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segnentation for the first-tinmetransmtted
of communication (e.g., voice, data, etc.) to multiple users. Such systems may be based
on code division multiple access (CDMA), time division multiple access (TDMA),
frequency division multiple access (FDMA), or other multiple access techniques. A
wireless communication system may be designed to implement one or more standards,
such as IS-95, cdma2000, IS-856, W-CDMA, TD-SCDMA, and other standards.

In response to the growing demand for multimedia services and high-rate data,
multi-link modulation has been proposed in wireless communication systems. There

lies a challenge to provide efficient and robust multi-link communication systems.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 illustrates an embodiment of a multi-link communication system;
FIG. 2 illustrates an embodiment of packets arriving at a receiver through

multiple communication links;
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DETAILED DESCRIPTION

Embodiments disclosed herein relate to providing a new set of radio link
protocols (RLPs) and associated procedures configured to enhance the efficiency of
multi-link communication systems.

FIG. 1 illustrates an embodiment of a multi-link communication system 100. By
way of example, various access terminals (ATs) 110, including ATs 110a—~110c, are
dispersed throughout the system. Each AT 110 may communicate with an access
network (AN) 120 via one or more channels at different frequencies on a forward link

and/or a reverse link at a given moment, as illustrated by double-sided arrows 130. For
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mobile, remote station, remote terminal, remote unit, user device, user equipment,
handheld device, etc. Different ATs may be incorporated into a system. ATs may be
mobile or stationary, and may be dispersed throughout a communication system. An
AT may communicate with one or more BTSs on a forward link and/or a reverse link at
a given moment.

A “sender” disclosed herein may be a BTS, an AN, an AT, or any other means

configured to transmit data packets via one or more communication links. A “receiver”

disclosed herein may be an AT, a BTS, an AN, or any other means configured to receive
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In an embodiment, a method for data transmission in multi-link communication
system comprises: segmenting an upper-layer packet into link-layer packets to be
transmitted over a plurality of communication links; adding a first sequence number to
each link-layer packet (e.g., in accordance with a predetermined order); and adding a
second sequence number to each link-layer packet to be transmitted for a first time, the

second sequence number being in a sequence space associated with a particular
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e.g., Link #1 and Link #2. For purposes of illustration, each packet is identified by a

pair of sequence numbers: SAR_seq and ARQ _seq. If the receiver detects a gap in the
ARQ_seqs of the received packets within each link (e.g., the sequence numbers of two
packets received consecutively through the same link are noncontiguous according to a
transmission scheme), the receiver may send a message (e.g., an NAK message) to the
sender, reporting the missing packet(s). Note, the SAR seqs within each
communication link need not be in order. The receiver may use the SAR segs of the

received packets (through various links) to re-construct the original upper-layer packet.
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FIG. 5 illustrates an embodiment of a protocol stack, e.g., displaying the
relationship among the upper layer protocol, RLP-SAR and RLP-ARQ instances on
each link flow. For illustration and clarity, two communication links are explicitly
shown. The embodiment of FIG. 5 may be extended to a system employing more than
two communication links.

FIG. 6 illustrates an embodiment of an architecture in a multi-link

communication system, where a BSC 610 is in communication with a serving sector
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“‘Ermgm 1 thet ang léﬁmadfmﬁﬁf ther S AR preqtspacs Ehvécwe fectgh@t the upper

Aok 1 550 L RIED) B PO SBBE o S e mrsmsc

i[nte@fuce Far s0ﬂ1é blﬁbdi(ﬁtﬂeﬁfs theBST afalytsy n%mémﬂh@ Qpﬂ)’@#ﬂa}t‘eilbhél{éts across
%ks ar.e itly shown. The e di ment of FIG
55 b?éOféﬁfte lfférea lipls ebhecippiraminggnaspbe denegt thwesecewer after
Cffbnll 10391 |Sk¢§ r
enbodFHrfcg%%Po éﬁrﬁ;dﬁléﬁ%gect lﬁlgh‘%{n%r r(r%l -t éfk%f ?t@mmg of upper
]@ymmmkdaus tnbes feteeby RilfPe theenaanBSCP Q)]aeketsma}nnot contain octets from

0 A UGl iy i
@de&,gﬂhen bh 'P&Pcl%%@oadtrfi@y Eftail QR EES ﬁoﬂq}ioﬂ%echﬁggﬁg F@i}gr Yd3Rr packet,

sector to allow for just-in-tinme packaging of
asdereessthe pogisdion thetupperlaperdianksts av@fcoﬁiu@ou@

asso each ket the C may, be .

net a- d@f §d1|11n oﬂ; atgeast én‘%%li ﬁfglg E%E Eﬁ?ﬂ% 4CFass multiple

lrisetBorieRaiple, fRCKEP paditie wﬁﬂpmomqmlsmﬁt Nyaem dhoSinclude
or

and BSC may be perforned using frame identifiers
oqigtHAEIPR" ) that are |ndependent of the SAR seq space.

Thus
BSC qu%(%g c%rlg g%e n ’n seq g%ﬁ@% ]%fl% chg%t‘?rggg & ?f%gb a pair of
BIEn86E, e.at, etFtaamID ootes @nﬁfeeten‘mdmmeatvﬁth thedadBSanteriy has served.

e nt the upper ackets across, BTSs associ ated
3568, SR beﬁlggamonkay © Hible meRy. qetermmipg Whish esécts gtfeyitto be served
r
e oh ol LB 18 A A eV ogtSeCior” AR 86 Kngledink case, the
qetgfeproyétsddo ¢he sew servimgderior hgedRi.d? betdoatigiarus Rivieh pa dlketrated in
not contain octets fromnore than one upper |ayer

Pg?/ﬁ If high-level data Iink control (HDLC) fram ng

i's USIﬁdan téﬂﬂdbdﬁﬁerﬁLBFBﬁyde@&ﬁoﬁ%/f GOopdAIIRN RRELER LhOMy of the

nore than one upper | ayer packet
communication links, a receiver may send a status report message, which may include

the following: the SAR_seq pairs of the beginning and the end of a SAR sequence gap
associated with the communication link where the ARQ seq gap has been observed.
The receiver may alternatively send an NAK message to the sender, which may include
such information as the missing SAR_seqs and/or the last SAR seq received on a
communication link.

