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| s desirable to reduce header over he(? to the extent ,
wg | bl Virpless communication systems are widely deployed to provide various
communication content such as voice, video, packet data, messaging, broadcast, etc.
These wireless systems may be multiple-access systems capable of supporting multiple
users by sharing the available system resources. Examples of such multiple-access
systems include Code Division Multiple Access (CDMA) systems, Time Division
Multiple Access (TDMA) systems, Frequency Division Multiple Access (FDMA)
systems, Orthogonal FDMA (OFDMA) systems, and Single-Carrier FDMA (SC-
FDMA) systems.

[0004] In a wireless communication system, a transmitter may process traffic data in
accordance with a set of protocols in a protocol stack to generate output data for
transmission to a receiver. Each protocol may receive service data units (SDUs) from a
protocol in a higher layer or sublayer (if any) and may generate protocol data units
(PDUs) for a protocol in a lower layer or sublayer (if any). Each PDU typically
includes a header that contains pertinent information for that PDU. Since the header

represents overhead, it is desirable to reduce header overhead to the extent possible in

order to improve efficiency.
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header block wll follow "and/or (v) sone other

corfopemtingg RDCP PDU. An RLC PDU may be formed based on the multiple RLC
SDUs. A header may be generated for the RLC PDU and may include the RLC SN for
the first RLC SDU and a header block for each remaining RLC SDU. The header block
for each remaining RLC SDU may include (1) a segment length that conveys the amount
of data from the RLC SDU being sent in the RLC PDU, (ii) an SN offset that indicates
the difference between the RLC SN for the RLC SDU and the RLC SN for a preceding
RLC SDU in the RLC PDU, (iii) a segment offset that indicates the starting byte in the
RLC SDU being sent in the RLC PDU, (iv) an extension bit that indicates whether or
not another header block will follow, and/or (v) some other information.

[0008] Various aspects and features of the disclosure are described in further detail

below.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] FIG. 1 shows a wireless communication system.
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DETAILED DESCRIPTION
[0025] The techniques described herein may be used for various wireless
communication systems such as CDMA, TDMA, FDMA, OFDMA, SC-FDMA and
other systems. The terms “system” and “network™ are often used interchangeably. A
CDMA system may implement a radio technology such as Universal Terrestrial Radio
Access (UTRA), cdma2000, etc. UTRA includes Wideband-CDMA (WCDMA) and
other variants of CDMA. c¢dma2000 covers IS-2000, IS-95 and 1S-856 standards. A
TDMA system may implement a radio technology such as Global System for Mobile
Communications (GSM). An OFDMA system may implement a radio technology such
as Evolved UTRA (E-UTRA), Ultra Mobile Broadband (UMB), IEEE 802.11 (Wi-Fi),
IEEE 802.16 (WiMAX), IEEE 802.20, Flash-OFDM®, e¢tc. UTRA and E-UTRA are
part of Universal Mobile Telecommunication System (UMTS). 3GPP Long Term
Evolution (LTE) is an upcoming release of UMTS that uses E-UTRA, which employs
OFDMA on the downlink and SC-FDMA on the uplink. UTRA, E-UTRA, UMTS,

LTE and GSM are described in documents from an organization named “3rd Generation
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[0028] FIG. 2 shows example protocol stacks 200 for a user plane in LTE. The
user plane carries traffic data between UE 110 and SAE gateway 130 via Node B 120,
which is the serving Node B for the UE. Each entity maintains a protocol stack for
communication with another entity. Each protocol stack typically includes a network
layer (L3), a link layer (L2), and a physical layer (L1). UE 110 and SAE gateway 130
may exchange data using Internet Protocol (IP) at the network layer. Higher layer data
may be encapsulated in IP packets, which may be exchanged between UE 110 and SAE
gateway 130 via Node B 120.
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e Re-ordering of RLC SDUs at the receiver, and

e In-sequence delivery of upper layer PDUSs at the receiver.

[0033] RLC is described in 3GPP TS 36.322, entitled “Evolved Universal
Terrestrial Radio Access (E-UTRA); Radio Link Control (RLC) Protocol
Specification,” which is publicly available. RLC may be maintained for a radio link
between UE 110 and Node B 120 and may be reset when the UE is handed over to
another Node B 122. During the handover, RLC may be reset and the functions of
duplicate detection, re-ordering of downlink RLC SDUs, and in-sequence delivery of
upper layer PDUs on the uplink may be performed by PDCP.

[0034] The services and functions provided by PDCP and RLC in LTE may be
provided by corresponding protocols in other radio technologies. For example, IP
adaptation layer and Radio Link Protocol (RLP) in cdma2000 may provide services and
functions similar to those provided by PDCP and RLC, respectively.
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lower layer/sublayer RLC may perform segmentation and/or concatenation of the RLC
SDUs and provide RLC PDUs of appropriate sizes to MAC. Segmentation refers to a
process of partitioning an RLC SDU into smaller units, which are referred to as RLC
segments. Re-segmentation refers to a process of partitioning an RLC segment or PDU
into smaller units, which are also referred to as RLC segments. For simplicity, in the
description herein, the term “segmentation” can refer to segmentation of an RLC SDU
as well as re-segmentation of an RLC PDU. An RLC segment is a portion of an RLC
SDU or PDU and may be obtained from segmentation or re-segmentation. RLC may
also re-transmit RLC PDUs for all or portions of RLC SDUs received in error by a
receiver. In general, each RLC PDU may include all or a portion of each of one or more
RLC SDUgs, as described below. MAC may process each RLC PDU and generate a
corresponding MAC PDU.
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[0039] In one design, an RLC SN for an RLC PDU may be determined based on a
PDCP SN for a PDCP PDU, as follows:

RLC SN = (PDCP SN+ A) mod T, Eq (1)

where A is an SN difference or delta between the PDCP SN and the RLC SN. PDCP
SN may be incremented continuously even during handover whereas RLC SN may be

reset at each handover to a new Node B. At each handover, the difference between the
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a7 SR SNAR IR WAl FEE GROED K3 tone as e

BD@PafRdaah Re. AN e artdradnt&E twipich They byldn BREE @Mmunication
may be exchanged between UE 110 and Node B 120 at )
tohaBc RLENSN spayplsodagderivgd frieg BDGB AT afhsranannees cgo with other
Ligone used to exchange START in WCDVA. A receiver

may obtain HFN from the mechani sm and nmay reconstruct

[0 0 COUNILWasaed sogmtiteardAN. @nsDUhant@DartipN. RIEC tstgments. RLC
description herein, addition for RLC SN is perform .
S HEn e, irgay inarhicvedwighy oithey sub-seqyiepoqpymbering

Ny tEHASed B&tfl:es%ﬁ%\.’w BOS s A QY0 &k hnAfcPinBf {h%rmﬁﬁ%fehkﬂ@ segments
- 17 [0039] In one design, an RLC SN for an RLC PDU

may Heeasdeened whiffedntbabedqomea rabORrsSNEAdY RA.(PB@MmdADay then be

T T i Ml B o oy a BRHG.STHY he et g avence

hinabdelier 8t RPICCR caNnfBY 0 DByt Has RNRIALQSin g Ok IbYHAUR te RLC SDU
even during handover whereas RLC SN nmay be réset at

war herasigeadesequentially enerpasing B/te Addresseh  FaeidBL.Ersegmigat may then

i fferenc en t P the r
B R NI I SR ACRTCSDRE i i Gy of he fin
bk i@ the TRIEC SagierBNardiedht derply obtheUsled séyméi@r tie atigesk E the last
Node B for as |long as the PDCP. SN and RLC SN are

byferie H%Ble@,segm?@% Theytenes dytEnndr ©ckgnigriyBeymeys and are used
BFRE e R, 008,15 WD ECRT M i by

nners, . g. set s.
paitiseggeht RirC RO SBIJ iath currits| dfi fikel Rt Casalgersives . anBLGsigning

a&g;@% gé(ﬂggs\g%%tégiet a?m%gr ISAh atg%%it tr’r?ayat?ehoin%vb%rgcje,vr\rdl&lgple bytes, etc.

Byte-based addressing may be simpler to implement and may provide more flexibility
for re-segmentation (e.g., for retransmissions) than sub-sequence numbering. The
following description assumes the use of byte-based addressing for RLC segments.

[0041] For byte-based addressing, an RLC segment may be defined based on the

following parameters:

e RLC SN - the sequence number for the RLC SDU containing the RLC segment,

e Segment offset (SO) - the byte address of the first byte in the RLC segment, and

e Segment Length (SL) - the length of the RLC segment given in units of bytes.
The segment length may also be given by the byte address of the end of the RLC
SDU within the RLC PDU. The segment length may be used to find RLC SDU

boundaries when RLC concatenates.

[0042] The segment offset size and the segment length size may be dependent on

the maximum RLC SDU size. In one design that is assumed in the following



or byte-based addressing. For sub-sequence nunberi ng,

the multiple RLC segnents nay be assigned different
wa@aws3smgeence nunbers. Each RLC segnent nay t hRCT/D82008/062963

uni quely identified by the RLC SN for the RLC SDU as

wel | as the sub-sequence nunber for that RLC segnent.

For byte-based addressing, the bytes in the RLC SDU

may be assigned sequentially increasing byte

addresses. Each RLC segnent may then be uni quely

identified by the RLC SN for the RLC SDU, the byte
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f ni t t
glegﬁngﬁtﬁ:’eng 3%%% ad aé%e btéasa(iyve tﬁ% elﬁkﬁl}( g)?t 1(\341&25& r esélf present)
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Hﬁlﬂght P Eo @%g%wéoarbg%géaﬂgartﬁ%th%lpg%wﬂtRLC PDU

bnagﬂglté agc%gyse%ﬁgﬁ?e&t aRf{setsmnd pEIMB BRIt dhcaicAfon is not
S us

per¥orrned at RLC and may be performed at MAC if needed. The RLC header may

include the fixed (M) and extension (O) fields given in Table 1.

Table 1 - RLC Header without concatenation

. Field | Size o
Field Name Type | (bits) Description

Indicate whether the RLC PDU contains
traffic data or control data.

Sequence Number (SN) M 12 | Carry the RLC SN for the RLC SDU.

Data/Control M 1

Indicate whether the transmitter is requesting
a status report from the receiver.

Set to ‘0’ to indicate that the RLC PDU
contains the entire RLC SDU or to ‘1’ to

indicate presence of the following extension
fields.

Poll M 1

Segment Extension (SE) | M 1




[0043] In one design, an RLC PDU i ncludes an RLC
header and a Data field. The Data field may carry data

w0 e@aianee2 or nore RLC SDUs. The | ength of the BEI/ES2008/062963

field or the entire RLC PDU nay be conveyed in a MAC
header. The RLC header may ingjude various fields for
pertinent paraneters for the RLC PDU, e.g., paraneters
describing the one or nore RLC SDUs carried in the RLC
PDU. In the follow ng description, a field in the RLC
header may be either a fixed field or an extension
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concat enati on e Segnen set Ica
thae tisisatvenfin Thide RLC segnment within the RLC SDU and

may _be ven by the hyte addr of the startin

izhe HIE" JobbuonadioRBA b o ReCTeAds Hyva i abkd . In this
. N

&agggﬁg%?%& fs?e‘?%%??ﬁ RUBEGADIN © 'Tﬂ% iR§ (PHNELAED) SIAAES L of the
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[0048] Table 2 shows a design of an RLC header that supports an RLC PDU
carrying up to two RLC segments. The first RLC SDU in the RLC PDU may be an
entire RLC SDU or an RLC segment. Any number of whole RLC SDUs may follow
the first RLC SDU. The last RLC SDU in the RLC PDU may be an entire RLC SDU or
an RLC segment. The RLC header may include the fixed (M) and extension (O) fields

given in Table 2.

