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BACKGROUND
L Feld
{90821 The present disclosure relates generslly o communication, and more
specifically o technigues for controlling date fransmaission in & wireless conununication

system.

I,  Backgreund

{60831 Wircless comuumication sysiems are widely deployed to provide various
comununication services such as volce, videg, g)aﬁket data, messaging, broadoast, efc.
These wireless systems may be nmkipie-access systems capable of supporting nmitiple
users by sharing the availsble system resowrces. Examples of saoh muliiple-access
sysiems mchude Code Dvision Multiple Access {CDMA) systems, Time Division
Multiple Access (TDMA)Y systems, Prequency Division Multiple Access (FDMA)
sysierss, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA {8C-
FOMA) systems.

[8064F A wircless commumication system may include a number of Node By that
¢an support commupication for & mumber of user equipments {UBs). A Node B may
send packets of data 10 & UB and/or may receive packets from the UE. To increase
mansmission capacity, & transmitier (8.g., the Node B} may send packsts on multiple
links to & veceiver {e.g, the UE). Each link may vorrespond to & different camier, o

different radio Hnk, sic. The packets sent on different links may experisnce different

x



conmruni cati on services such as voice, video, packet data, nessaging,
broadcast, etc. These wirel ess systens may be multipl e-access systens
capabl e of supporting nmultiple users by sharing the avail able system
r esour ces. WERMAANEE of such nul tipl e-access systens i n@CHAS2OYHS341
Division Multiple Access (CDMA) systens, Tinme Division Multiple
Access (TDWMA) systens, Frequency Division Miltiple Access (FDVA)
systens, Othogonal FDVA (OED. MA) systens, and Single-Carrier FDVA

( SCFDVA) syst®ps. [00041A wirel ess communi cation system may include a
nunber of Node Bs that can support conmumi cation for a nunber of user
equi pnments (UEs). A Node B may send packets of data to a UE and/or
may receive packets fromthe LT. To increase transm ssion capacity, a

transmitter @fag.dusthRaREeeBnMBY SERERAGKELES PR Y Eit@h@zﬁ%ak&kz?f to
a receiver (e,g., the ItE). Each link may correspond to a different-
carrier; a dPFFET SHFEATES i nk, etc. The packets sem on different

| i nks nmay experience different WO 2009/ 108808PCT/ US2009/ 035341
080534 del ays due to various reasons. It is desirable to efficiently
control transmission of packets onSHEMARE |inks. SUMVARY

[inks are delifiibeq SAPAh TR 1 aruh PRE el Y drePare bRt o ehat o
for a recei véspiadSirgn. thewpaitkensy whtiic segoe ot dunlbescsivir omlgRte
2L1S) o) e eDEE D3RR A E L LLBLet LS PRSI Ly 11
queue the patkerseldreedchuhiniltoseigiattekys dnduuitye §end Thenpacket s
on el 35SRBL s Bkl 0108, LEERYEE TSyl Phah iR IR, (eGELY
order due toagjaigdokets hogsewrr Ebuterding nfky onripachst scitadnsnit tBd by
Fosul t1ng 1O et e e R B saebter B BTl sl 6801
del ays on t heacig$ pisphigef bt NGt b rasipeltin suthe thereiinve ndtEyskew
maintain a | %ﬁgg@t ﬁ‘&kﬁ%&@&iﬁieﬁiﬂm?rpa@sél\gi ijI*sis and transmission delays on the
raltiple Hnks.
HEHES) I an aspect, the receiver may maintain a largest sequence msmber (LAN) of
coirestly received packets for cach link. After detecting # sequence number gap with at
least one missing packet, the reegiver mny send status information conveving the at loast
one missing packet and the largest ssquence numbers for all Hnks o the waamitter,
[B067]  The maosmitter may receive the status information from the reveiver, The
transmitter may maintain a mapping of which packets ave being sent on cach link. The
trapemifter may use the largest sequence numbers for sll Hnks from the status
information as well as the packet-fo-link mappiog to determine whether to guickly
resend oach missing packel or wail.  In one design, for each missing packet, the
transmitter may deternine the link {o which (be missing packet is mapped based or the
packei-to-link mapping. The transmitter maay also determine the largest sequence
munber for the Hak, ¥ the sequence number of the missing packst is smaller than the
largest sequence mumber for the link, then the transmitter may declare the missing
packet as a lost packet {e.g., tansmitted but received iy eror) end may quickly resend
the missing packet. Otherwise, the transwitter may deem the inissing packet to be
delayed due to skow between the links and may wait for the missing packst to be sentin
the normal mannér. The transmitter may also start o thner for the missing packet due 1o

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



correctly received packets for each link. After detecting a sequence
nunber gap with at | east one m ssing packet, the receiver may send
status informati on conveying the at | east one m ssing packet and the
| ar gest s 0fbers for all links to the transm tPETUSEHYO3BI4he
transmtter may receive the status information fromthe receiver. The
transmtter may mai ntain a mappi ng of which packets are being sent on
each link. The transmtter may use the |argest sequence nunbers for
all links fr8®*he status information as well as the packet-to-Ilink
mappi ng to determ ne whether to quickly resend each m ssing packet or
wait, in one design, for each m ssing packet, the transmtter may
determne the link to which the m ssing packet is mapped based on the
packet -t o- | i edessRPPY RS dPSetd 408 &Ll @ e TRY RIS e AL 81 1R GurkiD81ctan
| ar gest sequence nunber for the link. If the sequence nunber of the
m ssi ng pack&¥s smaller than the |argest sequence nunber for the
link, then the transmtter nay declare the m ssing packet as a | ost

packet (e.g., transmtted but received i n_‘errogaand may qui ckly
resend the m ssing paBRdEF DEFSRITG N AN THESHAVEINGBY deem the

m ssing paCk?{;ﬁﬂ.‘E 0 b‘%ﬁd?gi'%gg‘&%g%séstﬁm s ,?%,v\é\%%n the links and may

wait for the'm ssing packef "to sent Tn normal manner. The
transnitter ¥Slal sBGsT sirtvs daty ivmemisfior ftrh e taisadiony pacivet cxowe fihes. skew

and may send Y M §S acket lep the L1NBL expires. R

2009/ 108808 ng?? %52 o%%/ g%’é’%ﬁ%‘ %@8&@29 ‘f%"g é&('}gr%?‘%xd*éﬁé’%e%“f‘?%%d
features of {48é2idi siiGogwhevare cglegdy bhpdid urhdhamsiietaitle ihelmuer BRI EF
DESCRI PTI ON QF.;. I NGS..30091 FIG | shows a wirel ess
connunicatioﬁﬁgégggﬁﬁéﬁgggg}Tg G 2 shows data transmi ssion froma
transmittert 983 ec8Ovet slows eweteh proksol dOBELERILE 3 shows an exanpl e
of packet demghii Pl eskng; OW sENG.L LANSIILBE (SUREs) for the siws PDUL

{18]  FIG. 6 shows a process for sending dats in a wirsless communicetion system.

18816]  FIG. 7 shows 2 process for receiving data in 2 wireless communication syster.
186177 FIG. § shows a block diagram of a UE, 2 Node B, and a Radio Network
Controller (RNC).

DETAILED DESCRIFTION
{8618  The iechuigues described hercin way be used for various wireless
commiunication systems sockh as TDMA, TOMA, FDMA, OFDMA, SC-FDMA and
other systems.  The terms “system™ and “network™ are often used interchungenbly. A&
CEMA systemn may implement a madio technology such as Universal Terresirial Radio
Access {UTRAY, edmaZ008, efe. UTRA includes Widchand CHMA (WUDMA) and
other variants of COMA. cdma2000 covers 15-2000, IS-85 and IS-855 standards. A
TDMA svsteny may implanent a radio technology such as Global Svstem for Mobile
Commmsmications {GSM). An OFDMA svstem may implernent a radio technology such
as Evolved UTRA (B-UTRA), Ultrs Mobile Broadband (UMB), IERE 802.11 (WiFs,
IEEE 802.16 (WiMAX), [EEE 802.20, Flash-OFDM®, etc. UTRA and E-UTRA are
part of Universal Mobile Telecommunication System {UMTS). 3GPP Long Term
Hvolution (LTE) and LTE Advavced are new releases of UMTSE that use E-UTRA.
UTRA, B-UTRA, UMTS, LTE, LTE Advanced and GSM e described i documests
from an organization nemed “3rd Gencration Partnership Project™ 30PP). odmal000

ard UMBEB are deseribed in docuwments fom an organization named “Srd Geperation



100121FI G 4 shows an exanpl e of packet transm ssion by the
transmtter and packet reception by the receiver. [00131FI G 5A shows
a status protocol data unit (PDU), 100141FI GS. 5B and 5C show two
super - f i eMI@2(08WYEB8Y8s) for the status MJ [ 0015/ FI G 6 sREWSHOHISEEsS
for sending data in a wirel ess communi cathm system 100161FIG 7
shows a process for receiving data in a wirel ess conmuni cati on
system 100171FIG 8 shows a block diagram of a UB, a Node B, and a
Radi o Net wor K986ntrol |l er (RNC). DETAI LED DESCRI PTI ON 100181The

t echni ques descri bed herein may be used fjor various wrel ess

communi cati on systens such as CDVA" TDMVA" FDVA, OFDMVA, SC- TDMVA and.
ot her systens. The 'terns "systenl and "network" are often used

i nt er changeabistersiiy CRIA: 3YSOERTITBe w&h@fxe Biscifbel RecR ﬁ@%ﬂ@é@m };%UCh
as Uni versal Terres rlal Radlo ‘Access UTRA), cdma2000, etc.

i ncl udes W d&6%HE : ’%W%‘%W?@FW”%T% BRI & eifercpmmns m@eoo

covers | S- 20&9%2}‘0%%1895“@:”\@33{@ £88in Si&;ﬁ:ﬂﬁ@fdl& teﬁ:*%x&)&%&ﬁ@d@%a for

i mpl ement  a &2&}( e¢ fgi‘J’o such as G ob ?{stem for l\/bbl | e

Communi cat i on ‘&W‘ °%V§t’%?r?’ri:&'§}“ QHS‘ EFETRIOR OFiai o

t echnol ogy s;{mﬂ aS?sEmlsmds AEB@W &EﬁE&A&mmﬁJk&bf@ Mabighgs Bﬁ@@f&h@ad

(UMB), | EEE 80 {h‘ﬁ&%m 802. 16, ( W MAX) EE 807

FI ash- OFDMe, ® g Vs %?F“é“%é’r“ﬁ”bf “@rﬁ"{? oHy ’f’%HF“I“%“ that

Tel econmuni c&tm@m pﬁyﬁritﬁfﬂe@M@r&x%ek%d?@ééﬁﬁ&\f@hw‘mﬂ@ HNE), zand

LTE Advanced, are new rel eases of U%/Li g {}J UTRA UTRA, E- UTRA,
MR &g E B‘é’&‘

UMTS, UTE, LTE®ASEnTeicaharisss P OHGRIHTERPS T4 an

or gani zat i Onfdﬂa@&dvﬁiﬁreéag%aﬁra&&l 0 ikasdenenah tpadliyohe tleril( 3Rk area

ci § 2000 and, UVB, a1 & described in dacyrent s, rom gn organi gation

aréa may be served by a respective Node B subsystern.  In 3GPP, the term “eoll” can

refer to the smailest coverage area of a Node B and/or a Node B subsysiem serving this
coverage area.  An RNC 130 maey couple to a set of Node Bs 11U and provide
soordination and conirol for these Node Bs.

[BH28] UBs 120 may be dispersed throughout the system, and esch UE may be
stationary or mobile. A UE may also be referred fo as 3 mobile station, & terminal, an
seeess tenminal, 2 subscriber wnit, & station, ote. A UE may be a collular phose, 2
persaral digital assistant (PDA), a wireless modem, @ wireless comumusdesation device, 8
handheld device, 2 laplop comyputer, 2 cordiess phone, a wiveless local loop {WLL)
station, ele. A UE may commundcate with a Node B via the downlink and wplink, The
downlink {or forward link) vefers 10 the commurdeation link from the MNode B o the UE,
and the uphink {or reverse link} refers to the conurunication link from the UE o the
Node B.

