[00011METHOD AND APPARATUS FOR FORWARDING NON-CONSECUTIVE DATA BLOCKS IN
ENHANCED UPLINK TRANSMISSIONS [00021FIELD OF INVENTION [00031The present invention
is related to a wireless communication system including a wireless transmit/receive unit (WTRU), at
least one Node-B and a radio network controller (RNC). More particularly, the present invention is
related to a method and system for forwarding non-consecutive data blocks in enhanced uplink (EU)
transmissions. (0004) BACKGROUND [0005]Methods for improving uplink (UL) coverage, throughput
and transmission latency are being investigated in Release 6 (R6) of the 3rd generation partnership

project (3GPP). I Qyder to sygeassiully, 'ﬁ(ﬂﬁ)l ﬁl g and assigning of UL
physical resourc[eseggve been m o %gi%%ﬁggg at the Node-B can make
decisions and manage UL radio rgsg4keesman @mherkieqn Rasigdaare;sefficiently than the RNC, even if
the RNC retains overall control over the Node-B. [0006)One or more independent UL transmissions
are processed enhanced dedicated chapne Q&‘EZ een a WTRU and a universal mobile
telecommunicat @@gglstem (UMTS) terrestna’%?é%iégglccess nlggév\%rk (UTRAN) within a common time

interval. One exé¥fpie of thiSheoutdebbinvansiuinrakdesd socotireledvin@iapiseioh pdiamomatic repeat
request (H-ARQheK3isiMPEMAG {aveiARQ-aRerationvhrrs, eRBIRdividNahiansmigsion may

require a different number of retrangmissi tq be successfully received by the UTRAN. This
neé;wo?k c(c)) %oﬂnﬁzgm st C?LrJ% ﬁ%&&i‘%ﬁé&n A Iggfesﬁ% mvenfion 18

operation may &8 0SS ans
related to a method and system for forwarding non-consecutive data blocks in

enhanced uplink (EU) transmissions.

[0004] BACKGROUND

10005] Methods for improving uplink (UL) coverage, throughput and
transmission latency are being investigated in Release § (R8) of the 3rd
generation partxiership project (3GPP). In order to successfully implement these
methods, scheduling and assigning of UL physical resources have been moved
from the RNC to the Node-B such that the Node-B can make decisions and
manage UL radio resources on a short-term basis more efficiently than the RNC,
even if the RNC retains overall control over the Node-B.

[0006] One or more independent UL transmissions are processed on an
enhanced dedicated channel (B-DCH) between a WTRU and a universal mobile
telecommunication system (UMTS) terrestrial radio access network (UTRAN)
within a common time interval, One example of this would be a medium access
control (MAC) layer hybrid-automatic repeat request (H-ARQ) or a simple MAC
layer ARQ operation where each individual transmission may reguire a different
number of retransmissions to be successfully received by the UTRAN. This
operafion may result in a loss of transmission sequerice at the MAC layer.
[0007} In-sequence data delivery is required by the radio link control (RLC)
layer for proper operation. A re-ordering function is needed to crganize the
received data blocks according to the sequence generated by the WTRU RLC

entity. Inthe prior art, a data-forwarding timer, (called a T1 timer in high speed
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[0007]In-sequence data delivery is required by the radio link control (RLC) layer for proper operation. A
re-ordering function is needed to organize the received data blocks according to the sequence
generated by the WTRU RLC entity. In the prior art, a data-forwarding timer, (called a Ti timer in high
speed downlink packet access (HSDPA)), has been utilized for delivery of nonconsecutive data blocks
to higher layers. The timer is initialized when data blocks which have been correctly received cannot

be delivered tdatalinghentkpbrs e téHDRARAYUdtaPrese pidized/Hen deditRreradxpiies, all data
blocks in the rgzoudering bisfferhinie thennadRyseduentialy. ceceivadisfadivrkagadprwarded to

higher layers. (0008]lt is difficult to properly set duration for the data forwarding timer since, even in

normal operatibPEieciFBifigBREBPERIL SATSREHY SRiriyatecarangtiia ARG 5erty h

transmissions]dfeagdiiiom sincequintidaguestienditety fieRinte nekpiovdesll ddtmbidekcAM) may
result in tumecessar retéansmg&s' ns, the \g/orst case %gl% gwﬁ be conséd

er Up.to the Hex receve §r dyin sefling the data
forwarding tim&'1oF bréper ope SR R A EhiSSioh Brrore ate LnAvol able, this fimer

mechanism refuitsiddd drebigbgalasigyetentially unacceptable latency in performing RLC
retransmissionageduresy [0Q081IN prdsr i MaiRlRInGualLY Bf serdse.(oRRIr-diapsiaiesions should

not be unnecessarily delayed in providing sequential delivery. The timer mechanism is not efficient to
provide propefies eYeinE AeFRR BT HERn iSO R it SarPal SEREEAASTEIRIEShs may be
incorrectly perpiyedndiehanyen patiswReisansinsdonibasheenvetdyedusasa iy trunnecessary

ong, detection M ASRTEN) SV HEH o 2o S s A et ™ 100
achieving low trarsnoissiclelatemopiQeSrosidiecsd dnt setbiae thindagatfervhansiog Bmerefout of sequence
forwarding tims{;@é‘w requaplisaied byarelativalyagryvariaaces ivsaitans missiog sekeduling
[0010]SUMMARY [0011]The present invention is related to a method and apparatus for,

mechanism results in increased and potentially unacceptable latency in

performing RLC retransmission procedures.

