[ 00011METHOD AND APPARATUS FOR ENHANCI NG RLC FOR FLEXI BLE RLC PDU Sl ZE

[ 0002] FI ELD OF | NVENTI ON [0003) This application is related to wrel ess
comuni cati ons. 100041BACKGROUND 100051Hi gh speed packet access evoluticin
(HSPA+) herein refers_to the Third Generation Pa:rtnership Project (3GPP)
radi o- access technol ogy evol uti onary enhancenent of high speed downli nk
packet access (HSDPA) and hi gh speed uplink packet access (HSUPA) standards
used in Universal Mbile Tel econmuni cati ons Systens (UMIS) wirel ess
comuni cations systens. Sonme of the inprovenenth to HSDPA (3GPP UMIS

St andard Rgphegge 5) MRBIHIBT ANTAAPPARATUE BOR ENHANCING 8ALCEF@GR pr oposed as
part of HSPA+ include higher darpExmls RLU BDUrSIZEst em capacity and

cover age, enhanceddsupport for packet services, reduced |atency, reduced
operator costs, and backward co tibili ] GPP | egacy systens.

Her ei n, SGiﬁ'O(P%gacy syst ens genﬁélﬂbké&ﬁﬁﬁ% y one gr )r/mr)é of the
pre-exi stingogdpPP stpid appiscatiof i RI41RA$E whreBizd c@Afdun®atioAs.hi evi ng t hese

i mprovenents involves the evolution of both the radio interface protocol
and network architecture. [00061The followi ng list includes rel evant
abbrevi ati ggggq 3GPP - Third Gener SACKGROUNBI ship Project AM -

Acknow edged Mbde AMNMD - Acknow edged Mode Data ARQ - Autgmatic Repeat
Request CN000&or e Ndighoipred packet @gieps SYOIW%@{S%B%@GVH?? rséwgli“’ched DL -

Downl i nk  HARA - GEN&Gtdn AtRaREHp RERSRE REGPESt radio-access technology
evolutionary enhéncement of high speed downlink packet access (HSDPA) and
high speed uplink packet access (HSUPA) standards used in Universal Mobile
Telecommunications Systems (UMTS) wireless communications systems. Some
of the improvements to HSDPA (3GPP UMTS Standard Release 5) and HSUPA
(3GPP UMTS Standard Release 6) proposed as part of HSPA+ include higher

data rates, higher system capacity and coverage, enhanced support for packet

services, reduced latency, reduced operator costs, and backward compatibility
with 3GPP legacy systems. Herein, 3GPP legacy systems generally refer to any
one or more of the pre-existing 3GPP standards from Release 6 and earlier.
Achieving these improvements involves the evolution of both the radio interface
protocol and network architecture.

[0006] The following list includes relevant abbreviations:

3GPP — Third Generation Partnership Project
AM - Acknowledged Mode

AMD - Acknowledged Mode Data

ARQ — Automatic Repeat Request

CN — Core Network

CP - Control Plane

CS - Circuit Switched

DL - Downlink

HARQ - Hybrid Automatic Repeat Request
HSDPA - High Speed Downlink Packet Access
HSUPA - High Speed Uplink Packet Access
IP — Internet Protocol

LCID — Logical Channel Identifier

LTE — Long Term Evolution
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HSDPA - Hi gh Speed Downlink Packet Access HSUPA - Hi gh Speed Uplink Packet
Access |IP - Internet Protocol LC D - Logical Channel ldentifier LTE -
Long Term Evol ution MAC - Medi um Access Control PDCP - Packet Data
Convergence Protocol PDU - Packet Data Unit PITY - Physical PS - Packet
Switched QS - Quality of Service RAN - Radio Access Network RLC - Radio
Link Control RNC - Radio Network Controller CRNC - Controlling RNC SRNC

- Serving RNC
e MAC — Medium Access Control
PDCP - Packet Data Convergence Protocol
PDU - Packet Data Unit
PHY - Physical
PS — Packet Switched
QoS — Quality of Service
RAN - Radio Access Network
RLC — Radio Link Control
RNC -~ Radio Network Controller
CRNC - Controlling RNC
SRNC - Serving RNC
RNS — Radio Network Subsystem
RoHC — Robust Header Compression
RRC - Radio Resource Control
RRM - Radio Resource Management
Rx — Reception/Receiving
SAP - Service Access Point
SDU - Service Data Unit
SN - Sequence Number
TB - Transport Block
TBS — Transport Block Set
TF — Transport Format
TFC - Transport Format Combination
TFRC — Transport Format Resource Combination
TM — Transparent Mode
TM — Transparent Mode Data
Tx — Transmission/Transmitting
UE - User Equipment
UL - Uplink
UM - Unacknowledged Mode
UMD - Unacknowledged Mode Data
UP - User Plane
UMTS — Universal Mobile Telecommunications System
UTRAN - Universal Terrestrial Radio Access Network
WTRU - Wireless Transmit/Receive Unit N

® & & ¢ & & & & & 5 & & & & & o & o & o B 6 D 6 o & o 6 o o o v o

[0007] The Layer 2 radio interface protocols include medium access control
(MAC) and radio link control (RLC) protocols. Some of the functions of the MAC
and RLC protocols are discgssed hereinafter, however, other functions that are
not discussed are assumed to function as described in 3GPP standards.
{0008] Some of the main functions of the MAC protocol are:

e Channel mapping of MAC packet data units (PDUs) to physical

channels
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RNS - Radi o Network Subsystem RoHC - Robust Header Conpression RRC -

Radi o Resource Control RRM - Radio Resource Management Rx -
Recepti on/ Receiving SAP - Service Access Point SDU - Service Data Unit

SN - Sequence Nunber TB - Transport Block PBS - Transport Bl ock Set
Transport Format TFC - Transport Format Conbi nation TFRC - Transport

TF -

Format Resource Conbination TM - Transparent Mbde TM - Transparent Mode

Data Tx -

Transm ssion/ Transm tti ng HE - User  Equi pmanlt)
o Multiplexing of higher layer data into packet data units (PDUs)

e Quality of Service (QoS) that takes into account data priority for
scheduling and rate control
¢ Link adaptation for QoS and multiplexing
e Hybrid automatic repeat request (HARQ) for control of fast
retransmissions for error correction
{0009] The MAC layer multiplexes higher layer data into MAC PDUs. The
MAC PDUs that are sent to the physical (PHY) layer are called transport blocks
(TBs). A set of TBs, referred to as a transport block set (TBS), are sent every
transport time interval (TTT) to the PHY layer with a corresponding Transport
Format (TF) that describes the physical layer attributes for that TBS. If the TBS
is derived from combining or multiplexing data from more than one logical RLC
channel, then a combination of TFs known as transport format combination
(TFC) is used. As part of link adaptation, the MAC layer performs the TFC
selection based on RLC logical channel priority, RLC buffer occupancy, physical
channel conditions, and logical channel multiplexing. The reference to MAC TFC
selection here is generic and may include, for example, transport format resource
combination (TFRC) selection in the high speed MAC (MAC-hs) protocol in
HSDPA.
[0010] The RLC protocol in Layer 2 has a big impact on the latency and
throughput of data. The RLC protocol in 3GPP legacy systems, including Release
6 and earlier, is physically located in the radio network controller (RNC) node.
[0011] Some of the main functions of the transmitting (Tx) RLC protocol
that occur in the Tx RLC entity are:
¢ Macro-diversity to enable a UE to be connected simultaneously to two
or more cells and receive data (optional)
e Segmentation of higher layer radio bearers
e Concatenation of higher layer radio bearers
s Error detection and recovery of PDUSs received in error

¢ HARQ Assisted ARQ for fast retransmissions of PDUs received in error
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UL - Uplink UM - Unacknow edged Mode UMD - Unacknow edged Mbde Data UP -
User Plane UMIS - Universal Mobile Tel ecommuni cati ons System UTRAN -

Uni versal Terrestrial Radio Access Network WRU - Wreless

Transm t/Receive Unit [0007] The Layer 2 radio interface protocols include
medi um access control (MAC) and radio Iink control (RLC) protocols. Sone of
the functions of the MAC and RLC protocols are discussed hereinafter,
however, other functions that are not discussed, are assuned tqaﬁunction as

descri bed iPOBEPP stSemenfdhe magpivgetionsof the reqeiving (Bx} RhCrefesoldhat ne MmaC

protocol arg; rﬂﬂ@ﬁghﬁ@%@gﬂg MAC packet data units (PDUs) to physical
channel s I\Xﬂ ' '

. tiplexi ngpof hi'gher |ayer data into packet data units (PDUs)
Qual ity of ServPepli¢ateEPU detectiazkes i nto account data priority for

schedul i ng and f@ée@ggﬂ&tﬁﬁbdeh’{r adaptation for QoS and mul ti pl exi ng
Hybrid automati c repeat request (HA for control of fast retransm ssions

for error cors eBtioodetfe0d@iihrechx@y ob)BUsrateivediimesxorhi gher | ayer data into
MAC PDUs. The, HARQ Assisted ARQ for fast retransmission of PDUSs received in error

¢ Reassembly of higher layer data from received PDUs

[0013] Three modes of operation for the RLC layer are acknowledged mode
(AM), unacknowledged mode (UM) and transparent mode (TM). In AM
operation, which includes the transmission of some higher layer user plane data,
the RLC protocol is bi-directional, such that status and control information is
sent from Rx RLC entity to Tx RLC entity. In TM and UM operation, which
includes the transmission of some control plane radio resource control (RRC)
signaling data, the RLC protocol is unidirectional, such that the Tx RLC entity
and Rx RLC entity are independent with no status and control information
exchanged. Also, some of the functions such as HARQ assisted ARQ and error
detection and recovery are typically used only in AM operation.

[0014] The RLC PDU sizes are determined by the RRC layer based on the
long term quality of service (QoS) requirements of the application data carried by
the RLC logical channels. According to 3GPP legacy systems, including Release
6 and earlier, the RLC layer is configured on a semi-static basis by the RRC layer
with predetermined RLC PDU sizes. Thus, the RLC PDU size is fixed on a semi-
static basis by upper layers and sequence numbers (SNs) are assigned to the RLC
PDUs. AM data RLC PDUs are numbered by modulo integer sequence numbers
(SNs) cycling through the field 0 to 4095.

[0015] The RLC PDU types are DATA, CONTROL and STATUS. The
DATA PDU is used to transfer user data, piggybacked STATUS information and
the polling bit when RLC is operating in AM, where the polling bit is used to
request a status report from the receiver. The CONTROL PDU is used for RLC
RESET and RESET acknowledgement (ACK) commands. The STATUS PDU is

used to exchange status information between two RLC entities operating in AM
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MAC PDUs that are sent to the physical (PH ?) layer are called transport

bl ocks (TBs). A set of TBs, referred to as a transport block set (TBS), are
sent every transport tine interval (TTlI) to the PHY layer with a
correspondi ng Transport Format (TF) that describes the physical |ayer
attributes for that TBS. If the TBS is derived from conbi ning or

mul tiplexing data from nore than one |ogical RLC channel, then a

conmbi nation of TFs known as transport format comnbinati TFC) i.s used. As
part of | i raodsanirdedesiper-feld ﬁ/ﬁ\“dﬂ? Lyefdifierentdyngs IP%&PF&%S 8% based on

RLC | ogi cal weha ke BUFPhhE ¥he Mote Reédifihg WidpRMMRWBYEL.cal channel
condi tions, and | ogical channel multiplexin The bi)[e ce tq MAC TFC
sel ection HEPHBli s gehbrangmissipnigpde aplgereto BEI‘%BP&*}% ﬁ’f&ﬂ?ﬁ f or mat
resource c &é%@éd 89 tx(aBEBQsm%%e&fe'Béﬂag &ah_élﬁlttudgéhrﬁdw@d S{Hﬁla(rwﬁam)
protocol i 0101The RLC fprot ocol inL

g{ has a b|‘? gact on
the | at enpyreeﬁfmlophWBXQQmenemnida‘é ars i shererougy BPHS being xpeivedy
systens, £ a0d £akhlifion biSrebdhiinGaklivw sReaygealyr t he
radi o net k contr RNC node. 100111 Sone of the _ main functions of
t he transmnefqrﬂg’qmbﬂ_@ l&f@@éaretbﬁmg Gepymitied o pecevedyegpestivelyy are:
Vacr o= 0t v o1y ¥ sfefN b frafslnsiohan e OROT ARD s hbang B Elahafl Lo o
nore cells and receive data (optional ctgment ation of hi gher ayer radio
bearers Cormieg 8owtcontrobin bridghapt tcay‘@(rloaé o spetemeanyd incpr yadesirabds | on and
recovery of v bHiing B0 L1590 31 echBak bl itbeived
retransm s {%ﬁg s%g%ﬁs&g%@g"s In error 0012] Sone of the n%llw?\ functions
of the receitihagedeRey, RSv B3I vwwy|betadded de thertransmindompniprrasaplion; ar e:
Dupl i cate PDU tectlon In sequence PDU delivery Error detection and
recovery of received in error HARQ Assisted ARQ for fast
retransni ssioh7lof PIASRLEGeinsedssion window is Rerapeseddf a/lowfer howpideand ayer dat a
;::(Izg]o;weggé\e/lgﬁjﬁg 8un(£ ORAS 1ol $5u®P 268l oPRR S 0P thd PHUNGRR Mivedi @fEr are
transmitted and the upper bound consists of the SN of the PDU with the highest

SN transmitted. The RLC is configured with a maximum transmission window

size, such that the maximum number of PDUs transmitted from the lower bound
to the upper bound should not exceed the maximum window size. The RLC
reception window is similarly configured. The lower bound of the RLC reception
window is the SN following that of the last in-sequence PDU received and the
upper bound is the SN of the PDU with the highest sequence number received.
The reception window also has maximum window size, where the maximum
expected PDU SN is equal to the lower bound SN plus the maximum configured
window size. The transmission and reception windows are managed using
transmission and reception state variables, respectively, as described hereinafter.
[0018] Among the techniques for flow control are RNC/Node B flow control,
RLC flow control and RLC status reporting. RNC/Node B flow control refers to
the procedures to minimize the downlink data buffered in the Node B. Typically,
data destined for a UE flows from the Core Network (CN) through a source radio
network controller (SRNC) and a Node B, and a drift radio network controller
(DRNC) in a drift situation where the UE is handed off to a cell with a different
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(AM, unacknow edged node (UM and transparent node (TM. In AM operation,
whi ch includes the transm ssion of sone higher |ayer user plane data, the
RLC protocol is bi-directional, such that status and control information is
sent fromRx RLC entity to Tx RLC entity. In TM and UM operation, which

i ncl udes the transm ssion of sone control plane radio resource control
(RRC) signaling data, the RLC protocol is unidirectional, such that the Tx

RLC entity and Ex RLC entity are independent with no status, and control
i nf or mat i orfadioceigEEsubsysism SHND- gﬂ“’c ﬁ@g? rﬁ?’?Pﬁn%lp%ﬁf&?P ‘éré*a‘rtﬁ\%ﬂéessi st ed
ARQ and er regNOS4RIGHRNC Biddr AAROMNEWinatlee SBNCEaLdn anSgdivaliny niubéM

oper at i on.@&0014] The RLC PDU sizes are determ ned by tlbls RRC .| ayer based on
the | ong t fKH0ithe Node Be pyshribat thedtNLeaninob sens morsy H‘é“ﬁEL}nﬂf‘ati on data

carried by c&&ﬁtﬂr@gi-aﬁg&aRLehﬁsWh&ol AG&GE 1S H M AR g3 0T JaCRR GYars s ] €NB,
an

i ncl udi ng Rel ease earlier, the RLC layer is_configured on_a

seni - st at i dngjading wipdew sizrrretvegrothefix BLG eabitst and he & B ey HLios. Thus,
the RLC PDUgsiZCrdpartide<GlloRE heS 8dfeivat bl FepddS istatly iHRRSatibAYR thend
sequence nunbers (SNs) are assigned to the RLC PDUs. AM data RLC PDUs are
nunber ed bytransaritter whes peHed by thefzansmifissr s (SNs) cycling through the field
0 to 4095. d[b@ﬂﬂ5] Theqﬁbﬁifﬂ& Stafli&dPAMou 861 arakhdiiz forf e DATA

PDU is used to transter user data, piggybacked STATUS information and the
pol | i ng bi tflagheentrelGatessigpaled thynypper laverswitethe REE kayer wgluding the ysed to
request a LePOhitefd-0m t he receiver The CONTROL PDU is used for RLC
RESET and %ﬁgﬁno ed{gerrent (ACK) commands. The STATUS PDU is used to
exchange st atusPphfWimdewi on between two RLC entities operating in AM and
can incl ude supgr-£i different types including, for exanple,
t he W ndow Si ze%WSnwmeg ecei ving Wndow (MRW SUFI. [00161A
transm ssi on e Qdofigurel s WindoweSige oup of PDUs that are being processed
for transm ssifn or @&re being.transm. ) L md ar e
reception v{nai%fgw gen'lgnreaslf3 P?/rar e tgrss&fsgh {"%%’3’95‘5‘ %&%F%%L%B@h@eﬁ,g&r%ggég‘ved or
processed dty theBLOdapénadongiigh variasrRIsS state varialdesdpt flon conitrad ovorder e

typically refers to,a nuober of, PDUs. that .are bejng i !

recei ved, 8 W%E‘Taﬁsmwloflha@dsrﬁgp%&n wf’ﬂ%oq Flgﬁsﬁcglé%%&zér;&dﬁ 1? g‘%%‘g’{i on

wi ndow si zegsteasdsich REC statagedabiles depenldan SNt Fal exampde, dbe fallowing over | oad
t he system i ncut,, ungesirab packgt .| oss tes. Cenerally speaking,
once a PDUFﬁgcgt%géwlt§?fcsg§%smallb§asraéﬁgﬁ?/%ﬁ9§¥S fe receiver, a new PDU may be
added to the {r ¥Te3)iis theBermindtaty vartabdpéondainmgtheveN [of tHe/fekt AN Gata

transm ssion w i.,s conposed ,of .a ] ower bound and an upper bound. The

| ower bound conggy?%tr?%mgﬁﬂ&rwg‘%r\ﬁth | onest SN transmitted and
the upper 30UnﬂVQ‘QQ)SIE $he a&ﬂnfof;v'[kﬁlgsgta@é vhHgbIPbhairikg tieSNifeltedhg She .
transmtted. The RLC is configured wt i ransm ssi,on W ndow si ze,
Such that the naM dhii HerBereagreadkae Nl A NE D P RES BIPBbund o

t he upper boundeasémltge RahsBikeRAGwinaew maxi rum wi ndow si ze. The RLC
reception wndow s simlarly configured. The | ower_ bound of t RLC
reception w ntoXT(MS) éhemaximuygendstateitariable goptaining t ﬁ-gé’&}%??fgét PDU
received and t hawaparPIvOYRsk éah B Rjeellddy thB@eBDhdciivéh the highest sequence
nunber received. The reception wi ndow al so has maxi num wi ndow si ze, where
the maxi mum exp¥EW§) pribe Gonsmissipmyindgwisiae ﬂtéﬁﬁe‘farﬁ_(?%d SN plus the maximm
confi gured yhHGoW Si G arifiifetid SELIMIGR RNVERY, VEQSPIT@ISYWRABNYRAS Managed

usi ng transm ssi on and reception state vari abl es, reﬁectl v_el’y, as

descri bed raadeYREMREdependomgonenan myre S st B followding BLG resoiveniatd| are

RNC/ Node B . meggqgggk,aﬂglf.tghu,%w&control and RLC status reporting.

