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AND METHOD FOR PRI ORI TI ZATI ON  OF RETRANSM SSI ON OF PROFA®eYenthsr200N TS TO
ASSI ST RADI O LI NK- CONTROL RETRANSM SSI ON [ 0002] FI ELD OF THE | NVENTI ON
[ 0003] The present invention relates to the field of wrel ess
communi ¥&PEHE7  Mre specifically, the present inveRtT8i%tltes to a
system and nethod for prioritizi n the retransm SSI on of protocol data

units (D) to asm@fs’]ﬁ&\ﬂwﬂw QBARORPR, @@ retransni ssion.
[ 0004] BACKGROUND [ GBOBETRANSMISGIQW (3 BR 4| ul ar _systens for
Frequency Divi sWiTSE@MS@M@IOBIMD@N}m% MI§§IQN'DD), there are

retransm ssi on mechani sns in the Acknow edgerrent Mode of the Radio Link
Contr ol | ayer to achi eye. hi E=1a TR of end-to-end data
transni @Fﬂ; The RLC Iayer%‘\fj‘g’gcgllr;l)re[%ﬁj&ﬁﬁ%I both the Radi o Network
Cont r ol (Hiif;é prRehtileentioR relaked Yo FHEETd 6ﬂdﬁ)‘e1es[s@&ﬂﬁ1]unikat1bmmk di agram of a

UMTS Terrestrl al Radl 0 Access Network é MAC- hs Iaciae architecture is
i |l ust Mﬂrecﬁpﬂﬂﬁﬁﬂgulﬂ@ Bresemgnyeniiogrelaty %Pas%@fn Gui prent  (UE)

MAC hs g&;ﬁ nﬁéé fbfbt&!og&%{tﬁ wits (FDEs)6 ahkidtesdio ik sShown in
Fi gure? cr| I'n detail co-pending U S patent application
nunber cdﬁ/réﬂﬁLE?Eybri@mn@mlsaﬂnober 15, 2002 which is assigned to the

present assignee. The UTRAN MAC-hs 30 shown in Figure 1 conprises a
transport format resource indicator (TFRI) selector 31, a scheduling and
priorifegoagi on entity 32, a pl urEAGKGRﬁTUNDbri d Automatic Repeat (H ARQ

it I W R R R R b o
40 comyipi&s (POD} AR@iRIeODR SR DhplexATDD), [thée are retransmission

mechanisms .i:n the Acknowledgement Mode of the Radio Link Control (RLC)

layer to achieve high reliability of end-to-end data transmissions. The RLC layer

is a peer entity in both the Radio Network Controller (RNC) and the User

Equipment (UE).

[0006] A block diagram of a UMTS Terrestrial Radio Access Network

(UTRAN) MAC-hs layer architecture is illustrated in Figure 1, and a block

diagram of the user equipment (UE) MAC hs architecture is shown in Figure 2.

The architecture shown in Figures 1 and 2 is deseribed in detail co-pending U.S.
patent application number 10/270,822 filed on October 15, 2002 which is
assigned to the present assignee. The UTRAN MAC-hs 30 shown in Figure 1
comprises a fransport format resource indicator (TFRI) selector 31, a scheduling
and prioritization entity 32, a plurality of Hybrid Automatic Repeat (H-ARQ}
processors 33a, 33b, a flow controller 34 and a priority class and transmission
sequence number (TSN) setting entity 35.

[0007] The UE MAC-hs 40 comprises an H-ARQ processor 41. As will be
explained with reference to both Figures 1 and 2, the H-ARQ processors 33a, 38b
in the UTRAN MAC-hs 30 and the H-ARQ processor 41 in the UE MAC-bs 40
work together to process blocks of data.




explained with reference to both Figures 1 and 2, the H ARQ processors 33a,
33b in the UTRAN MAC-hs 30 and the H ARQ processor 41 inNe¥ahgE2@,c hs 40
wor k together to process bl ocks of data. -1 7 Novenber 2006 WD 03/096617

PCT/ US03/ 14412 [ 0008] The H ARQ processors 33a, 33b in the UTRAN MAC-hs 30

handl e ¥A1%81%1% he tasks that are required for the HPEREH8HEss to
generate transm ssions and retransm ssions_for an?/qtransm' sion that is in

error. [00A8] HBRGIARR posessors 334,33b iniae UEROACMAS handleall@hsi bl e for

gener at,i a know I.ndi ] | transm ssion,
and foﬁh‘*&gﬂﬁ?‘%ﬁ anrﬁg%qu%%ggégiﬁ% }f@g@%{’ gsdﬂg';) rree%tafjg:l\i%é(&;h%tfo%g Iﬁjfl‘llﬁl cate a failed

t r ans M@ ainemissione it sARGransmixsios shatds B3amorIBie B Quropesendd &2 sequent i al data

et o | B BATAPhe D T it o ouers i e S0er¥lasBeSERTIORTE 1 7, (LTS

assi gngghidate HaARQCRESEES BahsmBdian, 3ail facigentiafiR® pr ovegetive 33a, 33b

initiates a transm ssign, and.in the of an.err t H ARQ processor
41 reqﬁ@@%ﬂ@gﬁ"@ﬁf‘aﬂgﬁp&itﬁﬂpdwes%tfgﬁﬁ SIS m&ilgi%"h%,ﬁ&t he nodul ati on

and cog}jagbA'$BaBYh B £1pRE6T sia(gleaﬁdpaath@t@a@g 6t eah SE@aRSsS Ul o
transnission. The data block to be retransmtted and any new transm ssions

to thefly¥ are provided by the scheduling and prioritization entity 32 to

the H @fnt.&% 'vﬁ.ﬁ b%3ﬁescﬁ§9d ih QARG adiln BRabadrbi E}ﬂo&gcbfﬂiaitgr itization

entity unctions as radi o resource nanager and determ nes transm ssion
| at encyeckivedonl eachimesigdp oy atdrssigeedioBARQPSesRas T, H1P. Haeh out put s of the

H ARQ ssors -3 h_and the L.QLLt Y _Qfs ock being
trans nﬁ"ggé,prf"l‘?és% %ﬁ%’d{%%i'ﬂlglagﬁcg%?ﬁgo#gﬁé’flﬁ on tﬁéen%%%v?fj%%&r drwards the data
bl ock i tHARK Rbros@kactddr rdduestsOQ0 kdfraddmisdibil s@hestbseqBbl coupled to the
scheduling and prjoritization entity 32 rﬁcei yes t.he data bl ock to be

t r ans nitengpissiogs.dbp wedulagpn %ﬁbq:)‘f"gﬁgir %Qlaylbec anged 11 order to ensure '

a successful transmission. The data block to be retransmitted and any new
transmissions to the UE are provided by the scheduling and prioritization entity
32 to the H-ARQ entities 33a, 33b.

[00010] The scheduling and prioritization entity 32 functions as radio resource
manager and determines transmission latency in order to support the required
QoS. Based on the outputs of the H-ARQ processors 33a, 33b and the priority of
a new data block being transmitted, the scheduling and prioritization entity 32
forwards the data block to the TFRI selector 31.