In an embodiment, the sender may maintain a list of SAR seqs sent on each
communication link. The sender may use this mapping to determine whether a missing
SAR packet whose SAR_seq is included in the status report message needs to be re-
transmitted or not (in light of that it may still be in-flight). In an embodiment, upon



as long as the octets fromthe upper |ayer packets are
contiguous. [0041]] FIG 7 illustrates an enbodi nent of
waawepaeoet s are i nterl eaved across nultipl e | PARAIS2066/005795
exanpl e, the RLP packet with SAR seq = 8 1 on |link #2
may al so include octets 91-108. [0042] Upon cell
swi.tching, each serving BTS may indicate to the BSC a )
ISeqiying R SgaéVSali?e% maessagefhe sendepimay perforn the follpwimg-associated with
&5 08 b 1o i fhel Baths L d13S5)S 86 Ahicati
A ol S ot i e Pl Rl o SR e R RBfArARication
larkewytbtwhich liee SARverp mradseeatet]; dnlrytradsadethe RIER slataouttitsethat are
new.servi.ng,,se r. Unlike the single-link case, the
Giecied U mIcSARoapntiony s s gts deve Thsepem et on the
SoRithinfbA16R LinkUeleretel JARI B4 Rir8sbricd. FI G 8. [0043] In
an enbodi ment, upon detection of a gap in ARQ seq on
[0045] any ofheareanasobrusituetiensombetenksteceivereteg.ven Ay is epgomting (or

. -enor a whibegh may.i ncl ude the ... ..
Flifthili FERCore. FERR A ner Whfid refPHindlFachEls oyt soppumication
laikd. Of al cXpPOIisREL) QM&ER%@&C,?&Q@@HC@%?&E:\M&%& dfigured on a per-cell
communi cation |ink where the A seq gap has been

Veguenpdapisc dioy exanily, the P hged weyyecs dtaliasd dien a cell is
. S o . .
PEP 0804105 PICRR ML AR BRI Lot pining T
sSétarss dopt raee éh vsedten hanadof d mmayn sleaé ithe) shina KARQOSA bpags. In some
enbodi nent, the sender mai nt aiqi%éa list of SAg@ge%s '
UBFP ot FERGTMG-c 4t N MaicPeqiie e Aaderspiyt s@ge the same
AR bk JIRItHSE 8L, W sefds oSS ; :
AT R TR R S SR 086160,
Alwagshe A Te dissoverany ganstat thedregimming afibelrigetvedifrannaseator.
may i1l be in.flight). In an enbodi nen .
[0046] |y onrBcERf ﬁlgb%dlgieggug IP@(JE’F t‘{éﬁé@;g%g% Fggtah’ée fo- flgfest wissing RLP
Rekétottht bed bihk whdifisdss 86intd FitbtWCbhsi@aahe fFRNikESsbenarios:
SAR gap in the status report nessage: a) determ ne the

aamo0 B8t Woted Mo thc Vb £ ot A R I  paclets sont from tha
ass oqitihﬂt ek missingt(he., SdRed)a rBzoapw the dedeivet Inmyszlblait ?(mthe reception
r epor ssage sent on fhe comuni ion lin

wher kit *‘ef@% oﬁggﬁflbsparc%ﬁtotrot tect p gap 5 Ed-rfajpagdot be able to

Si T Uadek@P Sl @hiSsiRg IRAGE ipY&ets 8md- a sBlus™dpotiSmessage may not be
re-pointing (or switching) fromone cell "to anot%er,

whi | énggered.vi ng packets on mul tiple comrunication

links. In an enbodi nent, the ARQ seq sequence space ‘

may ben Adhfeiminite dts datagdomes ch@inkl @BC)fesm fse@6rUANE Yector B (sector
basis, For ex le, the ARQ se et initialized

when 1% ag@ |spct91§g%e?ong}ng toﬁ?t%rentqcerlrl%yalgd the last few RLP packets from

sector A are erased. As aresult, the AT may not be able to discover such a gap

in the ARQ_seqs of the received RLP packets, and a status report message may
not be triggered.

[0047] In an embodiment, the method described as follows may be used to detect the
erased RLP packets at the end of a transmission from a pilot. Upon DSC re-pointing or
removal of a pilot from the active set, an AT sends a message to the AN which may
include the last SAR_seq from the pilot(s) that are no longer in the serving sector. (In
some situations, to avoid sending too many NAK messages in the event that an AT
ping-pongs between two cells, the AT may send this report only if a predetermined
period of time (e.g., T ms) has passed and the AT has not pointed its DSC back to the



added to the active set. The ARQ seq may not be
initialized upon cell re-pointing. The sectors that

wanreaciogo®ef t er handoff nay share the sane ARQ BE®/US2006/005795

[0048]

space. In sone enbodi nents, a sender (e.g., an AN) nmay
specify the sectors that shar2 the sane ARQ seq space

expl i ci]%y . Q... via . a nessage it sends to a receiver

Qrigipal ce I&ﬁﬁ? @E’c FE-BOIRdE Caspehpmesepgginaayoineluda the lgspsAR _seq
t [FalgY [ r r

R h Sl sV Rebr 8 e R SRV or § PP hrom the

abtive ott, thiessdssageRLE pabiketls lagt SAR seqdronf theIpdot that is deleted from

ransni ssi on oma pilot.. Consider. the fqllow .
{6 BRI eSReRR UpPH iR ePort st B aEs ot e 4k o Abbmeg Agtermine
whathérahé AfTays BhiRcaagk RIP éﬁ@féts.f romthat pilot are

e

m ssing (e.g., erased). cause the receiver may rely
on t hEhdre mwythegituationstwehene & reagivst nigses BAPkmickets thie txectent by a

' [ not b ble to .detect ,sugh
B89 38 ool 0% S ESia gtetscn
mizsedpackets ggenetbodifierdh réc@ivee nitystdrt £ tithdf fe. S04 Fésch-all” timer)
channel (DSC) fromsector A to sector B (sector A and
when 1 defgcls @y gargn R sea The Hmer mey|hegpsed iiithe 1gep iwbiled, or if the

. I

R RHERRPEI A SRS RELAALHE A6 R, MR, e e
HRQ s@irss,dhe tcheiveemey vméﬂ ;ﬁillﬂ’AKamkssgge fog gh:is jgapt TheIBAK message
r epor SS y not be.triggered. [004 In an
SRSl B AR asef Gtreted Gomp b IESr A RS rmy be

[0049] used TmOagl _eérﬁﬁ‘%dirh&ﬁ, h&SBHovARE Hﬁ&g@é rsag_ﬁfiecf ReheRNSbrding?a status

transm ssion froma pilot. Upon pol nt1ng or
1eport DK sfessagpi | ot fromthe active set, an AT sends a
nmessage to the AN which may include the | ast SAR seq

 fremIfhaypifl tht (fellowingt e@he dvout, aNgREIvEN (4.5 a8 EXT) Fhds a status

sector. one situations, to avoid sending too nany
NAK rFER M¥S$348E- event that an AT pi ng- pongs
between two cells, the AT may send this report only if

a pr edeilbe servew gsdrahangesfor thenssrying gilot iF remyvadafiomp dbsadive set,
and the Af.has thbed its DSC back to theoriginal
cell.) ﬁlﬁd?{%gelﬁ%%fapgl?%%lkn |qhg case, the nessage nay

i ncl ude i h t ,.SAR seq omthe pilots in the old

servi gTbgzx[fo‘?e.%eclt%a %?Peme”aé@%?fl Iﬂ’éﬁ‘rg\‘i - of a pilot from

t he g\lgtive set, the nmessage may include the |ast

SAR dbg prodstrrmmed peried of tige (6. danthespasseshsipopsthe time when the

servi : r Pl 0 a d .
AT, Uhe SRR = gt SER e A PR A R HRIA R A ising
RLP Bk etegs hisO@4 Beenldent.e nay be situati ons where a

recei ver msses RLP packets that are sent by a
e In the case of removal of a pilot from the active set, the status report message

from the AT may include the last SAR_seq from the pilot that is deleted from

the serving sector.

