0001} A WIRELESS TRANSMIT/RECEIVE UNIT (WTRU) AND METHOD
FOR TRANSMISSION OF ENHANCED UPLINK DATA

0002} FIELD OF INVENTION

[0008] The present brveniion i related to & wirsless communication systam
incinding & wireless {rensmitfreceive unit (WIRU) end e Node-B. More
pariicolarly, the present invention is related to & method and spparatus for
gynemisally adfusting defe trensmission paramsters such e moduladion and
coding scheme (MOS) and fransport bleck set (TBS) size, and assigning and
relensing s hybnid-axtomatic repeat resguest (B-ARQ) prosess wsed to condrol the
trensfer of date batween the WTRU and the Noge-B.

1004} ' | BACEGROUND

[0505] In8rd generadion cellillér sysiams, adapiive rnodulaiion and coding
(AM&D) snd B-ABQ schemes are being Invesbgeied for fncorporation into an
erhenced uplink (K17) operation designed o offer low iransroission lstenoy,
hizher throughput, end more effisient use of phyzical resourcss, -

10053} The A& seheme siloves 2n MCOS to be dynamically adisted on s
trememit time interval (TTT) basis whersby, for esch T7T, the MOE is selected to
meks the most efficient use of radio resources and to provide the hishest pogsible

date rates. A less robust MCS uses less physicsl resvurces, bub is more

velnerablsto errors, A meors robust MOE wses more physicsl resources, bul 588w
greitar proteciion egeinst errors.

10007 The H-ARQ scheme iz wsed o generats transmmissions and
retrensmissions with low lztenoy. A primary aspect ofthe H-ARQ scheme is that
date received In feiled trensmissions cen be soft combined wilh successive
retrensmissions o increass the probebxitity of surcessinl reception. Bither Chase
Combining (C0) or incremental redmmdancy (IR) mey be eppiisd. When OC is
applied, the same MOCE = chosen for the retrensmission. When IR is appiisd, 2

more robust MOS i vesd in esch relransmission.



100083 SUMMARY

10008} The present Invenfion is implemented I  wireless communication
syster including 8 WIRU which trensfers date o a Node-B. Daie transmission
parameters such as TES gize are dynemically adjusted on a8 T basis.
Optionally, MOS may slsc be adjusted. An H-ARQ process used to confrol the
transfer of date between the WTRU exzd the Node-B is assigned and released, as
reguived. The WTIRD transmits and retransmiie date fo the Node-B throungh an
enhenced uplink (BU) dedicsted chanmnel (B-DCH) in ascerdancs with feedback
information received from the Node-B. The WIRU queves dats for fransmission,
end determines & transmission status of the date. The trensmission status is set
by & confroller in the WIRU to ome of "mew iransmission,” “successful
transmission,” “retransmission” and “restarted transmission." For each TTL the
WIRU iniliates en EU transmission to the Node-B which idenfifies efther
explicitly or implicitly the retransmission pumber, new dats indication, aseigned '
H-ARQ process, TBES size and optionaily MOS,

16010} The transmission stebus of data is set by the controller in the WIRU
to "new transmission” when the date is new dsta, to “successfnl trensmission”
when an acknowledge (ACK) messags is received from the Node-B, fo
“retransmission” when a nep-acknowledge (INACK) message or no response is
received from the Node-B in response to the transmission of the new date, and
optionelly to "restarted transmission®™ when & refransmisgioncount excesds &
predetermined maximum number of metrensmissions,

0611] I the trensmission glatus is "new fransmission”, an initial H-ARQ
process is assigned. Ifthe hansmission status is “retransmission”, the sarme H-
ARG process i assigned while incrementing the retransmission counter, Ithe
transmission status is "successful tranpmission”, the B-ARQ process is released.
If the transmission status is "resterbed transmission”, whick is optionsl, an -
ARQ process is assigned while initislizing the refransmission counter snd
incrementing a new dates indicater (NI,



[0011a] According to the first aspect of the invention, there is provided a wireless transmit/receive
unit (WTRU) comprising: at least one circuit configured to select a transport block size for transmission
of enhanced uplink data; wherein the at least one circuit is further configured in response to a medium
access control (MAC) protocol data unit (PDU) exceeding an available space in the selected transport
block size, segmenting the MAC PDU into a plurality of segments; wherein the at least one circuit is
further configured to produce a transport block having the selected transport block size and including at
least one of the plurality of segments; and wherein the at least one circuit is further configured to transmit
the transport block with an indication of the transport block size as an enhanced uplink signal.

[0011b] According to the second aspect of the invention, there is provided a method comprising:
selecting by a wireless transmit/receive unit (WTRU) a transport block size for transmission of enhanced
uplink data; in response to a medium access control (MAC) protocol data unit (PDU) exceeding an
available space in the selected transport block size, segmenting by the WIRU the MAC PDU into a
plurality of segments; producing by the WTRU a transport block having the selected transport block size
and including at least one of the plurality of segments; and transmitting by the WTRU the transport block

with an indication of the transport block size as an enhanced uplink signal.
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ooiz BRIEF DESBCRIPTION OF THE DRAWINGS

{0018] A moredetailed understanding of the invention mey be had from the
illowing description of & preferred example, given by way of exarnple and to be
understood in conjunchion with the accompanying drawing wherein:

{0014] Figure 1 is a block dingram of & wireless commmunication gystem
operating In accordance with the present invention: '
f0018] Figure 2 15 & flow diagram of & process for initiating and releasing

H-ARG processes in acoordance with the present invention:

{0016} Figure 8 is a flow diagrawm of a process inciuding methed steps for
implementing CC in nccordance with the present invention; end

o117 Figure 4 is e flow diagram of & process inchuding method steps for
implementing IR in sccordance with the present fnvention. '

