VETHOD AND APPARATUS FOR LI NK CONTROL I N A W RELESS

COVMUNI CATI ON SYSTEM [ 0001] The present application
wa@b@oessps i ority to provisional U S. Applicatipor/ssrooah3s34l

No. 61/031,612, entitled "METHOD AND APPARATUS FOR

LI NK CONTROL I N W RELESS COVMUNI CATIONS, " filed

February 26, 2008 and provisional U S. Application

Sept:al No. 61/075, 452, entitled "METHOD AND APPARATUS

FOR LI NK CONTRCL I N W RELESS CQVMUNI CATIONS, " fil ed

June 25, 2008, assigned to the‘assignee hereof and

i ncorporated herein by reference. BACKGROUND I . Fi el d
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communi cat i on systens are wi del y depl oyed to provide
various communi catjon services such as voice, video,
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Otho e-Carrier
PN SORISR s e (oSBT A P e %ebmunt cat i on
system may i nclude a nunber of Node Bs that can
support commruni cati on r of user equipnents
(UEs). A Node B may se%g g%gﬁ%ﬁﬁw data to a UE
a d/ or,. r(gy recei ve packets fromthe UE. To increase

ansﬁ1§ ion capacity, a transmtter (e.g., the Node
Byﬁ ShEy s“éi&d Dﬁlﬁﬂk eé‘amﬁwerrw didsph@ckdifk® bon@uiearRhyahd more
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packet s sent on dlfferent links may experience

di'fferentdel ays due to various reasons. It is
desirable to efficiently control transm ssion of

packets, on Mk tiple |inks.

168831 Wireless compumication sysiems are widely deploved to provide various

conpmupication services such as voice, vides, packet data, messaging, broadoast, st
These wirgless systems may be nuitiple-acoess svstems capable of supporting multiple
usgrs by sharing the avalable emt resouvces, Examples of such multiple-access
systoms mehide Code Dhvision Multiple Access (CDMAY systems, Time Division
Multiple Access (TOMA)Y systenns, Frequency Division Multiple Access {(FDMA)
systems, Orthogoral FDMA (OFDMA) systems, and Single-Carmer FDMA {(8C-
FOMA) systems.

{58041 A wireless corpmumication system may inchude a number of Node By that
can support conmpunication for & numbsr of user equipments {(UEs). A Node B may
serul packets of dats to & UE and/or may recsive packsts from the UE. To increase
fransnussion capacity, a tansmitter {s.g., the Mode B) may send packets on muliiple
links to g recetver {e.g., the U} Each link may correspond to g different carrier, a

different radio Hink, etc. The packets sent on different Hrdes may experisnce different



SUMVARY [ 0005] Techni ques for controlling transm ssion
of packets on nultiple links are described herein. A
w0 e@naoEshg er nmay generate packets of data for BCT/US2009/035341
recei ver, assign the packets with sequence nunbers
froma single sequence nunber space, and denul ti pl ex
the packets (e.g., in bursts) into nmultiple streans
fomswul tiple links. The transmitter may queue the
packets for each link separately and may send the
packets on thenassociated Iinks to the receiver. The
recei ver nmay receive sone packets in error. The
c rrectly recei ved ackets be out of order due to
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of packets in bursts and transm ssion delays on the
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r geesv edTRAGKELSHl @bu @AY bhdiaissibh @ n0RLL6] NG links are
sequence nunber gap with at | east one m ssing packet
t FRECTRSESPiEY Mty SETA "ap et procial don forpeyngstibe e
abaa. A 888k ONR 38186 RAGKELL AP L AR, lt“@xﬁgiﬁ'sst)wéeg'ﬁ%%ﬁgmpmx
nbers for all Tinks to the transmtter
t Mrﬁ@?ﬁe’twt {8 rayuIseL Bity efmm*éﬁ gteate $ori rmﬂl@r*mtﬂmn ifw opgsmitier
t L wer, Ll JRY, in A Meeping, .
R FER UEbpatl EAROME LIl O B TRARL" o
t&sasnmwdit?éas SEy usam h@nel zaq'eg‘essmage@pgﬁwez:ﬂpmam;ﬂ ém The
nks..fromthe sta us I.nf or nat |
et ISR BT PR OrEF TR Bt S gom
r ﬁ&@?d*rﬁaﬁhﬂhs s&mg\ngxamkaeitm aceed f.sobNbofe radeshgnd (Fkew
h.m ssi n(gYp (et the ransgtter determ ne the
T’“h‘k T TR RS 8 A Packet 1% BHIBES PR o0 the
tﬁaiz@&qmg to-1ink mapping. The transmtter may aI SO
determne the |argest sequence nunber for the |i | f
t HE% e qUBMEESHHBEISSTVCE AY FPEETahY pareketuaes @hﬁfﬂf BrSN) of
t HaRc4 R d RGeS IBAUBNGE: AR QL fiOf ; %B@:JMH&@«M% with at
the transmtter may declare the m ssing packet as
| B8 OB REES pasky: ¢ iR ds el e *a%mfwé doeviag riws} foast
aﬂg B QRLGK LY OB 9& stﬂhﬁ 102804 1HAGKS o@& h%mz%
the transmtter may emssmg pac
d@ﬁ%@ed tﬁlﬁeﬁ*&n@m@cew be@me et fh@za infrkga ‘amdizmyhmm» drorihe
%3%@ Ry zm *;}23?«31 m ‘§ng euiix'\i«e}g% pa& :Q gée%g{ngq!ﬁ% % L?f“ﬁ%sﬁsnl}\n éfm
piamzkaemed U’@’vt 0ssS &@V\Aaag%t Ry cIse nﬂzzzt%:hes for ssi r}@ksparrh@eti}‘e status
I Qus, ect

the ti
FEPIPER b VTha® ASEERElr G AreraBEaY KERaLTh T e 2ueky

debedii | cack missing packet or walt. In one design, for each missing packet, the

fransmitter may deterndine the Hnk to which the missing packet is mapped based on the
packet-to-link mepping.  The transmiter may aiso delermine the largest ssquence
mmeber for the limk. If the sequence number of the missing packst is smaller than the
lavgest sequence number for the link, then the transmitter may declare the missing
packet as a lost packet {e.g., tronsmitted but recetved in error) and may quickly resend
the missing packet. O‘therwise} the transwifter may deem the missing packet to be
delayed due to skew between the Hoks and may wall for the missing packet to be sent in
the normal manner. The tanswitter may also start a timer for the missing packet duc to

skew and may send the missing packet when the timer expires.



bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS [0009] FIG 1
shows a wireless comuni cati on system [0010] FIG 2
wG@h@agostet a transm ssion froma transm tter toPEI/US2009/035341
receiver on two |links. [0011]] FIG 3 shows an exanple
of packet denultiplexing by the transmtter. [0012]
FIG 4 shows an exanpl e of packet transm ssion by the
tg@pgm tter and packet reception by the receiver.
[0013] FIG 5A shows a status pr ot ocol data unit
(PDU). [0014] FIGS. 5B and 5C Show two super-fields
(SUFl's) for the status PDU. [0015] FIG 6 shows a
process for sending data in_a w reless conmunication
sPSt8Em ' oute e fa&ﬂ@ e fephsoass aregiespibediniopper deta
dati@syi n a wirel ess comunicati on system [0017] FIG 8
shows a bl ock diagramof a UE, a Node B and a Radio
Net work Controll er (RNC). DETAILED DESCRI PTI ON [ 0018]
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cdma2000, etc. i ncl udes Wdeban
WE}W\) B dotHye wm&ﬁmesutcxﬁ&cmwmrm@mgﬂmbac twengtter and
; " |.>- 856 standards. A TDVA system may
i "“%’QQ&E tiﬁ-}\?? a,ggﬂet ‘echnol ogy such as d obal System for
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(WBEFi ), FT‘EEB;@@& &@:w(g\ﬂ;Mﬁmg »h«EEﬁ 802 ié&@ ,cmmrumcu‘mﬂ system,