¢ In the DSC re-pointing case, the status report message from the AT may include
the last SAR_seq from the pilots in the old serving sector.

e The status report message may include the last SAR seq from all the

communication links in the serving sector.

e Upon reception of a status report message from the AT, the AN may determine

whether the AT has missed any RLP packets.



sender at the end of a burst of data from one of the
comruni cation links. To detect such m ssed packets, in

wanommsexi nent a receiver may start a tinmer (ePQT/US2006/005795

[0050]

“catch-all"” timer) when it detects a gap in SAR seq.

The timer may be reset if thdOgap is filled, or if the
recei ver sends an NAK nessage that includes the gap )

( dee Wepnorchentiony pige NAK mwsseeet fremt theehTeshsi ARsmay [eansmit the
recei n gﬁbﬁ for this gap. Th K
rnassaé/g‘bgli il %f:%gﬁ lgé%ﬂfl e g@g gc%%% lﬁaéla nf)g%ee(aln\%g%a?sf%%e‘gh

t he SEHeyd M@y PRidoMeSsitub@EOYhdre) aaecetyrdd aelss¥8 RLP pdvkets that are sent
foll owi ng may be a?pl i ed when sending a status
a

Wehsrerdamet 1B sag et 2 Mustpfydas (I%q%éustgﬁrmmmgofe% [fPgmunication
SRS A GPRELNEE 6 eyl bo SRS it Bkt e

_ _ _ | anges or
ey e endhg of RIZREER o B e 76 BYE kg Ripr o “fusn
ARQ_sigfler’yom a cell. If a predeterm ned period of

time (e.g., T nms) has passed since the tinme when the

AT o dBFRCE AT R0l WhehiRer Y BSO DS IRSH 38D Akt f th
thé %fsgtltlng %ﬁ%_sgqs has not %eeﬁg sent. In the casefﬁg’0 ©
of rewotoed of a pilot fromthe active set, the status
report nessage fromthe AT may include the | ast

SAR_SWlerh ﬂféfﬁrﬁé}%xFiréthhetm niay sexe] £f18¢h hesapd. he
serving sector. n the DSC re-pointing case, the

stat us MRRRRdssdRIAAIRdIaRMolNRcATer R, | HCATY ehat M8 kPl end of
SAR seq fromthe pilots in the old serving sector.

The st athedwrgpddatanessage may i nclude the | ast SAR seq
fromall the conmmunication links in the serving

sect di.. Thidpoessageaepy inoludethedasttRitRugacketfport nessage

fromthe AT, the AN nay determ ne whether the AT has

M $sepayecBbtdnPar ket BushYneRagess e el AT ddtectt¥\here is a gap in
nmessage fromthe AT, the AN may transnit the SAR seq

oct et SARpseg fleat haxnofedbesm gportphprerpyuslynibe Aolegnds an NAK message.

a receirver m are sen

[0051] \rmeétr g%?ﬁglést %QSCHE)Q&) gogleosva— B i ”rel%'acﬁlg?étg ?“egﬁ)ugi é‘xﬁ@c}dﬁl@&g{)s/ disclosed

[0052]

hdiensender at the end of a burst of data (not just

fromone of the communication_links). |n an ) )
enbodlﬁlr?é'n?Xall%nlreOf BPMYHR g PHel froe the Serving tpetoBcqonsidena scenario

Wh&s ke BAGKBLSAging to link #2 is removed from the serving sector after it has

served packet <3, 10>.

Link #1 ' Link #2 (being removed)
<ARQ seq, SAR_seq> <ARQ seq, SAR seq>
<1, 5>

<2, 7> <1, 6>

<3, 9> <2, 8> Erased

<3, 10> Erased
Upon reception of a traffic channel assignment message that removes the pilot from the
active set, an AT may send a message to an AN including the following information:
AT Status_Report Message { pilot x link_2: last SAR seq = 6}
The AN subsequently re-sends the packets with SAR_seq = 8, 10 respectively on any of

the remaining pilots in the serving sector.



After sending an RLP packet to the sectors, the BSC
may start a timer (or "flush tinmer"). The tinmer may

woesmtiosytoenever t he BSC sends a new RLP packet PCO/USZON6/005795

[0053]

[0054]

[0055]

[0056]

of the sectors. When the tinmer expires, the BSC nay
send a flush nessage. 1. The ldessage may indicate to a

receiver (e.g., an AT) that this is the end of the i

bur stInofn gxgmpleot egl; sWighing fongider prcprare Phere tgtserving cell
Wols) doaea! e, if

%gg e%?Ia(hg g{leefgtl lgR’ tﬂﬁgaéa%?ﬁg %fg %lgrs&g ga pﬂ{er? @%@g gégh at has

not beelinkpgdrted previously, the Alinkdi2ds an NAK

nessage. ,[.0051 | es described b w_fugther

i 11 ust r%@ﬁ%’dﬁ@%ﬂ%di ments di scf%é@dsﬁ‘ﬂeﬁé%ﬁe?

[0052] Ln @n exanple of renoving a pilot fromthe -

serving sector, consider a scenario where the pil ot

bel ongi 1.7 link #2 is renmoved frofd.tthe serving

sect or t It _has served packet < o Link # 1

Li nk #2%%'b%ﬁas?&;rmved) <ARQ seq, S%Rfs;gfi{gse?mgseq,

SAR seq> <1, 5> <2, 7> <1, 6> <3, 923 49> Fiaelrased <3,

| O Erased Upon reception of a traffic channel )

Heen §Hiekingnihes Ade mapatend ctrgnessagento ghe 4NN incdpdingdhe following
| et, an AT may send a nessage to an AN

ili’iﬁégn‘églm?]g the followi ng information: AT

St at us_ RepBratus MRy Mdspadedtpibot kilink 2: laka SARSAE) s6q =

6} The AN subsequently re-sends the packets with

SAR seq = 8, 10 respecti vel VHBW];\W?JO%" &if8i T hg

Phd BRSsubbequBfySRLEhAGLE $aLIREs WRRBAR L8y AR, 8XAIRESechlel

cel l _svl\lli t_é]hi ngy,?ﬁconsi def% a scenar o‘\/\h&%re the selrge\?i n%yon m

efgh¢ pidéta ingthe sanihgseetof.ol | owi ng packets are served from

tsgg_i&%ﬁk&g@ggﬁaﬁﬁt%%gﬁtﬁas% gkaﬁ_geféb}g%p?e? 9.

