol 1 can be applied to the multicast node
with an arbitrary nunber of UEs as foll ows.

[0022] Protocol |a [0023]In Protocol la, Protocol 1 is
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feedback, and thus information about which packets were and were not received, can

deliver additional advantages not realized by existing techniques.

[0027] The present disclosure includes a framework for improving the existing
RC concepts to incorporate receiver feedback. Several specific implementations are
developed and illustrated by demonstrating 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.

[0028] BRIEF DESCRIPTION OF THE DRAWINGS
[0029] 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:
[0030] Pigure 1 shows a multicast model with an arbitrary number of UEs;
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[0027] The present disclosure includes a framework for
i nproving the existing RC concepts to incorporate
recei ver feedback. Several specific inplenmentations
are devel oped and illustrated by denonstrating how
mul ti cast over the existing 3GPP HSDPA system can be

i nproved. Wil e these concepts are described for HSPA,
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[0039] Figure 10 is a graph of a first simulation comparing different protocol

results on the two UKs case;

[0040] Figure 11 is a graph of a second simulation comparing different protocol

results on the two UEs case;
[0041] Figure 12 is a graph of a third simulation comparing different protocol

results on the two UEs case;
[0042] Figure 13 is a graph of a first simulation comparing different protocol

results on the multiple UEs case;
[0043] Figure 14 is a graph of a second simulation comparing different protocol

results on the multiple UEs case; and

[0044] Figure 15 is a graph of a third simulation comparing different protocol

results on the multiple UEs case.



conmbi ned packet; [0038]Figure 9 is a diagram of an

HS- DSCH channel decodi ng chain for a conbi ned packet;

[0039] Figure 10 is a graph of a first sinulation

conparing different protocol results on the two UEs

case; [0040]Figure 11 is a graph of a second

simul ati on conparing different protocol results on the
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[0047p}r ot 0cWhen esfatred toherehfermihe fepne‘ussequigraent (UE)” includes, but

is not limited to, a wireless transmit/receive unit (WTRU), a mobile station, a fixed or
mobile subscriber umt a pager, a cellular telephone, a personal digital assistant
(PDA), a computer, or any other type of user device capable of operating in a wireless
" environment. When referred to hereafter, the term “base station” includes, but is not
limited to, a Node B, a site controller, an access point (AP), or any other type of
interfacing device capable of operating in a wireless environment.

[0048] New transmission protocols are described which provide performance
(overhead) improvements. The protocols as applied to two UEs are presented first.
Then extensions of these protocols to multiple UEs are presented.

[0049] Recall that in rateless coding, all packets are effectively retransmitted
several times through the rateless coding operation. While justified when no feedback
is presented, such an operation is not necessary in the presence of feedback. The
general framework for the protocols described herein is as follows:

[0050] 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.

[0051] Buffer the packets and collect information regarding the packets that
were not received and (f available) which UEs missed which packets.
[0052] 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] By combining rateless coding with feedback information, greater

transmission efficiency can be achieved.



[ 0045] DETAI LED DESCRI PTI ON [ 0046] Al t hough t he features
and el enents of the present disclosure are described
in different protocols, each feature or el ement can be
used al one (without the other features and el enents of
the protocols) or in various conbinations with or
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[0057] Protocol 2
[0058] 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 lower
transmission overhead than Protocol 1. By combining RC and feedback, greater
efficiency in terms of overhead is achieved.

[0059] In Protocol 2, the base station sets up a buffer for each UE, for storing the
lost packets for the UE. A “lost packet” is a packet that has been sent, but not received



transm ssion efficiency can be achieved. [0054]It
shoul d be noted that a high I evel systemutilizes one
or several "packet coders" which each take N input
packets and produce a single output packet For
simplicity, the protocols below utilize the XOR coder
whi ch operates on packets each having the sane nunber

by tHef UBJ. The rethlbd ROPAIERls B determiimipk Ywiithet SerX@Rs dehesource
bits in differ packets that occup [

packpjodneaning GAYAYH nok hean senteefareLey § ofrF @3@4‘%&&}3 are non-

empt?r%t@iﬁ %0} e ﬂﬂ&sft@la |09¥l4 @Heﬂ"@ﬁ@terﬁaﬂ?atﬁﬁ‘lqg %ﬁe%&ﬁ&r {R¥Lis a
o be of equal length and a coding operation different

sourdepaket vehiniphes lam seay, e 0ot eeteived 0nshothd st D) dhsuch a
sourcsggcﬁ&d %c?sté h@(})%fsg [c,{a%%h t??nérﬁlté ﬁﬁ%ﬁ%@ sb&‘rcta ?gc% (steg 214). If

such aBbErcee @ﬁﬂk&i)doewdar@u{te(st@p 21B), mharrya kibmtmmmarls ):nmhwlimmr

d. d t put i-ngl k t h
the BRL Ao GBS B G T P BRRS B an BB oty
then EX@BRsLstabioReeshsnokO ARBGOER] PAREdWRigh 8 alshtbinatfuil of two

(8- bit ket d qutputt byt t put
sourch e T BT (HER 1 gL A E e DB BcwRY (i 116) the

base @taitlb%f trABsht8 3 Rl ARuAR FddieY (& @Qd}é MSas@l o ﬁien.QCK/NACK
may be sel ected for use. ? The packet

feedba@lﬁgetchwpém@l theoUBg.cthe baeedition lwéaéﬁasdq%h Suffers| (ptep 222).
{0060 nm'lrﬂf ¢ 1Jeocﬂ)e %%E ggﬁﬁet %ﬂ%&% 15:8 Q(I,tt &4 gp }é&% 8H?‘r{])§ffer is

he sane engt |s not I ne
empty,hd detemmmatishen rmatdeszvbemar the ¢ther baﬁfkretssemmdstlep 284). If the

rat.e-nmat ched .o be t same, |l engt h [
otheriBRE I HEDR, the aPeinte drip TS Gt a T e PR Puffep ds mon-
empty,af p@dkewfﬂohl ger befferby ttranynibietl (Step 1226) kndwvhe bifféhie updated

L I S T

ﬂushééQﬂﬁ%h?%Ek&@ réfdins 88 e tHeahifeRs. 0f packets or
ntegration of the XOR operation into other

[006 Ib per atlihersaredworptagesdn Aapterolod dhs ¢ or@taé transmission stage” and
the “c£199éﬂnpraq;&§pdragsmISQBQ%L déeg Ut %&e 'e§1s9s e{ ﬁéWVs&H@é f)a&%t ®hich

transm ssi on protocol Protocol 2") wh
has noebean rad hefpre or ﬁ‘@tl@)bUffhl@ aml ndrcB Pyl thﬁ pwwtwb is in the
0
norm%?%%a&gé%sﬁg ya%go?’}:zlh%r&ﬁ%\ég% A %@?Jéle ‘.E’ﬁiin gc?é%?&ﬂlgt Q%%rst
transeidsionisage/. in terns of overhead is achi eved [0059]In

o062 P58 st S SRR PRl o cn

multi@ReKLhackes tAbFACKES, gutshartas theRnudadf orddt not
recei ved b¥ the_ UE. The ngthod 200 begqi

b .
10063116t or Rt it WHEUHET a1 the DAt EaHeB it 08 1p33 kapacketin the

last tlﬁn'@f%rt] ' t'Bg pabaktation I}@ﬁ‘aﬂ%ltg €RE SRRt ﬁﬁﬂl@lrc?lht'e%rt tM@llc{tﬁWhen
IS IS e

. buffers are non-enp § 210
recelvnm A€Rdrrm mekeUé’rarndweaN 19mnt§-@ etlméiE»éhe bh%erSéa'n@n gtores

he o HETRREBL L IR L BEL UL copacicr '

[0064]exi st Bpulet Belmdmebsffatsl fon botlaishg tbise mMohsenmst tsobasestation

acket te h as ce packet
wransebfff 65 delipPordfROR Yt (P Seoaiblrae Bt o 8o Binapted
that oAlR@nbYf iR ol p Bad I pdEite t8 bELLHRROMB IR Y AcEE P udkBwn kd each
both UE buffers are non-enpty, then the base station

transmts a conbi ned pack@t, whi ch is a conbination of
two source packets in the buffers (step 218). If at

| east LIE buffer is enpty (step 216), the base station
transmts a new source packet (step 220). Based on the
ACK/ NACK f eedback received fromthe UEs, the base
station updates both buffers (step 222). [0060] If
there does not exist a new source packet and at | east
one buffer is enpty, a determ nation is nade whet her
the other buffer is enpty (step 224). If the other
buffer is enpty, the protocol term nates (step 226).



the "conpleting a burst transm ssion stage". If there
exi sts a new source packet which has not been sent
before or both buffers are non-enpty, then the
protocol is in the "normal transm ssion stage".

O herw se, the protocol is in the "conpleting a burst
transm ssion stage". [0062]In the normal transm ssion
UE. Héxﬁﬂeupdrf‘reeﬁﬁ;ﬂlg{d d&ﬂhﬁ&d pidket,RasieURtiahbRio RRbovéisstuskiwn

packet to both UEs, pursuant to three ruyles of or

packetQppEPRine the contbiped pagked Wikh graefite peeBassly Tew{e grPaﬁ?etS
Whent F@ce Hig 2Qf ABKPRGKSIne & B8 URS! tHel BRS | R4tiord REnHRS e first

lon"retransmts that packet in the current
packdtifies lthe aprgnatee]@téfar(a)g an ACK fromone UE and a NACK

[0065@ L?Peﬁ#ﬁy%t gﬁ‘f’ bﬁ\g% ﬁ%&{%mnbt%?ﬁsﬁ% r?e@v &Lﬁ{: l%égtvx{hmh ]}_1%3 not

been pROEAsBett Whéi rdcbividgdd ACK fran oheUE dﬂﬂsa NA@K from the other

thebse st at sm.ts, the.excl usive 0o
UE, dhibpge etionstines the SRERS: hESert PR en Eh PR B B Firef UE.
[ooeat]'Ot ed thhete thMefife Phubdietrhwomeaimonast, paeketadaf a long
he conbi ned packet i s unknown to each 8 HE. Hen
transgpesion bewtAtiensh oBo kit hevbgsacabde to reseie ol the Sopprepagkets. If

" the oﬂl%? %‘Eeﬁaé ﬁcﬁ v Fé&@%’éﬁad RAGKE kod¥e %Q&e@a ilhenepib e that UE is

one of 1ts previously recei ved packets.
non- eWIEYI, ﬁheoethe/ bagp satinCllushemwribe duffoofon thrsUE: Reeditieadly, the

nre t.he f t I
base g fiph el SR Bl il ShpR BEEL HobP e Ar BB ORI B s an
ACK fiew slouliEe Tieokehe bhsccitatias sands bisenexr ewiaugigypaslet in the
When receiving an ACK fromone UE and a NACK fromthe
bufferyt her HE, the base station stores the currently sent
packet in the buffer for the latter UE. [0066] In the
onpleting a burst transm ssi on_stage, at the end of a
0067] ong thezleemanes eyaluation of Bpotecgh2t one HE has been abl e

[0068} or eq@ie\égp@dtlad 5\t§h§&y$f%o%81k§is%om ﬁtédhﬁl&ﬁ e ﬂdEké’t@%ent
ot received all the source packets,_i.

by Rubd fzeProﬁ:@nol £ pee refarzed to afoHeRHpY 930@%@4%@685%%" ‘packets that
are se b Ql*é {aﬁll‘t?ch;?ss ﬁ% Eg&epé*f 'i‘ﬁé nfif@bet Qﬁtetgﬁﬁr packets is equal to

eC| e station keeps retranSmtting
thenﬁrhhelsrzfrmunaqiaeketsﬂaomthe buffer until it rece| ves an

CK fr,omthe U bas atiagn '
[0069 enai I‘ﬁ ﬁ(ﬁ'd&gcq? troﬁoﬁ&t% éft a6 %I?? &f oﬁ%«a 8(.}?% it %n:lé%]&!ggn Q:géé one
of theellicJEls Rbé (ﬁﬁtlz edcot¥ro4 10 eohrc2 p[a@la]ﬁ:gl ﬂﬁm aX peetie dadieds Imebdth the

of Protocol 2 is conputed helo he packets sent
movm AT P HOPHIED SB1 L35 P FRFEH PUEPLFG RO g el this UE
recoveﬁ‘ai%< Js® paciand $1H@e @&é}?rreﬁﬁﬁ"'&fﬁtcﬁeﬁ St aiak &8 ke 6 unknown
referred to_as "repair packets". The nunmber of regul ar

infornatigeefos this B this Bagkes cAnrkseresardashas éefeﬁfé’élﬁ@tl%‘?ﬂ%l packet.

Therefore, the total number of transmissions in Protocol 2 is equal to the larger of the

 number transmissions of the same % packets independently sent to each UE. This can

be mathematically expressed as follows.



[ 0069] According to Protocol 2, if at the end of the
normal transm ssion stage one of the UEs does not
recover all source packets, then all repair packets in
both the normal transmi ssion stage and the conpl eting
a burst transm ssion stage help this HE recover its
| ost packets_ Since every repair packet contains one
[oo7@acket Lef x Unknoeinddpbademideamet0¢ rdddiot Virialldy withpalkaheter
can be regarded as a retransm ssion packet. Therefore,
1— e, thé l4td},al ¥, bambdapenfertrgrnswtssraonieom varibdesogivh pardmgeteri—e,.
equal to the larger of the_nunber transm ssions of the
Thenstdheeotel paihsr of packepesraé e Pyotsedi2 isgiveadly HE. This can
be mat henpti cal,l yy expressed as follows. [0070] Let
[007M1, . . . m¥k, Pex,i Wdependent Bypat@ehrd@c random vari abl es

W th parameter~ 1-cl and let Yu..., Y be independent
eonet ki c rand vari ahl e | t h,.pararaeterl,-e, .. Then
00l T obre R R a B R aaietre Mol BR (DR Bl iy BRukers
sent giolc?)%?dby 2kK alvid3/é lésfé&:hhil(ﬂiﬂo)lamm%bémf pledketssdnt in Protocol 1.

aring Equati,o 2) Wt quation (4), the
(007og ai - HURBEFBRe satRet dhe &0 inderep %%c%an?efsgramg%nﬁ for
| ess than the ot nynber ,of packetys sent in Protocol
* example, (D9 23]thén | &) Z}sgﬁe ¥ ft—es =aﬁi§ K% - Tofollowslzpe tbeweak law
ent & f or “exany

channel s are di-ff e/ el > e2, then
El Z= - 411; ). It follows fromthe:weak |aw bti «

of large ofifivbe B thht @ & Fawg chaprwbebidity bt RSk, isdarget than Y ¥, goesto
probability that Z X, is larger than EY, goes to™(=I

1. Hehee, 8680w d FrobOk Qé{‘ﬁor[( (BenEaval !aQ&a%@)an%tr drB&ckets sent in
avérage number of packet's sent in Protocol 2 can be
Proto?(ﬂgé %)a(llnr%aet %8&’0&1&?1:%”}%5" T fméanxbf Zi’ A elie’., k G.eagﬂgrlah}f; the

I-¢

=1
éxpected overhead of Protocol 2 is approximated by

1

———s Equation (5)
1- max{e1 -2 }

[0074]

[0075] 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

1

for the
1- max{e1 ,€s }

viewpoint, the minimum possible overhead for this model is

reliable transmission, and therefore the overhead of Protocol 2 is near optimal.