HRIZE] The systowm may support data transmission on multiple lnks. In one design,
the multiple links may comespond to multiple carriers. Each camier may have a speeific
center freguency and a specific bandwidth and may be used o send traffic data, contral
information, pilot, ete. In another design, the multiple links may correspond to multiple
radio Hoks from different cells to a UE. In vel another dexign, the mudtiple links may
correspond to different spatial chanpels obteined with multiple-inpet multiple-output
{(MIMO) transmission. The multiple links may also be obiained In other manners.
B33 FIG. 2 shows an exemplary date wansnxission frome 8 wansmitter 20 to @
receiver 250 on two links 1 and 2, 2.z, two carriers 1 and 2. For data wansmission on

the downlink, tansmitter 210 may include 2 Node B and possibly an KNC, and veceiver



080534 Partnership Project 2" (3GPP2). The techni ques descri bed
herein may be used for the systens and. radi o technol ogi es nenti oned
above as well as other systens and radi o technol ogies. For clarity,
certain, MPEYWP4UEP8 t he t echni ques are described bel owPCEUSHOPRAE341and
3GPP term nology is used in nmuch of the description below (00191FIG
| shows a wirel ess comuni cati on system 100, which may include a
nunber of Node Bs 110 and ot her network entities. A Node B nmay be a
station that ®8&Wmuni cates with the UEs and may al so be referred to as
an evolved Node B (eNB), a base station, san access point, etc. Each
Node B 110 provides conmuni cation coverage for a particul ar
geographic area. To inprove system capacity, the overall coverage

area of a Node; BayBy. be. paf Lird k288Hskh: O&@ﬁ@ubﬁ &Pir&sw(;ﬁmgz 50 ARSI UE,
smal |l er areas._ Each snaller area rrag be served 3/ a respective Node B
&

subsystem | ARGEBEe $iagsavdiside @ Sfofle B aahvopditern R5Ct he snal | est

coverage aregys; a NodewBi@ntook iy No0RaBroSlRSHSLEM S8 Wk %e&l}'ﬁs
coverage area. An RNC 130 may couple to a set of Node Bs 110

provi de coor dFHAE %ﬁd‘é%%}iﬂ‘d‘éﬁie%@dfﬁé‘#mt%é‘é@n%@OBés‘Ul@@Q@JﬂéP}Es ’iizeo

may be di spepgags mg@eg&%mt Dk @xﬁ&m c;aa%@@m. #éo&ﬁy;\?ﬁ Mediu
stationary or Mobi l e. may al so be referred to as a nob

station, at éﬁ’“?ﬁs?l%‘l’ﬂma%i%% e B8’ \‘%“& R FErocobiony BobrTeE  Halnleyer {ha‘! v 2

station, et CipfoblaedB¥cberEC 601 1 86 ZRNOBBcoifor POFEONA G Givkal me
assistant (FD a wreless nopdem a wreless connnuni caBon devi ce, a

handhel d deviteve [HpFQHeres RETRE Fay Sl 6t 41Ty Pe pramenicn o ol skt

local |oop (W) nslakb®Roukd 6o G%IHE“&&MngQ”ﬁHﬁ#&ﬁtﬁszt?o‘aeM g, Bevia
the down.lin.k and uplink. The downlink gor forward || nk) ers to

the conmuni cEFFEIE TAHE FHOIH THE RGNS B “Tbﬁé‘ﬁ‘@"“é‘ri‘ﬁfﬂ?‘hehﬁﬁwﬁwﬁ(or

reverse |i nk)mzﬁ@a‘w{a%& fsell DY +ROPFUBH EAkERRSs blBkocf £07S ROER:E Wilhe
Node B. syst em nmay support data transm ssion on mul tiple

links. in oné“*“&é‘é’i"tjﬁ“’”t% mul tiple |inks may correspond to nultiple

carriers. Eamzﬁar I b Q% iBYeRAYRenS PEChEd foGRNSed FQEUSNSY: ﬁﬁ%zﬁz
speci fic band th and may be used to send traffic data control

i nf or r ani on, PEFIFHEERdReket Orribfgy Hgke desPhmiete hetoriink { §F & ka4 vy

corres pORd t g;@sy by t@lzﬁk r}ad]ma cﬁwﬁ‘&i&e{ i@fﬂad bé banendd aﬁ;e% ki &%tﬁw@w In
yet anot her des the nmultiple s may correspond to different
spati al chanﬁ’g‘l g%@bf"é‘i"f?@‘n@ RERERRE T an‘ﬁ%”%h ?ah}ﬁff‘tai?r?ﬁ“h PrEPSHEGHE EMENI O)
transm ssi ongushb@uay Bldld itsplagielsl ﬁ&Stbﬂ‘ﬁMe 289 f0 eabfiRion e Uik RoREdRe 240
manners. [0022 FIG 2 shows an. gwﬁ{lary data tran %s§|on froma

transmitter 2t9 a{“‘&) R R 3’2% & WO RRE FihA AgEag 225Gy
carriers | apgeile Fakedaba qtm’ua I3HiSska e @Nadch®: MOWRLLIRK) cdbk pA%E fdder

210 rmay i ncl Hg*%m% zy‘%gguegeg }Qﬂc?c ta? gasll ntﬂ ?y{s:m;ﬁ ".53‘ Szmalsm, ra%gz?hggexgmy receive
packets from queune 224, process vach packet, and fransmit the processed packefs on
ik 2 {cloud 234).

{6381 At receiver 258, 2 unit 252 may receive packets on link 1, process {(e.g,
demodulate and decnde) each received packet, and provide comrectly recetved packets to
& re-ordering unit 260 Similarly, a unit 254 may receive packels on Hnk 2, process
gach received packet, and provide correctdy received packets to re-ordering unit 260
Re-ordering unit 260 may re-order the comectly received packets based on their
sequence nuprbers.

[G826]  Re-orderingunit 200 may aleo identify missing packets. A muissing packet &
a packet that is not vet received correctly and has a sequence number that is sarlier than
a sequence numbsr of 2 correctly received packet. Because of wrap-zround, an earlier
sequence mumber may have a larger value than a later sequence number, 2.8, seguence

number 4093 may be carlier than sequence number O The sequence number space may



050534 5 250 may be a UE. For data transm ssion on the uplink,
transmtter 210 may be a LIE, and receiver 250 may include a Node B
and possibly an RNC. 1:00231At transmtter 210, a unit 212 nmay
recei ve i roavadosseRk a fbr recei ver 250, partition the ®ETASRWP/O35341
packets, and assign a sequence nunber (SN) to each packet. The
packets may be far Radio Link Control (RLC), Radio Link. Protocol
(112), Medium ACM»bo Canto' (MAC), etc. MACis a protocol for a
subl ayer of @&sobisnk | ayer (Layer 2) in a protocol stack. RLC and RLP
are two protocols for a sublayer above inthe link |ayer. The
sequence nunber may start at O, may be increnmented for each packet,
and may wrap around to 0 after reachi ng a maxi num val ue. For exanpl e,
t he maxi num vaI ue_nmay 2-bit s quence nynber .
USEhi 6

tl 4‘%95}'[ g L e
The sequence nurr%éar““‘]vgy d”bﬂ? éceiV rB? PR &y *h¥F pses
such as re- os@;emmgzpnim s&nagmpamk;mcsdseﬁ@em @I‘}bs:‘meia cg., [1@1932;1‘13& seqguence

deni ul ti pl exer . recel m uni.t. 212 and, may
provi de each%’b%c g}{m cf%welf Sr‘éleé e&ﬁ?fif (iéfr“‘ gu"é’ﬁ@’ FYEEPE PFRIE X or
a queue 224 {erseguewespet fpacd mnkb&cm%‘h&&miat&’&k@k&ﬁg Kreor eample,

trolled b nt t 244
of whi o packrgeb BT EoL) iR AR Y eI e Mo Rt e

its packets umbidrhs &zkwma@e@uézﬁadmjeek WHATSIIS 86108 » oo 6RMLE LLRT
240 may al so_nmai nt an_assocl ation of each gueue/streamw th 4 [ink

A unit 226 WL?%&%M%%&%&yW%%%@Sézzf*« o6 dEs R 8 1Ry seaugreode

and nodul at e);me*@ﬁ Bp‘iﬂ@-ﬁ;@ﬂm. /ibflert @S ML (b BScRfRE 95580 PRGKALSHOM.! | NK
1 (cloud 23221 Iarlgl a un|h228 rg?uy recei ve packets from gueue
224, process sken D4 SRIBERCS BREET 4, ﬁ%‘%’i‘*ﬁ*&@é@@&%&b@@@“@hﬁfl nk
2 (cI oud 234)ahuckQLEp tAkideE eTM ks dh Boquahch Bhhbod 92 v R o S&8LMRAPagket s
on link 1, proce§ denodyl at e and d=code) each received

packet, and prodi dé“(t}&“érsie"éi%f“ley‘*ﬂ"é@E| BY cpaddeEr sk oo a¥ e - Bt | gtEni t

260. Si i | ar byoriio Rirbin 264 MRy 1iaFeiie: 1RACKRY Se QRd bkdMGaricall), QGE SR
each recei ved cke ﬁgd proyi de cqrrect.l receéved packets to

re-ordering E? t B8 G T PRI e g Yorder the correctly

recei ved packetsn ba&e&dm«hﬁenm ﬁﬁ%&&&ﬁse@i&iﬁl&ﬁ@bwb@;@%ﬁ&%@&gﬁbbng
unit 260 may ai{ Ldenti f % m sSsi n :&ackets A m ssin pacﬂet is a
packet that F¥ ‘ﬁcﬁ“ JE SRR OB EE oY Y oh % o RERRIENER PRt er
that is enueammgamemﬁemp pﬂuﬁbeéﬁgsi%c«clkmﬁm&& ef trbidsidy %emeau,p@%et
Because of arlier nunber nma e alarg

wr ap- arou‘r:}g ¥ ? £ encg g
val ue than a TIPaiosdqehet! RawBaiT ity oot uaio ARG HiHOET 1608 Hay be
ear | i er thanxseiguence taesrer 200 Jheasedueneeinlaizer a&&am*tm{} tmay

receive the status informaton fom receiver 250 and way resend the missing packst(s)

in the seguence sumber gap.

[9028]  Units 212 to 244 within treesmitter 210 may reside &t one or more entities.
For data ranspssion on the downdink in WODMA, units 212, 214, 240, 343 and 244
may reside at ap RNC, and wnits 222 o 228 may reside at a Node B, Units 212 v 244
may also reside at a base station for dala transmission on the downlink in other systems.
Units 212 1o 244 may reside at 2 UE for dats transission on the uplink.

3625] Units 252 to 262 within recefver 250 may also reside af one or more entities.
For data transmission oa the dovnbinle, units 252 1o 262 may reside at a TE. For data
transraission on the uplink in WCDMA, unita 252 and 2538 may reside ar ¢ Node B, and
units 260 and 267 raay reside at an RNC. Units 252 to 262 may also reside at 2 base
station for daia tranymission on the uplink in other systems.

[9038]  Dota trensmission on multiple links may be supported by various radio

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



080534 6 cover a range of 0 to K-1, where K = 2" and B is the nunber
of bits used for the sequence nunber. For a given sequence nunber Kk,
a portion (e.g., half) of the sequence nunber space nay be

consi der edvoasovgessps erls . mall er than k, and the renai RCRGSprL/dIFa+10f
t he sequence nunber space may be considered as |later/larger than K.
For exanpl e, sequence nUrnbers Cc - + K) nod K through (k -1) rood K
may be considered as earlier/smaller than sequence nunber k, where
"nod" denot e$¥&*nodul o operation used to account for Wap-around. L
may be defined as L = K12 , so that half ;0of the sequence nunber space
is utile:rimtaller than k, In the description herein, a "l argest
sequence unber" is a sequence nunber having a value that is |atest

anong al | segueseRiRIHRRE (MR WeSe bﬁﬁﬂg if QRSLOSN Bls-sphe DARMRS Packet
sequence number Iue t han that of another

sequence nunb‘!’éreslt\)/g?mggggﬁé F’dgr%é%{ *‘?:Iu Pg&vﬁ' %ﬁ‘**&f SsEe's e Rrpradures that

descri ption RedHeHieh-dpia dacifelBas ir@ezgggm andle ShAUBR DIBYSIHO WSO8 sion
|nterchangeabLé§gg€ the terms "smaller" and "rather" may al so be

used i nterchdh s fige iR f‘%‘?’sa*é‘ﬂsﬁﬁﬁl‘ E ¢ “@G@‘*ﬁ%@mab?‘e‘&n‘iémd 3
sequence NUITHEF 5GaPFWTENEYBPA A IS 8P uReckats d Swrsd s%@iu&%méfk@a and

sequence number g cover one or more missing packe
Re-ordering &£ %6% SBESHEAETRE Juete 8-t st AR 3§§3i' TrPupEERet s

and ot h_er I NREINDAL h0%s Aoltith biredB2 oif&LQ%&%@&r@a:@ﬂQ eS8 Stial Sy, the
informtion f the se uenceaggnber gap to tra

retransni ssi O cOBt FBFFEFIDAYC SERETeE FERPYE FRdce g’I@“&?ﬁ?"aP‘éCa’@@\? ey
status i nt br gakigenyt ROMEEGEINans R 200, NEY: KesRRGhREFkSEERS for

packet (s) in_the quenc, nmber 002 hnits 212 to 24-4 within
transmitter ?T(ﬁ“?rg’i‘ reé‘?ﬁéﬁp %*‘“ 7é"("g"’é)‘l‘e‘s 8 ']&'E*Teégf“a%‘lmrﬂéit“é{ Cand

transm ssion (xerE,i »&ﬁemdmmbaca&& in"eaddGiobA: zﬂ.b{ﬁ{i%‘éﬁpgﬂxﬂziw cgﬂeﬂe z%%a@ézmﬁng
244 may reside units, 222 to resi de at .a Node
o UniLs 510 500 BB RyReh B ediies Vit arie ST APV o i ogated buk

t ransm ssi on Tan Ahencdown ki G&ﬂtxﬂasﬁkﬁkﬁi’mf&&ﬁt&@ﬁ&w ENRLS pddidust e daaray
reside at a for data transm.ss gn the 'uplink. 1Un1ts 252
0 265 wi t hi oFECE Vit PASGTRY D 00FRef st T %3&@%&?&8& fa
transm ssi onpaetk bay d@mmwaﬁkw SMkdes oo Bé 0182 CABYE-r S RUE padkeR odalE.
For data trans *SaS\I &ff‘? lllcg| ink in WCDVA, units 252 and 254 may
reside at a Rb ’:*Bg 5?1‘5‘“ 980 and 262 may reside at an RNC. Units
252 to 262 mgn3dl soFFES dlewadn @ahgis ef sicaftidenuifigitxisiolaht ransti:a$ion on

e upl Lk, by BTy P DS0ARR. s ABRTLSBL AR b D
with RLC packet # being an RLO packet assigned sequence mumber 1. The RNC may
demultiplex and forward RLC packets in batches to sach queue at 2 Node B, e.g., as
determined by link control on an fub interface between the RNC and the Node B, Inthe
example shows in FIG. 2, the RNC forwards RLC packets § and 2 fo queve 1 for Hak 1,
then RLC packets 3 and 4 to queue 2 for link 2, then RLC packets 5 and § o quene 1,
=ivh
{8321 The Node B may send the RLC packets In each queue on the associated Hak
to a UE. The RLC packsts in the two gueues niay observe different delayvs due to cell
iosding at the Node B, variationy in chamnel conditions, ete, The RLC packels may thus
arrive out of order at the UE.