Link #1 Link #2
<ARQ seq, SAR seq> <ARQ _seq, SAR_seq>
<1, 5>
<2, 7> Erased <1, 6>
<3, 9> <2, 8> Erased
<3,10>

When packet <3, 9> is received on link #1, a receiver may send.:
Status Report_message { SAR missing boundary=35,9 }
When the sender receives the above status report message, it may re-transmit only the
packet with SAR_seq = 7, because the status report message indicates to the sender that
a) an erasure on link #1 (where packets with SAR seq = 5, 9 have been sent) has
occurred and b) RLP data units that are sent on link #1 and with SAR seq between 5
and 9 are missing. When the sender re-transmits the packet with SAR _seq = 7, it may
send it on link #1 or link #2. The re-transmitted packet with SAR seq =7 may be sent
without ARQ_seq.
When packet <3,10> is received on link #2, the receiver may send (assuming
that re-transmitted packet with SAR_seq = 7 is yet to be received):
Status_Report_message { SAR_missing boundary =6, 10 }



<1, 5> <2, 7> <1, 6> <3, 9> Erased <2, 8> Erased <3,
10> Erased Upon switching, the AT may send a nessage

wOQodehss2bN i ncl udi ng the foll owi ng i nformati onPCATS2006/005795

[0057]

[0058]

[0059]

[0060]

[0061]

St at us_Report _Message {pilot x Iink_2: last_SAR seq =

6 pilot y link | : last_ SAR séq = 7 } The AN

subsequently re-sends the packets wth SAR seq = 8,. 9,

Wirep tasenderresspvesihe ripve stafysaeprt sessagp, it mey sesfrongigt the packet
G 0%4] The following illustrates a

?gg?re%rl]{tts%gsgd SAR seq exanple: Link # 1 Link #2

<ARQ EKi#],9 BhRtrstes an <ARGplear, oc8ARas®ESARLseqs whih is7similar to the

Erased, <1, 6> <3,.9> <2 E 3. 10> [ 0055 .
Samentbast cgampl PBguidh Aba ViR ihe, diterciite ghdh (e SAlyeeq s an
cg&étdo'as&t SguendeaR@iter. TRSHRANRAsd, 23060 Ver 384y EnR AURAE] dport message

, 9} Wen the sender receives the above status _
afegsoreeenten selgtie REP magket econtaamng ‘10cteis B 1+, pdbketatus report is

Wit h R seq #.7..0b report S e

P Wei B oosBRERHEE b Mon h AR SRR PR Spetys repor
hesesemaatkiéseW th SAR seq = 5, 9 have been sent) has
occurred and b) RLP data units that are sent on link #

1 anomyising SRy cectefe Wiie AR seA a5 thipegn® @ aremajssingem link #1.
h ; i ; -
| 1 e BESh ChE TR DS BOFE ot eGP o s oo

mhesshg@nsm tted packet with SAR seq =7 may be sent
wi t hout ARQ,seq..[0056] When _ packet <3,10> is received .
on foneaghynissig nderealyenortedy the serrer dststmingy thepgmmunication link

re- tJrl\a/’ggi)thtﬁg B PAGHELInitd ffbe %B}g%?srﬁit%d,i shaYfeltrdnSmRE the missing

recei . Status_Report _nessag
SAR dritas snitgreporied by thesregeiviO that\belong e tlhemising edteivaleand have

: E: l%g’(&)\l:%ﬂl toant YhRat” ﬁgl?.rt {{ﬁlséga e?frarls}nitrt%g, rite _ntlz{yarlll%pi Igatter which
communication link in the serving sector is selected to send the missing octets.

FIG. 10 illustrates an example in which a receiver sends a status report message
as a result of detecting a gap in ARQ_seq. In this case, the communication link (e.g.,
Link #1) on which packet “1” is to be sent may be clbgged and thus unavailable; packet
“2” may be erased during transmission. After the “catch-all” timer expires, the receiver
sends a status report message requesting re-transmission of packets that are sent on Link
#1 and with SAR_seq between 0 and 2. A A

FIG. 11 illustrates an example similar to the one shown in FIG. 10, with the
difference that the status report message is erased. As a result, the sender re-sends both
packets “1” and “2” upon reception of the NAK message.

FIG. 12 illustrates a flowchart of a process 1200, which may be used in an
embodiment to implement data transmission in a multi-link communication system.
Step 1210 segments an upper-layer packet into link-layer packets to be transmitted over
a plurality of communication links. Step 1220 adds a first sequence number (e.g.,
SAR seq LSB or SAR seq) to each link-layer packet. Step 1230 adds a second
sequence number (e.g., ARQ_seq) to each link-layer packet to be transmitted for a first
time, the second sequence number being in a sequence space associated with a

particular communication link.



with SAR seq = 8. [0057] FIG 9 illustrates an exanple
of octet-based SAR seq, which is simlar to the
weoeegwmst2zobased exanpl e illustrated above wi th PO®US2006/005795
di fference that the SAR seq is an octet-based sequence
nunber. In thi s case, a receilMer may send a status
after recepti on of the RLP packet

r epor :
[0062] ¢ont }EI&{E Bstrdes acfoseher vha Igﬁ%asww%pwﬁwhﬂgay be used in an
&ﬁﬁ‘&ﬁﬁ%ﬁldto t?ﬁx‘fb?éﬁ%ﬁt hhg (‘?&:?él %fn JehaElifk @oﬁﬁﬁnicﬁtlon system. Step

RQ seq on link #1. T e status report nessag
il31ld)i exangines e shimiglayent prckels: raveived scamsd:dutlmgi ﬂlﬁqlghSa particular

t hr ough 80 ar.e m.s on I k # [,005 The sender

SRR eSS R sk g 0 ot posbpges M and a

§dc61t1dl SedIRR6s tnufites agR: sd%@ﬁd %eqﬁeneé SfthntHr | Y M@ociated with the
Ported t he sender determ nés the conmuni cation |ink

i arcgomenirationdinka Sten l@%mmﬁeemmmégmsm&r tcarequest re-
5o e D5 B BB A B P B g o

ofhe t\B@Bﬂonsecfutivb@t-rebdamé’d dathparkesakd AstRbhfigiong, it may
not matter which comunication link in the serving

[0063] sect o1 d4dHpeetesc block disgraphef s wafﬁgu%w& gfhlqlmssgpe used to
Eﬁeﬁdgéﬁ 5drhdIidc 88 b Sabmt sidh \ﬁ@'cfégtfl?o i g Bxgway of

a status report nessage as a resu et ect

exagaye, iappARQs 4400 mhy indhide acsegmentidpeum oformridod) i14h0 bonflgured to
. 0., Link #1 whi ch ket "1" to be sent may