Fl C RA are part of

TP sarhB o Huesamvar e A LRyt
Leogr Ter bRkt ombidek TRnands b UE, &dv@&cgdmr‘emnﬁthf“(>rh
rel eases of UMIS that use E-UTRA. UTRA, E-UTRA, UMS,
LeeropiyERkyanced and GSM are described in documents
froman organi zati on nanmed "3rd Generation Partnership
Project” (3GPP). cdnma2000 and UMB are described in
docunents from an&ﬁg&ﬁigﬁi ﬁ@ﬁ&ﬁﬁ%@‘i@& d

.«@ ati Part ner shi g 2" éSGEPZ) Jhe )
t SEHNI quEE JESERYBed sl grr‘r‘éyz 08 eFSF o7 ¢ Fasious wireless
comntunication systems such as &DMJ’-\, TOMA, FOMA, OFDMA, SC-FDMA and

offier systems.  The tenms “system”™ and “network” are often weed interchangeably. A
CDMA gystem may implement & madio technelogy such as Universal Terrssivial Radio
Ancess {UTRA), cdma00, oo, UTRA inciudes Widehand CBMA (WCDMAY and
other variants of COMA. odmaz{00 covers 18-2000, [8-85 and IS-858 standards. A
TOMA system may imploment a radio technology such as Glohal System for Mobile
Commuuucations {GSM). An OFDMA system may implement a radio technology such
as Evolved UTRA (E-UTRA), Ultrs Mobile Broadband {(UMRB), IEEE &02.11 {(Wi-Fi},
IBEE 80216 (WidAX), [EEE 802.20, Flash-OFDM®, sto. UTRA and E-UTRA are
part of Universal Mobitle Teleconununication System {(UMTS).  3GPP Long Temm
Evolution {LTE) and LTE Advanced are new releases of UMTS that use E-UTRAL
UTRA, BE-UTRA, UMTS, LTE, LTE Advanced and GSM are described in documents
from an organizafion named “3rd Generation Partnership Project™ (3GPP).  cdma2000

and UMB are deseribed m decuments from an organization named “3rd Generstion



systens and radi o technol ogi es nenti oned above as wel |

as ot her systens and radi o technol ogies. For clarity,
w@embaissoaspect s of the techni ques are descri bR/ 81009035341

for WCDMVA, and 3GPP terminology is used in nuch of the

description below. [0019] FIG 1 shows a wreless

comruni cati on system 100, which may include a nunber

ofkeNede Bs 110 and ot her network entities. A Node B

may be a station that communi ce}}t es wth the UEs and

may al so be referred to as an evolved Node B (eNB), a

base station, an access point, etc. Each Node B I10O

ovi des .communi ¢ over age f or particul .
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t prevdyEtion A oREidpl thavk Nede Br-ever se 1 nk) ref ers to the
E:I'%mm caki ofy kzmy Kool di E@%:ME»&BQ &t‘%\@&?}‘?%@ PO 021 Ly v be

e system may support dat a transm ssion on ni tiple
| itwkosary|on cohde. désiigmay elie bamiteigd] e ab Eﬂ’k‘éhmiv“l a terminal, an
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oht ai ned in ot her manners.
Moge B,

W2y The systern may support dats transmission on multiple hnks. In one design,
the multiple kaks may correspondd to multiple carriers. Each camrier may have a specific
center frequency and a specific bandwidth and may be wsed io send traffic data, contrad
aformation, pilot, ete. In another design, the multiple links may correspond to multiple
racio Huks from different cells to a UR. In yel another dexign, the multiple inks may
correspond to different spatial channels obtained with multiple-mpat mwltple-output
{MIMO) ransmission. The multiple Hnks may also be obtained in other manners.

8822} FIG. 2 shows an cxemplary data transmission from 8 transmitier 210 o @

:

rocsiver 2530 on two links 1oand 2, ez, two carrises | and 2. For datz transnussion on

the downlink, transmutter 218 may include a Node B and possibly an RNC, and recaiver



[0022] FIG 2 shows an exenplary data transm ssion
froma transmtter 210 to a receiver 250 on two |inks
waandosBps e. g., two carriers 1 and 2. For dat aPCT/US2009/035341
transm ssion on the downlink, transmtter 210 may
i nclude a Node B and possibly an RNC, and receiver 250
may be a UE. For data transm ssion on the uplink,
trapsmtter 210 may be a UE, and receiver 250 may
i nclude a Node B and possibly an RNC. [0023] At
transmitter 210, a unit 212 may receive incom ng data
for receiver 250, partition the data into packets, and
assign a se uence nunber. (SN) to each packet. The
pATKEES Divay The o Gpla RagITg e € NEIE! tEREE)er 2RAdias be & UE,
Lk RrQE 090k (BLR)o o WEDACCESS Co0Er O] (MAO), et
MAC is a protocol for a su ayer o a I'ink | ayer
([B8y&Er 20t peanpkotldd ol vt HeknaREGandoRYUP: dete ftnweceiver 254,
p%%g%g% é %’ftg rnisak%gg aiX{? %g'p% % *’mgﬁ)s,rhi%\ 3 Ii"ﬂ%‘*f‘%%%%ﬁ tad JThe
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2344 mRY e ekMed nackaks: feomdIn hadddmafdud KPR IQVHEE e
each packet to either a queue 222 (or queue 1) for
| PRRTEToral e be o2l 81 dhretid 223t seastenye ikotpt.  Thesequence
d&mﬁt LRl exLig viBYecRe: SONGI Quuegmlﬂgcs&a LloRks conkrall  Blssing
which nmay faintain a nmappi ng whi ch packets -
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pac keL ron1q 222 process s
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ngé recei ve f ackets framq uequ grocess .each 40
pAERBEAY FHEP T URETHT v FeY proted 458 UERERSIOE GAPH kO 24
(ehpugs 234 sin hOO2D} i a8 Ve 280m a&&u@im k292 uPBYS ma
recei ve pack ets on Jink 1, process (e.g., denodulate
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Sinmlarly, a unit 254 nay recei ve gackets on |ink

p%%fé% §OBATRYT St PVEES PRk Bk iRl PREVICES SBrpert papkets on
%gg(@agkets to re-ordering unit 260. Re-ordering

unlt 60 may re-order the correctly received packets

b#H8Ed ondt h@ﬁg@ql}én@@im 232 may receive packets on link 1, process {e.g.,

demaodulate and decode} each received packet, and provide correctly reveived packets to
a vg-ordering unit 260, Similarly, & unit 254 may receive packsty on Hnk 2, process
gach recetved packet, and provide corvectly received packets to re-ordering onit 280

s-ordering unit 260 may re-order the correctly received packets bassd on their

SEQUENCE pUMbers,

—

Q826]  Re-ordering unit 260 may also identify missing packets, A mussing packet i

a packet that ts not yot received correctly and has a sequence rumber that is sarlier than

x

a sequence number of a correctly received packet. Because of wrap-around, an earlier