[0076] The above analyses show that Protocol 2 makes the transmissions of the
same data to the UE with a better channel condition for free, meaning that the same
number of transmissions as that used for transmitting the source packets to the UE
with a worse channel condition are used without any additional overhead required. The

same results are obtained for the identical channel condition case, i.e., ¢, =e,.
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1- ei expected overhead of Protocol 2 is approxinmated
by [0074] 1Equation (5) 1- max{ei ,e2} [0075}This is
t he m ni nrum over head that can be achi eved. Consi der
the case where the base station sends source packets
only to the UE through a nmenoryl ess erasure channel
wWth an erasure rate of mar{e, ,e2}. Fromthe
[0077nf or nrlmib aatetihh@t(fj ﬁ?}hcmghﬁfdi:oebm'ls escribed imthd doutaxt of only two
POSSi overhead for this nodel is__f the 1- ..
UE_S#&%%Q@ gz}ﬂeﬁéF 241375 TrpLeRal KERIOB o aHBSt Pt &a&egpn%ratmn 18
the sQM¥RRSAhOPrib At REAC Sodife. N8HoudPbé ALy rbHAKEribeart that for
above anal'yses show that Protocol 2 nakes the
m UL SIATAIHARS OF L NGHS BB A nliRinh i ot Br @_bLL e can
channel conditi'oh fof free, meaning that the sanmaxie,
nunber of transm ssions as that used for transm tti"ng
be agph6ach@lr ce packets to the UE with a worse channel
condition are used w thout any additional overhead
required. The sane results are obtained for the
jjdent i L2 GaRNIe, jtion case, i.e., e, = e,.
[007%10077] élllltg not e O&Q{';}C& al t hough Protocol 2 is
[0079escr | Aeshdwn aliveecBritexl 2 ethievesthewoiniiEgm Hossiblemyethdsd for

; cl.ear .that .thi.s .pr col,_extends to Es. The .
tho 5Bt 4ol PUF, B VRS aS TR, TorlcFip oo o e =

'S
protoBT istdemgy. |t should be clear fromthe prior art that
for
[0080] ° Although Protocol 1 results in a high overhead, it has a better latency as

compared to Protocol 2. This is because in Protocol 1, the base station ensures the
reception of a source packet by both UEs before the next source packet is sent. All
source packets are received by both UEs in their original order. |

'[0081] Protocol 2 has a worse latency performance than Protocol 1 because
Protocol 2 deliberately introduc¢es delays. The packets which are not received are not
immediately re-sent. Instead, they are stored in the buffers for later delivery.

[0082] 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.

[0083] Protocol 3
[0084] Protocol 3 represents a balance between overhead and latency, and is

based on Protocol 2. According to Protocol 3, there is a predetermined maximum delay,
which is represented by an integer D. If the first packet in a UE buffer is the Dth packet
ahead of the latest sent source packet, the base station tries to send this first packet
immediately.

[0085] In Protocol 3, the base station sets up a buffer for each UE. Each buffer

stores the packets that have been sent, but not received by the corresponding UE.
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1 mUEs with error rates ei, ...em the theoretical
m ni mum over head of can 1- max fe,} 1=1In be
approached. [0078] Vari ati ons of Protocol 2 [0079]As
shown above, Protocol 2 achieves the m ni num possi bl e
overhead for the nmulticast nodel with two UES. Anot her
criterion that can be used to judge a protocol is

[oosépt enc Thele38 Alvdlstdran ah PRItOEAD 8othe nbAa Ml frandriissionisgige” and
overhead, it has a better |atency as conpared to

the ‘PBIGHBE 2 PursiFansIisHER AR6E IHPBFOTOLOR LW PHEeepasket which

has %51:3{%39”36%9 %?fo?é o} B6tH L&A 128 n8h- e%ap‘-‘t9 UfHe@ ﬂ@%gﬁoc&)’is in the
ore the next source packet Is sent
“normelitwespassiet stage’e Qtbeovivedheyorotichl igEs the “ttmplﬁtmg a burst
i nal_order. [0081] Protocol 2 has a worse |atency
tmnspImS 8Pr%a %e than Protocol 1 because Protocol 2
[008Tlel | belmtlkd yiormal adubmsssitel stpge, itheadhativetbt,ibiechnsarssation
not received ar t imediately, re-sent. Instead,
multieRsts Aparket g iR R MEOTPE Bt By ISV eI Sty
[0084]0082] RuRt 0&aIe ok FAlthedl Z,8R163eNt tWo extrenme cases,
one with the best |atency but a worse overhead, the
(0083t her Riler?: spmeigedirowgel hddte But a wor se | at ency.
' [009db0083] RLRLLG Lbﬁff{apg% F’éﬂt%&ld t,%efﬁ%Q{ FRB0L £ RiPBLBIGS the

et ween over ead an | at ency,
Dthpacket ahead of the latest sent source packet then the base station transmits this

packet. When receiving an ACK from the appropriate UE, the base station removes

this packet from the buffer.

[0091] Rule 4: same as Protocol 2, Rule 3.

[0092] In the completing a burst transmission stage, the rules are the same asin
Protocol 2.

[0093] 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.

[0094] Although this protocol is described for two UEs, extensions to an arbitrary
number of UEs should be clear.

[0095] 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 buffer
sizes in Protocol 2. This may result in a large memory usage, especially in the case
where the number of source packets is large and one erasure channel has a better
condition than the other. Thereby, to avoid a memory outage, the base station should

determine a maximum buffer size or buffer capacity. If a buffer reaches this capacity, it

should be cleared up immediately.
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based on Protocol 2. According to Protocol 3, there is
a predeterm ned nmaxi num del ay, which is represented by
an integer D. If the first packet in a UE buffer is
the Dth packet ahead of the | atest sent source packet,
the base station tries to send this first packet

i mredi ately. [0085]In Protocol 3, the base station

[o096let s uEm‘to&u]lfz;fer for each UE. Each buffer stores the
acket hat en sent, but n e d
005807 es FoRatH %é?‘eq’[“é%s@f’f?ﬁé%“&?é%ﬁé s g%‘ff% Hach butfer

storeE’%Hé PERbtsthat heve BHRLEBAL, bﬁﬁﬁ&%&?b&bﬁ&@g es%BﬂdﬁxQﬁUE Both
onpl eting a burst transm ssi on stage". If there .

buffeés(aget iigalegmpty ead tha dese smwmmégtemtne@@ehufﬁ@mapaaty C.
Althafgfh%?s ot&gf i dgﬁrfrib%ﬁsfo §) 15 SAPiNons' eaﬂ atrﬂﬁrary number of

toco norrm fransm ssi on stag
UEselmJéd\bﬁsbarthe protocol is in the' corrpl etl ng a bur st

[oood]; 275 RSk 3R B Fges it PRHcl 8 DO Rt RS el and

the “@nfideled a bardd oidmshﬁ&eioraaa@é”dtmgefemxtdtaa&lebvlsouvtrc:@ Patkdt@thich
2, Ru

of _order. 0088 same as Protoc ..
~ has popbeen ReRte %for%&ﬁeotgsblﬁfes% B Pom ST, P9 "P@@%}Jﬁé i3 in the
 “norndal thhn@nRYbhetaded. VPROARL, YhaRdotoh if lif She PRKAELIAD a burst
this buffer is the Dth packet ahead of the |atest sent

trans%ﬁﬁlﬁ%s%‘ﬁ@ et, then the base station transmts this
[0099§’a‘3ket1n éﬁzeﬂox—fn&‘éiedré{hgiﬂls&'ané%é rlﬁ@atcﬁemﬂQQBﬁ%%a:]{? e Sation

he base station renoves this packet fromt
multit909 &)pRakes t4 boslahEsee@ccmdmg)@dlhe Folldxing rBles pOHOSRY n t he
ootdHPTPL 0 AU ARG o 07, The Tl are
[0010D] | s Jwtle Rosdré aangtpcdlmeRuFér fdtocol 3 is the sane as
[00102] Rule 3: If a buffer reaches the buffer capacity, 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.
[00108] Rule 4: same as Protocol 2, Rule 3.
[00104] In the completing a burst transmission stage, Protocol 4 operates the
same as Protocol 2.
[00105] 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 station pre-determines the buffer capacity

C for UE i i= 1,2 with C, +C, £2C. Then Rule 3 should be adjusted accordingly.

[00106] Compared with Protocol 2, both Protocol 3 and Protocol 4 sacrifice their
overhead performance to meet either the latency requirements or the memory

restrictions. Protocol 3 and Protocol 4 may be combined to meet both the latency

requirements and the memory restrictions.
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the Protocol 2. Each TIE may have a different maxi mum
del ay requirenent. For exanple, D, and D2 denote the
maxi mum del ays allowed by TIE 1 and TIE 2,
respectively. Rule 3 is adjusted based on the del ay
requirenent for the TIE [0094] Al t hough this protoco
is described for two UEs, extensions to an arbitrary
nunber of UEs shoul d be clear. [0095] Besi des over head
and | at ency another crlterlon used to evaluate a
[001¢¢lot oc¥eripd ARRBIUNZ. L8018 |t s noted that no
[00 l(glﬂ nstr ﬂ' i BSQS %Le% ﬂhg?Qﬁ @alﬁ??&ék%tgﬂf efofEhelafRSsizd) which makes it
col I'S may resu In a large nenory usage
easy ecss@& the byckems throdmsb eV ben AR thseveee woickels @r‘t@oﬁ the same

size, BCKB R eyt 93 RBdyiRl ArREASN B o SAPRNG! o NAR e LliRhrontly

sizedqlzchere, Itﬁdh@otb@ﬁ]fatsh&tel méths&@wmblel@beumdw&em thapamm are the
buffer_size .qr bUffﬁ%ﬂf aC|%¥. If a buffer reaches

same; fize;and, ip,comRine morg Bared up i medi atel y.

[001d9y096] Pr ot Qﬁm pért dfQ0SCkEDwRhOLRERdr. Fot Beahisle Suiifpadd is a

séts up a buffer for each UE. Each buffer stores the
packetad K elhiss drivhp, tsaavmacheedf /g bits, wheme /, xdi . ’Eoe:oenbuMablyebts reand p,,
‘ corresponding UE. Both buffers are_injtially ty and
zero-paEDPHACE Attalii k- fhedetudiipg pagked ipEPhed vggbagcﬁ{%’

t hough th s.pro 19CQ S %?ﬁz :
[OOI@t en;? onsliiteofogn ttélr b 41(?%51%8%%1 R,%ﬁPf gﬁou (b}g @, with
q>2clear [0098] There are two stages in Protocol 4: the

normal transm ssion stage" and the conpletlﬁg a
[0011)r st 3-r andhriosmoihesyumpiaation fin the ringeqf Rysiive mlggers modulo
some %?ﬁ%lQQ&%et whi ch has not been sent before or both

ers are non-enpty, then the protocol is in the
[00112] nor el t Panformgepention effuts inthhepokesavith the thob‘leé éigth to

matcir gla)ég%r%& qaﬁzﬁgpgxllf £1+ rﬁthéR%{E %&s&lﬁﬂé?yg&lﬁﬁé on stage”

ransm Ssi on in each
[001113] mes| THogse tdhelldsihse thé atrt omamwbleta'ddagbscoacqm@ létothey higedmate

bLTEs agém{dlng to the follow ng rules of order.

ComdITHRE GY] same as Protocol 2, Rule 1. [00101] Rul e
2: sane as Protocol 2, Rule 2. [00102]Rule 3: If a
buffer_reaches th uffer capacity, then the base

[00114} 5t i drotocols for multiple s

[00115] The above protocols can be applied, with modifications, from a two UE

scenario to a multiple UE scenario.

[00116] Protocol 5
[00117] Protocol 5 is based on Protocol 4. In Protocol 5 the base station sets up an

index buffer for each UE. Each index buffer records the indices of packets that have
been sent, but not received by the corresponding UE. The base station also

predetermines a buffer capacity C. Let B, denote the packet index recorded at the jth

position of the ith index buffer (i.e., the index buffer for UE i). An index buffer i is said
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transmts the first packet in the buffer. Wen
receiving an ACK fromthe appropriate UE, the base
station renoves this packet fromthe buffer.
[00103]Rul e 4: same as Protocol 2, Rule 3. [00104]In
the conpleting a burst transm ssion stage, Protocol 4
operates the sane as Protocol 2. [00105] Protocol 4

to be rfﬁﬂ YERS> O 6 PLG&Qt . AnithddBulssf f BI s 6@ BABE teyngt$ iR =00 for
infinitfy. The capacities of both buffers are set {0 be

1< jdbelmeiaBy| 411 Pidek badersdaredapryer, given the t ot al
buffer size limtation, the uniformcapacit
[00118] | ocdtigwte $iherfownelyarhef Pietoedid 5@%@@@%0% 8Pdrkegips by
1] I r
deterrgn r%ng%}fr%fg%g?? % ah)gé:?\? Fouﬂ&@ ggel%tvflﬁ\%& h?@ not dgt been sent (step
310). I/ﬁsuhh Enew sGRrcQacRdterisky klserBa détenthihabion agipads 'ehether there is

[ . 6] Co red, wi, t h. Prot l., 2. ..bat h .
a full BERLERRP telen A1 ERLAEIRAL Elhekbiufiofd 81 81D 1 i ele station
transﬂ@ﬂsfaoﬁm@6@rc§ @)tam:(si@btglﬂé 1f bee bﬁh@ﬂ@md&ﬂjﬂﬂfﬁe' ﬁlﬁl Rifallqstep
menory restrictions rotoc an t
312), Q@%W%ﬁ@oﬁt%mhﬁ@mw@rﬁ £qyRbing @ﬁe’w %aaiiﬁ%%%‘ﬁw ¥1°f

,_ severél@@uﬂ% PRENethk wﬂlhgicbgﬂlsthe ph @R dde¥ 162 Ba88S ok the ACK/NACK
' nbi ning Packets [00108]It is asSsuned that all source

feedbqs&dk@néhalb%othet h@seﬁmrsm@temecwff@ak &en l®asy to
[0011§OR t REHRACK %to%e%oﬁkgkgglgét;stgp §@W@%§a§é dtaliNEnSAME 68t the

s are not the sa operation is
bufferadPo flushviwalthe Fhifere, adeeseiratah inmpde shethomillnndgy buffers are

conn TSN SRt BShy  S P
If all ithe iaduet Buffeeo Bl et AFte (&tbﬁr320)l\mh¢1adkaehe&e station transmits a
combipS kD i G CQDIEHE PLeRETRl ST PBFEL: HiTd pdcrsinghe

bufferﬁ)it&%ste,zqf T BdoSstaMbie titer] dpdatds tHOL BRI I8 Pas KETI/NACK
, Zero-pad_packet to /, bits. The resulting

feedbaﬁkcrﬁeetlqusfrm & Uit Gt t pi . [00110]-2. Perform the
[0012Y mregd, o0 404, IREUYCQ 10 PESBLdI BDEhd “hofhih Otran¥hisBion 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”.

[00121] In the normal transmission stage, if none of the index buffers are full, 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.

[00122] If one or more index buffers are full (assume the 1t index buffer is full),
the base station transmits a packet which is constructed by XORing several source
packets. There are several ways of determining the indices of the set of component

source packets for combining.
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gq> 2 . [00111] 3. Performthe sumation in the ring of
positive integers nodul o sone nmaxi mal val ue.
[00112] 4. Performrepetition of bits in the packet with
the shorter length to match the |arger packet and then
XOR the resulting packets. [00113] Those skilled in the
art may be able to conceive of other alternate

[00 1z>%rrbl NOAE B hHD &3 dek Bl hHoRihetiadiebs of thie satibf dcopdnkidSsource
[ 00115] The, above protocols can be app),

d, wi
backsisdpt FURIRBHSS 56 FGITE, B RUE SERhin 1 AL pl e UE
[001 4;: nar gg— [(ﬂg}[;]eg %%f l&)‘r‘?%}:orént L&Q@Kﬂ&%@é 6P sex of Snavailable

ed Prptoc _ _rotocol 5 the base station
sourcegtaskeip. Bothi setearemufftgrinftmllyeach UE. Each i ndex buffer

cords, t he, i ndi ces of packet.s t. e
oosdgfE o DT B RIBRLE s e YRGB B e ot o
compgh@tﬂ sbﬁrcﬁl Brkeisedeh ehatates uaatildbds soapapadkgtsC. Let J
note t he packet jndex recorded at .the jth positiag
100145 ") | MBS DB P EBEd gt PGS PRl OBBPFEN POre Backets
[00147) -  Angd ndevgdbatl foger! pdcket®aindthe same UE buffer with the selected

packet to the set of unavailable source packets.

[00128] (5) Repeat step (2) until both sets are empty.

[00129] (6) Transmit the XOR of all the packets in the set of component source
packets.
[00130] 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.
[00131] 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.
[00132] In the completing a burst transmission stage, until all 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 A. The buffer index 1, used in step (1) of Algorithm A, is the one which
maximizesi[ B0 2 where I is the indicator function. Upon receiving an ACK from
=
UEs, the base station sets the corresponding packet index from the appropriate buffers
to zero.