B b BePescl ot RAKeh iR HRF SHIoE PaoRatsdB O ARyt § plurality

&f @radusibatiodidksangiTh 36duehee- tﬁﬁﬁl%r-a'dﬁﬁltg Wil t4203onfigured to add a

timer explres the recel ver sends a status report

fitst seayenqeayuelar ito gaﬁehnk tysmpaskplo(sudf aqaéﬁsknb@l abmrle) aBequence-
k. #
R5Bhes g Uit 42038y P B SR B MR Rrqouf Mo number to

€l 1iAwgeri phckétGo Bdtramdntifed i @ik frirey @M6 qsidhads 8d¥Bribed above).
st at us reBort nessage i s erased. As a result, the

Apparatys 1404 anegs fwdha ipelefie asrecqivingnepit 43¢, @@nﬁgured to receive a

{
T T L W e —
be., mdlngbmmmdnmng pheketsyph@ aknhsHAtigg unit 1440 configured to

transnazsm og mul ti-1ink communi cation system
ignsputafgPag ﬁtﬁé?]f T8 \per - | ayer packet into

[0064] | 1 NK-1nayeb RAC kajos SE%‘H%%‘I rlﬁﬁ‘ts gcgféﬁ@é ?ﬁnﬂérbﬁ'dﬂ dgl Ynit 1420,

of conmini cation [i epl Oad
Ee@}umgmtdéﬁﬁmd(tmngmuuabmgs &410U8By be c@AR G canomescdtion bus

145‘6k | a)f)roce s?ﬁ:gk%%lt 184f6%pan]dzgomgrggrsy lainl el%f%}dmay also be coupled to

communication bus 1450. Processing unit 1460 may be configured to control and/or

coordinate the operations of various units. Memory unit 1470 may embody instructions
to be executed by processing unit 1460.

[0065] FIG. 15 illustrates a block diagram of an apparatus 1500, which may be used to
implement some disclosed embodiments (such as described above). By way of
example, apparatus 1500 may include an examining unit (or module) 1510 configured
to examining two link-layer packets received consecutively through a particular
communication link, each link-layer packet identified by a first sequence number and a
second sequence number; and a transmitting unit 1520 configured to transmit a message
to a sender, e.g., if the second sequence numbers of the two consecutively-received data

packets are noncontiguous, or upon detection of other missing packets (such as



sequence nunber (e.g., ARQ seq) to each link-Iayer
packet to be transmtted for a first tine, the second

weemsdse®4 nunber being in a sequence space assBCTAS2®6/005795

[0066]

[0067]

[0068]

[0069]

with a particular communication |ink.[0062] FIG 13
illustrates a flowchart of alfirocess 1300, which may

e used.in .an,enbodi ng to i_npl enent data processjn
‘i?%%“gf_’%%aﬁhoi@} i é@‘?%f&-)ﬁ%ﬂﬁabép% tifides; & peceaypeg unit 1330, e,
%ﬁ@n‘&ﬁ% %ee@ivmgmaltd PaéREts Qﬁ@hﬁgsﬁgés‘aﬁﬁ\r{]ﬁgse@ggﬁec utively »

rough a particul ar comruni cation
| i nk-Inaapperapiscléfp, expeminingwdt bylOa thbsrsittingeonie 620, and receiving
nu r..and a se d sequence . nhunber he second )
B Do B PP A SR FuPH G540 ReBeepRe upiy 1550 and o
BefvHMuEal 560 mhy Also Bt @ppkdd0 dohmieitdidonduiBS36.9PréRssding unit
sender to request re transm ssion of one or nore

1R58snay be icariigurgd o gerikal tand/or fcopriinate ghenepesatinne red evarious units.

of ks - Y d cket s
QRS 580 b ShRRISAEHENUE 5 BEUEAL AEhbaBBRCH 155,
(@ agme rmbbdiarensp pahadry Snik4G60 nidit glBo BRye be ATSedctive set, such as
('ifng_lgseaggt some di scl osed enbodi ments (such as
& 8v&hove). By way of exanple, apparatus 1400

may i\ghdide uRitHRoames a0 Fia t 1491 'Eﬂgubﬂ%r 1400 diments may be
configured to segnent an upper-layer packet Into
inipidméndgein packetrs softvieee,t fiomsaies toech cumbimatiph thakéft y Various

BB ERiioR] hect o i PRPES LRGeS safiber figmvare

drag Nednibiifationy Merdd8C KBl a( BataiarsS iABRAThREEN 2RANG)s: units may be
Sequencenunber- adding unit 1420 nmay al so be

Yedevithis qng@®ranere @pplirasen geerifec mtegreied ciscwtsASIC), digital

!

.1 nk: .-t ransm.tted .for i tine
RSt b Bl ARSI B8 ) 3] e
dare | aretsysa (FRGA),V ippgeedsurs, didfdpesveidogy)r ednttdllerE C aliv@cdntrollers,
nmessage EFSUCh as.a status report or NAK nessage

RAegarTsble laBtsvisyices 6hIa). gl ielestronis vyits, ?reaé’é(rq%jnﬂ?én%iﬁé thereof.
i, P LRl on 2 NP [ el o, 1608 5.

Hro@@dtes) funafipas ahd solel)thatspefient thegfunoiiénsldekOribed herein. The
Sﬁg,uence- nunbeh- addi‘fg uni t 1420, re&ei Vi ng %ni t 1430,
SRFRY 2t SORSRHTAN R SEREFY 448y bRt @B keented by a processor (or a
ROCEYAE Qﬁlt?.onl“l%l%elafo@-mﬁt Riz9 5 ShpRniiidd WwiRQ #dpRcessor or
menory unit 1470 may al so be”coupl ed to conmuni cat?on
ipsnal 480the Rrecsssnsi iy whidht cds¢6id canybebeommuticativedyl coupled to the
ontrol .and/ or _coor.di nat.e t he operations.- of various
p(é(r)ﬁe %".”fx?&%’r";‘}s ﬁ’ﬁﬂswlﬂ'ﬁ]@e aélf;rbody instructions to be
exec Hmbbddvents 086640 hoid ptdAle 42RO ¥mPddenent® of RLPs and

Jdllustrates a block diagram of an apparatus 1500,
ipgpicapeniaiions, dhergely forp multi-link communication systems. There are other

embodiments and implementations.  Various disclosed embodiments may be
implemented in a BTS, a BSC, an AT, and other senders and receivers configured for
communication systems.