T

sequence munber may have & largsr valne than a later sequence number, 2.¢., sequence

number 4095 may be earlier than sequence number 8 The sequence number space may



nunbers. [0026] Re-ordering unit 260 may al so identify
m ssi ng packets. A m ssing packet is a packet that is
WmRG0941e8808 ecei ved correctly and has a sequencePC/RI®N9/035341
that is earlier than a sequence nunber of a correctly
recei ved packet. Because of wrap-around, an earlier
sequence nunber may have a larger value than a | ater
se@ugnce nunber, e.g., sequence nunber 4095 may be
earlier than sequence nunber 0. The sequence nunber
space maycover a range of 0 to®-1 , where K = 2B and
B is the nunber of bits used for the sequence nunber.
For a given sequence number k, a portion (e.g., half)
ot@mmersgqueﬁae<Mumbeﬁusp§eé ﬁ&¥ib$nb®n&ndﬁﬁﬁﬁﬁa&&df@r“m
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beiing Heapshaeed due | ;zlrgmst/\éiﬁ@v@é e 13'&&1'\1 Hdhcea smaller \/83\ ue than
description herein, the ternms "larger” "and "later" nmy
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" 8AEd Bk m@@ym@k%s bg:used -nief GhangeablidenchQ0&bly and e
Re- orderlng unit 260 naé 33etect a sequence nunber gap
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wisBreverlg” mid sy pugkbe bF yseddtieerwgeabfhe sequence

n I OR0 I8N LY QG {i%{@% bl SRR %%Q»kt@ﬁ&':r 3 missing
e- orderlng uni't 260 may provi dé sequence” hunbers of

nPeski ngdraeke tide angone hewb e mmwm ORASURPIEE tRG2ngREpkets.
ggDELQ) xgaé&g 28800, Sk &R&lé Séc %%E ’Iﬁ%ﬁ?ﬁ “ff%;bgngpé%gtléea@& tther

nunber gap to transm t etransm ss
coftmeldrer A243 24 *mnammnatut@: s240sinmy irfeoeive fdrhie sequence

S%ﬁ;b%? &L%ntf CARS mk ?\Z(IE; b5 i%%i%is\sl!? <k c »,ur?ucoéivz::%i%bn?y mamx*‘?m %ﬁ may

[ﬁ&ﬁ@.ﬁl z}xuﬁmths hﬁaitﬁ“i&hm 2—4;4 m‘:mar E'IS{I £ENSI il ﬁg\ﬂ.‘{ﬁ? sﬁmg/ packet(s}
jde at one.or nore entities. For data transm ssion
ﬁ%%’%&&@mﬁﬂﬁi%f FH WCDMA, units 212, 214, 240, 242 and

2%433may vesi de at4aniRNGrnamdeUnint:8. 2224 gx @8 BRYe entities.
reside at a Node B. Units 212 ﬁ 244 nﬁy a o) \e§¥de
at for SHABEEERET Oh! f\éowaé%ﬁamﬁ% QRSP SEIHATon el 242 and 244

dewntkak ad & 1obhehd SY BIRs 208 may reside at & Node B, Units 212 to 244
maay also reside at a base station for data ransmission on the downlink in other systems.
Units 212 1o 244 may resude at & UE for data transmissiont on the uplind.

HERY Units 252 1o 262 withun recetver 250 may also ressde af one or more entittes.
For data transmission on the downlink, units 252 to 262 may reside at a UE. For data
transiissiony on the uplick in WODMA unita 252 and 2538 may reside a1 2 Node B, and
units 260 and 262 roay reside at an RNC. Units 252 to 262 rosy also reside at & base
station for data transmission on the uplink in other systems,

180361 Diata, traremission on multiple boks may be supported by vadious radio

technologies. For example, data transpuission on multiple links may be supported by an



Units 212 to 244 may reside at a UE for data
transm ssion on the uplink. [0029] Units 252 to 262
waowdobitesspecei ver 250 may al so reside at one orPEDUS2009/035341
entities. For data transm ssion on the downlink, units
252 to 262 may reside at a UE. For data transm ssion
on the uplink in WCDVA, units 252 and 254 may reside
ateomsNode B, and units 260 and 262 nmay reside at an
RNC. Units 252 to 262 may al so reS| de at a base
station for data transmission on the uplink in other
systems. [0030] Data transm ssion on multiple |inks
por var I For.
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B3 The Node B may send the RLC packets in cack quevs on the associated Hnk
toa UE, The RLC packets in the two guetes may observe different delavs due to cell
ioading at the Node B, variations in channel conditions, ete. The RUL packets may thus
arrive out of order at the UE.

106331 The tenm “skow™ may be ased to refer to out-oforder packets across links.
A skew mayv oxist when there is a sequence number gap in the packets received on the
meltiple links due o desndiiplexing in batches by the BNC and/or transmission delay
by the Node B, In the example shown in FIG. 3, if RLC packets 1 and 3 ave sent by the

MNode B and received cogrectly by the UE, then 2 sequence number gap with missing



then RLC packets 3 and 4 to queue 2 for link 2, then
RLC packets 5 and 6 to queue 1, etc. [0032] The Node B
worag9sessos t he RLC packets in each queue on thePCT/US2009/035341

associated link to a UE. The RLC packets in the two
gueues may observe different delays due to cel

| oadi ng at the Node B, variations in channe

cepghisti ons, etc. The RLC packets may thus arrive out

of order at the UE. [0033] The_term "skew' may be used

to refer to out-of-order packePs across links. A skew
may exi st when there is a sequence nunber gap in the
packets received on the multiple links due to
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transmtted but received in error by the UE
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gap and/or sendi ng feedback
n the sequence nu:zﬂkm\ gap reporied by the receiver is due o genuine psoket loss or
skew scross links. The transmitier may take appropriate action depending on whether
genuine packet loss or skew across hinks is detected.
{8361 FIG. 4 shows an example of packet trausodssion by the tmnsminter and
packet reception by the recetver in sccordance with one destgn. The transmission
Hmeline may be paﬁiiimwd: into umits of subframes. Eoch subfame may have a
perticular duration, e.g., 2 millisecond (ms), sic. A subframe may alse be referved o as

slot, & frame, ete. In the exampie shown iy FIG. 4, the vansmitter mav send an RLO

==

packet on one Hnk in one sublrame and may send RLC packets for each Huk in the order
n which they are generated snd demultiplexed.  The receiver may process {&.g.,

demodulate and decode) 8 recetved transmission on cach link and mey kesp twmck of



information to a transmtter. The transmtter may

mai ntai n a mappi ng of which packets are being sent on
we@amb/1088pk. The transmitter may use the | ar gesPCT/US2009/035341

sequence nunbers for all links as well as its

packet-to-1ink mappi ng to determ ne whet her each

m ssi ng packet in the sequence nunber gap reported by

t besmeceiver i s due to genuine packet |oss or skew

across links. The transmtter nmy take appropriate

action dependi ng on whet her geﬁhlne packet | oss or

skeM/across links is detected. [0036] FIG 4 shows an

ngle of packet transnissjion by the transmtter and
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&8 R SRS PG d R RIS R aS Mot h &e: §Em SNhet 7, and

t LA0sRRE kel MRl § S5 £y Wt§s§h‘§gwﬂﬂc PRCKBhnnd Qb8 S @R iats
in thée nornal manner. [003 In subframe t +1, the

t ansRiit s deemgcsRha vpaieet LD pankelsiZnk a1d dan REEe to fink 1.
PR Lo i @PadellknalnisliAR 2 LOBLYAIS KOARKUASRLERACKRE 18x,
I n error ut correctﬁy recel ves
is I and thus waits for the missing RLC packets 1o be sent in the normal manener,
9461 iy subfrarne ¢+ 3, the wensouitier sends vo RLC packets o Bnk 1 and sends
RLIC packet 8 on Kok 2. The receiver correctly recetves RLC packet 8, maitntaing L8N,
at 1, and sets LSMN; 10 8
W41 In osubframe 44, the transmitier sends RLC packet 5 on link 1 and sends
RLC packet 8 on link 2. The receiver correctly recetves RLC packets S and 9, sets
L8N 1 5, and sets L8N, 0 8. The receiver detoots sequence number gaps with missing