I0633F  The term “skow™ may be used o refer {0 cut-oforder packets across links.
A skew may exist when there is & sequence number gap in the packes received on the
meultiple loks due to demsliiplexing in batches by the BNC andfor transmission delay
by the Node B. o the examuple shown m FIG. 3, 1f RLC packets 1 and 3 are sent by the

Node B and received comrectly by the UE, then a sequence number gap with missing



technol ogi es. For exanple, data transm ssion, on multiple |inks may
be supported by an 080534 acknow edged node (AM node of RLC in
Dual - Cel I Hi gh- Speed Downl i nk Packet Access (DC HSDPA) in WCDVA.
HSDPA i s aveardaisseghannel s and procedures that enabi e BCHRSHGYBIF341
packet data transm ssion on the downlink. DC I1SDPA is a version of
HSDPA t hat supports data transm ssion on two carriers, which may be
considered as two links. For DC HSDPA. an RINC May generate RLC
packets for #Bi®ém ng data and may assign an RLC sequence nunber to
each RLC packet The RNC may &multiplex tRe RLC packets into two
streans, one RLC packet stream for each Iink. However, the RNC My
use the sane RNC sequence nunber space for both streanms. The RNC may

send the tmﬁ&%&@%@&@ &R aiBs &%&cmgz%ﬂava Whiig e PR, TBEAL Bluline

separate queues for the two |inks. any receive the twe RLC
packet streaff8mTifdreretRNg dhengeyv: é“t‘ﬁeb%?wml_@ﬂp&éfli@%s in each

streamin a @Rs4iespR Q@x&nﬂaﬂH@H%& &Qeo mcé;@;p&x{@m%%@%akm Fhbopagket S

in eaoh streamvia a separate bw on the associated |ink. Thé A

node of RLC H&yRHs gl eﬁiazﬁﬂid@wa@nx e R CarcippErpair &8 Pt Bodude.,
However, Wit Rubiind kS (50 oG !EI@E’&@M;L@ n;é‘éé‘t&l @Bﬁdb@ﬂéeﬁ?ﬁz RRkindgl ficand

RLC packets may be received out of on the two links.
QOat - of - or der BREES Paek B8 Griky %ec*adarﬁs%ﬁs‘agmaé@eﬁﬁ PR NBNCRCE 03P G

3 shows at eg@@@é@u @Jma@% %@Eéﬂ&'rﬁﬂo@e&?&' AGerd Wik ,,sgr %@wdép@,r«r 8- 9.,
an RNC, in this exanp pac ket's are ass:tined uence nunbers

1, 2, 3, etcNedgbt ﬁqaleél%%&@?nﬂﬁn%@ﬁn@ éﬁﬁﬂﬂ@ﬁé@‘{%ﬂk & i§|vg qeHuguish
sequence NUMHSEd-goddte: NG BBY: @@@&mzm‘%@n@m@{e\g@m Rsks &&@é&iﬁe}( s

in batcht.es to each queue at a Nod g., as deternine;
contr ol on_ afoPUB Rcbs St BEIVEE TohECRKE Hrfthor he IOt BLC Prcieto

exanpl e sh OWBen’zﬂqcirF dodar El%fihﬁt D8k NGf QEMREAS Bk Grddack 8hfide pﬁ&\(ét %53(.9

queue | for link then R, C packers 3 and 4 to queue 2 fo )
then RLC pacKeéttgusuifnphgrid éﬂ*ﬁi}?efﬁ% Spssing GOSTP TH s ers erﬁés}» s@ﬁdsixfﬁﬁe

PLC packets ki Rehs, H4OUROR:-tNO AEFOCHALRGnE bilked @ & dolfn (the:RYC
packets in the two queues may observe different del ays due to cell

| oadi ng at tfF&bde B, variations in channel conditions, etc. The Ric
packets may {jws ar&'a&é@aﬁbﬂa&tm&" day malutdg. H@es»k@c@.@&l;ib@b&r@ﬁil\!} sgkew'

nmay be used to r?f er . .to out- g{fg ﬁlﬁé d[ackets agbngss | i nks. kew may
exi st when t AREFE €oolyed BieR &8 © pet payesdpe %‘?i’&%@%‘f@“er’é‘g’ FAREd,
on the mul ti pdcRett hibk&eidstend Qe ﬁz@mrt»ielwbﬁme@@mbemﬁﬁ)&ﬁab&saibayzﬁrbﬁwﬁ\i@
andl or transni ssjon del ay ﬂ%%t he de 13. int | e shovvn in MG

3, if RLC paBkBt S« sgiga W?‘h% R G @*" ﬁée T oers
correctly bysdrhe: U them r@,@ﬁ@usr@@gawm@mma@pw&mrmeasgkg\qeedbaa:\"

information to & fransmitier. The transmitter vy meintain & mapping of which packess
are being sent on each Huk. The transmitier may use the largest sequence numbers for
all links as well as its packet-to-link mapping o determine whether each missing packst
in the sequence numbser gap reporied by the receiver is due to genuine packet loss or
skew across links. The transmitter may take appropriate action depending on whether
gennine packef Ioss ar skew across Hnks is detected.

96361 FIG. 4 shows s example of packet trauspussion by the transminer and
packet reception by the receiver in accordance with one design.  The tansmission
droeline may be pamtiioned into units of subfames. Each subfawme may have a
particular duvation, e, 2 millisecond {ms}, eic. A subftame raay also be referred © as
a slos, & fame, eic. Tn the example shown in FIG. 4, the transmitier may send an REC
packet on one ok in one sublame and roay send RLC packets for esch fuk in the order
in which they are generated and demultiplexed.  The recelver may process {s.g.,

demoduiate and decode) 2 received unsmission on cach link and may kesp tmok of



080534 8 RLC packet 2 would exist, This sequence nunber gap woul d be
due to a skew resulting fromRLC packets | and 2 being provided in a
batch to queue | for link I. [0034] A skew may be | arge due to

derui t i pl ex0ngpoaéssid_C packets in batches by the ENC, va&craisk@sdisbay
in forwarding the RIC packets from the RNC to the Node B, scheduling
delay at the Node B for the RLC packets, variable delay in sending
the RLC packets on the links to the UE. etc. A |large skew may result
in many sequé&té® nunber gaps being detected by the LIE and reported
to the transmtter, e.g., the RNC and/or ¢ he Node B. For eflicient
retransm ssion, the transmtter should be able to distinguish between
genui ne packet | osses and skew across |inks. Genui ne packet | osses
may result fromRLE pagkets BekAg Lhans U thadiRut pLecsl Shte Lehp Brior
by the LIE, % pacEets belng\ r({)’ppegi’S The 1. rgﬁéﬁﬁ d?gﬁé§

what ever r ea§‘?§ﬁﬂ eretiRy, PRSI gemrdinadopack ézpk led ey pats We‘mﬂanmmﬁ &EC
shoul d resend,he 55130 ;Qﬁ&k%%éu&%hﬁﬂtg&sﬁs@s& RESE ) agm,E?r skew
across links, the transmtter may walt e mssing packets to be
sent in the A¥RWal Idhheenrpeossit HGA, it aér;&emt th tsraemawé%;m{ymm
mai nt ai n the ghargest oSeQuU o:Of el Y. Lesel.ye
packets for gch I|nkiandgﬂggk%yggggﬁghgu% ek secﬁﬁnﬁggnfhbégm
packets are ﬁé%é@ﬁ%@i@ﬁwﬁhﬁhﬂmﬁ%ﬂ%Theiﬁaﬁgé@ﬁm3®n®@ﬂ@@&mmhbewﬂnﬁy

al so be ref errad) L0, af Lh%d BLES L ABAUARAR: WARES 1 RLew sThELEG0LVer
may send the [argest sequence nuﬁ%ers tor a en reportln
sequence nunBEFtyageERgEoRrSEndi gep ce@baiskng h%rmﬁtet Srerg pewie sttus
transmitter. @5&%&&@9@%&&@@.& Yot TRUTREAID 3. MT%% GiQf M%c&? Pagkets
are being sent on each [ nkK. he transmtter se th ar gest
sequence nuntygrsg: 'feér’f?&l*faﬁ?ﬁﬁ ik gocsiyenibt W%lﬁﬂtf%&ilp%@}@eiﬂﬁr@h% dlcerappi ng
to determ ne gk eris 800 MSBic0E) POCKEE, 10 LB SRAUEIAS RUTPRL.GaP
reported by the receiver is due genui ne pac ket Toss or W acr 0ss
links. The  t iafs ket BEC ﬁw}e&f% eéﬁmz@spﬁuca@ ERE ?E'@hﬂiﬂéb‘é‘n%‘iﬁ‘??g‘&mﬁ the
whet her genua&e{aﬂ%@ k@loakOsH e ﬁ%@é@’;@%%ﬁg b IDKS kg s{i@%&%@gm SeRt,
[00361FIG— 4 shows an exanpl e packet "t ransm ssi on

transmitter gﬁﬂ‘“ﬁ‘a’éﬁ‘é’c“’qﬁéé‘éﬁ%ﬁsﬁﬁ Rﬁ’&\ Rt § Bleisam iﬁmﬂﬂa@@@’@aﬁce with
one desigi. I@%tra&s&%m&m@u@&@&ug@ygv%p@ biikd DBee L ALQs YAkt S
of subfraines. Each subfranme nmay have a artlcuPar duration, e.g., 2
m I 1isecond PR&F: 4*@%*&*%%15#%%&%? s RIS oatiet F wioser By cpuechy regeiessot |

a frame, etcgrikRalde: epRIRbQSNQWididnsTls®, adk arkiR8s tE@NSHI tt er miy
sand an RLC packet on one link in one subfiume and may send a

packets for HeH | i WebioicHe Dodfarasytgeds np RAY raresga fiek af@oﬁca:‘nd
&mul ti pl exed gy FhR-LE&! MET. n@%}fré@é;@&%é@mﬁ@mgbiws%@Q&ke@*’ St degpde)

a received transm ssion on each |ink and may keep track of 080 534
at 1, snd sets LEN; to 7. The receiver detecis 1 segiience munber gap with missing RLC

packets § and 6 and sends status information comprising L3N; of 1, L8N of 7, and
missing RLC packets 2, 5 and 6 to the trapwwitter. The tansmitier receives the status
information and determines that mussing RLC packets 2, 5 and € are mapped fo ink 1.
The transmitier deems that missing RLUC packets 2, 5 and 6 are dee to skew since L3N,
is 1 and thus waits for the missing REC packets 1 be sent in the normal manner.

048] in subframee ¢+ 3, the wansmitier sends o RLC packets on link T and sends
RIC packet 8 on Eak 3. The receiver correctly recetves RLC packet 8, maintains L8N
at i, and sets £8N: w0 8.