Those of skill in the art would understand that information and signals may be
represented using any of a variety of different technologies and techniques. For
example, data, instructions, commands, information, signals, bits, symbols, and chips
that may be referenced throughout the above description may be represented by
voltages, currents, electromagnetic waves, magnetic fields or particles, optical fields or

particles, or any combination thereof.



i npl enent sone di scl osed enbodi nents (such as
descri bed above). By way of exanple, apparatus 1500

woayosiosgdowde an exam ning unit (or nodul e) 1518CT/US2006/005795

[0070]

[0071]

[0072]

configured to examining two |ink-layer packets
recei ved consecutively through a partlcular

cormuni1 atlgnllnk echllnkla packet identified
by a thosst ok ghilleweuldnfiriher appreo les Ghsb e SEieh dlustrative logical

BISBRET modies, Acitdu®ES Thd 186kt rgteéﬁ&s&?f;kfd' fc%ﬁnéc%on with the

transmt a nessage to a sen e second
embediments ristbesed hefein m@ytbmumﬂcmattad iy elegtromic diaxdychre, computer

Sharens el HafaRopt 3Pt o dtradk BRRE BiSacRhaRecabiiy of

hppabRt 408 sbaWRArdBxribuy st ativedodfRness, K166y hddulsi dircuits, and
1530, e.qg. conflgured to receiving dat a packets and

ﬁé@sslwgé been dascribed aberel senerzflboaes?rrnsmfébmﬁmty@nailae 0Whether such

%CEI VI g 1%211.1‘1 k%j%é %d £SI‘ B e COU|’Z)]l;1 %8H}V %%?eglds %:BC atth% F'Partlcular

kp}ﬂmﬁiﬁﬂﬁandﬁdeﬁfg@&ﬁﬁﬁttdh@s ibbsed DnGhaoderall BpIEnY Skilled artisans may
1560 nay al so be_coupl ed, to comruni cati on bus 1540.
maplemen the dgseriped @mtlﬁﬁ%h%@ Yaring WeEu i caeh peftigplar application,

ﬁﬂ%&l{ 1n39?1§19ﬁt§12(§d1edécﬁ?orﬁ RAGAH IS Ge ﬁﬁftelﬁfﬁfédoalé%algsgﬁé & departure from

Menory may enbody instructions
e scepeadf the/present ewsitiap. uni t 1550. (I n sone

nbodi t it 6 t AT' s
et VRS dpiowt b ive dugF il BlofRuVEOF B OB, cUaHfgescribed in
SBHnbs oI h §Be blﬂbézdlﬁ%nts Misclszed 'Pl@re‘i)ﬂ 'Hr%"y SRR ABRAES o B¥formed

be inplenmented in hardware, software, "firmvare, or a
wihbt gandrain pripesee ofoceasar,u o igitah | signainpaedessor dBSPYJ b dipplication
sof t war e,

b e Rt o, ERRD TS 10 GRS ARG P e or other

proplagieablat logie, dedite,0disciend ttd Ry Bendifpl 60E0! &kcrete hardware
wi thin one or nore application specific |ntegrated

CIPRAFCRLS, mgncyom@mgﬁlqrarhem% fasispechieBeérm thogbpctions described
P I
gérrg@ gl atpag@lé?%@g@%&%gg% ﬁﬁmfogcegs;é% plit &l e alternative, the

plocessqr aGYSBOraRy cnntntmnhe Ip:Bocemoc,r Om:ﬁftﬂ]bﬂl inﬁjfr&;ontroller or state

]Eﬁ%gra bl e Io iC deV|c E b@% her el ectranic

Fitee I%FH?"'SE BN Al et ?nte RS2 Sempbifgiign of computing
AdVRleSTRIY atd %mbYI?Jtlbﬁuﬁf UDi HSP MaYa BE fafR &ﬁg&%&d AMHﬁHrahty of
modul es (e.g., procedures, functions, SO on
Ipmrcbprpmssdre, ¢merm“cmmnsnmﬁswqewds hneccmjtmctﬁm avitiod DSRr @re, or any

tored in a nmenory unit and executed by a
(btﬁ%r 3§ga¥nfb proceSS| ng unit). The nenory unit may

be i wpﬂleemeeﬁsedfvu thétRod NG RILLHBHAOHeRHbEK A Bnebfort NBith the
processor, in which case it can_be comunicatively

erabsiimgnts glischesedh hereiss may e ambeadied irenthy iy brrdawere,iin a software
$aB§uBekecuted by a processor, or in a combination of the two. A software module

may reside in random access memory (RAM), flash memory, read only memory
(ROM), electrically programmable ROM (EPROM), electrically erasable programmable
ROM (EEPROM), 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 the processor can read information from, and write information to, the
storage medium. In the alternative, the storage medium may be integral to the

processor. The processor and the storage medium may reside in an ASIC. The ASIC



[0073] techn

[ 0068] Enbodi ments discl osed herein provide sone

enbodi nents of RLPs and i npl enentations thereof for
waoubdeiosd2omk conmuni cati on systens. There are oPO®MUS2006/005795
enbodi nents and i npl enentati ons. Various discl osed-

enbodi ments may be inplementd® in a BTS, a BSC, an AT,

and ot her se r nd.recei vers configured for » .
BRI R loy bt el S (e rBewsit 2R e Siomaerpedium may
Réitle WodikEtetedaipdhadintpaA i nf ormati on and si gnal s may

be rg&;esented using any of a variety of different

edyeasusidrscriptemmidiedisclpsnd entsodihents tgtrayided to enable any

' r i,0 C nds, infprmation, si.gnals,. bits,. .
SRt iteadne &P IRARC or JoRE BRbeeldivueblibh VAt g iications to
thése alivdemelas eviil PeiromlilyBspphent RPTHOSE LR BY théQht, 38@$he generic

currents,_ electromagnetic_waves netic fields or

3 - rm . - 3
psEicinley defined heveimmay be agrlicsh topriher eanhogdiments aiffout departing from
i . i t 0 dl ) .
BOTPHER 10 o500 T 958 RSl gt o 0 b
liroigecc &b thd endbedinnamtku blesyn ierebiliblus is am theah@ordet e SWRIBS: scope
ctign wi.ith the enpodi nents discl osed

d i bed, i ¢
BT ER Wl 5 R U G P DR LR o

[0074] CONPWVATAPISIBARVIE® Isconbi nations of both. To clearly

illustrate this interchangeability of hardware and
software, various illustrative conponents, bl ocks,
nodul es, circuits, and steps have been descri bed above
generally in terns of their functionality. Whether
such functionality is inplenmented as hardware or

sof tware depends upon the particul ar application and
desi gn constraints inposed on the overall system
Skilled artisans may inpl enment the described
functionality in varying ways for each particular
appl i cation, but such inplenentation decisions should
not be interpreted as causing a departure fromthe
scope of the present invention. [0071] The various
illustrative |ogical blocks, nodules, and circuits
descri bed in connection wth the enbodi nents di scl osed
herein may be inplenented or perforned with a genera
pur pose processor, a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a
field programmabl e gate array (FPGA) or other
programmabl e | ogi c device, discrete gate or transistor
| ogi c, discrete hardware conponents, or any

conbi nation thereof designed to performthe functions
descri bed herein. A general purpose processor nmay be a
m croprocessor, but in the alternative, the processor
may be any conventional processor, controller,

m crocontroller, or state



machi ne. A processor may al so be inplenented as a

conbi nation of conputing devices, e.g., a conbination
woR0w@/0B804and a m croprocessor, a plurality of PCT/US2006/005795