REC packets 2 and 6 and sends status information cormprising L8N, of 5, LAN; of 9,



RLC packet 4. The receiver then maintains LSNi at 1
and sets LSN2 to 4. [0039] In subframe t +2 , the

wo e@naoEstg er sends no RLC packets on |ink 1 anPCHESH89/035341
RLC packet 7 on link 2. The receiver correctly
receives RLC packet 7, maintains LSNi at 1, and sets
LSN to 7. The receiver detects a sequence nunber gap
Whdskrsm ssing RLC packets S and 6 and sends status
information conprising LSNi of 1, LSN of 7, and
m ssing RLC packets 2, S and 6° {0 the transnitter. The
transmtter receives the status information and

determ nes_that m ssing RLC packets 2, 5 and 6 are
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6,
aﬁﬂ*S%ﬁd@*’ﬂRe@f&é@H@%‘ﬂﬂi@Wﬁ} P RkC pract *Fhéi Frsicuilg dpr BLU packets

cory LRablysd Reahvies.RiEpagkets 2 and 13, maintains

LSNi at 6, and sets LSN2 to 13. The receiver detects a

s@§#ncelentviane daip’ wite HreRFEEFhroRt @1 Eaﬁ%éﬁ%”i@‘t@ﬁ\ﬁ and
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{0045 In subframe £+ 8, the wansmitter sends RLC packet 12 on fink 1 and sends

RLC packet 14 op hnk 2. The receiver correatly rocetves RLC packets 12 and 14, sets
L8Ny to 12, and sets LEN; to 18, Data transpussion by the trarswutier and data
reception by the receiver may continue | sinuilar manner.

I As shown by the example in FIG. 4, by reporting the largest sequence
aunthers for all links by the recelver, the transmdtter may be shle o distinguish betwesn
packet losses and skew. The trapsmitfer weay guickly schedule retransmission of
mizsing packets due 1o packst losses and may wait for normal transmissions of missing

packets dug o skew. The receiver may send siatus information in varipus manners.



receives the status information, determ nes that

m ssing RLC packets 10 and 12 are mapped to link 1,
w@peaodesses m nes that m ssing RLC packet 11 i s PEppsm0/a35341

link 2. The transmtter deens that m ssing RLC packets

10 and 12 are due to skew since LSN is 6 and

determ nes that m ssing RLC packet 11 is due to packet

| ogssasince LSN is 13. The transmitter then schedul es

retransm ssion of RLC packet 1} and waits for RLC

packets 10 and 12 to be sent in the normal manner.

[0044] In subfrane t+1 , the transmtter sends RLC

t 1 I|nk 1 and resends et
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LENGTH, which may be any suiteble value. For the /-th sub-fleld pair, where
1€ IENGTH , the SN; sub-field may carry the segquence munber of an RLC packet
not received correctly, and the L; sub-Seld may be set o the number of consecutive
RLC packets not received cogrently follovwing the RLC packet with SN,

OSH A status POU may molude the USN-per-Carrier SUTL 1 FIG, 3B {eg.,
whenever two Hoks are configored), the List SUFL m FIG. 50, and possibly other
SUFIs. In the example shown in FIG. 4, 3 status PDU may be sent after subframe ¢ for

the sequence mumber gap with missing RLC packet 2, sfier subframe 1 +2 for the



Type sub-field, an LSNi sub-field, and an LSN

sub-field. The Type sub-field my be set to a reserved
wo 2009204808 t he LSN-per-Carrier SUFI. The LSN Babu$ioed/ass341

may carry the | argest sequence nunber anong the

sequence nunbers of all RLC packets correctly received

on link/carrier 1. The LSN2 sub-field may carry the

| esugest sequence number anong the sequence numbers of

all RLC packets correctly recel,yed on |link/carrier 2.

Each LSN sub-field may have thé same size or length

(e.g., 12 bits) as that of the sequence nunber. The
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1069541 Transmitter 210 may resend 2 missing RLC packet due to packst loss or
skew on the same link to which the RLU packet was forwarded onginally. Transmitter

210 may also resend the missing RLC packet on a differsat link than the one to which
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D058 The transmitter may receive string information conveyving at least one
missing packet detected by the receiver and the largest sequence nureber for sach of the

multiple hinks {block 620}, The largest sequence number for each link may be the

largest/latest sequence number among the seguence numbers of all packets recatved on

o

e Bink by the receiver. Each missing packet may be a packet that is not yet received
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by the secerver and has a seguence manber that iy smsllevearlior than a segusnes



retransm ssion timer may be used to ensure tinely

transm ssion of m ssing packets due to skew. [0056]
wo-@9/1@sshows a design of a process 600 for sePCi/n§R009/035341

data in a wirel ess communi cati on system Process 600

may be perfornmed by a transmtter, which nmay be one or

nore network entities (e.g., an RNC and/or a Node B)

f orosgat a transm ssion on the downlink, or a UE for

data transm ssion on the upli nl§ [ 0057] The

transmtter may generate packet of data to send to a

recel ver (block 612). The packets may be RLC packets
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comtmnnication system.  Procsss 700 may be performed by a receiver, which may be a
UR for data transmission on the downlink or one or more network entities {e.g., an RNC
andfor a MNode B} for data transmission on the uplink,
R E The receiver may receive packets on multiple Hnks from 2 tyansitter {block
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sequence number space by the transmifter and may be demudtiplexed in bursts for
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reogived packet as a missing packet.



LSN-per-Carrier SUFlI in FIG 5B. The transmtter may
determ ne the at | east one m ssing packet based on

w0 ndooneszos on in the second SUFI, e.g., the Li seCBUF009/085341
FIG 5C The transmtter may al so receive the status
i nformati on via other nessages. [0060] In one design
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link (block 716). |n one desi gn, the receiver P/
updateTERE Fan g‘fé'éifﬁ'*%’e eRfBRdES MiRBERRps e gatpded fritic data and

messages and provide output sarmples. A transmitter {TMTR) 822 may condition {e.g.,
convert to analog, flter, amplify, and Fequency upconvert) the ouiput samples and
generate an uplink signal, which may be tansmitted to Node B 110

{60 {n the downlink, UE 120 may rsceive a downlink sigmal transmitted by
Noé_e B 118, A receivey (ROVR) 828 may condition {e.g., 8iter, amplify, freguency
downconvert, and digitize) & received signal and provide input samples. A demodulator
{(Demod) §16 may process (o, descramble, channelize, snd demodulate) the mpit
samples and provide symbol cstimates, A decoder 818 may process {e.g., deinterisave
and decode} the symbol estimates and provide decoded data and messages sent 1o UE