RNC/ Node B flow control refers”to the procedures to mininmze the downlink
dat a buf f er ede i NR(RHs bagixecdive Jtaps varidbje containingtbe Shfallowingdbaiofthews from
t he Core Networ \ u ho network controller (SRNC) and
a Node B, and aﬁggﬁ\%eqﬁlgéﬁ%o&%e%v%?gﬁzgeﬁtg?g?l er (DRNC) in a drift situation
where the UE is handed off to a cell w-th a different radio network
subsystem (RNS). The Node B grants allocation credits to the SIINC, and
DRNC under drift, allowing the SRNC to send an equi val ent nunber of PDUs to
the Node B, such that the RNC can not send nore PDUs until nore credits are
granted. RLC flow control refers to the managi ng of packet transfer,

i ncl udi ng wi ndow si ze, between the Tx RLC entity and the Rx RLC entity. RLC
status reporting allows the receiver to report status information to the
transmtter when polled by the transmtter. [0019] According to 3GPP
standards, various RLC protocol paraneters for flow control are signal ed by
upper layers to the RLC | ayer, including the foll ow ng paraneters:

Pol | _Wndow Configured Tx_Wndow_Si ze




Confi gured_Rx_W ndow_Si ze [0020] These paraneters, described in further
detail hereinafter, are used by the RLC | ayer along with various RLC state
variables for flow control in order to configure transnm ssion and reception
wi ndow si ze. According to 3GPP | egacy systenms, such RLC state vari abl es
depend on SNs. For exanple, the following RLC transmtter state variables
are affected by SNs: VT(S) is the send state variable containing the SN of

the next AMdata PDU to be transmtted forr,gtqll"le first thnﬁ VﬁSA%nis t he
acknow edge <t a¥R(H)ds thedhighessierpectedateariahle gnfapngghe RN ROBINE: he | ast
i n-sequence ackipew;aaee INAINANFPbbeiiah Nt PDIE | Over edge of the

VT(MB) |

transm ssi on wi hdow IS the maxi_mum send state variapl e containing

the SN of the fYROMRpmtbemaxpoyn@geaptablpreseive siate vardahle coptaimingther ocei ver
VT(WB) is the t | S5, | [ L1 Mletedivahb @8ceivel | arithnetic
operations on \/érl(@% mesvél'llg\ , v%%ﬁt%%%@%m% angQVR( VR) degend on one
or more SN$002fhe f ollh 3@BFyleRacy systamns apanyt fanetions neaded &0 syppoxt dataaf f ect ed
by SNs: VI ' 3 e] ' HUE W RenirbEaNRLE! | owi ng
Phat of 1 neaer SR, SEACLY RNT/RbRl g%)ﬁa.éragéc}g?ved f VR%II;-:?;i% the hi ghest
expect ed sstates veporting, arebasedioni SN eneffechively Fhemmbernd EDHywhen they of any
recei ved Al . ' : | ' te

vari abl e cy r&@;ﬁ}ﬁég&% ﬁ\eﬂigw)meéﬁg%ﬁ 1%?12:&][?'1‘ ﬁ%ﬁ%%%ﬁ%u t ‘ﬁtﬁ‘fﬁ’; | be

rej ect ed byizelken beaciurately Goaaiterizaining thrarymbsraf ERUs andhiherknosmi ons

needed to g u?%ehaggiﬁmii%&anﬁ Slver S i FShos SN or 35SPRYY NRORECT may geont r ol

RLC fl ow c8h status reporting, are ased on SNs or effectively
t he nunber caffigibkd byttenppee 143le6s tellllow frexible RLCERU sites. Harwppenlayerst hat

transmtting,and,r {.Vin -ndo i BiSu b tshaharier i zed

usi ng the ﬁg%%s%hsﬁl%e%ﬁ\é\hg%rg\%@%uﬁegi%gl i xg%%%gﬁ ze. However, in
proposal s PRU IdBRAS, vartublhf tvey skmi-staticaljy sperifisd riseimpweRLCaDBYs to al | ow
flexible RLC ]E%jssi zes. |If upper layers such as the RRC | ayer configure a

flexi bl e RP® ¥Pze operation then the RLC PDU size is variable up to a
sem - st ati ¢go2d3y spedikiresbgnived harviRti@at ERistipg pNOzated RLE, operations may

not function efficiently with flexible RLC PDU size. The reason is that using the
number of PDUs to define window size will result in variable window size
causing possible buffer overflows in the RNC and buffer underflows in the Node
.B. Accordingly, it would be beneficial to provide alternate methods for
configuring window size for flexible RLC PDU size operations.

[0024] SUMMARY

[0025] Enhancements for radio link control (RLC) protocol for high speed
packet access evolution (HSPA+) and other wireless systems, such as long term
evolution (LTE) system, where variable RLC packet data unit (PDU) size is
allowed are disclosed. When RLC PDU sizes are not fixed, radio network
controller (RNC)/Node B flow control, RLC flow control, status reporting and
polling mechanisms do not only depend on sequence numbers (SNs) or number of
PDUs, but are configured to use byte count abased methods. The proposed byte
count based methods for the RLC apply to both uplink and downlink

communications.



[0023] 1t is recogni zed herein that existing SN based RLC operations nmay not
function efficiently with flexible RLC PDU size. The reason is that using

t he nunber of PDUs to define window size will result in variable w ndow

si ze causi ng possible buffer overflows in the RNC and buffer underflows in
the Node .B. Accordingly, it would be beneficial to provide alternate

nmet hods for configuring w ndow size for flexible RLC PDU size operations.

[ 0024] SUMVARY [ 0025] Enhancenent i ' (RLC) protocol for
hi gh speed[{926ket acces BRI BE%G%E’F@%&&%@%‘%% el ess systems, such
as | ong tergnegyol ut iA0mofd dEailed SiddetstiiBhe rM@F 'bal:nlae b thadRéwitigt a uni t
(PDU) size is allowed are disclosed. Wen I.zes are notﬁill xed,

radi 0 net waeseripbiaR,@Venby wrRKCf exaele aniltﬁ\?f’ (‘,‘BF“F’ESBP ipcenippetien Btk of |

stat us rep%é&&%@%ﬁgh}dﬁgﬁﬁmsm do not only depend on sequence
nunbers ( SNs nunber of P but are conflgureg égwgse b t ount
abased net H928] The Eﬁ*@ﬁdsé@%?étﬁ%‘i‘ﬁe oo suPFRteld d }iq apply to
bot h upl i nkpaRds b Mta GRfEMHHat i ons. [ 0026] BRI EF DESCRI PTI ON OF THE
DRAW NGS [ 0027] A rmre det ai | ed under st andi nﬂyg/ﬁ be had froqrr the follow ng
descri pti of0028] ven Bigurey sbowesBoysdingasm ofd pRed? How eentrdl uBiB& Runct i on
with the asfngmg@@a/b iR B e AR B BBhing hirsshiovs a Structure of
a super-fie SUFI') 1n an RLC STATUS packet data unit (PDU} [.0029] Fi gure
2 shows a {Q03@1 di agFignreB showrnclisw dingpapioban Rbfriransmissionf T®) Bipdewhased
credit all gg/ég QR akddr @%ﬁgmmt%ghpnéggmﬁpachl ng herein; [0030] Figure 3
shows a flo dtlagramo Ctransm ssion (Tx vmndowu date in

accor dancel003ih t he Figvae 4i shgwi er Row didgnag of @ recephion SRR WindeWdi agr am of

an RLC r ecgRli@h oRchatlBR tR1BLSildnastobdance with the teaching herein;
and

[0032] Figure 5 shows a flow diagram for enhanced octet-based RLC PDU

creation in accordance with the teachings herein.

[0033] DETAILED DESCRIPTION
[0034] When referred to hereafter, the terminology "wireless
transmit/receive unit (WTRU)" includes but is not limited to a user equipment
. (UE), a mobile station, a fixed or mobile subscriber unit, a pager, a cellular
telephone, a personal digital assistant (PDA), a computer, or any other type
of user device capable of operating in a wireless environment. Whgn referred to
hereafter, the terminology "base station" includes but is not limited to a Node-B,
a site controller, an access point (AP), or any other type of interfacing device
capable of operating in a wireless environment.
[0035] Byte count based methods to enhance radio network controller
(RNC)/Node-B flow control, radio link control (RLC) flow control, RLC status
reporting and polling mechanisms for flexible RLC packet data unit (PDU) size
are provided herein. The proposed enhancements enable efficient operation of
RLC functions when RLC PDU size is flexible, improving legacy RLC functions
based on sequence numbers (SNs) that were designed for fixed RLC PDU size.
The proposed RLC enhancements apply to both uplink (UE to Universal
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[0032] Figure 5 shows a flow di agram for enhanced octet-based RLC PDU
creation in accordance with the teachings herein. [0033] DETAI LED

DESCRI PTI ON [ 0034] When referred to hereafter, the term nology "w reless
transmt/receive unit (WIRU)" includes but is not limted to a user
equi prent (UE), a nobile station, a fixed or nobile subscriber unit, a
pager, a cellular telephone, a personal digital assistant (PDA), a

conputer, or any. other type of user i capabl e, . of rating.dn a
W rol ess eRomeemntsciambires esrpand EtBDeaHT Bpvaine BIRARL 839" base
station" i pghi@fcalidhs,| snd1@tay b&idsedl ihOarsy WNofdlesB, comarbimiiCaticanbysdémer, an
access point (AP), or any _other type of interfacing devi bl e of
oper ati ng infludingfart et ligyited gpeed pagntgeess & H'Em‘bggg%&%gf%ds to
enhance 1 agig, BEIMASK (0P A haderaBhiEbadNasgsibh Mhalipkoadcea (WCBNA) | i nk

control (RLC) flow control, RLC status reporti gg ‘and &gl | i negr {;rkl?chani sns for
0

f1exibl e ReGteraekEer wirelesssysterppengh asilAE, v rauBaleat W8 proposed
enhancenment s &ratANgi ent operation of RLC functions when RLC PDU si ze

is flexible, 1nproving | egacy RLC functions based on sequence punbers (SNs)

that were §986hned Tbe prapeead RiCemipnceneonts mpgyde ysodigaaehiRere Wheiscenent s
ly to b i i ; ) . ‘
app'y to %f%%%*}%ﬁ&%&lﬁ%ﬁwéﬂg%?ﬁme B %k bastiallydh tIRARING ahé pesfaliet wor

(UTRAN)) an comuni cati ons, and may he used in any

wirel ess cimtheNadetB.cPhesyropesed REE) enbippesments arg grincipally described hergiR speed
packet accgis, CupldAbl 39 MEPRAY) MAOGnbAG GHAIihABierd B 1386 Wndeban. d

code division nultiple access ( systens. For wreless systens such as
LTE, UTRANfurstiens andperametersefop HRDR aot RISUP&-agtrmpy be vodewstooddnpr oposed

RLC enhanc . . i rchi: I. es either
fully it D RhcioRiel SGEThchito sﬁ’ﬁ*‘?ﬁ%‘%ﬁmﬂﬁﬁﬁ‘;ﬁ?‘?ﬁ%f}ﬁ“ﬁ%ﬁ%‘%‘é Node- B,

The pr opos Pdotb@®] Specifinatiare frenReleasec? fyeerdGRIAITS, 251882 M. HeiOhwhighnisyj t h
reference to PA+. n i.gg% | = nctions
and par anefng’g)%f%redﬁ%%ﬂ gcrlld @I}’itg% h%&%ﬁ%&ggﬁ Flgggﬁfﬁhe?g%}j;éjncti on
with 3GPP ilmerstosapparpiexibledDU size WithSssperifiet mixingumRLGEPY maytoadr ot ocol
Speci fication

or Rel ease..7. (see gg%:’ Cﬁl% LinforreftdniltHeS
i ncor por at 8ﬁe'hfetraéslor%sswe‘?%ha§glzeulr?e ‘E%l#it e %%%eéﬁ]%e cor#’{i?t]ur eg by the
hi glher dl ayep&iflie;d mampnml i RMCEEID?IhImtymt sigez @Wmhti’aels%imm umaRLegum R]IC_C PD(ljJ
payl oad si t{ al so assu | T e inferre
fromthe s%@yflizggl% |%ﬁ?ﬁg§f@e9§fjj'payﬁog§% Sl ze. Stern%ﬁzcgg y,sthe maxi mum
RLC PDU si nterchyngeabili, ae etellyastpans fraasmitfdrsmd sehdert er ns byt es and octets
are used i hangeabl y, as I terns transm titer an .
[ 0037] One g(;()%m;r e o?)nteh‘é 181 \é\ﬁlffg%ﬁﬁ‘fvﬂgc?eg%cf’ %g& Vi e‘és,e%a c??\lgn‘%fﬁl n
conbi nat i Oﬁ?mﬁi@atidﬁ,gfbﬂ Hﬁ@i&gdnﬁaﬁagim w:chmtijlmxsisé whenn,glsemibﬁktc Bﬁll)bll’EURkkc]: PDU
size is configure the RRC . Nunmber of bytes Nunber o ocks where
each bl ocksﬁzg9 cwgﬁﬂédrmﬁ%‘@% bytes Nunber of PDUs or sequence numbers

Ns Thenambet 61 Bytesised for wi ndow definition are signaled an
(SNs) [0038] Th b 6X( d f i ndow definiti [ | ed and
negoti ated o Number of blocks where each block is a fixed number of bytes
¢ Number of PDUs or sequence numbers (SNs)

[0038] The metric(s) used for window definition are signaled and negotiated

during RRC setup, configuration and reconfiguration procedures for the radio
bearer. The metric(s) for window size listed hereinbefore may be applied in all
messaging that updates the window for flow control during a connection. For

example, the window size metrics may be included in the Window Size super-field
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during RRC setup, configuration and reconfiguration procedures for the

radi o bearer. The netric(s) for w ndow size |listed hereinbefore may be
applied in all nmessaging that updates the wi ndow for flow control during a
connection. For exanple, the wi ndow size netrics may be included in the

W ndow Si ze super-field (SUFlI) and Move Receiving Wndow (MRW SUFI in RLC
CONTROL or STATUS PDUs. [0039]1In the case of acknow edged node (AM RLC, to
support flexible RLC PDU_ size in_the R nfl gurati nfiguration
of RLC wit KSHES 8ndMevs RFFﬁ‘E‘PﬁanWi‘%‘%We ﬁg‘#&ﬁ} E%R\PCIR?‘&T W@%@Eoﬁe or nore
of the fol Igwirgs ippiny mati on may be provided by the RRCto the RLC to
signal the use of flexible RLC PDU si ze; | i nk e

i nfor mati ord093| udi Ay the §a%e ?frﬁﬁkE&WEﬂg?%Pom m S%@%ﬁé‘@&ze node in
addi tion t RideDes Liss ifihe RRC esnfighhaibn ddebbFigtatidDbd RILC eithnddid S
indicated, the RLC entities may interpret the other RL 8{50%’%0[ araneters
i n accor darkeare inforayation gleppents ARLG Infe), 205\0n$: 05 TRELE Yn'A8| Ki%&s part of
RLC Info rbAdéd s} GRIERE RthelRDG ) Sgddl €hd¥dd offlegiblende.

Downl i nk ( 0%%%0%%69??% infd(;@rrati onin bits rrayg% re-used and

i nt er pr et edRiGPDRkEsigeint ext of flexible RLC PDU size node as follows: as an
RLC scal e pfifﬁ”piﬁﬁdﬂbmﬂ?ﬂlém@f&@de idfo¢mAtiod ihdleding ARk iabichtdryody 8),

sent specifically for scaling or nmultiplyi 2‘% ot her prot ocl%lmﬁpar net ers
specified in ththenfledible REC sige mede 11} paditina taithgothsr Rifdpedesne RLC

Scal e paraneter W&L@@m PRI Giz8ImddaSs lif@iBAtsH Nehe( RKE eRtitieSMidyt Y and

transmtting (T ntity, or as specifying the maxi mum RLC PDU size in
the flexible RLDtepuetthe othen 83.C mhtocd parametess irapsordancepithdhisangdsy in turn

addi U 0nal |y D p9€ih o151 Bl Bl olPhe A G RUBSEH) g BB Bsea P ot ocO)

paraneters signa ayers suc e RRCtot
i ncl udi ngbut not td imdicatk tiedlekiikDRLOFDU siig ma@enf i gur ed_Tx_W ndow Si ze, and

Speci fi cd anc™i RPERGPRBE FERRE Bef Bybrnstitn th s bodd BPRLLEA 2D TR o
service data unidterpr&Bti) theconbext ofifexible Flgl PDSDkize wiode s fodlows: i nt eger
2t hemat | cal _cal*cad BC nelg peteipdsFin RS thebirtft et Bufpret of 01 1 01 19
PDUs (or SDUs in cadstsddy 8seht Sidcificalinfdyacalingtarphultiplying éthehproRicd Scal e
parameter in octets p%?‘aggt%gsi fsip%gllﬁgx #PRES L&ggrs ‘of PDUs as described
- hereinafter, where the RLC Scale parameter has the same value at
the receiving (Rx) RLC entity and transmitting (Tx) RLC entity, or
e as specifying the maximum RLC PDU size in the flexible RLC PDU
size mode, where the maximum RLC PDU size may in turn

additionally be used as the RLC Scale parameter described above.

o Protocol parameters signaled by upper layers such as the RRC to the RLC,
including  but not limited to Poll_ PDU, Poll_SDU,
Configured_Tx_Window_Size, and Configured Rx_Window_Size (see
3GPP TS 25.322 V. 7.1.0 Section 9.6), may be specified and interpreted in
the following two ways:

e In number of PDUs, or service data units (SDUs) in the case of
Poll_SDU, which is an integer value from which the RLC can derive
the window size in octets by performing a mathematical calculation.
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In units of bytes, where a new field may be defined for this option to hold
the protocol paraneter in bytes. [0040]In an RLC STATUS PDU, a W ndow Si ze
Super Field (SUFl), used by the receiver to configure the wi ndow size of
the transmitter, is configured to provide an octet quantity. This
enhancenment is used when flexible RLC PDU size node is set by RRC as

descri bed above, and may be specified in two ways: |In nunber of PDUs from

which the RU) deriv t he equi yal ent, antjty j ct et .perfordring a
mat hemat i cal cal cul at9"diFamRy téﬁaspr‘fﬂ‘%‘f ?‘i’f@i’%'%‘éfjcﬂ?ﬁﬁﬁornMéﬁﬁs %ay be
mul tiplied with thePRlIGBURlcEn DRrGRigHedi Witk ¢he RLG Peslel paadmbtertipper | ayers

and descri bed above. In unit; bytes as a new SUFI with type, |length and
val ue conponents. FBFte%ﬂeQ,%e‘gLX&PP%‘HP}'VSunused or reserved type field of

4 bits in |ength, Suglnfts oflytés, WBEFL SHWHeIH MalHel Rfihed foRYhibeptiaetd t 0
I ntroduce a new SUFI tdé; e for specifying the nunber bytes, W NDOW BYTES

SUFI, as shown in T&sldethe prpfgcetipgrameter ingdess t he SUFI | ength conponent is

defined | aggRognoudin b R STATESIFNGasWiriReBikd SupérFaw(SUFD, &ddl val ue in
bytes. Bit Description 0000 No Myre Data ﬁ(NO MOR 0001 Vr\lr"ﬁndo Si ze

(W NDOW 0bYtharsepivar torgafiswre thasyindeyp size pf the Transmitten jpepnfigured to
provide an octet quantity. This enhancement is used when flexible RLC PDU

size mode is set by RRC as described above, and may be specified in two ways:

e Innumber of PDUs from which the RLC derives the equivalent quantity in
octets by performing a mathematical calculation. For example, the
specified number of PDUs may be multiplied with the RLC scale
parameter in octets specified by upper layers and described above.