Table 2 - RLC Header with concatenation of up to two RLC segments

. Field | Size . e
Field Name Type | (bits) Description
Indicate whether the RLC PDU contains
Data/Control M 1 traffic data or control data.




than those given in Table 1. [0047] FIG 4 shows an
RLC PDU with the RLC header shown in Table 1. In this
wex@spbm®e2 an RLC SDU has an RLC SN of N. The Re@I/PE2008/062963
carries a segnent of the RLC SDU starting with the
byte at address B. For the RL(G header, the Sequence
Nunmber (SN) field is set to N, the Segnent Extension
(SE) fieldis set to "1, and the Segnent O fset (SO
field is set to B. The size of the Data field can be
ascert ai ned based on MAC header information. The R C

segnent size nmay be determ nedriabeRLONBN & tB€EAERILC SDU in
§Fﬂ‘éf'é‘€e$1ﬂm@e%\ X he Mbag a 1f2|elt1§gn§L@q)D{[yOO48] Table 2
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given in Table 2. |Table 2 - |Ri@GBeideader with
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corresponding to the first—byte T the RECPDU—{ 0050}
Tabl e 3 shows a design of the Length Indicator Block

fook9t he IRtk Resigeshekovn 1 TafﬁbleTab{he Qequ&ldenlﬁtlﬁlheteﬁeldf contalns the
the Lenfgth | ndi cat or Bl ock included in th
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[0050] Table 3 shows a design of the Length Indicator Block for the RLC header
shown in Table 2. K instances of the Length Indicator Block may be included in the

RLC header when the Header Extension field is set to ‘1°, where in general K > 1. Each

instance of the Length Indicator Block provides parameters for an associated RLC SDU.

Table 3 - Length Indicator Block

. Size o
Field Name (bits) Description

Indicate the length or the last byte of the

Segment Length (SL) 12 associated RLC SDU sent in the RLC PDU.

Length Indicator Extension 1 Set to ‘1’ to indicate that another Length

(LIE) Indicator Block will follow or to ‘0’ otherwise.
Indicate the difference between the RLC SN for

SN Offset (SNO) 3 | the associated RLC SDU and the RLC SN for the
preceding RLC SDU in the RLC PDU.




first RLC SDU) may be conveyed by an SN of f set

relative to the RLC SN for a preceding RLC SDU. In one
waele®sgsroer he RLC SN for an RLC SDU may be def i PerUs®08/062963

follows: RLC SN( ) = RLC SN(-1) + SN.Ofset (k) , k =

I ..., K Eq (2) where SN.Jfset() is the SN of fset

for the k-th RLC SDU in the RLC PDU, and RLC SN( ) is

the RLC SN for the k-th RLC SDU in the RLC PDU. [0052]

The SN Offset field allows the RLC PDU to carry

non- conti guous RLC SDUs, which may be useful for

retransm ssions. An SN offset of 0 may be used to send

R 2 R LB BT PR RSB TPUERERTR e ietoss
&b dtbert N> svBecader toRerhBALC tRNRLOY SX Her &chRLRL@IﬁD(&xICBpt for the
the RLC PDU. Wth 3 bits for the SN O fset field,

Fresk i Bhfm SN b ey ebe iservered bywen SHheselt relaivriie tQDL%Lﬁ? sSN for a
%1‘ec&fi'ngsﬂL@c §I§ Th¥ng %Ire§1 afe Yﬁy@ngfg lek@dqgﬂUg%%}yEé 18fined as
a unmy cks

ne or-nore a tlon ngth ndi cat or
fidllokvst he Segnent Lengt h field set to 0 and the SN
Ofset field set to appropriate value. [0053] In

anot h desi gn, Sequence r field may be
incIugéﬁlgﬁk%ﬁéRﬁgn§§ﬁ7ﬂhﬁﬁ %eﬁ&éck ahd may arry E1(@)
the entire RLC SN. I n yet another design, the SN

WhEsetNf Oelsét(/91is thBSNSefee R ehNLPRLCf S8l 6 fH%yR]E@ PDU, and

omtted fromthe Length Indicator Block. In this

desi gRLG AN(RICthrEHU. (ra)l fortheyt-thdiitG §DGLin the BLEDIBUW t h
sequentially increasing RLC SNs. [0054] The | ength of

HWOR] RLOHSOEN (@Kt pfiicld atlowvhehé iRIgE PRIC tSDiahry meon-dmatiguous RLC

rm ned based t he Segment Len ield for that
LR L P RS e o AR el kg By 6" ed to send
aes ﬁéﬂlbdlﬁféub@ssﬁ mehts WAGh@arer ¢ B et ®1.C PDE). 18NEE Rase, the
of the first RLC SDU may then be deterni ned by

BLbt YPa darithy (- heth RhGiSP W is hastme %@QMSNFﬁeﬂhsmhwaU in
{heeRHtg 15‘ %lt% Igeblﬁ Lf%r tl%_%\l[(ggg’ gﬁeLc{1 tﬁeh%laxgﬁurggl\fc\o% between

e€s 2 an heéader hdas a
Byd esnsedutivo RLA BBUSG@ gt Anl $diofREargBt ok 7angdy GegbRited by using

glef grertnoIel aedld(ljt?onal-ycri]uemgb%e?lgﬁlldlndlcator Blocks with the Segment Length field
set to 0 and the SN Offset field set to appropriate value.

[0053] In another design, a Sequence Number field may be included in the Length
Indicator Block and may carry the entire RLC SN. In yet another design, the SN Offset
field or the Sequence Number field may be omitted from the Length Indicator Block. In
this design, the RLC PDU may carry contiguous RLC SDUs with sequentially
increasing RLC SN.

[0054] The length of each RLC SDU (except for the first RLC SDU) may be
determined based on the Segment Length field for that RLC SDU. The length of the
entire RLC PDU may be determined based on MAC header information. The length of
the first RLC SDU may then be determined by subtracting the length of each subsequent
RLC SDU from the length of the RLC PDU.

[0055] In the design shown in Tables 2 and 3, the RLC header has a size of two
bytes without the Length Indicator Block and Segment Offset fields. The RLC header

includes two additional bytes for each Length Indicator Block and includes two



i ncludes two additional bytes for each Length
I ndi cator Bl ock and includes twoadditional bytes if

wo b@sfi31oer RLC SDU i s segnented. In general, aPCRL£008/062963
header supporting concatenation of up to two RLC
segnments may include fewer, npye, or different fields
than those shown in Tables 2 and 3. For exanple, if
concatenation is perforned, then an End Bit field may
be used for an RLC PDU to indicate whether or not it
is the last RLC PDU for an RLC SDU. The fields in the
Ridbiored dotesmdythpaitst RiLG SDdntis scgeentedhanint posealgay dL.C header

in Tabl es 2 and. 3. [0056] FlI 5 sha an RL Wi th
bed e oo 07 1S o BLCo-BHME. Ay TFanpdPrW! Frore, or
gk €icldshBaRHosEBhdvedid TSl 2ta@tiad. Pér &ample, RE Concatenation is
SDUs, which includes a segnment of the first RLC SDU

BerdareAgthan op BoddBibfickd mey Aeasesiorgn Rlgy P& mdiatq whether or

138 AP BB PR pBUfof AR RSB ThE TS EP ARG Eihch may have
TiercoesaocthBh GoSELbas Zablesit af Li and an RLC SN of

= NO + O1, IS .
BOSFL of i1 S 18618 G EDRihabrR ety T and 3

fHhse le,RhE RIRUPIRY H8icS ATRUl 66 ’ 1 SRINE ISBULTBMIES includes a
The segnent of the last RLC SDU has a | ength of LK and

sagnRinCoBrheofirsNR L€ NRUL startthgkwith [tBOB7E dEauddtehe BRf@Glowed by K-1

h , Sequence Nunber (S field.i

OB Qe ERRL A i ey b of e A b0 e st RLC
sher Regnert C ON s, ( B sdcofll RIISSBELhds@ [BndtRlof 1h@nd an RLC SN
first RLC SDU. The Header Extension field i1s set to '

af N rolN, slhwwhiere @l G.th&PN offedt fo¢hiRRE.(h8BYereldtive ter thesfirst RLC
K Length Indicator Blocks for the K remaining RLC o
SBUs. TheeRLEendNhior rrarle atbicaming dkLE oDV hmay doprmmites! in similar

oatn ThoTaRal SENCRPRRC PP s fgtBlof By vhy. b s or
e=3\ foset (SNO field set to G. The Length

I ndi cator Bl ock for each subsequent RLC SDU may be set
[0058] m |Ror thmRIgl .hedde, Hen§edquechod Noaiber (BNodleld os stth® N, the

astRCSDUB Q.Semet,Le t fielcbe "

SR R PRACELEOR TEXahel offdrfieracae QBRpSOLit i set o B
trenhShORILEESDL et B&ldet BxfKsion FORO8ketBb E(1tht SIS InFIG. 5),
desi gn of an RLC header that supports an RLC PDU

and the RLC header includes K Length Indicator Blocks for the K remaining RLC
SDUs. The Length Indicator Block for the second RLC SDU has the Segment Length
(SL) field set to L;, the Length Indicator Extension (LIE) field set to ‘1°, and the SN
Offset (SNO) field set to O;. The Length Indicator Block for each subsequent RLC
SDU may be set in similar manner. The Length Indicator Block for the last RLC SDU
has the Segment Length field set to Lk, the Length Indicator Extension field set to ‘0°,
and the SN Offset field set to Ok.

[0058] Table 4 shows a design of an RLC header that supports an RLC PDU
carrying any number of RLC SDUs and any number of RLC segments. The RLC

header may include the fixed (M) and extension (O) fields given in Table 4.

Table 4 - RLC Header with concatenation of any number of RLC segments

Field Name Field | Size Description




carrying any nunber of RLC SDUs and any nunber of RLC
segnments. The RLC header may include the fixed (M and
wesxiensioon (O fields given in Table 4. Tabl e BCFUR0EB/062963
Header with concatenation of any nunber of RLC
segnent s[ 0059] In the design ghown in Table 4, the
Sequence Nunber field contains the RLC SN for the
first RLC SDU in the RLC PDU. The RLC SN for each
remai ning RLC SDU i s conveyed in the Length Indicator
Block for that RIC SDU_[0060] Table 5 shows a design

of the Length Indi@aper (Blsd¢k for the RLC header shown

In lable 4. K I nsgances of tilg aﬁ mﬁ?gwle{]ﬁlgﬁégggﬁl coo%l‘éains
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wi t hout any Length I ndifcat on pBlsotk. The RLC header

ugeg}dﬁ Our _aadiftiong

et Db for_each tengtrh .
nkbf I8k, I|In gene? af , %f?ﬁ%% IRgianfes Og{fﬂﬁﬁﬁtrqfif%ds given
EockatkB®i on of any nunk9& | TelleSsegment s may

i nclude fewer, nore, or different fields than those
shown in Tables 4 and 5. Furthernore, the fields ma

H998l di fipehedesign sBawh Hal ablodethgi Sesyenes Nampess ﬁalda@tains the

| i tih ot eader. .. . .