120, Encoder 812, modulator 814, demodulator 816 and decoder 8IS may be



whenever a packet with a larger/later sequence nunber

is received on the link. The packets received on the
woredoviigdses | i nks may be processed by MAC. MAC negT/psxg9/035341

each correctly received packet as well as the link on

whi ch the packet is received up to RLCin order to

support determ nation of the | argest sequence nunber

f egoseach Iink. [0064] The receiver may send status

i nformati on conveying the at | east one m ssing packet

and the | argest sequence numbert®f or each of the

multiple links to the transmtter (block 718). In one

design, the receiver may determ ne a first SUFI (e.qg.,
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decoder 818 nmy process .g., deinterl eave and
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ARG IR S SALES 38R bert QosUEr the UBs. Procsssor 830 andior ather units at RNC
130 may perform sl or part of the process 600 i FIG. 6 for data wransmission on the
downlink, process 700 in FIG. 7 for data reception on the uplink, and/or other procesees
for the technigues desoribed herein, Memory 8352 may store program codes and data for
RMC 130, A compurnication unit 854 may support commurndcation with the Node Bs
and wther network entities,
TR Those of slall in the art would understand that information and signals may
be reprosented using any of & vanety of different technologies and techniques.  For
example, data, instructions, commands, information, sigoals, bits, symbols, and chips
that may be roferonced throughout the above deseription may be represented by
voltages, currents, slectromagnetic waves, magnetic fields or particles, optical ficlds or

particlss, or any cornbination thereof



120. Encoder 812, nodul ator 814, denodul ator 816 and
decoder 818 may bei npl enented by a nobdem processor
W@1®9/1048ese units nay perform processi ng i n acROr/Us200%035341
with the radio technol ogy (e.g., WCDMA, cdma2000, LTE,
etc.) used by the system A controller/processor 830
may direct the operation of various units at UE 120.
Prgggassor 830 and/or other units at UE 120 may perform
or direct process 600 in FIG 6_for data transm ssion
on the uplink, process 700 in BfG 7 for data
reception on the downlink, and/or other processes for
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upport communication with the Node Bs and ot her
nét WO k2ehtd tRESPOLOOT0]s ThEsEY P! skichdprdopsseie et or more
woul-dhinderst and LA wif BEFRLL R 2D hek,g 088 MR pe
represented using any of a variety ©o ?eren
t 88RHol o@@g;@mgf tewhfipd e siigoFgrm desoribed in connection with the

disclosure herein may be embodied divectly in hardware, in a software module executed

by & processor, or in a combination of the two. A software module may reside in
RAM memory, flash memory, ROM memory, EPROM memory, BEPROM meniory,
registers, hard disk, a removable disk, a CD-ROM, or any other form of storage medium
known in the art. An exemplary storage medium is coupled to the processor such thay
the processor can read information from, and write information to, the storage medivm.
in the alternative, the storage medium roay be integmal o the proosssor. The processor
and the storage medium may reside @ an ASKC. The ASIC may reside in a user
termiinal,  In the altemative, the processor and the storage medium may reside as

diserete components in 8 wer termival.



exanpl e, data, instructions, commands, information,
signals, bits, synbols, and chips that may be

wao edoenesseeed t hr oughout the above descri ption nBYT/DE2009/035341
represented by voltages, currents, electronmagnetic
waves, magnetic fields or particles, optical fields or
particles, or any conbination thereof.[0071] Those of
skgdst« woul d further appreciate that the various
illTustrative |ogical blocks, npgules, circuits, and
al gorithm steps described in connection with the
disclosure herein may be inplenented as el ectronic

g& mg nputer software, or conbinations of both.
T6"%Pear 1% ‘TJFI UsTIPEt S*TRPEY] ATEREh ATg 8BTSt Jespfded may be
hatswateeand Safinar &aMal | QuSvald lMSE‘&at&bﬁ/@u ation thersof.  if
conponents, bl ocks, modul es, circuits,” and steps have
bEEHeHEsH: FrelvaBobe fgers aldnyeispraderne tobstitied pyer os one or
Foned IeRakihiyor Jbet A L € Suter-reactable
i npl enent ed é%‘Mg?oagrgﬁggﬁgéfgﬁﬁﬁgQg%pen éﬁﬂw““?? media
partidevtcar crappl eatigomedindudiesigmiconsted m;:kdu‘gpﬂs eddinm
o er, syst e Ki_| Jmed art i san
%é géﬁ%%%%;i%dT% a% 1 varying wa %“?ﬁ%eaﬁ%mﬁm
pa:r&ma@m} awe mpp#anlem mﬁm &bmtaxﬁmhcasml wrEphati @Roose ot special
10 §QQE§13h° N be |n; E(eted as. caus%ﬂgwa sdabie
%r%urey??Om xa OBETBF " WEEHIE TSR [CHR e readable
[@@a’!@]ﬂsﬁ'hﬁ mumue R‘hﬁ‘eum\\?& baghgak cll=06jsxal disk storage,
ules, and circuits described in connection wth t he
di §e %‘é (18 SHEREPhO BBy B FBIEHTR EE" OF SPer P rmsthmiehoa:
aAbPERE KA PUTPASE: RE: %%&Qﬁm cdleGhdhd Al msignak; @&&%@&S&%m
(DSP), an.a pllcatlo eC|f|c I nt egr at ed circuit
( Hopchyes ad f@*ﬁae P ? Eenget- éma‘?way SPERGR)ITO computer,
Ot*hgr%r&%?%r‘%mm %&.18% ool ﬁ?e@ sordl RGE 6LE »ga{sz%u&{ is pro erly
transi stor logic, discrete war e conponents,
C BrHRrOmtcr Fre BT etk g Febxeoplpef foo Emﬂvdﬂe‘wﬁmnm&xr&hmm a
desgE 181 § .4 Q LOSERY oy he . a...
nﬁc?é%?%geggorﬁerMIgg% QLB#%%F%§t|V§3etﬁE’ﬁ?ﬁg géé“&“ﬂ
nay*b@ﬁdnyhﬁohmenmhbﬁhﬂapwmdeSSeruegﬁdmm%L@mﬁamdza&scmi
cont or: s nach ne essor,
aTsd% g 1%&3 frdgt &t % BWgﬁﬁdﬁhﬁh fﬁgéﬁb f?ﬁgx wireless
d&vkr&ég;es eugh g8 zairﬁﬁdrbhdlat andmofovavDSR iafldded in the definition of

L RN L e S

Oftisa Ryxint h&ﬁ&ﬂkﬂ 68c COWDE ot I M. anliGO3y diRewgteps:i®fusdily
nmet hqd or, al gorithm de crlbed in connectlon W th t

he
TERrsy e B GioHo Y B ceABOAFBEOETT defd Rty wih asers

hasdwakiRas of g SREL WREE! TREWen8X@GUL8Yn BYe &ops of computer-
processor or in a conbination of the two. A software

@‘ﬁﬁy‘re3|de in RAM nenory, flash nenory, ROM
%W%y BRRM: BRMREN o EERREMTBIDEY is provided to enable any person

skilled in the art 1o make or use the disclosure. Various modifications to the disclosurs
will be readily apparent to those skilled fn the art, and the generic principles defined
herein may be apphied w other variations withowt departing from the spirit or scope of

the disclomure. Thus, the disclosure 18 not intended o be limited to the examples and

bl

dosigns described herein but is o be accorded the widest scope consistent with the

principles and novel features disclosed herein.