[00011] The TFRI selector 31, coupled to the scheduling and prioritization
entity 32, receives the data block to be transmitied and selects an appropriate
dynamie transport format for the data block to be transmitied. With respect to
H-ARQ transmissions and retransmissions, the TFRI selector 31 determines
modulation and coding.

[00012] Iiis highly desirable for the retransmitted data blocks to arrive at the
RLC entity of the receiving side (i.e., the UE) as soon as possible for several
reasons. First, the missed data block will prevent subsequent data blocks from
being forwarded to higher layers, due to the requirement of in-sequence delivery.

Second, the buffer of the UE needs to be sized large enough to accommodate the
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dynam c transport format for the data block to be transmtted. Wth respect
to H ARQ transni ssions and retransmissions, the TFR sel Hetasbeg2006

determ nes nodul ation and coding. [00012] It is highly desirable for the
retransnitted data blocks to arrive at the RLC entlth of the receiving
side (i VY09 UE) as soon as possible for several FPCEASHH442E st the

m ssed data block will prevent subsequent data bl ocks from being forwarded
t o hi ghstentyasfaretranguéssions twigler siflinagrteining pffective dlgtre nates.ddbpvery.  Second,

t he buffer E date the -2
7 Noverttieer SsdeRoepo BBtk Sl BB e o PRy B BRIPET T ol on

whi | e gb blifferrbatho tizd dntagﬂm:kﬁ tottiaveheld up andtcestindive datoregeptionke | at ency i s,
thelarugl%\bitheu buffer Elléh) to b oaIIo for ,iléei to buffer both
the da Fhsqewree “3‘?‘? Sandat 3§| ons until the
corr eCtbuﬁ@ﬁB@i@&ﬂﬂﬁh@n&béﬁéhhhﬁiﬁa@é M@fsdﬁdJE@ ’I‘lmglbe:rerjm&eﬁmblél' he | ar ger

buffer size results in increased, hardware costs faor Uﬁ@B’d hrs s very

undesi 188131 Referrimgy trBizare Bng simpitfieg ow giaggaw; offih $¥ow di agr am of
the dalgnidy NOR'HCRA blilhoRotpPIrES) dldes URldieR0k diitgpr e 3) and a U

(shown "at the top ure 'S PDUs from hi gher evel processing
are scrméﬂlghmﬁ)wﬂhomayl’ ﬂ:mn abedﬁ@@prm@u@ﬁ@e@dmdw(% mag data bl ock can

onIy c | unique TSN is
a1 gn o T RS ol BRE R0l Rl LRL L En bR PROE B T 20T

pr ovi dday&rspd)ﬂﬂla‘saﬁly poibrigt rﬁeamqu@TSN iif ﬁwmﬁd to pachalata b]eé& lgfthPDUs, each

priori t sequence of TSNs. Th hed pat ches the data
bl oc ks 'gf‘ Pﬁ%f%fjaws PAaXFE@BP%ée@EEﬂ&%Y Ig%ll gﬁ'ﬁ@ﬁg%ﬂd’%&e ARQ processor
P1B- PF %rioﬁm@@mh $ léh%l ﬁx@dnt@%:aﬁﬁgas%@eﬁcesdfmfl\k (7.1 ecﬂaﬂﬂekthan a time. For
exanpl €, as_shown in Figure e Prjority i.se, a sequence

i | | ust rdspabrhasthe data Blocks Yojthe jlus 1tY1°f:|g ‘E‘éé’?ﬁ"i" eraclé‘equenced from
B21- B2 My, %R@Z $16osEsr lﬁfﬂ i3 rgﬂalaﬁsﬂﬂé forgR6uesangd sﬂmﬁcﬁﬁ% aThese PDUs are

schedul e (Fnd may be multiplexed) and affixed a TSN by the conmon
or example, as shown in Flgure 3, the Priority 1 PDUs comprise a

sequence illustrated as B1;-Bln. Likewise, the Priority 2 PDUs are sequenced
from B2:-B2y and the Priority 3 PDUs are sequenced from B3:-B3n. These PDUs
“are scheduled (and may be multiplexed) and affixed a TSN by the common
scheduler. For purposes of describing the invention, it is assumed that one PDU
equals one data block. After a data block is scheduled to be processed by a
particular processor P1p-P5p, each data block is associated with a processor
identifier, which identifies the processor P1p-P5g that processes the data block.
[00014] The data blocks are then input into the scheduled Node B H-ARQ
processors P1p-P5g which receive and process each data block. Each Node B H-
ARQ processor P1z-P55 corresponds to an H-ARQ processor Plys-P5ug within the
UE. Accordingly, the first H-ARQ processor Plg in the Node B communicates _
with the first H-ARQ processor Plug in the UE. Likewise, the second H-ARQ
processor P2p in the Node B communicates with the second H-ARQ processor
P2uz in the UE, and so on for the remaining H-ARQ processors P3p-P5s in the
Node B and their counterpart H-ARQ processors P8ye-P5uz respectively within




schedul er. For purposes of describing the invention, it is assuned that one
PDU equals one data bl ock. After a data block i s scheddiNevanbepd0d ocessed
by a particular processor P1B-P5s, each data block is associated with a
processQr. identifier, which identifies the processor P1B-P513 that
process¥Q Bl®Oat a bl ock. [00014] The data bl ocks aPETUREA put into the
schedul ed Node B H-ARQ processors P1B-P5B whi ch receivye ang process each

dat a brerWE. Thek-ABQoreresses arcipelyanaiiiplexed entpthe 2ipintartassadd to an H ARQ
proces %{?&%‘e E%Iobj%g B Eralihiiian bhgn HQE{Q%SQ:B& er@ﬂﬂe)‘facé Neonbitingd. H ARQ processor

Pis in B communi cates . first H ARQ processor PluE in
t he UE[OQOLERwWiFse gxmﬁe,stekmgdhel-ﬁmﬁ@lr qflcmmsmatlmﬁ -ARQ pigeesp@yde B

fﬁZ‘TQ' FIF RRRE I Mo AR BORGe e BB E RS b B bR, P 00 par

ARQ @h@ﬁﬁ%ﬁiﬁtf&ﬁuﬁl fpleking espirahsnittivig itiotdri the air hitdrfidevWilorr 2006 WO

03/ 096617 PCT/ US03/ 14412, ogesses are tinely

mul ti pltRRdat %ﬁ?é‘]S?'Fels5?°P1VP%P%WQ%§{EH%&§H@FESSEEP£W @‘eé’ﬁ%c ?¥°Ansmi ssi on of an
H ARQ @1} &teRthinek AhetHeR 6End it Walrebdit®l withQQik). Hake &xabplck, taking the
first pair of comunjcating H ARQ proc sors &)S and PI '%%ﬁﬁt he H ARQ

pr oces§-°t311 s repsivRdoRibeut ereons the firgicR- Al% PIREREHP forwards it
for Iﬁlt&')ﬂlcﬁgai:@rfg thé %ﬂﬁl@f ﬂ&lhE%JAR@P%ceéshﬁ rag rthé.if‘ft@iafs%é@n Wen this

dat a b I IS recelved firs RQ processor PiuE, the processor
Pi UE deumesafwibsremaed\e@néhe mtrarx, ifiidere scoiere inthawseeived dad. | f the data

Cr ansbiEk A (RSBt MR bl pal Bl TR RS0 P ¢t

it has tﬁeﬁmttﬁigcdbmmrycesaaceﬁmd Thiz tphecesorvpniimyes whtil Hbee is an error

'Itpaag(r? ’Eaglcﬁ'll e drg‘tc‘)e%f% rf‘fﬁéé%aﬁ‘?% %aﬁgé’ﬁ@qﬂppngegﬁm sPlplrJEcess

cont i NUEK Wbdcbivbd@hat prosit Pixig “pslegRashr pricessing enother dataACK for the
data block 1311. Onc an ACK |§ recei ved thattﬁ) o&:e,é sb? PJ nis "rel eased"
h I ano ata block

for proesksi RBe sebadvder wilk gssign the processor P

available, and can choose to retransmit or start a new transmission at any time.