[00133] If the buffer capacity C is set to infinity, then the resulting protocol is a

multiple UE extension of Protocol 2.
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to be full if P, >0, for 1 ] C An index buffer i is
said to be enmpty if Pi, =0, for 1C Initially, all
i ndex buffers are enpty. [00118]Figure 3 is a flow
chart of Protocol 5 300. The protocol 300 begins by
determ ni ng whether there is a new source packet which
has not yet been sent (step 310). If such a new source

[001pHCket Bevaiusé & serit0lra pdek@rmraywdummweswm@esem@l UEB storing
there is a full index buffer (step 312). If one

the packeti inflex 1otherethamthe paghet itelnn the pidex Fuse less

memglu:yansmts a new source packet (step 314). |If one or
nore i ndex buffers are full (step 312), then the base
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[00146} her \qas)se RE}IS&tFHg@hDﬁth ét%p'(B) Lhel 2k epPIUHd 1@ aldberssd G.e.,
transm ssion stage". [00121]1n_the_nounal transm ssion

eithersy Higehas 4n ARG B‘Fff‘tw tPﬂ&%E(lso%F pepéUlPe full, the base
[00 14[5@)]t ati og) trapshiif 13 ROW T GE pRaksSthidh LR H}:@ﬁ sBRbted.

een previously sent. Wien recéiving a NACK froma UE,
t he base station records the index of the currently

a
100142601, B ep S kgl 0 BRARORE) N forgl ALK iM BB e
[00148lhe | (D) i nSaxctlhe fiest pakétuin the UEl pithahe f8ledtbiufler and find all
nsmts ac tvvhlchls onstru Ri.d ”

other L5375k SripaRes e perem g S bV BT EYE Pund UBs
[00144fet Er @)n :c ngriit@rily edle@s vE e tﬁé&ezﬁﬁlrﬁﬂg’rDMe nt source

ackets for conbhining 00123] hod .f or .
[0014¢jet er ni ni ngat hg’? thege %’é‘étsé‘fl etnﬁlé( lgé}i‘e lb‘f gﬁlﬁr?élr‘?f’teé&m which
is not E@x@f@& *n Af}féfbﬁfé@@ bf]iHéQfohﬁd 8%l OhdrO¥Sect 8 ehsryl ef erred

to as orithm A
[00146] g(2b) Call the selected UE a “Found UE.”
[00147] (3)  Find all UBEs that are helped by transmitting this new packet.
[00148] (4)  Repeat step (3) until all the UEs are "Found UEs”. This will be
achieved when at least one packet has been transmitted from all UE buffers.

[00149] (5)  Transmit the XOR of all the packets which have been selected.
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[00124] (1) Create a set of conmponent source packets and
a set of unavail abl e source packets. Both sets are
enpty initially. [00125](2)Randomy sel ect a packet
which is not contained in the set of conponent source
packets or in the set of unavail abl e source packets.
[00126] (3) Add the sel ected packet to the set of
component source packets [00127](4) Add al |l other

o0 B R o L 15 851 855, Pocke

[0016 01281 2§5) Figﬁ&@m%&@@%%kamawelemmﬁﬁ}@ are enpty.
0129](6) Transmt the XOR of all the packets in the
[00183t of (2 onpPieot thesbist packsatkded E W@ﬁ@]@h@}eanteﬁlwbx%ﬁer and find

all o&%@ﬁg@se%t}nc%owecﬁel%?o%gfhsan%%& eglnﬁnlggagﬁé%t can €néRSthe “Found

or every on rec
'UEsCR constructed packet, a UE is able to recover one of

1001431 vEh pdke: Suteipbie Ghscngt BRORS TR AR et lled

buffep 3@l &ebect Umeaf fteeftrvdsNghadh RG6t febured drshe bhﬁeﬂ@aﬁ ¢he Found
ion sets_the corresponding, packet index omthe

t at
UEs. Z’Iﬁ@re&a 19 B BB SeRGE 2RISR %fﬁaf@%@n&% €riterion

'~ [00 lgvﬁ hﬁ S FRRRLIUES tift Brd WYY Btk &lsnlitdihg L}ﬁy gbw pabket.
e algorithmw Il be run until all of

[00 185y f f er®) harerpeicreaie dwarstep 6upiladbther Yinare wiéimsedi t
t t
[0015 06? h 2? (%? L QR8 1K ')dfdhe G Ac}g tr;ﬁeg;;g%cﬂﬁﬁs tﬁa’t‘ hgvéjﬁefe'nvs%lected

op criterionfor a
[00187001 3 ZTHecapheities nfileUngdex wffess are@msmbes@e@nn@uaé’eotocol 5.

ountil _all e index . buffers are enpt e
Giver the gt (RE b 25 e Lo AR el BB pebeme in
ProtoX8IR aghysext deathe best in terms of the resulting overhead. The base station

predetermines the index buffer capacity C, for UE i, for i =1,...,m, with ZC, <mC.An

=1

index buffer iis “full” if 7, >0, for 1< j <C,. Algorithms A, A.1, A.2, and A.3 should be

adjusted accordingly.
[00158] Simulation results comparing the overheads of Protocol 1a and Protocol 5

are given below. The results show that Protocol 5 has a better overhead performance

than Protocol 1a.

[00159] Variations on the multiple UE protocol
[00160] The latency factor is not considered in Protocol 5. Although the activity to

avoid the buffer outage in Protocol 5 may implicitly reduce the latency, an explicit

activity is often needed to meet the latency requirements. To this end, Protocol 5 can be

modified.

[00161] Protocol 6
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source packets. The indices of the set of conponent
source packets can be determ ned by AlgorithmA. The
buffer index 1, used in step (1) of AlgorithmA, is
t he one which maxim zes ER,,,) , where | is the

i ndi cator function. Upon receiving an ACK from UEs,
the base station sets the correspondi ng packet i ndex
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pack 1 %Hgglh{ﬂeél ﬂ%ﬁﬁy, r@sikhbx bﬂfféll%eau@ 23] Aseéﬁ?]@fvﬁé h@a.d= 0.

ot oco ere are several other ods of

[oowﬁg.?I ectTiGe GATRANSALe SR BRE:KBE Sndrir@iNtiittaxsdioi §12Ee” and
Afirst nethod (hereinafter "AlgorithmA 1") is

 the “cdemie it trsnsevgsion] Beaci el thyserits 2 paE spyscg packet which
has If?)@%légltl %E% %hg\ﬁ ttﬂ F&oédlllls ed tﬁé‘f“flﬁrmzﬁnﬁaﬁérﬂﬁs@h'stage

¢hare ed by transmtting th
Othemsk,ebhe plotoesliisid thel “pexdple@mera T@m}gbmeﬁmil&slqnt S;#agmf fer

[00 1% 013$[]n ? fqé{%% t%g%smqgm@ln__}sspa : h fF Rgﬂgieygﬁff?x%s are old, the

0sée ave e
base $t20388lan3mitsraomvt haurtepadkat w@dﬂ&asfrnohl:leetﬂmen@uslylsznt When

W th t f.illed, buff d
recoitihg HNACKFTE A I (630 0aried FPore O EanF ap e e gnilg sont
packelégﬁ thd :Ippﬁ‘&ﬁﬁ@cellﬂﬂ DS Bo e £ 606 ormege ahddxitiudfesdt @p ofddssume

t he remai ni ng_ UEs
the 1th index buffer is old andP ,is the oldest packet in this index buffer), the base

station transmits a packet which is constructed by XORing several source packets.
Algorithm A in Protocol 5 may be used; additional methods are described below.
[00165] It is noted that the set of cbmponent 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 its previously received packets. When receiving an ACK from UEs, the base
station sets the corresponding packet index from the appropriate buffers to zero.
[00166] There are several ways of determining the indices of the set of component
source packets for combining. Algorithm A in Protocol 5 may not result in the lowest
overhead for Protocol 6. Algorithms A.1, A.2, and A.3 in Protocol 5 are all applicable to
Protocol 6. There is an additional algorithm that may be used (“Algorithm B”), which is
set forth below.

[00167] (1)  Select the oldest packet in the UE buffers and find all the UEs
which are helped by transmitting this packet. Call these the “Found UEs”.
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[00139](4)Find all UEs that are helped by transmtting
this new packet. [00140] (5) Repeat again fromstep (3)
until all the UEs are addressed (i.e., either a UE has
an enpty buffer or the UE is a Found UE).
[00141])(6) Transmit the XOR of all the packets that
have been sel ected. [00142] A second net hod

[00168her ei (ﬁ)af t égnok&ltlymeilﬂlﬁsrwhiﬂ'})aﬁe$nasyfooffbm [ 00143]

) Se | rst pac th
1001655 ¢ o705 o PriHR g i Ol ks Enagrbhal it pgpkewnicn
is noﬂdommlh&haauﬁénss)fpla@k&&nd Gaks| these the "Found UEs.
[001I014] (2) Arbitrarily. select aUEfromthererralnlng

[(@014Bjqdal) UBs whisharehelped by fransppifing thippacket.
o1 7RHT T ersP! BB elant ﬁgmtgl%e%y) Gl S11M0bh FUREESrd dldebed.

buffe of the found UEs én select this entry.

[00178D01 466X zby‘r@ssmu threXOR cfellethe paEckets Fbistuhase been selected.
014 [ | LEL
100175 e WEbRp ool RS e ModoRTRR bpgihfor
everytlie MEsceangon E@mdlgw&s XORNMunstnmcted daekete b ilEY sscabdb énreadver

ket .h t tted. f .
one ofifitpatagecytB g 40y 1o Bimsrine CPHBRUCR G PRl fhroma o it

' previowBichehiey@phasis.sel ected.  [00150] A third met hod
hereinafter "AlgorithmA. 3") is as follows

[001781001 51 the togrrdetang pBurst beasphsionsase. arhong ver ot @fighe 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 B. The buffer index 1 (used in step (1) of Algorithm B) is the

index which contains the smallest positive integer in the set {P,.' ol e{l,...,m}}. Upon

receiving an ACK from UEs, the base station sets the corresponding packet index from

the appropriate buffers to zero.’
[00175] Each UE may have a different maximum delay requirement. Let

D, denote the maximum delay allowed by UE i. An index buffer i is “old” if 7, > 0 such

that the difference between £, ;and the index of the latest sent source packet is larger

than D, . Algorithm B should be adjusted accordingly.

[00176] Both Protocol 5 and Protocol 6 sacrifice their overhead performance to
meet either the memory restrictions or the latency requirements. Protocol 5 and
Protocol 6 can be combined to meet both the memory restrictions and the latency
requirements.

© [00177] It is noted that all the protocols proposed above use UE-based buffers. It is
also possible to use packet-based buffers, which may already exist as part of most
system designs. Specifically, the base station sets up a buffer for each source packet
sent. The contents of a buffer are the list of indices of UEs that do not receive this
source packet on the first attempt. '
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[00152] (2) Sel ect 'the first packet in the TIE with the
least filled buffer and find all other UEs which are
hel ped by transmtting this packet Call these the
"Found UEs." [00153](3) Fromthe remaining LTEs, find
the next UE wwth the least filled buffer and sel ect
one 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. [00154](4)Find
[001%8)] UEBratecol 7ar e hel ped by transmitting Ehis nL&/)

[oo1RAcket 1 POGLan]d Bl eRRadtaAGRIsEs, i Bh Shedk bdferUdk lhcikburce
the UEs are addressed. [00156] (6) Transmt the XOR of

packel penth&apladiréesbufien racands thecndives of {Hep thagolpsrgtieeeive the

1 g : ; '
conn SRR LBl A Bl e by i
Let A idehttattheE triexuntdrdedraicidegttiftogpitainl of tld itoHEsoenkuffer G.e.,

Protocol 5 may not be the best in ternms of the
the indeubuifay fovdrchéhdowThoaked kiitinllpnalhrindre brHtusearet ¢ropty.

i ndex. buf | rendi s th 7 kirbi
s S8, 01 S3RS5hh o PV e bty g o

 UEs flosuld bp cléar. Al gorithnms A A1, A2, and A 3 should be
oonf S R tgh Bt L A1) S s eSS e o
the “@u1iNEA bRk @MnsISisreskES IIhow dxfiib a Re @06 packwsvhich
has natl)t bb%teilesrento %Si[ogee, at%ereetilfe %rrgt%ggleistigﬁz?le F‘iilglt'rgglo'lra!rlgﬁaission stage”.
Otherwise, the protocol is in the “completing a burst transmission stage”.

[00181] In the normal transmission stage, if the index buffers do not reach the
capacity C, the base station transmits a new source packet which has not been
ioreviously sent. When receiving a NACK from a UE, the base station records the index
of this UE in the current UER index buffer. If the index buffers reach the capacity C,
then the base station transmits a packet which is constructed by XORing several
source packets. Besides the Algorithms A, A.1, A.2, A.3, and B described above, the
following method (“Algorithm C”) can also be used to determine the set of component
source packets for combining.

[00182] (1) Select the source packet with the most filled buffer and find all the
UEs which are helped by transmitting this packet. Call these the “Found UEs”.
[00183] (2)  Ignore those source packets which have empty buffers.

[00184] (3)  From the remaining source packets, find one with the most filled
buffer and all entries in the buffer that are not covered in the buffers of found source
packets.

[00185] (4)  Repeat step (3) until all sent source packets are addressed.

[00186] (5)  Transmit the XOR of all the packets which have been selected.
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[00159] Vari ations on the nultiple UE protoco

[00160] The | atency factor is not considered in

Protocol 5. Although the activity to avoid the buffer

outage in Protocol 5 may inplicitly reduce the

| atency, an explicit activity is often needed to neet

the latency requirenents. To this end, Protocols can
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e di rence, bet ween an e i ndex,.of.
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e*mpt?I thel 1%t BE 8BS a%ﬁfck@ﬁwﬁ{mtly constBuctedby XORing several

0163] There are two stages in Protocol 6: the "nornal
d

source paplsaip SEedndiseagthe grbotarmpoBeRploRrFerRpcke 1§ GAR pe determined
" by Al%gﬁtgl%pb\%% 'dgﬂz ?eﬁ%%gve ohqg(!e?vﬁ% LR ACIRAREVURS, l%hé; Base station

not béen sent before, then t
remoygsotheckresgoriding REE {nylsxrfadmttha repprensiase bsltffagﬁe'it is noted that
Protogolhﬁc!avx\{ Bc’eemoél%% ch) e%% gf%ﬁ’gﬂ? a‘i&?c}w{ ﬂ%rg ﬁﬂgg a burst

ransi Ssion s age orna
transm ssion stage, if none of the index buffers are
a new source packet

t he base staI
[0019§L|ch HASS R R P S LARSL RS &t . When receiving a
[00 19|N]°\CK fA e ﬂf&ocblh&rﬁ%ﬁ)ﬁ c§h Bé taRideeeDK Heretchéh lbm[fféemayf serve
the currently sent packet .in th approprlgbgsqgg B
packefy o dRUItie HHRrSote nBIAUPF M LHEs (e SRum b f dhfgvstem
would gﬁ?pﬂotrb w‘oﬁﬁﬁih Qé‘xfléclﬁf bb Slal;%leg tAhe tRd LukhHeh&f Al El@8bups. Such a
e

packet in this index r)y, the base station
buffemmaﬁ&moalmtl “mméhenes}s a dimsit pry shedeniipyingorpaygees for lost

padmggveral source packets. AlgorithmA in Protocol 5 may
e used; additional nmethods are described bel ow. _
[0019200165kt UEs crot b givaped Hates at nomben mf avewps, ssghced which

corres%gggse gosa GR rs]gtrdaupngui?er R é‘ro%rﬂleng can be either in a fixed pre-assignment

or according to an adaptive group assignment procedure. Some of the criterion to group

the UEs for buffering purposes may include: same or similar geographic locations,
same or similar system delay quality of service (QoS) targets or service levels, same or
similar system throughput (or bandwidth) QoS targets or service levels, same or
" similar channel erasure rates, same or similar subscription plans or payment plans,
and any combinations of the above criteria. Additional grouping criteria may also be
considered. .