[0009] In order to maintain quality of service (QoS), transmissions should

not be unnecessarily delayed in providing sequential delivery. The timer

mechanism is not efficient to provide proper QoS. If the duration of the timer is

too short, out of sequence transmissions may be incorrectly perceived when only a

particular transmission has been delayed, resulting in unnecessary requests for

RLC retransmissions or potential release of the channel. If the duration of the

timer is too long, detection and recovery of failed transmissions is delayed,

resulting in greater difficulty in achieving low transmission latency QoS

requirements. Determining the duration of the out of sequence forwarding timer

is further complicated by relatively large variances in retransmission scheduling.

[0010} SUMMARY

[0011] The present invention is related to a method and apparatus for
forwarding non-consecutive data blocks in EU transmissions. A WTRU and one
or more Node-Bs include one or more ARQ/H-ARQ processes for supporting EU

transmissions. Data blocks transmitted by the WTRU are re-ordered in a re-
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forwarding non-consecutive data blocks in EU transmissions. A WTRU and one or more Node-Bs
include one or more ARQ/H-ARQ processes for supporting EU transmissions. Data blocks transmitted
by the WTRU are re-ordered in a re- ordering entity located in the Node-B(s) or an RNC. Once a
missing data block is identified, a data forwarding timer in the Node-B(s) or RNC is initiated and

subsequent W&&ﬁﬁ@&%@%@%ﬁﬁ@%&@é@@(@mw whethsr ihe migsing datg block has

been discarded by the WTRU. Upon recognition_of the discard of the missifng data block, the

non-consecutifs s bidchataforaaidirte fishighdradyeds- Fso1 on R aissonifiatedicng scheme, a
higher priority dadlesk is/alnaysraaivicebhelfare adonverafiotty Ratmbinckyaada data block with

the earliest transmissign sequence number (TSN) is servi irst within the same prjority data blocks.
In such a mecﬁlélsﬁsllsnr%,aﬁg %&%S&aeﬁe%égﬁ%z%tﬁ& e ' %g%@?g%‘étéofh@ﬁﬁ%@sing data block
if all H-ARQ prbeesdey dvaitabimaddtadiivefchtheiviRisatithe Nodd Bisave feorivdelsuccessfully

either: 1) a neyy H?%Vﬁ%mﬁ%@ with the same priority and a higher TSN compared to the missing data
block; or 2) a new transmission with a lower priority compared to the missing data block.

[0012a]Accordfi b the firke #8pebsIriRePpEdNEMHFBIRIoh, hitdes igraliddata Wrekeds
communicatioglmeiheerpesdosersst by Rvadiprgtwonse s ale s RN Ghffrrmasdingnon-consecutive

data blocks which have not previously been forwar ue to a missing data block, the method
comprising: re@&i l?ﬁg%aa Wﬁs?ﬁ?éﬁé?‘?iﬁgmgﬁﬁ réﬁi&%’fﬂﬁﬁb&@% Fetnizing that a
missing _data mdokiamiatugtt}wlﬁlufmlﬁyohfgjaiathkmhﬁﬁlz bé@ibd%gﬁgigdeeboglﬁazeahditiha that a hybrid
e wrherienes AR Ammadriac il i mpsinadale.Rigel Mg coessiu

received either a new transmission w e same priority and a er transmission sequence number

(TSN) as competizd ferthe Mid&higatshs bledk B havsaareizrd missrspiwlthetheledr) friveity as compared

to the missingselatahlents (PR 2AGERIiNG-R theiseeonitassectafiihaRresant innention, there is

rovided - : .
P data block; or 2) a new transmission with a lower priority compared to the

missing data block.

[0012a] According to the first aspect of the present invention, there is provided a
wireless communication method, performed by a radio network controller (RNC), of
forwarding non-consecutive data blocks which have not previously been forwarded due
to a missing data block, the method comprising: receiving a data transmission including a
plurality of data blocks; and recognizing that a missing data block among the plurality of
data blocks has been discarded on a condition that a hybrid automatic repeat request (H-
ARQ), which 1s associated with the missing data block, has successfully received either a
new transmission with the same priority and a higher transmission sequence mumber
(TSN) as compared to the missing data block, or a new transmission with a lower priority
as compared to the missing data block.

[0012b] According to the second aspect of the present invention, there is provided
a wireless communication method, performed by a Node-B, of forwarding non-
consecutive data blocks which have not previously been forwarded due to a missing data
block, the method comprising: receiving a data transmission including a plurality of data
blocks; and recognizing that a missing data block among the plurality of data blocks has
been discarded on a condition that a hybrid automatic repeat request (H-ARQ), which is
associated with the missing data block, has successfully reccived ecither a new
transnssion with the same priority and a higher transmission sequence number (TSN) as
compared to the missing data block, or a new transmission with a lower priority as

compared to the missing data block.



a wireless communication method, perfooned by a Node-B, of forwarding nonconsecutive data blocks
which have not previously been forwarded due to a missing data block, the method comprising:
receiving a data transmission including a plurality of data blocks; and recognizing that a missing data
block among the plurality of data blocks has been discarded on a condition that a hybrid automatic

repeat requesi il ARQ). WIS 5ASSARIAIGR vl e RISHG ARG hAS SHESERRIyI received

either a new transmission with the Same priority and a higher transmission sequence number (TSN) as

compared to tFSiMRETRSeaRBlsE kR e ftrardna ssrranias T Wer plaskiyaick dagared to the
missing data HeckeoQd7 ks earciniddube Wirskaspash ofdhe Rrageutiavenlief: tRars: is provided a

radio network controller, RN%ZSfor f.orwargi non-consecuytive data blocks which have not previously
oy g N

been forwardedaLS fo & LY S BRRIEhA NRRE:S TFERERE 4'8hfa transmission

including a plurasitpofidatidoloskena e poatiizné drativniiskia gaatdibiodidamergntiitoplurality of data
blocks has beﬂﬁtdi%ﬂfﬁ@gu?&n%ooc' 'pr%igggtﬁ_@m@?gmgﬂaﬁcggelt alyeamest (HiARQ). which is