)
e

s
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regi sters, hard disk, a renovable disk, a CO-ROM or
any other form of storage nediumknown in the art. An
we@z@aphseny st orage nediumis coupled to the prRpCEESINI/035341
such that the processor can read information from and
wite information to, the storage nmedium In the
alternative, the storage nedium my be integral to the
prg@eassor. The processor and the storage medi um nmay
reside in an ASIC. The ASIC magqresi de in a user
termnal. In the alternative, the processor and the
storage nedi um may reside as discrete conponents in a
user termnal.[0074] In one or nore exenplaiy designs,
the functions described n&LSE¥Snpl enented in
hardware, software, firmware, or any conbination
thereof. If inplenented in software, the functions may
be stored Qu Bfhdd ANSEhdibe A0V ASyiONG:s UorBERation system
instructions or code on a conputer-readabl e nedi um
COTPRItEE: r eadabl e medi a i ncl udes both conputer storage
medi a @Rk QIR CHLQK IBAkA leRGh4di ng any nedi um nat
facilitates transfer of a conputer programfrom one
pl ace FYSHRADEWEIIC: RUSPEF Ayec padicl hiuy Be dvgle aaaiicabhaber
rrggqiisg that can be accessed by a general purpose or
speci al purpose conputer. By way of exanple, and not
| mi t adsedivisgeihcmnipt s mdhpla brevwddiratigdnlidenpr i se
RAM &%yﬁﬁg B}@Anie%&@i m&%‘%%ﬁ eo'grtgllilq@lbng»! t%l%he receiver:
storage, nagnetic di sk storage or o e nagnetic
st or agecalewd ses; ndnraty: atheinedeumtchratssicapadyer degettd by

tQ carry or.store desired programco nmeans, i.n. the ‘
BB Rt T R R0 BabhP ST B B A e e
besgaacessedabibr asgenak derp Ul ROSR: SfqusReCh@lteDURPOS equence
co:[%ut‘erp qr_a general - pur g(‘)%g or. ‘srpecj al - pur pose

PP OCESEHPEBRLEVARY" CEAREEY 8RS pi¥per |y terned a

CONMput Rk RAGaR ol BOIUHN RO QAT odelmibdle SO WRIR on
is transnmitted froma website, server, or other renote

s B AEESUSTIgT o egak oA rck bl mitaintspt i ¢ cabl e,

twi sted pair, digital subscriber line (DSL), or

wi rel ess technol ogi es such as infrared, radio, and

m crowave, ‘Bhencthiie of odiivalls caltkar e berudpldenac 8l eackets
tWSERL BRI DBk 10 halll8LaRRd §E0 %i?gz'n%gczsgtc;%ca& to the
infrared, radi o, and‘m crowave are | ncluded in the
detitpictsromsof nmedi um Di sk and disc, as used herein,

i ncl udes conpact disc (CD), |aser disc, optical disc,
digital versatile disc (DVD), floppy disk and bl u-ray

di sc viher e Til¢ sicshadsufalidiy I epioduce datiazmhgnetipdakbgims of
\/\hﬁ@J\L{ﬁgSgirgqjsmsr eproduce data optically with | asers.
o hattons of the above shoul d al so be incl uded
Wi t hi nuthier sebpesefofooputenreadabl e medi a.

2

sending the packets i each stream on a respective Lok,

4, The method of claim 1, further comprising:
maltiaiing a mapping of packels being sent on each Mok, and wherein whether

o resend egach of the at least one missing packet is determined based further on the

mapping.
5, The method of colaim 1, whersin the determining whether to resend each

of the at least one missing packet comprises, for cach missing packet,



[0075] The previous description of the disclosure is

provided to enable any person skilled in the art to
woradoe/1e88081se t he di scl osure. Various nodifi cat PONES1009/035341

the disclosure will be readily apparent to those

skilled in the art, and the generic principles defined

herein may be applied to other variations w thout

degarsti ng fromthe spirit or scope of the disclosure.

Thus, the disclosure is not |nL§nded to be limted to

t he exanples and desi gns described herein but is to be

accorded the w dest scope consistent with the

pri nci% es. and .novel f F ures disclosed herein. [0076]

WHAT | S ERAFMNEDNE BRAR WS TSI BRFR 60 ®P°Sendi ng dat a

in a Mid@hess CQMUBLEalhaR-SYSHBN GOMRY I8kNGom the staus

generatl ng ackets of data to send to a receiver;

gy “&equence nunbers to the packets based on a

si ngl e,.s68ue @, | LeX¢ ¢

packe§§%$§$%qﬁif$¥%$ %fggﬁéb?@ggik%?{ﬁ e lin ﬁgn&$3ka '8

sendiengiat He lrgist isghecstuneanty 6fc ipacket s on the

multiple links to the receiver; receiving status

i nformati on conveying at | east one m ssing packet

det ected byhthetindofiker Santran Hardgestindgauetectonuihe bach

f ok, g I nks the | ar gest sequence

nu{%‘“a&?““&qgééﬁs’]Wﬁf(‘egé‘tﬁﬁ "ﬁmfgﬁ est sequence nunber

am)ng SeGUen Gecnid tikeregusats mm%ehs&;e egeinadoon id Bged ik the

by the receiver . AN q\ggter ning whether to resend

5t

"“qu?qﬁ?ﬁﬂﬁ”F ssi ng packet based on the
Iar geStech G B0eR:NETRE: {0k ®aGRQhpthe mul tiple
links. 2. The nmethod of claim1, wherein the
denul ti pl exi ng the packets conprises denul tipl exing
the pagket %“hb%g%ﬁ%é@&fé‘@{%&blhﬁu@é&, (Gt aQ@fm.ﬂ@C*K% Snd Qacts
the nmultiple streans . cfaim
whieihe pinfeash exsseiseiin geokieurtbdr tthpbases panssling tbé iziﬁaiczké‘@t geeeiving
CARE 65 WHiNG. £ach P eam.ohy RAgkels. separatel y,
and sendi ng the pack I'n-each stream on a respective
link. 4. The nethod of cIa|n11, further conpri sing:

8. The methed of clabm 1, wherein the receiving statw information
COMPIZEs
receiving a status protocol data unit (FDU) comprising a first super-field (SUFD

and & second SUFL,

obtaining the largest sequence number for cach of fhe multiple Hoks from the
frss SUFL and

detenmining the af least one wissing packet hased on information in the second

"TFY
7

FEE S
S\J ES

g. The method of claim 1, wherein the multiple Hake correspord to rondtiple

carriars or wuitiple radio hinks used for data transmission to the recstver,

100 The mothod of claim 1, wherein the multiple links correspond 1o multiple

15

radio links from difforentt cells n the wireless comppanication system.



mai nt ai ni ng a mappi ng of packets being sent on each
i nk, and wherein whether to resend each of the at