RS i (st Ry TR A CRL RO e dO%C e R GAE R prmainine
RACTSRE incdotydd infthkLength RIAGaSPBpcknfoe theat BAECHSIRUC SDU

e e_of segnented.. The RLC. S haye C.S
[or maﬁha%Le Sebeht R OT dhs Errgidndpson ik Bl &e'\@.LC header
Howe AR &k Shewed Bf HeG erfth i BIBEYNGAEd §luled in the
segnent of the first RLC SDU starting with thé byte at
Rb CardddraviienghaHeadey Extanioh Gicld slsktooet, bahers inegneat Kaf 1. Each
the second RLC SDU starting with the byte at Bi and
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a segnent of the last RLC

Table 5 - Length Indicator Block

. Size e
Field Name (bits) Description

Indicate the length or the last byte of the

Segment Length (SL) 12 associated RLC SDU sent in the RLC PDU.
Indicate the starting byte in the associated RLC

Segment Offset (SO) 12 SDU being sent in the RLC PDU.

Length Indicator Extension 1 Set to ‘1’ to indicate that another Length

(LIE) Indicator Block will follow or to ‘0’ otherwise.
Indicate the difference between the RLC SN for

SN Offset (SNO) 3 | the associated RLC SDU and the RLC SN for the
preceding RLC SDU in the RLC PDU.




SDU starting with the byte at BK and having a | ength
of LK. [0064] For the RLC header, the Sequence Nunber
W@ 3Np/1879¢2 d is set to NO for the first RLC SDWPCTI82008/062963
Header Extension field is set to ' 1" (not shown in
FIG 6), and the RLC header iyl udes K Length
I ndi cator Bl ocks for the K renmaining RLC SDUs. The
Lengt h I ndicator Block for the second RLC SDU has the
Segnent Length (SL) field set to L1, the Segnent
Ofset (SO field set to Bl, the Length Indicator
[06&hsi orhe(lengh 6f edah BEC BDBU (except mmdthe HastSRLOF $5&1) may be

AR at Bt o e e E B! T SIS et of ere

fihe RLENGDL thadbe aétermiBt ©biscll on thdﬂ&ngﬁhsdf tR-RLERDUasd the length
the Segment Length field set to LK, the Segnent Ofset

of each raypaining R SPRE Lengt h | ndi cat or Extension field

Eﬁka 0 (?n F’r{t@agm% dero% g fl"§ Et'a?llddﬁ SRE REQ LQ@%@?L&%Q%E@ of two

fic rrrats ave béen descri bed a
thbﬁ witRb@ heabergtl dndiedtsr Biykal Be RECdefaderedichades tmeddditional

or C PDUs. head r format nmay or y. not .
Eﬂsi)?L PE @ Aﬂ‘athil ﬁatmi 3 %%calcne §&RST8ln 4Ns %%ﬁ@%dsuppomng
E&ﬁgtehafonmmﬁ g%gelﬁpﬁ{ Hﬁ&lﬁ&@ & & ﬁil%l‘é @r different

descri be each "RLC SDU or se nt cafried i n an
POds theingh&icGhowade rTabrteg 4adsloS.i Rutthamoot, Hier ﬁéhdelrrdasf ttage different

u rt .other fu on [0066] In another aspect, RLC
KI?SrFE hes¢ @IV By %}l ﬁ?ﬁgfn order to reduce header
H)O%B]Weaq?ld 6 $aGs dtﬁSRI%W ,PU%LQlﬂE&Me Ra\cendaaer §Hé>|vdn01W THhles 4 and 5.
characteristics: mentation is not supported in RLC

Enthisrexanipde, pbe ﬂ?dr(hé’@ parkiaCa tatat of Gohé &Yn wherggech RLC

te L ff d
SHEP Pl o8 Mo Ayl R BB P E i may e
gétz@snahes deyribel a&ﬂve fbﬂFE@ppom tHel andphy sHoghipmt FIGA®, ¢he RLC

t echnol ogi es such as LTE. [0067] FI.G 7 shows a desng .
BPU eutiey hgegmrant sithedirs %I?Uaitwrénghtth%byte,&t Bglapd having a

BRCR (2, ToRes SYGHeRnEq ol Res i eGPt ddie
aly hgeme n dtrestlantl Lpass @ RDERI RButlwiing vathPDSRnSMt of thd last RLC

LC.. RLC t RLC PDUs of
bBrcuie v L PECE Baand B vk PEEPEBY and oy

fRBUEN R BRENHEA1R R0 SBhEenEDNumbRe SRY GieRN sfsef totNISFor the first
RLC SDU. The Header Extension field is set to ‘1’ (not shown in FIG. 6), and the RLC
header includes K Length Indicator Blocks for the K remaining RLC SDUs. The
Length Indicator Block for the second RLC SDU has the Segment Length (SL) field set
to L;, the Segment Offset (SO) field set to By, the Length Indicator Extension (LIE)
field set to ‘1°, and the SN Offset (SNO) field set to O;. The Length Indicator Block for
cach subsequent RLC SDU may be set in similar manner. The Length Indicator Block
for the last RLC SDU has the Segment Length field set to Lk, the Segment Offset field
set to Bg, the Length Indicator Extension field set to ‘0°, and the SN Offset field set to
Ok.

[0065] Three specific RLC header formats have been described above. Other RLC
header formats may also be defined and used for RLC PDUs. An RLC header format

may or may not support concatenation. If concatenation is supported, then the RLC



first RLC PDU may be derived fromthe PDCP SN, e.g.,
as shown in equation (1) with the SN delta being zero
wW@rooRnsmEEr o. For sinplicity, FIG 7 shows thePGMUS®DE/@62963

bei ng equal to zero. RLC may assign the first RLC PDU

wth an RLC SN of N, the next;{RLC PDU with an RLC SN

of N+l, and so on, and the last RLC PDU with an RLC SN

of NWU-I . The last RLC PDU may have an End Bit (EB)

field set to "' 1' to indicate that it is the last RLC

PDU for the PDCP PDU. RLC may pass the U RLC PDUs with
RtadeisMey ofcludetapprepuiate fidd aserilior ek ILC BRhY @DeEmPmigarried in

LOREEI, SR AR R R M R A ncons

[(IDWPCP In RiAGH cRRypdch eRLassi gﬁa>t e maxtd ROGPDHDMA Wddh to reduce
PDCP SN of N+U and may process and send this PDCP PDU

hepdry yerimad kmgnedasignaRéConey baverthe ollowynggharqotanisties

the PDCP PDU and nay assign an RLC SN to each RLC PDU

st ar t BegmanitationNe-bbt BppartcdADBR.Wsmbmanbe pesternadan M eand

RLC S for the PDCP.PDU, the

secfuefléfjt)’il%ﬂtqlﬂ?“??} Bt SHPRYTRA ¢ gﬁf& a%d#ﬁ%éqnmgwds used for each

hol esppp mygr! ap in the RLC sequence nunbering. [0069]
A receiver may obtain the full PDCP SN at connecti on

Eu ayRedfd Rifke o se|0Y Q;arlg@% %&Sﬁtﬂi Blag; ﬁ) et eog]l&;jgrt high

nay assenb t hese Into
Mhp&ﬁradmdedmb&xgldswuﬂha ISBgment Length and End Bit

B 7E 2 oo P Ha0BO b I TR SRCF BT riFSpcer A full
HB@PWrﬂaR %Q@cf%d E@Qeeﬁr UESI 18Ld md'gﬁ}’lﬁﬁat%ﬁﬁ‘&@iorﬁ setup with

al on DCP. The receiver can
@Iemerbftn mecltahsnPEEPCBNletyogenemdnarshmesé’MH 9Dereh ‘aeHDCP SN of

ﬁﬁgﬁgg&‘g e%[ %ﬁ%ﬁh e@}%écl% Igol\llfgkmige%lég ﬁﬁé L(F ¢d-ar Varla{)fqe sizes for

Meaasss PEAY ah®@Ma g@aﬁgﬂgn gat@ sw ﬁoheaémufmp@m UTRERLC SN for the
re-use. Process 800 na performed by a transmtter,

{irst &b CrBD Upmay bpdereved frem tl@raPlaCPrSéﬁsmg sa hewanntegeation (1) with
0 he Kk

R P B At a8, ERENEM ) 160D O et bome

Equasto pret RL@I miXpyssira thefist Red HDUamstesroRdcrgmbeNothe next RLC

B A C B of NET and ob- o Gnd e Tt RLEBDU With i RLC SN of
N+U-1. The last RLC PDU may have an End Bit (EB) field set to ‘1’ to indicate that it
is the last RLC PDU for the PDCP PDU. RLC may pass the U RLC PDUs with RLC
SNs of N to N+U-1 to MAC to transmit the PDCP PDU.

[0068] As soon as RLC determines that U RLC PDUs will be generated for the
PDCP PDU, RLC may communicate U to PDCP. PDCP may then assign the next
PDCP PDU with PDCP SN of N+U and may process and send this PDCP PDU to RLC.
RLC may generate one or more (V) RLC PDUs for the PDCP PDU and may assign an
RLC SN to each RLC PDU starting with N+U. Since PDCP uses the next available
RLC SN of N+U for the PDCP PDU, the RLC PDUs have sequentially increasing RLC
SNs, and there are no holes or overlap in the RLC sequence numbering.

[0069] A receiver may obtain the full PDCP SN at connection setup. RLC at the
receiver may obtain RLC PDUs from MAC and may assemble these RLC PDUs into

complete PDCP PDUs, as indicated by the Segment Length and End Bit fields for each



used at the second protocol (block 820). [0071] In one

design, the first protocol may be above the second
wW@e@B08™b2 i n a protocol stack, and the sequencRCTIUNDE$/062963

may be passed down the protocol stack, e.g., outside

of the first protocol's PDU. for exanple, the first

prot ocol may be PDCP, and the second protocol may be

RLC. [0072] In one design of block 820, if

concatenation is not perforned, as determi ned in block

830, then the first PDU may be received fromthe first

BLEIRIRE| PR FamagDescrmint e RRCBSN for oadcRIPCP kﬂDié kasg@d 2y the RLC

OB Py P R T PR B Re T ¥ L BBt e wien

HRIPRCHEHDE, to ERIYICP. ABheSHQWRer Bare tuidtde@stmink) thétmo@k SN for each
834). The sequence nunbergﬁg of the secaond protoco

miegctsfilersenived PRERJIVE bagd o Hivdtb ¢ S destthip syt RaleC PDU in the
P JH? stants. The delta may be determnm ned based on
t

erence between sequence nunber for the first
[00G0pcolFIghd Sl&iwﬂe alesigtindfes pfaeesst @) s@candingr dto®ath sequence
after resettlng sequence nunbering. Data w.thin

PHRLEHErUsEy PHECHH0sae ie Bademas byt hBIS BB Wélé‘&lu@% Be a Node
Bl{ﬁp&&a %ﬁisn‘igsﬁ@ AL doQ\];Iflﬁﬁtorf r[%nférrlﬁtastrrﬂfshns%font (Qlethe uphnk. A

DU. A second PDU nmay be forned at the second protoco
ﬁm$ ecﬂu@ncet menb}lblasagmbdlMya firsc PDdEbglal firetr pratosekgmeyl e @éceived at a

th 8 d th
BBhATEs)! DRagi A d5e et e dEan hEhrh BisesT may be
ﬁ@ﬁamﬁs%ﬂd(ﬂ%t@@& (BR3k 820Y. the second PDU i ncl udes a
seanent of the SDU, then the header may include a

ient Ibftft@eqlesmd|t1@fa1ﬁrrs4ig)rtbwéolsmaytbeoaquethgesgmmit protocol in a
startln t
BlshoteT e o Silense MERS TR ety Wy et sack, e,