associated with the missing data bl as successfully received either a new transmission with the
same priority &4t BlerkHes msaeHidkisrrguel eifee ArmvepISKpna bdhssaretpintie afssing data
block, or a new KA S SHNRsIMT ReauWE MRHBEHY TR R RPRERELIN iR MissIngmatBI IR G
[OOlZd]According to the fourth aage t of the present inve tio%, there is i{:f;rO\F/\kgled a base station for
forwarding noA CShEEETIvE G A IO RRERHR \?QTHB‘F@&/ BER PP R0EFded due to a missing

data block, thé(8a2é] statiorh bmining anfigdveditespeteiftbepeatat irarstnsstenciisgtidegda plurality of

data blocks; a [ ISSi c the. ity of data blocks has been
ciscarded on @ Eo R e B vt the
missing data BiewRIdasiaeceRusting daedinsk. SelmsasEanramnseiaSmwed it el varttpriority and a
higher transmiggignisesiporaREMReLTNAs %@k@ﬁ@&;&@%@&%i%@a% Rigek gk a new
transmission with a lower_prigrity as comp rel?ﬁté) the :géjﬁssiré%fl ata block, [0013]BRIEF DESCRIPTION
OF THE DRA@W%&%@H&T&%‘&?B%@H@& SR TG R oenditeniid B from the
following descriptiortiofreppriefered @iRQimentgikvesdeiaedyil txaniglieoddatblhg Understood in
conjunction with the. afcamBRRYImdraag WhSIEIIRCHITIAV SR indRlogkdinaam of a wireless
communication system '

transmission sequence number (TSN) as compared to the missing data block, or a new

transmission with a lower priority as compared to the missing data block.

[0013]} BRIEF DESCRIPTION OF THE DRAWINGS

[0014] A more detailed understanding of the invention may be had from the
following description of a preferred embodiment, given by way of example and to
be understood in conjunction with the accompanying drawing wherein:

[0015] Figure 1A is a block diagram of a wireless communication system
including one or more Node-Bs with a data re-ordering entity in accordance with
one embodiment of the present invention;

[0016] Figure 1B is a block diagram of a wireless communication system
including an RNC with a data re-ordering entity in accordance with another
embodiment of the present invention;

[0017] Figure 2 is a flow diagram of a process for forwarding non-
consecutive data blocks using either of the systems of Figures 1 A and 1B; and
[0018] Figure 3 is a flow diagram of a process for forwarding non-

consecutive data blocks using the system of Figure 1B.
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including one or more Node-Bs with a data re-ordering entity in accordance with one embodiment of
the present invention; [0016]Figure 1B is a block diagram of a wireless communication system
including an RNC with a data re-ordering entity in accordance with another embodiment of the present
invention; [0017]Figure 2 is a flow diagram of a process for forwarding non- consecutive data blocks
using either of the systems of Figures 1 A and 1B; and [0018]Figure 3 is a flow diagram of a process

for forwardind {5 BRSSP BESGRIERS QN RIS SIRFSIRRRPEMBQDBYEINES AILED
DESCRIPTIQHY; THE RRELRRRER EMBLRIMENTR U000 feeafiendbBigtapology "WTRU"

includes but is not limited to a user equipment (UE), a mobile station, a fixed or mobile subscriber unit,

a pager, or P etRerBmEs Hl ARG gp Bk EORMR RS ARG SN hPR% Hen referred to
hereafter, the desminsiogyyposiadidacipdbR bobjpnoidmitedtirddsasevitatinena Sifaaontroller, an

e o 3 R DM SR BRI e o

comprising a huskistdtiof, intelEormdrtihey camngrsaenint or any other type of interfacing
device in a wireless environment.
[0021} The features of the present invention may be incorporated into an
integrated circuit (IC) or be configured in a circuit comprising a multitude of
interconnecting components.
{0022] Figure 1A is a block diagram of a wireless communication system
100 including one or more Node-Bs with a data re-ordering entity 122 in
accordance with one embodiment of the present invention. The system 100
includes a WTRU 102, one or more Node-Bs 104 and an RNC 108. The WTRU
102 transmits enhanced dedicated channel (E-DCH) data through an assigned E-
DCH 142. The Node-B(s) 104 transmits either an acknowledgement (ACK)
message or a non-acknowledgement (NACK) message through the DL EU
signaling channel 144, depending on the success or failure of decoding the data at
the Node-B(g) 104 using an H-ARQ or simple ARQ operation, as indicated by
ARQ/H-ARQ process 112 and 128 in the WTRU 102 and Node-B(s) 104,
respectively.
[0023] Referring to Figure 1A, new MAC entities 110, 120, 130 for EU
transmissions, (i.e., MAC-e entities), are included in each of the WTRU 102, the
Node-B(s) 104 and the RNC 1086, respectively. The MAC-e entity 120 of the
Node-B(s) 104 includes a re-ordering entity 122, data re-ordering buffer 124, a
data forwarding timer 126 for in-sequence delivery of the data blocks,
respectively. The data transmitted by the WIRU 102 over the E-DCH 142 is re-
ordered by the re-ordering entity 122 before being forwarded to a higher layer.
The re-ordering entity 122 receives data blocks, (MAC-e protocol data units
(PDUs)), and delivers the MAC-e PDUs with consecutive TSNs to a higher layer.