WO e@stiossne n ssi ng packet is determ ned based PCF/UR®NI/ 035341
on the mapping. 5. The nethod of claim1, wherein the
determ ning whether to resend each of the at |east one
m ssi ng packet conprises, for each mi ssing
pagket , determining a link to which the m ssing packet
is mapped, determining the |argest sequence nunber for
the link fromthe status information, and resending
the m ssing packet if a sequence nunber of the m ssing
packet is smaller than the |argest sequence nunber for
the |ihk. 6 FHeeslRod b rafmgionhergisng he
det ef Mg MDGLNRLo! ol RARAGCAGHLQM o RS BF B!, BNG, &
m ssi ng packet further conpri se starglng atirner |
t eoseg et sgnbet tghbtrhe thd sskaghbpat ket sihgle hapger mumber
t han. the largest, sequence nupber for the Link, and ..
a2 40 R R SR B8 TRR G B o P P T g grond e
7 saufipée pehe dbfgfaclohabimi@, nuhighkelinkstibehd efceivei Bé RGcive status
whet her. to resend each of t heag Least one m ssing
pACREFTUFPREP D ABPY ‘SE S CHR AT hF IS Withoicafe ayd « largest
I eg@bntk RGAR fondi@alli BN nhhate HHE, MSS NG RACKETtH:S 1o resend
recei yed by phglreqeiygg, 8. .The nethod of claim 1, ‘
\Aﬁ‘éﬁé’? Heehges BRePiI RGPSt Owd R T Hges SisudBAprTEB dor sach of
I geehMENgiisksst at us protocol data unit (PDU) conprising
a first super-field (SUFlI) and a second SUFI
obt ai ning the | argest sequence nunber for each of the
mul tiple | ivaksLaom theqkiy SIE, %ggijem ad, deter Mning.con, i
the at | east oﬁ m ssi ng packet based on i ntornmation
i portfigered ée dpduiStiRy hepacieinnBrHodf efristlcaiunity ohhekek o the
t hesml Liphe | inks correspand 1o nultipl e carri.ers or .
) RhS A R TP, R BB e o
r estisvem odespbeveriekhod of claim 1, wherein the
multiple links correspond to nultiple radio Iinks from
different cells in the wirel ess conmunication
systemzll. TAn mpppamatiiscitior W FebeSs teosnltaiiCall Mcsssor s

co rlsiggz. . e . C e i
configured W0 mainiain & mapping of packets being sent on each link, and to determine

whether to resend each of the at least one missing packet based further on the mapping.

14, the spparstus of clamn 11, wherein for each missing packet the af least
one processor s configured to detenming a Nk to which the missing packet is mapped,
o detevmine the largest sequencs number for the Mnk from the status information, and
to resend the missing packet if @ seqguence number of the missing packet is smaller than

the largest sequence mumber for the sk

15, The spparstos of elaim 14, wheratn the at Isast one processor is further
configured to start a timer if the sequence number of the missing packer is larger than
the largest seguence number for the link, and to resend the missing packet when the

fimer cXpires,

16, The apparatus of clator 11, whereln the at least one processer is

configured © recetve a status protocol data unit (PDU) comprising & first super-field

1’3

{(SUFL} and g second SUFYL to obtain the largest sequence muimber for each of the



at | east one processor configured to generate packets

of data to send to a receiver, to assign sequence
woenobaessog o t he packets based on a single sequRCiES2009/035341

nunber space, to demultiplex the packets into nultiple

streans for nmultiple links, to send the nmultiple

streans of packets on the nultiple links to the

reggiaver, to receive status infornmation conveying at

| east one mi ssing packet detected by the receiver and

a |l argest sequence nunber for each of the nultiple

links, and to determ ne whether to resend each of the

at | east. one m ssi ng_packet bqsed_onﬂthe | ar gest

s SHERT ERUTRBR by Bt égé’h apf 19 HECTRING (h51% Ikindes, muiFging packet

TheseaRR afrat 800k t@s%mg%%} gpwherein the at |east one

processor is configured to denultiplex the packets in

bursts of variable nunber of packets to the nultiple

strea to € Shream of packets sep ar at el

and tgsgendkgﬁggghggg?hi iF &3&h" s?r%%q“‘nwﬁw?%§%%@¥gv§*“

| icrkprisd @ The apparatus of claim 11, wherein the at

| east ane. .processor gu red to nmai.ntai

mappi ng- ot g%éﬁ%f§ﬂﬁéfﬁ§m§%n?KB%WEQ&HFFFW¥B3%ﬁﬂﬂf%

det er nienwhetiber odeonikegeRdie 36 of sthiend@tnul@as bf BRSackers

ﬁ]SSIQ??PaCke g% sed further on the mapping. 14. The

aPpEYET USPDFHEPEI 1, wherein for each nissing packet

t he atdd@askyONRrREOREERAY nilfoed @;nfew%egg LR1GR! BHTIARS on

a link to which the nissing packet is mapped, to

d ETEPIE Fenbreol naplgesecesed g feeinliumBer for the Iink

from tReust abss 1 HLOKMRL by q@% Ltha@%@@Q stsglgfgb 'aﬁg the

packet if a sequence nunber”of the m ssing
s FrEdFerqchaetver foaragb st the écfé;eaimiezknmb@mmpw he Ii nk
15. The apparatus of claim 14, wherein the at | east
one processor is further configured to start a tiner
i f t helSseqléncetmdnietainfi 7 ttvberﬂibs@twg fpa@iee-taﬂissee Ia«ar@e'msj
h L St S ence nunbe or t he L. nk
r 20 PR B RS THER S he i Befinan afh are
Ttiﬁaui@;pa{eam&nﬂi o€ baitbm.:{l:ﬂ);} owliereiitpt ligksat deeasiveone
processor is configured to receive a status protoco
data unit (PDU) conprising a first super-field (SUFI)
and a ecomls Skdtad éfouémi ar Jwben ey 9esdting 6HURRE Bre missing
er for e%gh of themultiple links fromthe first
sb?s et SoRgTiEey St iEEse f’%@h*& %?E YHERA VP Ry thy ESPiRY padreps 2
b@ﬁ;@ﬁ;g@ Rk e OB Qb b @uéu@ﬁ‘w%@&ﬂs@ad oSUELcetvdd padhet BRI D Gksing

of recel Vi ng data in a wrel ess comruni cati on system

packet.
24 The method of ¢lasm 17, wherein the determining » largest sequence
namber for each of the multiple Huks comprises vpdating the largest sequence mumber

for cach Hnk whenever a packe; with a larger sequence number is received on the link

2L The mothod of clalm 20, wherein the determining a largest sequence
nunber for each of the multiple Hnks frther comprises
processing the packets received on the wultiple links at Medhum Access Control
(3AL, and
passing each recsived packet and ¢ link on which the pasket is recsived up {0

Radio Link Control {RLCH



conprising: receiving packets sent on nultiple |inks
froma transmtter to a receiver; detecting at | east
wor@Ivesss ng packet based on sequence nunbers PET/UB®09/035341
packets received on the multiple Iinks; determ ning a
| ar gest sequence nunber for each of the nultiple |inks
based on sequence nunbers of packets received on the
| byekss and sending status information conveying the at
| east one mi ssing packet and the |argest sequence
nunber for each of the nultipl&links to the
transmtter. 18. The nmethod of claim 17, wherein
packets, for_the ,géetvgp are assi gned sequence nunmbers,
from a*si ngha ?e%’ e Hinbeér “psee My sthaer FANS nPiraftion
apsh@t:es denul tiplexed in bursts for transm ssion on
the multiple links to the receiver. 19. The method of
cl ai mEEiERE el ter-tet de T gomprivuade et o gumbsr
pagket: SoppLiisesgdgt ecti ng each packet not yet
received by the receiver and having a sequence nunber
smal | efctammimes weqdendd cnapbery sforaatiacier bed! paglet masing
amg§%§ing packet. 20. The nethod of claim 17, wherein
the determ ning a | argest sequence number for each of
t he mulstérplig 4 HaksponprdssesiUPiat icngptidiee hafge SLTF! and the
s%g%%ﬂ&%ﬁnggber for each link whenever a packet with a
| arger” seguence nunber is received on the link. 21.
The mekhtics ©f siehaPIU20hewhemgha. the determning a
| ar gest sequence nunber for each of the nultiple |inks
further conprises processing the packets received on
the muisti plsg dbobitless At wiBdisUMnAGE RESCOM YRl ( MAC), and
passi ng. each received packet and a |ink on which the
packet {5 OER BRGEHT GPiSRAUTE T PREXCOIET I mEiRpE)ingpiiom a
TheABLbagd :0fecGlRl 1) e WELEI Bnd BESENALAY BIAL WS sequence
information conprises determning a frrst super-fie
(SorEieys Eohpracstingceitial abgasttinde jueneasivamsen et saptpos
Oi‘amﬁ@:? f{ﬂl&ittﬁ apijflﬁs ltﬂaﬁﬁjstf fix Fs\tbge{emogls ngesr%%@;@g G%nggékle;]sgrcwned