[00016] Once the receiving H-ARQ processors Plug-P5ur process each data
block, they are forwarded to the reordering buffers Ri, Rz, Ra based on their
priority; one recrdering buffer for each priority level of data. For example,
Priority 1 data blocks B1;-B1y will be received and reordered in the Priority 1
reordering buffer Ri; Priorily 2 data blocks B2:-B2x will be received and
reordered in the Priority 2 reordering buffer Rg; and the Priority 3 data blocks
B3;-B3x will be received and reordered by the Priority 3 reordering buffer Rs.
[00017] Due to the pre-processing of the data blocks by the receiving H-ARQ
processors P1yg-P5yg and the ACK/NACK acknowledgement procedure, the data
blocks are often received in an order that is not sequential with respect to their
TSNs. The reordering buffers Ry-Rj receive the out-of-sequence data blocks and
attempt to reorder the data blocks in a sequential manner prior to forwarding
onto the RLC layer. For example, the Priority 1 reordering buffer Rj receives and
reorders the first four Priority 1 data blocks B11-Bls. As the data blocks are
received and reordered, they will be passed to the RLC layer.
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bl ock. The scheduler will assign the processor Pin another data block if

avai l abl e, and can choose to retransmit or start a new t/MHe&mbss?® at any
time. [00016] Once the receiving H ARQ processors PluE- PSuE process each
data block, they are forwarded to the reordering buffers R, R2, R3 based
on thei WOOYPIOYi ty: one reordering buffer for each pPFEPS®(441avel of data.

For exanpl e Priority 1 data _blocks Bl I-BINwll be rexgjai ed and reordered
in t he (#9018} i (Qn the zeediyige sidagths I MAGHs, (eriricly hasybeon grankieBcks B21- B2N

w1 Denf&eaby 2OMaRths doRGEH SoEH th@me556£§Ao£ WD, wHBR 4G5 kA buffer R2; and
the Priority 3 data blocks B31-B3x w|T be received and reordered by the

Pri ori top aonirel chemnelgsuch s gre HESCCH 00ohethenihe data black brscbgsnocessi ng of the
dat a blt%%%ﬁ t%ﬁefe@ﬁiﬂe%ﬁbﬁ’ﬂpﬁgp@;é%sﬁ%ﬁ%ﬁsOi1§s ﬂ?a'e#f sdPHmANE the ACK NACK

acknow ehent procedure are often recerved in an order
t hat i secebtes ancphendatalblock thbe mepmedd hyothe baine H-ABNproceber Pém-der i ng buffers

Rl - R3 rgeceiye out,s of zsequenc | ocks d tt t to reorder the
ot o biEeRANE Sl et e B TR b P e 5Bl EiDheeh”: e ReC | myer
For exaglehsed refadBesé ofwhather or @0t drpradolndbte blodd preesged Bgtiztd reorders the

first f Priority. 1 ta. bl ocks B11-B]l4. As the data bl ocks are received
and re -Mocqswfl’wﬂﬂ%% ag,bren syceegsipibpreseived oRat: -4 7 Novenber 2006

Woo3/ 0?&5@)15]0 PGB i Adfmple 8PP Rdr £Psystifn MELAIng!"RRNG, dNodeNe UE MAC hs,

(whi ch "has ‘been “gr aphi cal illustratéd as MAC-hs control), reads the

H ARQ % ed&Sand theiy aw@athé uffersi Thisemample asswoerthet thefdihithesuch as the
AR pravalR Ehiged Bl R B Bl BRTOAE bGP el B0 Per dat a
bl ock tspsthm, quDI:bsﬁbBNbaB is net eeivedbubée@:fpllp bpthe dFE. MlhekeforeSihe, t he UE knows
T M
H ARQ Meéxaedsie/thPPDEFRAUESNEAS 6i9ea-8 bafiaed fisthe Node Beael Mods withnot . [ 00019]
Figure S%\Tsi =S4 gr?d él%nIPul.ﬁ%re%fin?:hf {]_bo &t s%{ohldﬁ%sxfo’?erg tLQi? :hkhdo'ugﬂ F?g%reR ? C. a Node

shows only several PDUs being buffered, in reality many more PDUs (such as

100 or more) and PDUs from other RLC entities may be buffered.

[00020] As shown in Figure 5, if a retransmission of the PDU with SN = 3 is

required, it must wait at the end of the queue in the Node B buffer, and will be

-transmitted only after the PDUs with SNs = 6-9 are transmitted. The PDUs in
the UE cannot be forwarded to the upper layers until all PDUs are received in

sequence.
[00021] Inthis case, the PDU with SN = 3 stalls the forwarding of subsequent
PDUs to higher layers, (f.e. SNs = 4-9), assuming all the PDUs are transmitted
successfully, Again, it should be noted that this example only reflects 11 PDUs,
whereas in normal operation hundreds of PDUs maybe scheduled in advance of
retransmitted data PDUs, which further aggravates transmission latency and
data buffering issues. |

[00022] It would be desirable to have a system and method whereby the
retransmitted data can avoid the delays due to congestion in the transmission
buffers.




B, a UE and their associated buffers. This exanple assunes that the UE is
the receiving entity and the Node B is the transnitting daramber 2006 ¢ hi s
prior art system a PDUwth SN = 3 is not received successfully by the
UE. Therefore, the RLCin the UE requests its peer RLC layer in the RNC
for a retransmssion. Meanwhile, the PDUs with SNs = 6-9 are buffered in
the Node B, and PDUs with SNs = 4 and 5 are buffered in the UE. It should

be noted that although Figure 4 %@)ﬁﬁﬂ}ﬂ;y several PDUs being buffered, in
reality many nore PDUs (such as or nore) and PDUs from other RLC
entities nmay Imeadeofdearce dvith @06 2BpedsofshewresentAngentdorh, thefe & petvidedsm ssi on

of the PDUwWth.SN = 3 is required, it nmust wait at the end of the queue
in the mw&%@i&%wsfamnﬁmra Be2 “flr%lﬁwqm@ambqﬂtg?naﬁyﬁ@mﬂ%s o0 1 - SN
= 6-9 ar&la&a&@ﬁ?@% B%g(a) -FQ&aiwﬁQE%ddgteniﬂb?aHEr Qt%?i'?l%ta[ g%orgifimcﬂ‘ﬁg Hieishe upper

| ayers until a are received in seduence. I'n this case, the

 PDU wi t HnSNfirst3me iy s(b) Hearisonitting ithe pbiradith ©f gatmblockBUs) tetehinghieg | ayer s,

i . e. SNs, =.4-9 ' . P t i-tted fully.
hgar . 1 Taehr Rheh 3F AT L e uteel ot DS e NP o Gees R B Ve cas
i.n nor meo WepetAdrsenitfednditadiodds WhllsoihRudeR cachrdstsadly; TdpsvaRee afch

retransm tted data PDUs, which further aggravates transn ssion |atency and
data bufdfdberdgansmifted dpgobleeks thatweeds brebdastraasmitted (e vemaorrtlyem and
met hod - S a n,_ayoi he | A - 1