MAC-e PDUs that are not consecutive, (i.e., resulting in a missing data block),
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[0022]Figure 1A is a block diagram of a wireless communication system 100 including one or more
Node-Bs with a data re-ordering entity 122 in accordance with one embodiment of the present
invention. The system 100 includes a WTRU 102, one or more Node-Bs 104 and an RNC 106. The
WTRU 102 transmits enhanced dedicated channel (E-DCH) data through an assigned EDCH 142. The
Node-B(s) 104 transmits either an-acknowledgement (ACK) message or a non-acknowledgement
(NACK) messagaahfsiighrestotheiighionialiey enaheratinadonieliba dilg Hrvaediag 6wagror failure of

decoding the ﬁﬁ@ﬁ&é%-wﬁ%@aﬁ HSINg AN AR sBpIs AREHAPRIPPrRsdadicated by
ARQ/H-ARQ process 112 and 128 in the WTRU 102 and NOdi]-‘&B?E? 104 res%egtivelﬁ0023]Referring
: [

to Figure 1A, RIARECERTE SPEESD I Hey BRSRIPE Bt AT eﬁ%.‘#ﬁﬁi\ &g &Niitiss), are included
in each of theWArRRRUL 69 3nih eoaeeri(apid-0dnanclitive: MG Rldcksaspdgtivelpydise MAC-e entity 120 of

the Node-B(s? includes a re-ordering,entity 122 . data re-orderi fler 124, r%g% forwarding
timer 126 for g-gg&uenceebsgﬁl\fgr?/%*stﬁegg%a%ﬁggﬁ? ?egp‘ggf?\@% 351.9%%?2%3?%3 trgnsé itted by the WTRU

102 over the E5D@ludingareBRICreiilby dhta ne-ordering erfity 130 operalpElfGeidoasged to a higher

layer. The re-&&@ﬁQH&E@M@S&&%@%@?&@%&M&Q:@Hé@%@@ﬁmmtﬁéﬁﬁw», and
delivers the MAC-e PDUs with consecutive TSNs to a higher layer, MAC-e PDUs that are not

consecutive, @& TRE I Sraomaeradiadets it and et SRR A HIGREY TSR until
expiration of theoddtR:fevardiiotieai li26tebief echeNedagd antiyd ird ndiey thelarderiegge of the
ARQ/H-ARQ progess., 128 to rming w er the missing.data block has heen dj ed by the
WTRU 102 ar%%%%‘ I’Véélt%l %clﬁ\%tcsdﬁsegg&ﬁ\}/leg @gggk?olgﬂsﬁgﬁglﬁgr %?/Se%slje [?)r(? ié%uqﬁe{gLB is a block
diagram of a \l2)ess:condenimg datiem $§4tend 250 tadeningdnRNGiPidWHrr FeaBrieting entity 132

operating in agearAanGe mﬁ*na&om@ék%m%%mﬁ@w He:R"E3eREItYEM oI Ne I Ete2150 also
includes a WTRU 102, one or more Node-Bs 104 and an RNC 106, similar to the system 100 of Figure

IA. However, FrsiealeoBtRCRHE Besie1odsrrd Rind e Fe-Uidsing SHity 122 beferfB808 entity 130 of
the RNC 106 pslvslae@ 66 Orsieking Qriity id2ha NodsdRngda)fthe 134detmgdatdtionsarding timer
136 for in-sequence delivery of th blocks,.respective ta transmitted TRU 102 over
the E-DCH 142 Y&% ag?gé" 6&%@%@%@%’%%‘:& lé'?ls*f%yufé kﬁ%%%eafﬁ%%f%‘ﬁg?ﬁga@%?gher layer.
Via the Node-BRY4 G4itthearsanddvin§ 8Ntityo18 higheivies ehataMidies PIMEChaprse ésitdata units
(PDUS)). and deliveinibe MaGse FRbsAh saasepuiva el siardiabailaver (it PDUS that

are not consecutive are not delivered to the hlgher ayer until expiration of the data forywarding timer

136. The re-ofgEWAEIEMEtITRSTLEES tHE®R Pgr ARG/ PERRBpReEdedes Phthe Node-B(s)
104 to determigray el hespissingidalr Nock Bas teen dissartied PhétieWARMidGRaNd to forward

non-consecutive d locks to higher layers. OQ&';}% AR ocess,assignment mechanism is
preferably baséﬁ%%%&%ﬁﬁ%eﬁli}o%fﬁ%f? gé:%]a‘( B ocks: {}teelrbr&e%%%%%g ﬁ%gtngrg%?g%l%uctl?%f a particular
transmission séxfadsioeknuimbigher $&yeis.missing in the re-ordering buffer in the UTRAN, (i.e., either a
Node-B or an RE, the renajdering GHibkLe2sd3a deiRmingshenissng sinplock i lost i

subsequent to detection of the missing data block all ARQ/H-ARQ processes 128 available and active

within the NodebBgteoarierithaef rraUblerhnavifirescogrizing, tahsmiadt Plftfatd®or a
transmission Wit a1sameRialibidlass wétianigher SESUBeaiskiet ahe ke sderirgnsmission

e o et o e (ARAIPYEE PACHY SRR S D R Se ARG, Lty 122 192
122, 132 determines the missing data block is lost if subsequent to detection of
the missing data block all ARQ/H-ARQ processes 128 available and active within
the Node-B(s) 104 for that WIRU 102 have either: 1) a new {ransmission
initiated for a transmission with the same priority class with a higher sequence

number; or 2) a new transmission initiated for a transmission with a lower

priority class. In such case, the re-ordering entity 122, 132 determines that the
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data block is lost at the MAC layer and forwards the non-consecutive data blocks to higher layers.
[00261Figure 2 is a flow diagram of a process 200 for forwarding non- consecutive data blocks in
accordance with one embodiment of the present invention. The process 200 may be implemented
using either the configuration of system 100 of Figure 1A or system 150 of Figure 1B. The Node-B(s)
104 maintains a finite number of ARQ/H-ARQ processes 128 for each WTRU 102. The re-ordering
entity 132 in thetRNEK Bdastat th MAfelrpeniad ferapeis the parerspsaidtp it e TRU 102 and
the Node-B(s} Ids Lhefgipce, when the configuration of system 150 shown in Figure 1B is used, the