[00193] A buffering and retransmission scheme based on UE groups can be useful
in a multicast situation where transmission would be considered sufficiently successful
if any transmitted packet is received by at least one UE or a given minimum number, -
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| ost packet for every HE. Upon receiving an
XOR-constructed packet, a UE is able to recover one of
its |l ost packets (if any) by XORing the currently
recei ved packet with sonme of its previously received
packets. \Wen receiving an ACK from UEs, the base
station sets the correspondi ng packet index fromthe
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transmtting this pac 00171] (5) Repeat agai n from
allowstl épcli@jgeupt phy aivendizeh tba grounresiguaieast edill fixed to one to
one [00172](6) Transmt the XOR of all the packets which
" have been selected. [00173] The set of conponent
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WOlE’%&)Ol?J]’IPFPCPHeWEE%‘??EV&%C @tsamﬁﬁﬂﬂétsi ¥ araiap %i{ﬁ% gttagg%él‘mg to

differSRETEVELuPOLarfhd piddBssk B EPRAUIES U8 dRev @G desclib&l. base

station transmts a packet which is constructed by
XORi ng several source packets. The indices of the set
conpgneptg source packets can be detern ned by
[0019% rE%ﬁi‘%—B“The buffer index 1 (used in step
[00198] gor i Wsing B)e “Nontdverlappiog UbhGrdups Slaseli forsmukiiole Sl Ié@@ocolts

may eonslbalﬁ\ég forncthe% gxl'o%ptb% ed gpergtlgl_]f, 'dnd is @éerreh@g Bs Protocol 8. In

general, Protocol 8 changes the buffer update rule, including flushing a UE group
buffer of a packet if at least one ACK for that packet is received from any of the UEs
belonging to the group.

[00199] Figure 4 is a flow chart of Protocol 8 400. The protocol 400 begins by
determining whether there is a new source packet which has not yet been sent (step
410). If such a source packet exists, then a determination is made whether there is a
full index buffer (step 412). If none of the index buffers are full, then the base station
transmits a new source packet (step 414). If one or more index buffers are full (step
412), then the base station transmits a combined packet which is a combination of
several source packets with indices in the buffers (step 416). The base station then
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receiving an ACK from UEs, the base station sets the
correspondi ng packet index fromthe appropriate
buffers to zero.' [00175] Each UE nay have a different
maxi mum del ay requirenent. Let D.the maxi mum del ay
allowed by UE i. An index buffer i is "old" if Po > 0
such that the difference between P,J and the index of

ﬂushfeg‘ﬁ ﬂIEtgﬁ&ip E%r £ReDFGH hast Snt APEfortthatpdlket is received
gori thm B shoul e_adj usted accordi ngly.

from[a@GPf@]l%H@S bPlO@EBlﬁ)flo the grenrPstarotl®)- 6 sacrifice their
[002(%‘3er h eﬂq BRI Qb Q@L}%Q PL&e@%ﬁcﬁhé&% ytepﬁeémgéﬁ‘ed b)f both UEs

stri Ct| ons or at enc requl refments. Protoco
(stepaditD)Plnd basd satien ﬂb@hasomtn tledbtutfersedic flasth onh éhmﬁeys a

restr.iction d.t he.l.ate U|re
deterﬁr&pgéo? rFaIPai? YVE.FW@J: léP%%:r\?Lgff JLF')eoeS %tee [6495);' ?17 Jﬂ {he ifdex
buﬁ’ehfat?&ﬁﬁﬂ:b ybﬂhsfpgditfﬁ;:ol |t§rmﬁv\ﬁﬁds;(@tep ass). bf 1 dfahelfrlex buffers are not
acket - base uffers ich may al ready.exj st .a rt{ .
empt oY 12 Dy 15 Afe G A I GETRIE Pofomtles D BAREE REich s 2
combSEltfortt¥ sBvdddl Rfred PlckeBCHitE QM6 iRARKBlLffS@Ttep EE@) The base
contents of a buffer are the |ist of indices of

statlctrhféaendl@ dates thebweffars bapgdonsdGKNA GKdRedbagh rachive iﬁ‘rog% the UEs

‘(mﬁp%hgf [00178] Protocol 7 [00179]1n Protocol 7 the
base statlon sets up an index buffer for each source

packet sent. Each i'ndex buffer records the indices of

t do recei ve the correspondi ng source
mom%gbket—9$ﬁ@—gase station al so predeternines a buffer

[002012%pac | Tnythe.“Olelapbing Ui tavep Bugfe HECh st eprot@obridenktic to the
t he Jt Lposition. of the i UE index buffer (i.e t he
above diadle B Re1. I fae oo L BBV ARy e more
UE g@hup Buteey. duppbsds 8 1 eaeniings tHltlvb AUl brdupsSURN @icv@ol and UR
described for two UEs, extensions_to an arbitrary

Group grfbrerpost tRIET RsRGURAFBIE g aP1t to 4T Bof THEre® HCEIPRGY any of
the Ug%gﬂee%th'ep oIRGB Yrodps. TRE saR@JMBket P 33 BL $SirSuc3l 39 Bhe two

different UE Group buffers, one for UE Group 1 and the other for UE Group 2. In a
later retransmission (either combined or non-combined), the packet P is received by a
UE (B) that belongs to UE Group 1 by not UE Group 2. In this case, only the buffer for
the UE Group 1 will be flushed of the packet P.

[00203] Group assignment of any UE to any of the UE groups can be adaptively
changed, using a base transceiver station, (BTS). The BTS may monitor the group-
assignment metrics associated with a particular UE (such as experienced overhead,
latency, memory, service-level, or any other criteria) and re-assign any UE to another
group if the particular UEs metric values change such that the UE now is best
assigned to another group.

[00204] It is noted that allowing updates to buffers (i.e., 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
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the "conpleting a burst transm ssion stage". If there

exi sts a new source packet which has not been sent

before, then the protocol is in the "nornal

transm ssion stage". O herw se, the protocol is in the

"“conpleting a burst transm ssion stage". [00181]1n

the normal transm ssion stage, if the index buffers do
any 1y@t of bafBrihf eclaps Ghélvding thbse HAserasédin Protédod@ rd, 145 aad 5,

o R R ka6 2563 BLSHAIS 3kt

allovsﬁﬁ? Bﬁg'&'sttﬁ Be ﬂﬁgl%lgf)eﬁ)fﬂ Sl UBsirBediiea pakdket Rhe Hité@ectively
lithe index -buffers reach the capacity C, then

aﬂthsrﬁéaﬁar@é fontseiedAEs + Bheshanefitaofpmech et buffardhishing scheme include

decre:é%ge]as%t épr?atqhﬁufé%g&% ﬂﬁ%gﬁﬁ‘%mgﬂ%g ﬁg gagzggfl bSSSI des

above, the follow ng nmethod ("A gorithmC') can also
f

used to det onpgnent source
[Oozcgicket j t the source

[oo20qBc ket Omé hipet:ihtﬁ' s&&febsﬁ;l Jid@dlohld;f 18 nd dlgf)hﬂdn al donilh&mcatmn
UES . whj ch are hel ped bytransmttln cket ga

systepifeise th dlesied At ADEEPPTPHIGIB S IRy ?%’ et G- the

" assocPAEK §ioa Whi foh idTEMEa EIH Rh RN ) Bt is {eggﬂr’g&lc{s%bﬁéﬁ Ahd HRration

remai ni ng source packets, find one wth nost
of the plgprithiuBetelorthrieplew lare aepdctsof hsxstem tﬁyﬁhléqctweafhahweuld be
t
comnp gl BRI A ek Al o p U PROMACARREEEN forein.
packets are addressed. [00186] (5) Transmt the XOR of

[00209L| acket LS atm'nCh heﬁ/ﬁe br% n 1sel ected. [00187]It

[ not-eﬁﬁ%%?—lghe—seﬁ—%mt sour ce packets

[00208pNt ai(ise @oblvasthao meedsasﬂoe pddkated BhoewesignhHo thipOls which
recei ving an XOR-c acket E,is able to

sourch BEgHAL BEnRPeF g8 4 KRBT RO RYeby  XOR ng ¢ he
currently received. packet with some of its previously
recei ved packets. [00188] When receiving an ACK from

[0020plrEs, Sigralmgigechanisme rermpves the correspondi ng UE

[002 1deeX Jelrom Pt BRRA ?Bf‘da@h@s Baxf beused QO LBALI W HidiEpackets are

conpl eting a burst transm ssion stage, until the index
transhyifté &rAn gseociated control and indication channel, such as a High Speed

Shared Control Channel (HS-SCCH) in High Speed Data Packet Access (HSDPA) is

one example. The time instances of the associated signaling channels are alignedin a

known fashion with those of the data carrying channel — e.g., the HS-SCCH
transmission time intervals (TTIs) are two slots ahead of the high speed physical
downlink shared channel (HS-PDSCH) TTIs for which the HS-SCCH carries
information. Information about packets combined into a transmission are carried by
the associated channel. Additional information 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.
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enpty, the base station transmts a packet which is

constructed by XORi ng several source packets. The

i ndices of the set of conponent source packets can be

determi ned by Algorithm C as descri bed above. Upon

receiving an ACK from UEs, the base station renoves

the correspondi ng UE i ndex fromthe appropriate
[0021@}” f eASterhitively, R tnfoRahtibl aiagWelembeddsd Birecthdinkd etk data

neet additional latency requirenents.

Cham{ebﬁll@{?]f‘??%% Aikeafdem with group-based buffers

[ 00191] Anot her protocol variation can be consi dered

where each buffer may serve packets for multiple

[0021%ser s Mdtheds fonsignalingf UEs. The nunber of UEs that the
yste
a1 " AR POk U SSIAAL 08 26088 i
are inthexeds'Ehle idder shdrdd de rusuqiuel that Ieaeha Tdmeebﬁfamf’ Klngvhlch caseitis
UEs, can

short :éq,cg Qxe el}(ﬁ{ geng glﬁﬁ,ggpoﬁc}réll ac g H‘E‘eﬁ’f u\ﬁa A3 R long sequence

numb@p@g@g@@g&s to a UE group buffer The groupi ng can be
ther in a fixed pre-assignnent or cor di ng

| [0021‘§d apt erée@h&wsafslﬁl@%ﬁbﬁpa%ﬁeéEéi&aﬂéea%&?éﬂ%tfmm&?@e% Into the
: transxﬁfsbﬂ)ﬁrﬁé%ﬁs 9 1Y QURalbRCT AN Sod P e RidhEE MuRhePUS ROSE ST TRY be

i nclude: same or simlar geographic |ocations, sane or
shortegidri tiarams poreapriés ayodplas opyrasions wheh ce necks) st mchuled for
retran ﬁnsﬁ.;g Jvice levels, same or simlat system throughput

a

ndwi dt h) QoS targets or service |evels, sane or
[00215i ni | Sevechbsipedling mhmisr@mebe usahﬁ‘lmt, Shenpacémt indexes and

sequelicgrpgﬁ%ﬁaqet 1 o0 bg:l%?arssﬁe@%%%gﬁg l%#)?r 0 s&vard;e nlyetf combined into

a smg% ﬁ%i@hﬁ@ﬂ@ﬂi irfa@be dedtRiY tedl t6 @vhie cﬁﬁﬂ&hgjtgb Qﬁmh[c@ﬂ.’i:&?u]l%rm ation
urf.ering an retr mSSI ene _pase
om a0 EFEIBEAISBITT] HeRAT RGNS BOE: SAIG G MG gt one B 58 Each

packet! indd) SEP &St DM e MIthhe D Bit8 ANSicHBh L k15K bhGie@Nbleyincluded in the
successful if any transm tted packet is_received by at

current dppnsrEaEonE gy bi fJgMﬁWYrﬁerﬁuﬁﬂW AURtergth eé’ﬁ%‘iqde‘i&“?%é igh
entropyh}sdél szl%h% tﬁ?ffﬂ%ﬁ%r%-&l—l&eﬁ%%dé}f UEs. CGeographically
| ose UEs orm a sub-network, whereby any UE that
rece| ves a rrultl cast packet fromthe base station nmay

[00216? € a #}ﬁnchgo 1§at§o’,eqngsp%9t%rﬁn% L&%ﬁ l&ﬁﬁa#ﬁie@ anot ggr air

[00217¢00p eek‘aatﬂabdmm of ey edrronzhtion kignating e usxtmi@rsubﬁsrt\hoﬂh robust

e rou [00194] There.are two differe
systom, PEREGH Gt VEULT O AREn A SRy Hie SREBHTE dolsaliRen g Chicast
servicd3NW ﬁwd%@ﬁﬁmwam&azhﬁﬁn&ﬁsmaﬁo@ﬁ]k@m@taﬂoﬁshlhg s@per-
first case, hereinafter "Non- ove rl appi ng}PHE Go

frame kgylaries ArpyperdiameischigmednGaTa) (sellven fhotrgentt 1§§§XISGC to
a few Qécxﬁ@s)t rOE t@ﬂuﬁfb‘ée@ aekat a?mastnh@ﬁ@m &ﬁl?%a{cﬁeﬂsnaﬁhilﬂEt}Q%ame
are |1 6st would be buffered to only one HE group
super-fyaie @an betcoindinask é‘hetstmalmg@wof@wlow@@erwé%l n@q‘mt‘ai Hmple
|
way to E‘:%?lrtgzpo nsgglt of %E‘egv%glggﬁg}a& TE'E% %n[zﬁ%)ﬁ] t]]"i‘z?cqle"e% '%o%@tabhsh or

re-establisin gmch@ﬁmmtyozgcatemlvxtaymelp s lae thiEsgrevtfparas bogudent i s
till one to.one 195 n a_second. case,

1002187 o APUETHETRBNGS b e DE B Bipe = g TP Cots sufh as

MPEG RcesedsSete nttE@ deebdhey il iBstdotidl dtublE dyuch@nezatRatfr&@a8s in
be buffered in nore than one user group buffer at any
given time. This is calle&d the "Overl appi ng HE G oups
Case". [00196] Prot ocol s whereby packets intended for
multiple LTEs that belong to




di fferent UE groups can be processed for Ratel ess
Coding wi Il be described. [00197] Protocol 8

[ 00198] Usi ng t he "Non-overl appi ng HE Groups Case" for
mul tiple UEs, Protocol 5 may be nodified for the HE
group based operation, and is referred to as Protocol
8. In general, Protocol 8 changes the buffer update

which WsRe tHaCktgh g fHebs Nirfiged drky PeOuped ukf #rmeéna op ackiving
if at | east one ACK for that packet is received from

SYﬂC}&i‘??lZéFmPhe UEs bel onging to the group. [00199] Figure 4
is a flow chart of Protocol 8 400. The protocol 400
begi ns by determ ni ng whether there is a new source

[002194ck et Facdbadk Brror ftsndlime been sent (step 410). |f such

sour&e X (#1( [ '
{0022\/?34]] t hefh %‘%ﬁg&s Q% éc?‘}q%fl ﬁ&g Bﬂﬁ%g rtﬁ%gtq}é)pgﬁ‘igf o&?{? €n the
feedbﬁohe;vhnf:h tidef condexuimeblistic ’ﬁreef’oﬂmivin,g hbdificathenshas @equired to
nsmts a,new sour ket (step 414). |If
ensuigyiab fhe sEER fef RaBUPrEras i BoRbRE (step 412), 1 hen
[oo241pe bage slgatiteRstdeanshdd SbeveCHAnEE thatask @tronk Ioechlrl % the
a combi nation of several source packets with indices

feodbpgk pyrachbrmaealistis, Ee loy MerHedfas o R ok B yatem can

Ehandfelwag%%egga&roup buffer of a packet if at |east one
CK for that packet is received fromany of the UEs

[0022Bk| ongWhie the speaifigrigoritias dgscrihs) aboye aspteadithethate ACK and
R
whicthitf ¢zame frofio cén behidentified) ethizuisf m’tsx;lecas@ey-ehnfm?at jegeral other
s PR A LA T PR T g B

impli¢i€MRiH & @E-ticelaely k3Rl Wﬂdcn fslhared ri]liﬂi)m adms thifrinet & weeé for

4
e SR IS S BB o o

feedbsQUr ce packets with indices in the buffers (step 424) .

The base station _then updates the buffers baseg?g
[00223kcKk/ NATRtRergwBsibility é@@@é@pq pidaedhaek LEko yssiadho ?K and/or

NACK. A block ACK / NACK would be useful in situations where the erasure rates are
known to be sufficiently low in the system or relatively large latency can be tolerated.
A block ACK, which is sent upon receiving a string of packets that are transmitted as a
block, would contain multiple ACKs, each of which correspond to a received packet. For
example, suppose that 10 multi-cast packets, numbered from 1 to 10, 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.