Congest i et iip Ap dfarEe BARSBICLAS T SPLAARAL Y Sdind 3 BB kinly 1 v
accor darthanwht firenmeaspecind{f) thaspigsenthd muekdéd dma Blbdisstbedihaheded a
met hod for(gtg{iansferri ng data in.a wreless conmunpi cati on system the nethod

char act &FFEBIMSIROTY bpiqre deansntgting dataehlgefuin the b memery leaiion i ty of data
?gcgzt Jn giﬂr}ga&rormr With( B) seeb AP HEpbL' B8 thDGrBL M ANV ENOH, Bkd R ocks;
provided a wireless communication system for transferring data, the system
characterized by: (a) means for receiving and temporarily storing a plurality of
data blocks in a first memory; (b) means for transmitting the plurality of data
blocks; (c} means for determining whether each of the transmitted data blocks
was received successfully or needs to be retransmitted because the data block
was not received successfully; (d) means for marking each of the transmitted
data blocks that needs to be retransmitted; {(e) means for temporarily storing the
marked data blocks in a second memory having a higher priority than the first
memory; and () means for transmitting the marked data blocks stored in the
second memory before transmitting data blocks stored in the first memory
~ location.

In accordance with a third aspect of the present invention, there is
provided a Node B characterized by: (i) means for receiving a plurality of data
blocks from a radio network controller, RNC, and for temporarily storing the
received data blocks in a first memory; (ii) means for receiving a plurality of
marked data blocks, the marked data blocks being data blocks that need to be
retransmitted, and for temporarily storing the received data blocks in a second
memory having a higher priority than the first memory; (i) means for
prioritizing transmission of the marked data blocks stored in the second memory

~over other data blocks previously received and stored in the first memory; and
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whet her each of the transmitted data bl ocks was recei ved successfully or
needs to be retransnitted data bl ocks was not recei ved 7Steadst 2090y; (d)
mar ki ng each of the transmtted data bl ocks that needs to be
retransmtted; (e) tenporarily storing the narked data blocks in a second
menory having a higher priority than the first nmenory; and (f)
transmtting the nmarked data bl ocks stored in the second nenory before
transm () ngedal fbbafikRiciet 1R flahbd %@%woch@%atd A LouBERARIRACE W Lh a
second aspect of the reseng I nvention ereIs prOV|d a wreléss
connunldmﬁnsﬁhepﬂM&nkﬁebhkﬁansferr|ng data, the system characterized by:
(a) neans for receiving and tenporarily storing a plurality of data bl ocks
ina first menory; (b) neans for transmitting the plurality of data

bl ocks; (c) means for determ ning whether each of the transmtted data

bl ocks was received successfully or needs to be retransmtted because the
data bl ock was not received successfully; (d) neans for marking each of
the transmtted data blocks that needs to be retransmtted; (e) nmeans for
tenporarily storing the marked data blocks in a second nenory having a

hi gher priority than the first nenory; and (f) means for transmitting the
mar ked data bl ocks stored in the second nenory before transmtting data

bl ocks stored in the first nenory |ocation. In accordance with a third
aspect of the present invention, there is provided a Node B characterized
by: (i) means for receiving a plurality of data blocks froma radio
network controller, RNC, and for tenporarily storing the received data

bl ocks in a first nenory; (ii) neans for receiving a plurality of marked
data bl ocks, the marked data bl ocks being data bl ocks that need to be
retransmtted, and for tenporarily storing the received data blocks in a
second nenory having a higher priority than the first nmenory; (iii) means
for prioritizing transm ssion of the nmarked data bl ocks stored in the
second nmenory over other data bl ocks previously received and stored in the
first menory;, and 6 - - -------------
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7 Novenber 2006 (iv) neans for transmtting the marked data bl ocks to a
user equi pnent, UE, before the other data bl ocks. -6a 7 Nexeewse?008006 WO
03/ 096617 PCT/ US03/ 14412 [00027] BRI EF DESCRI PTI ON OF THE DRAW NGS [ 00028]
A nore detail ed under standi ng of the invention may be had fromthe

f ol | owi W8 Y%&%EYi ption, given by way of exanple and t BCHESUAHE? st ood in

conj unc wth the agge M&uﬁm 0029] Figure 1 is a
UTRAN l\}:g(k.l,@%g [ 00030] " 1Y ¥’9ﬁ?%ﬁ9%? _hs. [00031] Figure 3
i s a bl[©0628]i agmare aeftaﬂeraamzaamaﬂdlﬂgv@ﬁﬁbmau@n hﬁ%e%aa%nﬁtheUE [ 00032]

er exhibiting a m ssed PDU

Figure 4.is. a ramof, th ay
trgnsmfgg? oe ?ﬁﬁ%@%‘]ﬂ FERREY BySW?Bé of %F@@leaﬁﬁl‘éftorhﬁt vadensiosdiian by the RLC

| ayer ojonjudetion &Bdhe Eiebin! Qﬁﬂﬁ%mﬁa?vhﬁ dQ34] Figure 6 is a signal diagram
of a nethod of pri or|t|2|%a retransni svg%lons in accordance with the present

i nvent i[8R%2% o MAGhs| ock di agram of the data flow between a
Node B t R&LE sions are assigned to a higher priority
gueue. [POO(S}gGi % 8\3?%5 %4%5%[@1@ gl agram of the data flow of a DSCH
transmi[8803dh Figire8us a blpcPDidgravnioh tHendaith Rowibetlvceatd Nodk B hA@A37] Figures 9

and 10 e diagrans of retransm ssion by the RLC | ayer of a m ssed PDU
transm Ssion in accordance with the present invention. [00038] DETAILED

DESCR ROV OFigt: 4785 EiaBkbh YRRDRICNESer LKA JheRGfisT o0 embodi ment s

wil | desgribed with reference to the dravmngflgures ere like
nurreral EP%ent |i ke el ements throughout.

[00033] Figure 5 is a diagram of retransmission by the RLC layer of the missed

=,

PDU transmission.

[00034] Figure 6 is a signal diagram of a method of prioritizing retransmissions
in accordance with the present invention.

[00035] Figure 7 is a block diagram of the data flow between a Node B and a
UE, whereby retransmissions are assigned to a higher priority queue, '
[00036] Figure 8 is a block diagram of the data flow of a DSCH transmission .
scheduling PDUs with CmCH-Pi indications.

[00037] Figures 9 and 10 are diagrams of retransmission by the RLC layer of a

missed PDU transmission in accordance with the present invention.