M Cr oprocessors, one Or nore m Ccroprocessors in

conjunction with a DSP core, 18r any other such

configuration. [0072] The steps of a nethod or

al gorithm described in cofRBMMsh with the enbodi ments

di scl osed herein may be enbodied directly in hardware,

in a software nodul e executed by a processor, or in a

ltonbiAamiethodofort ketat wansmdissord t iname mabidlink caymusshtien system,

in random access nenory (RAM, flash nmenory, read only

GPEPEPIPS{ ROV), el ectrically progranmabl e ROM ( EPROV),

el ects(e%xﬁeﬁtkﬁg & PRI P REEERARIKE s RV CIEEDR B transmitted over a

regi sters, hard di sk, a renovable disk, a CO-ROM or

Eumplitt dfeomimmicatibn dinks;age nmedi um known in the art. An

exenplary storage nediumis coupled to the processor

suoh A L SEErE SR <SR BpEvbbniaRFe i and

Wi t eadidiHoQl BBbAPSeqliehceldutnbet &Y @QR linRdhyeipadkit tolge transmitted for

al ternative, the storage nmedium may be integral to the

pfitst sismeothe sHeend pesienesorumly beig intbsegyanceetremassagiated with a

ﬂ?t?éuﬁiﬁ citO:_n an -@ﬁlog.ﬁnﬂ'-he ASI Chrey reside in an AT. In the

alternative, e processor and the storage nedi um may

reside as discrete conmponents in an AT. [0073] The

revi ous descriptjon of the disclosed enbodi nents is.
% ovi Hsamethodnehreimnl, Whereianthe|dist seateRcs Rmips cpmprises least

é;%lgﬁ?eﬁfi bHS6E 4 .a%%ﬁtanégrgk}é%%}ﬂ seqUBfideQtBuber (SAR seq LSB) and

Ifications to these enbodi nents 'l be readily

thp pecondtseyench membsk cothpuises rant duéonaatic, repead requessigeaguencs number
rinci pl es defi.ned herein be appli.ed to, ot her

&%@eﬁe&e Eqrsea%l llﬂ%%ye’d}é?fgff’tttg% t’fapﬁa‘ﬂ'ﬁ%ﬂ o1 uist ﬁm& scope

of the invention. Thus, the present invention is not

intended to be l[imted to the enbodi ments shown herein
but i Ehe ondteodaof o¢ldion 1t hwheteige she degpecquencsi sumher wpmprises a

the pri.nciples and,novel feature ' 0 er: qj
eapeBelE A s PR BRI TR ST fyprpacter o
Eg@nﬁﬂ$§@kﬂn in a nylti-link comruni cati on system

conpri sing: segmenting an upper-layer packet into

l'i nk-1ayer packets to be transmtted over a plurality

o calp PR oEDllrh 1 BB il dddble #AGUERGE LR Holclayer
seieterhe sutmbelag tndieting! ivhithknyech parkideyert padket is a first-time

transm tted for .
transm?tted pac]C(let or a re-transmitted packet.

5. The method of claim 1, further comprising receiving a message from a receiver,
the message including a first-sequence-number gap indicated by the first sequence
numbers of two consecutively-received link-layer packets having noncontiguous second

sequence numbers.

6. The method of claim 5, further comprising determining a communication link

with which the first-sequence-number gap is associated.



a first time, the second sequence nunber being in a
sequence space associated with a particul ar
woanssdwat i on |ink. 2. The nethod of clai m 1, PanEIS2I06/005795
the first sequence nunber conprises |east significant

bits of a segnentation and ré&ssenbly sequence nunber

SAR seq LSB th econd sequence nunber, conprises
én el eﬁto)dr‘gtggﬁlen %ﬁ%@? COBMSHEE ARSI tpARDE Q& gnore link-
B R S EhblS (g I T Efhch . pfmber gap and
fransatitterben b deternimbé compnpicatiess limk.segnent at i on and
reassenbly sequence nunber (SARjseq), for each
l'i nk-1ayer packet to be re-transmtted. 4. The net hod
&f clai mdthod Ubt hédta CHRREdsEIgNGn a8 dinfifdti-KnRt dbmfuhlcafod Osystem,
each |ink-layer packet, the status flag indicating
WERIHERS each | i nk-1ayer packet is a first-tinme
transgg it k -I.r i ck .2 The .
e ARG Qe piob AOSILL ESAGRREAE! S it
comssageatfondinka eschclaikviayer gaoketieanidgd bynclitstbddiefce number and a
first-sequence-nunber gap jndicated by the first . )

8 ﬁE@%ﬂ%ﬂéF@ebftiﬁmﬁ?ce?fL§WP% auylﬁeéé»@mzeassoclated with the
pdrRknheeeimRAGKBh $inRayjdn9 nonconti guous second

sequence nunbers. 6.  The method of claimb5, further
conpr rgisngitide b dirstiméssggedo ecanden ite eegiiest ré-traksnibdion wHérehor more

t he. fi.rst-sequence-.number i s assocjated.7. The )
IE SR o ARG % HEPHCBrAHES: RGPS o s 9 Epgoutively-
RBEvET ddmpkbiskd MiRbnRAGKkEt having first sequence

nunbers filling in the

i rst-sequence-nunber gap and
transmtted on the determ ned communi cation |ink. 8. A

th t S| in,a ti-1ink .
Fommunice Senba & LA SRR B Seh gupher comprises 1ast
digniKedmpirs oPasdgaictation ahd s @aitsE sedubivl tinites SMIR Rq LSB) and
articular comruni cation _link, each link-Iayer packet
8 SRTANE; SeaUgye AURbEL COTRIANFS (B AU TeReRd TeusSE saquence number

@qqg_géggf nunber, the second sequence nunber being
assocliated with the particular comuni cation |ink; and

transmtting a first nmessage to a sender to request
e-transm ssi.on. of. ope or nore m ssing |ink-|ayer

{5k oThe Mool el R Eeigipo e L MseRE® dRolides thedist sequence

ARRERECSH thy By ERREINREyIREGy RPEHED KBk nonconti guous.

11.  The method of claim 8, further comprising:

recetving an indication of removal of a pilot from an active set; and

transmitting a second message to the sender, the second message including the
first sequence number of a last link-layer packet received from the pilot before being

removed from the active set.

12. The method of claim 11, wherein the second message is transmitted upon a lapse

of a predetermined period of time after receiving the indication.

13.  The method of claim 8, further comprising:

switching a serving cell from a first cell to a second cell; and



9. The nethod of claim8, wherein the first sequence

nunber conprises least significant bits of a

weegwmstati on and reassenbly sequence nunber (BARUS2®6/005795
LSB) and the second sequence nunber conprises an

automati c repeat request seqd@nce nunber (ARQ seq).