#0411 In subfiame £+4, the tansmitier sends RLC packet § on link 1 and sends
RLC packet 9 on Hnk 2. The receiver correctly reveives RLC packets S and 9, seis
L3N, to 5, and sets L3N; 0 2. The receiver-detects sequence number gaps with missin

RLC packets 7 and 6 and sends siatus information comprising L8N, of 5, L5, of §,



9 which RLC packets are received correctly on each |ink. For exanple,
MAC at the receiver may perform decoding tor each Iink and may pass
correctly received RI G packets as well as the link on which each RLC
packet wasvoewmeiieases up to RI SC. 100371in the exanpl e sREWUSRWIPISGL 4,
in. subframe t, the transmtter (e.g., the Node B) sends RLC packet |
on. link I and RI G packet 3 on link 2. The receiver (e.g., the LIE)
cormaly receives RI SC packets | and 3, sets the | argest sequence
nunber for |#E4(1SM to 1, and sets the | argest sequence nunber for
link 2 (LS.N2) to 3. The receiver detectsza sequence nunber (SN) gap
with mssing RLC packet 2 and sends status information conprising UN
of i, L.SN2 of 3, and mssing RIG packet 2 to the transmtter. The
transmtter Leegifsnidpaghas Eﬁ}(@iﬁf&é@;ﬁghz?gz) A LREIE LAy
sequence number gap IS ew si nce romt recelver

i ndi cat es t hatomReBpadideterpingssiht raissingt BisT pREEs paok &tary @sﬁawé&m@w li nk
1 and (ii) t o { t.L AN I Lahes
that R SC packor oS asned 1o Tt Pt hus  hagrkse i gk aht:
The transm t fe} angdinthsr fosps Hoseisrne RCopdretidels dp pokdresissitsN: e 1 hbe

nor mal  mannek., pank t_e@ﬁ S0E R WBrabicrifiaston M@c%%ﬁm& Sl 368 Rlexdl 5.
packet 2 on link 1 and RI SC packet 4 on . The receiver receives
RLC packet 2 ¢ bp st iipfe pmslcerpect | y recel ves RI SC packet 4. The
receiver themgﬁqail nt ql el 2 At d et - .
subfinme t + the&tsglgiﬁlsm tt%r h%saé%ggﬂé ;’%%Jcﬁ@@ %&sé%ﬁnq}?‘ p%% %!uﬂ
sends RI SC pé*é—@é@v‘@i binot finkle. Zihﬂih@‘f?féemm&@@wiﬁéi bapket écusiaiess RRLSC
packet 7, ‘mabakains, LMaks I, @Rkaeke kSN g o The recel ver
detects a sequence nunber gap with m ssing RLC packets 5 and 6 and
sends st at us %l a/ warbiowecionp tiediangnifer resghds RO pheket SNy kol 1 7od smdy

m ssing R SCRp@C;l&@iﬁ ig cn5iM nﬁ @’ézl %J:}b@: ctofr@ﬁ‘!%%ts&@ PLE%&&@“%@ tiﬁer
receives the status inf ornmation and determ nes that mi'Ssl ng I
packets 2, 5u4ir® I§heaifappedsteN: ink- ‘ﬁﬁé@@i&%@ﬁﬁpw ereqeRrensiattisagey

m ssing RIG RA6 ke k. ChaBll 0 I LUl QuBk BNALRAG odpEl, s lrand
thus waits for th emssmg ackets to be sent mtﬁ

manner . |004®P’Qn°§u%faﬁ%ﬁés“tﬂ“ﬁ§f 2,758 ﬁ%ﬁsﬁ?ﬁqglﬁi@é%wgeinom’-?l*@@%é@kets
on link I an@@@&d@c RLSC:RAGK ST, %«9& Aok Q“lf(at Siss D RIAEGRLUL D &0 Fe%l

recei ves RISC packet 8, maintains ISMat |, and sets LSN,
mapped o Hiak 1, and determines Lba.z missing R}'..s, packet 11 is mapped o Lr. 2, “The

transmitier decrss that reissing RLC packets 10 and 12 are due w0 skew since L3N, s §
and determmines that yaissing BLC packat 11 s due to packet loss sinee L8N i 13, The
transmitier then schedulss retransnission of BLC packet 11 and wails for RLC packets
10 and 12 to be seat In the normal mawner,

{0044} In subftame £+ 7, the tansmitter sends RLC packet 10 onm Hnk | and
resends RLC packet 11 om Hnk 2, The receiver comrectly receives RLC packets 1 and
i1, sets LEN; fo 10, and maindaies LSN: at 13

{00451 In subframe 1+ 8, the ransmitler sends RLC packet 12 on link 1 and sends
RIC pocket 14 on dmk 2. The receiver comrestly raceivey RLC packels 12 and 14, sets
L8N, tc 12, and sots LEN; to I8, Dalz trmmudssion by the imnsmifter and data
reception by the receiver may continue in sisailar manner.

{3646  As shown by the example in FIG. 4, by reporting the largest sequencs
aumbers or all liaks by the receiver, the transmpiter may be sble © distinguish between
packet losses and skew. The tavsmitier weay guickly schedule retraremission of
missing packets due o packst losses and may wall for normel transmissions of wmissing

packets due 1o skew. The recetver may send siatus informarion in various mansers.



[0041] I n subfiame t + 4, the transmitter sends RLC packet 5 on link 1
and sends RI SC packet 9 on. link 2. The receiver correctly receives
RI C packets 5 and 9, sets LSNI to 5, and sets LSN2 to 9. The receiver
det ect s se¥0eeaos8hber gaps with m ssing RLC packets 2CIAB2H9/437d41
sends status information conprising csm of 5, LSN, of 9, 080534 and
m ssing RIC packets 2 and 6 to the transmtter. The transmtter
receives he status information and determ nes that m ssing RLC
packets 2 an8®&3are mapped to link 1. The transmitter determ nes that
m ssing RLC packet 2 is due to packet logs since |I.SNl is 5 and
thither deens that m ssing RIC packet 6 is due to skew since LSNI is
5. The transmtter then schedul es retransm ssion of RI X packet 2 and

wai ts for RL@Rackertd shonbe Settudk Elfé @@ummk ler@nmeyrm\kﬁ)oﬂ%%ég&m
subfraute | %ptthe transmt on link I and

nd
sends RLC palkétiodadeyp i *ﬁ‘ﬁ“"?‘m’*ﬁhé Qbié‘?%i} \?‘ef‘rb-c*d?zl‘ ééi?al Rpig epervae Plic

packet 6, reggi:veadRsCrRaakes paillink ﬁei@rQQéi}f(S%@n*kNm £:01061” BAcontrot
mai ntains LSN2 at 9. [00431lln subfrarne. t + transmtter

reseuds PLC pRex@tc P dw 4 faakRlandde %’éhd%mmf@dﬁ%msetls B RO The

receiver cor peetdio ERGlMe FailR HlohRagks bspBU ARSI P IREAbAL PHeli.at
6, and sets Iﬁp\%l_c%to 13. .The. receiver detects_a sequence_ nunber gap

Wth mssing praeate - @gY £ 2V R e ERls %ft“a]t‘&“% SEP S ey |L‘t§?ri""*'i @
conpri sing L8Mer@f vabues ESNETRf 486 cABUrM S&J%w&zBﬁE{@@ﬁi&%@ blbat 3412

to the transmtter. The transmtter e status information,
cl etertnines "taﬁéftdlifﬁi‘?% ‘f‘i‘@ﬁ‘ iﬂ]bgégﬁ%ﬁ%“ %“%ﬁﬂ‘“‘i g FREY % ﬁ’ﬁf Fopiferk 1,

and det er nmi nes $tHE! TH:S3E0Ag REE spacketdekhadiss Bﬁpﬂaﬁak%%d ks BpUThe
transmtter deens that mssing Ride packets 10 and 12 are due to skew

since 1, SNI e85 BHRELEF i nes that missing R C packet 1.1. is due

to pac ket | O §5048] nCEE:tSN%hmss aldsigt] BRart ISANSHK fadrRF siheﬁm&?k@%ﬁ\% the
retransmssmn of RIC 1and wai,t for R C. gg [10ad 12
to be sent i rFEERLECRIT 1121. ﬁné"r two carriers/im in this cesip n t Ve itcludes g

Type sub-field, an LN sab-feld, and an L8N; sub-field. The Typs sub-field may be
set to a reserved vakae for the LSN-per-Carrier SUFL. The LSN; sub-field may ey the
largest sequence number amwong the ssquence numbers of all RLC packets comently
received on hnkfearrier 1. The L8N sub-field may carry the largest sequence mumiber
among the sequence mumbers of all RLC packews correctly received on linkdvarrier 2
Each LSN sub-field may have the same size or length {eg, 12 bits) as that of the
sequence mumbr,  The LSM-per-Camer SUEL may also inchude more than two LSN
sub-Helds for more than two links/carriers.
£00451  FIG, 5C shows a List SUF] in WODMA, The Ldst SUFT fonclades s Type
sub-field, a Length sub-Seld, and LENGTH pairs of 8N and L stib-fields. The Type
sub-field may be set to 00117 for the List SUFL The Length sub-field may be ser o
LENGTH, which may be any suitebie value. For the 7-th sub-field pair, where
14¢ < LENGTH | the SN; subsfield may carry the seguence nurnber of an RLC packet
ot reseived correctly, and the L; sub-field mey he set o the number of cousecutive
RLL packets not received correctly following the R1LC packet with SN,

088 A statps POU nmwmy inghude the LSN-per-Carrder SUFL In FIG, 5B {eg.,
whenever two Hnks are configured), the List SUFL in PIG. 3C, and possibly other
SUFIs. In the cxample shown in FIG. 4, & status PDU may be sent afier subfiame 2 for

the sequence mmuber pap with missing RUC packet 2, after subfiame 242 for the



[0044)in subframe | 7, the transmitter sends PLC packet 10 on link 1
and nends PLC packet 11 on |lit* 2 The receiver correctly receives RIC
packets 10 and 11, set's 1...SNl to 10, and maintains LSK i. at 13.

[ 0045) I n SWDRYOOIBIR +8, the transmitter sends RLC pacRE€T/US2008/035541nk
1 and sends RLC packet 14 on. link 2. The receiver correctly receives
PLC packets 12 and 14, sets ESN, to 12, and sets LSN2 to 14. Data
transm ssion by the transmtter and data reception by the receiver
may conti nue®%4sim | ar manner. [00461As shown by the exanple in FIG
4, by reporting the largest sequence nunpers for all |inks by the
receiver; the transmtter nmay be able to distinguish betwom packet

| osses and skew. The transmtter may quickly schedul e retransm ssion

of m ssing pagkelcs whhe shR x@@a@ﬁﬁ&nd R5868:1809, Fa: Makby $iOFROF MR lgo
transm ssi ons of m ssing packets due to skew. The receiver may send

status | nf or MSCFBRIEFUDET BRES I aRnEe&LC 1ogu34nd 8. 00471FI G SA shows
a structure gfgsg st ﬁ&%mnv@i&ft@FI@Q&Q&M}AE&STM%@%HS?SO% thddeudes

a l-bit dataicontrol (0/C)_ field, a 3-bit PDU Type field, one or nore

»

(K) super-fi éfefs [(Eumts nigs adcf&%a? HECTRRITOYDSPiET DReSLEce PERPRIEEHE set

to "1' for ageemdd ot;nPBkh Aayt@nerfle ofsinsemslatanRsithe Mlmﬁﬁd el d
may be set to '000' for a status POD or to sone other value for other

types of PDUPSEEHP SENRHE e 6 pplanaismdherges Y eigrmisuBldi el d,

and a Val ue $si82f i ehfhanlfRerMDGSHbnEdi] Gufi@Y: PO SRR ik q%t ent;
val ues for dlfferent t ypes, of SUF|. The Length sub-field nm

present and M} %W"&&% Crarqliendtihmet Kenay vas a%mrﬂfrcetﬂa&*i‘grﬁééé\wpkf@
field my cambye pb@kmRiteRnd ODULAG nSWhba IBGnRAGOINY pdck & a6 2 BBYate

i ncl ude paddlng bits to make the status PDU an i nteger nunber  of

oct et s. seqiioncs number gap. Controfler 242 may associate each missing BLT packet with the
fink to which that RLC packet is mepped based on packet-to-Hink mapping 244, For
cach Ik, controller 242 may compare the seguence number of each missing RLC
packet for thet ok with the reporied L8N for the Hink, Fach missing RLC packet witha
sequience number eatier than the LSN may be deemed as a lost packet and may be
retransonitted quickly. Each missing RLC packet with a sequence number later than the
L8N may be desemed as being cansed by skew.
{68537 In one design, transmitter 210 may starl a retransmission timer upon
detecting & missing packst due to skew, This retransinission Hmer may be referred 1o 88
a RetransmissionDelayTimer, For the example shown In FIG. 4, transmitier 210 may
gtart a rewemsmission Himer for RLC packet 2 upon receiving the status PR in
subffame ¢ +1 and dotonmindng that missing RLC packet 2 &5 due to skew. Transtaitier
2180 may also stexi a retransmission timer for RLC packets 5 and 6 upon receiving the
statas PDU in subframe £+3 and determining that these missing RLC packets are doe
to skew. If a sequence number gap is not filled when Its refransmission timer expires,
then wansmitter 210 may send the nissing RLC packel(s) in the remaining gap. The
reiransmission tmer may be set o & suifable value, which should be {i} large enough o
redisse the number of spurious retrausmissions of missing REC packets due to skew but
{#} small enough to avoid Jong delays during changss in serving cell and de-allocations
of links.
[B054]  Transmitter 210 may resend 2 missing RLO packet due to packst los or
slkow on the same link to which the RLC packet was forwarded oviginally. Transmitier

210 may also vesend the missing RLC packet on a different Hnk than the oue to which