Gkl 00 3] filsf protoHt DAL Bor ¢:amphd, filey Al pasodde hek e EICP, and
in block 830, then multiple PDUs fromthe first
BFé@%E@ﬂ”Wﬁy)ﬂ%WWQ%%%Qed as nultlple SDUs at the

E@Z IQ]; ne gfl ouNe) ‘a%l%n ¥ bi3cie gf@ iP Eoﬁcgﬁ nblls rﬂbﬁ%g B\‘!ﬁwﬁ €] termined

a di rent Seq uence nu
prigibdic 8]50 (th»é:mttﬂe fﬁéltZBDU'lfhay heulretcepfleé fﬂBIBUﬁlenﬁayt proicalies an SDU at

th f nd t | t SDUs | ud
rroboreiert) 4BBEhdray "t st eRLTePBUmbA Jii feasRU may be
auebehed Bisc8¥mhmefrirkihe ﬁéﬂc%'n@thﬂ)els%hmstm)g%ﬁrﬂa%d e.g., as

based on a sequence nunber for a
shown in equation (1) (block 834). The sequence numbering of the second protocol

may be reset at handover or connection setup or at other instants. The delta may be
determined based on the difference between sequence number for the first protocol and
sequence number for the second protocol after resetting the sequence numbering. Data
within the SDU may be addressed based on the second sequence number and an
segment offset from the start of the SDU. A second PDU may be formed at the second
protocol based on the SDU and may include all or a segment of the SDU (block 836).
A header may be generated for the second PDU and may include the second sequence
number for the SDU (block 838). If the second PDU includes a segment of the SDU,
then the header may include a segment offset indicating the start of the segment within
the SDU, e.g., the starting byte in the SDU corresponding to the first byte in the second
PDU.



correspondi ng one of the nultiple PDUs and the delta
(bl ock 844). A sequence nunber offset for each SDU,

wex@eps796nr the first SDU, nay be determ ned bBSEUSING 062963

the difference between the sequence nunber for that

SDU and the sequence nunber fggy a precedi ng SDU (bl ock
846). [0074] A second PDU may be fornmed at the second
protocol based on the nultiple SDUs and may i ncl ude

the first SDU fol |l owed by renaining ones of the

mul tiple SDUs (block 848). In one design, the second

9@ hay If wonestnatiph lssrpe opnagd ablde@frnmh ifitleek §BY, thah |multiple

DR bisce oot 5 b PRyl ™ S A ReRegnd protocol,

Withaaet bthe dagiign ,Pljlﬂkﬁ‘beﬁ@%: mcgnew dlilﬁéfehtrb’éhlh@ﬁe ﬁhﬁlb@ffbﬁthe first
portion of each of the l e as shown in

Brotogoh giley 842y The r@@ﬁekdf%‘ds ey ltlﬂ@df‘s@@é“ﬁat R, arﬁbthe multiple

g%gse?% %{glﬁgéggﬁg §tb ock %gs%gﬁ@iﬁgt{engt gt [fﬁgl ca? qﬁlkﬁ&tnumber for

8lohckd) theomukmdd SD&samay g &dktnfibtd dkscd50) a fequeidoenumber for a
Table 2, the t her

FeTER e as Sugiohe TON T e DU Rdndars g hlo L A gowppee number
bitsdt NBr feabis ISDRPUC QP! §8PRRARAY UL Ii‘r?agf b HetdPMifedi Bhsed on the

t he second PDU.” The header bl ock for each renai ning
Sifloramay betvalcudie §dquercesmymimmtfon tiagSPAUL frat the sagepse nhmber for a

am)u({llilg SﬁﬁﬁLocgééﬁgnt he SDU bei ng sent in the second

ce nunber offset for the SDU,

(Oo74) am sxdoRAPDAN n{hlytbet foahed Ackhe @é&ﬁd\ﬂﬂ&b&ﬁrba@éd &Pthe multiple
anot her header bl ock for another SDU will follow in

tREsrad deay, ingludg the fgetg?pﬁﬂtfoléw@eby remzainipg @hesaefehe prdtiple SDUSs
tant te in the sent h e n
g)r%g éz&?\/;%}{so%ﬁe cpengHeth%Dg Oélrdrm Porﬁlay 1%?3“}%‘] eﬁll 3f g% honDL%‘ the first

8B, @M, ortahgortion SF tHer @OSOU, ARy albef bedhoSDUNsteea0ihd first and last
Erotocol |n th rotocol stack and the first sequence

Riseps s2d I peptherrdesiany die seorbRRU oy tieclpdreall or a
g@r@l&ﬁgf @5&5&0[ L mudf le gﬁﬁp b€ shdwWtfin P16 %&eﬁfeﬁ hlgﬁ?é generated

andt e se protocol may be P
ﬂBs]negse,com BBwLmldtm@} Ingluida cthemsombseqeqwe mosmbaufob¢he fimySDU and

S d to eac enerated at the first
ﬁ%ﬁ‘t‘%& '&900&(69% EE@E%S@% Bk idintseh TemaimensDy; (plgek 850
pBP%&C@s%%% RRSE6E MPtht hehlE S8F AR AERAC!a segment offset
(e foreach PDU generated at the second

mdma@ng) the sEafuhg P ig dreefiratt PAUaorespwndmgdahe first byte in the second
PDU. The header block for each remaining SDU may include (i) a segment length that

conveys the amount of data from the SDU being sent in the second PDU, (ii) the
sequence number offset for the SDU, (iii) an extension bit that indicates whether or not
another header block for another SDU will follow in the header, (iv) a segment offsect
that indicates the starting byte in the SDU being sent in the second PDU, and/or (v)
some other information.

[0075] In another design, the first protocol may be below the second protocol in the
protocol stack, and the first sequence number may be passed from the first protocol up
to the second protocol. For example, the first protocol may be RLC, and the second
protocol may be PDCP. In one design, a sequentially increasing sequence number may
be assigned to each PDU generated at the first protocol (e.g., RLC). A sequence
number from the first protocol may be passed up to the second protocol (e.g., PDCP) for



protocol nmay be assigned a sequence nunber determ ned
based on the sequence nunber passed up by the first
w@e@sos™b2 f or that PDU. [0076] FIG 9 shows a PERUMV08062963
an apparatus 900 for sending data with sequence nunber
re-use. Apparatus 900 includeg a nodule 910 to receive
a first sequence nunber assigned to a first PDU by a
first protocol, and a nodule 920 to use the first
sequence nunber fromthe first protocol at the second
protocol. [0077] FIG 10 shows a design of a process
a@bOPPbr g¢@¢@¢d/|ahgh@i§§@ndn pwt@meliﬂyé RDbb genarated) ¢ . the second
erfornE

B BF oo ARG OBl b TN on M ST mamber

ﬁks@@ilﬁ)syaﬂle%mq)rbtbaaqmﬁﬁt pobuon the uplink. A fi rst
be received at a first protocol,

[Wél:k G, shawia desicgrd aragprgEtyso?Qheter é?n(fq 2 d@ta r"élfh sequence
| f t
BaThrRlot Adpt "Rl Rk P R e LS semuonc
baabe amg(lai o a flohtRDUey 4 ﬁmw)pr@tottﬂad&r a inordutdh®2(f tar eéde the first

PDU (bloc 1016) e first SDU may be received as a
catogt @%gbﬁ @r%?‘bjﬁ GEQ%U SGCQHS prot (bl ock
F18£90NHowSYURGER JPUTREE:sE 9600 ﬁﬁ" re&rih n% dEtQLJvﬂPé/equence

detern1ned based onthe first sequence nu
mhtebefrlrbsnse chamlQﬂ@ssaybbq/p@cfajmedéoy(doﬂeo@kerl@)f,bﬁl)h rnay be a UE for

0078] In .one Si oncat.e n,s.not perfo

P o9 5 7S P T POy O 44 ol ron dRahe uplink. A
fitst #D Bt aEdeived aBh Fid@prétbediNeg. quL 10 1012} N& first SDU may
first S or at a location determ ned a segnent

b¢ faysted oibtl et pfatesel th@dr@aﬁn@ rfirst] lthIn(b aekrlOdeki gnfirst sequence
é&rﬂger T %Blﬁl%n[ g[?ar fbor 1ne%rba?ecp 101%2111'1%(1 %I‘IOI%{) % header for
may e ? or ne gt t on e

I'rst proto ase

fher st PDU (blbé¢kh 1016, nThd ﬁﬁit GSDiDLﬂSay be rerdivag atshﬁséobﬁ@tPDU at a
SDU fol |l owed by _remaining S he sequence nunbe

$%Pn%£&ﬁ0@b@ 2-eXPER (blogk ]tod§) f Ar%qCOISbE?quﬁw yanber For the second
g%?%%ddamﬂe@ﬂ sed SRSt Qé’@@ﬁ’{] d’% foh Ghe FHQSDU and
t eader) and a

i ch may talne from
payyibéne delruivhek 1080). a precedi ng SDU. A segnent | ength

8T medn b deoha: ossmaton ey RSt |t IppLIKY the firs
PHEMMBELERRPSA band Bt B dththifg SIS a®fhe beginning of the first SDU or
at a location determined by a segment offset obtained from the header. In another
design, concatenation is performed. For block 1014, multiple SDUs may be formed at
the first protocol based on the first PDU, with the multiple SDUs including the first
SDU followed by remaining SDUs. The sequence number for each SDU, except for the
first SDU, may be determined based on a sequence number offset for that SDU (which
may be obtained from the header) and a sequence number for a preceding SDU. A
segment length and possibly a segment offset for each SDU may also be obtained from
the header. Data from the first PDU may then be mapped to the multiple SDUs as
indicated by the segment length and the segment offset for each SDU.

[0079] FIG. 11 shows a design of an apparatus 1100 for receiving data with
sequence number re-use. Apparatus 1100 includes a module 1112 to receive a first
PDU at a first protocol, a module 1114 to form a first SDU at the first protocol based on
the first PDU, a module 1116 to determine a first sequence number for the first SDU



i ndi cated by the segnent |ength and the segnent offset
for each SDU. [0079] FIG 11 shows a design of an

wappansmes 1100 for receiving data w th sequenP€T/ms2vng062963

re-use. Apparatus 1100 includes a nodule 1112 to

receive a first PDU at a firsjyprotocol, a nodule 1114

to forma first SDU at the first protocol based on the
first PDU, a nodule 1116 to determine a first sequence
nunber for the first SDUbased on a header for the

first PDU, a nodule 1118 to receive the first SDU as a
bascd nd appuletionths gt PdD hraomodde 11 Ehtd mcetpel thedirgtiSIPUtag a second

r.m ne a, second sequen n r,for .the second PDU
PBLEL N HEoRLBERREE BERERRE: MADE! ad:gmibdE sHRE Ragre number
trdhdasehdPPUbded bidthe[ fAO8RudncEnuhBesfoove farsOSISUGA @bssibly a
a process 1200 for sending data with sequence nunber

e¢lfiset s. Process 1200 may be performed by a

m t . lLtipl & ' .
HRJE™, ST B TR FIRELY A, o s
s@qberdBenuMdercs{ b0fchkayl Bd prforfnddDy coapmistmdVthigle SDUs may

l'tiple SDUs may be generated.(bl ock 1214). The
H%MCFWF@(% %@(), Wé@e@aefbﬁg’&claﬁuil%%neiaﬁ@%ﬁ%éﬁﬂ%@ number

n
e ko T PP s B RSP RPSPUB RSP R block 1214

bhs ediloplc tH¥U d infafy drazn condzettveror hivecequenesscpuamoe mumbers. A

for that SDU d the .sequence nunber, f a precedin

s Ryt b o e e S Bt oRe & gt SDU.
baxkd ohehEiraatteRYwEdChb d8qichee S8ANENLE th HIRY ah@'the sequence
the first SDU and the sequence nunber offset for each

renbériohg peDesling SDRE inpihe) PORY ddlckl PAIY).. Al logd) may & gagerated for
h a _design_ gf (ap apparatus. 1300 for '
A PPUCy R niEPheCPREGRL it Pai B ASOSDRRAIEHR seauence

AuBeHdfBetlfdl 2achQemem@ig/SD U the@ U $bidek 1M g)h each SDU

bei ng assi gned a respective sequence nunber, a nodul e

09841 ¢ o dP shewsa pesigeohisy arprtidust B0 for sepging datg gith sequence
e 6 r 1% g .