10. The nethod of c)aim 8, mﬁ@rei the first nessage. ..

i ncl UERSTHINBE @ SN BIGHART &P HIg5RIS B seppnd; gssage Mcluding the
HR08&fudhdeY Rlnfindrasrel YRH iRl AeP BGHEE Secelved ARR dXBA ?_ﬁgt @dsociated
claim8, further conprising: receiving an indication

with thenfostdellof a pil ot froman active set; and

transmtting a second nessage to the sender, the

second nmessage including the first sequence nunber of

B4.| asThd mbtholl Y 6inR a8 kehertRGRe ¥Rbnd 1RRabl & tRink@itted upon a lapse
before being renoved fromthe active set. 12. The

ofea predeterminedpariod vf tijecatier Feopivingsibe dnicatieBsage i s
transmtted upon a | apse of a predeterm ned period of

time after receiving the indication. 13. The nethod of

t3.ai AR, apparahite adaptstp fors daty : trashiisionnth a swltiklinly cdairhunication
froma first cell to a second cell; andtransmtting a
YECBhGOREYEEEe to the sender, the second message

i ncl ugleng E‘J}esé[grr[eﬁﬁn CAY aPsr-1 ch@tf irﬁo | @idiayer gack ts to be
i nk-1Tayer pacKer retelve rom each pilot associ teg
trartshnittéveovier p pluralgly lof cdmmuiivaetiorelitieg of cl ai m 13,

wherein t second ssage is transmited upon | apse

of = BPatAbL MG S b BB prolsh e

i ndi cakiddNfor badina 6URAH elSendé MhAEr kO kadPlifk-layer packet to be
transmssion in a nmulti-link conmunication system

exmpiiited fy: 2 deditimg, ohe segndnteqnencarnumpise beingyior a sequieace space
éspéc‘?at'rea AL PR ES t‘é’aﬁBS 17 Sl tted over a
prurality off comunication [l ; nmeans for adding a

first sequence nunber to each |ink-layer packet; and
nmeans_for addi ng_a second_seguence nunber to each

19-nk- The appapies et cladn ge. wharahiher gt pagueneer ppnaler copprises least
B8R Boh ARG DI BB, L Ea SRR o ARGE Lom)and

thb seapmdasegtense ofumblen comfihses vidnesugomaticeepbatrsuese spg@une number

QU eal B il Sac ek § he BB DR BB (195 seq

LSB) and

17.  The apparatus of claim 15, wherein the first sequence number comprises a
segmentation and reassembly sequence number (SAR_seq), for each link-layer packet to

be re-transmitted.

18.  An apparatus adapted for data processing in a multi-link communication system,
comprising:

means for examining two link-layer packets received consecutively through a
particular communication link, each link-layer packet characterized by a first sequence
number and a second sequence number, the second sequence number being associated
with the particular communication link; and

means for transmitting a message to a sender to request re-transmission of one or
more missing link-layer packets, if the second sequence numbers of the two

consecutively-received data packets are noncontiguous.



the second sequence nunber conprises an automatic

repeat request sequence nunber (ARQ seq), for each

woOimle/oseper packet to be transmtted for a firBCTHISEWE/005795

17. The apparatus of claim15, wherein the first

sequence nunber conprises a é@bnentation and

reassenbly sequence nunber (SAR seq), for each

i nk-1ayer packet to be re-transmtted. 18. An

pRpar ghdig,adant 6 choh 1824AeREPER SRS Eeqund it dobdBises least

conmuni cat'i on system conprising: nean or exam ni ng

sigwificam loith af @ segnaankation and cesissentbly serpiencet nunghey ($AR0zeg.SB) and
parti.cul ar co nication |ink, each |ink-1ayer

s SReandCRaPenes HPen BRI P o R TaERT Sognag mumber

ggggggqﬁequence nunber, the second sequence nunber

ei ng associated with the particular comrunication

link; and nmeans for transmtting a nessage to a sender
regue re-transim.ssso f: 0 [ [e mssi

101 P B i o Selky P p IO RE bR, BB uEP frgyseauence

inlrgbdry\of the mwe condewitivety-reeiveddataphckeppacket s are
nonconti guous. 19. The apparatus of claim 18, wherein
the first sequence nunber conprises |east significant

it f IO !
s B S P B S D B R T By & procoseor
@n automati c repeat request sequence nunber (ARQ seq).

20. The apparatus .of claim.18,..wherein the ssage .
el (RREGIERhah FPpTiotes RSk IRiePEIRCkRS € R hatsmitted over 2

FIRRSBF St donghiniE/fRIIMRE, data packets. 21. A conputer
readabl e nedi um enbodyi ng i nstructions executable by a

pr oc eadly fixsbsequenpearumbgntogaple Hink-daysr ppdkekend i nt o

l'ink-]ayer packets to be transmtt.ed over lLuralit

of "cotibrecBi S Rpl o id 35 BUETET R BB R Bk led for o
BRE hinld, ke batyad spQed nudbel Bélflg an $€%qHchcs agbeNsRociated with a
nunber to each |ink-layer packet to be transmitted for

perfigyla comppgnication lgkeond sequence nunber being in a
sequence space associated with a particul ar

comuni cation |ink. 22. A conputer readable nmedi um

22rb o dyxi cognpiutes readable analivx eatbodiing ilyruati@isaxesgable boa processor

to:

examine two link-layer packets received consecutively through a particular
communication link, each link-layer packet identified by a first sequence number and a
second sequence number, the second sequence number being associated with the
particular communication link; and

transmit a message to a sender to request re-transmission of one or more missing
link-layer packets, if the second sequence numbers of the two consecutively-received

data packets are noncontiguous.

23. A method for data processing in a multi-link communication system,
comprising:

receiving a flush message from a sender, the flush message indicating an end of
a burst of data and including a last link-layer packet transmitted; and

sending a message to the sender, if detecting a gap in sequence numbers of

received link-layer packets.



exam ne two |ink-layer packets received consecutively
through a particul ar communication |ink, each

woOimle/oseper packet identified by a first sequeRC®US2006/005795
nunber and a second sequence nunber, the second
sequence nunber being associ @led with the particul ar
conmuni cation link; and transmt a nmessage to a sender
to request re-transni ssion of one or nore m ssing
ba nk-TRY §hetR8E K&E Slail 23D ewﬁ@rgﬁ{n QG WERGEe MHIERELS cBhprises a
the two consecutively-recelved data packets are
sagmeotatioy endiasseBiblysagpeireduinber (AR seggicessing in a

~multi-link comruni cati on system conprising: receiving
a flush nmessage froma sender, the flush nessage
25di cAt inighath PRdd&h prdebdside Gh dahPu@Udki B6MHANRALSN system,
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