corrprl_3| ng 1 nformt I'_OI:] O[‘ ﬁe at east one mrss
percieetipk, and to send status information conveying the at least one missing packet and

the largest sequence number for cach of the multiple links to the transmitter.

28, The appavatus of claim 23, wherein the at least one processor is
configured to detect sach packet not et received by the receiver and having a sequence

purber amaller than a sequence number of a roceived packet as a missing packet.

25 The apparatus of clais 23, wherein the at least oue processor is
configured to update the largest sequence sumber for each link whenever a packet with

a larger sequence number ia received on the link.

26, The apparatus of clatm 23, wherein the at least one processor is
configured to determine a first soper-field (SUFD comprising the largest seguencs
munber for cach of e muliple links, 10 detsrmine 2 second SUFD comprising
mfonmation for the at least one missing packst, to generate a status protocol data unit

{PDU} comprising the Srst SUFT and the second SUFY, and o send the stams POU o



generating a status protocol data unit (PDU)
conprising the first SUFI and the second SUFI, and

W@ endilos30g he status PDU to the transmtter. 23PCHEIS2009/035341
apparatus for wrel ess conmunication, conprising: at
| east one processor configured to receive packets sent
on multiple links froma transmtter to a receiver, to
detcet at | east one m ssing packet based on sequence
nunbers of the packets recelveq on the nmultiple |inks,
to deternine a | argest sequencé nunber for each of the
multiple I'inks based on sequence nunbers of packets
recelved on the link, and to send status information
conveying tHEPRIATERE fishe GoreEi Tl paeRetsEEd t he
| ar gest,..8€qyeRCe Y r@@{e“@( Qhyt 8ACHQh gy rﬂ'gr'i a erﬁld‘ﬁ JKSs 2
to the transmtter. The apparatus of claim?2
WHEFEHh the at | east one processor is conflgured to
det ect ch, k&ts » cel CeL)
and hav}\}zlé‘r%g chy arp%g‘aq S&%n{ggéan% S zﬁ;gs & i( Qvtb'xhan a;eas ee\? Y ghi"ihs‘ii% of
ndn@@%amﬁmaﬁwég@ﬁweﬂLgackaﬁ as a n1SS|ng packet 25
The apparatus, of claim 23, wherein %Q‘ at | fgt one e
or ocesSor | % E6h ‘“’Breﬁsf THTLE 8 PhE Targast TS EgEHe duks
nbnmeﬁn&mmmeaﬁmmquﬂfpwmeﬁeaeic@ﬂ@aekei:Mﬂth a | arger
sequence n mber.is received. on the, |ng 26. The, |
appar atus™ &F SEIHImI DS SiHRETERFOPHEErRT ASE Fierissing packes
P BQTERS Bafestissqe0Rf:GUEaT: d.0h dBheftidRE: [Rkf fol18d transmitter,
super-field (SUFI) conprising the [argest sequence
nunber for each of the nultiple links, to determne a
secondzsSUFITx& @;E%Fda%' d¥G 1R T 0r ORI Qlack RS RleckBBRenst one
one n1SS|n9 packet, to generate a status protocol data
URESInE IPLl compRics ingng ie duiridte SURIPagieg tohetisedred by the
Si‘:!&wet aaﬂﬁj %<£\9 2g57§ 0 L8 oS hAkUS M LPs § @e“cg, sumbsr of a received

transm t An appar at us tor wreless

CDﬁﬁﬂﬁPéHﬁ%@@EB@@hprISIng means for rece|V|ng packet s
sent on nultiple links froma transmtter to a
recei ver; neans for detecting at | east one m ssing
packefﬁbaséﬁe@ﬁm&e@uém@endﬁnbsﬁéﬂ@f:bﬁs%pack&ﬁSnrm s fargest

ei.ved on t S or_ det
egbyedR0at e o M LS B TR R ) F 0% e
I mrgk:s: sb:azem wambseiuent Bninsidners « ehcipackies sarars,eee;ume n@fber
the 1ink; and_means for sending status information
cORFEVFRY PRE™at | east one ni ssing packet

30, The spparstus of clatm 27, wherein the means for sending status
mformation comprises

means for deterpining a frst super-ficld (SUTFY) comprising the largest sequence
number for cach of the multiple links,

means for determining 8 second SUFL comprising information for the at least
one missing packet,

means for gencrating & status protocol data anit (PLHUY comprising the frst SUR
and the scoond SUFL, and

means for sending the statas PDU o the transmitisr,



and the | argest sequence nunber for each of the
multiple links to the transmtter. 28. The apparatus
w@boogliessns 27, wherein the neans for detecting BET/USREY/035341
one m ssing packet conprises neans for detecting each
packet not yet received by the receiver and having a
sequence nunber snaller than a sequence nunber of a
regeisved packet as a mssing packet. 29. The apparatus
of claim 27, wherein the neans _for determning a
| argest sequence number for eaéh of the nultiple |inks
conpri ses neans for updating the |argest sequence
nunber_ for each |ink whenever a packet with a |arger
sequentie nUhBERRNE FOHE] FRCHROPHENE nk. 30. The
appar agt&@fgmﬁ_ggagwg@ wduwhehekd,t he means for sending
status information conprises neans for determining a
first supercfd &rdessSuUFId) lgonprt sPhgiitthe Faeigegkcksts semt on
>SANBNOCIOHIRC Ol BACR QL Lhe multiple i nks, means
for determ ning a secon UFI"" conpri sing i nformation
for the at ch&abt commgnitssishgnpeackets means: fiokast one missing
generating a status protocol data unit (. DQL e Sirec
RS R e R BB PR s i Bl Pt i
means for sefdicngabig ostaiius: RRohier HhRtwomine » larssst sequence
transmdtter.31. A conputer, program product, . ,
OB gt & o MG DReaiIE SOt ot et received
codecfiax sg@usi ng at | east one conputer to receive
packets sent on nultiple links froma transmtter to a
recei ver, CBfe FoFR NSt AEohrTs cHOPUENE CBRpHeRP ipgrmation
ded:06taAlh: RS (RNBINIE $hild: RRCKELrDRASE08: SRAMERE Quch of
nunbers of the packets received on the multiple Iinks,
cBeEre bk &1 g aeTii@ast one conputer to determine a
| argest sequence nunber for each of the nultiple |inks
based on sequence nunbers of packets received on the
l'ink, and code for causing at |east one conputer to
send status information conveying the at |east one
m ssi ng packet and the |argest sequence nunber for
each of the nultiple links to the transmtter



