Cl PHERI NG SEQUENCE NUMBER FOR AN ADJACENT LAYER
PROTOCOL | N DATA PACKET COVMUNI CATI ONS CLAI M OF
WOERIOGRITFYS UNDER 35 U. S. C. 119 [0001] The pr esRCt/US2008/062293
Application for Patent clainms priority to both U S.
Provi si onal Patent Applicatioh Serial No. 60/915, 404,
entitled "Cl PHERI NG SEQUENCE NUMBER I N LTE" filed My
1, 2007, and to U S. Provisional Patent Application
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reference herein. FIELD G: I NVENTI ON [0002] The
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at architecture, such’as conbining tw sub-[ayers
LIEEt’ fded Mbaeﬁ;ebIO(Ha bothofissigape rto 2hohssagnce dreswéiand rherdbyr expressly
i nst an a Racket, Data Conver gence Protocol (PDCP)
W%’iﬂo{?ﬁ%q?/yfelﬁergncc%’reéel%ntlty and a radio |ink control
(RLC) previously in a radlo netvvork controller are

both now wi th a physical i n an enhanced base
station, so called " Eﬂﬂ% Fgé\é‘éEN@HéN(el\lodeB) " per
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system_ [0004] Wth such co-location of protoco

BIPEE HRAL fiSeRAIER SetuCnesy nugmber fordheir FRgPREive Rpgket Gt it (PDUs).
comuni cation processes that previously were all

handl ed by a | ower |ayer, such as the RLC. For

exanple, it has been re®@ACKYG:ROOPOsed that ci phering

data c reSSI on be perforned in, the upper )
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reallzed by such distribution of functions, an
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Ly @htity T4 HRAULNRIE cOMFIIGRLICS prsashsBYint headiceR&wstinBontroller are
‘gopt enrovJ €v¥t?1ra Slflygs?cral layer in an enhanced base station, so called “Evolved Base
Node (eNodeB)” per 3GPP standards. This enhanced base transceiver station (BTS)
provides the LTE air interface and performs radio resource management for the evolved
access system.

[0004] With such co-location of protocols, opportunities exist for distributing
certain communication processes that previously were all handled by a lower layer, such
as the RLC. For example, it has been recently proposed that ciphering and data
compression be performed in the PDCP upper layer rather than the RLC, which handles
operations such as retransmissions. While certain advantages are realized by such

distribution of functions, an overhead penalty results. This distributed function in the

upper layer (e.g., PDCP) requires assigning of a sequence number to a PDU by the



the PDU for purposes such as decryption. In addition,
intervening transmtter and receiver respective | ower
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for re ordering, retransm ssion, gap detection, etc.
Moreover, the RLC can concateRate or segnent the PDUs
fromthe upper |ayer adding additional conplications
inretrieving PDUs at the receiver. SUMVARY [0005] The
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HI007] bet wehe fllomams picserds a denpldedantnzary eceideeto prov1de a basic

device. .Ap cket dat C er gence ,pr ot gcol . (.PDCP

US4 7 SO hOSTRDF IO 5B ¢ Hib UGS not an
8@&151\;@"' BvEMIR,_ &hd R ikt B cASQUENGEr RATBey kle§ d#S@flichP elements nor
deci pher the PDU. For a given cipher Key, the same

delipeetactee moeise! buchathpegis. ad@om‘pgseu@etg oajopt sefoe cppcepts of the
?Vs%{rlgeds %& LdstiY JWER flnf?e%dﬁe hasd pgau&é“ﬁtﬁéﬁ{%{% S%Q?ghcc?escrlptlon that

gener a eam
gmés@ﬁnedeata? ed to the data to encrypt it. Know ng one
set of data that was encrypted by the key st ream neans
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ler reception was successfu or every
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ecelvin utes the ci ering sequence nunber
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packet cormunl cation with reduced overhead
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sequence numbers sequenced fromthe first sequence

RRAgskto, thadptede anwgt 1pf Kpawiagtongaeholidita thaf mpencriyied by the key
L &np megnllse{t 1& %\Sgsrlble to work out the second set of data. A radio link control
(RLC) service reliably indicates whether reception was successful for every RLC
service data unit (SDU) submitted to the transmitter. The receiving PDCP computes the
ciphering sequence number from sequencing information provided by the RLC service.

[0007] In one aspect, a method is provided for data packet communication with
reduced overhead. A first sequence number is signaled from a transmitter to a receiver.
A plurality of service data units (SDUs) are processed in a transmitter upper protocol
with respective one of a plurality of transmitter sequence numbers sequenced from the
first sequence number. A plurality of packet data units (PDUs) by a transmitter lower

protocol are generated and transmitted to the receiver by incorporating the plurality of



protocol are generated and transmtted to the receiver
by incorporating the plurality ofthe transmtter upper

wW@e@B03Bh8 SDUs each associated with a transm t PEHUS2008/062293

sequence di fference value for reconstructing the

respective one of the plurali®fy of transmitter

sequence nunbers at the receiver for retrieving the

plurality of SDUs. The transm tted sequence difference
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Incorporating the plurality of the transmtter upper
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sequence, difference val ue for reconstructing the
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[0010] In a further aspect, an apparatus is provided for data packet
communication with reduced overhead. Means are provided for signaling a first
sequence number from a transmitter to a receiver. Means are provided for processing a
plurality of service data units (SDU) in a transmitter upper protocol with respective one
of a plurality of transmitter sequence numbers sequenced from the first sequence
number. Means are provided for generating and transmitting to the receiver a plurality

of packet data units (PDUs) by a transmitter lower protocol incorporating the plurality



of a plurality of transmtter sequence nunbers
sequenced fromthe first sequence nunber. Means are
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receiver a plurality of packet data units (PDUs) by a
transmitter |ower protocol inforporating the

pluralityof the transmtter upper protocol SDUs each
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trisnyieroseuerase humberp yat t the reeiedr for angievingethe plogidizy of SDUs,
e Bt IRNE P BRRRS) P ESRASER Pt otk bapugile

faRence nuithet ok rogleei ugc r oMmathbd ans pirdigsd tfor adata packet
receiver. A plurality of packet_ data units (PDUs) .
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towen sprototelr isuggeratgt and)ctmlnsmﬁtedl e ad@imsnuttért ®weSPdstbcol of the
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conmuni cation with reduced overhéad. A first nodul e

figlsedngezalges i r st sequence nunber froma transmtter to
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Erot ocol of the renpte transm tter and incorporating
PRy & (RPSPIEET 10r AFSRIVEE- e second module receives a plurality of packet data

units (PDUs) at a receiver lower protocol generated and transmitted by a transmitter
lower protocol of the remote transmitter and incorporating a plurality of transmitter
upper protocol service data units (SDUs) each associated with a transmitted sequence
difference value. A third module retrieves in a receiver upper protocol each of the
plurality of SDUs from the plurality of PDUs by reconstructing a respective one of a
plurality of transmitter sequence numbers sequenced from the first sequence number by

the respective transmitted sequence difference value.



upper protocol service data units (SDUs) each
associated with a transmtted sequence difference
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protocol each of the plurality of SDUs fromthe

plurality of PDUs by reconstricting a respective one

of a plurality of transmtter sequence nunbers

s@guenced fromthe first sequence nunber by the
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f t | ural .ty of PDUs struct .
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asrReks velgguenced fromthe first sequence nunber by

the respective transmtted sequence difference val ue.
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mqen&mﬁmmaﬂb“ﬁfm tartﬁaﬁmsmttdfa@amet:dl%r tMc@nst i€ GRdMEEd for receiving a
ans is provided faor receiving a plurality of packet
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pr ot oco e renpote transmtter and I ncor por at
pluiay bf yramfmitterangpiet ptosscoll pgrerce pﬂatatmmsl(SEéIs)/eam adstcaated with a

unlts associated with a transmtted
Hé‘gs%ﬁu@?“é’r &Ef@@n&%%lé‘e S ¥ é’r‘iﬂl‘%{%i gédietFlSYmg in a receiver

{1 o 526tdR81 'e'&cb?1 JreqR \f)ﬁlramppsf 08 oesth &R Dbglu‘i’zfllt& h& PDUS by
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transmt equence nunber s .sequepced framthe t
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diffct@ceng@cval ue. [0016] In yet another additional

aspect, an apparatus is provided for data packet

KWL cat Iroyetwnether eddiideng] aspeethamdppasatipisatroyided faralata packet
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ransm processor proces
plhaba@l frényt ofenpae kzehsrﬁllateﬁ undits paBRUprodeswei pdedts a plurality of

Ir)aec(l:(g‘é Vd?l‘[a lu(I)l\ll‘gser( rI?st) Ofeglelvgc? naetr gt %%elggrd lower protocol generated and
transmitted by a transmitter lower protocol of the remote transmitter and incorporating a
plurality of transmitter upper protocol service data units (SDUSs) each associated with a
transmitted sequence difference value, and for retrieving in a receiver upper protocol
cach of the plurality of SDUs from the plurality of PDUs by reconstructing a respective
one of a plurality of transmitter sequence numbers sequenced from the first sequence

number by the respective transmitted sequence difference value.



transmtted by a transmtter |ower protocol of the
renote transmtter and incorporating a plurality of
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each associated with a transm tted sequence difference
value, and for retrieving in & receiver upper protoco
each of the plurality of SDUs fromthe plurality of
PDUs by reconstructing a respective one of a plurality
017} ansmi To dhe seguwhsemenirdiche feregeingced rélesheands one or more
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sidered in conjunction with the draw ngs and the
di scl osed aspects are intended to include all such
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pesiseREStIIgCEras mat enaefrth¢ saqueiessipider:ng; [ 0021]
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protocols and two receiver layer protocols of FIG. 2 with a transmission loss of a packet

data unit (PDU);

[0023] FIG. 5 illustrates a timing diagram between two transmitter layer protocols

and two receiver layer protocols alternatively using an upper layer sequence number;

[0024] FIG. 6 illustrates a block diagram for a transmitter having modules for

sending a polling command to a receiver;

[0025] FIG. 7 illustrates a block diagram for a receiver having modules for

receiving a polling command and responding with a status PDU; and



[0024] FIG 6 illustrates a block diagramfor a

transmtter having nodules for sending a polling
W@oRas98 o a receiver; [0025] FIG 7 illustrar@BsUs2008/062293

bl ock diagramfor a receiver having nodul es for

receiving a polling command afdd responding with a

status PDU; and[0026] FIG 8 illustrates a transmtter
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sequence nunber is used for both the PDCP and RLC to

reduce overhead by si naI ing a TX PDCP first ciphering
sequence number to tRET %BQ)ES@%IPJHQN)/pt ed data