Node-B(s) 104 provide necessary information to the RNC 106 for, ling the re-ordering entity 132 to
determine Wh@l&@] the W?F@Jrf(gzlﬁa% e fiaetrme sgﬁ?ﬁeaﬁt%%g 8&%%3%6%-8(5) 104 or

RNC 106 receipsdtachinakslaiisthe WiREA1OP witth anrecethbodicoetsd daieebiekenare rearranged
in sequence in a re-ordeging buffer 124 of the Node-B 4.0r the re- ' f 4 of the RNC
iR Rt Jed BLiNe Mo RN Al harke aloeng BhllRh 2

106. When th ration of system Is used, the Node-B(s) 104 forw he successfully
decoded datasitetotddheoR Riguresldiomysystieth Bt oR Bigrseets | DT BrdrBfEarBéumber when

the transmissign was,reqeiat: Thafane AGRenRaYbsaitar the framaniersie bl is received
or the frame when the successful transmission occurred. [0028 Thriégér r%%rin egél% 2 of the
a

Node-B(s) 10487 Trrencennichitdthng 2 822 e IR BRI s%gﬁ& Slock utilizing a
TSN (step 202R4 upiguechSh iE88IR1IEd 00 eadhildalNobloBkhy tde ThERIbIH)Népdmeecognition of
the missing data plock, the Node:B(s), 104 initializesthe data,forwarding, i 26 9r RNC
initializes the 8%1‘%%%?%%?& ﬁ%l ﬁﬁg%)é%gtsefﬁog&ﬁéﬁl rlé(?o%elr|£r\1/1v(j%é%iit%1 %%Jgt}%g dfgtgermines
whether the datavdewsdissptinieion2e irRe heaBPEc 0B Kpriensldpirde rstepionsy aRHE timer 126 or

136 has expirgdopthesiesariarnehetiity dRAPFAS2 tonay debenicopne sitive datadiaeus to higher

layers (step 210), and a higher layer data recovery procedure is initiated. [0029] If ta forwarding
timer 126 or 158%8s not e Féﬂ?‘%ﬁ"@@o‘r%?ﬁ@%ﬁﬂ&ﬁfﬁﬁegﬁié?%ﬂﬂgfso%?ﬁghﬁé%iﬁlﬁether the

missing data bigghkddaseeiydiscatebaaby e RA/ATR kedha ipekd syackne s kk-ARErpCess
assignment megchanism af the WTRU 102 (step, 208). When th C,106 rﬁﬂﬂf“ﬁ discarded data
block in step z%é%%ﬁfﬁ-&ﬁ%gep}%&*&%%;ﬁ%%e %%ﬁggﬁ}?ﬁ%h%c‘%}y&fré{?% t?1e€11£§ame number the
transmission \Wilbee teévethfizuetiowisksastent I§0se quedcthre MogsoR(Dakitifornviands fe H-ARQ

process assignment A the.sHhPEAanbASRIGRIRRICO 46 ARE Ripcesserathg Nedadlfs) 104 or the
RNC 106 can determine’when the WTRU 102 discarded the particular transmission, [0030]The H-ARQ

process assig R FRechERSPERREr WhEL e trentanssion, Basda%H shsohite Bidty of the data

blocks, even theugh-ethey ReeshianicmREmay Wadmte NBIRt cbriandhdblefeapitorihescheme, a higher
priority data block is aégl?%/s serviced before ) lower priority data block, and a data block with the
earliest TSN is*8&iE PR CTh&“Sarhe priority data blocks. In such a mechanism, the Node-B(s)
104 or the RN@A2E may rdtegripedérnsran Wy R2L pofHedS afediinl d@ 4 hissierderin®lock if all

ARQJH-ARQ P28 JaR LRI 2pchactive fonibeny ERY @ng%@?&iﬂﬁgmw have
esstull

received succ y either: 1) a new transmission with the same priority and a higl’ﬁr TSN compared
to the missing 8% blosrigre TEMhanagsigaad doi6ARit A Blosk Hidhs mg@&to R&Mmissing data

block. [0031]Akgsaativei. ¢hentotR(g) did4 BIoR EnkOK saaBecagaiteithaiztiethe data
forwarding timer 126 or the RNC initializes the data forwarding time 136 (step
204). The re-ordering entity 122 or 132 determines whether the data forwarding
timer 126 or 136, respectively, has expired (step 206). If the timer 126 or 136 has
expired, the re-ordering entity 122 or 132 forwards non-consecutive data blocks to
higher layers (step 210}, and a higher layer data recovery procedure is initiated.
{0028} If the data forwarding timer 126 or 136 has not expired, the re-
ordering entity 122 or 132 further determines whether the missing data block
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WTRU 102 has discarded the missing data block if the H-ARQ process which is associated with the
lost data has successfully received either: 1) a new transmission with the same priority and a higher
TSN compared to the missing data block; or 2) a new transmission with a lower priority compared to
the missing data block. The H-ARQ process may be known by the time of transmission/reception. The
time may be indicated as either a frame or subframe number. [0032]If either condition is met, the

Node-B(s) 10228 ireric disererad riwinBeeat RE M AC ahaieh Athe FSSAG AR BISERASS been
discarded by he WHRBM HehhERemm the theooMBRY eotitysiar 208132 nvwants RNOomMEoNsecutive

data blocks to,the higher layer withqut, waiting for expiratian of.th orwarding _timer 126 or 136. If
neither condiﬁﬁﬁe@%@f ﬁgﬁ%ﬂé?é(ég{%} Eﬁ%msg%t&%éﬁ%?n%g%%é ??ﬁ?gs%%ygg%a block has
not been discéetisuhithel progéssl P 60 teefrdmonstmberithed veafiossios wesrderiwddata block, and
the process 20Glei el Ni0.216n, 305 JAAEING HaRRMisSIRIRITRY be seajzprldne Node B(S)

104 by receiving of a hew data indicator (NDI). NDI is used to indicate whether a transmission is new
data or old daaasiERmansARS IS SEeaRPRRESS EHMENI0f BraBR BRAFRFEsnthe Yok EEthe Node-B(s)

104. An NDI npgy ¥ seelrave nisser eid foymih EwhBR REVERU I assideCoiaiertiiilen the H-ARQ
process transmission is set to an initial value, this represents the NDI. New transmissions may also be
determined by EEREIFansmission queue identities (IDs) and the TSN following decoding.