[00038] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
[00039] The preferred embodiments will be described with reference to the
drawing figures where like numerals represent like elements throughout,
[00040] In describing the present invention, reference may be made to the
terminology “buffer” and “memory.” It is intended that these terms are
equivalent, and are used to indicate a plurality of data blocks or PDUs in a
successive queue.

[00041] In order to reduce the latency of an RLC layer retransmission, the
present invention prioritizes a retransmission of a PDU over a subsequent PDU

in the buffer of an intermediate node, such as a Node B for example.

-




[ 00040] In describing the present invention, reference na be made to the
termnol ogy "buffer” and "nenory." It is |ntended t hat t’Héevember A@06ar e
equi val ent, and are used to indicate a plurality of data bl ocks or PDUs in
a successive queue. [00041] In order to reduce the |latency of an RLC | ayer
retransWOSRPYAL’ the present invention prioritizes aPFEUPY ﬁ§ﬂ¥55|on of a
PDU over a subsequent PDU in _the_ buffer of an internedi node, such as a

Node B [P@G42¢x dmthe downplink \ixeetien (data dgansppstarsoen erpes U863/ 14412 [00042]
| the ERN baIEY] dig Gbdd0ori 8 ieddy A 81U 28l ARRistOAMSIRAMBALRNC  (SRNG) o

UE), one source oOf |'at enc he retransm ssions is generated in
appl i c&lpphcﬂldnhdhabbﬁﬁ"@rml thet M'kﬁldeltoﬁ tlereSBNG: hEOISﬁ*ﬂ@Pl‘F?or exanpl e,

"h t he PRk 62 b ABBlbEh AR R th S e al ARCIGRN O b e C LD e
L\/ﬁgn dll\lorN%dEIE ]ﬂ\ioﬁvwdail mmawseﬂlmmhateamwm tc:] gnte@éhﬂ dtloOL PeO]S:R'I[\Iﬁea(r:\gl I
covera gﬁﬁﬂ%%ﬂicﬁsm S@h@‘%ﬁ%&ﬁaﬁ}cﬁ ﬁ@%%ﬁgﬁﬁ g&:ﬁ%ner efore, any

Mes s ag g% (rifdthad i the d’&%@fﬂ%@b-mm&hﬁo\*é&ohﬁ&fth’@ﬁﬁﬂcmiag@bfﬂel| cover age of
the SRNC and the new_ CRNC i s knogn Eﬁthe Drift RNC ( C) . For

si npl i FSENE e CRINC Bkl e theseme Y eftore, 3hy m@%ség?se“ﬁn ®as a CRNO).
[ 00043y, Si-Roewiag tﬁ@@EdlaEQelv&PMt%lfﬁb‘n &%&Cafgé ¥t the BRRPRM tfhelnus ot her

pot ent i a MAC i nfornmation C-d PDU can_be caonsidered equivalent to a

RLC PDWRMNCtskuaym asthe Q(BRNI@)LEOIWSWPWaM@bP hcagesiBlde B in the
present Ii@%h%g%ﬁg%ﬁ{i% Fﬁﬁdgm -d PDUs (not RLC PDUs), they can be

consi d equrva urpose of the present invention and the term
- PDU  wi[D0043¢ Siack sy MH&&t]ﬂBUt@ntaéﬁsaexa(mlybbtRLC [P 4plies Tshex! | ow f or

o M R RS T 9By B Sl st vl

RLC PDU. Although, dlscussmn of PDUs in the CRNC or the Node B in the
present application refers to MAC-d PDUs (not RLC PDUs), they can be
considered equivalent for the purpose of the present invention and the term PDU
will be used hereinafter to refer to both.

[00044] To allow for continuous data flow, the PDUs from the RNC RLC are
usually queued in buffers of the CRNC or Node B for a while, before they are
transmitted to the UE and thus the peer RLC. As will be described in detail
bereinafter, the presently inventive method of retransmitting data at a higher

priority bypasses the buffering/queuing of data in the UTRAN.

[00045]  One embodiment of the present invention is the RLC retransmissions

from the Radio Network Controller (RNC) to the User Equipment (UE) of a

system employing High Speed Downlink Packet Access (HSDPA). A method 100

for reducing the latency of retransmissions in accordance with the present

invention is depicted in Figure 6. Figure 6 shows the communications between

an RNC 102, a Node B 104 and a UE 106,

[00046] The RLC layer in the UE 106 generates a Status Report PDU (step

108) which indicates the status of received, (i.e., successfully transmitted), or
~ missing PDUs, (i.e., unsuccessfully transmitted). This status report PDU is
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transmtted to the UE and thus the peer RLC. As will be described in detail
hereinafter, the presently inventive nethod of retransnitNovepben2@oat a

hi gher pri orlty bypasses t he buffering/queuing of data in the UTRAN.

[ 00045] One enbodi nent of the present invention is the RLC retransm ssions
fromth@olﬂé’asfﬁéﬂNet\mrk Controller (RNC) to the User BHUIUBREAMIZ(UE) of a

system enpl o Speed_Downl i nk Packet. Access A nmet hod 100
for redtAss gst ?@ié?t]éﬁRN&¥%sﬁp@sﬁhﬁr%Lq lﬁya’fzébél%ﬁ@ W2t h the present

t e (o t
LQY&EeH‘QMéE&%ﬂf@W&% B e R e e "R | ayer i n

the UE pra@rgeteratrensmisgomol the RipwdPID(stem 112 108) whi ch indicates the

t at d f PDUs,
i Cov fdTEe Bhe piseedy spFoptioh R onts nd bR bbb NI HCS! 89, PRTL e
20(?]06 }i&ﬁtﬁ@'u%&ﬁéﬂetﬁ@ﬂnhmﬂ?ﬂ@% othesPBUS. tlhecﬁrémmmdﬁﬂéh)t tlm }DBE ]Ic?NC 102.
ce the e cei.ves t us t romits
peer e'rﬁw‘gb-o? %@SR’\{PCI%&%&{ Esmﬁraefiﬂffg&i? 8nf't§1?¢)r§%em ssion of the
N ssed FRRdcAISER ovéddhds, [ TOO4Han I t4d PIE idcludey @/Ch CH-Pivhignt s a method to

enable the Node B to  distinguish the retransmtted ot her PDUs.
I na fi rpdatediierinmented) eveay tirgadhe P Uisspit (piep 1#@ﬁ%§ﬁ?%§dl DU by using a

field %tﬂb'lg %%‘104 %‘hfsrﬁ%ltsﬁim&fe% 1&4%'8)craeuﬁief}ﬁﬁ9§eroﬂaﬁeéﬁier ansmi tted PDU

I ncl udes Is updated (or increased) every tinme the PDU is
sent (ﬁlﬂélslsgm) ali(k thﬁr@fn@ Hngifyghe praper areuriniwhigh torlacetiiedTHér nit s t he Node

inégfl ]Egre%(ﬂ‘g t r quéue t&&m%#&]&%qa%tﬁe g&ogngr e‘%‘}e%r?;gr Sr et he
CnCH Plthjsfuhgtimnoﬂdﬁ slssled paxforimed dhthedVade B hed. RER: Node BAOdeoads, this
O+ pribe eGP L SRETEHE P BB BRPEP e i0e TRV RE B (steps 116).
The NocheEN{4B t0afaAEREeA scleddatinseivices thd kighet frdoritygiuetesiini ority queues
'n advance of lower priority quenes. The Node B 104 places the PDU to be

retransmitted in & buffer having a higher priority than it originally had when the

PDU was originally transmitted as a result of the setting of the CmmCH-Pi by the

RNC 102.