¢ In units of bytes as a new SUFI with type, length and value components.
For example, a currently unused or reserved type field of 4 bits in length,
such as bits 1000 shown in Table 1, may be used to introduce a new SUFI
type for specifying the number bytes, WINDOW_BYTES SUFI, as shown
in Table 1 and Figure 1, where the SUFI length component is defined
large enough to hold the largest possible window size SUFI value in bytes.

Bit Description
0000 | No More Data (NO_MORE)
0001 | Window Size (WINDOW)
0010 | Acknowledgement (ACK)
0011 | List (LIST)
0100 | Bitmap (BITMAP)
0101 | Relative List (Rlist)
0110 | Move Receiving Window (MRW)
0111 | Move Receiving Window Acknowledgement (MRW_ACK)
1000 | Window Size Bytes (WINDOW_BYTES)
1001- | Reserved (PDUs with this encoding are invalid for this version
1111 | of the protocol)

Table 1: Definition of a new SUFI type 1000 for the WINDOW_BYTES SUFI
added to the existing SUFI type fields which are 4 bits long
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Bitmap (BI TMAP) 0101 Rel ative List (Rist) 0110 Move Receiving Wndow ( MRW
0111 Move Receiving Wndow Acknow edgenent (MRW ACK) 1000 W ndow Si ze Bytes
(W NDOW BYTES) 1001- 1111 Reserved (PDUs with this encoding are invalid for
this version of the protocol) Table 1: Definition of a new SUFI type 1000
for the WNDOW BYTE added to the existing SUFI type fields which are 4 bits
|l ong [00411RNC/ Node B flow control [0042] Enhancenents to RNC/ Node B fl ow
control are described herein for

[0041] RNC/ Node B flow control
[0042] Enhancements to RNC/Node B flow control are described herein for

the case where the RLC entity is retained in the RNC. However, similar
enhancements may be defined where the RLC entity is in the RNC and the Node
B. According to existing 3GPP standards, as described in 3GPP TS 25.425 for the
UTRAN Iur interface user plane protocols for Common Transport Channel data
streams between an RNC and Node B, and 3GPP TS 24.435 for the UTRAN Iub
interface user plane protocols for Common Transport Channel data streams
between two RNCs, a data MAC (MAC-d) entity may be retained in the RNC to
receive RLC PDUs and forward them to the high speed MAC (MAC-hs) entity in
the NodeB after applying appropriate header information. In 3GPP legacy
systems, the Node B sends capacity allocation frames to a serving RNC (SRNC),
and possibly control RNC (CRNC), indicating the maximum PDU size and
number of PDUs that can be sent. Additionally, parameters can be sent so that
the allocation is periodic for a fixed number of periods or for an indefinite period
of time.

[0043] The number of MAC PDUs sent from the RNC to the Node B and
the corresponding time interval for transmission is regulated by a flow control
algorithm, which is based upon a credit allocation scheme. Credits represent the
number of MAC-d PDUs that may be transmitted. The RNC requests credits and
the Node B grants them along with a specified time interval for transmission.
[0044] When the RLC PDU size is variable, the MAC-d PDU size is
therefore also variable. Thus, it is insufficient to specify the number of credits in
terms of the number of MAC-d PDUs. There are multiple possible approaches to
performing RNC/N ode B flow control with a variable sized MAC-d PDU. On
possibility is to eliminate RNC/Node B flow control, however, this would require
relying on user data protocols such as transport control protocol (TCP) to do the
flow control for the network, and additionally handle the interaction between the
TCP window and the RLC window.

[0045] Alternatively, the credit allocation can be specified in bytes instead
of in number of PDUs, which can be done in two ways. A new field may be added
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the case where the RLC entity is retained in the Ft NC. However, simlar
enhancenents nay be defined where the RU) entity is in the RNC and t he Node
B. According to existing 3GPP standards, as described in 3GPP TS 25.425 for
the UTRAN lur interface user plane protocols for Common Transport Channel
data streans between an RNC and Node B, and 3GPP TS 24.435 for the UTRAN
lub interface user plane protocols for Common Transport Channel data

streans between two RNCs, a data MAC ( NAC-d) gtglret |ned in the
RNC to rec@twtms)ﬁwastoaw@éh%%b%%ﬁe IFﬁ‘éﬁ e&é@ e CMAC- hs)
entity in r,mt‘jgdgﬁeﬁigtwe galam 1M 808t G BUOBY slgﬁﬁe@aaﬁﬁm bedrer setupon. |1 n 3GPP
| egacy systens, the sends capacr ty.all ocatjon frarges to. a.serving

RNC ( SRNC) recapiigusation, U?Tymc‘t?ﬁb rgplicalte contrghyrame, gsipg angasine % um PoU

size and ngoher,,of nfvp%t}&@;arﬁ@'%lﬁﬁn ﬁﬂlﬁatesamdt thoalddcdation ppdaualyeas can be
sent so that the allocation is periodic for a fixed Pﬂﬂi&rz of rrods or

for an i ndmemlbeabyerbbmldtlpmthe[geﬁémﬁée AR, ‘F’BUQ 8nt from
the RNC tog{ﬁabaﬁg‘%%ﬁbﬁa@ﬁ %Q&r@ﬂgﬁﬁ%ﬂ@ﬁakmﬂhﬁhﬂeﬂbﬂmab thatfcah bansni ssi on

i s regul at cont r ol orithm which is based upon a.credit
al | ocat i ontmubfensd f@nethq%NCetpltbggTﬁde Brreould, aplegaugt t W%Plﬁ‘&ﬁd‘ttﬁﬁt may be
transm tteg, 109, MGHEEGATYS, ik SBlicoitbdpy HRYSBnGiae: SryRamAl ONg Wi th

a specifie I'me interva transm ssion. [0044] V\hen the RLC PDU size is
variabl e, tleePRNE stk byteebdsed approathyrthe {NG mayrqpiiopally maigtain g g

i nsuf fici ent t &9 0nSe tHe RRCTBcees thecragitber of

MAC- d PDUsma‘PR&rgZ&ggeliﬁUéwt({le poéth%b%appro%ches to c% refsorm ng RNC/ Node B
f1 ow cont r allocatiph famvahe blbﬂfeBs itz chllowed o PROSMEASFBIBY ,lqtfsc@st £3apg

el imnate RNG/ Nod {Hed 1YOHehewEBiMteIéngtB! Yi NG ON
user data g}@{og %lal% %po%\e%\c{)ﬁ{?pc?c it o?g%ll %')e toétdo the flow
control fobaﬁeld&rahtaﬂdxrcktmmnd addl tionally handle the i nt eraction between
the TCP wi and ﬁfmﬁd h&, (;I}@polgg,g Rt

al | ocat i onﬂg)gﬁﬁ be s%’é%“ Cﬁw’&d %gga%?%tgg)ﬁ}igﬂ o (er of PDUs, which
can be donbyﬂerbatsmcmd;talloéhtmrvﬁf NeﬂdBrsgpa@a addté@llw@l%@dﬂb’ﬁﬁds‘tef’anes to

specify th er f credi t a DUs.

A tornati verD: 3R RGBS, e Rl APclipl BFEVRL g 10T ThedNE NS
reconfi gur atarmwamsoa mappsing h)fdmm i &HbﬂoePBUntemgth fim doybesutstery 239, @afst i ng
cont r Ol %ﬂi?ﬁ 8@ Al r(%{c% Il e Ie| 619&1 AI'F lt%ﬁa& 10&1'1%‘%pt22§) al ! Ocatl on

i's actuall 1'pr'y1 ng e cre € maxi num PDU
size in by{mmroduﬂgﬂ @v botiteolt ot al . Accordingly, the maxi mum nunber of

PDUs t hat etr rred fromthe R t he I equal the
si gnal ed cf@&ﬁf m%f“a“ ﬁ}?b%‘ih‘eoFl‘}lg’éSL%d"aB" Nqﬂgllﬁjg H|‘{‘j‘r"ﬁﬂ?‘é’ol by the
total nunb%eﬁfthbmms dtthe hew&Dbisd of tiengtikizddytrendmaissidn 4fpr wislow she RNC may
optionally maintai i.n the PDU SN to it.s t Once-
the RNC r eeeﬁlt}@%lyeﬁéwarqﬂ&peé g‘l“f{'}’é’étr%env Bt Wke&ggsgyﬁ%ﬁ gﬁlﬁomed to
transmt aghdBRits Hapbbseddythe mmuﬁhﬁiﬂdows(deamhﬂg)llﬂiat thetlewbeenyt of
constraint specified by d credit allg

[ 0046] Fi gutke ﬁsmeaIquaegw |a£g%n§9#fgak I%thllno% confcﬁlt) usi ng a
byt e- based 4gRRi1bdgall] OF8t ithB. cale Nokkh BesibnRLT PDU edid islcbnftgatredn i n byt es

(step 205). An RN recer ves the cred | 1 ocati on Ln b teslg%gterg 210). The
RNC mai nt aiaHBmQ“PrEPtﬁﬁFEPgs G REGER and

transm ts B M&Ewﬁi%%ﬁéiké”'ﬁs Q@ﬁé&ﬁﬁﬂemdoﬁbﬁdst al | ocation (step 220) .

[0047) RLC fl ow cont r ol 48] RLC fl ow control is hi eyed b anci ng the

RLC Tx wi nd®#%hen MTPI%L@&WSPHB’W gingram Aoy et lrf’élat‘éfPPﬁ)(a}e‘t?%‘rgﬂ‘}ssm ssi on

(Tx) ‘Wi ndoyjng 3miQ J(‘I%ﬁ&%d%@@@%‘@d&ﬁﬂg lﬁﬁqhtam&l diRletuad tiaRL@ el y, whi | e
in

still staying w limts |npose x@t e _maxi mum w ndow si.ze. The PDU

at the | ow®LGHY opﬁrafcwe ipexapuieh (Fter 308) | ARl Terestlirt B Re &F t he | ast

I n-sequenceg Bﬁgteaﬁlé% Sl ofstabiy aﬂcf&n%ﬁﬁfdﬁﬁﬁ!ﬂmmf% MR CedeWersi ze is
configured, appropri atg steps should be taken so that the nmaxi num wi ndow
size limt is not violated. The Tx w.nglow size is specified in ternms of
bytes. 100491Figure 3 shows a flow diagramfor a nethod for updating an RLC
transm ssion (Tx) w ndow 300. Follow ng initialization and setup of the

RLC, an RLC Tx operation is executed (step 305). An RLC Tx operation nmay
be, for exanple, the reception of status and control information formthe
RLC receiver.




The RLC Tx entity decides whether or not to renmove one or nore PDUs from
the utilized Tx wi ndow and i ncrease the |lower end the utilized Tx w ndow
(step 310). One or nmore PDUs nay be renoved if: the PDU(s) were positively
acknow edged by the receiver, or the PDUY(s) were negatively acknow edged
by the receiver, but the RLC transmtter decides to discard this PDU due to
ot Egr re?sons such as the receiver exceeding the transmtter's naxi mum
nunber of retrjes as a result of a,tinmer based dis in he

transmit t erlChefId5Bx F’?)tﬂtyélﬁ’éle%’f"iﬁ%ﬁf“i‘b?tltﬁﬁemﬂ‘?é’nﬁ?f 8% ﬁﬁbdg'iog’t '6n is used
for certai Riffisadii Wihow SlEiherkabOtheNevdidnd The euame*dwxwfﬁauwmp 3x@ngth in
bytes of maxi mum w ndow size TxWJT|IL: length in bytes of utilized Tx

wi ndow, or @ne ermard KRUs mastke remayedifi n bytes of packets that are

acknow edged Wi fhippih ?v&é&@g&m W Rdedwitaged BY Ehe/Rickiabl, @8 V( A and V(T)
TxL: length in bytes of the one or nore P that are di rde ue to RLC
SDU di scard pr OWH(%M%EGQ%IV@WC%PPWW%?d B)ﬁéh?ﬁecﬁ’ﬂf*’é gf}‘gdgement s
TxN: lTength in Qiﬁ'x.ﬁiﬁl deBRed & disQRE t125 POV ud %héxoreﬁébdsrsﬁéwﬂé thHeed for the
first time [0051] The RLC Tx entity conputes the follow _ng w ndow | ength
(W) quantity (weeigeaspeding the trapgritter's mpgimpmmyppsr (frFEiEs(F) [ 0052] The
RLC Tx entity, dgéz?g%gteo?atﬁm&pﬁas%d%%@mttﬁe'tr%nlsﬁx&%ﬂ han the maxi num wi ndow
si ze TxWVAX (st I's not |ess than TxWVAX, then the next one or
mor e PDU; 40050hot t rRemeabe efedpsemptiorh dhe fllowing Botation g usFd {95 Gertain, of

I ncrease ShERLSL R ate RECSStiiran TXWVAX, then the next one or nore
PDUs are tr nsml?%%a ?i e upper eng;1 of the window is increased (step
33'([))t [a’gSS] f’l swmmxﬂemhlmmdmmmwmdp‘g sgepl i ed at the R LC Rx
entity en e‘IR,l(ﬁ,L n n e that

t he nmaxi mum wi n’g’éw siIzBé%nig%Jfglbé&ﬁc‘))? u\?fﬁg%%tqgﬁ?ﬁ‘b 01051\?\”&?]1ag\?\?1§| ggl S
specified in telengtioin bytes of packets that are acknowledged within the window

bounded by state variables V(A) and V(T)

e TxL: length in bytes of the one or more PDUs that are discarded due to
RLC SDU discard procedure or due to reception of one or more
acknowledgements

e TxN: length in bytes of the next one or more PDUs to be transmitted for

the first time

[0051] The RLC Tx entity computes the following window length (WL)
quantity (step 315):

WL = TxWUTIL - TxL + TxN. Equation (1)
[0052] The RLC Tx entity determines if the WL quantity is less than the

maximum window size TxWMAX (step 320). If WL is not less than TxWMAX,
then the next one or more PDUs are not transmitted and the upper end of the
window is not increased (step 325). If WL is less than TxWMAZX, then the next
one or more PDUs are transmitted and the upper end of the window is increased
(step 330).

[0053] A similar RLC flow control method is applied at the RLC Rx entity
when flexible RLC PDU size is configured, in order to ensure that the maximum

window size limit is not violated. The Rx window size is specified in terms of
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-14- Dbytes. Figure 4 shows a flow diagramof a nmethod for updating an RLC
reception (Rx) w ndow 400 in accordance with the teachings herein. After
initialization and setup of the RLC, an RLC R x operation is executed (step
405). An RLC Rx operation may be, for exanple, the reception of a new PDU.
The RLC Rx entity decides whether or not to increase the |ower end the Rx
w ndow (step 410). The RLC Rx entity may increase the |lower end of its Rx

wi ndow and t hereby decyease RxWJTIL if: it receives the,P wi,t h SN
fol | owi ng topERs: g‘fg"trﬁési“é‘giaﬂﬂ"—"%%ﬂé’ a qdefgre‘i“@égfn c?P%L(PI%c?pt%oglcei ves a
g/gv e _Refel \(Rﬂ)tavﬁiﬁ!dfﬂdﬁ/oo(m&'_ ordbA¢8 WLE tH t@tagin]l:gy hefed5 Aftep initialigatizhn
scription, e followng nqgtatjon is use or rtai | L | at ed
Lot he RLC o semmiat be RLE, e ks pesratis semsytiad (UpB A8 Ainie ilow si ze.
?r(\/\#glr Ié: P:I)U %a@io%'ﬁg%@%x@xaﬂipl&é,}tﬂ@f&c@ﬁidﬂdﬂdw PO, The RIIG Rk antitgt es of one
at are renove romihe recei ve wi ngdow due l.nh-ord
reception dRgifes WReiberox oty inszease the Wﬁéﬁ?gg}?ﬁbwqﬁg’wgsﬁsﬁé(lég 'ft‘b?? gtra °
recei ved f girG RE edhtityShay id¥PedsOGRAbWBLeLoEith Rx viillow sind thepeby@iacriehee f ol | owi ng
V\nndowlength éV\L _quantity (step 415): W = RXWUTIL + RxXN-RxD. Equati on (2)

[ 0056] The Htity deternmines if the W quantity is | ess than the

maxi mum wi Ndow §i,26;:RMMEPHE Weth $RQdlowihg Yhat of thOlask &S Sedudacte RBUMAX, then
the next PDU(s) are not recelved and the upper end of the Rx wi ndow is not

i ncreased (st epr&wis_)?d, af W is |ess than RXWWAX, then the next PDU(s) are
ecelved, 4oy ghagalghpgridn BRI o ok Rkl of {1
: A pper “end of the Rx window is increased (430).
[0057] The d0@94ing ofFarieesRpfiiescrintiontthe following peletipn is ysed foreertpim) s
quantities related to the RLC Rx entity:
o RxWMAi(: length in bytes of maximum window size
¢ RxWUTIL: length in bytes of utilized Rx window
e RxD: length in bytes of one or more PDU(s) that are removed from the
receive window due to in-order reception
¢ RxN: length in bytes of the next one or more PDU(s) to be received for the
_ first time
[0055] The RLC Rx entity computes the following window length (WL)
quantity (step 415):
WL = RxWUTIL + RxN-RxD. Equation (2)
[0056] The RLC Rx entity determines if the WL quantity is less than the
maximum window size RxWMAX (step 420). If WL is not less than RxWMAX,
then the next PDU(s) are not received and the upper end of the Rx window is not
increased (step 425). If WL is less than RxWMAX, then the next PDU(s) are
received, without discarding the PDU with a SN following that of the highest
received SN, and the upper end of the Rx window is increased (430).
[0057] The setting of the RLC transmitter and receiver state variables
using octet-based methods is described hereinafter. When flexible RLC PDU size
mode is set by the RRC layer and the RLC operates in AM, AM data RLC PDUs
are numbered by modulo integer sequence numbers (SN) cycling through a field.
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usi ng octet-based nethods is described hereinafter. Wen flexible RLC PDU
size node is set by the RRC | ayer and the RLC operates in AM AMdata RLC
PDUs are nunbered by nodul o i nteger sequence nunbers (SN) cycling through a
field. -15- Cenerally, this field ranges fromO to 4095, although a

di fferent maxi num val ue may be configured by the RRC or other upper |ayers.
Recall that arithnmetic operations on VI(S), VIT(A), VI(M5), VR(R, VR(H) and