[0048] FIG SI3 shows a design of an LSN-per-Carrier SUFlI; which can
convey the | argest sequence nunbers for two carriers/liaks, in this
design, the SUMincludes a Type sub-field, an LSNI sub-field, and an
LSN2 sub- fWepReps/10dse8 Type sub-field may be set to a res@®6TAF2004PIS41f or
the LSN-per-Carrier SUFI The LSN sub-field nmay carry the | argest
sequence nunber anong the sequence nunbers of all RUC packets
correctly received on link/carrier |I. The LSN2 sub-field may carry
the | argest $&§dence nunber anong the sequence nunbers of all RLC
packets correctly received on linticarrieg 2. Each UN sub-field may
have the sane size or length (e.g., 12 bits) as that of the sequence
nunber. The LSN-per-Carrier SUFI May al so include nore than two LSN

sub-fiel ds f @k W0 ackd@s FoWRarlddKSEORL 1A 8L8ion LA AARE (GresRE (BNRUG: A
List SUFI in WCDVA. The List SUFI "includes a Type sub-field, a Length
sub-field, afd LERETTR HapiausbisioN aaet nswpy b1 Bfddse 8 Teedpy ek control
sub-field mMgehe:set i P8l laf®r the List SUFI, The Length
sub-field Nh%$be set to LENGTH, which may be any suitabl e val ue. For

the i-th subdf$el d phe Kehpiospsedeserived mGETH comphetanyits i finketanrpiyey
carry the sewga&ma%&e Of d@D iR REC ke tuuiQfe 1:RC eiriedngomRaY: mand
the 14 sub-field may be set to the muter of consecutive RLC packets
not recei ved “EBY FoEFTIFHNY PRERP Myseaie Rickepiadietoctisttr trelighsaknie
status P. 01. 3xqay rbdu6d 46€ ahd @) kobhomal E«Qﬁég L@@k B B Go 58538 9-
whenever two JLnks,are.cpntl ured), the %lst SUFI _in FIG 5C, and
- iR Y X iy A N> LI = ) TN SRy s T T 1 ¥
possi bl 'y ot h&PEEPRYiR & Hpk (e Sebougst BasHowihs wapniger ia dstngstshberyemon
my be sent ahhefe subkianR dadlQbw (5 S QERENERBURNR :08R: Wi tliedr &SI Ng
R LC packet 2, after subfranme t +2 for th% 080534 sequence nunber
gaps with mi SSTRGHRISE ioraERepe s gk tigely SRpEpssisn 9f PAFES packes sy
t he sequenceiqgeber gaps Wth mssing R X packets 2 and 6, etc.
198587  FIG. § shows a design of a process 600 for sending dats in a wirsless
conmunication system.  Process 6 may be performed by & transmitter, which may be
one of mess network entities {e.g., an RNC andlor 2 Wode B) for data fransipission on
the downdla, or & U for data transmission on the uplink.
{6837} The transmitier may generate packets of data to send to a receiver (block
$12). The packets may be RLC packets or packets for some other protocol. The
fTansmitter may assign sequence mumbers to the packets based on a single sequence
wember space, o.g., assign scquentially inoressing seguence mumbers 1o the packewy
{block 614). The mmsmitter may demuitiplex the packers {e.g., in bursis of variable
mumber of packets) into pmuddple streanss Sor ronitiple links (block 616}, The maliple
finks feay comespond so multple carriers, multiple radic Hoks, ew., used for data
transmaispicnr {0 the recetver. The tansimitter may maintain a mapping of packets being
sent on gach Hok,  The transmitfer may send the multiple streams of packets on the
multiple ks to the recelver (block 618). The transmitier may maintain a separate
gquens for each stweam of packets and may send the packets in each stream on the
associated lixd, e.g., based on flow control for the link,
{00881 The transmitier may receive stams information comveyving at least one
missing packet detected by the receiver and the larpest sequencs number for each of the
multiple Bnks {block 620} The largest sequence number for esch lnk may be the
iargest/latest sequence number among the sequence aumbers of ali packets received on
the link by the receiver. Each missing packet may be 2 packet that is not yet received

by the recetver and has a sequence mumber that iz smallevearlier than a sequence



[ 00511. Referring back to FIG 2, re-ordering unit 260 at receiver 250
may provide LSN1, ESN> and m ssing packet/gap information whenever a
sequence nmunber gap is dewed. Unit 262 may generate a status PDU with
the 1, SNI \WE&EZN/188888 m ssi ve packet/gap i nfornati on froRCHAISE026H34nd
may =id the status ?DU to transmtter 210. [00521 At transmtter 210,
retransm ssion controller 242 may receive the status VDU .fiem
receiver 250. Controller 242 may identify one or nore mssing RLC
packets bei ng®¥¥ported in the status PDU and may treat each nissing
RI G packet as a separate sequence nunber jgap. Controller 242 may
associ ate each mssing RLC packet with the link to which that RIG
packet is mapped based on packet-to-Ilink mappi ng 244. For each |ink,
control | er 242mbRYf & QARG LREIRIVEAGE THNTRELHQk ReGR i8Sk nghRbC
packet for that Jink wth the reported I SN for the Tink. Each m ssing
RLC packet V\n“‘f““ﬁ”’*"aw&‘?f\ﬁéeﬁc EH TRDBETRRPIFS Paes g b FreserioRRUTeS: et dened
as a | ost packetetandsamse Bes mekk apgm tted quickly. Each missive RIC
packet with 3 g,_que&}ce nynber ,‘I%gﬁg‘;gr{than the LSN nay be deened as

bei ng caused By ket STOBSEHH Uord FEs Fynianp g ARy teeive Fostay PBlar t
a retransm sshapisigEs: SPPNaRO! 6kt BOFA o i, 881108 RAaket s dug: 1.osSkew.

This retransm Ss’iﬂoa%e inier may be referred to as

t a

Ret t ai ssi onDEFEYTIHT ‘E’C It PARCOEKRINCE 8RN I R de St Rils mist ter
210 may st ar {SK-geelHARSHUESh TG BHEITHE OfndRliGe: RAGKELe2ink BQN: 1ELELM N
the status PDL] .| nn§u_2{ﬂ; gi ne t +1 and determning that mssing RLC
packet 2 is GUETBFCREMCPRIHUHPEYER U FtrophyliE 39, 188 hist SUFT fn FIG. 5C.
retransni ssi Ghe friRIvef 9fy RoEPRe kREeHE 1ARSGURARLS: @eRkM:Ng the
status PDU |§%§§ pfiane t +3 ggp ,_d%téer_rri ning that these mssing RLC
packets are o SIEGASNE 0f POEGERINTE TRUTTHST MERATTTEIRStheh P &8ehhen
i ts retransmeasigikidel ftke: eXPUSES , THNRRs RGNS dote8hind E 1Yo $8RH slche
m ssing RLC packet?gi)# in the remaini n% gag’f ThgsE retransm ssion tiner

a1 ShBel Hepest

my be set t & SUPTGbI S AT e MR TRPeI B GEECRSTHCL o
reduce the numbks ff 19 Rlaki MS Heall@NE MR8 8aNSTIRf vileRtNGRiG1Rasket

due to skew but. (ii), small, eno{gi,‘gh. to avoj;(cj'l ong. del ays duri ng, .
changes in sEFVIRGCET £ Angh #8551 PBCHEY SHEF B eyt kg, mivsing packet W the
100541Tr ansmistdueics 2:8b0BY e 30REl: Fathieb & RUIRNGIRACKE thellf b GoRAGKCT
i oss or skew_on t‘ﬂf galﬁrie li,nk to which the RLC gacé,(;\t}1 was, forwar ded
originally. TrENSMHTEEA™1 G RESPR JoMF SEWRE® PRB O Fdhh Fivdee 189ek 8t on
a different [kirgvictdnalmnthe one dequontd SlnbeP8Q584 1di3 thhehKGpacketnaias
f or - war ned Oorl. ':-Q%LL%‘ A d gl sion gﬂnt ‘\A@eﬁtnrzgl_r,_\g_o resengd. the m ssing
PLC packet aft@ ort g naf FTRES S g RotRE A PR e e g&d’@’?‘““é’. gy
based on | i nkeseginge clissbet wean e RNGnanekpt-healNogey Bencsl the iimer afler
receiving an indication that the missing packet iz received by the repsiver. This
indication may be provided via sigrus infbrmation,
61} FIG. 7 shows s design of @ process 700 for receiving data in & wiveless
communication systern.  Process 700 may be performed by a receiver, which may be &
UE for data transmission on the downlink or one or more petwork entities {e.g., an RNC
and/or a Node B} for data transmission on the uplink.
{662 The receiver may receive packets on maltiple Hnks from a transmitier {block
712} Packets for the receiver may be assigned sequence numbers from a simgle
seguence mumber space by the transmitter and may be denndtiplexed in bursts for
trapsmission on the multiple Huks to the receiver. The receiver may detect at Jeast one
missiny packet based on sequence numbers of the packets received on the muliiple links
{block 714}, In ome design, the receiver may detect each packet not vet received by the
receiver and having s sequence number smallev/enslier than a sequence nmumber of a8

received packe! as a missing packet.



100551The tecl m ques descfibed herein in conmbination with tight Iink
control may inprove performance of data transm ssion on nultiple
links. Tight link control may entail (i) forwardi ng packets in
smal | er ba¥@R®ws/10380% he queues for the nultiple |inks | RCHUSEN09/035341
reduce skew and (ii) forwardi ng packets at a sufficiently fast rate
to account for in the links. The techniques may all ow the
transmtter to distinguish between gam ne packet | osses and skew so
that proper &®f¥ective action can be taken. A retransmnission tinter
may be used to ensure tinely transm ssiofsof mssing packets due to
skew. 100561FI G 6 shows a design of a process 600 for sending data
in a wireless conmuni cati on system Process 600 may be perforned by a

transmtter, sasch TRy: e&& <@ BBy QeteBRS HRAENOE Kor@Bek t:1188er (161 Gy ARRNC
and/or a hbde B) . for g transm ssion_on the downlink or a | SE for

data transni SEEEI GHS P50 o0 PISi SSRISIECDSPETI9E PRKER i eesn fayinkdreskat e

packets of datg, Ez%*z‘é@@é%l&at Q‘s&&%@':’r\(@%p@s@é Qe ta@lz%}qrzef{aa%uﬁ@&lﬁqlé{dm& be
PLC packets or V{)ac ket s sone qt her protocal he mansnmitter may
2

assi gn sequefc® hﬁnﬁ%?@”Fﬂmﬁﬁgvﬁéﬁﬁe¥§“¥k%%ﬁﬁﬁh“é‘@?%@@éﬂ§éﬂﬁéﬁ@@

nunber space a&*‘*@*agm%&h% BREIeR alal Ve $r065RAS) RS QANENGS pRYRRET S
to the packets'elgclock The tra i’gﬂter may dernul ti Iexthe

packets (e. g o FH BT 5’6 A Agy ’iegbfg‘ﬁ FePRGE ‘%&é‘ﬁ‘é’t%iec‘ri?ﬁéd-?ﬁ%%ppl e

streans for padsEdp @Fédﬁrﬂé&nﬁﬁ&ﬁ lf €4 B)pest FoRetM bRl € bifksx May
e carriers rrultlple radio links, etc., used for

correspond t%@%%'t'

data transni N t OPTHE FRBR AT SaHBOPRANE AP EdRS %9“ Pas; PREATHITR

nmappi ng of pagketasd Eﬁlhﬁgasﬁs@@kq@?m%&hoﬁ ¢a0Kof hRetibR KM b iR ratBYnsend
ts on.the ltiple links to the receiver

t he WItlplearﬁ%“ ndrl‘lr
(bl ock 618) ) aﬂi%?ﬁ&tdff S8 RGPS TR PR, ‘W@%b%&?g*dﬁéu@“%?"%ach
stream of pack@ks';@ndpm SR REabhSePRCKALS %b{ﬂt&@@&ﬁ&k“&%&&oﬁnﬁ Nehe

associated link e. sed on |I irdc [00581The
transmitter HEY" ?ré'%‘él“{? gy § Qlﬂ‘r??/vﬁfra&%n RS @9? Eé‘% TR ARTEHE

m rsﬂf) ing pac k@ifoxdft@ﬁbﬂﬁl fl)leafsfhﬁe R oICECT t\éﬁitlﬂar}'ﬁ@mar% ﬁﬁf LEORRANGR
nunber of the nu Qg e | argest
sequence nun%gr PpgprEnche ﬁ‘fsﬁéﬁﬁiﬁﬁgﬁg ’§°’ﬁ Q|~§¥“8 PRateas v “§g&’&§)ﬁ(’:}e{’:’

nunber anong éshansenue TEertivd ens aRb sall khnekai BrigeeioBdraintiBei i Nk
by the receiver. Each m ssing packet may be a packet that is not yet
recei ved by {Qﬁlé“?aé’é‘éf;ver and has a sequence nunber that is

smal | er| eadi gesthanysG. SehuencEock dlagram of a design of a UR 120, s Node B 110, and

RNC 138, UE 129 may be one of the UEs in FIG. 1, and Wode B 110 inay be one of the
Nede Bs in FIG. 1,

8966] AL UE 120, an encoder 812 may receive traffic data and messages {e.g,
status POUs) to be sent by UE 120 on the uplink.  Encoder 812 may process {e.g.,
socode and interleave} the waffic data and messages. A wodulstor (Mod) 814 nwmy
further process {o.4., modulate, shanvelize, and scrameble} the encoded wwfliv dats and
miessages and provide output samples. A wansmitter {TMTR} 832 may condivion {e.g
convert to analog, filter, amplify, and frequency upconvert) the cuipt samples and
gsneraie an uplink signal, which may be tansmitted (o Node B 110

{067 On the downlink, UE 120 may receive 8 downlink sigmal tranemitted by
Node B 130, A receivey (RCVR) 820 may condifion (=g, filter, amplify, frequency
downgonvert, and digitize) & received signal and provids input sampies. A demodalaior
{(Demod) 816 may process {og. descramble, channelize, sud demodulate) the input
sampies and provide symbol estimates. A decoder 818 may process {e.g, deingerisave
and decode} the symbol estimates and provide decoded data and messages sem o UE