[00224] Protocols and algorithms described above can be modified to transmit
blocks of packets (including un-combined retransmitting and combined retransmitting)
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[ 00201] Protocol 9 [00202]1In the "Overlapping TIE G oup
Buffers Case", protocols identical to the above can be
still used. In this case, an identical packet may be
buffered to two or nore TIE group buffers. Suppose a
UE (A) belongs to two TIE groups, TIE Goup 1 and HR
G oup 2. Suppose that when a packet P was sent to TIE

W1th’%lodktA®K§ off Qiocﬁ DTN S dsh foR BedBhCH. Mihe LﬂE&dﬂié‘atﬁiﬂ wretilddfe that
groups. The same packet P w || be intraqduced

eachtIoSEtsrmlffew d be rpdetedonce blgskihesise iz boldn @a? igpyiting’ and
packq: Mh&ﬁaﬁ ertaﬁgxeg Y Fﬁ%a&%[f rﬁl QUR Fushifl Bnd Bh&iet att ha time.

et T ANS or non- conbi ned
Thusp Redtetol B, fos exampleyebervysed Withea biByk-AKHE sibwitiongeuidbemnedified

ot HE G oup 2. In this case, only the
SShBl‘Yf“flg‘rFllg'é’\r/ $he TIE Goup 1 will be flushed of the
[oo2gmcket FRuré 0203 GoRUphas Scbngft&ﬁktol 03 580ymblifiet ofoa nl;heoblock
the TIE groups can_ be adapt e usi,n
trangmisHSR ER e ThS PEAPGASU] hepmys St %%Vgﬁ%‘r‘?i‘%e% EaR Enow

block%f%HHrc@%ﬁbl&@WﬁcHﬁsrdo@ SeltceaGbal @QIpVB(EBI I8a ﬁaﬁ'tbllddkloﬁéource
E (such as experienced overhead at ency,

packsterems@se theva Hetepminationgs madearhetbey thyreis @ Thi afles bgﬁfer (step
504). Eﬁ\)é rIeEIs ﬁ%ﬁ%&é}?gu@{]o lﬂﬂelilg bﬁjléﬁ of ‘fé‘&tnbﬁiéldeﬂackg% iBlankmitted

ues change suc now I s best aSS|gned to
(stepmet Hilre gckels.cah GO 20dplred; i 19 awtre@lnmdmreﬂbu@wdngcrlbed

[002 dat elgttltaegle :%li!%fgrg fuﬁ]alglgferr% Este ﬁ?len%l’gi c&%‘fh&p §3urc§ﬁ(:fc@ets is

en n pac
trandnidiedated 590).Wi t h an ACK, can be used |n a S|tuat| on

t hat does not necess i nvol ve LTE u sed -
(0023541 1 er e AHRSIEARE AL PRE P R L BT BT apromitiing
a bloélp&i’éxfe% SENRMRCEAB (§ Bﬁ@dt%w&femr@ﬂhtedvuabbﬂ @rfithe fegdpack

type of buffering sc i ncludi ng those illustrated

receiyasl LM DEN s 2, 3, 4, and 5, which are |ndependent of
[OOZéS:j' e paﬁ'lﬂ?ére ‘fm&z@tﬂo@ﬁ o%@/r&er pdcREIS Y ?B@@' f4bn the base station

ot ocol By all ow n% fers to be flushable before
attenacttrs tOJESISh oub rchfebaffgac etﬂushwett shesbetierss p detaripangtion 1s made

whet exf %fndgir‘ ﬁgr%sarg 8{%‘8%@%}%& eﬂ:gﬁ tﬁ@ﬂﬁfe brrofs 254 QHlp?' then

ing sc ecrease l'at ency an
the plutbécd termminmtey (step Gil B il of the GORES3 uSless arn Wt ehinte étep 814),

e BRSSP FRRRF O e skt

be coﬁ@ﬁﬁﬂdﬁ? aay tm)fmn;éy §ié&7ﬁ@tsi158iléshﬁbétb gihg bufférsame apgatepbamtion the
ste rotoco rcnl ctu SSO

feedbghgaoHIRg (PGP 13 GPi RO R S P e A g Index

buffeisoax%%m&t(stw%1@})@:{@%}&@&09&01 SRR ks BBsBribSetabbad.t h
 ow aré aspects of a system architecture that %l}?,lg
g‘%f lds to

[oozzsé cortirprrythy nesessaroierune s fad adgrat/aies RrebA L2
balancg Otthgcﬁlls% Ql%§ r pﬁ%@bﬁﬁgreérﬂi thOQRQL ]pp gsdistits. MRS BBLLAR full-

| 1nformat1on retransmlssmn (maybe part of synchronization procedures) is helpful in

correcting feedback errors.
[00230] A timer on the transmitter side may be used to imply a lack of successful
reception in the case when an ACK or NACK is not received within the timer expiry

time from sending the packet.
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[ 00208] One problemthat needs to be addressed is how
to signal to the UEs which source packets are being

i ncluded in which transm ssion packet.

[ 00200] Si gnal i ng mechani sms [ 00210] Several standard
approaches can be used to signal which packets are
transmtted. An associated control and indication

{oozggsnne@he ieBties tBathodubpesutkShay edrLntittell rﬁk&gﬂﬂlﬁies may
in H gh Speed Data Packet Access ( HSDPA
i have bad

happ@nemefab&rﬁw@wh* senibasl abpyeapRiesially Wi SIEHE
chan?\hg&?lldit ELsselnPsBbe 18P %Qtrhﬁsxﬁlsgﬁ%\’ﬁrg Q&%Ib'd% Hg those
0se of the data car ryi ng channel -

UEs #ith 80Gk chaamdwps@:tmns {Theerebranemissien qfswg:)a padeetﬁ fwthe UEs
WHh%\lﬁ)ot s%}} ahea of t he hi I;rsst%g%g 1@1@%& %Iailoﬁgg i nk sh_ar ed

for carries
[00232)f or rr_Ekis_fmg sblmfcmhﬁaﬁggm;t adpdrittipa ket smbentfi e nsmissioms of

transm ssi og aEﬁ? arri ea'E the so [ att ed channel ¢
the sApi CHBHRAACK oF 3" 93/ \BAGT § TPRSRHPI RS of a source
packbtYeheitsRGe AR it BSHEIolAd Ssltmnldmg MAeh 4xREt. This limit can improve
transm ssion is a _new data packet_or a retransi;n ss;f ({1
E@ ets. To do this,

 the opgrhapd perfermance wihihegosichanaet ahhy Epgecayed i rec

' the bGOSTA R, Hgle&? g 'uﬁ%' R Mendid8d Heor@téh fof eRACKRES Pcket.
varying length can be used, a |length value or, nore
generally, a transport format indicator field.

002 02T Ly ALLAE A% er AUE OS] ALIBLAAD B D embedded

rect e data charnmne m of a
[OOZEhl@aderIn s{o&ﬁb?ﬂn&]tﬁﬁsh sdlsides rthsngrahlty nﬁseﬁc@:@@ RIVofsi ghahay be

packet be| conbi ne uned, t ha
e A R D L R R
UE’s |1ﬁ§;§§mﬁn thARhpht. aU0Bal(s . UR elvs€ as ehé leell Sceﬁlfwrliasaﬂﬁ @reater

througont e VBirpsedyiheel SAEh i i WEHTRER $6 cell B may
1equ1L’QQ %ééi GOS 1RRE ’I‘h@r@ﬁpasﬁE%y 4188 ApREK Qé’gj@ésélfegféaﬁmon

conmbi ned in he transm ssi on needs to ?
Someswgﬁ atayoregisterdor a g Qgtdeied Weikheihersmay segister fopg loeQoS
levelshortened via an appropriate nodul us operati on when a
‘packet is included for retransm ssion. [00215] Sever al
[00235] g nal Thege m-'at ﬂmd)sax:etn niyeet tlsevhridtile QoS redviremasitetlhe QoS may
uen

be coxﬁ){%ﬁe{ﬁ%lg (r)lfa ge Ceet‘p g% 1S pr. Wi(l:tgl?r% %%a]«lz ?ﬁgg%t{)c%‘fs{ (Iiéécnbed

abovd hafpbehdifisd tmw)rb @zﬁlﬁ@rﬁalﬂé QdSbcheamm gnd amhymo@ﬁtatmns are
h co r t| on gn an associ ated contr ol
Stral%’r‘igﬁi’félf&‘sg’é’ﬁ‘ﬁg“ﬁﬁ B th4 2% d may be used, with one bit
for each packet in a super-frame, with set bits
i ndi cating which packets are included in the current
[00236}ansm_§9§l@@ field may be further run-length
00239rc Usthis ga%egg]c bE QRYecb PO t8YGNaBR @addbd fMRNsource

rretl C 00216] Synchroni zati on_aspects
packeamoff Guasb clagy nast bg delivered to a certam set of UEs, while it 1s acceptable if

they are not delivered to other UEs in the system. In this case, the procedure for
responding is similar to that described previously, except now the decision on

successful reception is determined based upon the successful reception of the

appropriate QoS class.
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[00217] Avai l ability of synchronization signaling is
used to support both robust system operation as well
as user dynam cs (a user entering / |eaving multicast
services). A nethod to establish and maintain
synchroni zation is by establishing super-frane
boundaries. A super-franme is a tine interval (usually

[00258] t herrdrdeke QbvelADogtRAG fhPercoliBil hecdadshformation igirst, the
pur poses_ of retransm ssiogn, onl ackets w.t hi

. y p A he
informatien onbe clrsaska sanchpackshEad serhalors gith ﬁhﬁgia%a packet or
| i | BndiriifRtd dAMnl0Second, a UE
the pig{;}%trﬁ? Ilqt?éf t?{ﬁéédgsﬂ tg%?f%%lf‘lggedﬁ%\?vhgu prér - f rlarre. Th ursl, a?ﬁ/onUEa
QoS drtdtssmesdise hegotigtalitdapiedwithdghe tnagismiitpr based upon such factors

synchroni.zati on cap al wa . S0 r £
oo asSYT BRSNS TR Db B e
serviéd angnirbuideg feadbhatkretiya od athass pebkats WHEG e reidlvg. its class.

etc.,. the e di ng i ncl ud tural . .
Alvergg ity oRfettitoust SRS 4 AGKINACS Je5ed 198 6p Jppengion When
receivilg 3NACR TR HUE, RBe HaRMt AS0r2ddtBARMee whRCHEreli¢ fifssing packet

synchroni zati on. g00219] Feedback Error. Handli ng ACK and
is surosabo|brrisliveteddashatddBr i petl thebasastaldarigmorsitaiigAck an
; adapfsitof %ra%%ﬁﬂgsiqxﬁé ﬁ%@? fuggﬁi @ﬁ&hegoﬂ&!‘c&pdb& SHseptl se

(nreal | stic. e followng nodifications are required

to ensure that the systemcan handle errors in

feedback. [0 The al i,t hns descri bed above assune
[0023t9ﬁat a\?aré‘@rlll% &;Qgc ]mtl?lmgé(&%ét feedback. which is

[00240nr eal Esshi sourdBhmckel ik paitigonrmidints £ a¢narate sehofibits adgarding to

the system can handl e .errqrs i.n feedback, i le
each g Mot COAIBOF bt FE G be ACgRH R o o tint FE e b tand
modulfidh MmN NAGKLSIVARRLS cREE of Bitei & @atitednTisasinréddata for
, and the feedback_ is talgged SO ‘tﬁgt gqe. UE whi gagj it thev are
each elapremptpbht deliveped iR ArTARgt of HES YBUIR Ui s AGRtaRls ¥ thet,
not d%l%&«ed BPYAEAUTRNGhe %ﬁéﬁbl lities exist, such as

eedl ng back only NACK or only ACK, wth the other .

[00248&i ng Inrtbiis edse, thehprocpdungafer respoafing igsemilpr jih Ehptglescribed

shar ngom; S bt feR0DAEK. uddie th
wbove B L o e the
successful feeetyqreofdhe ppriipatite Qo8G228]biisot her possibility

rt type of feedback. s t : . QL th
1002400 k. TReBY BERAERE PRk ot SR 8 R AR Bt ehe
inforr)lmﬁdiﬁl oh hlﬁe ﬁﬁ%dﬂa&soﬁﬂde@ﬁaické‘gmhp bmemoalbflg wiiflf the idete packet or
win the systemor relative arge .| atency .c
the paceb s dbroNE) WS%WedxﬁﬂP‘Eﬁi fad gbdﬁ‘iati?ﬁ&ﬁla?é%lesg‘i"ﬁg’ 3
QoS o3 lclds8 th B beRRGKah fedidMib ted With A Sinkingiflertisasad bbarkych factors
woul d contain multiple ACKs, each of_which correspon

\ ! R
as degirpdghreughivub v plgaklopdingostcakhinfieach Lipihsuaremigs opgts class of
i | 5158 BERMs bf Bitule tPrekBive WRSR bits within a
, Servm{é}rgélnsprﬁg?l? %Sd&%?{é)%lf newgg[sge&gt %t i on. eSupI|E)osc\efet hat '?Isgn '
packet Whichiewesghul ity cleesei ved packets 1, 2, 3, 5, 7, 9 but
|d nat .yeceiv ackets 4 ; . b ndj :
00243} dEEESE PR PR R Be o Rl AR e Rl B RS Service,
the oft@REh¥EHe infplemeAteCan Siendrchichl mokulaGvhfscerhérdn this case, the

~ packets, in ich it indicates that it ha . .
bits aSLAEEULY BROYY Lo P RRBICE Pigtess sugh hat agegeiger with a
low QAKt &hnalckdgkilly MeBveAhe @08l £ RItEOy $RB6l cAcddeaciitNATBY order

i ndicating that packets 4, 6, 8, and 10 were not

recei ved. [00224] Protocol $0and al gorithms descri bed
above can be nodified to transm t




bl ocks of packets (including un-conbined

retransmtting and conbined retransmtting) 27 wth

bl ock ACKs or bl ock NACKs used for feedback. The

nodi ficati on woul d be that each LTE s buffer would be

updated on a block basis, in both packet inputting

and ' packet flushing' operations, instead of inputting
cons@llaflbmsﬂiﬁ}mmh&&:@ﬁQ@Stseﬂhce&vddlﬂbe ableus suzf&éﬁﬁf@l@ﬁ)i‘ec&ve with a

exanp when used with a bl qck- ACK |tuat|o
high eBlpecPoBRHaHPR] SO SRS A F e gonstellafisBoupE g it @PSK
schelge 'wslt}ﬁtvt'd Bigs ﬁ&laé}lmwl aRAhe QPéh Srdef BordRdidtiRdnbp be E"l% QAM

| ock transm ssion case. prot ocol 500 begins_ by

constaBefe@mﬁmeﬁga witdt four bita@er smbglt Ofgheganfolr dile, Bro bibsprethe
same%\ftvﬁg%esfom Rvﬂﬁ'ﬁep 9(;1’1 %fattgﬁen sent ( St ep 502) I f a

source pac S exists, then a
[00244¢t er MTnaldtter schemudmyia ekérbdyﬁdmcdly sndeedch [UE inpg edectively

BRI ENETTR NI RN TN o

proceBfcan hfrypagket s can be conbined in any nmanner
previ ously described. [00226]If there are no ful
buffers (step 504), then a bl ock of new source packets

'me45fotrqgﬁﬂkgﬁggt&§$§ﬂy§10) [00227] After transmtting a

of conbined packets (step 506) or transmttin

[00246] ock Tsfillnetnpts she petepheledvaniagewsqf the algoritiies daspiibqda oveto
ex1st1F%8§%g%§t aft o §ﬁﬂu{2 a5 08 ufs Exﬁ&rfo"vs SRR N&Ly (o%*nea?lsﬁﬂs?s)on of

f the € 1S no nem1 sour ce packe

multi¢ast dptHO@)r highrepeadnipwhdsdk mcaeﬁ owesst (EHRRA).t o fl ush
out the buffers. To flush out the buffers, a

determ nation is made whether all index buffers are

[0024&pt y HERTeN obddjew | T all the index buffers are enpty,

oonshST, Hie Lol Pt A, Epbep, Bl L1 2l ool Lo

divisi&d athlopld ERSMWETMAY ofkr Qéglealrﬂhaaadlsp@@kmb&vé@tlﬁ [HSDPA
520)... The packets_can be_ comnbi ned in_any

operafs%\hlsmp%ﬁ@@@féﬂan@é@areﬁf@aaa@@ﬁ@%@@ mﬁ@&dﬁ%r@é cepfrol
channtehﬁi[é g@‘éﬁ@cﬁlgh%%é(y 88hiEE @ PhdeN cBRGorhd 8L EOR), and

whet her "al |l "of the index buffers are enpty
dmha@sdébmsxﬂfDﬁﬁH the protocol continues as descri bed

bove
sk SRR BRI 5 o
data nabléicastp b HBH$CCH 1amhle tlctmlm]séxrgntmmm& H$-§DPO(H§ inthe uphnk
. c full-i for n.r SS|
cirect B a5 i ottt GO P EL T GER B el dabr data
transiBi36108§. tTHég) CH&ﬁbﬁﬁ}kt}&{J doWrﬂmé{[aQﬂZ:&@]uﬁhhk I’&f?]fectgdihs]tclb @ signaling
r may  be used to, i a lLack. o
chann%hvgﬂlég]g P h elrrervissin Bifledoedh IARRIGHe Rk DCH
is replb&drlﬂ'tarf Eﬂ%ﬁé@@ D’@‘FI Ninhdifigort do¥BE aB3RiIfE Y dhbABe1E [t B8Re is a new

: sendi ng the packet
channel in Release 6 spemﬁcatlons the fractional dedicated physical channel (F-

DPCH), to cover for operation when all downlink traffic is carried on the HS-DSCH.