E@gﬁ RL% g%%a&ﬁétg Cnéﬁllgaﬁg)g n%/g S %:gﬁﬁ)gt gn 4, Jﬁgﬂ@ltlgﬁ in a packet

éz&g nemtvegeser praecod atPD )i tusd (&S )ink rcomrolh€RhCyher Layer 2 of
Thi s sequence %% IS suffi &lxent for the
%ﬂtlel% POYCiTT e IERYRI R § gbzfﬁdo"etr%c@f"%r( A' Siele"Sequence
ﬁﬁhBéﬂ% Nis8$ f@NpotBlthe PDMP hRd RSO t@lrécﬁl‘e'b R efhREd B§§ ﬁ’@ﬁﬁﬁg a TX
| ayer PDCP to reconstruct a sequenced val ue used
BB@Py prst ccopheemg se[qoe)@@] nwalvaroms tl@sBé’cpgoarte amovypted data packet

described wi erence dr awi ngs.
FOTFOIER oot PEChe RBSpuiReee T Bpi i TRK, which can
BrETRIpaskScR@ehdte e oﬂ%gmdn&dasrem&@aata Qhi(SDUOIfEeh thdhigher layer
Er ovi de a thorough under st andi g ohe one or nore

Bp®ct This sequaage pamber tesifficig Riato pwéomarq oligsring, gap
ge;’[?cgfoﬁ% Q? Q} i acetté C%lle lth) uﬂtl (x/hf S%he Cp Ih&r 1a Syelr PDCP to

i NSt ances, ur e

v st aamlusmwmlue ubécbmlendlry@gcmﬂtor m | n order to
facilitate describing these aspects. EOOSO] As used in
{0024 app‘( qrtop jABRECts: HE NogY ﬁ%scmbew(sﬁhefﬁ orence g dhyg drawings. In the

fotlbSkifi deschi Hoﬁ Z‘FB #uhfos@sr 6 L1 ﬁ‘)ﬁ hﬁm&%fugrspeaﬁ@ details are set

conputer-re ate el t her hardwar e,
foothbinnatiéroto mﬁwkiaracthanoeglauddesrsrﬁmdmg ef osobt wmre aspects. It may be
saftware in execution. For exag\g a co nent

m
\edenau OWevehofhaf ithy VaEOYL2WEF R ghaY b iyae: r\ﬁﬁmtﬁﬁeﬁ specific

BctBOCEISARor RsBAQELRRAnod GRICEHEs 28D R¥RESBAD kﬁow@ in block
thread of execution, a program and/or a conputer.

Wagraof forin|inetdeata falnlhtaj@titscahmgnmsc @sitdctsn r unni ng on a

EE Y

ﬁﬁ%“]e %s used in this application, the terms “component”, “module”, “system”, and
the like are intended to refer to a computer-related entity, either hardware, a
combination of hardware and software, software, or software in execution. For
example, a component may be, but is not limited to being, a process running on a
processor, a processor, an object, an executable, a thread of execution, a program,
and/or a computer. By way of illustration, both an application running on a server and
the server can be a component. One or more components may reside within a process

and/or thread of execution and a component may be localized on one computer and/or

distributed between two or more computers.



the server can be a conponent. One or nore conponents
may reside within a process and/or thread of execution
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and/or distributed between two or nore

conput ers. [0031] The word "ex&nplary" is used herein

to nean serving as an exanpl e, instance, or

illustration. Any aspect or design described herein as

[093&hp! arhe" word fiexenmawSsiarisey hescibpetocomen sgednggs an example,
referred or advant ageQus over. other..aspects ot »

fhsBnGheT hoyalo FMDREPRY o8 g dGA105R BT o epispy” s not

ey sy BcasBithrd a8 proferi®t fradyvapRanabus ol agfccis®r designs.

of manufacture using standard progranmm ng and/ or

EW32 heefiungcmeipnthg s QrompicovRisians BRY igr mplgmentgghpe 2 method,

: ' i QF .1 ol . .

RS or BB AATRCHRS' et NEAGAY O AREQanBor cngincering

teahniijadsetooprodaceu fa@owate e firrgetrealhbeiwaat,i orehny, combimptiére thereof to
rogram product”) .as used herein is intended_to I

g(ms%p%.s MPUS it B B r B disclossd BERECESy ond Bnyferm “article of

AP Gl (3@5’1%?11&@2!‘,”‘&%@&@“ Frb&am RodiRYl R-usEPherein is intended
exanpl e, conmputer reéadabl'e nedia can i1 ncl'ude but are

toenddnmiased temputgn eragramst acegydld duine esy ( eangpytetamadhble device,

Sl of KRR e BB B ARSI i
{oOMR)netic: Storaf8REVic6R (&S, hataddifk,a8dhpyEamIt, Ymaeietie &rips...), optical
e.g., card, stick). Additionally it should be
él@b& eres- ataapach disk 4CPar digdial weasaslcdink blo Vehphoyaart tcards, and flash
ter- . [ t 1 .
i ROURAL 7 GRESILE LSBA O SRR PUSPRGgO8F o comer

Wavacaeissemglofe @t s kcosipuiferasadable didgvtenitaiat:0duch ab B3k used in
area network (LAN). O course, those skilled in the

Hepsmifting and serghiing cleetRgniaBilior dhpscsHEng R PeHO pird asghe Internet
. ) : i i .
ot AL SR DAY, DR ShuSF G5l BALLLATHE AR i RfpAlze many
pooddenti@d iy bemmslead thigstoafiguttion withput deplactthe fom the scope of
Eé%%{?éo‘i conmponents, nodules, and the like. It is to
Ier ?%’Gﬂtsa_nd_ appreci ated that the various systemns
[TR%3] nCl\%%u@%glbéc'tsoafﬁl bE %&Qﬂﬁﬂtiﬁ’tetﬁﬁdb‘f §xten® fhat may include a

and/or may not 1nclude all of the conponents, nodulés,
estoberdifswoywednts,mediiere end dire lake. hlttikéo b gmdestood and appreciated

onpi nati on of these.approaches al so be ed. The
(D sl e s R R e rp e g dnd or may
gbtemlcudeadll devh& @emipbedntdi M8 ASY i #eSditdidedutn bdARction with the
touch screen display technol ogi es and/ or

frewse- angombipsben af thase approaelicadeay alsg depised. dfhesyagious aspects
L.ces, i ncl C S..( % ) g’b [ 4: vé r s

SRR B S, G 5 RN ARE TR Pt i
toaklepbaoas, diwlie! esbnaogEed phangs movst-ahessysbatd 8@t dsterfaces.
and ot her. el ectroni ¢ devices both wired and w rel ess.
Examples of such devices include computers (desktop and mobile), smart phones,
personal digital assistants (PDAs), wireless telephones, wireless smartphones, wireless
data cards and other electronic devices both wired and wireless.

[0034] Turning to the Drawings, in FIG. 1, a communication system 100 for data
packet communication between a transmitter 102 and a receiver 104 reduces overhead
by avoiding the need to transmit one of two pluralities of sequence numbers. A higher-

level protocol or application 106 of the transmitter 102 has content for communication,

depicted as IP packets 108, 110, that are transferred as a service data unit (SDU) 112 to
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over head by avoiding the need to transmt one of two

pluralities of sequence nunbefs. A higherlevel

protocol or application 106 of the transmtter 102 has

content for conmunication, depicted as |IP packets 108,
an opper Hewel arasoal.adepicsed eda Becket Data/C ewverizenae BmtOCO(l SEDSSP) 114.

%a%zn é}%gnnﬁ) ICi)r(;"lf%lerne 1%,'[1 tgt 9?@&&3?&%& Ancﬁﬁﬁi]eag’ Fﬁhann&pqomgpnent 115

thap ke at seqwentfrah RerPc@ﬁéhxfgaat the atdng@iteer Qllnﬂ h;&bipﬂ@rlng at the
conponent 115 that requires qluentl al key

tcpiver iy Bhis tlﬁh]éluﬁtif?’é%hi’ ﬁtﬁa‘?t Pame] dééhfﬁﬁ% fﬂil%pta@ Wtﬂihea transmitter

{aﬁﬁ%ﬂ# Vge5e h0%e M ﬁer' dsh\f %&@Eeﬁdatsbay 9‘{ Jﬁ {Shuhtd 436118, The
IS e crypt nsmtter ering

BBQ].Iéh@@ackalgbaethe( ﬂi@BI‘IIP padleq‘:tl Di%d Aasccand dd]ll[éﬂ]@@ muasﬂae;rpted with

118. .. The PDU 116 .packages the first |PQ
%P%]&{éqﬁﬁhﬁ el gsand Bgtgé seUEPCeIRERYss U T iland packages the

Q&Bh&:ﬂegaé}ét ?ﬂ) | P PIED ﬁ@l t%&gg&[bctﬁe @’wﬂ%ef 16, Y0 l@@DUs 124 to a
and packages the second | P packet 110. The PDCP

sareias potess poine oPBUswdrl Bycrl20tomsl, SEpjstcdi 24 & Badio §ank/ lhagaer (RLC)
%@ess point of a |lower |ayer protocol, depicted as a
io Link Layer (RLC) 126. [0035] The RLC 126 uses an
ﬁequﬁﬁqu@ unhekes SERLCLRFudSe n‘ambérzae;t)lbﬂ%d%ﬁ der 108rin order
tracking recei pt and retransm ssion and
fmérraalslng mercipt andretiansrissioapid ethgepicsations, In wreilRstivzglepiction,

q?ﬂ%ar?%r%gtg act %na%%na%(f) lgyU ]%% L%ﬁ]léna?seﬁcﬁ el B BRr “N” 130 for

ormngt I ons.
ﬁaﬁﬁ»aiuegwafeem@mohaﬁs seaﬁ@teﬁﬁafea RIan 26 Rendsihbré 214aﬂ‘ SNSDU 124
t he upper protocol 14, depicted as PDUs

froe, thsaamamtoe@t%l)@%é lflsde@gfé%d 15 RigUs d 16039 |$gpnéﬁry data 132 is
Lp%@ﬁ%glt@ 1&%ﬁ{1fy eﬁe@aﬁf_%{b g% two-PPU 2196 ot dAl%Hlétf(f% yyorq{l addition,

ti1on, 6 can generate and trans
thedtienitl 26 ciDpkrikBate ok nhndnied stpymantskBRENEE idemtfexd ByM sequence

136 | 3 14 . )
w%%ro‘ i 32@ {P i t%g%a D%’P@ 1838{ ﬁemﬁﬁee%ﬁggp éflT SHffgnagively or in
%&1{1&{1 QEe R 6 LRALerkOL m%ﬁtﬁ%h%ﬁ? ok Yotr&pBh&s &%&tly to one

4 reéceived fromthe PDCP W th adlrectly mapped
§Eﬁhb?r=ﬂctecmmrbﬁom(tbc BDCPal 1dewjitte n decaiynbappefl soquenbeniPhiGR (c.g., a

th ale omtt rnat
Shatra R R 2 e dCp A i ROt Asgplivey or i
sRMen, thBaRag2hotdn cec at @Bﬁb@sﬁltea[?!b[ﬁ (Ret tsh@dvn)SM has both
124 fromthe PDCP 114 in order to achi eve a desired

eongAtsRRtsd e a Pl SPAGIBY frore tpRDCPe] 141i84rdey to achieve a desired

%ﬁ§ to a nmedi um access layer (MAC) 140 then to
ggp gssl?(%{aiqgﬁ ayer (PHY) 142 for transm ssion to the

[:(E)BG] paciketPDiedeby ¥4 ikQhnsferred to a medium access layer (MAC) 140 then
to a physical layer (PHY) 142 for transmission to the data packet receiver 104.
Advantageously, transmission from the transmitter 102 to the receiver 104 includes only
one sequence number to reduce overhead from which the two sequence numbers needed
by the PDCP 114 and RLC 126 can be derived, depicted as either (a) U = N and
L =f(N) or (b) U = f(N) and L = N. This reduced overhead is sufficient for the
receiver 146 to employ a first sequence number 144 signaled from the transmitter 102
prior to exchanging encrypted data. A synchronization component 146 is thereby able

to discern the appropriate sequence number needed for a deciphering component 148 to



Advant ageously, transm ssion fromthe transmtter 102
to the receiver 104 includes only one sequence nunber
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needed by the PDCP 114 and RLC 126 can be derived,
depicted as either (a) U= Nkthd L =f(N) or (b) U=
f(N) and L = N. This reduced overhead is sufficient
for the receiver 146 to enploy a first sequence nunber
tegdevsi gl PR flrl 6 ml 2hérony thestransmedter gpep piadecol,owhich is the PDCP
Tgﬁhanglng encrypted data. A synchronization conponent

is thereby able to discern the appropriate
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toretrieve each PDU 116, 120 fromthe transnitter
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upl i nk. RA, E- UTRA, UNMIS, LTE and GSM are describ

dcppumwtmﬁvam organiadtionr Igaamﬁdz ‘ril drenamtred Pagnetship PrOJect” (3GPP).