B s O p B S ARG TR o, BECRE mlBfle sDUS.

withrbeachf 9D Ut baihg SBBkigaet at tespaigelesrgecnae muenbef,0a module 1314 to

Fuiieriag 624 F@ubaing G THEP O Onationa )3 [t Gismities soquence
SEANGIRNEHIREEL §BU bdied bh il diffkn@b detiien Sﬂ?@%ﬁ&%e number for
nunber offset for each remaining SDU in the PDU.

that SDU and the sequence number for a preceding SDU in the PDU, and a module
1318 to generate a header for the PDU, which may include the sequence number for the
first SDU and the sequence number offset for each remaining SDU in the PDU.

[0082] FIG. 14 shows a design of a process 1400 for receiving data with sequence
number offsets. Process 1400 may be performed by a receiver. A PDU comprising
multiple SDUs may be received (e.g., at RLC) (block 1412). The multiple SDUs may
have consecutive or non-consecutive sequence numbers. A header for the PDU may be
received and may include a sequence number for a first SDU and a sequence number
offset for each remaining SDU in the PDU (block 1414). A sequence number for ecach
of the multiple SDUs may be determined based on the sequence number for the first

SDU and the sequence number offset for each remaining SDU in the PDU (block 1416).

For example, the sequence number for each remaining SDU may be determined based



[0082] FIG 14 shows a design of a process 1400 for

receiving data with sequence nunber offsets. Process
wa2@8/18my2 be perfornmed by a receiver. A PDU cop@r/US1008/062963

mul tiple SDUs may be received (e.g., at RLC) (bl ock

1412). The nultiple SDUs may Jj@ave consecutive or

non- consecuti ve sequence nunbers. A header for the PDU

may be received and nmay include a sequence nunber for

a first SDU and a sequence nunber offset for each

remai ning SDU in the PDU (bl ock 1414). A sequence

o e sequenceaampben fof fspiefomihati JPE 2O seamgndsenutebesfai Agdeceding

E@ ] @kpbgﬁ sequence nunber for the first SDU and the
gﬁ nce nunber offset for each remaining SDU in the

[083] bl quiG. 1L Ghowsar dexa@imel an biiRr8edUs0e fonwedeefind @ata with
each remai ning SDU nay be determ ned basedon the
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0084 | 6 _.sho bl ock, di a desi
Iagarhed HEh Kt EiEes 16520 i 63eks POFE 'RGGUTE £ g R >1.
gmssppedatvwédé B IQ@taetBaﬁ@ﬁnt]iﬁgé]e@sdrh%QU 6@ trahie dbla for one or
10 1s equi pped with R antennas 1652a ghrough 1652r,

wiee BEs drqyenetatd sopree 16 1@ndTRnsmit pr(]_i@@%]ml‘@ nNyclerogess the traffic
éa?[? fo eacﬁlaﬂﬁ q‘ntacgorag essolrtl% 1629 cocfs 5 %fiofzvn in FIG. 2) to
at a r%e 1

or one or rmre roma a SO

dbtainsdtitput RIaeC eASfbﬁlsrhﬁZ@Xl)'&n)’ulﬁpleﬁﬁ@ﬁ rhllepleroatkut MIBG) processor
for each UE in accordance with a set of protocols

e@ogmay axlgplenihg eutpytalatp forradl ghe a\ilw Rl gsiata g may process (¢.g.,

T P AL T MBS 18, ot

OEO DM t32pithrotigld a6§2ta rﬁhchayoq)ﬂam]e $632( mag p;roqmsea aclpctive output

Sk S 5L IS Ry e P TS noor 12
%9 ffuﬁp&ltﬂra&%g 038R BLAERESuANNGS @melt 248 PUERMH) the output

syibol stream (e.g., for fain’an out put
chhip ptrg@metambtaﬁa@rdqmdmkaugnal 16“3(20wn11nk signals from modulators 1632a

through 1632t may be transmitted via T antennas 1634a through 1634t, respectively.
[0086] At UE 110, antennas 1652a through 1652r may receive the downlink signals
from Node B 120 and provide received signals to demodulators (DEMOD) 1654a
through 1654r, respectively. Each demodulator 1654 may condition (e.g., filter,
amplify, downconvert, and digitize) a respective received signal to obtain samples and
may further process the samples (e.g., for OFDM) to obtain received symbols. A
MIMO detector 1660 may receive and process the received symbols from all R
demodulators 1654a through 1654r and provide detected symbols. A receive processor
1670 may process the detected symbols in accordance with the set of protocols and
provide decoded data for UE 110 to a data sink 1672. In general, the processing by
MIMO detector 1660 and receive processor 1670 is complementary to the processing by
TX MIMO processor 1630 and transmit processor 1620 at Node B 120.



may further process (e.g., convert to analog, anplify,
filter, and upconvert) the output chip streamto
wobioaitsroe2 downl i nk signal. T downlink signals PEDDS2008/062963
nodul at ors 1632a through 1632t nay be transmitted via
T antennas 1634a through 16344, respectively. [0086]
At UE 110, antennas 1652a through 1652r may receive
the downlink signals from Node B 120 and provi de
recei ved signals to denodul ators (DEMOD) 1654a through
1654r, respectively. Each denodul ator 1654 nmay
H&Sal ti & the.uplinkfat kel 10, 4rabfi¢ data fvown datasentce 16A%and signaling
pe receive pa oht ai

B Bk PP B PRREE B ORRlet Rogih b o oy Mo
%@Msoﬁ D6&MidiaPpli ROR),VEshdIoTRO by mOdiNhiVE) desscthesuehbld34r, and
may recei ve and process the received synbols from all

Raltﬁ@ﬁﬁ%mtaafe@nqssb@ﬁaatthmég}g hO 3P 5 4t Noslg %ﬂ%@.t%uphnk signals from
ﬁ;ﬁtﬁ % t?ey%t?&'vé REGRE 8348 ﬁﬁ&i%f?éd 1#3{ JHRYatH5 9682 Hetected
e set of

S I'n accordance wt
by at delCs daﬁdop n 6% ,deddeocded batactave PlocddOr 163@ to obtain the

a a sink 1672, In gene e _processi ng by M MO
@@@@ranﬂéwa %trﬁ%%rte@wsg%?s@ fos
| eMBR@oYlelsDrodd8s ol 9685 Shd 6B Eﬁo §t§o‘i’ifat Node B
de B 12 0087]

630 and transm't processor 1620 at
DH) tand UPI 1 Hk, reapectigelyd0 Cotntraﬂérs/@raim‘zsarﬁ 640 aandat@o may ecach

PhERr o Rl Bt SN MO, SoBSOREREEFRY D, prpcess 1200 in

M@/Qm:p%&% 4001832 |1f4 @ﬁlﬂbﬂ 608 Sbcess@NFbr thORGRNiQYes described
nodul at ors 1654a t hroug h 1654r, and transmtted via

bereandemoese 464hpwsh @692116152 ﬁtor%ﬂan&lw@é mogram, cadge for Node B 120

RLLRL ) 40BLSEPms d de i Bf SEELEC BY ANMEONAR andor

MIMR t@l@m@sm 2h@ 3fhy Iﬁﬁdd@ aw:gemds dftcurRs ﬁbmﬁe scheduled UEs.
rocessor 1638 to obtain the traffic data and

0§RkI i ridoss ahglin die 45y Wslfeurslenssand; thatipformgtioy arggipnals may
BB DB P SO S G TR . o

Smmtpiml dagg, Shgrusoess eosindkBdl) afdtmi68f) signalse ok, syrnbols and chips
tor direc cess 800 in FIG .8, process
@ggdn%yn Bl @era@eg fﬁﬂ&@@ggu t 850 2pqyerflgscriptor ﬁﬁaac steppEgeted by

U Rt G culnts %%tﬁﬁn&h@t% WY QC AR RSl Bdldd Wpérﬁ@l@i”o%@aﬁl fields or
descrlbed herein. Menories 1642 and 1692 may store

patielearvd apy ogmbimnicaubsrcbbr Node B 120 and UE 110

Lﬂgl%ﬁ f;tﬁ%%%/)g@ﬁlc\gg&gl f%rthgiﬁélp%recu}{[e %ﬁar‘g %geu lVSI‘lOL{lES 111ustrat1ve logical
blocks, modules, circuits, and algorithm steps described in connection with the
disclosure herein may be implemented as electronic hardware, computer software, or
combinations of both. To clearly illustrate this interchangeability of hardware and
software, various illustrative components, blocks, modules, circuits, and steps have been
described above generally in terms of their functionality. Whether such functionality is
implemented as hardware or software depends upon the particular application and
design constraints imposed on the overall system. Skilled artisans may implement the
described functionality in varying ways for each particular application, but such
implementation decisions should not be interpreted as causing a departure from the

scope of the present disclosure.



uplink transm ssion and may provide assignnents of
resources for the scheduled UEs. [0089] Those of skil
wOo pooBha79e2 t woul d under stand that informati on BETUS2008/062963

signals may be represented using any of a variety of

di fferent technol ogi es and teghni ques. For exanple,

data, instructions, conmands, information, signals,

bits, symbols, and chips that may be referenced

t hroughout the above description may be represented by

vol tages, currents, electromagnetic waves, magnetic

f(]()QIlbIs &hepwmuellléestra@m |1Q&¢alfbl@¢kdsnmduba,r pidcFieguits gtescribed in
conb Those 0
heFE s BRI S Rreip R Wi o goneral

b@@b robés@@tk% dipidWi@nl peicessot (BSPRAE @pbbedtoh yFestie stegrated
descri bed in connection with the disclosure herein na

pEctitnift et 8gldarograpmnabih petc paied WEPEA) ©6 9 @rogramma able logic
8%({ éevva{ilg ref%r gt%n‘B{ nt?&n' ﬁﬂ)‘cf R)f cp O&l?cret-goh 1l @\%% ycomA)rolaents, or any

uétra fi's rhterc ange y of war e
sarfilbiviatt e, theﬁerolf @dgsighdd tmp@rﬁimvmecmnpmsmescnﬂﬁdohﬂmn A general-
nodul es, circuits, and steps hgve been descrlggd above
BURBICTPSESSAY Pt e HFCTPW@P?SS% Bt indhapligryativignthe peqeessor may be

i‘%ﬁgbrfv'éﬂt‘?ddap gﬁJcb§s¥r | DOl EARAL &M dBeNAF VR Rafine. A processor

ftware depends upon the particul ar application and
tegialyn beomptenaintedsisiarppobetition of bemputergaddvicsy.st@m combination of

Skiled rtlsans na npl e he descri bed

P@ip i | i t;?n’]CWP%}%{%%Oﬁg %;@%ra fi’ Oéd&?fc’iﬁ’gf‘%"’e%%?r one or more
fﬁi’&b 1©8¢ds&Q in Qd;ﬁjuﬁdﬁ%ﬁ witiRd BRERbAL bpzihyctﬁﬁér%h&ﬂ %ﬂg@k&ﬁ@n
not be interprefed as causin eparture fromthe

Hwagb ofThehstepy @ entmathest Ioajsaﬂg@ltpmogqs]crlvh@ g g¢dnpegiion with the
sclLojsc’ur %é,re}/nemlao ' o&lec(f it ?(ﬁly@% longair anrl]% s%ft %Pe Iglgdule executed
be I'SC may

eSCI‘I In C nne ron w ‘osure herein

be al prptes@ENbEh arcopbidadibnRd thé thoa ganer@lapumpdsie may reside in
rocessor, a digital signal processorwéDSP), an
Eﬁé}ﬂ iBeReyn flagheemory. | e My memowy. cEFRQM memsrs) EEBROM memory,
r‘ .
oSt BRSBTS VAL BisRy d 8 RONESH o8 ofbDm of storags medium
kogicin the sict eAe eklanpilw eogopmdamt $s caupledny the processor such that

ombi nati on t her.eof designed t erf rmthe functions
JEPTHYY CAR FEAANIOEMAESE ampmﬂﬁw Yretigpfo, r%i/s gReg medium.