[00250] One of the key technologies with HSDPA is physical layer retransmission.

Whereas in Release 99 once data is not received correctly, the radio network controller

(RNC) will schedule the retransmission. With HSDPA, the packet is first received in a
31



[00231] The situation that a source packet is
retransmtted many times may happen in the protocols
descri bed above, especially when sone channel s have
bad channel conditions. In this case, nost of the
retransm ssions are ained to help those UEs with worse
channel conditions. The retransm ssion of source

bufferbaﬁ khé badeOtriheeives stsition BASI.TIENRTH &eepoti@di dackertsin the buffer

airs the ver head, per f or nanc 2 istin
even gt 9934 @JE@ Be6 PR IR IcERa NpaCKY diHbeF fglore, retthnsmission

autofaﬁhf:ﬁ%smk% E%és abut 118 BPEYRiheUf RN(PRGKRbmehf Ot her
words, if the nunber of retransni ssions of a source

[0024/dcket Fistze Rels s dinsremi of thepdP-Ihefull chasnehercodingnghain 600.
Accmtrfﬁ t8 aﬁ%%_tre GTH‘]'?% Lﬂf@rﬂat‘fﬁp b'rcg'pﬁz%\/ %r%th ﬁﬁ%&%&1m the clyclic
per or marice w't cost that not S recel ve al
redupdeoicgtcheckKTECRI) litd Gtent 6&9)b’ﬁh&ebstsatandﬂlrr&ﬁmtmmls:et(smp 612)

.a.retrans si on coyn sour ¢ et .
avoid o5& 5FREPT 051 St B e 2he BRRR S RE AR IR S sper 019,
Turbé kediag vccurd D23 {stdp 6IBYRtuFHb LodedSire SCUinigae $ypet dfehannel codes

qual i service (QoS) of a LTE nay be different

_} used f?ﬁ%éégg‘rer BE. In a wreless system the QS of a UE

rooza@gy depARY RAnt BE MErstedBXh MWD OUADPHLys: Usiak | YomBining

close to the cell center has a greater t hr oughput
retrapsraissignigrddngementalirpdurdancy sfgansnpesien, Indhasaphiging, the
rate %ghtﬂl?g @L?Ill.(JtIOBSHEye ﬁ@)értlﬁﬁqwt{;v@eﬁ tﬂr&ﬁlg&é & Ithe I;Qﬁ‘ne bits
E may "al so depend 'ass registration.

rema&ﬁcrerew@lsnawme@r‘@trecew@rhaa té sfghe @Svracéseeilplem 4oft values. In
1ncrer?1teQ€ V\%Jm Vr\%alélg tﬁe At Ftl'?aﬁ)%ﬁal\l}l% en rgégemlsfe‘%gré%sg nl Sxeen%, The

relatﬁFda au@bsr ﬂﬁyarh’@ iﬁ:rtmtd Siskanlatee b:lne vaxies hetp&en patrkmmbsamhs In
pr ot esc ma

actuafRlEiae PRt GAIGEKRPTEGaR PBTE S R Ao and

the d&dGhAnTheh bé Bapt idnthedRDSerai ghtforward to those
6] Per cket 905 | evel

d h
[0025?13023311?%@ h&éﬁﬁ%ﬁ%é@éﬁ%@ Case Go) cinSEBHrﬁeE%’EPttO& occurs (step

618). MR@Qﬁ&ctF&n@ﬁ%ﬁ%wsﬂ’c@ 03 Qb %eag%%ls@heateﬁmgqu\%ﬁg lbas :ind 624),
nmust be delivered to a certain set of ileit is

whichzpdlowisitaping of the rheéynéfru@cyrvermwfrdwf@rreat Hefras IEISIaYE Sy bieR using
1ncrer£gr?taf e%]tuﬁﬁbn(!c;/nAﬁtQ{'ﬁq GASEpatd gﬁ &teprEO; @EQM
ar at pr e

1S sim escri except now
bit paylved gecicsdoiw anlR buffasGiap 622.(Bpt seoornd satd ertgchingstage (step

624) t%?régc%}ng gﬂymﬁe)ld:g%%fle?l%é%éle%tragmrsxgs}te!eé)g?é%f t he r‘@’P&b Qoﬂo%r}e% by
interléﬁﬁﬁ%llrﬂgiilﬂmm:ca&ﬂ&)hy@fcal mnﬁhmaspﬁgtb(stetpr@&) nlf or mation
nt ., Cl as 0 a So cket e.sen a { .
00258l fisirpaaRbtoiie B DSLRbELHHACHEDEagh 100, Which is
almosﬁﬁ@lﬁ%@&?@d&&ﬂfoﬁ% t1a¢hcb i CRAINBDOC RO BEl - exﬁ%ctﬂ&ﬁl:, in®Figure

or class may be negoti at ed/ adapted with_the

7 is the &ﬁ@mrtmerbl%éss@aem L é’d&lﬁh fogeliosns fére @ase cagbining or the

mcrentelHtQmaQH&anc?)ég{axe%aoln ﬂg#}{egiecc?&ﬁ%pg&bgsd 1nt@ﬁ8£&u gl{l&ﬁﬁanon
operates on ass of servic provid

and plydigal @hanhdsreamaukdts@pm(h lvcarrefingt.t Following tbisaﬁtege physical

t erna |veI st sends_.an NACK b 0
chann B PR RGP F G2 OTRY MO P & SO E oA by
the infdas@tish aiitt péhsdﬁg grraigle anWReh ifedr (Btep T6SSifnbe paakikired Surbo

supposed to be delivered to that UE. |If not, the base
station ignores that NACK34and adapts its

retransm ssions based upon the negotiated cl ass of
servi ce.




[ 00239] vari abl e 00S within a packet [00240] Each source
packet is partitioned into a separate set of bits
according to each class of service. This may be

achi eved by adapting the coding, rate matching, and
nodul ati on schenme used for the various class of bits
in a packet. The source data for each class nust be

codeWBFds\ie %dcde@sfan &ééoﬁbdﬂ St Bhtelnh FShinghitd R (blepi738) begins, else
accept ab are not delivered to other UEs in

comhm@ggyt@péﬂfl) qoewmrhmm the pungurediarhocadennrdgaresuccesstully
R R R T e
code hdskcegpentdtive Glepc S bik scrwd;imgo(ate@fmGhearaip@RGmtt@helent
@ﬁfcﬁg class bits. [00242] There are several options for

P 5ding the class information. First, the information

on the class of a source packet may be sent along with

ket index through an

ation channel. Second, a

[00234F Q)SPHJS H$]§P§ é?}ﬁf l@ﬁtl&%} Q&ﬂléﬂf afb adaRiredeMtst b iHbemultlcast
e

transmtter bas on such factors as desired ,

- modeltAensgibpd aboesy She S-St gnddiSDPHFH gre e dovurinkhggnsport

chanﬂ@learn%ttﬁé gﬂnk E%nﬁhﬁ? Shi¥inet & MsPP 2R, Q&%ﬁ}d %e ?&ﬁ@? 8fnnel
on succes ure to receéi ve those

can smvtehalsmhanmnmt clhrinsh aad theliattier charrel cdragegve %WEMK/NACK
ase,of ..adapt.in dul ation for different

feedb@?%ﬁ%%n%efl ifle Isrfgé X/ a%t f;Dopt i on may be inpl enent ed

[0025%8 a msm&&@ahndm dhlzluathwnnuﬁmdmemodém It FISDRASEa phblet is

bits_are djrec code a
not Afoded ST st eI TheriF L0 ORIEO Hffcher decoding
use. THRCE&SEAHeE Vhe QRBIMBg tTABURI Ffe dBr ithe &muné&ﬁitaedep&:dkdeﬁ It is
wth a IOM/order 30 constellation. LIEs Mﬁth

imprepss ferthy rltiseeh mosel tasEeIne thafdbe SEITP fhaRRad| %\?é awr)flﬁant

averdge Qk&é"urg Qgt%rfoﬁﬁpﬁ{eeﬂe{cﬁgis%@nt ﬁq{e S8R BasrBSade@dnPe el as a
constel I ati on may a QPSK scheme with two bits per

functipprad she andbenef thswwn% Basexample] Ge avayegserasure rate for

the irghéaﬁ?’jde%g{sP{gset eh{) az%'\}e%]%e e%'ag R MR fugetlﬁrs*e !féﬁalps% gamgkket is

oyt rs are the sane as those
e, arH1 %é Mr@ééj BFast P48l thAthOBecoh® Qgﬂﬂﬁéﬁﬂis&oh%a&:ﬁét BCH)eRBere
be used dynam cally and each UE may sel ectively
e2<edempdulate the data and provi de feedback based upon

t he best effort denpdul ati on process it can _carry out.
[00258] The protocols described above can be applied to the HSDPA environments.

The example of multicasting data streams to two UEs as described in Protocol 2 is
discussed for purposes of simplicity. This example could be extended to the case of
multiple UBs. The channel coding and HARQ operations in HSDPA are not covered by
Protocol 2. The packet XOR operation in Protocol 2 is new to HSDPA.

[00259] To adapt Protocol 2 for use with HSDPA, the following changes are made.
In the buffer, with HARQ, all transmitted packets in HSDPA are automatically stored
in the IR buffer for potential retransmission. Hence, it is unnecessary for the two

buffers in Protocol 2 to store the whole missing packets. Instead, these two buffers
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[ 00245] Application to HSDPA [00246] To illustrate the
potential advantages of the algorithns descri bed above
to existing systens, the algorithmcan be used to

i mprove efficiency of transm ssion of nulticast data
over high-speed downlink packet access (HSDPA).

[ 00247] HSPDA overview [00248] According to Rel ease 5

&mp@f retc&% HPRIERe6F the ﬁﬁé&ﬁ? phélfetM Alphaindd is eeovadl frbsi e IR
| tiple access k ur Ioglcal channel s are

buffer Hitbp BIF Tegeiveph I%éeqnabpahUEﬁu femthimpadketionn| i nk

are (0]
[002 6%}“1 ann mg@gp%féjb‘a&lgg S p e e%&g 2 (%‘% I C atdﬁga&ﬁs’g%C gtog‘ (Rule 3 of
Protocalrit, thé BilSafoliews (HeSE DRTSHH, chandelomtp@ag@ aml%mlFlgure 6 to

00249] The e
senershs G RAEORAET Ar QL ARk S b ik DS CGL PSRRI Hldhog chnin,T00
in Fig@ia_s%fdebdﬁetahﬁzcdﬁwlsb\iﬂée f{ilaél&ﬁ.t i on gnd HS-DPCCH in t h|e
u I n Irection are t ated s ne
[0026hi ch WBeR FEPSPHETGAMM Skt a2 SRS 2, i
the bxﬁiﬂﬁ‘s R &tk UEReLS n&zlil@m?)@y\ﬂhé BiSanthshhies tHeKOMGS the first packets

directions is a signaling channel which can be useg
~ in thespitwg .byxffmaq d'hete arertyioc@rrrrches kad@Ring parkein lddelb:
- [0026?13 st igfnf%gkﬁ‘%ecg TR P&o%%%%ﬁccﬁn%‘l The 'X(ﬁggéetrét‘?(gh can
t he oV our channe there 1s a new channel
be perffedneasat aﬁxywmfrbmd:he puginal strercé padket thidle bdgigingan Qfdhe Turbo

s HGE) SRSy PSHpd B SR o BLALLRD o o

be@nhﬁ@ﬁﬁ@hecmﬁjnmckhe key technologles with HSDPA is

ansm ssi S i Rel,easg .9
00268te. Hlurers oo Uagre et B ) e P Aa iR o
a comgﬁﬁur;%k&r ThBN@ DBCH clashetsh@didpehagt forasndsiddmacket 800
HSDPA, the packet is first received in a (ﬁ}éfer

beging wﬁ%%a%m%?%@é%%ﬂ)s@% Brrchprss amyidepredesisp 812);
followkd %y%ﬁ&@ﬁm’bﬁn& h&ep @ﬁﬁ)e Enﬁ\ég&b hibclhassrdaRhtibd (&b 818, Turbo

usef and, 1 n case of packet decoding failure
Codingeisrtes mezformad dstenrlS) cHARA pakl@§10§|5 £60a7e rthan ccABIEERSed,

startiy “h‘%l% F—g}%&ﬁ{&%\( ne e}r\1 % g%'%é Illiha| n @héﬁ%c(gér@%zgmhen

beging fz»nEwgdn be d6ta pmmgnhmugﬁtaxdm quffeg (step 8£11)rastd then acerond rate

th the ¢ nda (
matctSedupied ee SRDERBT IRl FARAT RAFE Ty (L 2g Bppjhen ocoure
followad Bk dﬁtdrléﬁgnfg;,lﬁﬁdﬁfati(oheaﬁ& phyéitaﬂ chb%nél mgmdﬁg Kdtew B30).
segnment ati op occurs, (st Tur bo codi rs .
[0026fJct  (STEPPGIBYOS 1 Fpedich Tortp GRigE (st Of operation
can bEPINChe CLILSy 28 Prdnh thiSo ARGl of E@@@ﬁﬂ&&%@m@mlm to the IR

operated in two different ways: chase conbining
bufferdeakaSute o spnemidtadmackpient SR RN de a’ﬁ@ylatmaﬂy stored in the

TR bufeit [:30 SSH vl e t$ ﬁO 2.8 GATPh N 0midshif S AkEtsTRLER] hfkgstored
v unctionality is enti cal between transm ssi ons and
in thetlRédleme blts renaln for retransm ssion. The receiver

[OOZG%}aS t P St ofe%?%ec'ﬁ%réyﬁcy 3& J?spusg ﬁsﬁi& t}@nﬂb comb[Pned packets

ncre 1o he ot at € at ¢i
generdtQl kBIighhe @BSvd Svdlhfdreads ard hdentiehht i ve nurrber of
&arit& bits to s stenat c bits vari.es ﬁ tmqgn ket, 2 UE
[00266let r aihe Apeasie GrigmbinedRadgl UPRPFETRAPE LRGP RghAR et 2
ﬂ{bekri n ARG ;Eét‘k%%t Wi @ RIcE8 OleraB Bf the
ﬁmxcﬁﬁgﬁﬂgggqggﬁm?ﬁgﬁ be Qgét int | R buffer. [08253]In
t he hybrid- ARQ (HARQ stad® 650, first bit separation
occurs (step 618). HARQ functionality consists of
two-stage rate matching (steps 620 and 624), which
all ows tuning of the redundancy version of different
retransm ssi ons when using increnental redundancy.
After the first rate matching stage (step 620), the
information bit payl oad proceeds to an IR buffer (step
622). The second rate matching stage (step 624) then
occurs. Physical channel segmentation (step 626)
occurs, mhlch |s follomed by |nterleaV|ng, nmodul ati on,