CRBTAT L PGS ARt fewrt i Ehimo Misagighfamed 3rd

Gen&etion PArthaiap atroRAt ParGoershi pris®jvatbus radic @fadlogies and
These various radi o technol ogi es and standards are

Kapdends e kpewm it thepg038] FI G 2 il lustrates _
[ﬂ%)t3§]0d0|1ﬁ@il. %Sﬂlﬁg]tge{t&r rnejth%\ﬁlol‘a 9" 30%r Ifﬂ)v&? 8?a%¥a‘ij1?snﬁ1eac\:®0}(ﬁnce with

the claimed subject matter. For simplicity of explanation, the methodologies are

depicted and described as a series of acts. It is to be understood and appreciated that the
subject innovation is not limited by the acts illustrated and/or by the order of acts. For
example, acts can occur in various orders and/or concurrently, and with other acts not
presented and described herein. Furthermore, not all illustrated acts may be required to
implement the methodologies in accordance with the claimed subject matter. In
addition, those skilled in the art will understand and appreciate that the methodologies
could alternatively be represented as a series of interrelated states via a state diagram or

events. Additionally, it should be further appreciated that the methodologies disclosed
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and appreciated that the subject innovation is not
limited by the acts illustratkd and/or by the order of
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and/or concurrently, and with other acts not presented
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F‘ﬂs&s arl AR R BHCP a@ &qatyudil Ta{he%%ﬁ t6 ngérs\ﬁﬁ %cg@ss point

ocal tra mtter pnering se ce nu
(S?eP)RiﬁN ]@bC((bk)cR(’Mp) [ThsendRX MGS"ESGN as hatciatluded as part of the

BRBSh dyierhenste Am Bretirel bk NG SRz ik @sneraces, or

phikhodsSBd) SIHECRE ViafsrhisQ8h @nﬁ‘ 'r&ha%rsmllséﬁbﬁras(@qﬂred Depending upon
appllcatlon) by iteratively increnenting the TSCN

Vias icopO@yratafnsethippaskedng ngn be SDU:-toFpree EXtPDERD, rﬁamstenatlon

PDCP ket .d '
A sERG i SDES £ SRR g st SV PR e iR Fopt SBps atone
Wwethnodeethehfdatpottid JHSENSDE. MHe ROC v tht@SorRALC @éqhdeh@e number
PDCP PDU header, however it may be indicated to t

R ecBARPDCR PDFe chehaligws dFlpdekesgesn ithepgpisrsoincluding ordered
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ari ous consi dera I'S packagi ng
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SDUs, a se ntati on_of received SDUs, or a .
Bb AR %1 a;@EBUEOT &%ﬁ@w%@ ?foal the frprrigar 9ohe resmiver (block

9f4)a”r B ﬁrﬂ@ Stﬁé’% £& L dRldHree Cific RITBHICP (block
to ‘each PDCP P That a ows RLC to performits
2per whlchnalsuresl uhdl sygcltrnnheatmll dsellwptecxgcn rfeRLQnEDUssam nlsvst The

of | ost i tion uence nunb ca
fpéluence nurn er dlflference etween he ﬁrs 01pher1n sequence num Ter Gant by the

transmitter to the receiver is used along with that first ciphering sequence number is
used to compute the RCSN (block 218). The RX PDCP deciphers the PDCP SDU using
the RCSN (block 220).

[0040] It should be appreciated with the benefit of the present disclosure that the

afore-described synchronization methodology 200 allows the receiver to take a snapshot



mai nt ai ned by neans of the sequence nunber difference.
The RLC PDU is then handl ed by the MAC and PHY | ayers

WO 200811830 ssion fromthe transnmitter to the PEDEB2068/062293

(bl ock 214). The RX RLC provi des the sequence nunber
di fference to the RX PDCP (blbck 216) which ensures
the synchroni zation is kept even if RLC PDUs are | ost.
The sequence nunber difference between the first

ef phigh¢ring ssauensa cembant$eunteninddhe Rh& $aqaaraei tunger {(RLC_SN_0)

the .receiver is used.al wi_th tha st ci [
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erecelver to take a s a cipnering s uen
formibiag 1§ Cauayercequnde hirab&LGSag) s femamiyarer (aRbGiBhdcol 402 to

O, used to carry, that ciphered. unit, sequently, the
p)t@%relﬁwenrgtoaw A Path of oSy (!fe‘é@@ga% Iyfaptocol 408

BCinel & ah%pg%yer-rﬂ%t&bpn% bo@ SeAHRBSE: DURPRI2 CaR RBicted at
comput ed as rrént” conputed ci phering sequence nunbe

£ Cohn T Xappe( R @ 18ttogol 4(RLEnENodized the M XSuppsr layer protocol 408 by

nmet hodol o 400 is depicted, as an exenpl ary.tim

s Pt SyavisBrnpmiton S Ead i anEesl e Ther i pgper tover

ptseol 40TMRE thEPRGhelcBYIBMbEF Rt ?E&ceéoa?PlbU B de?Wd At aYy2ollowed
rotocol 404 both of a transmtter (TX) 406 to | ower

nyenspispippde|tha JX dowert lager protagal dprperithony arclyshieg dsopequence
4 0 .afr i~ver 4312, epi ¢t 0,
AR Bt SEREEL 6 48 18518881 EE gt cose

tpiedisdidy 6f a 6 WE0RGEr ADB iyludingnakéqugnddheurBBguddcte upper layer
nunber of a higher |ayer protocol (to .. The TX up

PRYets dspsttestd| 424000 estranpnitees (08 ie & aveNayey pml%‘é& 406 of
BORESvePa PPU B ﬁg@w?q‘gl\ilg%r ?%%ogo?léllog"\@sgs %é Ajﬁ[uence number to

transmssion to t ayer protoco

wdttinane récapkt ofupger tiiyer PEJUEaeparting &r thaR X eyppeat legeratrotocol 408
424. 1n_tur e | ower | ayer protocol 404 causes

f dinisifa ot BAF o P, @mg?ﬁ@gﬁé rprw@qﬁ??%! Wiat Hy sqauaameder N to
TR AR dchBerdPREMLANSd B oaSs Q@.g.l, c&ghad t2ppr g;'?”the TX
the transmtter 408 to the | ower [ayer protocol 406

wiper eyer progiopkd 024 vhichTinghiRXr$t paessis theysemepruotbecdl 408

uses its sequence nunber to determ ne receipt of upper

[oaver PDW FIm. aeporitliggtd andthive RXitHp@as lbay ethe pmothodsibgy 400
408 as depicted at 428. The RX upper |ayer protoco
2UBINYSe §Vith anQhg dREACA UPRSHEITING PICh eBBRBHOPIFation [pd the sequence

BAAGF MR P3R! o AR b 2
thierssugnas auinbert Neto pactesalPDEF afNderfi€i0d 2] 43hidHoGied by tramsmission
Igralotggsll)g ?otvserlla?ﬁtr %pochco\i\u})érl] v&glﬁlto%t {n(c)ﬁf?ﬁngt tmg sgcﬁ}eggedgllmqgg{r as depicted
at 454. In turn, the TX lower layer protocol 404 causes transmission of a lower layer
PDU including an RLC lower layer sequence number, the upper layer PDU as depicted
at 456 from the transmitter 408 to the RX lower layer protocol 406 of the receiver 412.
In transit, an upper layer PDU is erased as depicted at 458. The TX upper layer
protocol 402 uses the incremented sequence number N+1 to process a PDU as depicted
at 462 followed by transmission to the TX lower layer protocol 404 without including
the sequence number as depicted at 464. In turn, the TX lower layer protocol 404

causes transmission of a lower layer PDU including an RLC sequence number and the



continues wth another instance occurring when

synchroni zati on of the sequence nunber is required as
wWhedens7ses depi cted at 450. The TX upper | ayerP@r/osme8062293

402 uses the sequence nunber N to process a PDU as

depi cted at 452 followed by t¥ansm ssion to the TX

| oner | ayer protocol 404 wi thout including the

sequence nunber as depicted at 454. In turn, the TX
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thout di ng, t he sequ unber epi ct ed
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uptef X% nppdraayter ardodof #62. 408 to the RX | ower |ayer
prot ocol 406 of the receiver 412. The RX | ower |ayer

poatpcolin4068. §semdthelosQGUSIICR IRl as0dn Sxbg@etyeithing diagram

recelved PDUs to determine |ack of recei pt_ of an upper
foayusingppy upper lapopequatca BUNhE X qoppewnicaipar frgmotrpapper layer
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pum)taqop 608 hay/ éren I?@hhfuppeﬂlemrgromgoltiﬂmtbwh BKa upgeéver (RXeS12. As
8 as_depi ct at 468. The RX upper
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quence to process (e. encr ypt
Nhe TRODXbyprch éty@(pnom@e]r 502ayses ther stjoack nd@lher NO@#Rjcessn PDU as

AR A 22U PO Y Qg S BB T Ky BEtUaHEeR! S0 including
S8 alf 6f the Q&Hw&lg&lﬁ%a&falélfscﬂ}‘tﬁ@séq%%e ﬂu%if&f aPUPiQ6OLt 524. In
502 to a | ower |ayer protocol 504

twandi TKelow(e‘r)@y@QﬁotO@OI é%rcauwetratpnmsmopf go®wgndayer PDU

knﬁ%&nt%ggs?%{]e S eﬁféoﬁ télt%éf%as %aﬁl%%lgs&qﬁt hg}?)efr lagsglerr I%gc(fde\r/lge number

m@ﬂﬁq%el’émgexs}ymu%awpm athfz6%mppetraﬂlmiaér PODI0BOIRX lower
508 by Enalln the conpl ete sequence nunber of a