H GEARERGESS Me stBrilze ndiIf ndy R Ak keﬂ %o tﬁefﬁl?roé’é's@&e SR processor
may be any conventional procéssor, contr

mid thec tntagol hestiymomays tresiée mmehi ASIC. A Theos 8KS anaymeopide in a user
%l I ,Iing.%la ?aﬁ%ﬁgaiigﬁgﬁﬁgwﬁg%gg grtl(i e (gtforé:g%nr%lé}iiiurqlg may reside as
dlscrete components in a user terminal.

[0093] In one or more exemplary designs, the functions described may be
implemented in hardware, software, firmware, or any combination thereof. If
implemented in software, the functions may be stored on or transmitted over as one or
more instructions or code on a computer-readable medium. Computer-readable media
includes both computer storage media and communication media including any medium
that facilitates transfer of a computer program from one place to another. A storage
media may be any available media that can be accessed by a general purpose or special
purpose computer. By way of example, and not limitation, such computer-readable
media can compriss RAM, ROM, EEPROM, CD-ROM or other optical disk storage,

magnetic disk storage or other magnetic storage devices, or any other medium that can



a DSP and a m croprocessor, a plurality of
M Ccroprocessors, one Oor nbre m Croprocessors in
w@empasmesi on with a DSP core, or any other sucPCT/US2008/062963
configuration. [0092] The steps of a nmethod or
al gorithm descri bed in connecijon with the disclosure
herein may be enbodied directly in hardware, in a
sof tware nodul e executed by a processor, or in a
conmbi nation of the two. A software nodul e may reside
in RAM nenory, flash nenory, ROM nenory, EPROM nenory,
BERROND 9ol oY storee@sgcépwgramamﬂedmsws ua theefnﬁva)tﬁu@trdctms or data
ot her f rn1o
AR Mo, fHog BB P A5 scth o EoneBdi AR S T ShTUER e lmputer,
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fro and wite information to, the storage nmedium In
teracd p comprier-teadalle @cdtust- aler eremblfmifths sefbvaraiselgramittes from a
r S a u -
A g e L S
par, rdigiall subsnrlbehrehml (OS1nadi wizeletshechpiolgessssach an thftdied, radlo and
st or age resj de as dlscrete canponent s
BEEPWEE ?"Pal © f%%]cai’]ﬁ sher gp tiGr6Rdc-eRetp q? PBL G wireless
f&%ﬁﬁcﬂ@es Eltb‘ﬁ dUREhLI QAN AE SH ARAWRY e 1h5m&e%n§1nﬂ1€%eﬁﬂltlon of
software, firmiare, or any combi nation
tieduenfDisi ind dist, emvanteé tcicm, smn‘hudmrcempactteimmm) tassr dmg; optical

d t itt
Aer iRl ey Aol Vi) (beShie it MGus! alhiegsgtisks usuaty
RPRRIEET dit@ AR el A1HIOChideSrobkilec QERHIGHICHNOTRER lasers.
rredla and conmuni Catlon rre la | NC Ing any rre I um

Chabinatieny pf shesbavcashoubd alsp be twhyslad evitlgn ohe sperfar efncomputer-
ﬁmﬁﬂﬁ C8i L O anot her. A storage nedia may be any

avai e%redia that can be accessed by a genera

plmnpse The @EpEcualcsprptiasef theMNiaure Bypravdiedfo enable any person
exa and not limtation, such conputer-readabl e

Pl mcthﬁ agt donprake O Ragvihe Gl OSErSPRANIOUSIIQREfiFagiP Y fonide disclosure
|
REL bRy Sipp Sl B0, TRANGY G o S EHOREEndle Fitibles defined
baninemays bl apldle(dab rcyheﬂ:rvaﬁhmm whaimult ddpgpting fram thodeirit or scope of
s.inth for instructions of data structures

gﬁ%o‘{] H9RUre a b l%fc@é%le%e By lﬁ@ﬁé?d;\T Putpise tyfhe examples and
%isades&%egoﬁelﬁ%m YE 85 :beChccBrdd@NRE & idRYBOREcMHsistent with the

speci al - pur pose processor. Al'so, any connection is

priopeles ynd woviebttatiresalipniesed hewadabl e medi um  For

exanple, if the software is transmtted froma

[0095] WHAT IS CLAIMED IS:



website, server, or other renote source using a

coaxi al cable, fiber optic cable, twi sted pair,
waele@susidsxsubscri ber line (DSL), or wireless  PCT/US2008/062963

technol ogi es such as infrared, radi o, and m crowave,

then the coaxial cable, fiberppptic cable, tw sted

pair, DSL, or wireless technol ogies such as infrared,

radi o, and mcrowave are included in the definition of

medi um Di sk and di sc, as used herein, includes

conpact disc (CD), laser disc, optical disc, digital

versatile disc (DVD), floppLAIMS and blu-ray disc

where di sks usually reproduce data magnetically, while

di scs reproduce data optically with | asers.

Conbi pati o

i thi 5t heonohat SRR AL T SONEE: SORPUEES e

pr evi nusivitgsciiisptdqaencefnuitber elisgmked saus Erdt prqpoa iddedinitqPDU) by

eg@?le an rson skilled in the art to nake or use

L Brdes Various nodifications to the

di scl gams ﬁleVﬂrkd |sclifencAtinbyt RARMARL §9id0PRG Sleddd Bbhocol.

in the art, and the generic principles defined herein

may be applled to other variations w thout departing

fromthe S r|t or, s f the.di.sc

i 6l Beur ot & mgtod i R oY HRFREdaeo] g bove e second
| BiSa pOEbcHESAIN thedR&REd ﬁ%eh&ﬁﬁpﬁhﬂgﬂ is to be

accorded the w dest scope consistent with the

pri ncrostimnedhe firs POIU fremtthe Bt grojedodsed strsiceidata yngd§B) at the
ATy #%tégaﬁl MED | S:CLAIMS 1. A nethod of processing
P& Por*Cransmi ssion, conprising: receiving a first
S eq uedaemnnﬁfgear scasisl giq&dlcbolualbfet fetthg SDUDEBEd datiee Rt tequence
by a first protocol; and using the first

g@ﬁ@@ﬁé@*ﬁéﬁﬁéﬂ“ﬂﬁ@ﬁ]the first protocol at a second
pr ot ofd}mr}gga %Hﬁd %W%@Jecgﬁ@]?ﬂ"&o%ol £ 6h thetdisyf i rst

pr ot oco ove the second protocol 1n a protoco
st ack, the met hod further conprising: receiving the

first on1th i st protocol as.a service data
uni t %s ?mﬁrb@?i@ée[ﬂwpﬁa EGIPRMR%Er nining a
secongyfEAHRNER MRehef U SV iRA&LE P Sedubfod huimdber and an

sequence
offset from start of the SDU.

4. The method of claim 2, further comprising:

resetting sequence numbering of the second protocol at handover or connection
setup;

determining a delta based on a difference between sequence number for the first
protocol and sequence number for the second protocol after resetting the sequence
numbering; and

determining the second sequence number for the SDU based on the first

sequence number for the first PDU and the delta.

5. The method of claim 2, wherein the forming the second PDU comprises
segmenting the SDU to obtain a segment comprising a portion of the SDU,

forming the second PDU comprising the segment, and



nunber for the first PDU, and form ng a second PDU at

t he second protocol based on the SDU. 3. The nethod of
w@k@B32¢62 f urt her conprising: addressi ng data RET/HE2008/062963

the SDU based on the second sequence nunber and an

offset fromstart of the SDU.¢. The nethod of claim

2, further conprising: resetting sequence nunbering of

the second protocol at handover or connection setup;

determining a delta based on a difference between

sequence nunber for the first protocol and sequence

nunmbegerfesatinghe hsadssrigr phovewol BPUether berdlert icagpribieg the second

SRR P RE P PR S B GL L "8 TR RERE: witin the sU
sequence nunber for the first PDU and the delta. 5.
The nmethod of claim2, wherein the form ng the second )
PDU cbnpri $b meddetf ¢laign fhwhapl ths ssemgntnofisct dyligaies a starting

g%g%ih%is%eo&&@hgag%géhg@bm QLB fagprihe second

conpri sing nt, enerating a header for
the second PDU, the header conprising the second

sequepce n er and_a se nt of fset .indicating start
of thé s_egﬁg%fnemﬂgmf ﬁlaffﬂg[%ﬁtb.e? BMAHEGEt hod of cl aim
5, WhgLEivhet REIHRIPPTL REhS6E fr8di6RESSasemaltRid hé}?iﬁe data units

byte in the SDU corresponding to a first byte in e
64205t PDsecond Thietopadt bhandh af the Inaultiple, PDUs bhiag assigned a different

BBt ol e TR Bt P B G BpE R E i G e U anc

#RGANHpRISBIOCAL udPaehfief SHeofdsfonRing tHNSHiREPIDY; and
assigned a different sequence nunber by the first
pr ot ofwming #scappil DYV at g@tﬂ@cmﬁcprgwcnlgbawh@ ofijthgsmuppiplg SDUS, the

s necsoni 11 o PRUSCansci ANl ‘
RRPpL DB bR PRET SDPELHBRER ndhdiBheri: of hamyliple SDUS

PDU at the second protocol based on the nmultiple SDUs,
the second PDU including the first SDU foll owed by .
remai i ng dheseghod gk claint Y,D‘fvgergggl_e second PDU comprises all or a

portion of the first SDU, all or a portion of a last SDU among the multiple SDUSs, and
all of each SDU between the first and last SDUS.

9. The method of claim 7, wherein the second PDU comprises all or a

portion of each of the multiple SDUs.

10. The method of claim 7, further comprising;:

determining a second sequence number for the first SDU based on the first
sequence number for the first PDU; and

generating a header for the second PDU, the header comprising the second
sequence number for the first SDU and a header block for each remaining one of the

multiple SDUs.

11. The method of claim 10, wherein the header further comprises a segment
offset indicating a starting byte in the first SDU corresponding to a first byte in the
second PDU.