PN




[ 00254] Figure 7 shows the HS-DSCH channel decodi ng
chain 700, which is alnbst the opposite direction of

t he encodi ng chain 600. The only extra block in Figure
7 is the conmbining block (step 714), which perforns

t he chase conbining or the increnmental redundancy
operation. In the decoding process, interleaving,

combiRAY Rk &tOThe R it URSORAheSdTMIVEA p 40P wiBh (54 Rpeivddlombined
occur first. Follow ng this stage phyS|caI hannel

packete Gherasultingsingle wndmpwn pcket 19 thepdrmiodn reighthgyeceive
chaunt ?]&%g;rgwg &@r@i&gﬂ%ﬁ?ﬁlﬁ?ﬁ&&%}% c@iBH%é;p&ggir’] %:1% ﬁfri’:szﬁlaﬁéi in the

recema,nﬁamn 3t thonesonasrama®io pesfofm the paded eetgactpnfis frsthe IR
hj age 71 e | se conmbinin
buffef ﬁrboﬁ r{a%ﬁs Jif)sgc? ﬁ% o @g%hupu%?m?)rp Ebecg%elfﬁgltn%r ed turbo °
[oozeapdevwlggreaa & sikgesafoibh y{smsgﬂﬁ dharBleg ds«gxdargadhaun 900 for a
step 7 curs. ne tur ecodi n
comb{rsefi@acbezzgn Recuebrofiis gahéﬁ? SevbnpRde 5‘&‘? Is gfopponent

of the o d NM3kéSik BPst (CR( attablk i epd1bR Qhﬂ&’dﬂlov(eﬂ%@ Bit&eB)mbling
nbi ni ng fackets i n" HSDPA [ 00256] The HSDPA

(step §b@c¢q<£eé>&qqk@ﬁgm§a gtigmyfstend 1hb G‘W‘P%%lm% sesfP G1fe bit separation
(step :%S‘E}P%%Elt anﬁ%@ fatg g%l% d t?xﬁgd ADRUE - (stdhe 9By, %%nﬁﬂﬁ’ed packet

are the transport channel and the
smuluzphaonklyscvagnhé |d|aglodhh¥q¢rb I(stem 9REDPAen rgesiheerghy physicaftyhannel

t |
N T iy
befor&ﬁ@fﬂﬂlﬁh (stép 99D, @Tﬁlbirﬁ% (sté’ﬁé@ffﬂ) tflltfrﬂ&ﬁgii\ deb)Pﬁd b¥ ftorage in an
r t t nul ti cas el . n | a pa t .
1R buffe e SRR BER U BEER N R aPtss ] SRCTER: @ Brst
rate dtehﬁaﬂéﬁﬁ{g%roée%s 34 b 9@4)1‘0@6111% W1t ie cdR0O8inE @stes 830) bbte's again
e

decreases the coding failure rate f%% ﬁﬁf 4
with theryngredepsiiby dp%f@%éﬂosmcwe# Lurhpsogprprdsotolfqydng the first rate

de-mdTHhihbGaGhe P 48k VB4R SHUBat N Ehe FISUEErEbRBaRUITEAGtep

a constant average erasure rate for all the packets
938) weyms. The average erasure rate can be set as a

function of the nunber of retransm ssions. For

exanpl e, the average erasure rate for the initia
[00268ackeProtwedldl t he average erasure rate for the first

et rapsm ssi on nd ..t e
B T
for each UE. Each index buffer records the indices of packets that have been sent, but
not received by the corresponding UE. Both buffers are empty at the beginning.

Although this protocol is described for two UEs, extensions to an arbitrary number of

UEs should be clear.

[00270] There are two stages in Protocol 10: the “normal transmission stage” and
the “completing a burst transmission stage”. If there exists a new source 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”.
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e2 <Cl < e0 ' [00258] The protocol s descri bed above can

be applied to the HSDPA environnents. The exanpl e of

mul ti casting data streans to two |jEs as described in

Protocol 2 is discussed for purposes of sinplicity.

Thi s exanpl e could be extended to the case of multiple

UEs. The channel codi ng and HARQ operations i n HSDPA
[002@a1]e noln dw/ﬁdmfalhyaﬁi@i%ﬁﬁﬂ lstage, THeeBPA@kaéra¥éFand multicasts a

ger at(%? tocolrcé ‘&n w to HSDPA. [00259] To
packg B 0‘1"63& %5 QhOFIFTHSDPA, the fol | ow ng
002@'] angeRruRM CIf! %Q?UEIS Anfob8e MtHd BT'S oMfhb FailiM@f dédolling a common

transnmtted packets in HSDPA are automatically stored
packety the BTRepudretes 4 getygoswinsionl packet apiepadiesdnabovenke Chase

combISn{n(r)zlg,e t#ﬁ&% Vﬁaﬁ%ﬁﬁé’méf rpatcpgt tl h@ ug‘ Sfaesaghéa I glgﬂ‘;ﬂt g\%ckrep In

e m ssing pac
incremefrf@rnedusdaplyy theembrah%aswm dades iph different psietgring of the

oSt DuBRE o of SERESLA PO SRl oo

the HTOZGR]tWE @B cltdtanddd intd Cige buffer s Chefattke URaccor di ng to

Rul e or e 3 of Protoco the BTS follo
 [0023 DRl ahde %ﬁf%do%%iﬂ% BOGOPIPIERPYuihe B goferates a
' comb&?e’&%fa@k& AR uRHEROL 09%5 @bscribed Llﬁ)vteoUb&Y\Eec&bﬁx A;@@fi‘om

channel deco 700 in Figure 7 to decode

one ¢xebethydifs d@PCB%§am@VeS[ go2613tvwerket rlaﬁs}fnr?fqrﬁgfeafrom the

cket according to Rule 2 of Protocol 2, if
apprélbhmﬁgﬁgeﬁ% for both 17Es are non-enpty, the BTS

[00274] ansRuls 3: HEI@(BQ?Soframhmm%l a sewppasket @si desciiesse abowg. When

buf f t h Ri
T ece“ﬁé%ﬁ/%rg?gotger foﬂ%r oac hr°?'§ t%’e O% [E]g‘f or eﬂgﬁé ghé‘ the

packe2 Ak ingo tlﬂlﬂlffé%:ﬂﬂ%ﬂatﬂeﬁﬁlﬂian be perfornmed at any
fro the arj.gi nal source packet to the beginnin
00273} P ety Pur Sk anERaas #78hotl th S it dove
transﬁﬁssl@&@@t it ABhe UE Bhd Becdl aBl6 6 BRGHSAIIRGuAE phbieetEREthe
bl ock. [00263 ]Fi.gure 8 is a flow diagra of an gs
otherclﬁ%rliswn%prebémée%ﬁau%quef@co%?tsw eohtsi hederfar kat Ul non-
empi;}'f"%hg})%ﬂ'el @f@ﬂﬁ@;es%ﬁ@ ol Wf&h%er&ffc%ﬂy %h%@"i)fg E@Cgscﬂﬁ%%imttmg

O begins with Ri ng packets (ste

all thapad@wﬁﬁlsmdxces txhthre héee unsil efprestZ?S an §iQFole thy W-Then
t at
the BES B e bR ithh oA S DO P e B16).

HARQ operations 850 are then conmenced, starting with
[0027 it separation ep 820). A first rate matching
que eSS t hen begins fol | owed by data

[0027p]assi Fagde rmugha %ﬂaﬂ}Robanffr&f s1ﬁ:?.ﬂ£@or826lﬂ1pﬂfiﬂ%tth€ Bvcla'heads of
cond_r at e .nat chi nce (ste 26) .. Physic )

Protogd} éﬁﬁgﬁ’refe \feaﬂstﬁ%a(@te awsy%%f%%e%}aw%om?%wdm two

UEs. Pde 'sﬂ&xﬁrajcl@fi’é/ hil;ﬂme”@g'ﬂ Bt ERRuroRHe PHY TG0 16B8RBbNt erasure

: mappi ng (ste 10
channels are 1dent1ca Let e denote the identical erasure rate. For comparison

} (heremafter ‘Curve A”) and % (hereinafter
—e? e

purposes, two curves are plotted

“Curve B”) in Figure 10. The former curve is derived from Equation (3) showing the

expected overhead of Protocol 1, and the latter curve is derived from Equation (5)
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[ 00264] A second approach is to XOR after Turbo
encodi ng The XOR operation can be perforned at any
step fromthe output of the Turbo encoding block to
the IR buffer block, Since all transmtted packets in
HSDPA are automatically stored in the IR buffer, it is
convenient to XOR the bits of the two m ssing packets
showiy thle minemaop@diblaotdirhed FofaufyfreotocdlFa2BE|hbltmast model with
stematic Turbo code is used in HSDPA, then the
two i ned packets generated through the above two
[0027RPPT OGNS sibh ElatieBs) thé ahmbePE266IcE P adlerodasc@as DIFDEAEIpoInt

packet, upon recejving the conbined packet, a DE first .
in the paree s Ahaverags Pl rSlepRdent SRt A 1o yReangeRfieay point is

less twgh CJHX @9( Og qg"ﬁ@&?f%ﬁx Pleutd qO%ﬂat tKeOSRtHrﬁé‘Qi BePkRbcol ThaRost

ese known pac kets wth recei ved

overlgmnBiried, pmnkéte ovTémae adleLHthG;gl %ahgbsé Oumlmﬁ/\ﬁuﬁ@cﬂ’(elﬁl other
du
word% ?’gvﬁo(g& gj acﬁ%érﬁ% e be oveoheqala é) r a%%"lﬁ%% 't}lr?reatréﬁsmmsmn of

the smeaawmtaeeetto@dtdser&&dmeve chal n but t he nost

nat ur | ace, to perf rnlth ac e i S4.0N
00278fe "] Highte B is BaR Spov e ey rhepds o Mavisel bAPAS Hiogel 2
versus $hREndleeadira Qate{eo OBk the UhSni] leBastirsl r@@r @18 fkeddt 0.2. For

HS- DSCH channel decodlng chain 900 for a conbi ned
comppasdepurdoses, heodecee bagedhai Bq08Gonst (3@ aedubgavith ¢, =0.2 are
packet (s) which is a co nt of_ the conbi ned et
plotteginftinp SamerkE e lidh geeY gg@plg gy 11 phat efOBFﬁ't?\%éd’?%Pt"c"l 1
almod}) c;vef‘l‘égé'fﬁé icQfvel 8t BRuRSD (3C2EE th 06K 1288 MRMBEdcOIN2 almost
(step , Turbo coding (step 916) bit separation
overl p§t‘fél}9 cgtmg of Badatdort (Psi pawerhﬁeadcoﬁ iPrgtogplot eaerformp that of
t can
Protoc9 %q a]tgwen?% ﬁgrgoﬁeats lﬁtég]gsg%@?%%%h%h %hy@?g goted that the
curve Q)h Eﬁﬂﬁhoﬁ eYBptaiched t}(esdlﬁ'pe 9PBjusich Ghana Giglo epvadexond
rate de-matching process (step 928) before XORlng
0028()]st ep Fg@¥ 12ds mgrnplm gh¢wingishe 2vyrhehdnofdtustacs! § apd &retgeol 2
St vl %%P .80, gh?l%ftgg Eha(n%e?&ag %x‘ﬁ‘ré 2 (]iée %])geg aéO .4. Similar

versu
%UHC ure 0 ¢odewor I'S SUCCESS

resulthiab$h Fi x@ﬁe:aﬁafecdn,b&gzearocess (step 934) occurs, el se
t he conbining (step 930) occurs agajn wtht

[00281ﬂns uc Fesrdpisa aarbRtah peiFttiarerresyitpen &ll?défﬁgfe@és of Protocol
la ang gL %t%mbl Bt A6 hlifirhsf ﬁb&el%"tﬁﬁb@ RIFRITEE GHENEE efSu8Prates of
it separation (step 936) and Turbo decodi ng

all fivesthepneBgjrecssumsd th0g288] Fme dedhe :@@npb@@@g] Fpie cqrapgrison
prot ocol for HSDPA includes the BTS setting up an

purpobasg @Xober bemdfie drasc lonWke oFexhiead nidex—buf frekiguae d8 d4 is seen
the indices of packets that have beeh™ €ent, but not

from 8GRI MAGhabhe JVericld 2 PROIIE BdiekasOk 11 lakd belie oab@clty This
enpty at the begi nning. Although this protocaol

is becatsscritlp 8 darger b@f%er cgESit e e ot saetas Bkely 4f g‘ﬂntam one

packe{lgﬁ@ﬁﬁno%n gﬁﬁnﬁ +ﬂ 906%0% GRS Al %@ggﬂfé@"@arp%cﬁff @nér@@ses the

stages In ot oc normal transm ssion stage”
et | ndm
o BT e S i e
sent before or both buffers are _non-enpty" t he
simuliiet Bcvrall SompaIeAV IR G PRAIIH 0f APSSE GROLisitherore, the
O herwi se, the protocol is in the "conpleting a burst
transm ssi on stage". 37



[00271]In the normal transm ssion stage, the BPS
generates and nulticasts a packet according to the
followi ng rules of order. [00272]Rule 1: If both UEs
informed the BTS of the failure of decoding a conmon
packet, the BTS generates a retransm ssion packet as
descri bed above. In Chase conbining, the
buffeftitb@Bepasied Mdiasloaty, rsthHeh ehatiie winld gueketsi fénva) the storage

packet. In increnmental redun ,.,the retransm ssion
roquiggeseaie Of Erefo preapdiseasih é?‘i}gf?‘%&yyotfhe{h?ée Fi@H8-

002829 deVaFidyrMNE I RS BE1 B18reBRapdEhbiyats 128 8i rMEaBb radul¥d6iith
[ ffon1tﬁgugiher UE%gfhe B% gdds t he ack%t ?ndei i nto ©

overheqds ¢fifffobgcol by and Brotaeal drwitk 25200503 Re tespectiyelyt Again, the
buf f for U r -.emmt T

o5 e BB U 18 15, 085185 i

simulatione. A Upga peeforh smaegnaproEKedir cm lenebserveld divtudiis Protheol 5

éﬁpgprgfoves the first packet index reference fromthe
OVer dppBpri-ate buffer(s). [00274]Rule 3: The BTS
[0028B] ansmiltifoughnNew Backals agd ddskehhedf ahovmeséthedisclosure are

receiving an ACK fromone UE and a NACK fromthe othe
descriped ipparBoglag feRbinabionge each iferfuxe ChEFRHY F F% PJS?‘E raﬁwe

' witholi Ehd Shbe Feabhres 20210k bhtst 19 nGaAPIBLE Lo ABiInALBHE Hith or without
transm ssion stage, at the end of a Iong transm ssi on

other Fagtures aad elesents.dihe rurthdsotfiasrchastsere g debmay ke pplemented
. S. e .ok 0 ; d .
Y

readahlersteragt ypeditoedot dxec@ish by aghesrabpuriose cirupter or a processor.

_ eci.ficall t.he, BPS keeps. retransmtti I
ExamBBEOE ity eaiaPlegtore kS RA G PERATh Hd W PienlRPROM), o
rando@l aﬁ\@gs fniiélgdﬁyh@{m, al hegistehecBRS mendsy, tshaicoedtictpaketory
. with an.index in . the buffer. )0276] Si nul ation. yesult
dovieaOBEETE G SH5H % 1B UGRAD A BEY RPLFoRp RS TG, Hagibto
optical HERY, | 2@ $RaPHREDEARS 4f CPIROPLOkLY, ;1A Pl eeedtild disks
versus channel erasure rate for the nulticast node

DOVDgith two UEs. The sinul ati ons assunme that the erasure

. [00284]2 es gQftabRepiitBsshRASRAREE Ny GF RS UF @x5haNNel $eRE@] purpose
- I'dentical. Let e denote the identical erasure rate.

procesgoy, ag;@pp@ali puypose processor, a conventional processor, a digital signal
processor (DSP), a plurality of microprocessors, one or more microprocessors in
association with a DSP core, a controller, a microcontroller, Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs) circuits, any
other type of integrated circuit (IC), and/or a state machine.