[0034]The Noi&#)(s) 104 TheyisuRQrpseeesad ssmnderihgrgoeamsiforbtioh WTRU 102 is
preferably based on absolute priority of the data blocks, even though other
mechanisms may be implemented. In an absolute priority scheme, a higher
priority data block is always serviced before a lower priority data block, and a
data block with the earliest TSN is serviced first within the same priority data
blocks. In such a mechanism, the Node-B(s) 104 or the RNC 106 may recognize
that the WTRU 102 has discarded the missing data block if all ARQ/H-ARQ
processes 128 available and active for the WTRU 102 at the Node-B(s) 104 have
received successfully either: 1) a new transmission with the same priority and a
higher TSN compared to the missing data block; or 2) a new transmission with a
lower priority compared to the missing data block.

[0031] Alternatively, the Node-B(g) 104 or RNC 106 may recognize that ihe
WTRU 102 has discarded the missing data block if the H-ARQ process which is
associated with the lost data has successfully received either: 1) a new
transmission with the same priority and a higher TSN compared to the missing
data block; or 2) a new transmission with a lower priority compared to the
missing data block. The H-ARQ process may be known by the time of
transmission/reception. The time may be indicated as either a frame or subframe
number.

{0032} If either condition is met, the Node-B(s) 104 or RNC 106 determines
at the MAC layer that the missing data block has been discarded by the WIRU
102. Then, the re-ordering entity 122 or 132 forwards the non-consecutive data

blocks to the higher layer without waiting for expiration of the data forwarding

-



WTRU 102, and the out of sequence detection and forwarding logic may operate independently for
each re-ordering queue. [0035]In another embodiment, the H-ARQ process assignment mechanism at
the WTRU 102 is associated with the lost data block. In an absolute priority scheme, a higher priority
data block is always serviced before a lower priority data block, and a data block with the earliest TSN
is serviced first within the same priority data blocks. In such a mechanism, the Node-B(s) 104 may
recognize thatitherVI&R b+ 183 has sisgardeshiigonissingtdaha blegk-Bal ARQHARQ wcesses 128

available and active for the WTRU 102 at.the Node;B(s) 104 have received successfully either: 1) a
new transmisgé%ﬁ WH%E%& ﬁfaﬁf@gaﬁ%&g?é%&% éﬁg} 8%%?881%\&?%%@%96%%% block; or 2) a
new transmisgiorawith @ kiere [Ridvityadbfnptre d¢wtt B8 Inois siatg. bidekboektHeGB6Hsei#t®€r condition is

met, the NodeC%)rthé&ettﬂ%@gﬁét the MAC layer that the missing data block has been discarded
by the WTRU 102, then the re-ordering entity 122 forwards the non-consecutive data blocks to the

higher layer n#lQ88lting folexpitaapirasHns dafoktaraiizeingy 196, N adakér)cdAditon is met, the

Node-E;(s) 104&@%%;Eirae%m1§{vﬂﬁmi$§hgrg?@@_mﬁMK Nﬁﬁfﬁi&ﬁﬁ&é’c&“ﬁﬁ%’%}@ ,&get%é@cgss Z?Oh
procee S to ste tO Wa.lt or the next N e case O t e e- or, In t e case of the
AL N SR A e S S P AR LT i

next data bloctoralradeyech Pe@DAENSwhE AsiniB&oh84nAy bdicakreddhéhe fladatBddy104 l?y_ _
Ine Node-B(0) T0g N e B e T e
identities (IDs)}=¥fd tAET TR oWHey ihieserreseedbe NG releel tramsindssigrairss alspocess 300 for
forwarding NOBz determined by received transmission queue identities (IDs) and the TSN

following decoding.

[0034] The Node-B(s) 104 may support several re-ordering queues for each

WTRU 102, and the out of sequence detection and forwarding logic may operate

independently for each re-ordering queue.

[0035] In another embodiment, the H-ARQ process assignment mechanism

at the WTRU 102 is associated with the lost data block. In an absolute priority

scheme, a higher priority data block is always serviced before a lower priority

data block, and a data block with the earliest TSN is serviced first within the

same priority data blocks. In such a mechanism, the Node-B{s) 104 may

recognize that the WTRU 102 has discarded the missing data block if all ARQ/H-

ARQ processes 128 available and active for the WTRU 102 at the Node-B(s) 104

have received successfully either: 1) a new transmission with the same priority

and a higher TSN compared to the missing data block; or 2) a new transmission

with a lower priority compared to the missing data block.