8. The nethod of claim7, wherein the second PDU
conprises all or a portion of the first SDU, all or a

wEosigienf a | ast SDU anong the nultipl e SDUSPCEOBS2088/062963

of each SDU between the first and |last SDUs. 9. The
met hod of claim 7, wherein thg second PDU conprises
all or a portion of each of the nultiple SDUs. 10. The
nmet hod of claim 7, further conprising: deternmning a
second sequence nunber for the first SDU based on the

first sequence nunber for the first PDU, and
gener &% ngThe et off Jpim B, whershdtherigadertdotte ftegach remaining

SR L RS R PV SOBE PR A A LA igine s
hdlstépldeeBDUs. 11. The rret hod of claim 10, wherein the
header further conprises a segnent offset indicating a
starting byte in the first SDU corresponding to a

first pyte T I o
10, “whey oi A RISAREEEAR 10 heing 1§ HERUCHMIaR, 16 Gffromaining
SDipcars@ssca assequmnb nheibgt bifeo rusydyig aﬂrffménoefbed;a&ea a sequence
fro e S sent in the_second P . .The

E%&h bffheg%é? &b scafRsclmter B RaRa g SR 1 B o PDU.
remai ni ng SDU conpri ses a sequence nunber of fset

conveying a difference between a sequence nunber for o
t he SBU anah@nsmslqlsdemaamu fbewhém thepreedeadilogk 8Dlgackh remaining

second PDU. od o | ai m ere|
5B RERREE Wosucition BEAEHORE Rheic S rdomsM ey block for
SxdteRSIOAN whill FoliowdinGat he@iewhet her or not anot her header
bl ock for another SDU will follow in the header. 15.

The nmet hod of claim 10, wherei n t he header bl ock for

each ﬁ?ma' 0 e?rPLdl (:}]Pa’g{@ 65w @%&{eggérfﬁgék gr ¢ each remaining

i ndicating a’s e int sen

She) cpaoitds PRmdf offi&t&n@ieﬁth@oh gtﬁrtmgaiyte ih, tha\:ﬁEerbeﬁng Bent in the

fi rst Br otocol is below the second
second P

16. The method of claim 1, wherein the first protocol is below the second
protocol in a protocol stack, and wherein the first sequence number is passed from the

first protocol up to the second protocol.

17. The method of claim 1, further comprising:

assigning a sequentially increasing sequence number to each PDU generated at
the first protocol;

passing a sequence number from the first protocol up to the second protocol for
cach PDU generated at the second protocol; and

assigning cach PDU generated at the second protocol with a sequence number

determined based on the sequence number passed up by the first protocol for the PDU.

18. The method of claim 1, wherein the first protocol comprises Packet Data
Convergence Protocol (PDCP) and the second protocol comprises Radio Link Control
(RLC).



protocol in a protocol stack, and wherein the first
sequence nunber is passed fromthe first protocol up

w0 eoosha79second protocol. 17. The method of cl aPe/L$2008/062963
further conprising: assigning a sequentially
I ncreasi ng sequence nunber togach PDU generated at
the first protocol; passing a sequence nunber fromthe
first protocol up to the second protocol for each PDU
generated at the second protocol; and assigning each

PDU generated at the second protocol with a sequence
nunbet9.det Eherimsdwdsdsdaimoh whveeis dlepuBrse eratesebepmpasps dipdio Link

Uy 1R e BB Eb b e Lyl BB 298 rooco
fapkey Data Convergence Protocol (PDCP) and the second

prot ocol conprises Radio Link Control (RLC).19. The

nmet hod of claiml1l, wherein the first protoco

conpr b@.es ﬁﬂd‘l}p?argug orSPRLIE lco%ca@i@ﬂ, go?:xg)réﬁl Qnd

protocol conprises Packet t ver gen ocol
( PDCPat. le2 onAprazpgar adnfgufal towk sV es Sird goauent«e aiimbdr, assigned to

C rising:, at le ne processor cqnfigured to
?g@iqufd@mnls@@ﬁ@ﬁﬁaea ﬁﬁhﬁ@ﬁé%@s@é ot BE v Rpagence number
RHALAE Bkt Q?Jtéco‘l' Bt 4 s&gﬁﬁ%m‘é’é’coﬁ first protocol, and to

use the first sequence nunber fromthe first protoco

at a second protocol. 21. The apparatus of claim 20,

wherein the, at | east ope,processqr i.s configured to }
Focei 95 t nNT 1 BEERSST Rl AE PR pfg: o Br~aang Processor is
SRIMGuER! tdabeiviht frSSPPHU FHonk IR HECHBELBI & HSQVice dBta unit (SDU)
determ ne a second sequence nunber for the SDU based

ainthe ieconid rpgetoselq tre Adternynerd esecandr segpence inugrbepfow, the §PU based on

d I h
e I s L
pasdol baved ph@eesSBOr is configured to segnent the SDU

to obtain a segnent conprising a portion of the SDU
to formthe second PDU conprising the segnent, and to

generg e atfhe aa%ﬁﬁra{lﬁr of r&@ah%GQ?,n Qherein the at least one processor is

configured to segment the SDU to obtain a segment comprising a portion of the SDU, to
form the second PDU comprising the segment, and to generate a header for the second
PDU, the header comprising the second sequence number and a segment offset

indicating start of the segment within the SDU.

23. The apparatus of claim 20, wherein the at least one processor is
configured to receive multiple PDUs from the first protocol as multiple service data
units (SDUs) at the second protocol, ecach of the multiple PDUs being assigned a
different sequence number by the first protocol, the multiple PDUs including the first
PDU, and the multiple SDUs including a first SDU corresponding to the first PDU, and
to form a second PDU at the second protocol based on the multiple SDUs, the second

PDU including the first SDU followed by remaining ones of the multiple SDUs.

24. The apparatus of claim 23, wherein the at least one processor is
configured to determine a second sequence number for the first SDU based on the first

sequence number for the first PDU; and to generate a header for the second PDU, the



PDU, the header conprising the second sequence nunber
and a segnent offset indicating start of the segnent

wowRaBis79she SDU. 23. The apparatus of clai m 20PCTHKI82008/062963

the at | east one processor is configured to receive
multiple PDUs fromthe first protocol as nultiple

service data units (SDUs) at the second protocol, each

of the nmultiple PDUs being assigned a different

sequence nunber by the first protocol, the nultiple

PDUs including the first PDU, and the nultiple SDUs
hendevetimpyiseng the secogbsequeneesypabrtiforthe dirst rSéDtg pr& e hexggr block for
and to forma second h econ r,otocol, hased
B8,y 8P EBORu P Sbuho e "BRAR Bt p@RRRine sU
tornpiisiGDM [0k bayeta bypnic@inpihng seiRacohurhibe offdbt hipbeension bit,
SDUs. 24. The apparatus of claim23, wherein the at
pchasseegrat pifbessor is configured to deternine a

second sequence nunber for the first SDU based on the

first sequence nunber for the first PDU, and to

gener 2f.e aAheapantuk dor windcseoomtinrition] doelyesde:

conpri sing.the second sequence nynber . for the first .
SDU aRga TREEGEN T HRT $GMCRAS MRS RISHINGY QAGTSPraipgel data unit
et B £ irPHotoddiangeader bl ock for each remaining SDU
conprising at | east one of a segnent |ength, a
sequemcensnipmyemgahe Sest, scquensx trendico frobi the fanstipmtocol at a second
segnent offset. 25. An apparatus for wrel ess
B%%ﬁﬁﬂication, conprising: means for receiving a first
sequence nunber assigned to a first protocol data unit

(PDU) by a first protocol; and nmeans for using the
first26equéheapnamitee! daiom s hethor cemppsiogiocol at a

. .26 f .clai , : :
£ ur ¢ ne TP R the S PRBRABhIR. ot HrARIIRR 4 seryipg data unit

{3) dthiee §dcosd piotcrbcol as a service data unit (SDU)
at the second protocol; nmeans for determning a second
sequeREaigRBEFMIgINES oG FgBEEs NYRIbERT e SPU based on the first

SEAURASRMIRRnd By Be; fhd St PDU and means f or
at the

ormng a second P second protocol based on
t he Sidans for forming a second PDU at the second protocol based on the SDU.

27. The apparatus of claim 26, wherein the means for forming the second
PDU comprises

means for segmenting the SDU to obtain a segment comprising a portion of the
SDU,

means for forming the second PDU comprising the segment, and

means for generating a header for the second PDU, the header comprising the
second sequence number and a segment offset indicating start of the segment within the

SDU.

28. The apparatus of claim 25, further comprising:

means for receiving multiple PDUs from the first protocol as multiple service
data units (SDUs) at the second protocol, each of the multiple PDUs being assigned a
different sequence number by the first protocol, the multiple PDUs including the first
PDU, and the multiple SDUs including a first SDU corresponding to the first PDU; and



27. The apparatus of claim 26, wherein the neans for
form ng the second PDU conprises neans for segnenting

W@ b@83B961 0 obtain a segnment conprising a portPONUSF008/062963
the SDU, neans for form ng the second PDU conpri sing
t he segnment, and neans for geggerating a header for the
second PDU, the header conprising the second sequence
nunber and a segnent offset indicating start of the
segnent within the SDU. 28. The apparatus of claim 25,
further conprising: means for receiving nultiple PDUs '
f r om migensf for dermpng roeeIndaRD Mt tthpbasose pidtees] dased amihegnultiple

at th on rotocal f 1 multiple

SRS s fes b £ERRATREE HRE Pl TR ol R b by ppes of the
fouttgile DOKOcol , the nultiple PDUs including the first
PDU, and the nmultiple SDUs including a first SDU
corresponding to the first PDU, andneans for formng a

secongy P Eﬁgﬁy n the
nultig?etﬁgﬁ%?ﬁé%%giggggﬂgﬂ%p incfﬁ@?ﬁgnghe first SDU

f ol | omeahsoipr detomniningg eoesl eljutdve nomber foir ¢heSYs SDP%Dbased on the
he apparatus of c]ajim further conprising: nmeans

15 S @FHWWiﬁéﬁgté%é@ﬁégg%&ﬁ%nce number for the first

SDU bagest RR dehiGafild § heSRAUSNAR AREPDIO hd A&dE! ESthprising the
PDU;, and neans for generating a header for the second

fioond sdyeeheaderbee bmphé Sish§DUhendselorader Wedufon eechmgmiaaning one of
or the fdtst .S nd .a hgader, bl ock f ach ..
e iR e b o8 FEChadod e, SDHER i isnedeast one of
b 9dgneE enbATRise RBcIRIh 62 BPfs bt Akt e sidEBiE lan@ B 8e@herR offset.
seghent | ength, a sequence nunber offset, an extension

bit, and a segnent offset. 30. A conputer program

produgt, c rising; ter- | e nmedi um
conpr?@inggq%g{é&g%Fxggﬁggﬁgwgfoﬁgggﬁgbne conputer to
r ecei ¥ eodpiiter-sladside ueinen compdvin@ssi gned to a first

protocol data unit (P by a first protocol;_ and

code for causing at least’ one computer to receive a first sequence number
assigned to a first protocol data unit (PDU) by a first protocol; and

code for causing the at least one computer to use the first sequence

number from the first protocol at a second protocol.

31. A method of receiving data, comprising:

receiving a first protocol data unit (PDU) at a first protocol;

forming a first service data unit (SDU) at the first protocol based on the first
PDU;

determining a first sequence number for the first SDU based on a header for the
first PDU;

receiving the first SDU as a second PDU at a second protocol; and

determining a second sequence number for the second PDU based on the first

sequence number for the first SDU.