N mum T CAPREAN s el Aanget SO (1 0. Al neR RaeRp: PR pl B (01 P °

Thi s par anglbd éonfighfddaby theSRRCesiUthei appdrdayperst deoall phatearitheretic

Configured_Tx W ndo i .Nh .0 e noh ayer, d may be
updat ed |a9@raf1@%wv%?ﬁéﬁ’ﬁ@anﬁ&§¥ %%EWE?MEWE%W Fte §%§UFI ina
RLC STATUS{RIEN nldtiled.ate vari able VI(WS) may be derived fromthe
it Ao okt S b e B
non- negat i t ege I nfi gured
by RRC uppgfayia¥edisiain helRAIC trifsiiat ThRpgidmetkr isheitiallpstdwqbalunded by
"VT(A) and&‘0 §1§A) +Vt&(8¥\8)m£eet%q_not g‘i)l(r; eﬁg&?ﬁdwx.‘@?ﬁ§§wwge% \%ysghzee in
octets. Th QP P& P@Bﬁ d
Maxi mum_TX WhaoRvers! 48d nthyosd 8pdated 1atefed 86l octt Gasamtaty mtcxtedtbyetiet at e
vari able VI{W5) nmay be derived as the |argest non- ne&g% int eger not
greater th¥indowSiestUR il SITAdUREPh ihgstalq vaya '@é@?"ﬁygﬁfers), such
that the ogiAted £h8ithe MaxiiEmVrR doHdoaLBHRGN biteddT4rY mapde Vot elaMb( W5) does
not excees\:ﬁmiﬁr;ggerot ocolt_parrgne'fer t@ﬁ%g%ﬁ%%dgmvi uéoct ets,
and the 2ONTGEAN YR TELFIT L EFCHAT i STATUS
PDU as defi%}ﬁ%‘& - T akgehY fdtank et (MR thi 6 theShimgiotvcul at ed as
VT(M5) = VLA +mv¥?v%ﬁ@&§§%ren\8/r%%\}\’sg&ihsﬁ{jgri ved aswgéetscri bgd abqve. The
state vari hburdedr( bR) VI(A) Shnder | A+ YW Dhe dogms il e@x&d W thfow Si ze in
octets sen . t Bble VP S iS tdde Wi ndow
M%Hﬂg%_@%{%&z%liﬁmcmé ThBgtdte ek S8 upida

bounded by Is as |arge as possible but not exceeding the
Conf i gur ed when\the danisume Tk (Wirdow_Size] ipsttERtatefs nAltemalivelyps creat i on
[ 0061] Fi gur } theBEJRndRhegtRAGRGePRIEL - based
RLC PDU crggtégﬁgg% \fﬁ(‘)({rh}%\(%%‘ g%??ﬁégénsd govvn I nﬁ, bgésagd on@tghe fol |l ow ng
par anet er s greaGer thent4085 éutia makximurh &alysl dopfigurefliby RRC/ppeerdaysgsh s dat a t hat
can be trapsp B iR Ko RRLAVRR) 306 VIRARSAWRY dblie MAC to
the RLC i nre%ﬁlethgégtegfe n &ﬁg%gg&%%?n zﬁ%@c%i temrgwg(/sterm such as

| ong term avbéxceedn (LTE) and Rel ease 8 wi deband code division nmultiple
access (WCDVA stens., I n the i Nk, iS5l beid ssikiadf the

remai ni ng cr e‘éli@’)éﬁr?tc%%tplaﬁanm%eﬂg%\gﬁ néwﬂﬂwg%‘ld%éé*?oqaﬁon’ sent fromthe
Node- B t 0 RNG. fHeiWimgoarSizé SUFS refepring tnare dctethquantsy én a BGSTABUS Dat a:
This is the dat?ﬂﬁvai blg Eo be transmitted in RLC entity. This quantity
is represented o‘?tgt‘ié*%?.e aP®% over Wndow This is the length of the

wi ndow bounetsd) by VIhS)stas daNaWSIT(MS)isweSRicalcutasedas VIAMS) TWTA)duantity is

represent equl RGeS VT(WS) is derived as described above. The state variable VR(MR)
is a SN derived from the Configured_Rx_Window_Size in octets sent by upper
layers, such that the length in octets of the window bounded by VR(R) and

VR(MR) is as large as possible but mnot exceeding the
Configured_Rx_Window_Size in octets.
[0060] Enhancement to RLC PDU creation
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Maxi mum RLC_ PDU si ze: This the maxi nrum RLC PDU size as configured by the
upper layers, for exanple, the RRC layer. MninmmRLC PDU size: This is a
par amet er configured by the upper |ayers, for exanple, the RRC Layer, which
specifies the m nimum RLC PDU size. Alternatively, the upper |ayers may
specify the m ni rum RLC PDU payl oad size from which the M ni num RLC_PDU
size may be inferred. [0062] Upon initiation of RLC PDU generation, in each

transmssion tinme interval (TTI), the foll ow ng antl ties a({e cal cul at ed
(step 505) Ioomk M nFmre Srshomseflew diggrpmaior @ pghed for enhanced octet-

'—ef tover UFbUO&esﬁén Moo 6+ DBEH % mldﬂanaﬁh@lﬁD%se@ahﬁmuat ion (4)

X mod DU si zeEquation (5) where the function M ni. ) returns
the m ni nufnll@&flll&epaltamﬂt@he set, the function Floor{ returns the nearest

| over i nt eger, @1&1 gBQh@xHDcﬂe Rupiit B6is TOUM Quidudlt i ah@nthat caa b RLC PDUs
m S

of size Maxinu Ize are generated (step 505). Optionally, if Lis
di fferent than tremsmitted daseidin MAGAinkadaptaio igsenthydhe MAGo thee TTI. | ¢

s determ ned AL el h tnd REa 81 BUEEHRAON Shonbionch VTNt O edi ¢

parameters (ste etermn reater than the
M ni mum RLC_PDUesnzeyopsioané{Zh) and Relexsé § wigeband eoctehéwm maftiplepat o

(515). If L is great g}eﬂ% 1o émt)gﬂﬁ, equal to

t he Avail abl e [%tca (t%{t%bnmﬁ SISEE%I%IDUk engt'fiu%J I sggseﬁergtsed 528) Al so,

if Xis not equemaimingefdditvatock¥ior iy amy rewr eredit alloeation, SephéﬁmatrlileRLC PDU of
length L is ge t t han

M ni mum RLC_ PDBG%cfﬁgo @L@%@W%?pr#ﬁ%nﬁ%ﬁb s Si ze may be created.

The generated RLﬁlBBld(_E)ataar'Hnshs)lthel date aviildtie to fher transmittedsioi BRC(525) . The
met hod 500 may at ed ery TTI ., or.al natively when data is

avai |l abl e or ‘H’Eﬁ%‘t g’&% rlegﬁleg?%te{"é%&tg{s{ 00631As a result of nethod
500 descri bed twémivabwﬁﬂew Tltiemvhsﬂmrgtlmbfta@mndﬁwbm@eﬂbmé(ﬂw)amd t he

maxi num RLC P e dln erlod typically a
TEl or sone oth @égzﬂ? i‘%@ ??Séla‘ ﬁeq*‘ﬁagg v s regrésem? %l? Bts & °gr eat est
non- negat i ve o Mylagigdurh ERCt DU Mizv: Clmﬁerthe GnexintummmIBBUesmtaa Leftover

W ndow) / Maxi mum RLC P ze. If. M n{Current Avai | abl e_Dat a,
Lef t over Wndov6}° @Eﬁeggﬁtt EP@H‘Frtlay‘t‘lﬁe T E¥IRRIE hﬁ%‘?‘)ﬁ} fay al so be

gener at ed i n ot hgi AR FIC_PHOTsiR: Thiss Qqsaahmbferwbﬂiﬁ@red bytthé:npphrt
Left over W ndow, Avail abI e Dat al

d Maxi Si ze,
M nl Current _Cr @vers: oy #xpmBles s RE! i:@fef’o‘gg'gk\ﬁ’ﬁ‘a@?ﬁ W%B&CDM a, then
anot her RLC PDbpBiAl %@teb&‘at%ttetﬁé@ﬁbdruhfeh@maﬁapecuymh@ﬁlﬁfnmRmequal to
Mn(Current_Credit, Leftover Wndow Ava| abl ;&%&Pﬁgﬁ b
Maxi mum RLC_PDUPRUzmaylead gizp (frare rehic 24 may be
Left over Wndovxﬂnfmétpftover W ndow, then anot her RLC PDT.). may al so be

generated in the sane perjod of S|zemgual tog M.n(Cyrrent Credit,
Leftover WWOM$8k, AvAlmoasnisiatian of REGPINA genaration.dn eagh fransyaissipn timey oy j f

this PDU s %B{,gtmg;@ 805). [ 0064] Vari abl e si ze
RLC PDU crel!gtg?‘%trltbmﬁ %Eg%iﬁmégg&?%%&w thout the M ni pum RLC P{[l)tg si ze

and/ or the %metﬁm@t_%@ltsAwlahlmﬂaém TepfovemWindawt i vdiqpatiop @ al so

possi bl e to define ML BOMYiRARURLELEDBOM, ) ze | i M tRdiaeis @nd to
allow the transmtter to oose a size wth these |imtations wthout

requiring a TEl l@&stmdaMammmthCLBDMA@m ayer |ink adaptaatign (6
Al ternatively,. &e%ﬁﬁ@%{ }ﬂété?%%%x%%n%uﬁrﬁ%@ﬂoﬂn'%h@séy SleSThMiR €

par amet ers ‘m ni mum maxi num R Si ze are not defl ned.
[ 0065] As aFlairteretatrs\the mebtest| Idvar iptageovaliuagand adoed bin thrcmedelo bt

division of a. N RLC PDUs of size Maximum_RLC_PDU_size are generated (step
505). Optionally, if L is different than zero, one additional RLC PDU may be
created for the TTI. It is determined if X is equal to the Leftover_Window or
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current state variables used for fixed RLC PDU size are maintained and can
be used sinultaneously with a set of new variables that deal with the byte
count of flexible RLC PDUs. Moire specifically, sonme of the val ues

mai ntained in terns of nunber of PDUs and processed as in the non-enhanced
RLC may include: The RLC transmtter state variables: VI(S), VI(A)),
VI(M5), VI(WB) The RLC receiver state variables: VR( R) VR(H), VR(MR)

[00661VT(WS) is intained in ter nurrb it is

ori gi nal | yC EWF—&%P&HPW%@*?& eng@r ifﬁ?aéé%ﬁl? g(;‘nlfs et%cf%‘?‘g

W ndow_si zgh RiaiRe RLT (pxmgi%dzelpargme@ebr X islagaal tthsAvaﬂalﬂe_dEatacor respond
to the maxi num nunber of hjhggd I%ro }28 W ndow nd/orl{?melenam nmum
number of 36y I |Iﬂ‘r°’€é?ft%‘ytbtaﬁéhﬁ O Hs%"de’f% FR8Y e nunber .
For ex?rrgl ﬁx&ftléblé—a?altihttﬁeﬁ%ﬂfl}ﬁ@@gm@gfﬁﬁgpliﬁeﬁte@'M) .PBRlds, ﬁéﬁ'nsbe
supporte ionally, for exi bl e can

pr ohi bi tednﬁter@llrf‘éhﬁﬁdX(léemB?r QHE‘ePE(,Cé i‘ﬁ% WE{W&\V/‘% The
cal cul ati o o eMtedB20p" OptioARIyY, u'Erialeemﬁa&eMsﬁmm\Mm DU (i) an VT( A +
VT(W5). The other receiver state variabl es

processed BE€OPRUnS MinimeppRLGEDU siz¢faay be m[aéﬁg 7T£% g%igh%oﬁﬁgoatn g ese

var i abl es, phfifs Vit sBib@® $n 49RHeR Sr\Wrdrbntifiod 1528). CUHE indthid S0temiay des i t t er
and receiver are also maintained and_prqcessed. "H% me vari a b’@i that can be

used are | repeatedpspryT Tlaprpltsraativaly whan datajsayailakiegryequeste °Tof byt es.
The names gf 1h@ge) variables are used for description pur poses but may be
gi ven any name. The variables include: Confi ggre Tx W ndow ytes -

Thi s prot of963par amAs ér resuldiof meshod, 50 desseibad ReraiRhesTieo 'FP ?fs ssion
w ndow si ngtﬁcgfe ﬁe@w&%d&&wﬁmm &%@g@ne\fateuabtmswlﬁ&ﬁ)f bytes.

This varia ured, for exanple, in_any of the follow ng ways:
by hi gher tlayeewblchbsltyu)h@nmet%rok some ethensyster seecifieditivae Reriod, €avdt er mi ned

by the LTEpaged Al fRIDLY LEGKIVE Eblchr Ollesk! GnGa! MR Gurrend/ DU, byt es -

Transm ssi on W nddw si ze giveh I n octe This state_variabl e contains the
si ze in ocheaiablaatghal IL@@msé@nﬁeW}M@MMnBWsEDHnSW ndow. OHtionally,

VT( W) _byt A receives
a (STAzl'USyP @ én 'Pett{f%;& %Wéﬁ%&&b@ﬂ sj‘ﬁe t?vg}l t%réétg?ﬁégﬁ%%%hnam mum
val ue for hhathesRECd’DHrmanbhbo ibe ggherateddp the samgpesiodof pisigoanal e byt es.
Uy OOmuL | iR, GRAK Db Aol aTKIMIL IDASF bl Mo RORIRYELY new

transm ssi cou IS TNCrenmégnte PDU si ze to be
t ransmi tteﬂD‘[Drswtahe ]ft”l Mih{Guirpent_ Gmdltev@Yayldbl}JD#&c&eﬂiewrt_WenW}e =count is

decr enent %X Ragflgegu%?o:gﬁeer k CbﬁDﬂ':ﬁﬁfsgsg)db%ggﬁa mltgggtdglel n byt es

of maxi nu vidded~ in oc é@
llength in pytiedofsfizeRdqual td Mi!ﬂd:uyrnentigﬁmedff Heeﬁoaer_élﬁlndow Ayai lé_ﬁ@ﬁ@rrent ed by

recei ved RLC P sl ze tio ew R
decr ement eH“’ﬂy%@nﬁ iﬁ-@-@%ﬁz gl qrgenrttglbe\(}?g ??%i?nabltl%t uf f er
Itx. N: | engbRover_Wyiddw)of LefiowirvWindomt) them anhthes RIeC tRDié hay0 8Bp Thee

conbi nati on of the.ol and new st ate varlable V\A|| to
control th&easratedy iRt FaBs ReRiofe Phel%st r‘i’t'a‘lﬁl oOm Al bﬁyow%ftg%? al | owned

and al SO i DeftEFeFBWa{dowaXyATLEbl¢ I3k maf M BGhkima [RIEVRD U sizd, feddbylytihe nunber
of sequence nu |J able f tyransms 0069] RLC Procedure
affected bytht ﬁ tSlF Rl cisiesrRst ¢ %Mﬂ@‘}
[0064] Variable size RLC PDU creation may also be applied without the
Minimum_RLC_PDU_size and/or the Maximum_RLC_ PDU_size limitations.

Alternatively, it is also possible to define maximum and minimum RLC PDU size

limitations and to allow the transmitter to choose a size with these limitations

without requiring a TTI based relationship to MAC layer link adaptation.
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size [0070] Sone of the procedures in 3GPP TS 25.322 V7.1.0 may be updated
as described by the teachings herein in order to support and manage Tx and
Rx wi ndows for flexible RLC PDU include the follow ng procedures:
Transm ssi on of AMD PDU Subm ssion of AVMD PDUs to | ower |ayer Reception
of AVD PDU by the receiver Reception of AMD PDU by the receiver Receiving
an AMD PDT.). outside the reception wi ndow [00711The procedures associ ated
wi th reconfiguration and re-initializg;ion of, the Tx d Fix state

vari abl es daterpativebyadidd> PPBofsize Xam he sreatsd ig e sxeteRLRP g S8 9 BAE Dat e ( AVD)

PDU [ 0073] GahichtteALELED B e WhE thaRMRBDRECAPEUY Siké arsibtidefitled.t he
transmtter has to ensure that the SN of the AND,P%)U is less than the

maxi mum seh@P68hr i abiAs ayrpltemyativeraethad B PREPTRIRG WP MARBEERR it be

greater thap. \I{ ¥Re Jaribikd W¥bd 738 RE.OPOURSR L RitahREndadd @ntRC el ver
using WN SUFI. [0074] For flexible RLC PDU size, .t hge ransmtter can

al so check usebsimultanyyushy withve set pinerayaripblesihatdqal avi roppt ofe
retransm W?&g?é’%ﬁc BHUL NG Apd dicall§ Xdo MU B thd \idNEsShARtAiBedi t8FmsIEH NY State

vari abl e _bytes. The state variable Wndow utilization is the total
size of tr amsyber pEBDHE @uppLecessediasdn the pemenhanse@ LG mpE fncludear of ore, when

this conditiqgn 4 ; kd 1Q0 veies)t TiAe viTemsanerag)ed SN has to
be cal cul ated |%%ee%2§§g%%®%f%%%ﬁlﬁq| | i z)ét i S)[gﬁi s | egs t han

VT(WB) byt es,s tHemRLEaecivatistateyaviablesHaR(Re VRADoMBMBAI | v, however i f

wi ndow_ut i | ion i . f Lhikzation up
to the AND [%5 has ;VZF (g{asgggalﬁéﬁ]lkg?g%@%@ ﬁ@%@ﬁ?yf%g?qét vm'tl | not
exceed VT(WB) byigieallgo apofigurafll y byt hehighéxf er layers i zhasedn i catheul ated i f

e ol Oy b A R RiER 5 | DSaBlal Gl RhbR B BudHol Oy PRL SThlD075] For

exanpl e, 1ransnissi ure can be nodified in the
fol | owi ng waluetcan acrespond tothefmacgthuanoumbexif U RIOweddor thesandows si gnal ed

by upper | a@i¥1§f°§ the llnl;x&ﬂu)%\ gux%lbgr Eﬁf)ﬁé ﬁl%.ltleﬁ b§9ﬁg ﬁ&ﬂﬁ&dofﬁ)ﬂg Used for the
sequence number. For example, if 12 bits are used then up to 2!2 or 4096 PDUs
can be supported. Optionally, for flexible RLC PDU size, the VI(WS) can be
prohibited from being updated by the receiver using the WINDOW SUFI. The
calculation of VT(MS) preferably remains the same, where VI(MS) = VI(A) +
VI(WS). The other receiver state variables may also be maintained and
processed according to 3GPP legacy standards.
[0067] In addition to these variables, the variables dealing with the byte
count for the transmitter and receiver are also maintained and processed. Some
variables that can be used are listed below, and are assumed to be maintained in
terms of bytes. The names of these variables are used for description purposes
but may be given any name. The variables include:

o Configure_Tx_Window_size_bytes — This protocol parameter indicates
both the maximum allowed transmission window size in octets and the
value for the state variable VIT(WS)_bytes. This variable can be
configured, for example, in any of the following ways: by higher layers, by
the network, preconfigured in the UE, or determined by the UE based on

memory requirements or UE category.
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for each AND PDU whi ch has been negatively acknow edged: if the AVD PDU SN
is less than VI(M5) then: schedule the AND PDU for retransm ssion; |If
flexible RLC PDU size is configured then: for each AND PDU whi ch has been
negativel y acknow edged: if (1) the window utilization up to the AND PDU
SN is less than VI(W5) bytes, where this condition is always true if

w ndow utilization < VI(W5) _bytes, or is calculated as the used -21-

wi ndow up to SN and (2) optionally, if. the AMD PDU.SN is |gss than VT(M
then: schedl eVT%S%WPmJ{WmI‘%?%WW?ﬁB&nQVFﬁd?6’3%%0n?é’égi %ﬁ “of AND
PDUs to | over | gasible Ed0Hind ERssigy intobRtibatiskdlnsused falthetrankmissioansni ssi on
of an AM) PDU is that the A Nis.legs th t he vari abl e
VT(MB). Wen f|¥@d8Fe %@npﬁw%)w F&H%ﬁﬂamﬁéﬁﬂ%‘*&ondi tion
to check that tig tphRgRited rbdeivedtd SPATOS RIVE ihéladtgi 4 WINDOWr BYTEnsni t t ed