WD’@%BWQO& aPo f o EseivE: ém) Thypea Tokatifsplor pegrhead is required to
0= L3 ENARIRRE SUTREL albR BUORETS Bt o

diXtHeohamst sllgty!ﬁxranp bt of ohe B@AGIIII[E ls&dp‘ielm;@ sonterarvealthe af with each

he | east, si |f|cant di f .t he sequence nunber as
sred dackst. Bwsc o Dits Pﬁ% FiBherg SAFGe qbebmﬁyo parried for

é}gﬁmﬁ@'ﬁ?% PD@PSﬁD@? RO RITC BedRWBE tha@XBACHIdMer. 1f those bits are
appended to the PDCP PDU, one can add 8 bits in order to keep the PDU byte aligned.
Alternatively these bits can be placed in the RLC or MAC header by sending a few of
them (e.g., 3 bits), thereby allowing the RLC to be reset whenever desired without a
need for computing a difference value "delta".The RLC functions such as reordering,
gap detection, retransmission, etc. are performed with reference to the upper layer
sequence number. In addition the RLC protocol performs segmentation of upper layer

PDU when required for initial transmissions and retransmissions. The RX lower layer



i ncluding some or all of the least significant digits

of the upper |ayer sequence nunber and the upper |ayer
wWODNI8Aa37sekepi cted at 526 fromthe transnmitter SPSI/US200$1662293

RX | ower |ayer protocol 506 of the receiver 512. Thus,

arelative low overhead is relfuired to initially

synchroni ze using the full ciphering sequence nunber

and then to signal a few of the |east significant bits

potadek 5@§ pirerthegprss dapsn sequsnebeymbrrde detseminicrresginttpf upper layer

ci pher.ed ck Those few bits.of the.ciphering
Bg S cBRRS of M Wi fya dBriEa g BSGEPHE Spbbame Rx
B¥dr hbhe Ridodeasiar usds thhesddpendiead@ber kd rtbseudli the complete
are appended to the PDCP PDU, one can add 8 bits in
ageRcet BIRReE puse o pmecesy t(e-2al degHbar) et RIPHaRY (g X upper layer
@Q@g§1§6gs can be placed in the RLC or MAC header by
nding a few of them(e.g., 3 bits), thereby allow ng

LC to, be reset whenever desired wthout a need :
3 Comal St SRR L a1 TRESs o B lon Riems are widely
HAI6$ddAD HreHENy Bfous 8RS 8F tamubRBHEE RSt Qfh as voice, data, and so
retransm ssion, etc.” are perforned with reference to '
ome Theper syshgres  mepudecenvitimserccessn saslding | gapabiee ML Csupporting
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b&HdRANE g $iaBiBit pdier) RXdngiey off sayie il il @6 edesHBtausdEclude code
t he upper | ayer sequence nunber to determ ne receip
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eivisigip arultinly eqccEpU GIM A episienisn gino divigoRxnygpler ageggpe (TDMA)
depicted.. T
S 20LRRAE il 8%, TS BREIRLONES othosona

friquonoyrpividien seljipbnaecssyOFEM A$ ehtdnas. pr ocess (e. g.

deci pher) the PDU by the TX upper | ayer protocol 502.

[0034B]  |Genghay! d abeyapRELC hRlGe-hBREs Web@hR8Ration | system  can

conmmuni cation systens are wi dely deployed to provide '

sismiltengouslypeppot commmmniatian ifenmutinle mirckase teragnalsilash terminal

dat a agp $QuoN, Tpese g%stepg nﬁ%ﬁq? nukti

SRPLRSEs SAH) 80%PT BRI Mg B minT E5TS

Pasbist PhRs. U$he rferviaird SR oM dbwinliak prediérk bR cepsh@ation link from the

resources (e.g., bandwidth and transmt power).

B3sanrptatiensofto s&léht@rmlﬂtailﬁal tdydbesisvayetléts (Phainliak) cefees to the
e oo, : Cioe division .

LG b Bof B RTph e BE, Slfons! S, hifh i on tink

mal t bl stablidedsviaFDMAhgls sk igh-o@nBI8O0Y hagotislt-in-signal-out or a

freguency djvision nultiple access (OFDVA) systens.

F@gﬁﬁTﬂtgﬁgﬁé?PViNQR%P}§FE§§ nul ti pl e-access

comuni cati on system can sinultaneously support

H9diLini aMIdO fspstemmenmpil gy semulitipksl (@5 tramsnmt artémnas Bad multiple (NVg)

term | i cat W.th tati ‘
{REE PauRdE e BT o R sl ORRSL BT il Fansmit and
ThecdeBlioWaithnbs Rlsy (0RTdcdompddet Kntol &S inHSpch@ertRBanncls, which are also

communi cation link fromthe '
referred to as spatial channels, where Ng <min{N,, N,}. Each of the Ny independent

I]{%qu-nﬁ&l% efSOISward and

channels corresponds to a dimension. The MIMO system can provide improved
performance (e.g., higher throughput and/or greater reliability) if the additional

dimensionalities created by the multiple transmit and receive antennas are utilized.

[0046] A MIMO system supports a time division duplex (TDD) and frequency
division duplex (FDD) systems. In a TDD system, the forward and reverse link

transmissions are on the same frequency region so that the reciprocity principle allows



base stations to the termnals, and the reverse |ink
(or uplink) refers to the communication link fromthe

W@ 200811875P% t 0 t he base stations. This conmuni cBET/082008/062293
link may be established via a single-in-single-out
(SISO, nmultiple-in-signal-ouldor a
multiple-in-nmultiple-out (MM) system [0045] A M MO
system enploys nmultiple (N T) transmt antennas and
thsrletstlmaéor( nR)herfec&éardémésm i grofno thedesverse tiak shinsi. grhis enables

N T transmt

Pectors BRRLT, s ChE Pl B dom B 1 PR unelipk when
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frequency division duplex (FDD) syStens. In a
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%r Rmpf nﬁtlo TOT Y HE OF o WarQ Mk
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the access point to extract transmt beam form ng gain
Bek 1038 4ndr (Repiye | informaheh fram tacetse temiaein@kd qver reverse link 618.

%}l%sg Z«Q‘Im%ﬁtqZ?q ﬁg&ﬁﬁﬁmﬁgﬁ(ﬂ{ wuﬂlQa%eﬂlangée? 51[1(% 8@8 tVQhere antennas

e access W rel ess conmuni ca
646 brdnoag ammsmngnfommamm &s peehks tegmidal 622 rcszbedorw%rd link 626 and
access f1ooi nt 0 (AP) |ncl%?ﬂe3 mul ti pl e antenna
feaiypdn OHH%UQ PRGCHYS 6TE B P-6 BT ENBEAHS %E| up RQD system,

@&ﬁmﬁﬁ‘féat@cﬁp hnﬁgd&'@ assli bronaly '6@@' n?seﬁjd%ff&@ﬁit #tduency for

In FIG 6, only twd ant'ennas are sho or each

eothmnmatyrmo lipy exeonyde,eforward lmkd20freayeuscandi€iareas framyenbe then that
ut i |bl zed f Of 1€ antenna group. Access term nal 616

PR ylrqurﬁe ication with antennas 612 and 614,

where antennas 612 and 614 transmt information to

HO48ks thechi gravp @femﬁfsmas fapfiRerthe |are it 20rieih ghaveaisi gesigned to
%%&Eﬁﬁ&ée%‘o PR ta%e%? 3F ﬂ?elaﬁcc&‘éj{olngﬁ‘igm F[I?eﬁaslpég,kantenna

ccess term na I'n communi c
girupn oach zﬁr@@ieagdecﬁaﬁconm&meatartb antds t@btnanth 688ctor of the areas
transmt information to access term nal 622 over

FRRS RY 35cRR PERY © Qﬁd recei ve informati on from access

term nal 622 over reverse link 624. In a FDD system

H9ini datcbmmunigqakien 618, fos20ad 11'@2&6%@(‘6@236 theytrapsmnitting antennas

different f communi cat.i on. exampl e, . .
P RS 85 o P R P proh L ig Eoise o of
tdabrduEed RY thedaYsent! dcbdss Gd@ninals 616 and 624. In addition, an access
point using beam forming to transmit to access terminals scattered randomly through its
coverage causes less interference to access terminals in neighboring cells than an access

point transmitting through a single antenna to all its access terminals.

[0050] An access point may be a fixed station used for communicating with the
terminals and may also be referred to as an access point, a Node B, or some other
terminology. An access terminal may also be called an access terminal, user equipment
(UE), a wireless communication device, terminal, access terminal or some other

terminology.



[0048] Each group of antennas and/or the area in which

they are designed to communicate is often referred to
W@g008/13%s68 or of the access point. In the aspecPCT/US2008/062293

antenna groups each are designed to comunicate to

access terninals in a sector Bf the areas covered by

access point 600. [0049] In comunication over forward

links 620 and 626, the transmtting antennas of access
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[0868) nalTher cozled®iatt fear cack rdatanstkqagy nfa§Obel nultigbexed with ailot data
bl .ock_di agram of an_aspect of a transmtter system 710
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gl%ges(séﬁ P KRBV Aahn@F G thal eJenﬁs%?la} tﬂenre r'\@st%)‘[rc‘ﬁ FCtimate the

etransmtter system tra or a
chambelr reqjondat a hstrmd&pkxécs potoanddedecd rdatm fﬂ)l‘ datladstestregm is then
roc ssor, 714. [,0052

t 0] transm.tter at a
tegib%cfy &Irﬁpas@ab%fﬂf o RLteyias mady it sUFER (& 2. BPSK,

QQPKGCMLPSQU S@M@AW%%&% fo'lf)(thgtafd@tapﬁt&%ﬁﬁwrpr(?\%e l’nOdulatlon
formats, codes, and interleaves the traffic data f

sanbolslat Ahe tdatmmtbasedingn aad papdilatidnafor s glatc h@mn may be

I f d id ded d .
5085 L Tl PR SN Sl oo may be -

mul tipl exed with pilot data usi nagaaO:DM t echni ques.
H054t * gakhs lin§d‘t119f;5‘i’1b gymboly fRhgtrdagmsicyray ety e rpaPVlri%d fo a TX

k
MIW?@&S%&I oK Ath HB fthé}n gﬁs\gntﬁg ldf&ﬁl@at%hssé/%hse(e.g., for

recei ver systemto est | te th respon
DM p| EXedINOl procamt Bodbeh pha)tvaieﬁ ofr neatuiatabatsymbbl steqams to Ny
sed on a

BRI o BRI 228 JHrskhelAET( el CoRBPURIY CEPII U PSR MIMO

BrocdEAMo s8R b@eﬁ'n—ff&rrmhg AeidRd & t%% rs?fﬁ%l‘s Qf @lﬁé)é[étﬁj 8treams and to
nodul ati on synbols. The data rate, coding, and

thedwotcani ﬁnmfwhlcbdml‘sydémhlsshen@atmnﬁmwdde det ermi ned by
i nstructions performed by processor 730.
[0055] Each transmitter 722 receives and processes a respective symbol stream to

provide one or more analog signals, and further conditions (e.g., amplifies, filters, and
upconverts) the analog signals to provide a modulated signal suitable for transmission
over the MIMO channel. Ny modulated signals from transmitters 722a through 722t are
then transmitted from Ny antennas 724a through 724t, respectively.