[0036] If either condition is met, the Node-B(s) 104 determines at the MAC

layer that the missing data block has been discarded by the WTRU 102, then the

re-ordering entity 122 forwards the non-consecutive data blocks to the higher

layer not waiting for expiration of the data forwarding timer 126. If neither

condition is met, the Node-B(s) 104 determines that the missing data block has

not been discarded, the process 200 proceeds to step 212 to wait for the next TTI
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consecutive data blocks in accordance with a third embodiment of the present invention. In this
embodiment, the RNC 106 notifies the Node-B(s) 104 that there is a missing data block and the
Node-B(s) 104 detects whether the WTRU 102 has discarded the missing data block and reports it to
the RNC 106. [0039] A re-ordering entity 132 in the RNC 106 checks whether there is a missing data
block in the re-ordering buffer 134 (step 302). If there is no missing data block, the process 300
proceeds to steRidla iQ yraillffothiementdesaiy eskdata biesk Afbarssigm Missi slpleklock, the

re-ordering entity 132 initializes a data forwarding timer 136 an,g nds a "start Watcg' ommand to the
Node-B(s) 1041RscRToR525 2PASTH4RRS HUMERPEPiGHETIFR BEHt By HRE R SHE2B 5t (4 Rhen the
out-of-sequensm élaia Riadkeid the re-ordering buffer 134 is recognized and the priority and sequence

number of the missing datg block are alse in Ig%ﬁd' the ystart " g@g@g@ fdl. 1040]After
receiving the 4@35 atch cglr%vgn%ﬁ%uf%?ﬁsﬁg%N 1%%,%?%1%%%%%]9104 o eckgs its cur9rent database
to check all datectivicigsofubres kate tmdieatearRE NN Meicaen by wedpnalensfanEmonitors

subsequent trafisigsionsim Brsisktodeleuae BRI theW TRE:H%:0As dssasdedihe missing
data block based on the known H-ARQ process assignment mechanism at the WTR%}{SﬁZ (step 306).

As explained HEIETRRBETe Ph SSRRTSHH ARRSY ML B 1e 1R tifieho ) ARG RS cordance
with an absolutglipwesgdsesdinge. In such case, the Node-B(s) 104 determines whether all
ARQ/H-ARQ pr ses 128 availghle and actiye for the WTRU 1 ithi Node-B(s) 104 have
either 1) a ne%\/@%'e;%jsmissioﬁg\‘/lvrlfh%ﬁ% %a%in%‘g éﬁ%%ﬁ?%tﬁ?ﬁitﬁrgcﬁ?sr%&%{g r}gtg'rs;]aﬁ‘é{r%% %‘ftxhe missing
data block or Zpaseevtitradstaisdishiatadinsiandehvd fowdhpdormpbedimsateef theEepessing data

block. [0041]if gither;condifjanis Mmal.dhadiedgBiendOhsendsrdransiissiondailpiemessage to the
re-ordering entity 132 in the RNC 106 via E-DCH frame protocol (step 308). In the tr %ﬁ‘uission failure
rof

message, the PRdILE APTERiRRRatfRlesk 2ad e Alrdhsld 6 daff'se DEhEs the data
block is also inghedegs dibeaPiedatR(8)idfdd darasitng watchiparforisticthaRBME 006l neither condition is

met, the proce 3 procegeds to step 312.10 wajt.fof.th ceived d ta}#Io g 00421Upon
receiving the trftgslq gﬁssion N (ri*ﬁléls'? aegne%,1£ %fgr%r%ﬁ%é |8%%%ﬁ1%%§ . r% %f?o%viaards the
non-consecutiveiskite Bioaks ddkhigtier lepedsiiegiraffeeithértexpies (EtdwBiono missing

data block, the process 300 proceeds to step 312 to wait for the next received data

block. If there is a missing data block, the re-ordering entity 132 initializes a
data forwarding timer 136 and sends a “start watch” command to the Node-B(s)
104 (step 304). The frame number originally reported by the Node-B(s) 104 when
the out-of-sequence data block in the re-ordering buffer 134 is recognized and the
priority and sequence number of the missing data block are also inciuded in the
“start watch” command. |

{0040] After receiving the start watch command from the RNC 106, the
Node-B(s) 104 checks its current database to check all data blocks subsequent to
the frame number indicated by the RNC 106 and monitors subsequent
transmissions in order to determine whether the WITRU 102 has discarded the
missing data block based on the known H-ARQ process assignment mechanism at
the WTRU 102 (step 306). As explained hereinabove, the ARQ/H-ARQ processes
112 are preferably assigned in accordance with an absolute priority scheme. In
such case, the Node-B(s) 104 determines whether all ARQ/H-ARQ processes 128
available and active for the WTRU 102 within the Node-B(s) 104 haveeither 1) a

9.



[0043]Although the features and elements of the present invention are described in the preferred
embodiments in particular combinations, each feature or element can be used alone without the other
features and elements of the preferred embodiments or in various combinations with or without other
features and elements of the present invention. [0044]While the present invention has been described
in terms of the preferred embodiment, other variations which are within the scope of the invention as

iUtA"ne_d iln the&ai@i%&%&iwmﬁfga@@&?% ipithaseskilechin kighar TSR AT Mhad iBeclaimed is:
. A wireless communication method, performed by a radiq netywork cantroller (RNC), of forwarding
non-consecutiPESERE BRIARIAHAR AhoPREL B %T)lloﬂe%%t%%g d‘g%?%ﬁe ?B‘S g rﬁfgg%g data block,

the method cogepiisingt tetheingBrgaiattrdberkission including a plurality of data blocks; and

[0041] If either condition is met, the Node-B(s) 104 sends a transmission
failure message to the re-ordering entity 132 in the RNC 106 via E-DCH frame
protocol (step 308). In the transmission failure message, the priority, which
indicates the re-ordering queue ID, and sequence number of the data block is also
included. The Node-B(s) 104 then stops watching for such an event. If neither
condition is met, the process 300 proceeds to step 312 to wait for the next
received data block.
10042] Upon receiving the transmission failure message, the re-ordering
function in the RNC 106 forwards the non-consecutive data blocks to higher
layers before the timer expires (step 310).
{0043] Although the features and elements of the present invention are
described in the preferred embodiments in particular combinations, each feature
or element can be used alone without the other features and elements of the

| preferred embodiments or in various combinations with or without other features
and elements of the present invention.
[0044] While the present invention has been described in terms of the
preferred embodiment, other variations which are within the scope of the