PDU does not exceed maximum w ndow size in bytes_shoul d al so, verified.
The | ower | ayer8UFhc[Thednitisd veine qnd maximpm for thisfpate Vﬁ_‘ff’g%isAccordi ng

to one approachgvgﬁbyagngm_vmaoegi&_bﬁég been schedul ed for
transm ssion or_retransm ssion (see, for exanple, 3GPP TS 25.322 V7.1.0

subcl ause 11.‘8.Wﬁ?dmﬁli?ﬁ@@éﬁﬂﬁbi%‘b}??“fﬂ&u@tﬁ?ﬁﬂm% AV BBOS ™t hat it is
not allowed to &fAdsEihn iRe bPidouh8¥heremthest by XRIRBEPIHD\dizel toebel S
configured, an AND PDUs is allowed to be transmtted jf the AND PDU has a

SN < VT(MB) or ftrangmistedpr thefirpidimg. Bar egmnPDUAigeprdgd the byte qoupdisy) e RLC

PDU size is CO%éc%%bwﬂewaﬁ@sa@%b@dﬁkmd to be transnitted if
(1) it has a SN < or, optionally, the AND PDU has _a SN equal to

VT(S)-1, and o 2RxWMAX%dengthris hytes efmaxmumpBx wiipdow size peayidedin actgtsndow
utilization, det(gfgﬁ%wgﬂ wi ndow _utilization + AND PDU size, to exceed
VT(WB) _bytes. Additionafl'y, an AND PDU is allowed to be transnmitted if the
AND PDU i s not ReWUITIEt kagtloibbytes af Briutilised wjndow.odhe variablerillfhenct i on

(see, for exanple. 3CPP. T : ngﬁlll‘a bon of 4 AEPRICIEIRY | ower
| ayers of both ’tnﬁteenheﬁlﬁg%?;roe%gx nggjﬂsﬂugé edul e ?‘)g?ot ransm ssi on or
retransm ssi on amtitatill bevdecrémented hy RHGRDY sizewhemta BRHG FDIEisgpmo@s i onal | vy,
if flexible RL%PDL%PE'B}Z’_& 1! s configured, the sender can informthe | ower
| ayers of the n fhe %yt es to be schedul ed.
e RxN: length in bytes of received PDU for the same time

[0068] The combination of the old and new state variables will allow the

RLC to control the Tx and Rx windows in terms of maximum amount of bytes

allowed and also in terms of maximum number of PDUs allowed (limited by the

number of sequence numbers available for transmission).

[0069] RLC Procedure affected by the introduction of flexible RLC PDU

size
{0070} Some of the procedures in 3GPP TS 25.322 V7.1.0 may be updated
as described by the teachings herein in order to support and manage Tx and Rx
windows for flexible RL.C PDU include the following procedures:

¢ Transmission of AMD PDU

¢ Submission of AMD PDUs to lower layer

e Reception of AMD PDU by the receiver

e Reception of AMD PDU by the receiver

¢ Receiving an AMD PDU outside the reception window
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set the AND PDU contents according to, for exanple, 3GPP TS 25.322 V7.1.0
subcl ause 11.3.2.1. submt to the |lower |ayers the requested nunber of
AMD PDUs. Optionally, if flexible RLC PDU size is configured, the sender
may al so submit to | ower |ayers a nunber of bytes requested by the | ower
| ayers. treat retransm ssions with higher priority than AVD PDUs
transmtted for the first time. wupdate the state variables for each AMD

PDU submtted to | ower |ay see, xa GPPTS 2532V710
subcl ause 900¢Y or tﬁ@eﬂ%?f’g‘“i‘r’éﬁtsﬁﬁﬁ m&‘@g&ﬁaﬁt 208 st he
nunber of G PRSTRarkdRx Bldde Rasiablectarshdrapttted] t o be transmtted and whi ch
has al ready been updat ed when %h AMD t (see, for

exanpl e, 38@2ts o5 Lransmissien et JRE3oE =xi bl e RLC PDU si ze
i s configuneshs)t hen pepaiied RD@ FDUd%eﬂtANMIEDwateafetﬁdﬂsmtthdh,eﬂEf ore

updati ng the vari abl es associ at ed @l n 3’&& lb t@l nt. if (1)
t he pol Ii n§rasismitteg bgs 39 engure t léﬁ‘rs‘ihet r°ft ‘gﬁﬁ% B8t rt from
the recei veLaximdnS&hdbariable VITVE)Y TBE SN\ﬁrédYQld?ﬁk&de P(Iﬁ)niig}mafe Poll, a
timer for tracking AVMD PDU containing a poll as in ted by | ower Iayers

i s confi gurgé%ﬁte’tﬂ@ﬁ‘glﬂ(m)lfqli‘é"tmﬁﬂ S’Ff’#é? beszy ypdat FeEX ¥ 3GPP TS
25. 322 V7. {yiNsoekeseuse 9.5). buffer the AVD PDUs that are not submtted

to the I ower |layers accordin o0 _a_discard conflgurat on or exanpl e,
3GPP TS 25.[60H] V7. 1R9r§eﬁbleaﬁla‘éf’@1’751 the trangnitbr AP | %L@B‘ by the

Recei ver [ GO8QILERG JRIREREN L 16 BROAMY Pﬁt}%%@ rb?EndBREMAIdoeSn6Y exdéedAND PDU by

the receiver is up&lgte to 1 nclude and update of ;the re e| ver aﬁate
vari abl es 4beowiximuth windewt siee iy betes yging Fate variable, Vd( The

enhanced  proGedue,iSyabbnediatihal Y tﬂ&"&tallé%%fﬁ%ﬁ@zﬂlmm FOUSMD PDU, the

recei ver sha downl i nk AMD PDU size _has not yet been
set then dhe retrensmissionnkufikxD Pbereforge whent this spnditign is irhegkedothteq PDU.

o ved AR pEh Y gtt?%%ﬁ@hlsq\g nEt e siRISleaadeMa Ry, or cach
Window_utilization is less than VT(WS)_bytes, then the condition will be met
automatically, however if window_utilization is greater than VT(WS)_bytes, the
buffer utilization up to the AMD PDU has to be calculated in order to ensure that
it will not exceed VI(WS)_bytes. So optionally, the buffer utilization is
calculated if the window_utilization exceeds the state variable VI(WS)_bytes.

[0075] For example, the AMD PDU transmission procedure can be modified

in the following way to account for fixed and flexible RLC PDU sizes, as signaled

by upper layers:
o If fixed RLC PDU size is configured then:
e for each AMD PDU which has been negatively acknowledged:
¢ if the AMD PDU SN is less than VT(MS) then:
e schedule the AMD PDU for retransmission;
o If flexible RLC PDU size is configured then:
e for each AMD PDU which has been negatively acknowledged:
o if(1) the window utilization up to the AMD PDU SN is less than
VT(WS)_bytes, where this condition is always true if
window_utilization < VI(WS)_bytes, or is calculated as the used
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If flexible RLC PDU size is configured then update the RXWUTIL state

vari able by setting RXMUTIL equal to the El xVWUTIL plus the size of new
received RLC PDUs minus the size RLC PDUs renoved fromthe buffer due to

i n-order reception. [0081] Receiving an A MD PDU outside the reception

wi ndow [0082]If fixed RLC PDU size is configured, then upon reception of an
AMD PDU with SN outside the interval VR(R)<SN<VR(MR), the receiver shall:

discard the AMD PDU, if the polling bit in the di @8{3 ) PDU is set to
"1" then initiate mﬂedmmwsﬂﬁbemflg%)rﬁ*@mwdéé‘&mmg é%\\ﬁslﬁsexi ble RLC
PDU size is confi QUEﬁQthI‘@PtHéBQ” reception of a new AMD PDU whose si ze

added to RXWUTI L exceeds WWVAX (where RxWWAX < RXWUTIL + new recei ved AMD

PDU si ze or RxN) or eupsshedude it BPUAfr pgtr30smissiit-h SN out si de t he
nterval VLESNVROMRYesif 5r KAPAINGE 513REk lavefl SC3r d the AND PO if the
polling bit i1n the drscarade M IS set to "1" then initiate the
STATUS PDUI0G7hsf er Queaf thieronditianda afewtis wensmreion of pmd MBEE ®RLC stat us
reports copf 4l ALNOVACEHe @ﬁ@%ghdt:{:%ﬁrs% vaRabR VHMES! tWhEnEBYlebe

triggered in various scenari os e RLC Tx and RLC Rx entities. In order
to handl e RIEXPBUksift i§ dobigwiedean ndditipng cpndisien tricliedithahthe widowan

i a1 N2 OB 0 B P SN O PN PIRP ALY o ikt bl 1 Dy 05,

This all owd' on and nal ntenance of l engt h _of the used flow
control wi ndodow sizbirt btepshauldelso by verified cthedever leyersdnelude theMACapove.

[ 0086] An ui val Rar ter to Every Poll _PDU PDU, the upper limt for
the state \?%'refgﬁfig)ﬁi'ﬁl?% for keeping track of polling, can be configured
in terns off00%gi es. Iﬂtcdxﬁhrgtoam,apphwmrﬁmsWrmreMDlﬂngés havebeeBount

2oL, TR A b o AR GBI P ahi el (1
pur poses, iW7.1.6salsdained 1:22); then the sender may:

e not submit any AMD PDUs that it is not allowed to transmit to lower
layers. When fixed RLC PDU size is configured, an AMD PDUs is allowed
to be transmitted if the AMD PDU has a SN < VI(MS) or if the AMD PDU
has a SN equal to VI(S)-1. If flexible RLC PDU size is configured, then
the AMD PDU is allowed to be transmitted if (1) it has a SN < VT(MS) or,
optionally, the AMD PDU has a SN equal to VI(S)-1, and (2) if the
transmitted AMD PDU will not cause the window utilization, determined
by window_utilization + AMD PDU size, to exceed VT(WS)_bytes.
Additionally, an AMD PDU is allowed to be transmitted if the AMD PDU
is not restricted to be transmitted by a local suspend function (see, for

example, 3GPP TS 25.322 V7.1.0 subclause).
e inform the lower layers of both the number of AMD PDUs scheduled for

transmission or retransmission and allowed for transmission or
retransmission. Optionally, if flexible RLC PDU size is configured, the
sender can inform the lower layers of the number of bytes to be scheduled.

e set the AMD PDU contents according to, for example, 3GPP TS 25.322
V7.1.0 subclause 11.3.2.1.
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herein that the polling paranmeter provided by higher |layers is called

Poll Bytes. If configured for polling, the RLC transmtter may trigger a
status report by setting the polling bit in certain PDUs as follows: The
RLC transmitter maintains a counter of the total nunber of bytes
transmtted in PDUs since the transm ssion of the | ast PDU containing a
polling bit, where the last PDU containing a polling bit can be due to any

type of polling trigger, ipcludjng for exanp Pol | PDY, I or

Pol | _bytes, dr %%P’égg?at?}\?e "S}Yergjéygﬁe%?ee§ﬁ‘fe§{e§d%b?ﬁg’ylggﬂ Iglﬁ%gont ai ni ng
a polling bit topgaangdirdleeill®RLIEPDY GzB| dohfiguredcihersesdar mihalsot he
counter reaches or .exceeds, a value Poll _Bytes, the bRL tlran mtter sets the
pol ling bit in YHRebiloyer layersianmpesibytesraauested ’ﬁ&%}mﬁf Y¥8used t he
counter to b§ Oieah@frahfidlRsiohs Raikhigh& pridity dhae ARID PDBJ! tesnsamitketieset s t he
counter. [0087]Herein, setting a poFI ing bit refers to a polling request,
such that a poI@fF@ﬁréE]H&et may consist of POLL SUFI PDU, or it nay consi st
of the setting Qfdafe AR dthidOriabldsforBachAMMB-LDBAdbrditted t@lowernaydper of

bytes transmtted in PDUs may refer to the size of the P transmtted for
the first time.(s# tfer peamplel YGPP TR 28.3281 8- 10csubgiause P& for thestasey js

transmitted, ingludidfeltht PRONDNRILE couliStteauaiRdoft@hada AMMEDUOS byt es
transmtted may only count the first transm ssion of the RLC acknow edged

nmode data ( AVD)hésieen schedwled todhgirpmrmittad and which basadreadyvbpegrpdptef ¢ SpU,

where retransm ggi DI IR ofints AR det RBS, fiRYxAle, BT IHOUS 128322
[ 0088] Pr ot ocol %géng{ﬁ%t%?[s Pol | 0PDU and Pofél SDU gr%g;gi gnal ed by upper

| ayers, such asVi-hé® smidauseol:-$8).RL.C | ayer to indicate a PDU count interval.
In addition, preh &eﬁ%?ﬁﬁ%i?&dﬁgﬁ)@f?ﬂ hrhgﬁ&ﬁe%éwﬁfaew%iﬁia@mal ed and

configured by hrgher Tayers. Ing procedureés 1n an RLC transmtter may

i ncl ude the f ol vayiibley therafore Ridatingdhe variakles awspeiated NEITH kegpingtirack

Poll Cctets cou(#tbgfeéo(&ngeep track of the total nunber of bytes transmtted
in PDUs since the“transm ssion of the last PDU containing a polling bit,

whi ch may hawe if¢Brthe poljipertit) whaé by the transmitiemptocrequest a tatys repartof
paraneters Pol | P Pol.l SDU or Pog&Byie r |?N§5 r |l _Cctets
may al ternati veWDLk{élgpr‘ic?lgc lgfsetthté) f@t’f’ﬁ §ﬁ%rﬂ%emrhgo ytﬂgys?r%ﬁisf@tted si nce
the last PDU  TimercPuil, aitimerfomtrpcking AHID PDU cangajeinarh phllastindichtedbyt e

pol I'i ng nmechani.cm only. 100891 .The | i gnal Iy count
a total nunber llﬁnioﬁ')?f Xasyeﬁ’ 1%c?r}f}g§xtre¥3§ﬁrsr%a%§%%en 0 ng%ﬁﬂgﬁl(lﬁg%ekgdgw edged
node dat a ( AVD)ex2blple, BGPHPDS 25320 8f71.8 subdlarser®ef). opt i onal | y count only RLC
data PDUs, such that. R | .PDUs are ngt nted.,Wien the. Pol|l_Cctets
count er reacﬁers]t"lf?éi}l‘-fo‘{{ﬁ@?%g}i‘?ﬁa@?9835"\%511%%‘,1&1%&81%8313’?%%m ?an r sets the
pol ling bit in fohge diibkd esnfippiratisindeg, firhexanepie, FERP THhas.38AKEE1.0he

Poll Cctets coumt;g{a ex§r§ the threshold of Poll Bytes, and resets the
Poll Cctets co us ol | _Cctets counter may al so be reset if the

pol | Tng bi 0d79) Set  ddGegton@f AMID PO bpgheBagivdrons such as the reception of
a Poll _PDU. [00901When flexi ble RL s| zes ar.e r..AM RLC,
flexible RiQéS@bu si 2be prrsedyre assqciafed pib ¢ CPE’Q%Q‘,’S‘U“QW‘&?%&%&B‘&sed

pol I'i lngdi E ré@Rfek qglr@tabéa U@Bﬁﬂu&@mﬁs udet];@t(ﬂ'Cﬂie PREVEE sBite RQiriabWsndlo}N i f,
signal e y upper_ layers to the RLC to ] transpgjtter to .,po t he
recei ver. Pstociabpd\gath the bpie @Wérf"?rﬂ@‘?r%ig}&)g)%é?@en ﬁé’n\%ﬂaﬂ?f or in
terms of \%&P&tl%&uﬁfis REESSE adfolOWS. Upohre@Ptios Gf A AMD PDWE @ reteiverf Or each
AM.) PDU when the value Kis greater than or equal to paraneter

Pol | _W ndowhalthere K is the transm ssion w ndow percentage defined as: K =
utilized_w ndow,/inMyg.mum Tx_W ndow_Si ze (in octets) Equation (6) where
utilized windowis the | eggl;trh in octets of the w ndow bounded by state

vari abl es VT(A)e af¢hedewplinkr AMD, PDY sigeihag pefoipt begh sl the utili zed
buf fer by the datg %se“@,grawggg ; te#ﬁ@@&@ité%ﬁ&az@wtﬁle&eceiJedtﬁm.PolI W ndow

is given in ternms of nunber s, Kis equivalent to the

utilized_wi ndow. Therefore, the trans2d-tter will trigger a polling request
if the utilized wi ndow exceeds the nunber of bytes Poll w ndow signal ed by
the network. [0091] The RLC transmitter can trigger a status report by

setting the




polling bit when the used/utilized Tx w ndow size is above a certain system
configured threshold in ternms of a number of bytes or a percentage of the
maxi mum wi ndow si ze. The RLC receiver can trigger a status report when the
used/utilized Rx wi ndow size is above a certain system configured threshold
in terms of a nunber of bytes or a percentage of the maxi mum wi ndow si ze.
Pol I_://\thdow | ndhcat es when the transmtter shall poll the receiver in the
case ere "w ndow based polling" is confi ured by ayers.. A poll is
triggered for eeRdate\vEreEw %ﬁtﬁwvanh@e%MB JVRE 2B p@&@%‘r’ reihnet er

Pol | _Wndow, whgrgyd bﬁd@@@?d%ﬁ@& YGPROE IRITEVT. 20Rlaeé Dagd as:
(4096 + VT (S)+1-VT -xlOOEquatlon (7) VI(W5) where the
cogsltant 4096 |J§ﬂ181mb1 |HRUmplwo|néguwé§é?ﬁlbed in 3GPP TS 25.322 V7.1.0
subclause 9.4 and, VIGliific RIWUTIIL tdte vadabfe RV daghnioe the AVD
PDU is subnitted to Fower Fayer L[ 349621Ifa flﬁga bl eéRLC PDUég“l ze is

confi gured, ﬁ pol | |tbe3|x§61'1‘1r14lg}géﬂaﬁlm)ﬁl@atwcﬂmﬁbgmgﬁ%‘és | ue of K
L5 greater than para ?Q OO o MIBE Buffer duet8fih BREr36cepfibin of RLC
PD') sizes from VT( Fﬁ'({/? H%B %o ] I\/ax‘ll%m Tr ansmni t rW ngow

Si zeEquat i ¢00g18) [ OdReedi BWdescri bed in the

cont ext of tran ' " E . 7 ( _ tiRbidnl D it S

appl i cabl e ot h Ew%k MSI@%W%E gt(?})wnll I nk _( UTRAN/ E- UTRAN
to ]EJE) commm S)Nsmtdfdﬁ thexiatarval, VRR)SIN<UIRMMR) thi reseiverpshalk he
configuration/r conf| f the paraneter Configured_Tx_W ndow_Size
causes: The L d&g ﬁ@éb?@éj)state variable VI(WE) from

Confi gur ed_T)«_mehI@m_ang bitda tHedizearded AMD POU is set to "1" then
o initiate the STATUS PDU transfer procedure.
[0083] If flexible RLC PDU size is configured, then upon reception of a new
AMD PDU whose size added to R« WUTIL exceeds RxWMAX (where RxWMAX <
RxWUTIL + new received AMD PDU size or RxN) or upon reception of an AMD
PDU with SN outside the interval VR(R)<SN<VR(MR), the receiver shall:
¢ discard the AMD PDU;
e if the polling bit in the discarded AMD ?DU is set to "1" then
e initiate the STATUS PDU transfer procedure.