[0056] At receiver system 750, the transmitted modulated signals are received by Ng
antennas 752a through 752r and the received signal from each antenna 752 is provided
to a respective receiver (RCVR) 754a through 754r. Each receiver 754 conditions (e.g.,

filters, amplifies, and downconverts) a respective received signal, digitizes the



[ 0054] The nodul ati on synbols for all data streans are
then provided to a TX M MO processor 720, which may
WO e08h&1s9%r ocess the nodul ati on synbol s (e. g.,PEDUS2008/062293
OFDM). TX M MO processor 720 then provides N T
nodul ation synbol streams to N T transmitters (TMIR)
722a through 722t. In certain inplenentations, TX M MO
processor 720 applies beamform ng weights to the
egndivesined oignehte prevlessiampiays aaththirther prasessas drensantplesnto provide a
vvhrirch ﬁoFe sl)énboeld,,i Sm%Si JQ. LT ansm tted. [0055] Each
FYEREM YR 725G &8PV es 5N processes a respective
synbol streamto provide _one or nore anal og signals i
A 7F ur 1R ROE slab Prossoy 6§ themy regeives gad prppgsgiSstheaiy received
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signal suitable for transm ssion over
tchibmned to proVideodul dtetcdSisymbbb sttqaom t TlanRXi date peocZ@dda 760 then

hrough 722t are then . transmtted fromN nt ennas
S e ot FBe leERRD g Sptsea) o bof SEEy af recover the
BUFCeHutS Ofdr thBeddts amSHnt t eﬂlen?fﬂéle@h%db 'W'd&aaaﬁ)cessor 760 is
recei ved by NR antennas 752a through 752r and the
canplcmentasi pnhkt pertommed b Y MIMQ resiar BOownidde¥ dete processor
?ngaﬁgnir\ﬂg rg_\cS%iv trl (RCVR) 754a through 754r. Each

eceive toeﬁ Condi't i ons (e.g., filters, anplifies, and
downconverts) a respectiyve received si g}gﬁ\l , digitizes

tH88bndi inspreasasi GRaperiadigatly demingprsh ipgodinghgfix to use
RGEERISRIONE PIREE 10 REBULAR £ CRSERRRIGe comprising o
MB01x index parten vedba emdt vahegestses t he NR recei ved synbol

streans from NR receivers 754 based on a particul ar

[0B59] VEITHRI RERESI Nk LRERMAIWuayt GoRpAW deridll TRt est @tormation
synbol streans. The RX data processor 760 then '
wamsiing Hreeeommgenipation] aly and/onie igedivirbdata sthamiet Bea exyerse link
.ShI \Y; e i od f h
B R BReb Ra 87 P bR B SRy Oy e da
toenphensttotrdatd grdahdtfrgie raf dtaeshréy 736 dbdMDtpd 6¢ @smodulator 780,
720 and TX data processor 714 at transmtter system .
qonslitiqngd =) tranypigess s thyerghe /I BdrBGITASHERd PAck g transmitter
i&h7pg e-coding matrix to use (discussed bel ow).
rocessor 770 fornul ates a reverse |ink nessage

i Si a rix.in orti and. a k val ue
PP o Attefstmttchsor By o B nfilaGd Sisdhalsmiym Sioniar sustem 750
¥Rl kRN ed YRE SnRhnhN 708 MRbh@ Aok @RI B diddsiveRe722, demodulated by a
communi cation link and/or the recei ved data stream

fereodudater $40, [and n@rqeé%mﬁ@efhai RXtdaenproreseers sdtoryktractitie reserve link
7 i ' ' : :
?%%s%gg ﬁ%ﬁ%ﬁ%’& Py 3%( L& %%?7§ ¢ Clglrlo\égs§01I “73%; tfhleff dg‘r%é‘?mes which

unper o a stre roma data source
pRcidldatoefiathix t8 udDdoH dlt@mini80 the beam forming weights then processes the

extracted message.

[0061] In an aspect, logical channels are classified into Control Channels and
Traffic Channels. Logical Control Channels comprises Broadcast Control Channel
(BCCH), which is DL channel for broadcasting system control information. Paging
Control Channel (PCCH), which is DL channel that transfers paging information.
Multicast Control Channel (MCCH) which is Point-to-multipoint DL channel used for
transmitting Multimedia Broadcast and Multicast Service (MBMS) scheduling and

control information for one or several MTCHSs. Generally, after establishing RRC



conditioned by transmtters 754a through 754r, and
transmtted back to transmtter system 710. [0060] At

W@ e@nasispg er system 710, the nodul at ed si gnal sPET/082008/062293
recei ver system 750 are recelved by antennas 724,
condi ti oned by receivers 722,1&enodul ated by a
denodul ator 740, and processed by a RX data processor
742 to extract the reserve |ink nessage transmtted by

edraceteweithier chapselens 78dy Wredcky sUEs 7Bat treesived dBME r(é@te old
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Mul ti medi a Broadcast and Ml ticast Service (NMBM5)
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S e T KR TR
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transmtting traffic d I'n an aspect
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Pagi ng Channel é Cﬁ% the PCH for sugﬁort of UE
§amir¢ig (erpelc yePEGH:; | Mailtéaste CCagyrol h&hprohoMC )t h%hared UL

e : :

A e O R R SR AL E IR RACKEATERN, Physical
Shatnhddsa Cﬂaﬁn&UL(D[r aRbBpEeh); UTh&owel £onaop Chses] d URAITADINPaging
Access annel ue nel (R ,.an
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RE%%%§?5 afﬁxﬂﬁhﬁﬁannAﬁaﬁg[ogég ghe %ﬁ)?&ﬁﬁ%ﬁggﬁé*gzlnmcmor
Coaprel $€Q1CKYmvdimoRil¢dgemEha Chefne{ CRCEH)E); Antenna Subset Indicator
Channel (ASICH); Shared Request Channel (SREQCH); UL Physical Shared Data
Channel (UL-PSDCH); Broadband Pilot Channel (BPICH).

[0064] In FIG. 8§, a transmitter 800 includes means, depicted as a module 802, for
signaling a first sequence number from a transmitter to a receiver. The transmitter 800
includes means, depicted as a module 804, for processing a plurality of service data
units (SDUs) in a transmitter upper protocol with respective one of a plurality of
transmitter sequence numbers sequenced from the first sequence number. A transmitter
800 includes means, depicted as a module 806 for generating and transmitting to the

receiver a plurality of packet data units (PDUs) by a transmitter lower protocol



Synchroni zati on Channel (SCH); Common Control Channe
(CCCH); Shared DL Control Channel (SDCCH); Multicast
w@Bngls9Channel (MCCH); Shared UL Assi gnnment EHEOS2908/062293
(SUACH); Acknowl edgenent Channel (ACKCH); DL Physica
Shared Data Channel (DL-PSDCH® UL Power Contr ol
Channel (UPCCH); Paging |Indicator Channel (PICH); Load
I ndi cat or Channel (LICH); The UL PHY Channel s
mﬁmor%eg th@hyasalmabf Rerfrormite epperiaionel SPPRAGH) associated with
trarrllsnn? ttgg‘J % {1% nvr?iel e A%hg%}riﬁr{mc}&%%eﬁgg@ﬁbgee pne of the plurality
bflt(ﬂarﬁ;ﬁﬁt@dfr s&ilfdﬁﬁ@hurﬁ@@b @Hhe r&obpeefbr Ragvast tHehamatity of SDUS.
(SREQCH); UL Physical Shared Data Channel (UL-PSDCH)
Oggpbaqg Hd, o a%@?@&l 963 cSddes n[le%§4(1 é)llc'ied: LGa ﬁo?ﬁe 902, for
ransmtter 800 includes neans, depicted as a nodu
BO2ivirfgor fisit gaqanng namber ﬁbmsasqgesmﬁelntmbeeceiweumﬁae receiver 900

r smtter ta a,receiv T transmitt
B Grife dhdeaen v 20 L TR E P04 b of packet daa units
gfmesaiw&cav@ﬂ 1k ipkoto &l g%ﬁéruteaeanqa&@lsﬂlmédsm( SAdBImitRr lower
a transmtter upper protoco w th respective ‘one of a
pﬂomrcal of ;thfofremcvtartwmtt@r a@équeqmeramgr@eplgraéleq @értigagimitter upper

Prﬁ)g?cg L g%rvhga(ﬁat[a unik pgt?[? sa eag as%igiueitdr \%@ﬁ S #ransrmée(P sequence delta

gE0€r aht RgchRE 900 AxSubct thhdads td%picttﬁl afs@&ﬁio&[@lre M6, for retrlevmg ina
plurality of packet data unit atransmitte

TCSARET BIPRSY @é@fpwcﬁ@%@f ahq nlgqulmé 0§|S@rliﬂ frog e niwality of PDUS by
{&&E‘&&{n{@ o 18 RORLLTY 80 g‘fﬁaﬁt?zc Be at?aﬁﬁﬁﬁt?gregeﬂ\%ﬁ& Qumbers
ng

ransm uence reconstruc
tdy@ciiced gagh Itheeﬁ@ﬂ&quéndehﬁmﬂieu balthd yespdctive anssmitteé sequence delta
sequence numbers at the receiver for retrieving the
BHUf-al ity of SDUs. [0065] In FIG 9, a receiver 900
i ncl udes nmeans, depicted as a nodule 902, for '
H966] vi iyhat Has been é@qub@dc@om nitsdudep cnamples phihsvatipey aspects. It
to recei ve e receiver in
bepf et B aEo BRI Tsp el og S aTiRIPa o pgmpgnents o
pReloablodrb @014;15\\1‘})&66 BPUsscridingathé @8€bWELspt@VIut BhObP6Rlinary skill
generated and transmtted by a transmtter |ower
mfcbﬁ @ednasbm@mm habmany fahishirembinations 4nd derpwiatensHge possible.
0 i
raingéymgl) ‘ﬂ:? nlsptseglg”l{cg @g%\{}\}e g&féﬂ? " %rﬁgrr%hﬁ%/ tegg sqgﬁ %lterations,
ﬁl@dtfeaﬁ@nsd ehtl avavlahme; thhhefalt exidiiv ehe 3PRiti aidl swd@s ofetnsappended
depi cted as a nodule 906, for retrieving in a receiver
& protocol each of the plurality of SDUs fromthe
067R! 1ty AFiBRYSN YN FELANRS AMGLEBGs ArkESREGT¥Ge@BS the ab
gi aPp | ur & ﬁ#& ofntr%n%%??ter sequeﬁcgnuwg&&o o@D the above
desqubait ednf)mmst kiewﬁﬂ:sc strcmEsq wesicres poditler liby, thhéerms (including a
%ﬁ ective tran %Ed se enc delta value.t%gpg§$ d
459 BT s%e ?/éu‘f %‘F%Oé@méfé?rﬁ} B0 £Hgespond,
MRAEdsQBerdREBlRated T to any component which performs the specified function of
the described component (e.g., a functional equivalent), even though not structurally
equivalent to the disclosed structure, which performs the function in the herein
illustrated exemplary aspects. In this regard, it will also be recognized that the various
aspects include a system as well as a computer-readable medium having computer-
executable instructions for performing the acts and/or events of the various methods.
[0068] In addition, while a particular feature may have been disclosed with respect