32. The method of claim 31, wherein the determining the second sequence
number comprises determining the second sequence number for the second PDU based

on the first sequence number for the first SDU and a delta.



code for causing the at | east one conputer to use the
first sequence nunber fromthe first protocol at a
W@ e@snsiropz ot ocol . 31. A nmet hod of receiving daR@r/US2008/062963
conprising: receiving a first protocol data unit (PDU)
at a first protocol; formng g first service data unit
(SDU) at the first protocol based on the first PDUY,
determining a first sequence nunber for the first SDU
based on a header for the first PDU;, receiving the
first SDU as a second PDU at a second protocol; and
determ ning a second sequence nurrber for the second

g% b ?d H thﬁwfgg)rng m ai m %rim n?o%nlfligottrhﬁ st Sfljllﬁ%gmprises

det er minainn@ 4 fvgnreceidt sofuBobeadatiniagr conprises
determ ning the second sequence nunber for the second
PDU baseRingthe fest AR to éle‘qﬁ@ﬁ SOLhSHIEY F oy locors oy the first SDU

?%Ln?ﬂgdgyglgl h@n%ﬁ offibe method of claim31, wherein

ormng t rst SDU conprises obtaining a
segnent offset fromthe header, and mapping the first

PDUt the irst tarti at a location in the
firstd E? eﬁmong %ynﬁﬁeg%@wprb@f%et 34. The
et ho%n‘?ﬁ %bgltfﬂe?’g-DUg WE 1HRETsGROREHSBRE oh RIMiBOPDU, the multiple

mul tip first protocol based on the first
PDUs mdiedlng: Htei fpbteS SOl lowied b»duengtlmh@omasrosftth@wtlple SDUs; and

follo remai ni ng_one ofthemJtl S

dot er WHHYS S ogUASC M6/ Sreradb e %@ﬁﬂ@% 5 dhe first
ofbasbhen thd isdad@r ot ocol based on the header

he net hod of claim 34, wherein the deterni ning a

sequence nunber for each of the nultiple SDUs at the

(1S 387 O ROl ARTIASS AOLALNINAC ACRRANGNCE AYIRR umber for

offse for each remain
cach of the multiple SDUs at the ﬁrst protocol comprises

obtaining a sequence number offset for each remaining SDU from the header,
and
determining the sequence number for each remaining SDU based on the

sequence number offset for the SDU and a sequence number for a preceding SDU.

36.  The method of claim 34, further comprising:

obtaining a segment offset for each of the multiple SDUSs from the header; and

mapping a portion of data in the first PDU to each of the multiple SDUs starting
at a location in the SDU determined by the segment offset for the SDU.

37.  The method of claim 34, further comprising:

obtaining a segment length for each of the multiple SDUs from the header; and

determining an amount of data in the first PDU for each of the multiple SDUs
based on the segment length for the PDU.

38. The method of claim 31, wherein the first protocol comprises Radio Link
Control (RLC) and the second protocol comprises Packet Data Convergence Protocol

(PDCP).



determ ning the sequence nunber for each remaini ng SDU
based on the sequence nunber offset for the SDU and a

WG eiaasme2 nunber for a preceding SDU. 36. The PEL/HS08/062963

claim34, further conprising: obtaining a segnent

of fset for each of the nultipie SDUs fromthe header;
and mapping a portion of data in the first PDU to each
of the nmultiple SDUs starting at a |location in the SDU
determi ned by the segnent offset for the SDU. 37. The
met hod of claim 34, further conprising: obtaining a
segnment |ength for each of the mJItipIe SDUs fromthe

heade§9 an %etaerr rf‘orv?lt‘reai $SSTRY ntm t10n o r%nthe first

PDU for each ‘BFfHa pI°e *SHus %as,enc o tHé segment

| engt b 1tast ohb prdeBddor Séhfighhel tovtidet oFfirst lpadtodod Hata unit (PDU) at a
wherein the first_protocol conprises Radiq Link

Esh PFYPCAlRR AP Rdfishecrvise da@ ymtoSERO! atdbnrst etomi bragd on the
At @P%) Y EQERNRE a@{r&tsgﬁgéncé BRher P th ls@@lﬁ@{t?atrs]é'@m{ fheader for

W el ess communi cation, conprising: east
fhedtrstsBDL, ¢o rfceyartkel firw Sr[Hdas \aescaorfd PBU ﬂrm@omdl pead@l, and to

P at a first rot to f firs
?Wé% D?af%dtﬁ?ﬂvelxcsmlba{ ¥ eﬁ?qogfiol’é?ﬁaée&h Sipsdlifsbpauence

Bﬁ%ﬁbér'f&stthe?%#sﬂ@. determ ne a first sequence nunber
for the first SDU based on a header for the first PDU,

to receive the first SDU as a second PDU at a second

pr ot o¢ol , dto d ter nd .seguenc unb
Por IR s B doPretiseeb i ofle st Becchad Riictpeessor is
tqifigubel ol dbsdin S%méﬁ of_frsﬁﬁfraﬁlptﬂé abiiger @hd € AHap1tBI first PDU to the
wherein the at | east one Frocessor is configured to

1

Bt aDY dartiag gbntocatiansiatthe FehdDhbddieradesd nde sesmen offiet.
first PDUto the first SDU starting at a location in
the first SDU determ ned by the segnent offset. 41.

The appar aThs #pbaahai 6F IBimwbes @\i'lferduhethat atl Rast oﬁ)eﬂﬁprocessor is
processor i.s configured to formnultiple SDUs at

origurgsh tor Eumy Mykyde SBVy pethe; fist pmmol tReednei the lﬁést PDU, the
orl}]?\gg;léo gﬁ%gi%dﬁxl{gg hfg' %%@%%’fé éagﬁf O aih BIEBO s W the multiple

erm ne a sequenc
SDbeand or deaohnoh stdlmnthmmbérefoSE‘Msh aft tht meulfiplesIDUs at the first

protocol based on the header.

42. The apparatus of claim 41, wherein the at least one processor is
configured to obtain at least one of a segment length, a sequence number offset, and a

segment offset for each remaining SDU from the header.

43. A method of processing data for transmission, comprising:

receiving multiple service data units (SDUs), each SDU being assigned a
respective sequence number;

generating a protocol data unit (PDU) comprising the multiple SDUs; and

generating a header for the PDU, the header comprising a sequence number for a

first SDU and a sequence number offset for each remaining SDU in the PDU.

44. The method of claim 43, further comprising:



protocol based on the header. 42. The apparatus of

claim4l, wherein the at | east one processor is
W@owBigesed to obtain at | east one of a segnmeneCT/EsD$062963

a sequence nunber offset, and a segnment offset for

each remaining SDU fromthe hgader. 43. A nethod of

processing data for transm ssion, conprising:

receiving nmultiple service data units (SDUs), each SDU

bei ng assigned a respective sequence nunber;

generating a protocol data unit (PDU) conprising the

mul t i gétern8mivg; tharsdqusaae nambeag offstidatieachf mmaimag RIRY) based on a

ORGSR B8 FRCRer SR, W seupipfymber for o
Filkkding 8D iRhé PBY. The nmet hod of clai m 43, further

conprising:determ ning the sequence nunber offset for
each renai ni ng SDU based on a difference bet ween a

seavense ARSI 40 R FETER  n

déhscamter sequehbenumibdrs.pl e SDUs have nonconsecutive
sequence nunbers. 46. The nmethod of claim 43, wherein
the receiving the multiple SDUs conprises receiving

the nmyktipirge %%fﬁodatof RAghP 4Bi R FRATHO! reddRlify: - th@7rnulﬁBle SDUs

apparatus for wirel ess comuhnication, conprising: at
t@amtisco necpinribs sodtigo SDLgat 8ddiod.ink Eenirel (RIIQ)i ple
service data units (SDUs), each SDU bei ng assigned a
respecti ve sequence nunber, to generate a protoco

data ynpit Aﬁ%aﬁ@l@%ﬂ@hélgsstobﬁnﬁﬂﬂlédtlﬁhecoﬁﬁ?ﬁmgand to
generate a header for the PDU, the header conprising

sequeticleash oRb@Frockesor gorfigused BDIgCeive Multinde serise datmmts (SDUS)

Qgcfh%eﬂ fbglngggsqgnede n{%%ﬂycaﬁee gH ﬂc% nﬁlpn%ef lPU et*%?&te I%?otocol data unit

appara I the &t le

PO psE0prising 4o niulgple SHU atlétegoncrite i headse @iteRecBDU, the header
nurmber offset for each renalnln& SDU based on a
PR e e e BrMbeTsion adHeteS At mpdra segrerasaugther gHsetfor cach

REGHERE SDUHIMAE pDYY. @

48. The apparatus of claim 47, wherein the at least one processor is
configured to determine the sequence number offset for each remaining SDU based on a
difference between a sequence number for the SDU and a sequence number for a

preceding SDU in the PDU.

49. A method of receiving data, comprising:

receiving a protocol data unit (PDU) comprising multiple service data units
(SDUs);

receiving a header for the PDU, the header comprising a sequence number for a
first SDU and a sequence number offset for each remaining SDU in the PDU; and

determining a sequence number for cach of the multiple SDUs based on the
sequence number for the first SDU and the sequence number offset for each remaining

SDU.

50.  The method of claim 49, further comprising:



preceding SDU in the PDU. 49. A nethod of receiving
data, conprising: receiving a protocol data unit (PDU)

w@vpn3®sng nmul tiple service data units (SDUs)PCT/US2008/062963

receiving a header for the PDU, the header conprising

a sequence nunber for a first34SDU and a sequence

nunber offset for each remaining SDU in the PDU, and
determ ning a sequence nunber for each of the multiple

SDUs based on the sequence nunber for the first SDU

and the sequence nunber offset for each remaini ng SDU.

50 THetermningdthef sequangn 29mbeyfeheach remaining SDU based on the

Igc!esnl ?Iﬁ)gbeffe eé?oeghe thlﬂaéndz 4 qﬁggngcge nnuﬁgfor & eceeﬁlnig SDU in the
PDI‘;‘J SDU and a sequence nunber for a preceding SDU in
the PDU. 51. The nethod of claim49, wherein the
mul ti pl e SDUs have nonconsecutive sequence numbers.
52. /—\511 app?fl@tﬂi?thgﬁ’rof\mc[a%e§§ ngé'fﬁ“ ?t hl?lﬂlé)ée SDUs have non-
conpri si ng east one processor configur
c@setecacqicotoaohbadat a unit (PDU) conpri sing rrul tiple
service data units (SDUs), to receive a header for the
PDU, the header conprising a sequence nunber for a
firstssDU Aﬁ%pﬁarﬁﬁﬂ Wﬁel@é&%ﬁﬁn&ﬁéﬁ%h d‘o%prf%ﬁl%h
remaining SDU in the PDU, and to determ ne a sequence
nunbeant flaast @achprofessére comffigurgd o S@U@Vba&;qmotonolt Heta unit (PDU)

seﬁuen c %?f”f L@tgéqg ]Esgl{v?cg:a %hg P&%ﬁ#ﬁ%ﬁce@e 16 the PDU, the

RHABF @nkisisaig £ b@%&%ﬂ%@ F&H fidshsDat arﬂd%a&hu&fé@ number offset for
processor is configured to deternine the sequence

paghyemamare SREhNItherRD, mgd SDdetstmiag aotequense agbenéas cach of the
i s‘ﬁtﬁsg%e 4n %ﬂ%eg%ﬁf)%’nc%”gmﬁ‘be%%? SRE FirQUEBE" alPthePsequence
g I'n e )

pre edin
number offset for each remaining SDU.

53. The apparatus of claim 52, wherein the at least one processor is
configured to determine the sequence number for each remaining SDU based on the
sequence number offset for the SDU and a sequence number for a preceding SDU in the

PDU.