[0084] RLC Status Reporting
[0085] RLC status reports containing acknowledgment information to

support ARQ may be triggered in various scenarios by the RLC Tx and RLC Rx
entities. In order to handle flexible RLC PDU size, the RLC Tx and RLC Rx
entities can maintain a mapping of RLC PDU SN to the corresponding PDU
length in bytes. This allows the calculation and maintenance of the length of the
used flow control window in bytes or other byte-based metrics as described above.
[0086] An equivalent parameter to Every Poll_PDU PDU, the upper limit
for the state variable VT(PDU) for keeping track of polling, can be configured in
terms of bytes. In this case, the transmitter may have a PDU count polling
mechanism and/or a byte count polling mechanism, such that the transmitter

polls the receiver every Poll_Bytes bytes. For description purposes, it is assumed
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The UE to update the state variable VI(M5) as descri bed above.

[ 0094] Enbodi ments [ 0095] 1. A met hod for enhancing radio |ink control (RLC)
operations in an RLC entity configured to support flexible packet data unit
(PDU) size. [0096] 2. The nethod of enbodinment 1 conprising defining and
managi ng wi ndow si ze based on byte count based wi ndow size netrics.

[ 0097] 3. The nethod as in any of the precedi ng enbodi nents wherein the

defining and managi ng aof. wi ndow si ze js .based op w ndo [ rics that
i ncl ude a M§RBRIhFhppellng PATsIRGPYPTP eF‘rBY fﬂfg‘eﬁl yFW‘iﬁgl%f%ﬁthy%F'ecedi ng
enmbodi ment g whigRrdd fob olify), Thé RLANEanBHRAGr 1Gayp triggerdostatisz@pbrt Byased on
w ndow si ze netrics that include a nunbgfr of bl ocks where each block is a

fixed nunbépttire thepelinghipipogestaip EDHs asdallorss:i n any of the preceding

enbodi ment s Whergk RIGafGhithirHa#sinI B RELERS od thavttabiambaofi ytéwr t her

based on packet data _unit (PDU). sequence nunbers 00 6. The, nethod as in
any of the prec@&%@%d’ﬁ?%%@c‘-’f&%ettFﬂﬂsnE%ﬁ‘ﬁﬂf?fs‘fbﬁgstégl PHYREE wi ndow

size nmetrics in Jﬂiﬁ%sﬁn&rﬁ&l tEP Mt PDRPdMEiAi SRHE B cas bé Aud . the .
precedi ng errbodllarren S furtﬁer conpri si n(% ill’lnC u%li n chc Wi nﬂg aﬂzye metrics
o PPl B9 e%\igfif

in RLC status Pips.of[mdling jugerre nelidieg lersexammle ol i Mgy
fpg%dkrgﬂte s ;;iggggbﬁ&mm@rﬁw&ﬁ%ay BiGedtrit tStHO 1R POl si ze
polling bit triggered due to the byte polling mechanism.
e When the counter reaches or exceeds a value Poll_Bytes, the RLC
transmitter sets the polling bit in the PDU (or, alternatively, the next
PDU) that caused the counter to be greater than or equal to the value
Poll_Bytes and resets the counter.
[0087] Herein, setting a polling bit refers to a polling request, such that a
polling request may consist of POLL SUFI PDU, or it may consist of the setting
of a polling bit in an AMD RLC PDU. The total number of bytes transmitted in
PDUs may refer to the size of the PDUs transmitted for the first time.
Alternatively, it can refer to the size of all PDUs transmitted, including
retransmissions. The counted total number of bytes transmitted may only count
the first transmission of the RLC acknowledged mode data (AMD) PDU, the RLC
AMD PDU segment or a portion of an RLC SDU, where retransmissions of these
data portions may not be counted.
[0088] Protocol parameters Poll_PDU and Poll_SDU are signaled by upper
layers, such as the RRC, to the RLC layer to indicate a PDU count interval. In
addition, protocol parameter Poll_Bytes in octets can be signaled and configured
by higher layers. Polling procedures in an RLC transmitter may include the
following:
¢ The RLC transmitter maintains a variable Poll_Octets counter to keep
track of the total number of bytes transmitted in PDUs since the
transmission of the last PDU containing a polling bit, which may have

been triggered due to, for example, the reception of parameters Poll_PDU,
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[00103] 9. The net hod of enbodi ment 8 further conprising inferring a maxi num
RLC PDU si ze fromthe maxi num RLC PDU payl oad size. [00104] 10. The net hod
as in any of the preceding enbodi nents further conprising receiving a

maxi num RLC PDU size from hi gher |ayers. [00105]11. The nethod as in any of
t he precedi ng enbodi nents further conprising receiving and negotiating the
byte count based w ndow si ze netrics during setup for a radi o bearer
[00106] 12. The nethod as in_any of the precedin enbodinepts .urt her

conpri si ng recdloli_ABUxardolicBrtes fropniyigherdaygys P tetmag alemAHERY si ze

TeLrics duri ng iGeRHAN@hORothPhuRbEAHICRRRIMIHARLE tha 1asFDUEL hod as
i n any of the precedi ng enbodi nents further conprisjng rgce,l Vi ng and

negoti ating t heohtainingamellinghittriggerafoinedp ske biie priting pchags figuration
for a radi Oggfr er. rhQBLABhMts diEitéehay %ﬁ%@n&l[& ediht §f totdlendahberesti ng

enbodi nment t her conprising applying t byte based w nd lze nmetrics
in all nesbytgs nfp fifshtranstassion of RS 1A apbnovylpéwdd@?fierdﬂta W&XISB&Z- .
connect | oMy o ERAIGALAcoulth 1} Bittbrlly SHRANATP RLCMatd TIIO4, Bubl bt PPl i NG

t he wi ndow'srze Ics 1n ssa% ng Is such that the nessaging

i ncl udes aRWCnaatroBPP&ssarpawt quattetl. ( the RolRIQetets soyrfer reshes theus PDUS.
00110] 16. 4T, t hod ' i 1. ) vt
[ ] V\/Pgﬁ;%};{g%ltn??rggfvilge %Fé( rEEt 4 %ﬁt%&s%h@%ol%ﬁgm% giePIGrappl yi ng

t he wi ndo I'n dl'T méssaging Is such that the nmessaging
i ncl udes aopiiotmliRe thé uienty RIEY that vakps SwFPollnORtets conntenlexeasd deat us PDUs.

threshold of Poll_Bytes, and resets the Poll_Octets counter. The Poll_Octets
counter may also be reset if the polling bit is set due to other polling conditions
such as the reception of a Poll_PDU.

[0090] When flexible RLC PDU sizes are supported for AM RLC, flexible
RLC PDU size mode is set by the RRC layer, and window-based polling is
configured by upper layers, protocol parameter Poll_Window is signaled by upper
layers to the RLC to inform the transmitter to poll the receiver. Poll_Window
can be given in terms of a percentage window or in terms of number of bytes. A
poll is triggered by the transmitter for each AMD PDU when the value K is
greater than or equal to parameter Poll_Window, where K is the transmission
window percentage defined as:

K = utilized_window / Maximum_Tx_Window_Size (in octets) Equation (6)
where utilized_window is the length in octets of the window bounded by state
variables VT(A) and VT(S). The utilized_window represents the utilized buffer
by the data remaining in the transmission buffer. If the Poll_Window is given in
terms of number of bytes, K is equivalent to the utilized_window. Therefore, the
transmitter will trigger a polling request if the utilized_window exceeds the
number of bytes Poll_window signaled by the network.

[0091] The RLC transmitter can trigger a status report by setting the
polling bit when the used/utilized Tx window size is above a certain system
configured threshold in terms of a number of bytes or a percentage of the

maximum window size. The RLC receiver can trigger a status report when the
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[00111]17. The method as in any of the precedi ng enbodi nents wherein the
RLC entity is operating in acknow edged node (AM. [00112]18. The nethod of
enbodi ment 17 further conprising receiving radi o bearer information

el ements froma radio resource control (RRC) entity including CHO CE

Downl i nk RLC node information including a new indicator for flexible RLC
PDU si ze node in addition to other RLC nodes. [00113]19. The nethod as in
any of enbodinents 17-18 further conprising receivi radi,o bearer

i nf or mat i ofsed/eiisdRx Findow F1zgis# g@%ﬁ?@%‘g&é’ﬁ‘?%f°°%%%aﬂbﬁ?ﬁ%€@ﬁnnc| udi ng
an i nf or magi,n 6f §RithbdrNdli 19ak4 B of pérsérdthge G ChéDldxsam whdhw §i2e.114] 20.

The nmethod as in any of embodi nents 17-19 furth conpr.i si.n i Vi
radi o bear & PHLWM‘W%W@I%Y@ trangmitier %‘?%P&ggﬁﬁgg%v‘ffdﬁtqpé ?g%:q\gc?g

entity i nclyydidgyidawnbhidd SR DY csiifpRrsd by pitr 1aers. AlipeRis tiggerd of an RLC
Scal e paraneter in octets or a maxi num RLC PDU size in fﬂgﬂiyplg RLC PDU
si ze node. froach 31D PDY, whepi theralue { s gagten thanpayametst 1B8%%aur t her

conpri si ng th%P@JJYémtfﬁﬂhﬁsd@@@wdw&&&éémg@mﬁieweﬂt s froma radio
resource control (RRC entltx i ncl udi ng protocol paraneters signaled by the
RRC i ncl udi ng Pol | _PDuL, (4P 1 P %08V ndow_Sigati@Ad7IC on

figure d_Rx_Wndow Si° ze. [00116f2X#S) The nethod of enbodi ment 21 wherein

t he protocol paraneters .speci fied and..nterpreted i | one of a
number of - PBeks ddonrrrs s if ficeoa i B AN 33 SoRrEeTi aGrPTo B 010
enbodi ment §771i76 2dbdlaidel R4 ag@MPI(S isidheriaitiail vahe RIFGIPBisddwbeforatten ssi on
and retainin received RLC P and not submtting themto | ower |ayers
when a w né&&)hjﬁ?eqi‘sz Hegi‘égé@%y%xi mum wi ndow si ze in bytes or when a
recei ved Riggg2PU seqpigaghle RIND PDIE ¥ize aflconfigired, apsllvis atbowriggeredifer nunber of
PDUs. [00118].24. The nmethod as jin y. of enbqdi nents 17- rther

conpri si ngerdceMRB APY Wgﬁ?lth vElue °Z%[ﬁst¥e%femr ers%?élew lflﬁ%‘f”d ( SUFI )
referring WhepdKQsheindduaht ity in an RLC STATUS PDU.

K= Sum of RLC PDU sizes from VT(A) to VT(S)
Maximum Transmit Window Size

x 100.
Equation (8)

[0093] Although the teachings herein are described in the context of RLC
transmission (Tx) and RLC reception (Rx) entities, it is applicable to both uplink
(UE to UTRAN/E-UTRAN) and downlink (UTRAN/E-UTRAN to UE)
communications. For example, in the uplink direction, the
configuration/reconfiguration of the parameter Configured_Tx_Window_Size
causes:

e The UE to derive the state variable VIT(WS) from

Configured_Tx_Window_Size as described above.

e The UE to update the state variable VT(MS) as described above.
[0094] Embodiments
[0095] 1. A method for enhancing radio link control (RLC) operations in
an RLC entity configured to support flexible packet data unit (PDU) size.
[0096] 2. The method of embodiment 1 comprising defining and

managing window size based on byte count based window size metrics.

-27-



[00119] 25. The nmet hod of enbodi nent 24 wherein the Wndow Size SUFI is
specified in a nunber of PDUs. [00120]26. The nethod of enbodi nent 25
further conprising deriving a window size in octets by nmultiplying the
nunber of PDUs with an RLC scale paraneter in octets. [00121] 27. The net hod
of enbodi ment 24 wherein the Wndow Size SUFI is specified in units of
bytes as a new SUFI W NDOWBYTES wi th type, |ength and vaI ue conponents.

[ 00122] 28. t hod _f or han t adi o nk co trol erations in an
RLC entity! iguréd to WB@PB%F%%%? éil?) (CRE %‘3’?3 un| b size with
a maxi mum h&détlihg hﬂ@nﬁﬁﬁ@hg%fﬁ@ldwisfiwmmgeﬂrﬁﬂiﬂdow smarmetmics tsitng byte
count based rretrl cs f]b}-!(@l 29. The nethod of enbodi ment 28 further

conpri sing?! eT?_ Sstatus reporting using byte count based
netrics. [@ébb%fl) 30. 4The mm@moaasimawmépmwﬂgmnmn@amewm ein the

RLC entity js conflgured as, an transym ssipn en tr mtter
further cofhed magga&@aﬂtapﬁgmgﬂfm °""t§15‘h’§r}ﬁa§%‘f%ww¢my aiﬁ" g‘é%ut i on of

ankRLVCVl t& aﬁh%md b&esa BGmBRLsfV16RE WHeg@f%h(BlodHIEa faBaJsld unbee of)h!ﬁbstl vel ?/rb N

acknow edge a recel ver 5] 31. e met as, | enbodi nent s
28-29 wher 80499 he RPEC enT]i“i?eg’é’ﬁ@SF‘H? éhea%ecaﬁn&ﬁ’eb?@ﬂﬁ’ﬁ&ﬁvg‘éﬁr‘éw entity in
a transm t 4gg adHihP 8hd SHAEINE oFSibdREizE & fpthRE GadddanSptcket duta wnitdow upon
execution of an RL transm ssi on operatlon if one or nore PDLTs were

negat i vel y (BRWhswguenerpmBletshe receiver as a result of the receiver

exceedi ng gogi@s] MUMENUTDERe RbtHoAlas!S any bé pBdcedihg ehiiRdiiRédtOCurteri N any of
enbodi nents 28-29 wherein the RLC entity_is canfi gure% %?Ppan RLC

transni ssi epmprisingynglpding theywindom dze matrigsdp RLSnenn dating an RLC

transmi ssi %lePdOWWpO"I‘Eé(ﬁ%{sﬁdd%@ lﬂanﬁaftﬁhgréaea&%@n&%aﬁﬂexﬁemﬂéron as a
result of a tiner based discard in the transm tter, 00127] 33. The net hod

as in any esmpridodindndisg 3he windgreyien metries infdd $taksRDREC t r ansni ssi on
i ndow 1 nC i) T eMRYT NOrAlfhefiod 1 aRiPblthblppilefiriklenitoattledts AGHESS | ON

wi ndow and 1 ncreaS| ng a | ower end utilized transm ssjon w ndow.
comprising receiving a maximum RLC PDU payload size from higher layers.
{00103] 9. The method of embodiment 8 further comprising inferring a

-maximum RLC PDU size from the maximum RLC PDU payload size.
[00104] 10. The method as in any of the preceding embodiments further
comprising receiving a maximum RLC PDU size from higher layers.
[00105] 11. The method as in any of the preceding embodiments further
comprising receiving and negotiating the byte count based window size metrics

during setup for a radio bearer.
[00106] 12. The method as in any of the preceding embodiments further

comprising receiving and negotiating the byte count based window size metrics

during configuration for a radio bearer.

[00107] 13. The method as in any of the preceding embodiments further
comprising receiving and negotiating the byte count based window size metrics

during reconfiguration for a radio bearer.
[00108] 14. The method as in any of the preceding embodiments further

comprising applying the byte based window size metrics in all messaging that

updates a window for flow control during a connection.
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[00128] 34. The net hod of enbodi ment 33 further conprising determ ning
paraneters TxVVMAX equal to a length in bytes of a maxi num w ndow si ze;
TXWJUTIL equal to one of a length in bytes of the utilized transm ssion

wi ndow, or a length in bytes of packets that are acknow edged within a

wi ndow bounded by transm ssion state variables V(A and V(T); TxL equal to
one of a length in bytes of the one or nore PDUs that are discarded due to

RLC SDU di scar rocedur e or length.in b due to.reception,of one or
nor e acknom@@g]efrentlé; aﬁlée ﬂq%n%cgagpmpgﬁgle\flléﬁgt‘ﬁﬂfrﬁl%§ eegp@?'m % RSt one or
ran edPDUS tqu&fﬁv fsfzﬁnﬁéﬂricg' 6 aflometdagirel such ithat tHeOM2@ERfg inthelesat hod of
enbodi nent _34 further conpyrisi C ti a_w ndow th (W uantit
WL = TxvuHipdow Sige sppes R GURTRIRES tosatarA S gF FUdt ot 36 Turt her
conpri si ngad11¥L i S 16eSSTh asetHodMd\ih ahy af simbbdiniegts he-15exhereitetler nor e
PDUs and increasing an upper end, of the util.ized t sm,ssion w_ndow.

[ 00131] 37. aPP¥ingtheguindew;sizeRetrics 10 A5 JRESHRFIRE 1DEL IR PREPERLC entity

i's configuigguds MR RéceRaY WIRISN (MRW) SUFD e RIM@poritsslnghdugtdads ng an RLC
recepti on w ndow upon execution of an RLC reception operation if the RLC
recepti on &MYty receives one or nore PDUs with sequence nunber follow ng

that of a |[@ﬁt11]2n'Sqqye_n@ﬁeB@Eﬁd&%%&@ﬂoftﬁ@ﬁ&?diﬁ@emﬁbﬁmtm&raﬁ in any of
enbodi ments 28-29 wherein the RLC entjty js é%)&{}{d?ured as an RLC reception

entity far theRLESMbItY 3 eRgrafinmin sdynayledggdmp on w ndow upon execution

of an RLC Wﬁ‘i@}i on jgperhé pRthda drittbBiimdnea? Fhither @iprising ReeivitRs a Move
Recei vi ng ndow ( instruction froman RLC transm sikgﬁﬁent iLty.