to only one of several implementations, such feature may be combined with one or more



is, of course, not possible to describe every
concei vabl e conbi nati on of conponents or nethodol ogi es

wo a008psrsposes of describing the vari ous aspectBCT/b82008/062293

one of ordinary skill in the art may recogni ze that
many further conbinations andbernutations are
possi bl e. Accordingly, the subject specification
i ntended to enbrace all such alterations,
atbdi feagias Ak othadinydetnentitams as ey Yeadesired an advamiegeous for any
spirit and scope of t pend ainms. [0067] ,ln. .. s
3R+t PhoRRFSE e Rar oo, ARBRRAEBEIR Tl iRE Ry ehd including
pel fefaaedhiot e ushibveiteste idordcd 08REPES! &1 thd QWiiBgIhese terms
circuits, systens and the like, the terns (including a
rsflafeadrdgods inclusraning magfics ginpidr g dierteie “eignising.” Furthermore,
fRMRoNegrS,g Cﬁ%d'iﬁ]tegﬂgretﬂe t1R¢afi0d rd@sso?lgﬂgn VO\:E% C8Fims, is meant to be a
otherwi se Indicated, to any conponen i'ch perforns
thwm-spasivciced function of the described conmponent

.q., a functional equivalent), even.though not .
ﬁﬂ(%ﬁgkt LTTGTRRE 951 bF o1t 1%1?@&%%@ BYTFiORY ¢ glhe disclosed
Wtk RRINhOREEs hie idcURetor @Bndift JrRRifSH 8hR]1HgkhdtS taghiBE lcarning,
exenpl ary aspects. In this regard, i1t wll| "al so be
oeclogmiledad tdratrulehédasedr i coopoaspectssbicompodkmta pywtes, means,
as |1 as a conputer-readabl e nmedi um havin
Bt loe R e P STPEIS TP P COPRATS Fop BB} pRgworks, expert
tEn QM Niar BEMr ieBiork eruyAr 10its dart s -enpMRERlassiFiers . . . ).
addition, while a particular feature may have been
gnehcearspaenist tqr adipeedn auboral wedaia rafchgrigp @ processes performed
ke [ at ur, b ombi;ned wi t hone.c- ..
LFRLSTE DIRE OBy B B PRt &R FRUCR PRI G QB Srricien
syinkglig@si red and advant ageous for any given or

articular application. To the extent that the terns
00781 udds, vieva R the aremidary gystame dowribahsupranapdggolggigs that may

Hi ﬁﬂ}éﬂeﬁleﬁﬂeh qﬁ rac&&ﬂargc%tvgf. Fﬂge ‘§§18§édlp§db?é% ‘PI{att'élh ﬁa\‘f‘é %eﬁsdescribed
t hes to

t
terns are I ntende e I nclusive 1 n a manner
giithn keferehee tthesdverain flownpragsansg. Whdar fdre pmposgs ofiesimplicity of
term"or" sed in either the detail ed descri

as tign . .
E1PITHEOR: tF Fsthodolagingrg iope Hcdsasiiusd éb dsrye ofrblocks, itis to be

[ 2R8Qd0 FME HBFERA G thBSthWiclaimBEs BRRE BGtAL 8 Rot NATEPYS the order of
portions of the disclosed systens and net hods may

thedilents, wrsoowridocks nudy eacti ini diffatent ordets| andemcencumsotly math other
SRl Ron i B8 B8 B n BT RRP oG QM geted blocks

RS RMGIRed & mplefidRP et m¥@eHAOgRREREMRSd Hagwh al Additionally, it
net wor ks, expert systens, Bayesi an belief networks,

shexid, be dwitiecr aparegiateds theh thengiethedologicashiiciased dierein are gapable of
beif?% gt%re%o(ﬂp ANERER of i rbac lllI'IF % fa%ﬂﬂ%t% Lﬂ}agga%ﬁ't?%gcgt{c{(t%ngferring such
mecnani sns Or processes perrtorne erepy nmakKe
petHodologicof tot bempytsdse Mhe arem mMatibieds munafadapt by @séd herein, is
well as efficient and intelligent. .

intended to encompass a computer program accessible from any computer-readable
device, carrier, or media.

[0071] It should be appreciated that any patent, publication, or other disclosure
material, in whole or in part, that is said to be incorporated by reference herein is
incorporated herein only to the extent that the incorporated material does not conflict
with existing definitions, statements, or other disclosure material set forth in this
disclosure. As such, and to the extent necessary, the disclosure as explicitly set forth

herein supersedes any conflicting material incorporated herein by reference. Any



[0070] In view of the exenplary systens descri bed

supra, nethodol ogies that nay be inplenented in
waewens@mee with the di scl osed subject matter PEESHOR062293

described wth reference to several flow diagrans.

Wil e for purposes of sinplicity of explanation, the

nmet hodol ogi es are shown and described as a series of

bl ocks, it is to be understood and appreciated that

materiel, airndtigu bheseaf, that tiesaidstonlyy incorrorater] by refreense dwrein, but

of . the bl ocks, as .so l.ocks occur i.n dj.fferent .
Bhist SnRiRy 3o e TGS e TRRE S ke S S herit s
fosthdepéial @il adlg bdassorpire@dd he el dkterlvhliaavalonflitdhrigdsibetween that
illustrated bl ocks may be required to inplenent the
Hepmerstbyriesalrasldhe pasingedigglosuropdictirbnal 1y, it

shoul d be further appreciated that the nethodol ogi es

di scl osed herein are capabl e of being stored on an
article of manufacture to facilitate transporting and
transferring such nmethodol ogies to conputers. The term
article of manufacture, as used herein, is intended to
enconpass a conputer program accessi ble from any
conput er -readabl e device, carrier, or nmedia. [0071] It
shoul d be appreciated that any patent, publication, or
ot her disclosure material, in whole or in part, that

is said to be incorporated by reference hereinis

i ncorporated herein only to the extent that the

i ncorporated material does not conflict with existing
definitions, statenments, or other disclosure materia
set forth in this disclosure. As such, and to the
extent necessary, the disclosure as explicitly set
forth herein supersedes any conflicting materia

i ncorporated herein by reference. Anymaterial, or
portion thereof, that is said to be incorporated by
reference herein, but which conflicts with existing
definitions, statenents, or other disclosure materia
set forth herein, will only be incorporated to the
extent that no conflict arises between that

i ncorporated material and the existing disclosure
material . CLAIMS What is clained is: 1. A nethod for
data packet comrunication with reduced over head,
conprising: signaling a first sequence nunber froma
transmtter to a receiver; processing a plurality of
service data units (SDUs) in a transmtter upper
protocol with respective one of a plurality of
transmtter sequence nunbers sequenced fromthe first
sequence nunber; and generating and transmtting to
the receiver a plurality of packet data units



(PDUs) by a transmtter |ower protocol incorporating
the plurality of the transmtter upper protocol SDUs

W@20R/13%5%%0ci ated with a transnmtted sequence dPET/ERMNYE62293

val ue for reconstructing the respective one of the
plurality of transnmitter sequhce numbers at the
receiver for retrieving the plurality of SDUs. 2. The
met hod of claim 1, further conprising generating and
transmtting to the receiver a PDU directly
corresponding to the SDU, tHeAMSansnitter | ower
gﬂgiociL igcqrporating a transmtted sequence

1 BretHtE% Ml ue mapped sequentially to the plurality
of transmtter sequence nunbers. 3. The nethod of
claim?2, further conprising generating a transmtted
sequehce val methnd dod tdatan gaekel ecotimenigasion; omthofeduged overhead,
EG%Q%HEtter sequence nunber. 4. The nethod of claim1,
Wher'si' P t he sequence di fference val ue counts a nunber

of upgighallngyefirsFdgserice anmbtt 66 aStaneittdieo h kdcsiver;
sequence nunber was signaled froma transmitter to a

recei DOECSSBIE FHAUREBhOH §FVieq dptg wnity (SPHer 1t snprnsnifigr upper

AR ROl PR AL AERIERGor scavnce
frbai the Hrst Sequecher nuiamabgpydngli Nng gener ati ng and

transmtting a PDU conprising a segnented SDU. 7. The .
et ho&e%rat@%amﬁ) grangmytngs fo B EeGeEh G @E\ﬁaért&tqfn@aféﬁfd data units

BSOS & thghs@itRPYo & OMProiciol Sn BriRaRt #Ra51LANGET &e t itt
feasi5 t}{/vo SDLSJS1 8.0The met r?od o%&gl aim 7,815furt};r)1er © transmier
uirep pratbery Glhe earhi asspcaatet] withristrartsiiitigd seqeBige difference value for
conprisji.ng.,a concatenat i of at |least two SDUs and
U SO P eSO Plyr ey af Fopmin Eage Rumbers at the
FRBNE! ot RAriARE etplinglid/F SPIA. 1 n the upper protocol

with the respective one of the plurality of

trans#i t t eThewgthedoé chimtefuthseqerapidsne gensmtingant ftiaggmitting to
?%C{Légerf&& anﬁﬂ%e&i're %lg'colrlggpoql‘a}n%ot% tﬁg Sﬁ[ﬁl&ﬂ" Jffan%ﬁtres ior\])ver rotocol
e “Upper” prot 0col - cOnpri ses fa packet "dat a ‘conver gence

ficotpoting am trink@ittcawedqupnict diffdrer@NdliS afapped asdqGedtiallk to the
control, 11. The nethod of claim 1, wherein the

pPhusidnpt Fesmidenseausase BURRSTEct ed one of a group
consi gt ngTHé tl?olahgf] Eﬁgn @Sfﬁrtﬂé}dgorﬁ]?ﬁsi@%#ﬁr?&atinr% a t¥ansrnitted
e er one o

equi pnent and the receiver conprises
tdyacigreougiue BR omiitieg addadogs poitial &fi cach trafisatittiriesequence number.

baseduponTHE AT TH Bl B BglS b B LB TRg T3¢ Salue counts a
RSB RPEL 1298 PIHURRransmitted since the first sequence number was signaled
from a transmitter to a receiver.

5. The method of claim 1, further comprising assigning one of a separate
plurality of sequence numbers to each upper layer PDU.

6. The method of claim 5, further comprising generating and transmitting a
PDU comprising a segmented SDU.

7. The method of claim 5, further comprising generating and transmitting a
PDU comprising a concatenation of at least two SDUS.