120, Encoder 812, medulator 814, demodulator 816 and decoder 818 may be



05 34 14 nunber of a received packet at the receiver. The transmtter
may detenitt.tie whether to retiend each of the at | east one m ssing
packet based on the | argest sequence nunber for each of the nmultiple
| i nks (bl o¥Q2@22%88081005911 n one desi gn of bl ock 620, tRETUSHGYAISB4ler
may receive a status POLI conprising a first SUFI and a second SUN,
e.g" as shown in Fla 5A. The transmtter may Cbtain the | anest
sequence nunber for each link fromthe first sun, e.g., the

LSN- per - Canr i®@#3SUFl in FIG 513. The transmitter may determ ne the
at | east one m ssing packet based on infqggmation in the second SUFI
e.g., the List SUFI in FIG 5C The transmtter may al so receive the
status information via other nessages. 110060] 1 n one design of bl ock

622, the transgickkRis FRY M&ré}b&%&\@% hehed Al €56 ogwiw{gmr&ég DY,

packet as follows. The transm determne th

the m ssing paekéry Eithilssulp tfvelogy &T%r?ﬁ’ﬁ@é’i‘% rraa 08,00 %tmr?mbﬁ%ba he

| ar gest Sequ%@bi&ﬁ n@\e'ron”fré?ftzi DS slol BO f{&p{ﬂe&hﬁ, %&%ﬁe}‘?ai’ AEOLTRE QR The
transmitter X decl are_the m ssing pqc et [‘'ost ~packet S e

qui ckly resned tﬁ@%ﬂ%&ﬁ@l%‘*&@%@tum at%%’?eqmenmmt rofoetstE0 n

m ssing packetici &8 HRk &e{,éxgaeﬁ btk LhaR, thesd A9EHG Sﬁgy&%&é&&%{

for the link Cbnverse{g he sequence nunbe

packet is | arfgeiprniteprs mﬁmﬁ wecemﬁ ese i@@@faeqﬁ@escnmm—zr csfemdmssﬁ nk,
then the tran§gheﬁ§%a£@%cg@§&@ BakReEM:8si Nng packet to be due to skew
and may start t1 rer he transmtter nmay resend the m ssing packet
when the ti né?{?*f@}(pl r"é%’ﬂ@rﬁjiWa?ﬁ@ﬁﬁé‘@ﬁmﬁﬁﬁefﬁfﬁmﬁ}:ﬁw{@ﬁ rpdig Ginvismgra Bom

i ndi cation t gty e SistinoepaskelsdiShaeghy fr% i)l S

i ndi cati on may be provided via stéiusj%nfo?n§%f§%§; Géﬁ%g {?@I

a design of aPPEEEssiPoGH e HFecErmhripivatiy w vpFelesignel ey 120 tay be
commni Cat | R gy8d MM ok es6y K0BvdTRYs B Mer! pLaRAJ By c@ﬁm&%&é@gm

which may he a UP. for data transm ssion on t one or
mor e net wor k 3R eree gl ﬁ%ﬁ%ﬁl%@@ﬁﬁoﬁ%@trﬂ»ahwaefe)ﬁ«e @c\wa*afﬁﬂ

transm ssi on (@4 aﬁ@%»&lﬁg Ly %“a %QQ&@%@?\J E(@i‘é@i‘“é‘%&f‘é’g@& Ji8 Gl V& aRRG 1&6?}' s on
multiple links froma fransm tter
transmitter 838 to generate & éuwnhm s:tctm which may be transmytted 1o UE 126 and

other UBs. Processor 840 and/or other units a8 Node B 110 may perform all or part of
the process §00 in FIG. 6 for data fransmission on the downlink, a¥ or parl of process
700 in FIG. 7 for data reception on the uplink, andfor other processes for the technigues
sacribed herein. Memory 842 may store program codes and data for the Node 8. A
commurication (Comm) unit 844 may support commaunication with RNC 130 and/or
nther nelwork entities
[90681 AL RNC 130, 2 controller/mecessor 830 may perform various Retions o
suppost communication sexvices for the UEs, Processor 830 andior other units at RNC
130 may perform ail or part of the process 600 in FIG. 6 for data wansmission on the
downlink, process 704 in FIG. 7 for data reception on the uplink, and/or other processes
for the techuigues described hereln. Memory 852 may stors program codes and data for
RNC 130, A compunication andt 834 may support communication with the Node Bs
and other mebwork entities.
JHITO]  Those of gdll in the ant would understand that information and siznals may
be represented using any of 3 variety of different technologies and techniques. For
example, data, instructions, commands, inforwestion, sigoals, bits, symbols, and chips
that may be reforonced throughout the above description maey be represented by

voltages, rurrents, electromagnetic waves, magnetic fields or pariicles, optival fields or

particles, or any combination thereof,



712). Packets for the receiver nay be assigned sequence nunbers from
a single sequence nunber space by the transmtter and may be
denmul ti plexed in bursts for transm ssion on the nultiple links to the
recei ver. WPe0paegier may detect at | east one ni ssi ngPpAIRAY/HEIH(
on sequence nunbers of the packets received on the nmultiple Hits
(block 714). In one design, the receiver nmay detect each packet not
yet received by the receiver and having a sequence nunber

snal | er/ ear| i%8¥3¥t han a sequence nunber of a received :racket as a

m ssing packet 080534 [0063] The receiveksnmay det erm ne t he | ar gest
sequence nunber for each of the nultiple [inks based on the seqguence
nunbers of packets received on the link (block 716). In one design,

the receiver gmy; UpgRde of B8 halesins GIHENELHRUEDE wEQEti SEAED: | d\;!’%}

whenever a packet with a larger/later 'sequence nu I's recel
the |ink The sk etesiulesceicvid B4 tisﬁeﬁmﬁtﬁpﬁ)membﬁkg: ﬁwe@en prifcdssed

by MAC. MAC mB¥ioRASE8RGhy &0 MREMERLEl: el paCkeknAS c%bueﬁssxﬁt&e & nk
on which the packet i8 received up to RLC in order to Suppo

deternlnat|oﬁm%@m¥ﬁ%>P%?@%sfb§$ﬁ&éﬁ@§?ﬁﬁﬂﬁeel?@ﬁﬁéaéhﬂhﬁdwﬁ&Faosﬁ]The

receiver may sSengk, strettuﬁmmftwda%bepmmx@ﬂ@aa BReufl, ahf8 @«%&ﬁ@%tep
m ssing packet and the la gest sequence number for each o
3%

mul tiple |inK&cEydrhweredii o ‘(fl’\ié?ék CEESRIt Wisther ges fugrtioneliipis
receiver nay sggbeeang BeddasStr Sard Gorllnds B8 z&%&@&"&%t}tt tons%gﬁl In

FI G 5B) conpr|5|ng the |argest sequence nunber for each
receiver may d ORI 08 B SR buRtey Skgled arisems maytmsigRt e VG

SC) conpri si RecHRbofABLLORy iPhabie Blys! 8A%h:HODSHERS SIPgRACKRE suckhe
recei ver may _then generate a status 3CD conprising the first sun and

the second SURFUSHFURAFCSEHE shifed sptaeustepord & teHeng p deeamret i Brhe
receiver nayﬁahggn&e@gwﬁh§*§;§@us information to the transmtter in
ot her nanneLg EOOG?%FIG. 8.shows ? bl ock diagram of a desjign of a
LIE 120, a Nt vasier RREEYSD oo blaky wrijlherig rEcst dHEbER | n
Fla 1, and Neg@eddod 1 MRYE8«-Qf whig: Node-Bsq tbirbprﬁ'f @ win alﬁQéﬁlAt

UE 120 an encoder 812 may recelve traffic data and nessages é%
status PON EFPHE FEEREYDH sl sy yposeper UPi5hrie. 2PEHEER BT gyt

process (e. gci@Na8un, angdd bifefbhaanahathay trafdie ofal §.andwhBs sages.
A nodul ator (Mpd) 814 may further process (e.g., nodul ate,
channel i ze, &Rd%s éf“ﬁ‘f’rt?l & g"t‘jhe"%!‘f‘n‘é:@t:lé?ﬁﬁ‘tr“zst‘l”“‘l‘?t“?: ﬁ*’a’s‘t‘a“al‘far‘%‘é%*ag‘ésa%fnd

provi de out pubmsiadtph @reoAdésiRABE B t&ﬂfgz &IM;L@R}&&&@%& 6QRdl td Qbheral-
(e.g.., convert to analo filter, I| ,}gg&qfrequency upoonvert)
§

the out put sEFBPES SR GENEP ﬁf‘%““ﬁéﬁg‘hﬁf’v AR iy tetp ‘%?"‘H”é‘*?

transmtted kg MNadewidd dedbbssor, controller, microsontrolier, or state machine. A processor

may also be implemented as.a combination of comyputing devices, e.g., a combination of
a D8P and a microprocessor. & phusly of microprocessors, ome or more
WMICrOPIHCssOTS I conjunction with & DSP core, or any other such configuration.

88731 The sieps of 3 method or algorithm desertbed in connection with the
disclosure hersin may be embodied divectly in hardware, i a software module executed
by & processor, or in & corebination of the two. A softwaré module mayv reside in
RAM memory, flesh memory, ROM memory, EPROM memory, BEEPROM memory,
registers, liard disk, s removable disk, 8 CD-ROM, or any other form of storage medium
known inthe art. An exemplary storage medium is coupled to the provessor such that
the processor cal read information from, and write information to, the storage medivm.
In the alternative, the storage medium may be integml to the processor. The processor
and the storage medivm may reside in an ASIC. The ASIC may reside in & user
twrmrinal.  In the alternative, the processor and the storage wmedhun may reside as

diserets components in & user terminal,



EO0670n the downlink, DE 120 may receive a downlink signa

transmtted by hbde B 110. A receiver (RCVIR) 826 may condition

(e.g., filter, lify, frequency downconvert, and digitize)

recei ved §VBH%P“ 8 provide i nput sanples. A denodulat@FTGE@W8H¥3816
may process (e.g., descranble, chartnelize, and denodul ate) the input
sanpl es and provide synbol estimates. A decoder 818 nay process

(e.g., & nterl| eave and decode) the synbol estinates and provide
decoded dat a 8ftf messages sent to UP 120. Encoder 812, nodul ator 814"
denodul ator 816 and decoder 818 may be Q80534 16 |nplenented by a
nodem processor 810. These units may perform processing in accordance
with the radio technology (e.g., WBM c¢drna2000, UTE, etc.) used by
the system Agwentral |Qﬁd,‘ [pr acesaefnBa0 it diketheilhe Rpasat ihan of
various units Processpor 830 and/or other units at LIE 120

may perform ﬁpa%*fmé%it HIFERES 00" BPEY S Fofdstabiaighshiredi ol on

the uplink, pﬁ@i@ﬁ&&dﬁ@@oitvrhrd:-fﬁ)ﬁmc?orfﬁQﬁavdﬁtS&»ré’aQﬁzQQttxh%n&@ HBs one or
downl i nk, and/ or . ot her processes for theg&gchnélques descri bed herein.

Menory 832 méy“% EOFER g6 FaTh TotieeRiiaTa R E R [6R) PdMNode

B 110, a transtddes ey d’uﬁ@&kﬁlﬁﬁ,ﬁaz&i}&dﬁa{)ﬁd &tmmﬁdzn,ds@d% @@mﬁ%ﬁ@& for

UE 120 and othg%ﬁgﬁ% o A.contol | erlproces§or 840 perform vari ous
atil

gactions for & on PECRCPHE TPES: Up “”Fﬁ’@"”ﬁuﬁ ‘f“ﬁTV?f’r t Ke™ ¥ nk

signal from luedk sk@Ge mRy: it Haaaived cansk LORGH LY ARethd Yub oGl WRE.838
and. further pgrocessed by contr IIer/é)rogessor 840 to recover the

traffic dataFaRd neReafes by ERES BB SO IR Pk O FREbHat a
and nessages Mg@ cbﬁammeﬁmﬁ !hy»ipﬂmmm ED/RINOCL S8OT opBdh) d@RGsorage,
condi tioned by tra g Ler 838 t %I?_nner ate. a. downl i nk signal , whi ch
may be transiitte tl‘f'l"‘i’e.L‘fOQ RGBT He POTRS SV BrY e lE S B HE R A Fan
other units &t umma&v &iﬁomﬁy&zm@p&@ﬁﬁncaﬁi mm. ﬁamt foﬁzt ni&&m&k@@ 685&1:600
in FIG 6 for,dat atrnsmstfl on.the art of

process 700 PPRERES S #8F AP “Creégé% Bt f‘@ﬁ“%ﬁ‘\ Di‘rl%wdﬁ Isﬁ’“ﬁ “P‘b UF 675t Rer
processes f o thentdohpiguespaesorbive drdiekel nalsienp rc@ﬁm%&%n ﬂﬁ}gﬁmgér@’f e

program codeg_and data f A _comauni cation ! uni t
844 may suppg‘ari conm n%af‘?%ﬁ“%&?f? ﬁBﬂ@ anﬁ’f’B‘ SETHRF ’ﬁ%‘tfv?glf*ﬁm“
entities. 00&@&9@&: ame; b3@herace@ntduakuging pracessote, 850 opEYcpRI faf®
various functi.o ni cation,services far the t]Es.
Pr ocessor 856‘3§<%[n%5d°’/utEil SL%st&ﬁ)palr q%&@u S ISR FETT BT 16 B ¢

of the processc6@ej haF G cobkiflonbidatim: bpinsiiss siiand par, e, downkienk,
process 700 i, r..d r n.on the uplink, and/or .other
processes Sr :{Eﬁ%@tgle% htfl{“‘?i 3ﬁenglga élsgagilag djo heremn” &ﬁbﬁé@)‘;g%%&ﬁ{ﬁ et e
progr am codes:cafmut. ﬁatcauf Grc, B WS 286n, M@i@mmaciahas,(mﬁ ifavedt 385 dptivaly
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signal s may reproduce data magnoticslly, while disey mp*ﬁ:iuw data optically with lasers,

Combinations of the above should alse be inchuded within the scope of computer-
readable media,

{6075} The previens description of the disclosure is provided o enable any person
siciiled in the art to make or use the disclosure. Various modifications 1o the disclosure
will be readily apparest & those skilled fu the art, and the generic principles defined
herein may be applied to other variations without departing from the spirit or scope of
the disclomwre. Thus, the disclosure is not infended o be limited to the examples and
designs described herein but is 1 be asceorded the widest scope consistent with the

principles snd novel features disclosed herein.