[00285] 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
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2e+1 purposes, two curves are plotted (hereinafter
"Curve A") and *. (hereinafter e 21- e "Curve B") in
Figure 10. The fornmer curve is derived from Equati on
(3) showi ng the expected overhead of .Protocol 1, and
the latter curve is derived from Equation (5) show ng
t he m ni mum possi bl e overhead of any protocol for the
hqmmwétsla&’fspmg}d@cm d:%)fa%zﬁlﬁsan B%%Y&hg Bt-éhfting diode (OLED)
simul ati ons, the nunmber of source packets is set as
dlsplammtEadltglpﬁdlnmsm Blaype souedieslpgeran vidpegage ppyegguodule, an
Deen (gqgﬁﬂp@ i's
Inmjfless ?%gﬁ%&‘dy&%gy v?i?fl{; gagc%%gﬁgggﬁvrﬁq flgl gure 1Ob(ﬂ11at t he
over head of Protocol 1 alnobst overlaps Curve A and
t he overhead of Protocol 2 al nost overlaps Curve B. In
ot her words, Protocol 2 achieves the best overhead
performance. It nmakes the transni ssion of the same
data to the second user for free. [00279] Figure 11 is
a graph show ng the overheads of Protocol 1 and
Protocol 2 versus channel erasure rate e2, while the
channel erasure rate el is fixed at 0.2. For
compari son purposes, two curves based on Equations (3)
and (5) with el = 0.2 are plotted in the sane figure.
It is seen fromFigure 11 that the overhead of
Protocol 1 al nost overl aps the curve of Equation (3)
and the overhead of Protocol 2 al nost overl aps the
curve of Equation (5). The overhead of Protocol 2
outperforns that of Protocol 1, although the gap is
not as large as the case de, = e2 It is noted that the
curve of Equation (3) approaches the curve of Equation
(5) at a high e2 value. [00280] Figure 12 is a graph
showi ng the overheads of Protocol 1 and Protocol 2
versus channel erasure rate e2, while the channe
erasure rate el is.fixed at 0.4. Simlar results as in
Figure 11 can be observed. [00281] Figure 13 is a graph
of the sinmulation results on the overheads of Protoco
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la and Protocol 5 for the nmulticast nodel with five
UEs. The channel erasure rates of all five channels
are assunmed to be the sanme in the sinmulations. For
conmparison 1 purposes, a |ower bound is drawn on the
overhead, i.e., - , in Figure 13. It is seen 1- e from
Figure 13 that the overhead of Protocol 5 decreases
with the buffer capacity. This is because with a

| arger buffer capacity, each conbi ned packet is likely
to contain one packet of_ unknown information for nore
UEs. As the buffer capa&I@IM creases, the 1 overhead
of Protocol 5 approaches the |ower bound. The buffer

Capaci A Yo iR i ifadtna SOk Aokfiftidisizsmal | conpar ed
nu

Wi th t e source packets. Furthernore, the
bofdvédisg sxtbnfértdﬁ@ hemelaatiom fircash ohtwo usent dusipments (Uls) in

comnﬁ%rgf%& %ﬁ%@ﬁ,}b sé sgaggoﬂ:{ Qgc Sl% e?l exg.{%x%g{i Eg&@%&%d?gts to be sent
tothé&ﬁ&m@amhb@QH&Z]Flgure 14 and Figure 15 are graphs

%p%%s}lglg g'hgh{?il'l %r:{egg% Fxg‘g'%{%% %g gﬁ%lfﬂf gart%gagtg%e (t)xfansmitted

to a UESVPE&%M/@ h¥w pAER s atdievieldRpneke & Riclte rates of all
' t hese channel s are assunmed to be the same in the

stisaraEions hethardoge UlcP ¥ @nmare sorimPienent can be
, Fgg%‘gé?%ln?ﬁggéﬁg}%u%?&ﬁﬁ Qbndatigy %at@ﬁ@fqu @b nk#-packet and on a

[ the features and el enents of the
condifipe $kattongiof tho buifersds pon-empty; '

selecting a packet to transmit on a condition that there is a new packet oron a
condition that both buffers are non-empty, wherein a combined packet is selected on a
condition that there is no packet that has been previously transmitted but not
acknowledged by both UEs and on a condition that both buffers are non-empty,

wherein a combined packet is an exclusive OR combination of a first packet in each

buffer; and
updating the buffers based on feedback received from the UEs, wherein the

updating includes removing a packet from a buffer on a condition that the UE

acknowledges receipt of the packet.

2. The method according to claim 1, wherein the flushing includes:

determining whether the buffer is empty;

transmitting a packet from the buffer on a condition that the buffer is non-
empty;

updating the buffer based on feedback received from the UE, wherein the
updating includes removing a packet from a buffer on a condition that the UE
acknowledges receipt of the packet; and

repeating the flushing until the buffer is empty.
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described in particular conbinations, each feature or
el ement can be used al one without the other features
and el ements or in various conbinations with or

wi t hout other features and el enments. The net hods or
flow charts provided may be inplenented in a conputer
program software, or firmvare tangi bly enbodied in a
comput er - r eadabl e storage medi um for execution by a
general purpose conputer or a processor. Exanples of
conmput er -r eadabl e storage nmedi uns include a read only
menory (ROM), a random access nenory (RAM, a

r 891 StRfe mE@pRSHRIRIYo BAH €OMEUIEIOthe HBIHRE Mg TR ERS |
magneti c medi a such as i nternal hard di sks and
rerpsabtiag dias kecketadhett daspthieenl praviiugly dnenspitiedabut not

ROM di sks, and digital versatile
aduu%ﬁ%&%ﬂ?%ﬁ@%?. i50284]8uitable processors include, by

may of exanple, a general purpose processor a speci al

DL PO 1 9535011 BCOUENL | Ol B A2 SBRing Pl

nﬂr@ﬁﬂﬁftﬂﬁ@ %&féﬁﬁpadkﬁﬁoz@ﬁ cﬂi@dlﬁoﬁltﬁémhbfmﬁ%q:raﬁkéﬂthat has been -

oci ati on 0 a._cqn oII ,oa L
| prew%Sf: FapHeitng n%&?mvg%c{%?é bg&@gh? & arlﬁeef@rca?@awn that one
Ofthe(gu&‘féyé eyl Cs), Field Programmabl e Gate Arrays
FPGAs) circuits, any other type of integrated circuit
(1Q, and/or a state machine. [00285] A processor in
S OCIRk LAY bhoF@bE WBLGHIRY, Wifs U AHlo LOleb TRl RlERRtes?
radi o frequency tranSceive use 1n a wreless
taxans ming aﬁxsemuekemnnta I(olxjamptys}arffeeqw pment ( 11E)
%%'ﬁ%])mqglbﬂrg Vgﬁgt gt é’%%g% dlt cfsl_%g)tr rtlérrgl netteir usmg& of packets
aheadCd1a) il 6t tre ety ﬁrhnmdwdqsackenpmdnent ed | n har dwar e
and/ or, soft suc as a ca 0 :
Aot I5e R cGioh et St BRI ta A (8 PBREet i the

prede @i £l mﬂnﬁ&&iﬂiﬁﬁket@ alb&d epﬂmost&e&eeitwrgnﬁﬂztted packet.
transcei ver, a hands free headset, a keyboard, a

Bluetooth(r) nodul e, a frequency modul at ed (FM radio
tsn' U, The ndéf,ﬂ&a gecbritak 8l clgin%@sl @Yleﬁén@@e Qfeﬂejce@ihlﬂéﬂ fumB8r of

anic light-emtting diode (GUM display unit, a
packe@u etaél ofrthsmosplrathly traneniitéepbagket conrestionds te Arpaximum
dday@%ﬁl nodul e, an Internet browser, and/or any

rel ess |l ocal area network (W.AN) nodule. CLAIMS 1.
A method for nulticasting a packet, conprising:

rovi a.b ffe t a base station for,eac f two
sor LhetpRuRts =oelhe e 2B KRS WE heer iR udes
transmsit8hi @Fﬁrsﬁﬂsd’kebkﬁ fiey b@%}fdrgéﬂ e@tlition satrtde pacikehss tanched a
sent t%) ge correspondi ng TIE; det ermi ni ng
predetgpainedbuiisE £aP3EtYa new packet at the base station to
: be transmtted to a TIE, wherein a new packet is a
previously unsent packet; determ ning whether both TIE
Buf f ehs mathohoferenprwding feedbprkisin ngulfioash- empmynications,
er on a condition that there is no new packet and
camprgﬂk% condition that one of the buffers is non-enpty;
s@kbdhg npaakqidedeta Hagetstetisaryit on a condition that
there is a new packet or on a condition that both
buffers are non-enpty, wherein a conbi ned packet is
selected on a condition thht there is no packet that
has been previously transmtted but not acknow edged
by both UEs and on a condition that both buffers are
non-enpty, wherein a conbi ned packet is an excl usive
OR conbination of a first packet in each buffer; and
updating ‘the buffers based on feedback received from
the LTEs, wherein the updating includes renoving a
packet froma buffer on a condition that the UE
acknow edges recei pt of the packet.



2. The method according to claim1, wherein the
flushing includes: determ ning whether the buffer is
enpty; transmtting a packet fromthe buffer on
a condition that the buffer is non-enpty;

updating the buffer based on feedback received from
the TIE, wherein the updating includes renoving a
packet froma buffer on a condition that the TIE

acknow edges recei pt of the packet; and repeating the
[ The net hod

flushing until the buffer is enpty. . 3. ]
aé%r@;mﬁgwe&%tﬁﬁ recefifrdiRacket e OmPiRgd MiFEFhcl udes:

t $RBSdTIAd A% du N PakRIts Baat tHaREmBARA pREIQY] WhEEEM the recovering
transmtted but not acknow edged by both UEs.

4.
includyse paforraimsase cxglusiyet OFc lonpuatipn o dhe gombired spelkati apd 2
proub8} 5504 ochor, EAURTL U 8y UBRGHEI B0 packer i
recovgiredyandis|l y transmitted but not acknow edged by both

UEs and on ndj tion at one of th uf fers 1, :

ot it BoRhE kbR skBimPrgnt P r ottt Elgha bl oqrbined
packelt RBats@henbl p@vionslyualesssfklgresditgl.a first packet in a

non-enpty buffer; determ ni ng whet her the first

packet is a predeterm ned nunber of packets ahead of a

npst repetdiyidd aiFPubd £ BARKRLE a Aket, comprising:
transmtting the first packet on a condition that the

fioshuffeaelome bugfer foeeprhefbve npsrrsyinmnenie (UBS) ipsematugiication

ith QQ%%eQ{tI e nost recently transmtted packet.
w é? e ﬁ%f od according to claim5, wherein the

px pobeeser pondemireditoer of packets ahead of the nost
F S AT RREAEL 601 CERRVIES, 8,8 U
whereln awleer padket hrea seiveaisiyngndene budeas; and
determine whether both buffers are non-empty;
a buffer flushing device cénﬁgured to flush a non-empty buffer on a condition
that there is no new packet and on a condition that one of the buffers is non-empty;
a packet selector configured to:
select a packet to transmit on a condition that there is a new packet or on
a condition that both buffers are non-empty;
select a combined packet on a condition that there is no packet that has
been previously transmitted but not acknowledged by both UEs and on a condition that
both buffers are non-empty, wherein a combined packet is an exclusive OR combination
of a first packet in each buffer;
a buffer updating device configured to:
update the buffers based on feedback received from the UEs; and

remove a packet from a buffer on a condition that the packet has been

acknowledged by the corresponding UE; and
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transmtting a first packet in the buffer on a
condition that the buffer has reached a predeterm ned
buf fer capacity. 8. A nethod for providing
feedback in nulticast conmunications, conprising:
receiving a packet froma base station; determ ning
whet her the recei ved packet is a conbi ned packet;
recovering individual packets fromthe conbi ned
packet, wherein the recovering includes perform ng an

excl usive OR operation on the comhi ned cket and
pPeVFaRssHyer, é@@ﬁ%@dpéﬂ; K& Hie Pg&ﬁ“%\ ﬁpﬁ\ﬁooa%qeyfe Teedback
inforthagidpcessful Iy received packet is recovered; and

provi ding feedback to the base station for any
i ndi vi dual packet in the conbi ned packet that was not

PREVI Opgl é(dasﬁ %‘r‘&%ﬁ&%‘d{néﬁ%ﬂiﬁ]@@ witr&nRaREn T2 ih@ng device
configured to nul'ticas packet’, ‘conpri si ng:
is cortfigmrbdifd:er s, one buffer for each of two user

equi pnent s Es), i ommuni cation with the base
SOEePARIE Rl bnd Byt TR B R L 1 o)
dedledtr gaekavresiehe bliffs ot Srafshadiopamkedontlitidicthat the buffer is

_ transm.tted to a UE, wherein a new packet is a
- not epEY;ia¥ds| y unsent packet; and deternine whether both

bipegt Austifis BROLEAR Wntil the Bubbf {Empdyushi ng devi ce
confi gured %o flush a non-enpty buffer on a condition

that there is no new packet and on a condition that

ope OfTﬁer%sggtgﬁ&ﬁ ai:&r&%@'tgg%zfigxet99wﬁg§g§tsaﬁeﬂ)§cﬁap Eelector is

configure a et to transmt
confinmed omdiett en piakkdet ther das sbeemeweyaeiet trapswitted but not

cqanei ti.on t both buffers are non-enpty;
adﬂ“?@?%%ﬁlﬁﬂ%%ﬁgﬁﬁﬁd packet on a condition that there is

no packet that has been previously transmtted but not

acknowl.edged by .both UEs and, an condi.tion that baqt .
D o Cieaiiee RN AR ORGP 6131 Do GBI AR BE FOedlpy ie
configtr6d tSdeldrt SRekOpdtkBas 8 Rorfition thitSthepakRtpdcRetth@hhas been
‘buffer; a buffer updating device configured to: .
previously transmitted but not acknowlédged by both UEs and on a condition that one

of said buffers is empty.

13. The base station according to claim 9, wherein said packet selector is
configured to:

examine a first packet in a non-empty buffer;

determine whether the first packet is a predetermined number of packets ahead

of a most recently transmitted packet; and
select the first packet on a condition that the first packet is the predetermined

number of packets ahead of the most recently transmitted packet.
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update the buffers based on feedback received fromthe
TJEs; and renove a packet froma buffer on a condition
that the packet has been acknow edged by the

correspondi ng UE; and a transcei ver configured
to transmt packets and to receive feedback
i nformati on. 10. The base station according to

claim9, wherein said buffer flushing device is
configured to: determ ne whether the buffer is enpty;
sel ect _a packet fromthe buffer for transn133|on

cdtdl £ Thin PERRSEATRA BEROFGIRE Fai elfhtyhersiy the pa fermined
numﬂé%%a%g%a%egﬂfo&' @he WiHst lrec!eﬂﬁyb:%rﬁﬁuﬂea HEREY eorresponds to a

se station according to claim’9, wherein
maxigning dpkykeiusel ector is configured to sel ect a packet

that has been previously transmtted but not

acknow edged by both UEs. 12. The base station

agsor dl‘lmgbﬁ@ sthaiom a&cor\ﬂh@r 135] damisad wieedatsask pedted selestor is

conf lect a n ket on onditi h
conﬁgvﬁ‘gfl et% eﬁb ap%rcsg é)lac]ﬁ.{:a]tn nonpii é:\%l%]% hat %ﬂe %u%{ar has

reachtea &ﬂeﬁﬂu@dtbdﬂétrcaﬁ&ﬁ@v\ﬂ edged by both UES and on a
ondition that one of said buffers is enpty.

13 The base station according to claim9, wherein
sai d packet selector is configured to: examne a first
packet in a non-enpty buffer; det er m ne whet her
the first packet is a predeterm ned nunber of packets
ahead of a nost recently transmtted packet; and
select the first packet on a condition that the first
packet is the predeterm ned nunber of packets ahead of
the nost recently transmtted packet. 14. The
base station according to claim13, wherein the
predet erm ned nunber of packets ahead of the npst
recently transmtted packet corresponds to a maxi num
del ay val ue. - 15. The base station according to
claim9, wherein said packet selector is configured to
select a first packet in the buffer on a condition
that the buffer has reached a predeterm ned buffer
capacity.
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