[00048] The PDU is then retransmitted (step 118) in a buffer (i.e., mMemory)

having a higher priority than the priority of the original {ransmission. Other

transmissions for this UE may be buffered in Node B 104 lower priority
_transmission queue at the time of the PDU retransmission. The setting of the
increased CmCH-Pi for retransmitted PDUs results in transmission scheduling
in advance of other PDUs previously received and buffered in Node B 104.
[00049] Referring to Figure 7, retransmissions are assigned to a higher priority
gqueue so that they supercede transmission of other data blocks which originate
from ‘the same “original” transmission buffer. Once the receiving H-ARQ
processors Plye-P5ue process each data block, they are forwarded to the
reordering buffers Ri, Rs, Rs based on their priority; one reordering buffer for
each priority level of data;. For example, reordering buffer Rereorders data blocks
* B21, B2; and B2+. Reordering buffer Rs reorders data blocks B3s, B34and B3s. A

9.




advance of lower priority queues. The Node B 104 pl aces the PDU to be
retransnitted in a buffer having a higher priority than7iNoysmbgi #¥16 y had
when the PDU was originally transmtted as a result of the setting of the
CnCHPi by the RNC 102. [00048] The PDU is then retransmtted (step 118)
in a buWPé’P’“?“F”e menory) having a higher priorityPEREN3HE2priority of
the origin sm ssi,on Clhe ra on r th| Erray be buffered
i n Nodec?aéa% F’IBFEFB% petyreen %@WE@W%@%@&@ R of the PDU

r et ransggyg ﬁlo%('x;ﬁ@mﬁiﬂg Hetw&in th@ ﬁata'HIB‘ckEBgﬁﬁnd@Q"TBbs JeRpectdt ransmtted
PDUs results in transm ssion scheduling in advance of other PDUs

previ oudty bieskeBleandiBds angirob resgived, adduptonn NACK grserzp beiBer ring to
Fi gure IEjsn{t %&&@&%ﬁ&h %mﬁﬁgféﬁgped to a higher priority queue so that
ot fre

t hey super sede transm S|on 0 r data bl ocks which originate from'the
sane " d0D@[0halThe twissingilsini klockbs afd ‘d:ren r@memsmibeds doenallpgheid&@Q processors

P1uE- P e each dat.a re f.or.wa the reordering
buf f er }qﬁfgﬁ%f “%shaﬁﬁ e Rl ﬁ%ﬁ’re g’?‘?%@“’%ﬁ%"?éﬁﬁefflﬁ 9Buffer for each
priori tginde@lelatabldRB2s WEQfms%é&ﬁﬁdl Bad ﬁo&ﬂlrd&amsm]ithdf ﬂnel&aﬁ%lod:or ders data

B34 ancP R3S Plaselis SHIKATSHIEY BOORRIAER YOI e POFFRDII12 Gat a bl ock

(V) i s sehiBGoDRIReE Bnd Dfisdadadt BAliekhaBa%t ward pBdd indhe RiGilyl Onal  data
bl ock ("X") 1s mssing between the data bl ocks B34 _and B36. Thus, expected

dat a bl%@k trepgmigsign Beffersy dikestise, seadajellock Bgs wogddayenarmallsk message bei ng
d bl ock
m si nt ia%gq i?%g@?hgﬂﬂf%ﬁﬁﬁgat f Haock sthPStHRIdasd glgkdat a bl ocks are

t hen re 23 woul d have been placed in
the Pr |B)35|Wags Bissedamshhad lta)he bettdmsmitted wbe data bloéinB8s ihplagskia bl ock B2s was

m ssed apd |l aced in a
hi gher EB Brﬁ?%‘?ﬁﬁgﬁg?ﬁe‘%‘é‘l oﬁrabérfaﬁ Qm,sél 1?1)9@%%-?530 q;(h:"%gie% 1§ ﬁéﬁﬁhﬁ%@l ty 1 .

t r ansmi ggli@rthbw iffiehad besmcbladeddn tise Benity@ardnsaristibmbuffdr. i t were placed in
the Prigtbdl Upon reception of PDUs in the Node B, the CmCH-PI is used to

determine the priority queue Bln-B3n. The scheduler services the higher

priority queues first and assign transmissions to transmitting H-ARQ processors
P1p-P5s, Upon successful transmission to the UE, ‘the receiving H-ARQ
processors Plug -P5uz forward the retransmitted PDUs to the RLC layer.
[00052] This procedure may also be applied for a DSCH system, except that the
intermediate node is the CRNC instead of the Node B. Referring to Figure 8,
PDUs 805 with CmCH-Pi indications are given priority by a prioritization entity
- 810 and are scheduled for transmission by the MAC-sh in the CRNC. The MAC-
sh maintains multiple priority queues 8154, 815B, and a DSCH transmission
scheduler 820 determines which PDU 805 is to be transmitted based on the
priority of that data. Therefore, by setting increased CmCH-Pi for DSCH
retransmissions, these transmissions will be serviced in advance of other data for
the UE. This is similar to the HS-DSCH case where the Node B MAC-hs entity
schedules transmissions.
[00053] Referring to Figure 9, a system is shown in accordance with the present

invention implementing the prioritization method of Figure 6. After the RLC

-10-




2 or 3 transm ssion buffers. Likew se, the data bl ock B35 woul d have
normal |y been placed in the Priority 3 transmi ssion buf/fNeventhengd¥r | since
the data block B35 was m ssed and had to be retransmtted, the data bl ock
B35 is ‘%I aced in either the Priority 1 or Priority 2 transm ssion buffer
so t hatWPM3 W6t ansmitted earlier than if it had beBRUEPEE&I2i n t he

Priority 3 transm ssion _buffer. [00051 I tion. of in the Node
B, thelayerip e JE {rapgmitpa S&%P%F?H"Fﬁef’pb ﬁg é%ﬁffﬁ?’awu@e “B3n. The

schedul iRt tharthe PIR IAINKI - 3 RAL Y bbsh SRUERIY tdedibed Bk FFST O

transnmissions to transmttin rocessors . P1B-PSB, Upon successf ul
t r ans nissdsonatranistrissisn oftthe P mﬂn =14. AH® PBUGE@SW@I‘PW@@ PSUE f orward

the retran qgéla gdure may al so
be applolv%rao ﬁgﬁﬁggﬁsﬂ eé%?t@?gteé ten{o% nt errre iate node is the
CRNC i rlﬁglfeadno:fltﬁblﬂ‘ehloﬂeh&ld mﬁcd:edthmg attho@hgmbellﬂ’DUm@shmﬁ with CrCH Pi

i ndi cations are,.qgiven Rri.ori.t tization entity 810 and are
schedul”é&r}?“ﬁﬁ . &H‘néﬁéﬁﬂg‘l&ﬁ%i?mn the CRNC. The MAC- sh mai ntains
nul ti pligoasa] 0'![‘hé %eﬂﬂyeﬁt&%eﬂlﬁ@nuaﬂdaﬁb@f&&ﬁ withneforesdsedn schedul er 820

determnes whi ch PDU 805 is transmtted ased onthe priority of
Chat Cigre Hor bir Aepics ghapeylh pibe HEPBBEH DA AP Ff retsy

r et r angiHes fiSret Hahﬁ:ﬁ&tédfm%&%wn%a&\h%smwﬁrcwﬁ:@d” d&@rad&ance of other
data for the UE. This is simlar to the HS-DSCH case where the Node B