[6676]  WHAT IS CLATMED I8



be represented using any of a variety of different technol ogies and
techni ques. For exanple, data, instructions, commands, information,
signals, bits, synibols, and China that nay be referenced throughout
t he above description may be represented by voltages, currents,

el ectromagnetic waves, nmagnetic fields¥ or particles, optical fields
or potholes, or any conbination thereof 080534 17 100711These of
skill would .thither apDreciate thatvariqus illustrative bl ocks,
nodul es, circuits, and algorithn1s?§ﬁ§ﬁﬂgscribed in connection with
the di sclosure herein may be inplenented as el ectroni c hardware,
conput er 1S@afh¥REEo LA ahth H$ wiblBOdhm e o8 3)dtdm | do}rl?ﬁ%ih?? Snbhlise
interchangeability of hardware and software, various illustrative
conponentPeckety Aelat to gendup e gecerier;dasigning sarderreapmbpave thspesketidwesd wred
above ge ' hei net [ : h
Funct i onar T tegheheb She Mo SRRk Mok i RhRGLe SHER: fr,

t he part inguitigle liakp ls¢reliig tha nnitiplegsiagn of padkéts annlicsmultpliinko o hbe
overal | system Ski.lled artisans may inplenent the descri bed

funct i ondFSSHSFHITRCRERS SRYS {ignatigp CaltermB At ept GraPIssPg PRk Aeipctedt
such i npledRBEIRr 408 2 §8ELsS s@Nence haHIbEr REbadpFRLANIRPRYRES, 3% 8AMS NY a
departure fromthe scope of the present disclosure. 100721The vari ous
i |1 ust r atsPsneyineler fas|caeiidink briri A BEgestgduance Buhbes aphesg pedyerrei n
connecti i i ' N : r f or med
W th o ganmBekb bl Sa AR R R e P R R AR D)

an appl i cetehd nachpd dief 4t teastnine gristimppacketbasdd opAt B gestaseqidned dumber for

progranunal,) | ate. arr FP or, ot her. progranmabl e | ogi c devi ce,
B oo are e o B Rl o ing b Rl AAh S AR ercg oHSBHaAt RS | or
any conbinfigdih@packBias Reder desitBRekcbiGepRhtORMMbA orf (HOGAK, QRS redattd daed
herein. A general - purpose processor may be a m croprocessor, but in

t he al t erpstngRackelyghen o @8eFXPHAY be any conventional processor
controller, mcroconroller, or state machine. A processor nmay al so be
i npl enented as a conbi nati on of conputing devices, e.g,a conbination
of a DSP Zaitte method ob plame &sgloarein shepdenmdtiplexingthe prdempoopessor S, one or

nore m cropracessors in.conjunctign with a . DSP.core, . or any.other
Such conCBUMITER B piFkas thESe el datiple R st keis e FiaTe
descri bedgtsamgonnecti on with the disclosure herein may be enbodi ed

directly in hardware, in a software nodul e executed by a processor
or in a conbination of the two. A software nodule nay reside in

3. The method of claim 1, wherein the sending the multiple streams of packets comprises
queuing each stream of packets separately, and sending the packets in each stream on a

respective link.

4. The method of claim 1, further comprising: maintaining a mapping of packets being
sent on each link, and wherein whether to resend each of the at least one missing packet

is determined based further on the mapping.

5. The method of claim 1, wherein the determining whether to resend each of the at least
one missing packet comprises, for each missing packet, determining a link to which the
missing packet is mapped, determining the largest sequence number for the link from the

status information, and resending the missing packet if a sequence number of the missing



RAM nmenory; flash nenory, ROM nenory, EPROM nenory, EEPROM nenory,
regi sters, hard disk, a renovable disk, a CO-ROM or any other faint
O storage nediumknown in the art. An exenplary storage nediumis
coupled to the processor such that the processor can read infornmation
from and wite informat;on to, the stbrage medium In the
alternative, the storage nedium my be integral to the processor. The

the st di i de i ASI C.  The ASK
Fide in dCSG PIHERGEH e e FEUPIR e RS cessor and the

storage nedium may resi de as cusorete conponents in a user tenninal.
080534 18 [O7411n aone. or npre exenplary_designs, the functions
descri bed FB§MsEod 9 rlaim At wherein thegeatrmmiting %thvﬁp &esenq eashaf e apleaginy
conbi nat i : fe b g B - i -0R; be
M T A
a conput éhattleadbing packedt ismeceBodputlerrecedadabl e nedi a i ncl udes both
conput er storage nedia and conmmuni cation nedi a including any nedi um
that facilitates transfer of a conputer programfromone place to
anot her. 7ATh¢ okt offelding 1 /lerbig tadécaviak katik enfoRatitRn cb@abrifaReceifng a
accessed by a general purpose or special purpgse conputer. By way of
exanpl e, SHHWP %f@cqii%atwi(gﬁw §%Wl%mﬁf8é?uneé§alét§$@%ﬁ@aﬁasecmd SUFL,
compr i se JRAMin S arkER R dWendebuROM Rk e&:thhﬁ':ch&ﬂﬁlltiﬁgl lin®h §Bm t5E AA86FT,
magneti c di sk Storage or ot her magnetic storage devices, or any other
medi um t #ad detgrmibmgibett least erermigsing paketrtasetbyi médmptiagnghe sodel SfEEns
in the formof instructions or data structures and that can be
accessed by a general - purpose or special - purpose conmputer, or a
gener a: - F&Jﬁ'haﬁrﬁthbﬂ of plaith a) wwﬁgmbl ﬁlltipgzelﬁﬁ@ eéhﬂsp@qmy?m@@a fea:rﬁ'ﬁ@rbri S
properly terne onput er-readabl e nmedi um For exanple, if the
softwarer’i”g“l?t’]f’él‘?f&l l’tﬂfséﬁe‘ﬁoéﬁi?%t%@ﬁ%‘ﬁ%‘%‘}tc’s@?ﬁﬂ,"ﬂbr other renote
source using a coaxial cable, fiber optic cable, tw sted pair,
digital subscriber line (DSL), or wireless technol ogi es such as

i nfrared,9 Theingthod e claine i owesrein thenanltipledinks astiresbornsttb naitifle palio bigtsi ¢
cable, tw L Q. W rel ess technal ogi es such as infrared,
radi o, a;ﬂf%mag?eg%éeellsglfgleiWligﬁl%sggs AR e T/ ti on of medium Di sk
and disc, as used herein, includes conpact disc (CD), |aser disc,
opti cal o&i S%’fx di gi ta ver'fati | e disc, (UVD), . fl optgy di sk and bin-ray
di sc wher'@" G SRRATHEY I IKjrefosh e BRAERI CAlioN aC AR ISINE; RIAFASY ONSIHPFESH scs
repr OdUC%oﬂﬂ%ﬁfe@f@fE F@@Hta/pa@k&@ of 888 (SsenPAIPIBSL 4RI R sedRBARMY R 1o
shoul d al so be included within the scope of conputer-readabl e Mdi a.
1, 907$1THee packets bepsd @B ssimight seavene¢ nemeer gpane] dasumieplpsthg paskictiadtot o
enabl e a i b e i osure.
Var i ous. (e oSt bl D2 8o3bhe 8 ol BleB eI A BTN T,
t hose skimilapleilinks foeharccgivancctihe stgmn arfoiengton nenvelyiag adkbst vadniamg n

may be appl. to her variations w thout departing fromthe spirit
or yscope%(%?ke? ﬁ%teﬂiffg‘tex g“éﬁ?"é!"efrﬁ'ﬁ’g% fopatat SGRCFORHTRLE A G46lt 04 e BNUBIE ¢ o
be 1im t aphks, Aetehfine¥aRM-LH P&d A8 OMSe 8861 hlesishifs ﬁ‘acﬁer%aed&lﬂqel be

{
accorded the wi dest scope consistent with the principles and nove
f eat ur es lyEes peBeceHmmbier for el afithy nyeltiple links, start a timer if the sequence

number of the missing packet is larger than the largest sequence number for the link, and

resend the missing packet when the timer expires.

11. The apparatus of claim 10, wherein the at least one processor is configured to
demultiplex the packets in bursts of variable number of packets to the multiple streams,

to queue each stream of packets separately, and to send the packets in each stream on a



1. A nethod of sending data in a wireless conmuni cati on system
conprising: generating packets of data to send to a receiver,;

assi gni ng sequence nunbers to the packets based on a single sequence
nunber space; demrultiplexing the packets into nultiple streanms for
mul tiple links; sending the nultiple dtreans of packets on the
multiple links to the receiver; receiving status information
conveyin n% one m ssing packet detected by the receiver and a
| ar gest @u@ﬁmg unmber for each of the multiple Iinks, the |argest
sequence nunber for each |ink being a | argest sequence number anong

sequence nunbers of packets received on the link by the _receiver; and
det er mi nildg InharREus claadgwherein th atdenst ofe nrecestor Sironfigwsi iy packet
based on ffigialAf G&SHinSEGHERGELANITREE of &ch @Rk Marfdfto HBErTHE hhbher dbi NKS,
conprising: starting a tinmer if the sequence nunber of the m ssing
packet i gedead gash afffzmntivet drermgegng pahecnssl fudhtrem thomappies| i nk, and
resendi ng the m ssing packet when the tinmer expires. 2. The nethod
of claim1l, wherein the demultiplexing the packets conprises

demul ti pl IGXTH@aﬂﬂAﬁmﬁh&fﬂcﬁﬁﬁ 1i0nwb¢reﬁatf5r @kh wasfsh@qjaekmummﬁea@n‘om@mmrt 0

the nultiple streans of claim wher ei e send
the mul tiii)F‘?élfg%JFe@éPrée%’Fm‘Baéﬁ‘@%‘éo WB tequissige Bef %@Sé&@ﬂec{;m@%’wt

packets 3%%@5‘;‘[%E£Jeﬁce me% eRdh O Hém mﬁﬁssmrd}m%a&h afid fPRENAMMA
respective|ink he met hod of claim 1, further conprising

mai nt ai nimigsing p@qdﬁpilﬁg scﬁfuepfafclmb;r b’éﬁhﬁgnmpaohetehwller ik tf@riérgﬂﬁer ein
whet her t e at | east one m ssing packet is
deternlnegw%gggggPurtﬂ%@ggﬁﬁthe mappi ng. 5. The method of claiml,
wherein the deternning whether to resend each of the at |east one

m ssi ng pack t co i ses, far ach acket, determning a.li

to which ¥nd %&f& el gh E]faaﬁ SE R HPTEH O RIEPgR L receive

sequence Mﬁg@ﬁmt&bl ddheudit (#Dtj)r&,ﬁaphaﬁg %tfa!;ttgapérrﬁe@d (@Flﬁﬁhd Ad¥bond

resending the mssing packet if a sequence number of e ﬂlSSIn%_%ZO
11

packet i ss%rq @rtam Heerlatghe spauegesstunhey fisseeh ofuihdenltipdy links drop} Hr
The meth 1%' demindifd ﬁ'iéhs{(&f‘e r&ur g%garc@msym H?Jnntaf?orf &skdd each

of the at eés one m ssi ng pac conprises canceling the
timer af teecorde®léFlvi ng an indication that the m ssing packet is
received by the receiver. 7. The nethod of claim 1, wherein the
receiving status information conprises receiving a status protocol

data uni t15 RDe:h6@bPFebsiving datalih b SirefdPesmihmkalidhStkh, @mhrRingecond
SUFI, obtaining the | argest sequence nunber for each of t he nultlple

i nks frowreviagbaekets seumn mulipledimke frm trasmper & 2 Tesaiver; BHecivess ey

Claim 1, afer ot PrACtBLH e (g ae R Bt e R BBl

or mul ti plirksy determihing k $argese skqfiencedamaet fioapshios sheonuktlpletlhks bsedpver .
sequence numbers of packets received on the link; sending status information conveying
the at least one missing packet and the largest sequence number for each of the multiple
links to the transmitter; and receiving one or more of the at least one missing packet after
a time period corresponding to expiration of a timer set based on a sequence number of

one or more of the at least one missing packets being larger than the largest sequence

number for a corresponding one of the multiple links.