[00133] 39. radie hearengatogmation lgmasts Sivgoairabinresorreeeonfot (BRG) EREYpdat i ng
an RLC receph \fﬂllgw[rm BEhHAR RIO &SR hadichGNEILdRRG Kw mdidatér Zed
ow.

reception w ndov 40. The nethod of enbodinent 39 further conprising
det er i ni ndordflaxiiie RGP Wo%ma@ddﬂ@natq%hﬂtmpﬁn%l?ﬁes. of a maximm
wi ndow si 7 g0 AT Lig2qUghe tRefholi RO hily B! bstiniohes uyilg Z@dneecept | on

wi ndow, RxD equal to a length in bytes of one or nore PDUs that are renoved
fromthe Re@npdsiagtrecaiving mddin htarertipformatipy elements fropp radifdesR¥kFeequal to a

AR T R TR T i A
PDU size mode. '
{00114] 20. The method as in any of embodiments 17-19 further
comprising receiving radio bearer information elements from a radio resource
control (RRC) entity including downlink RLC PDU size information indicating
one of an RLC Scale parameter in octets or a maximum RLC PDU size in flexible
RLC PDU size mode.
[00115] 921. The method as in any of embodiments 17-20 further
comprising receiving radio bearer information elements from a radio resource
control (RRC) entity including protocdl parameters signaled by the RRC
including  Poll_PDU, Poll_SDU, Configured_Tx_Window_Size, and
Configured_Rx_Window_Size.
[00116] 92. The method of embodiment 21 wherein the protocol

parameters are specified and interpreted in at least one of a number of PDUs and

units of bytes.
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a window length (W) quantity W. = RxMUTIL + RxN-RxD. [00136]42. The net hod
of enbodi nent 40 further conprising if W is |ess than RXWWAX, receiving
the next one or nore PDUs and increasing an upper end of the utilized
recepti on wi ndow. [00137]43. The nmethod as in any of enbodi ments 28-41
further conprising creating RLC PDUs every interval of tinme by defining
paraneters Current _Credit equal to an anmount of data that can be

transmtte do i nk pt at.i on i n_.an i nk a 4l t of a
renai ni ng g?‘iﬁﬁf al | ca?ﬁé @QQ 2% dRefRefin %wg‘gdr ognts ?%gca rl%%n in octets
in a downl |c81h§pn§M§'rb@bshﬁg_BEC&’]HdwEi-trhﬁsxﬂB§mn anardtainhgther@ewed Bh€nitted in

RLC PDU fornmat in_octet ef | quer ndo ual a_ |l enat vm ndow
bounded by f{%t énqd}qta?b‘f’@étlt @) qﬁ Q%DIQL dlragngkrlnﬁ%

represent edxidados hﬂixﬁhuﬁi&éﬁhﬁblsmsﬁbﬁx bﬁ&bﬁv}z@ zefmanhred RLE Rﬁiﬂ(semnnﬁLC PDU

size as configured bg “F Iayer and .M n| E%WDU size equal to a
par anet er AEHNCHEFEECHY HARUBPE" P‘é{f&eéntnﬁﬂ Y] Ses one of a nini mum

RLC PDU si 3gp1a] @ Nigai MuTh&KlLiGetfRiol) @a)ihoatly SifzembodifRhB811222 Tintheret hod of
enbodi ment 43 further conpri si ut.in ara ent
Credit, Av&PmBEF’é‘gD&f%“nEeff?‘B\fgg W %’Fﬁf“?er ti%l@&%gﬂ‘ m ni mum
val ue fromr@fef.glt1 t&g}pg&gﬂ&nt{{ymgﬁm@smusm of enbodi ments 43-44

further risi ng conmputl ng para L DU si zeh
wherein Fl g&?](l’g r et28r nsThe methed o P eHP@d‘eY" V&f%é‘egwnmivﬁg

[ 00140] 46. s{mlggﬁmdqumg%@fpmy@odl ments 43-45 further corrprl si ng
conmputi ng = nod Maxi num RL si ze, wherein retur.ns ﬁfrmdul ob

di vi si on oflon\le[ 00144} 47Thwth@t°ﬁ%b@@meﬁt§§?‘r&eréﬂ@88§‘ﬁ§ BVIP§ 246 further

conpri sing RO nflitipBAE theStitiaber 6F PO Wi 4L BLCPEdesi Z€.
[00142] 48vaﬁﬁ&£?r%3z%2g c?f%nbodll#)rent 4Ye furt?\er conprising generating

anot her RLOapDoetefinegiefsh L if X is not equal to Leftover W ndow or

Current _Cr qglqlpq) [ 00143] 49pe E\&ha@khgﬁbaaniemwwa&emwmmvs e 48
further corrprl sing generating another RLC PDU of |engt X is equal to

Lef t over \WSHEtvis specligdrianmitgro§ Bytes ap a new SURGE WANBOW. g%%TESWlth type,

M ni mum RL r Ats. equal to Available_Data. [00144]50. The
nmet hod as ﬁ:%i@g#?ﬁgﬁgle%gg{po&fs 47-49 further

[00122] 98. A method for enhancing radio link control (RLC) operations in
an RLC entity configured to support flexible packet data unit (PDU) size with a
maximum RLC PDU size comprising performing RLC flow control using byte

count based metrics.

[00123] 29. The method of embodiment 28 further comprising performing
- RLC status reporting using byte count based metrics.

[00124] 30. The method as in any of embodiments 28-29 wherein the RLC

entity is configured as an RLC transmission entity in a transmitter further

comprising updating an RLC transmission window upon execution of an RLC

transmission operation if one or more PDUs were positively acknowledged by a

receiver.

[00125] 31. The method as in any of embodiments 28-29 wherein the RLC
entity is configured as an RLC transmission entity in a transmitter further

comprising updating an RLC transmission window upon execution of an RLC

-30-



conpri sing generating another RLC PAU of l[ength M nimumRLC_PDU size if X
is equal to Leftover Wndow or Current_Credit, and L is not greater than
M ni rum RLC_PDU_si ze. [00145151. The nethod as in any of embodi nments 47-50
further conprising storing generated RLC PDUs in a buffer for transm ssion.
[00146]52. The nethod as in any of embodi ments 43-51 wherein the interval
of tinme is defined by a nultiple of 1 or nore tines a transmssion tine

interval (TTlI). [00147]53. The nethod i n_any of. enbaqdi 3-51

wher ei n t héransedssien ‘_’R?F?tt“?qfrtf ong OHQWﬁgﬁiW?FF g?ﬂ%ﬁ%ﬁ@@‘ls"%‘g‘?d 3ta is
avail abl e QL JERBSHE 5 5t GTthé KLREE StbebdifEalmiBmubdy@ber of106He48] 54. The
nmet hod as in any of embodi ments 43-53 wherein Maxi C.P l\ze and

M ni num RLE0WBY) si 28 ar@%@ﬁt@éﬁﬁ}‘kﬂﬂy@ée‘ﬁ?" BYSQ%%‘?%%%@FSS. The
met hod as i s IRACLITRALE Srfndidtid8iti§ORPS itFinRehitted Rirtheri ng st at e

vari abl es erein the state variables are specified and.inter ed in
terns of acomptisingodpting aaRl¢ ﬁr%n%%m%wwowms%ﬂes@}mwfgﬂﬁéﬁhod of

embodi ment (55 whek &l fhetdiSorRtCn Bultlof altin&Hsbd Hiseakdas tBS thduEmittans i ssi on
entity conprising mai'ntaining state variabl e Maxi num Tx W ndow Si ze

represent i i@P127haxi 38m t Theswtberd %Wﬂﬂ@ﬁ\ﬁ@i@@%%é?’é‘?swh‘fre 57. The
met hod of %@@%@%‘3@%&? ARG o CHRIOWSIn P d P AR dvis Shdbemésd Pailfse

Maxi mum_Tx_ / Size to an octet quantity specified by a Wndow Size
super fi el d oduUrn}ilized transmissipadgvirdey and inerering a lewersprof therplilizgd: od as in

any of enb??aln@ﬁﬂés%on%%lwf urther

[00128] 34. The method of embodiment 33 further comprising
determining parameters TxWMAX equal to a length in bytes of a maximum
window size; TXWUTIL equal to one of a length in bytes of the utilized
transmission window, or a length in bytes of packets that are acknowledged

- within a window bounded by transmission state variables V(A) and V(T); TxL
equal to one of a length in bytes of the one or more PDUs that are discarded due
to RLC SDU discard procedure or a length in bytes due to reception of one or
more acknowledgements; and TxN equal to a length in bytes of a next one or
more PDUs to be transmitted for the first time.
[00129] 35. The method of embodiment 34 further comprising computing
a window length (WL) quantity WL = TxWUTIL — TxL + TxN.
[00130] 36. The method of embodiment 35 further comprising if WL is
less than TXWMAX, transmitting the next one or more PDUs and increasing an
upper end of the utilized transmission window.
[00131] 37. The method as in any of embodiments 28-29 wherein the RLC
entity is configured as an RLC reception entity further comprising updating an
RLC reception window upon execution of an RLC reception operation if the RLC
reception entity receives one or more PDUs with sequence number following that
of a last in-sequence PDU received.
[00132] 38. The method as in any of embodiments 28-29 wherein the RLC
entity is configured as an RLC reception entity further comprising updating an
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conprising maintaining the follow ng state variables: send state variable
VT(S), acknow edge state variable VT(A), nmaxi mum send state vari able
VT(MS), and transm ssion wi ndow size state variable VI(W5). [00153]59. The
met hod of enbodi ment 58 further conprising updating the state vari abl es
VT(S), VT(A), VI(M5) and VT(W5) based on the state variable

Maxi mum Tx_W ndow_Si ze in octets. 100154] 60. The net hod of enbodi nent 55
wherein the RLC entity is configured as an RLC reception eng.it onpri sing
mai nt ai ni nBLEiraeaptipaindeve URRk eXeGREaRON Fesepiion %té‘ﬂ"rf?hhegﬁléé maxi mum

reception %c@g% SUtAS rbivaSiove REARKRG GindoMRW indir@tioafhvaanent 60
further conprising réceiving state variable Maxi mum Rx_W ndow_Si ze from
upper | ayeR&C tramspsissior entitye net hod of enbodi nent 61 further conprising

mai ntai ni negndhR8) f ol bgwi nehShAtRAVA iPRhPof elB6dinéRtSSRBE winkéialthe VR(R),
hi ghest expected state variable VR(H), and maxi num accg{g& a}.bl eqLegeive state
variabl e VRod#jng arf BbEzeqeption vrredaveimshdes inceeasig miewer et S 15Aed conpr i si ng

updati ng "[\/g&eﬁ%i%ﬁﬁ’d%%abl es VR(R), VR(H, and VR(MR) based on the state
Ximum ['x

vari abl e 1 [X_Wndow_Size in octets, [00158] 64. The nethod as in any
of enbodi miNIS4D8- 630 urTheer methedr iofi egrhedimentn FOarnfyrihgnaGPHEREE pol | i ng

TeChan! SIS ol iy e SOUALs RRABEARRLGACE: 2 LOREDS 6ies Ure itkiioshof

enbodi ment conpri sing Ing parameters Current Credit equal
to an anoumtinddw dzeaReWAITIEaequsd to realeosth in bytssof dhemtNimed |TeFRPY9Rapt at i on

in an uplin éqqlsalllwa@gn i Fxﬁ%gh CrSldde PUSAR agdrdhsteda recei ved

Kaddd
new cr edi twéll’"f%&a fon"1n octe a downlink; Available Data equal to data
avai | abl e fronbhet RIa® sedeptienl winddt duepuinterdenrecepiioy ead KN eauad e W ndow

caual L0 eyl & APISIBEUIIERRS 8- papblieTATLS:, and VT(NO

enmbodi ment [@A36ur t hdd. cdhiprneihod ofemiodinegt 40 further comprising computing
a window length (WL) quantity WL = RxWUTIL + RxN-RxD.
[00136] 42. The method of embodiment 40 further comprising if WL is
less than RxWMAX, receiving the next one or more PDUs and increasing an
upper end of the utilized reception window.
[00137] 43. The method as in any of embodiments 28-41 further
comprising creating RLC PDUs every interval of time by defining parameters
Current_Credit equal to an amount of data that can be transmitted based on
MAC link adaptation in an uplink, and a result of a remaining credit allocation
plus a received new credit allocation in octets in a downlink; Available_Data
equal to data available to be transmitted in RLC PDU format in octets;
Leftover_Window equal to a length of a window bounded by state variables VT(S)
and VI(MS) in an RLC transmitter represented in octets; Maximum_ RLC_
PDU_size equal to a maximum RLC PDU size as configured by upper layers; and
Minimum_RLC_PDU_size equal to a parameter configured by the upper layers
that specifies one of a minimum RLC PDU size or a minimum RLC PDU payload

size.
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parameter X = Mn{Current_Credit, Available_Data, Leftover Wndow}.

[00161] 67. The nethod of enbodi rrent 66 further conprising triggering a poll
in an acknowl edge node data (AMD) PDU when a utilized wi ndow size in octets
is greater than X. [00162] 68. The nethod as in any of enbodi nents 28-67
further conprising triggering a poll in an AMD PDU each tine a total

anount of transmtted data exceeds a known pre-determ ned anount of octets
or data bl ocks. [00163]69. The method of e nt 68.further conprising
using & pr HWH38]  parthmetBre pethodyf erabrdimen %%’@F%’@S@g% HREndow based

pol i ng i s canfiEtK CMBYCHRBEY Créiif t@aﬂm@ I15eth MOaftovire Widdveldviafreianbodi nent
68 further corrprl si ng trlggerl‘w? a pol | for each acknow edge node data

(AVMD) PDU WMiafrlzeturana misdnem walyeddom feiebent age K is greater than or equal
to the Pol lggfisgfow, guhergnd dl&hbﬁ‘eaéj‘i‘ﬁ|£lgdoﬁsedfboﬁmbhﬂsl 43-@4\Af\ﬁd£w/

Maxi mum Tx W ndow Si ze in octets where utiliz wi ndo hin
octets of somprisiow ersepwiing Pyrametes Nari Klopd M“%ﬁg’m E00165] 71.
The met hod wg)%EéLP ﬂ%ﬁ&e@%@&gwﬁ%ﬂ&%x HiteydSfaBidudd ARGl par a”Et ers

Pol | _PDU an are received at th LC transm SSI on ent fromthe
upper | ayef@0146] i ndi46at eThe Pmethoduss mn%@f | embasiiments7 43 3‘ hod as in

any of embg Q%Hﬁ%g %ﬁg&%{é ﬂfﬁ&d%&ﬂhﬁfﬁ@ﬁmwrwﬁ’&b@%ﬂ&sal n octets

i s configure a byte count interval bet ween polling. [00167]73.
The met hod nofdubnddivisiemef aZz2 f urt her conprising maintaining by the RLC

{ransmi ssi g a1 (Y 43 VarhabhesRel be Gh £45 fPOURbliphisd ¢ba6akutmEtoer of

bytes tran s nce transm ssion last PDU that triggered a
pol | i ng r eqomptising@ei&d}ing N PR&sméldngth equad v dbiximum _RECe FWi&izeconpri si ng

when the [00142] 48. The method of embodiment 47 further comprising generating
another RLC PDU of length L if X is not equal to Leftover_Window or
Current_Credit.
[00143] 49. The method as in any of embodiments 47-48 further
comprising generating another RLC PDU of length L if X is equal to
Leftover Window or Current_Credit and L is greater than
Minimum_RLC_PDU_size or if X is equal to Available_Data.
[00144] 50. The method as in any of embodiments 47-49 further
comprising generating another RLC PDU of length Minimum_RLC_PDU size if X
is equal to Leftover_Window or Current_Credit, and L is not greater than
Minimum_RLC_PDU_size.
[00145} 51. The method as in any of embodiments 47-50 further

comprising storing generated RLC PDUs in a buffer for transmission.

[00146] 52. The method as in any of embodiments 43-51 wherein the
interval of time is defined by a multiple of 1 or more times a transmission time
interval (TTI).

[00147] 53. The method as in any of embodiments 43-51 wherein the
interval of time is defined by time instances when data is available for

transmission or requested from lower layers.
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Pol | _Cctets counter becones greater than or equal to the val ue of

Pol | Bytes, triggering by the RLC transm ssion entity a polling request in
a PDU that makes the Poll Cctets counter exceed Poll_ Bytes and resetting
the Poll _Cctets counter. [00169] 75. The nethod as in any of enbodi nents
73-74 wherein the Poll _Cctets counter counts a total nunmber of bytes of
first transmtted PDUs. [00170] 76. The nethod as in any of enbodi nents

73-74 wherein the Poll Cctets couynter, counts a . taqtal ,nu f bytes of all
PDUs transiP@i48l i nAudi W&?r‘é?‘&’_ﬁas?ﬁ 48 s © [Waﬁ“?“f? ‘{gﬁg r?@ﬁf% as in any
of enbodi MahSmiss HLOVEDE! $iz2d didaERAGE:_RLE_POU_isizg arexsp eaifigunal bydes

setting a polling bit in the PDU that nmakes the Poll Cctets counter exceed

Pol | Byt es YrpenlIprE8. The nethod as in any of enbodi nents 73-76 wherein

triggering bifuopol | igag r eapesbttoAChydas afpryli BabadiGhts PBB4 dutherccei ver .
[00173] 79. The nethod of enbodi nent. 78 wherein the | gsi. PDU tgc?éﬂiteri gger ed

a pol ling rempeisingmaiataining statpyariables wherein thestalgvanableyaess net hod

of enbodi ”Pa[ﬁgﬂ&rﬂé@éﬂn%%ﬂ@of@ﬁﬁmg%ﬁﬂ@%hﬁ&ﬁﬁ&é@ﬂbﬁgzﬂo'|in9 request is
due to Poll PDU or Poll _SDU. [00175]81. The nethod as _in y g.f enbodi nment s
67- 68 wher dD®L59! Pr ot36e ol Thametbedpf w&bvd_meﬁaé@w}serﬁ%‘cféﬁev%@g £PUBRIR C

ransm 51 QnfRlkl Ys bt RICHRARImiL AN ERity IRBHLHE SainthiiingBlabdhridbleMDOC] Ment

81 further conprising using Po W ndow to po a receiver when,

wi ndow bas &daxioiun Tx_WendemiSizgarepresentingapxipgise fransmission W Stfe net hod
of enbodi te further conprising triggering a poll by the transmtter
for each acknow edge node data (AND) PDU when a value J s greater than or
equal to tHEORd]l \WhYdowThesmetkodiofiesnhodimentti6furpthgs comprising updating

state variable Maximum_Tx_Window_Size to an octet quantity specified by a
Window Size superfield (SUFI) in a received RLC status PDU.

[00152] 58. The method as in any of embodiments 56-57 further
comprising maintaining the following state variables: send state variable VT(S),
acknowledge state variable VT(A), maximum send state variable VI(MS), and
transmission window size state variable VI(WS).