invention as outlined in the claims below will be apparent to those skilled in the

art.
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recognizing that a missing data block among the plurality of data blocks has been discarded on a
condition that a hybrid automatic repeat request (H-ARQ), which is associated with the missing data
block, has successfully received either a new transmission with the same priority and a higher
transmission sequence number (TSN) as compared to the missing data block, or a new transmission
with a lower priority as compared to the missing data block. 2. The method of claim 1 further
including: initializing a timer for forwarding non-consecutive data blocks; transmitting a start watch
command upon recognition of a missing data block; receiving a transmission failure message
indicating discard of the missing data block; and forwarding the non-consecutive data blocks to
higher layers before the timer expires upon receipt of the transmission failure message. 3. The
method of claim 2 wherein the start watch command includes a frame number, a priority and a
sequence number of the missing data block. CL;SI wireless communication method, performed by a
Node-B, of forwarding non-consecutive data blocks which have not previously been forwarded due to
a missing data block, the method comprising: receiving a data transmission including a plurality of data
blocks; and Whacoghizirg #hat a missing data block among the plurality of data blocks has been
discarded on a condition that a hybrid automatic repeat request (H-ARQ), which is associated with the
missing data block, has successfully received either a new transmission with the same priority and a

higher transmission sequeéhc¥iistatibePTuNFaistomnkadd Reriveedisking dagieblrtkody a new
transmission WiH6l1ER\IFeN Y, oFi tyaare iy R RA 1R de B uaRI bt a BIACKave not previously

been forwarded due to a missing data block, the method comprising:

receiving a data transmission including a plurality of data blocks; and

recognizing that a missing data biock among the plurality of data blocks has been
discarded on a condition that a hybrid automatic repeat request (H-ARQ), which is
associated with the missing data block, has successfully received either a new
transmission with the same priority and a higher transmission sequence number (TSN) as
compared to the missing data block, or a new transmission with a lower priority as

compared to the missing data block.

2. The method of claim 1 further including:

initializing a timer for forwarding non-consecutive data blocks;

transmitting a start waich command upon recognition of a missing data block;

receiving a transmission failure message indicating discard of the missing data
block; and

forwarding the non-consecutive data blocks to higher layers before the timer

expires upon receipt of the transmission failure message.

3. The method of claim 2 wherein the start watch command includes a frame

number, a priority and a sequence number of the missing data block.
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5. The method of claim 4 further including: initializing a timer for forwarding non-consecutive data
blocks; transmitting a start watch command upon recognition of a missing data block; receiving a
transmission failure message indicating discard of the missing data block; and  forwarding the
non-consecutive data blocks to higher layers before the timer expires upon receipt of the transmission
failure message. 6. The method of claim 5 wherein the start watch command includes a frame
number, a priority and a sequence number of the missing data block. 7. A radio network controller
(RNC) for forwarding non-consecutive data blocks which have not previously been forwarded due to a
missing data block, the RNC being configured to: receive a data transmission including a plurality of
data blocks; and recognize that a missing data block among the plurality of data blocks has been
discarded on a contiition thavardigasrigamrumeriore pesthodquesiofkeA R@), aviioddBasebciated with the

missing data Rlgekihassuesrssiuly ieeaikedsaliier aneWolraesmissistwithibasame priority and a
higher transmission secgJerlﬁe umber (TSN) as compared to the missing data block, or a new
transmission WAFSTERE#H |(5)f’|%/t & BTSSP e missing data block.

receiving a data transmission inciuding a plurality of data blocks; and

recognizing that a missing data block among the plurality of data blocks has been
discarded on a condition that a hybrid automatic repeat request (H-ARQ), which is
associated with the missing data block, has successfully received either 2 new
transmission with the same priority and a higher transmission sequence number (TSN) as
compared to the missing data block, or a2 new transmission with a lower priority as

compared to the missing data block.

5. The method of claim 4 further including:

initializing a timer for forwarding non-consecutive data biocks;

transmitting & start watch command upon recognition of a missing data biock;

receiving a transmission failure message indicating discard of the missing data
biock; and

forwarding the non-consecutive data blocks to higher layers before the timer

expires upon receipt of the transmission failure message.

6. The method of claim 5 wherein the start watch command includes a frame

number, a priority and a sequence number of the missing data block.

7. A radio network controller (RNC) for forwarding non-consecutive data
blocks which have not previousiy been forwarded due 1o 2 missing data block, the RNC
being configured to:

receive a data transmission inciuding a plurality of data biocks; and

recognize that a missing data block among the plurality of data blocks has been
discarded on a condition that a hybrid automatic repeat request (H-ARQ), which is

assoctated with the missing data block, has successfully received either a new
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8.A base station for forwarding non-consecutive data blocks which have not previously been forwarded
due to a missing data block, the base station being configured to: receive a data transmission
including a plurality of data blocks; and recognize that a missing data block among the plurality of
data blocks has been discarded on a condition that a hybrid automatic repeat request (H-ARQ), which
is associated with the missing data block, has successfully received either a new transmission with the
same priority and a higher transmission sequence number (TSN) as compared to the missing data
block, or a new transmission with a lower priority as compared to the missing data block.

transmission with the same priority and a higher transmission sequence number (TSN) as
compared to the missing data block, or a new transmission with a lower priority as

compared to the missing data biock.

8. A base station for forwarding non-consecutive data blocks which have not
previously been forwarded due to a missing data block, the base station being configured
to:

receive a data transmission including a plurality of data blocks; and

recognize that a missing data block among the plurality of data blocks has been
discarded on a condition that a hybrid automatic repeat request (H-ARQ), which is
associated with the missing data block, has successfully received either a new
transmission with the same priority and a higher transmission sequence number (TSN) as
compared to the missing data block, or a new transmission with a lower priority as

compared to the missing data block.
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