8. The method of claim 7, further comprising generating and transmitting a

PDU comprising a concatenation of at least two SDUs and a segmented SDU.



PDU corresponding to an SDU referenced by the
transmtted sequence difference value. 13. The nethod

W@B0081130568 1, wherein the receiver | ower protocRCT/US2008/062293

provi des the receiver upper protocol with an

i ndi cation of the sequence di3¥erence val ue between an
initial value and the value of the delivered upper

| ayer SDU. 14. At | east one processor for data packet
commﬂu cat The nwtltqti pledamed, dwdreh @amprlemgmnpstpﬁgg tlae SDU in the

f
Wpoelrnpa ?c‘rog r‘t)vslt% %: éesslpgcr{?vel a Cogltl\tlele f)l%lralﬁ% gf’l FO %11 lﬁeguenge numbers

prqaeeRd ifftgn theritrsaljiidnye @imb&t vi ce data uni ts (SDU) in
a transmtter upper rot ocol with respective one of a

plural9ty ¢l $epheristeths uimper Brokacqlieorapidses a packet
e L om0 i

pI urallty Tﬂfte pedicdtofdatim 1ywheseif EiBUSa)nsbtj!tt@ comprisesi d fobrcted one
wer protocol ipncorporat ng th rality of the
t’ A BEWPt Ctoé?lsﬂ}tﬁa%'ﬁ[j al’p?lg%%f‘éji 2 YAt g Hregreceiver

LSRR tHedh&RALBRaR Hodd erence Val ue for
reconstruectl ng the reggpep::tlve one of the plurality of

transh?.tt eifheenﬁltlmttef wlapet,sfuathet hempesiag \recrel‘ftog & request for a
t | | t
P aRERBN St Tl st et e PTasosRTR S e 8oy, portion in an

PRULERE s SHRIITE8 Gn mfbl‘éhé&l by2th€ QEINMIBE] ERRAERARI Efference value.
medi um cogﬁrl sing: a first set of codes for causing a

conpul®r t en@ﬁt@ld oA Ciatlmslt vdwrie thearcerindidewer patogol provides the
}ecg‘w&m pteﬁ grottc?co‘? Wt{’?tceh[ 1\{18{021‘[1(% SEHQ %gtﬂue%e {ffe?ergg afu% between an

causin process a

thati - vl tafd t’;h‘e‘auluet df thhe aa@eﬁd@t@be{rtay@r&m protocol w t h
respective one of ap Iurallt¥ of transmtter sequence
numbetd sedlidprsbPNErRFISHY Fary data gk n@éﬂrﬁwﬁ@gm Wi reduced

gvdhilgd. aﬁ%&ﬁ codes for causing the conmputer to
gener at e t¥ansmit to the receiver a plurality of

packea fasit modulict for (sigphling byfiat t¢quesed htmaberl fiom@r a transmitter to a
rotocol incorporating the plurality of the
NS tter upper protocol SDUs each associated with a

transgigtipd S8aNeTee prickigte Qctﬁuﬁéﬁjtyusf §QVice data units (SDU) in a
reconstructing the respectlve one of the plurality of

tramongien veper peefoer]cwitinuedpectsveaona b arpdamlityeof framsmitter sequence
Iru%n eltrg\s/elqn gncelaefrdpm eafluristt s‘éqt%nc?%frsﬁber; and
a third module for generating and transmitting to the receiver a plurality of
packet data units (PDUs) by a transmitter lower protocol incorporating the plurality of
the transmitter upper protocol SDUs each associated with a transmitted sequence
difference value for reconstructing the respective one of the plurality of transmitter
sequence numbers at the receiver for retrieving the plurality of SDUS.
15. A computer program product for data packet communication with
reduced overhead, comprising:
a computer readable medium, comprising;:
a first set of codes for causing a computer to signal a first sequence
number from a transmitter to a receiver;
a second set of codes for causing the computer to process a plurality of

service data units (SDU) in a transmitter upper protocol with respective one of a



16. An apparatus for data packet conmunication wth
reduced overhead, conprising: neans for signaling a

wo poogti3zsegijuence nunber froma transmtter to aPCT/US2008/062293

recei ver; nmeans for processing a plurality of service

data units (SDU) in a transm4ter upper protocol with
respective one of a plurality of transmtter sequence
nunbers sequenced fromthe first sequence nunber; and
meanspluality e draasinityr saguancamanibetsi spguerset higom etbeifrsr sequence
a pluraljty q{ packet data units (PDUs) by a

transm trer “Fover prot ocol incorporating the plurality

of the trapsilid §lof YpRSfoPEAbRgahe ShlButeaNpcasS@chrat €shsmit to
with a transmtted sequence difference val ue for

r econdiCr ige¢iveiga tieraliys pb dpeked dstre upits (HaUp) by o itpgsrajfter lower
transpyi . ' f

et ot REUPINE, (Y PRERR ik Gyl AR Liber ool SpUs cach
dat a packietcd ool rtranamited swtjidnce efiffcenccovandh éadieconstructing the
con‘prisincg],&al%gal t asm'tfter for signalingafirsht :
sequeleRHYRSEF dheyp Of trapyniisF sCaFpceanyabeys at the recciver
packef, REACER %eﬁlﬁfaliﬂfm@é.ng a plurality of service

data units (S In a‘transmtter upper protocol with

r espett.i veAoneppefates firudad ipagked fecotmmaumsertih ewitls eqdiend eoverhead,
nunber.s sequenced fromthe first sequence nunber, and
fYPP Y& MNerating a plurality of packet data unit (PDU)

by a tkamsat sibRiling Vet fe¢Re AumbBERSRQ tBinisRsttdr A€a receiver;
plurality of the transmitter upper protocol SDU each

assocgersdfogi nracessing anglvalite @f seiicendasa gnits €pldkddan a transmitter
Y} e r. fecan ti t res ti . e

B S5, PR BAAH e 1o BRI, B 580 hlnce mumbers
ScRtehoéa fron®thefR bt se §ydnd@ ntiBerphitt al i ty of SDUs, wherein

the PDUs are transmtted to the renote receiver by the

| ocal MEMENORiZeREting gId trasUinartathsreseiver apkirality of packet data
t ri,sj : sm : t@co .

PRl REPLRP TR, hr hiokG MAITRALE! HOUREBRGBE biuRhiy of the

tansedttéryuppor pregroh8Dhg chch ddeSidet bythi antcarspoittat sengerme difference

transmtted segyenée di fference ¥a¢ue nqpped .

¥dlfudnit FeEeRsTICHNE HBCS FPBPENC oL RARLHTIY e} ERimdligescquence

RUAR&S §t thd 9ecef'§*é€fd’i‘9&%é‘ih? %heolflu&h%} s diSys furt her

conprising the | ower protocol of the data packet
proces$sor Aorapperatusafarndpta paeken onmiedcagiog ueitlc ecduerth erverhead,
di fference value by omtting a | eading portion of each

¥ter sequence nunber. 20. The apparatus of

cl ai my dcal WaRRItAr FdiesiSRAUUENCErsHiséfuh@NEemb@! tde FdMBIE Seceiver;
and

a data packet processor for processing a plurality of service data units (SDU) in
a transmitter upper protocol with respective one of a plurality of transmitter sequence
numbers sequenced from the first sequence number, and for generating a plurality of
packet data unit (PDU) by a transmitter lower protocol incorporating the plurality of the
transmitter upper protocol SDU each associated with a transmitted sequence difference
value for reconstructing the respective one of the plurality of transmitter sequence
numbers at the receiver for retrieving the plurality of SDUs, wherein the PDUs are
transmitted to the remote receiver by the local transmitter.

18. The apparatus of claim 17, further comprising the transmitter lower

protocol of the data packet processor for generating a PDU directly corresponding to the



a nunmber of upper |ayer PDUs transmtted since the
first sequence nunber was signaled froma transmtter
W@ 200&/18%8%i ver. 21. The apparatus of clai m 17, PETID$1968/062293

conprising the | ower protocol_ of the data packet
processor for assigning one of’ a separate plurality of
sequence nunbers to each PDU. 22. The apparatus of
claim 21, further conprising the | ower protocol of the
gRtaby mmor@mcaeggmﬁmft@i sqgppegeadiffatynah sialue anppnid s¢qugntially to
ﬁF ?gag qgnagln a.s ng%gleSDU 23. The apparatus of

&' t¥ fur?ﬁ e MR “the | ower prot ocol of the
dat a packeThrapeeaasroffctimges) irdic RmAGng kRNSWct pidigrol of the
a PDU conprising a concatenation of at |east two SDUs.
dofa PTEket Rsarar [0 senerating wirpmmitted saquencsamprics AiErencs value by
biAithe RIQURAEHorln dNECHALANRACKEN. AOGGRSEL TOr
gener t|ng transmtting a conprising a
concat@nat Theagfardttis b sin IWONI&I&HJE thngtqacrme gliffertedt value counts

SDU. . 25._ The apparatus of claim1 further co i Si ng

& RBMBSFRIUDBFIO RS REE N trﬁlrﬁémti%&f SRR SEstsPaHcass By @%rwas Signaled
EBEJJ@&EHQ&&W@a%QanP the upper protocol with the
respective one of the plurality of transmtter

S eq ueBte nilihd eplsn@eﬂ aEolerw 17y fmthcheorhpnsng ﬁeduwnlcprotocol of the
n 26. The aratus of .cla

R @RChst BiisesPt G BRe as® sk gublEl Sk Saigaumbers o
sadBggket data convergence protocol and the | ower

protocol of the data Packet processor conprises a

r adi 021 nkTeoapratuppt elgine Bhafiethar paserisiegithe lpwer mipgocol of the
8&&9 raglgeg rggcfe%sél %#T%eé%gaﬁl‘é‘g ﬁlt&nélgﬁtﬁﬁégm: ol é)I‘lS]fng a_segmented
sDnanced base node and a user equi pnent and the

recei ver conprises the other one of the group. 28. The
appar &t-us &he eprar#Pa oL claim @ﬁeﬁlr@swmeﬂ%g ﬁle| lgwsr protocol of the

g ggék%{ o%ss{)rei%? Fgﬂe?ag a'hﬁ%ﬁ%lt{l a PDUeéornﬁﬂl?Sngsasédﬁ'aatenatlon

n a recefver wer protoc det ec
aﬁmésmngwﬁﬁDUson in a PDU correspondlng to an SDU
refer ced the trapsmt guence .di ff erence
val ue g%ép%ﬁa% q a@%%ﬁ qIMPrjHg HicrjopRiprotocol of the

H&& hék%f 1109%& o 8tReAlng %@Yﬁaﬁﬁﬁltﬁ@a PBELL s éoncatenatlon
pr ot ocol Mﬁth an |nd|cat|on of the sequence difference

vidtleasbietonslabis amdamgrmeallted\/ﬁDUe and the val ue of the
del | VEL. ed YRE apparae% SOr¢ alrn 17, further comprising the upper protocol of the

data packet processor for encrypting the SDU in the upper protocol with the respective
one of the plurality of transmitter sequence numbers sequenced from the first sequence
number.