MAC- hs the ii-segueneehddUs adth PN dite Sican de fryguds) tobedigherdayes Figure 9, a
systemls sh ’ ntion inplenenting the
prlorltnl1 atlg%%%gftﬂgpggﬁ%%%&nﬁﬁger t g%ﬁgﬁygo 7 Novenber 2006 WO
03/ OQGQG(R)SEmeBWﬂﬂeEeﬂtawenman hhe beén tdesaribeil tin terms af Uker eport PDU to
the RLC t.he RN |nd|.ct|n that th 3 has not been
succes@F‘?ﬁ%ﬁCE r""gg@fi%‘ﬂlt PHET RRE Iglé%g' ichprg W etr]i"sn?l%sl%lség’ %}Jtpﬁe PDU with SN =
3. The if3Rdtioh bk oli@inkd ixOthielclaz@ebelow eiill Bé Beparbidis those skiledirfther of the

i nter rreagil; ate node by placenment within a

# # *
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hi gher priority buffer. It should be noted that although only 11 PDUs are
shown, in actuality, there may be hundreds of queued PHRoventhgn3Al6 The
benefits of the present invention can be seen with reference to Figure 10,
whi ch depicts the result of the prioritization function in the receiving
buffer. The retransmtted PDUwth SN = 3 arrives at the receiving buffer,
and the in-sequence PDUs with SN = 3 to 5 can be forwarded to the higher

| ayer much nore quickly than the pygjggnirt scenario depicted in Figure 5.
[ 00055] While the present invention has been described in terns of the
preferred enbodi nent, other variations which are within the scope of the

i nvention as outlined in the clains below will be apparent to those skilled
inthe art. * * -11 7 Novenber 2006 CLAIM5S 1. A nethod for transferring
data’in a wirkel essA casthod ¢t iteinsfodtshe dathhin Netwiedlee adoach@hicagignby: (a)
receiving and tenporarily storing a plurality of data blocks in a first
menory; SG’EW%r@HWWﬂﬁbalfaﬁée%m&E@['i ty of data bl ocks; (c) determ ning

whet her each . i C : i >Ces 1y or
noods (o b ot TAemArE Fon popEaatfl bt B Iass BF SbkE o BYEE SR
successfméiygry;(d) marki ng each of the transmtted data bl ocks that needs to
be retransmfted; (e). tenpporarily stori t he marked data bl ocks in a
sec’ond'nerrbrﬁ%%’@?%u t@gkﬁhﬁﬁ}g?r%tyf?éid?‘?gﬁﬁlﬁ’the first menory; and (f)
transm tUing (ohetemhfife: dihbl OksorihelethdotiolddCl e MRk RAD LoivRET OF ©

transmtting data blocks stored in the first nenory | ocation.
successfully or needs to be retransmitted because the data block was not received

successfully;
(d) marking each of the transmitted data blocks that needs to be
retransmitted;
(e) temporarily storing the marked data blocks in a sécond memory having
~ a higher priority than the first memory; and
(f transmitting the marked data blocks stored in the second memory

- before transmitting data blocks stored in the first memory location.

2. The method of claim 1 wherein the data blocks are transmitted over

a high speed downlink shared channel.

3. The method of claim 1 wherein at least one of the data blocks

.includes a plurality of multiplexed protocol data units, PDUs.

4. The method of claim 1 wherein each data block is a protocol data
unit, PDU.
5. The method of claim 1 further comprising:

(g) assigning a unique transmission sequence number, TSN, to each of the
data blocks.
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2. The nmethod of claim1l wherein the data blocks are transmtted over a
hi gh speed downl i nk shared channel. 3. The nethod of cl & Nevemkise?@in at

| east one of the data blocks includes a plurality of multiplexed protocol
data units, PDUs. 4. The nethod of claim1l wherein each data block is a
protocol data wunit, PDU. 5. The method of claim1 further conprising: (Qg)
assigning a uni que transm ssion sequence nunber, TSN, to each of the data

bl ocks. -12 % Nove]!‘ﬁkelﬁlemofc@alme@uffﬁEP%ﬁﬁsﬁigai m 1 further conprising:
(g) assigning a priority based on a required transm ssion |atency for each

of the data Kgbatsgning arpioritst hagkdoin g lreqwmirdd wiemseiissienddteney frdadht a bl ock
i ncl udes he hannel priority indicator, CrCH Pi, the nethod further
conpri si rﬁg g@gmﬁé) ‘ng the CCH Pi of the narked data bl ock and

determ ning which of a pI urality of menories to place the marked data

bl ock in based on the CnCH Pi. 8 A wireless comunication system for
transferring ©dat a, Thehmethog @ﬁﬁla@hér‘&b@@m gach piarked dapre bleskfingludesai vi ng

mmans  { AP ppah S ARty Pt 1. e B bRV ()

det erm ni ng whet her each of the transmtted data bl ocks was received
successful | y(@s needs to be retransmtted because the data bl ock 1\Q/as not

recei ved suc %e@dffr%/t e. GmCH {s 9k semapkrsbdata block and determining whic
of a plurality of memories to place the marked data block in based on the CmCH-

Pi.

8. A wireless communication system for transferring data, the system
characterized by:

(a) means for receiving and temporarily storing a plurality of data blocks
in a first memory;

(b) means for transmitting the plurality of data blocks;

(c) means for determining whether each of the transmitted data blocks
was received successfully or needs to be retransmitted because the data block

was not received successfully;
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(d) nmeans for marking each of the transmtted data bl ocks that needs to be
retransmtted; (e) means for temporarily storing the mariddevesdenz®loocks in
a second nenory having a higher priority than the first menory; and (f)
means for transmtting the marked data bl ocks stored in the second nenory
before transmtting data bl ocks stored in the first nmenory | ocation. 9. The
W rel ess communi cation systemof claim8, the systemfurther conprising:

- (9) at |east @ne,disgMfof MR acH 5 t}(eht?raﬁs:!hl%@d Badl BB@E@@héton@éHEmdn' cate
with the UE; and (i) a radio network controlier, RNC, arranged t

conmuni detzetwdnsmitted; Node B and the UE, wherein: (i) the RNC corrprl ses the
means for transmttin the ur.al i dat a,bl.ocks, IS arran ed to
Tranem o t o t8r Méarsrfr pRReaifi saro™ oof RARCHE VRIS LB | he
UE conpris@eérs hmrﬁgamlgh@f peietiey ﬁhmﬂ%ﬂfuﬂmma@‘ anged to send a status
report to the RNC t he report i1ndicating whether each of the transmtted

data bl ocks Wlsmeateifretransmdtiing the ynasjed Hiatepbloks méeresl inothe second
(et ransh bt RRGRUBRALNG A S BhAGk 85T (e rRlYRL.aNG aRRENL | v, by Che