[00153] 59. The method of embodiment 58 further comprising updating
the state variables VT(S), VT(A), VT(MS) and VT(WS) based on the state variable
Maximum_Tx_Window_Size in octets.

[00154] 60. The method of embodiment 55 wherein the RLC entity is
configured as an RLC reception entity comprising maintaining state variable
Maximum_Rx_Window_Size representing a maximum reception window size in
octets.

[00155] 61. The method of embodiment 60 further comprising receiving
state variable Maximum_Rx_Window_Size from upper layers.

[00156] 62. The method of embodiment 61 further comprising
maintaining the following state variables: receive state variable VR(R), highest
expected state variable VR(H), and maximum acceptable receive state variable

VR(MR).
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(4096+ VT(S)+1- VI(A)) nod 4096 J =x100 where 4096 is a nodul us for VT(W5)
acknowl edged node (AM and VT(S), VT(A) and VI(W5) are state variab
[00178] 84. The net hod of enbodi nent 83 further conprising triggering a poll
for each AND PDU when a value K is greater than or equal to the
Pol | _W ndow, wher eKi sdef i nedas Sum of RLC PDU sizes from VT(A) to VT(S)

K-x100 . Maxi mum Transmt Wndow Size [00179] 85. The nethod as in any of

t he precedi ng enmbodi ment erforned an RLC entity. [00180 A
transmit/r éQ‘g'iWE unié: (V\% & H@B&ieg}%@q%%gfélbﬁ'f%l n%‘ﬁ%‘gag}nﬁen
[00181] 87. tRe ¥psie vAria®lERr VR(R)Y VIR(H), Ridd VR(MRY bafedeoi ¢He meate vabiable00182] 88.
A radi o network contraol.ler (£NQ) corr?ri sing the RLC entity of enbod

85. [00183
control

Mrximangdix, Bind ey

CH&t-work controller (BNC)/Node B f
[00158] 64. The method as in any of embodiments 28-63 further
comprising defining and managing RLC polling mechanisms using byte count
based metrics.

[00159] 65. The method of embodiment 64 further comprising defining
parameters Current_Credit equal to an amount of data that can be transmitted
based on MAC link adaptation in an uplink, and a result of a remaining credit
allocation plus a received new credit allocation in octets in a downlink;
Available_Data equal to data available to be transmitted in RLC PDU formatin
octets; Leftover_Window equal to a length of a window bounded by state
variables VI(S) and VT(MS) in an RLC transmitter represented in octets.
{00160] 66. The method of embodiment 65 further comprising computing
parameter X = Min{Current_Credit, Available_Data, Leftover_Window}.
[00161] 67. The method of embodiment 66 further comprising triggering a
poll in an acknowledge mode data (AMD) PDU when a utilized window size in
octets is greater than X.

[00162] 68. The method as in any of embodiments 28-67 further
comprising triggering a poll in an AMD PDU each time a total amount of
transmitted data exceeds a known pre-determined amount of octets or data
blocks.

[00163] 69. The method of embodiment 68 further comprising using a
protocol parameter Poll_Window to poll a receiver when window-based polling is
configured by upper layers.

[00164] 70. The method of embodiment 68 further comprising triggering a
poll for each acknowledge mode data (AMD) PDU when a transmission window
percentage K is greater than or equal to the Poll_Window, where Kis the defined
as K = utilized_window / Maximum_Tx_Window_Size in octets where
utilized_window is a length in octets of a window bounded by state variables

VT(A) and VT(S).
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of downlink data when flexible radio Iink control (RLC) packet data unit
(PDU) size is supported conprising signaling credit allocations in bytes.
[00184] 90. The nethod of enbodi ment 89 wherein the signaling of credit
all ocations in bytes includes adding to a frame information specifying a
nunber of bytes of credit. [00185]91. The nethod as in any of enbodi nents
89-90 further conprising omtting froma frane information specifying a

nunmber of PDUs of credit 0Q186]92. Th hod ' . of di
B6-51 per { 4RO by T R EheAReriey aspomea rebo e £ BRGH BoRE he RLC
entity of eahaditRiToIPRPDU A BA] $HU dreTFeidiad at thie M irhinstnisEiof kotitycont r ol of

downlink data when flexible radio I] cont ol C) packet data unit (P
size is suﬁﬂﬂﬁ%%ﬁfﬂyﬁgﬁ??dnﬁ’éé@%#ﬁlé%ﬁﬁwg ‘ocations in bytes. (FPY

g|0|0 égg{ i9g-n 55661%6 : had, of ?‘E%fb@&ha&% i_94ax¥3hQ¥ ehiboliaeente @8Il Whemdn ar edi t

cati I n bytes includes receiving a frame _containing, i.nformation
speci fyi ng Pactaentirarametep FollsByes ir ehets is;qgptigiyed go ‘q‘ﬁ&aqﬁ\ﬁgma cquny 1\ any of
enbodi ment §,Q4:.9pefutchPRMlifLNMPr i sing storing a maxi mum size of PDU in
bytes. [00191]97. The nmethod as_in enbodi nent 96 wherein the receiving of

credit al | de@k67bns {78 byThe methetiedf rerekediment a7 r ForfCHPRSHE
i nfor mati on, SREGhMEHYIhE R REAsiREsiBbiIG a $4r@H1é Poll_Octets counter of a

total number of bytes transmitted in PDUs since transmission of a last PDU that
triggered a polling request. ‘

[00168] 74. The method of embodiment 72 further comprising when the
Poll_Octets counter becomes greater than or equal to the value of Poll_Bytes,
triggering by the RLC transmission entity a polling request in a PDU that makes
the Poll_Octets counter exceed Poll_Bytes and resetting the Poll_Octets counter.
[00169] 75. The method as in any of embodiments 73-74 wherein the
Poll_Octets counter counts a total number of bytes of first transmitted PDUs.
{00170} 76. The method as in any of embodiments 73-74 wherein the
Poll_Octets counter counts a total number of bytes of all PDUs transmitted
including retransmissions.

[00171] 77. The method as in any of embodiments 73-76 wherein
triggering the polling request includes setting a polling bit in the PDU that
makes the Poll_Octets counter exceed Poll_Bytes.

[00172] 78. The method as in any of embodiments 73-76 wherein
triggering the polling request includes sending a POLL PDU to a receiver.
[00173] '79. The method of embodiment 78 wherein the last PDU that
triggered a polling request is due to a Poll_Bytes mechanism.

[00174] 80. The method of embodiment 78 wherein the last PDU that
triggered a polling request is due to Poll_PDU or Poll_SDU.

[00175] 81. The method as in any of embodiments 67-68 wherein a
Protocol parameter Poll_Window is received at an RLC transmission entity from

upper layers.
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[00192] 98. The net hod of enbodi ment 97 further conprising nultiplying the
nunber of PDUs of credit by the maxi num size of PDU in bytes. [00193]99.
The nethod as in any of enbodinents 94-98 further conprising storing a
mappi ng of PDU SN to an associated length in bytes. [00194]100. The net hod
of enmbodi ment 99 further conprising transmtting PDUs wi thout exceeding the
received credit allocations. [00195]101. The method as in any of
enbodi ments 94- 100 performed by an RLC entity. [00196] 102, A radi o network
_cr(r)]nt IrQﬁlcl e][ QA6 colBri sThe mathodRef emboimenti8le TnEATPriAg WH§197] 103.

e o] ﬁ‘bwgdm% Al d/ifd \ 198] 104.
The HNC of Pgn’ﬁo I ment p%g%r%%grﬁ%rg‘}l}{egd asovgbﬁ‘%a tn%ﬁ%\l(%gﬁggﬁbfé%ggg] A} t hough
f eat ures afayees.ements are descri bed above in particul ar conbi nati ons, each

feature or Jﬁﬁﬂa nt ggn bfhngﬁg&,oahpéiﬁbd%&mgz fhtBetolfrishatipgemgand

el enents or I'n various conbinations wth or w thout other features
poll by the transmitter for each acknowledge mode data (AMD) PDU when a

value J is greater than or equal to the Poll_Window, where J is the defined as

_ (4096 +VT(S5) +1- VI(4)) mod 4096 x100 where 4096 is a modulus for
VT(WS)

acknowledged mode (AM) and VT(S), VI(A) and VI(WS) are state variable.
[00178] 84. The method of embodiment 83 further comprising triggering a
poll for each AMD PDU when a value K is greater than or equal to the

Poll_Window, where K is defined as

K= Sum of RLC PDU sizes from VT(A) to VT(S)
Maximum Transmit Window Size * 100

J

[00179] 85. The method as in any of the preceding embodiments
performed by an RLC entity.

[00180] 86. A wireless transmit/receive unit (WTRU) comprising the RLC
entity of embodiment 85.

[00181] 87. A Node B comprising the RLC entity of embodiment 85.
[00182] 88. A radionetwork controller (RNC) comprising the RLC entity
of embodiment 85.

[00183] 89. A method for radio network controller (RNC)/Node B flow control
of downlink data when flexible radio link control (RLC) packet data unit (PDU)
size is supported comprising signaling credit allocations in bytes.

[00184] 90. The method of embodiment 89 wherein the signaling of credit
allocations in bytes includes adding to a frame information specifying a number

of bytes of credit.
[00185] 91. The method as in any of embodiments 89-90 further

comprising omitting from a frame information specifying a number of PDUs of

credit.
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and el ements. The nmethods or flow charts provided herein may be inpl enented
in a conputer program software, or firmware incorporated in a
conput er -r eadabl e storage nmedi um for execution by a general purpose
conputer or a processor. Exanples of conputer-readabl e storage nedi uns
include a read only nenory (ROVM), a random access nenory (RAM, a register,
cache nenory, sem conductor nenory devices, nagnetic medi a such as interna
hard di sks and renpovabl e di sk

such as CDIB%6li sk92- an@h‘%ﬁn@?}%"g{g\g’gg’ig?ﬁo‘ﬂ%ebg ?(‘ggg '[l)é’f"qd‘[ub%lt}%cal ur?gio?e

processors HIRstmstg. by way of exanple, a general purpose processor,

speci al purpose processor, _a convention cessor Si gnal
processor 4&9@7 SBur aftiNoded} comprising gb"e@é@tegh Yo?feenﬁwgﬁﬁ %taéz

m Cr opr oceg§@yes; | n @aSOCAa&étHJHfMRhwmﬁsﬁwamtﬁlsmwwhkema\ehen
rnicrocontroller, pI i cat| on ecific Integr attg&ﬁ)gpr cuits ‘(iASI Cs Field

Pr ogr anmabiflexitle & Pr Qi packet datayppi $199,d5 SEPRYTERSyr at ed
circuit (1Qm ﬁgg/g%ce@vlﬁé@;e@lmﬁ,@aﬁq&s ih®9€R1] A processor in association
W th software may be used to inplenent aradlofre ency,tra ever for

use in a wilo®I88ks tﬁénsnTbemé@Ed\Pée’GhP‘i‘m(eWW enguLihe ZeG Ving tc(r:
termnal, %ﬂ%&tﬁ)tn@ﬁﬂ %e%e@ﬁiggs RRbivRga ﬁ%@&éﬂtbﬁﬁniﬁﬁg}na’c&h sﬁ@d{fyilfgs

conput er. In conjunction with nodules, inplenmented in
har dwar e aﬁcﬂmbe:r@ﬂ)m{wfcrsééh as a camera, a video camera nodule, a

vi deophone (o gppeakggphofif, deihlol’ &4 lxﬁnagﬁVdfC@mb@dlﬁﬁﬁ%%g&ﬁﬁﬂtﬁépphone a
tel evi sion transcei ver, %an ds free headset, a keyboard, a Bl uetooth03)

modul e, a fcomqnemgystqmaﬂ mun@mmzercéa’npmbrt%a liquid crystal display
(LCD) di Sp 1T, ggn %ﬂ@ﬂie@h(%d iy &Hb&&ﬂnlaﬂt 96 %er&gtﬁp}eéiﬁﬂé gy unit, a

di gi tal |c p ayer, a nedia player, a video ganme player nodule, an
| nt er net blcmieal.locatldns)m msmn¢19d@ssﬁc¢lﬁm a frazne pROLORSINE (FOTANGHQR Ul tra

W de Band ¢i's d ained: 1. A nethod for
enhanci ng %Wnﬁmbe it ol ‘?gﬁ%%} oper at i ons associated with an RLC
entity, thé00#®Rhod G8nprThé mgthod of ersbwlimentpTdnrthexiomprising rewliplyingxi bl e
packet dat un|t via a

I Rlrdobbd %H’DI? 8ferbdit %9%@ &%}ﬂuﬁnss;a%g U Breadl

pr ocessor, a° capaC| oca i on a maxi num PDU
si ze. [00]293] The 99et h'Bhle ahehhlodl as iin aherdi embédimeptsdiOd-98s farthember of

PDUs. nmet hod of. cl e | ocation is
cal cul at ed cg@pgswg%%}ngoa} manglg %ﬂﬂd SNV%AJD %SHO&&%%&%%?& Xrﬁ%m 1, further
conpri si ng [06®d] vi ngoa. f There methet | of rgnbodﬁmemtat%)nﬁspb&n fepmpgistnghunber  of
bytes of credit. 5....The net hod of f Lonpri si ng:
storing a mEFSFH S%P%Uﬁwh%gﬁ’écﬁ%@“ﬁﬁﬁ rece El]f dgﬁa%@a%géom ated length in
bytes; and [001@55mi t t10Dg Memdmjhmaéembn@mdmes M+l0@ perdérniyd ks of

credit. an RLC entity.
[00196] 102. A radio network controller (RNC) comprising the RLC entity
of embodiment 101.
[00197] 103. The RNC of embodiment 102 configured as a serving RNC
(SRNC).
[00198] 104. The RNC of embodiment 102 configured as a drift RNC
(DRNCO).

[00199] Although features and elements are described above in particular
combinations, each feature or element can be used alone without the other

features and elements or in various combinations with or without other features
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6. The nmethod of claim1l, wherein the determning is performed by an RNC.
7. The nethod of claim6, wherein the RNC is a serving RNC (SRNC).

8. The method of claim6, wherein the RNCis a drift RNC (DRNC). 9.
A network entity conprising: a receiver configured to receive an

i ndication that flexible packet data unit (PDU) size is configured; and

a processor configured to determ ne a capacity allocation by rrul tiplying a
credit by a nmaxi num PDU Si aim?9,

wher ei n t héogelegments.sT é’B@‘T‘ °’bq0"ﬁﬁ9é%pm“%e£ﬁ%r%%$ﬁ§ Bt té’c‘? gelﬁlt ity of

claim9, wWigreidmphter Qﬁ@g&ﬁhi,)éoﬁbvhﬁ& ari iQﬁnWﬁreCﬁicstﬂoﬁdtedi nasa aomp.mdw of
octets. 12. The netvvor entity L cl ai e receiver is

further coﬁ??‘{j’t‘?ﬂ%ﬂt"f%ﬁer%‘@éﬁ% ‘F’ie&‘hté‘“b ﬁﬁrg‘é’}eﬁﬁl PW8?‘?T§‘P?%‘?1GEBE& fying a

nunber of ByiRssoef Eﬁ&ﬁglets ofcomputer—rlﬁdaﬂibQtoﬁﬁé&ﬁédﬁuﬁﬂﬁmdllyddﬁ realianly 12,
further conprisin menory configured to store a %PI nq’yof a PDU
sequence nnReTY(( }@mda@s%?sétgﬁmp% P BYAiSler: ‘?ﬁgea emo

transmitt erseﬁ%ﬁ&%ﬁﬂefn@ dANRSithadrletis nyddid\Qich a@i&ﬁ.@ﬂiﬂl Rard disksundoer of
bytes of credit. . The netvvork entity of claim9, | the
det er ni ni ngemsvahle ﬁ&kﬁe@a@etaﬁmeé media, and qpfica H}f%f‘\‘%ﬂé éﬁ?‘%&w of claim
14, wherei \rﬂ!lstﬂge ﬁ{tﬁl@eé&ﬂ&'d'i&s@'%)smc) 16. The network entity of
claim 14, erein t is a drift RNC (DRNC).
[00200] Suitable processors include, by way of example, a general purpose
processor, a special purpose processor, a conventional processor, a digital signal
processor (DSP), a plurality of microprocessors, one or more microprocessors in
association with a DSP core, a controller, a microcontroller, Application Specific
Integrated Circuits (ASICs), Field Programmable Gate Arrays (FPGAs) circuits,
any other type of integrated circuit (IC), and/or a state machine.
[00201] A processor in association with software may be used to implement
a radio frequency transceiver for use in a wireless transmit receive unit (WI'RU),
user equipment (UE), terminal, base station, radio network controller (RNC), or
any host computer. The WTRU may be used in conjunction with modules,
implemented in hardware and/or software, such as a camera, a video camera
module, a videophone, a speakerphone, a vibration device, a speaker, a
microphone, a television transceiver, a hands free headset, a keyboard, a
Bluetooth® module, a frequency modulated (FM) radio unit, a liquid crystal
display (LCD) display unit, an organic light-emitting diode (OLED) display unit,
a digital music player, a media player, a video game player module, an Internet

browser, and/or any wireless local area network (WLAN) or Ultra Wide Band
(UWB) module.
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CLAIMS

What is Claimed:

1. A method for enhancing radio link control (RLC) operations associated
with an RLC entity, the method comprising:

receiving an indication that flexible packet data unit (PDU) size is configured; and

determining, via a processor, a capacity allocation by multiplying a credit by a

maximum PDU size.

2. The method of claim 1, wherein the credit is a number of PDUs.

3. The method of claim 1, wherein the capacity allocation is calculated as a

number of octets.

4. The method of claim 1, further comprising receiving a frame comprising

information specifying a number of bytes of credit.

5. The method of claim 4, further comprising:
storing a mapping of a PDU sequence number (SN) to an associated length in
bytes; and

transmitting PDUs without exceeding the number of bytes of credit.

6. The method of claim 1, wherein the determining is performed by an RNC.
7. The method of claim 6, wherein the RNC is a serving RNC (SRNC).

8. The method of claim 6, wherein the RNC is a drift RNC (DRNC).

9. A network entity comprising:

a receiver configured to receive an indication that flexible packet data unit (PDU)

size is configured; and
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a processor configured to determine a capacity allocation by multiplying a credit by

a maximum PDU size.

10.  The network entity of claim 9, wherein the credit is a number of PDUs.

11.  The network entity of claim 9, wherein the capacity allocation is calculated

as a number of octets.

12.  The network entity of claim 9, wherein the receiver is further configured to

receive a frame comprising information specifying a number of bytes of credit.

13.  The network entity of claim 12, further comprising:

a memory configured to store a mapping of a PDU sequence number (SN) to an
associated length in bytes; and

a transmitter configured to transmit PDUs without exceeding the number of bytes

of credit.

14.  The network entity of claim 9, wherein the determining is performed by an

15.  The network entity of claim 14, wherein the RNC is a serving RNC

(SRNC).

16.  The network entity of claim 14, wherein the RNC is a drift RNC (DRNC).
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