26. The apparatus of claim 17, wherein the upper protocol of the data packet
processor comprises a packet data convergence protocol and the lower protocol of the
data packet processor comprises a radio link control of an enhanced base node.

27. The apparatus of claim 17, wherein the transmitter comprises a selected
one of a group consisting of an enhanced base node and a user equipment and the
receiver comprises the other one of the group.

28. The apparatus of claim 17, further comprising a local receiver for

receiving a request for a retransmission based upon a receiver lower protocol detecting a



30. A nethod for data packet communication with
reduced overhead, conprising: receiving a first

W@ 2waasses nunber froma transmtter to a recei REF/S2008/062293

receiving a plurality of packet data units (PDUs) at a
recei ver |ower protocol gener¥ted and transnitted by a
transmtter |ower protocol of the renbte transmtter
and incorporating a plurality of transmitter upper '
prssingc pertigerini & ED3atcarresronding SDUy) SEUE clasmoed detlie transmitted
V!thmﬁJﬁEQQEQJEﬁQQ sequence difference val ue; and
YT E n% " 9 tecei ver upper protocol each of the
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; t i ittt ed sequence
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conpr B&.i ngAr eddtheel ifoig dataPphtkdt r@oirhynicaione sythnaéduged wverhead,
the SDU, the transmtter | ower protocol incorporating
CPP AN tt ed sequence difference val ue mapped
sequeplctidldoya £iQt §eﬂger@e Wbkt doffa ddRASHALS BeRAHENCE
nunbers. 3%. The met hod of claim 31, further
conpr isstinggr e phirguty ng rcketaksminniteP3egusnceceiver lower protocol
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of claim30, wherein the sequence difference val ue
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separate plurality of sequence nunbers for each PDU. .

sjucndse NEbers dseacraed Py tha dirsth sequebspp mugibgly by the respective
[:M] . Y a segnented SDU. 36. The

ﬁet 6§&g%ﬂgP§%ﬁ¥§§€R%iﬁ#¥%r conprising receiving a PDU

conpr 3ki ngThe coticalt ehahino30pfurdter lcemptisinpaetEldag 37PDU directly

The net hod of clajm 36, further conprising receiving a .
BICPSBRARG & Hi SO eaireuiit g oper gfotpgﬁégéq%awgﬂammmed
&deeSEEBRALE T8 app& se-ﬁﬂ@ntfﬁ@lzge qSIBé&fol_u?allﬂ& 1% 3nsmitter sequence

further conprising decrypting t In a receiver
oppkers.pr ot ocol with the respective one of the

pl ur al}»i.t y ?Ilet his Sorgi] 8ft Claint equ,'l%?r(t"heer comprising retrieving a transmitted
sequence difference value by restoring an omitted leading portion of each transmitter
sequence number by referencing the first sequence number.

33. The method of claim 30, wherein the sequence difference value counts a
number of upper layer PDUs transmitted since the first sequence number was signaled
from a transmitter to a receiver.

34. The method of claim 30, further comprising retrieving an assigned one of

a separate plurality of sequence numbers for each PDU.

35. The method of claim 34, further comprising receiving a PDU comprising
a segmented SDU.
36. The method of claim 34, further comprising receiving a PDU comprising

a concatenation of at least two SDUs.



nunbers sequenced fromthe first sequence nunber. 39.
The nmet hod of claim 30, wherein the receiver upper

WOe@BO3H8 conpri ses a packet data convergence n@nU&umwmnt

and the | ower protocol conprises a radio link contro

40. The method of claim 30, wherein the transmtter
conprises a selected one of a group consisting of an
enhanced base node and a user equi pment and the
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reducgg oveRbeaghodCOMPLIng 309 whirdid 'ﬁ?et R & Eprises a selected
receiving a first sequence nunmber froma transmtter

o af raegreupy e‘pnmalt@e@fomj enlpahgtd bhgr nodec eids anggem equipment and the
Fluralit et dat unlts (PDUs) at a receiver

GREFT r@&% o éPﬁ?% hSSEPHr ansmi tted by a
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and incorporating a plurallty of transmtter upper

ptigngeiesion dpsedawod dhe ragaives lopgDpsgtoedd ¢lstegirg & inaiswgg portion in a

?Pw%)%ﬁééoaﬁz@tgtaﬁ%ﬁ gelfgtgﬁged% tLg Ergﬁls%%ttgc% Lﬁblg%c%n(gffgrence value.

rreving recelrver

prot ogdl ed@rdh nkhddhef @bt ab; W}del@fn BlUscdiv@niotvde protocol provides
lurality of PDUs by reconstructing a respective one
reCohyql AP RFORECk Wikl anrindication ef thereaugngpdiffaence value between
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respective transmitt e seqguence erence val ue. 44.
A complt er Apriegt amemrochs;sdir farr ddatpaclos cdomtmunication with reduced

co ication with reduced overhead, conprising: a
e&%@%@eﬁnm@gw%b|e medi um conprising: a first set of

codes, fRg: £gHsik"Gr "i‘ec%w'ﬁﬁ’é”aeﬁrs{ QeuRR&! ¥EmBerf bRl a transmitter to a
Sequence nunber froma transmtter to a receiver;a

SE@N@U set of codes for causing the conputer to
aoe barCrBublybbedis g6 e Bl EURR RPkCTE gl PO at e
receiver lower protocol generated and transmitted by a transmitter lower protocol of the
remote transmitter and incorporating a plurality of transmitter upper protocol service
data units (SDUs) each associated with a transmitted sequence difference value; and

a third module for retrieving in a receiver upper protocol each of the plurality of
SDUs from the plurality of PDUs by reconstructing a respective one of a plurality of
transmitter sequence numbers sequenced from the first sequence number by the
respective transmitted sequence difference value.

44. A computer program product for data packet communication with
reduced overhead, comprising:

a computer readable medium, comprising:

a first set of codes for causing a computer to receive a first sequence

number from a transmitter to a receiver;



by a transmtter |ower protocol of the renote
transmtter and incorporating a plurality of
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each associated with a transmtted sequence difference
value; and a third set of codes for causing the
conputer to retrieve in a receiver upper protocol each
of the plurality of SDUs fromthe El urality of PDUs by
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with a transm d ‘sequence di fference val ue;
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of the Iurdr]1 1yof DUs fromthe plurality of PDUs by
recon§ B @eﬁn‘i ¥ctive one of a plurality of

transgi t t eAnSHHHRMEE fOFUNRL aclee Peaaatcdion W itheediced toverhead,
sequence nunber by the respective transmtted sequence

ehhpesiegice val ue. 46. An appar atus for data packet
co mmﬂlegr%t flOP &cg\ffvgn% [ f%%y ge uence%r Pl%%fj {ro&oawgnsﬁllt?eq t%% receiver;

| ocal Treéceiver Fece seqguence nu
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46.  An apparatus for data packet communication with reduced overhead,
comprising:

a local receiver for receiving a first sequence number from a remote transmitter;
and

a data packet processor for processing a plurality of packet data units (PDUs)
received at a receiver lower protocol generated and transmitted by a transmitter lower
protocol of the remote transmitter and incorporating a plurality of transmitter upper
protocol service data units (SDUs) each associated with a transmitted sequence
difference value, and for retrieving in a receiver upper protocol each of the plurality of
SDUs from the plurality of PDUs by reconstructing a respective one of a plurality of
transmitter sequence numbers sequenced from the first sequence number by the

respective transmitted sequence difference value.



respective transmtted sequence difference val ue. 47.
The apparatus of claim46, further conprising the
WO 2@eiyme8 | ower protocol of the data packet prRCEESHNG062293

for receiving a PDU directly corresponding to the SDU

by incorporating a transnitte¥ sequence difference

val ue mapped sequentially to the plurality of

transmitter sequence nunbers. 48. The apparatus of

cl ai 27, The epnarateoeimlain 46y furthsr cempiising thegegaiver lower protocol
t | _of .the dat acket pr ssor..far _recei.ving.,a
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49. The apparatus of claim 46, wherein the sequence
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nunbeis asghg rdt@s §6QRPRY Werdilend §egﬁ§1{96tcﬁ§$reﬁ&"@aﬁue counts
protocol. 51. The apparatus of claimb50, further

g onpbérsifngpehleyerdd i)y wandnottet sipeatho dioét sefuenbengaba was signaled

Eracket Tgro essor for receiving a PDU conprising a
S ARRIEEEHY 265 YPhe apparatus of claim 50, further

conpr 5@i NThOSpJaRR ¥edlaihOVE Fur P tOePHsifE tHehBc i dower protocol
packet processor for receiving a PDU conprising a

ebficatietnapacket processon &xsreceinneSmgs of B3scpTrée appalitst efssequence
f [ 5 onpri si th ecel r | ower
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PDU cenpr i Shogpparaeedl£ines0, ontiet camplisiag thetrageixadUswer protocol

and a segnented SDU. 54. The aB aratus of claim46
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d k [ - i:
ata pac eﬁ"h@éﬁ%fa%%ﬁ&f 8;1) @r%ﬁ%&?%?ﬁﬂﬁ%n%ew&g 160& protocol

respective on e ansmtter

skt elntepackitipes @ sse dorerrcading radPD U e nfprissig as@qgo@nceion of at least
nun‘gli%{,r 55. The apparatus of claim46, wherein the

e &r upper protocol of the data packet processor
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recei ver | ower protocol of the data packet processor
obtip detgsichetmaelicssdr ifprkrecoming gl PDE g oniphisingppamedtosation of at least
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gfn Sceheo(fiatag T)?lcl?etc (])plflopc'essor for decrypting the SDU with the respective one of the
plurality of transmitter sequence numbers sequenced from the first sequence number.

55.  The apparatus of claim 46, wherein the receiver upper protocol of the
data packet processor comprises a packet data convergence protocol and the receiver
lower protocol of the data packet processor comprises a radio link control.

56. The apparatus of claim 55, wherein the transmitter comprises a selected
one of a group consisting of an enhanced base node and a user equipment and the
receiver comprises the other one of the group.

57. The apparatus of claim 46, further comprising a local transmitter for

transmitting a request for a retransmission based upon the receiver lower protocol



57. The apparatus of claim46, further conprising a
| ocal transmtter for transmtting a request for a
WO 200887508 ssi on based upon the receiver | ower PCT/US2008/062293
protocol detecting a mssing portion in a PDU
corresponding to an SDU refer¥hced by the transnitted
sequence difference value. 58. The apparatus of claim
46, wherein the receiver |ower protocol provides the
fleseatinger nuippeg portmotok RPYhcaarespondingatd em YPUtngéerenced by the
ﬁelgs%ﬁgc(ﬁsedi flgc%r(ﬁfrflce vea\!aliae between an initial value and
heVar L& I8 e del s Ver e upper | ayer SDU.
58. The apparatus of claim 46, wherein the receiver lower protocol provides

the receiver upper protocol with an indication of the sequence difference value between

an initial value and the wvalue of the delivered upper layer SDU.