UE;, (ii rirse e nean arranged to mark
each of the data blocks t hat needs to be retransn1tted and to send the
mar ked dat a bIock o the_ Node B; % t he Node B conprises the, neans for
receiving and ﬁeawme SS§P’6‘PF%°? en sysieny ok glaim Sgbhesyiteruddirthert he
first megRys éyﬂ? the means for tenporarily storing the marked data bl ocks
in a second nenory having a higher priority than the first nmenory, and is
arranged to rgkat least ¢renpser agiipmentylE;and prioritize transmi ssion of the

i ked dat 2 Bl pcke, BUPIEELL0LOE, Second MR v, pher aLher data ol ocks
conpri ses t he)neaagiol MtwlorRISALIERIRNTE JIRAKER] to communicate with the
Node B and the UE, wherein:

(i) the RNC comprises the means for transmitting the plurality of
data blocks, and is arranged to transmit the plurality of data blocks to the UE
via the Node B; '

(i) the UE comprises the means for determining and is arranged to

- send a status report to the RNC , the report indicating whether each of the
transmitted data blocks was received successfully by the UE or needs to be
- retransmitted because the data block was not received successfully by the UE;

(iii) the RNC comprises the means for marking and is arranged to
mark each of the data blocks that needs to be retransmitted, and to send the
marked data block to the Node B;

(iv) the Node B comprises the means for receiving and temporarily
storing the plurality of data blocks in the first memory and the means for
temporarily storing the marked data blocks in a second memory having a higher
priority than the first memory, and is arranged to receive, temporarily store and
prioritize transmission of the marked data blocks stored in the second memory
over other data blocks previously received and stored in the first memory; and

(v) the Node B comprises the means for transmitting the marked
data blocks, and is arranged to transmit the marked data blocks to the UE
before the other data blocks.
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data bl ocks, and is arranged to transmt the nmarked data blocks to the UE
before the other data bl ocks. 14 7 Novenber 2006 10. THeN@xeatber?¥I6 cl ai m 8
or 9 wherein the data bl ocks are transnmtted over a high speed downlink
shared channel. 11. The systemof claim8 or 9 wherein at | east one of the
data blocks includes a plurality of nmultiplexed protocol data units, PDUs.
12. The systemof claim8 or 9 wherein each data block is a protocol data
unit, PDU. 13. The systemof claim8 or 9 further conprising: neans for

assigning a unique transm ssion sequence nunber, TSN, to each of the data
bl ocks. 14. THe sylSteesystsm of glaimsd or 9ovhereithtre ddahlockisrage tharmmeittedr

assigning a_Rpriorit ased ,om a r,equir transm ssion |latency for each of
t he dat aogﬁfg%}ghs .d%%ﬁé%t@% E&C%@Pﬁgﬁ 8 or 9 wherein each marked data
bl ock includes a common channel priority indicator, CCH Pi, the system

further conprisi ?Ig}e means for reading the CnCH Pi of the narked data

bl ock; and mddns getenmiwlam e chwberainmtdeastiang ofithaedabn bdagkso pl ace
t he mar: ! qgr&—# i ; Node B characterized
by: (i) lﬁgglggg%l%}l%agﬁgiosﬁlr}gﬁgfe%g%%a%l 0 élg tg’ %ﬁyc's froma radi o network
controller, RNC, and for tenporarily storing the received data blocks in a

first nmenory, (ii) nmeans for receiving a plurality o rked data, bl ocks,
the marked d&ta Gf}vfc%t%i ?frgdﬁl’é’%§ 1 §ckRerey each data gioa it PEeFALt ¢ ed,

and for {gpanapdy. - 15

13.  The system of claim8 or 9 further comprising:
means for assigning a unique transmission sequence number, TSN,to

each of the data blocks.

14.  The system of claim 8 or 9 further comprising:
means for assigning a priority based on a required transmission latency for

each of the data blocks.

15. The system of claim 8 or 9 wherein each marked data block
includes a common channel priority indicator, CmCH-Pi, the system further
comprising:

means for reading the CmCH-P1 of the marked data block; and

means for determining which of a plurality of memories to place the

marked data block in based on the CmCH-Pi.

16. A Node B characterized by:

(i) means for receiving a plurality of data blocks from a radio network
controller, RNC, and for temporarily storing the received data blocks in a first
memory;

(i) means for receiving a plurality of marked data blocks, the marked

data blocks being data blocks that need to be retransmitted, and for temporarily

-15-




- ----- I 7 Novenber 2006 storing the received data bl ocks in
a second menmory having a higher priority than the first? Nevmer 2046 i)
means for prioritizing transm ssion of the narked data bl ocks stored in

t he second nenory over other data bl ocks previously received and stored in
the first nenory; and (iv) neans for transmtting the marked data bl ocks to
a user equipnent, UE, before the other data bl ocks. 17. The Node B of

cl ai m 1&tyhes @hd rebavélpidatDbRicks iar£ sbéodaSHelld?§ haNRs adhizgheh psRRRE
downl i nk shared channel. 18. The Node B of claim 16 erein at | east one of

t he dat &hBnébkéirsimemeges a plurality of nmultipl exed protocol data units,
PDUs. 19. The.. LM i | i | d
- VAR B L A R e il oo

unit, PDU. 2 urther conpri sing: an

assi gni ig the uptentt dn@st§Mves iothers éapachlecknprdadusly dbteitedl agdetorefl ihhe data
bl ocks. 21. -The Node B of claim 16 further conprising: nmeans for assigning
a pri orith9fll§§%’é‘ﬁme%y’aam%qui red transmi ssion latency for each of the data

bl ocks. 22. m{}pﬂg f [ ' L i ncl udes
a common ch-egrﬁe pri%f?t@@ﬁ%ﬁ%%‘?%@?@%%%%ﬁ%@ L?trBl %l%grgnt’

conpr i silti, beforatie dther detadilockst he CnCH Pi of the narked data bl ock; and
nmeans for determ ning which of a plurality of nenories to place the nmarked

data bl ock in based on the CnCH-Pi. -16
: 17. The Node B of claim 16 wherein the data blocks are transmitted

over a high speed downlink shared channel.

18. " The Node B of claim 16 wherein at least one of the data blocks
includes a plurality of multiplexed protocol data units, PDUs.

19. The Node B of claim 16 wherein each data block is a protocol data
unit, PDU.

20.  The Node B of claim 16 further comprising:
means for assigning a unique transmission sequence number, TSN, to

each of the data blocks.

21.  The Node B of claim 16 further comprising:
means for assigning a priority based on a required transmission latency

for each of the data blocks.

22.  The Node B of claim 16 wherein each marked data block includes a
common channel priority indicator, CmCH-Pi, the Node B further comprising:
means for reading the CmCH-P1i of the marked data block; and

means for determining which of a plurality of memories to place the

marked data block in based on the ConCH-Pi.
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