16. The method of claim 15, wherein packets for the receiver are assigned sequence

numbers from a single sequence number space by the transmitter and are demultiplexed



9. The nethod of claim1l1l, wherein the nultiple |inks correspond to
multiple radio links fromdifferent cells in the wireless

communi cation system 10. An apparatus for wireless comunicati on,
conprising: at |east one processor configured to: generate packets of
data to send to a receiver, assign se&%ence nunbers to the packets
based on a single sequence nunber space, denmultiplex the packets into
multiple.stre for multiple links,.to.send the nultiple streans of
packet s 6%%Pﬁ§q§5??F%?%“Pfﬁ§§i Bﬂ?ﬁgnﬁzgﬁﬁeé??“?ﬁceive st at us

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

recei ver and a I?%ﬁe?t sequence nynber for each of the nultiple
links, dét’efht MEPRASE Hatm £ Whsedm tedaienling atdsst ope misdag Paske Mpesg
packet bagedifpedcadiRf SRSkt REGUENGEMEHIBRE: fha8RER, seiuehtl@nmq(eﬁ-' ple
links, start a timer if the sequence nunber of the m sSing packet is
| ar ger t ranllehidan apeguencegumbenele mearrdpatkat as henissingkpacketd resend t he
m ssing packet when the tinmer expires. 11. The apparatus of claim
10, wherein the at | east one processor is configured to derultiplex
t he packei8s Theimbtiin g bg cleim VA rwirblie thieweteanindfg Datdeetssqicncd Mentvlféd qatie
streans, to queue, each stream of packets separately, and tq send the
packets iH ﬂé@alewtlg{eﬁ@%ﬁ%ﬁpréﬁes T isdpees SpqUeRCe nupper jes gackgiiy at us
of clai mnecvharatit: Wig adhrgbCRelen@ORuRBLGEREQ d & GONHkIuUred to

mai ntai n a mappi ng of packets being sent on each link, and to
determ ne whether to resend each of the at | east one m ssing packet
based fur i T r s..of claim 10, -wher.ein
For each 1 aay A8nbAS ERAPLEderdd e R ARRA SRR Nealonll Mt 14305
det er m nefahd iakiptedinkk fiathet frenprisssprogesgiag ket packethmpgieed od the deiligglai ne

the | argest sequence, nunber for t link fromthe status information
and to r 3&%&3%@% %%ﬁe%?g(?%@ﬁ@%%ﬁ and Pagingfeeh Haribed pasket g arlr]ir;;gé’ilng
packet iSvkﬁﬂlﬁlhb?ﬁcﬁeh_@ﬁemdm&gRﬁ&iof’iﬁ‘ﬂy@&ﬁf‘olmﬂbﬁr for the link. 14.

The apparatus of claim 10, erein the at | east one processor is
configured to receive a status protocol data unit (PDU) conprising a

O R S e b e T s

and to deteerminies 4 fisst atpet-8aldt(SURD coingsising thpdalgedt sbasadc: mumbienfod kamhtdfon

in the second, SUFL. 5. A .net hod ceiving data in i re|l ess
Commni o ane BB ks, dLesming b Agond SUEF G kR BBt Br e Flshe B o
l'inks frafisding p@k@ﬂj’g&ﬁeeerﬁng@ s@atﬁsQﬁ@th(ﬁrd'atadﬁthPDUWGorﬁﬁﬁéiﬁ’g”lﬁ% fRASUFI

m ssi ng packet based on sequence nunbers of the packets received on

t he mul t i39féhq sepmagt S endyicpding the statpsfdaV e hgiangeitaunber for each of
the multiple Iinks based on sequence nunbers of packets received on
the link; sending status information conveying the at |east one

m ssi ng Pdcketapparatus fie wislge stmsenjioaimecoroprizérg: holease andprotestdre

mul tiple |ipks the. transmtter; recervi ng one.or nore .of the
ot | enst GhESRRLS ok eRae e S PR PR el st rer o

expi rat i arteRf atdedst SRIMBGhg XS8R éh SQAHREEGEMBUTBLIhe PhclRRS c&ivddRhe
of the at_ | east one m ssing packets being | arger than the |argest
sequence RemyEPLY ks gdetamineshlaragptrgausies B gorrﬁaph pighe muitipielinks1 6.
The et hagsof orCdefhdied RumBOE b EhA PR FdEEhSd Bx?ir?%:tlfﬁﬁ, LB Sl B RES! O ned
sequence nunbers from a single sequence nunber space by the

transni t teonvem: Ge et ldasuhe nphiag @dcket and the largest sequence number for each of the

multiple links to the transmitter; and receive one or more of the at least one missing
packet after a time period corresponding to expiration of a timer set based on a sequence
number of one or more of the at least one missing packets being larger than the largest

sequence number for a corresponding one of the multiple links.



22 in bursts for transm ssion on the multiple links to the receiver.
17. The method of claim15, wherein the detecting at |east one

m ssi ng packet conprises detecting each packet not yet received by
the receiver and having a sequence nunber snaller than a sequence
number of a received packet as a nissthg packet. 18. The nethod of
claim 15, wherein the determning a | argest sequence nunber for each
of the multiple Iinks conprises updating the |argest sequence nunber
for each link whenever a packet with a | arger sequence nunber is
recei ved xnThégppatddls of clam 2ThehdreihhRdat@éascChrdl gidckSsor Wb fpied Redetect
determ ning a | argest sequence nunber for each of the nultiple |inks
further cORPPIKEIOHYRIdSETHPYitherepairrand haupgp vemerss numbensmaliephan a

links at NMeindDhHGGEDS 2 (R haddMAd)s mARH i ng each received
packet and anlink on mﬁich thgapackék S %ggg?ved up to Radi o Link

Control (RLC). 20. The method of claim 15, wherein the sending

status inf0 tion.co i. S det erm nj first super-field (SUF
compr 1 si g THe el 21 e FOThe s orgeitest Brtonlieef f @t

| i nks, dehelangedsi ftgushcs a0abe Ot lakh tiakPhesdvega patkerwied 4 Digeh edqubhe at

| east one m ssjng packet, generating a status protocol data unit
(PDU) corfbriber Kgetshedontas Iur) and t he second SUFI, and sending the
status PDU to the transmitter. 21. An apparatus for wreless

comruni cation, conprising: at |east one processor configured to:
recei ve picitbe sppaeats wiglaym|2tli whereinithkas 1¢asbenceprogeasos i dongguied ta

recei ver, ct | eas 1SSl ng.packet based on _sequence

nanber 5. e B BRAARIED SR DRuRRR Tt L SerRE rRBHEPE Fach of

| ar gest sk naitipde Mkdb@rdefephineachconkl JUTE commbiibipg erfbiintikisn baskdatOshst
sequence nunber.s of packets received on the link éﬁend st.atys

i nf or mat | B UEHRERAKY: Priengirie Attts RIAloCo data i (PRER somaHting e firsr gest
sequence QUIMRH i NecGRBURS a8 sBAH th Blakis PDIKS thOuhliGufdransm tter;
and receive one or nore of the at |east one m ssing packet after a
time period corresponding to expiration of a tiner set based on a
sequence JRReL, BluORG lelMRL Sl A ko SASte. ANlen T2 2108 RACIELS
being | argér 't B tThe Iargesf sequence’nu er gor a corresp&ﬁﬁlng one
of the muehi gl multipledinks i3t a @dhsmithe t@ppreiat meas fol ddteatidg at whaoas n
the at |east. one processor i s confjqgur t o detect each packet nqt
yet recei VBURBIIHREDRELE FaReES g 7 61 pe%‘%feﬁerﬁ%‘f%lmag Rl Gk
than a sequRREs RPN 1afkealchBE nRALSr Ash af Mk fiilfde RAGKRALed on23-
The apparatus of claim?21, wherein the at |east one processor is

confi gur egqesceperabess efpackess gresived ertherink: means dor seading stetys infpnation

}"’i“ﬁﬂever RnPAGHEfe W okt Bnd AEEL FARYENCAe THIRCLeqlishct GESLYS: i LG

multiple links to the transmitter; means for receiving one or more of the at least one
missing packet after a time period corresponding to expiration of a timer set based on a
sequence number of one or more of the at least one missing packets being larger than the

largest sequence number for a corresponding one of the multiple links.

26. The apparatus of claim 25, wherein the means for detecting at least one missing
packet comprises means for detecting each packet not yet received by the receiver and
having a sequence number smaller than a sequence number of a received packet as a

missing packet.



24. The apparatus of claim 21, wherein the at | east one processor is
configured to determne a first super-field (SUFl) conprising the

| ar gest sequence nunber for each of the nmultiple links, to determ ne
a second SUFI conprising information for the at | east one m ssing
packet, to generate a status prot ocol 2Yat a unit (PDU) conprising the
first SUFI and the second SUFI, and to send the status PDU to the
transmttegr . aratus, for .wrel ess muni cat i on,

conpri si tr%g Tlrlr%ﬁjg)gra orO%feg%%?\E/’i “ﬁ%er%gé Gl z%t&%ﬁm lrlrlﬁqgcai%f%esﬁ RS rom a
t ransm t tnambenfoa cacheditheaniltipdings Eanpritet eehisfor @idatiensk 1apest Bg@shdag
packet based op sequyence nunbers of the packets received on the

mul ti pl e PRRGOr RO pieneier & pAFet w&ﬁaf TETTGESHSNSTRITRIE & et oFthe
each of tiage nultiple links based on sequence nunbers of packets
received on the |ink; nmeans for sending status information conveying
the at |east one mssing packet and the |argest sequence nunber for
each of tRerfuliLPE drbl o5 Suhdiin ARSI SLoaifP AN [ Rl 865 Vi NG
one or nore o e at l['east one m ssing packeée er-atinme period
cor r es pordmpgjsdsanexpiar dbteonindiy aafirkt supér-Bedd ($13BR dopriingbg legse nunmber
of one or nore of the at |east ope n.ssing packets being | arger than
the lar géewe&%eqre}@?h?é?%&ﬁﬁb?fafﬁwuﬁméeo’frﬁ%slﬁ%%??fgd%éﬁa@%lrg PwetEUTI o
links. %@mpﬂiﬁﬁgﬁﬁﬁ%a@%ﬁ&b&ﬁe &1118dstdrmisWhE p£iket, hend AR et Bihg a status
detecting at | east one m ssing packet conprises neans for de?ectl ng

each packesrtogrdatpanit (RRY) erappjng the firss SBIFY and thagedend SHEL and arvaenioe
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27 multiple links; a fourth nodule for sending the nultiple streans
of packets on the nultiple links to the receiver; a fifth nodule for
recei ving status information conveying at | east one m ssing packet
detected by the receiver and a | argest sequence nunber for each of
the nultiple links, the | argest sequ e nunber for each link being a
| ar gest sequence nunber anDng sequence numbers of packets received on

the link teh .o or det er
to resend et B ShE e ot eRis R E bl SL T B Al
| ar gest seqnhmmbe mmmhglpacﬂm isedapped) fmdahefomdeeinphing thaksgesvquedts t he
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the Iink 7pam1fra%%@ftﬂb@ﬁiﬁﬂ|ﬂ§ ofteShiBdn Packatis WhAR: Hhe thd HRSsRYRIhES -
number for the link.

35. The apparatus of claim 31, further comprising: means for receiving a status protocol
data unit (PDU) comprising a first super-field (SUFI) and a second SUFI; means for
obtaining the largest sequence number for each of the multiple links from the first SUFI;
and means for determining the at least one missing packet based on information in the

second SUFI.

36. A computer program product for sending data in a wireless communication system,
comprising: a non-transitory computer-readable medium comprising: code for causing at
least one computer to generate packets of data to send to a receiver; code for causing the
at least one computer to assign sequence numbers to the packets based on a single
sequence number space; code for causing the at least one computer to demultiplex the
packets into multiple streams for multiple links, to send the multiple streams of packets
on the multiple links to the receiver; code for causing the at least one computer to receive
status information conveying at least one missing packet detected by the receiver and a
largest sequence number for each of the multiple links; and code for causing the at least
one computer to determine whether to resend each of the at least one missing packet
based on the largest sequence number for each of the multiple links, including: code for
causing the at least one computer to start a timer if the sequence number of the missing
packet is larger than the largest sequence number for the link; and code for causing the at

least one computer to resend the missing packet when the timer expires.

37. At least one processor configured to send data in a wireless communication system,
comprising: a first module for generating packets of data to send to a receiver; a second
module for assigning sequence numbers to the packets based on a single sequence

number space; a third module for demultiplexing the packets into multiple streams for
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multiple links; a fourth module for sending the multiple streams of packets on the
multiple links to the receiver; a fifth module for receiving status information conveying at
least one missing packet detected by the receiver and a largest sequence number for each
of the multiple links, the largest sequence number for each link being a largest sequence
number among sequence numbers of packets received on the link by the receiver; and a
sixth module for determining whether to resend each of the at least one missing packet
based on the largest sequence number for each of the multiple links, wherein the sixth
module is further for: starting a timer if the sequence number of the missing packet is
larger than the largest sequence number for the link, and resending the missing packet

when the timer expires.