{6018] DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
oo1s Hereafter, the texminology "WTRU  includes but is not Brmited o
user equipment (UL), & mobile station, & fxed or mobile subseriber unit, 2 pager,
ar any other type of device capable of operating in & wiveless environmment, When
referred te hereafier, the terminclpy "Node-B" includes but is not limited to s
base station, a site copiroller, an secess point. or any other type of interfacing
device in a wirejess environwment,

00z The features of the present invention may be incerporated into an
integrated civeuit (IC) ar be configured in & cirewit comprising a multitnde of
interconnecting components.

o021} Figure 1is & block disgraum of & wireless cornmunication system 160
operating in accordance with the present invention. The system 100 COmprises &
WIRU 102, 2 Node-B 104, and & radio network controlier (BNC) 108, The WIRU
102 transmits date throngh an B-DCE 108 with 2 transmitter 120 and receives
feedbsck with & receiver 122 from ths Node-B 104 through & downlink (DL)
signeling channe! 110 based on. aninifisted H-ARQ process. When the Node-B
104 fails to descode the data sent by the WTRU 102, the Node-B 104 transmits &
NACK message to the WTRU 102 via. the DL signaling chaunel 110 or does not
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transmit feedback which is interpreted as e WACK by the WITRU 102. When the
Node-B 104 succeeds to decode the data sent by the WIRU 102, the Node-B 104
tranemits an ACK message to the WIRU 102 which releases the H-ARQ process
for other trénsmissians. The B-ARRG processes may either be designed to
tmplernent CC or IR, The RNC 106 controls overall operetion of date transfers
that oceur between the Node-B 104 and the WIRU 102, including radie resourees
ellocation. The WIRU 102 includes a dats buffer 112 for storing E-DCH data, an
optional date Hfespan timer 114 used to determine whether it is necessary to
discard expived dats, and a refransmmission counter 118 used to defermine
whether date irensmitted by the WIRU 102 but not received by the Node-B 104
should be retransmitted or whether H-ARQ transmission should be terminated or
optionally resterted. The buffer 112, the Lifespan timer 114 snd the
retransmission coumber 116 are coniroiled by & controlier 118, The controller 118
sotg, (L.e,, keops track of), the stedus of esch trenmmission sssoristed with an E-
ARE process.

[0622] Figure 2 is 2 flow dingrarm of a process 200 including method steps
for controlling an E-ARQ process in accordance with the present invention. The
H-ARQ process rmaey be either synchroryons or asynchrencus. In a synchronous 5
ARQ operation, the WIEU 102 keeps track of when responses fo data
transrnissions bebween the WIRU 102 and the Node-B 104 are expected, and the
periodicity of H-ARQ retransmissions is predetermined. In an asynchronous B-
ARG operation, the WIRU 102 transymits date and weits for the feedback for s
predefermined period of ime.

[oe2s) Afeer the 'WTRU 102 imitistes the H-ARQ process and the
retransmission counter 116, the WIRTY 102 transmits data to the Node-B 104 vis
the E-DCH 108 during & carrent TTT (step 202). In step 204, the WTRU 102
weits for feedback from the NodeB 104, If the WTRU 102 receives an ACK
message from the Node-B 104, the WERU 102 then sets the trevsmission status
to "successfu! transmission”, releases the H-ARQ process and reinitiates the

retranemission counter 116 (sbep 208) for subseguent dats transmissions.



j0024) If, at step 206, the WTRLT 102 recsives 2 NACK message or did not
receive any response, the WIRU 102 defermines whether 1he retrensmisgion
count indicated by the refransmission sounter 116 is less than or equal to the
meximuwn pumber of aliowed retransmissions (sbep 212).

10025] I the retransmission count as detarmined at sbep 212 is less than
the merimum nuwuber of abowed retransmissions, the WIRY 102 sets, or
maintaing, the fransmission siatus 5 “retrensmission” and nerements the
refransmission eounter 118 (step 214). The retransmisgion cownter 116 is
meremnented each tirne the seme data is retransmitted by the WTRU 102.
10026 If the retransmission connt s determined ab step 219 is equal to or
greater than the mmazimum pumber of sllowed mtraizsmﬁésims, the H-ARQ
process transymission is terminated and reset for supporting subsequent data
transmissions (step 218). Optionelly the WIRU 102 mey st the transmissior
status to “resterted transmission® and reinitistes the retransmission counter
{step 216). After setiing the fransmission status to "restarted tr&némissian“, the
WTRU 102 reinifiates the H-ARQ transmission process as & "new trensmission”
orthe WTRLS 102 ey optionally release the H-ARQ process (step 218).

{00271 Figure 3 is & flow diagrawm of & process 300 including method steps
for implemsnting GC in accordance with the present invention, The nrocess 300 |
iz performed on & TT1 basis (step 802). In step 304, the WTRU 102 determines
whether EU physicsl resourcss have been assigned by the Node-B 104 and
whether an H-ARQ process is available for the WTRU 102 to transmit dats to the
Node-B 104 via the E-DCH 108. If EU physical rescurces have not been
assigned, the WIRU 102 waits for the sllocation of EU physical resources and
the transmission of deta is deleyed until the next TTI (stap 302). I EU physical
resources have been allocated and an FI-ARQ proeess is svailable, the WIRU 102
determines whether the date is new data (step 306). Ifthe date is determined to
be new dafe in step 308, the WIRLY 102 selects the highest priority data fo
transmit (step 308). Additionally, the WIRD) 102 selects the MOS and TBS size
that meximizes transmission of the highest priority dats within an alowsd Hmit
(step 810). TBE size is chosen based oxx the Node-B 104 signaled mewimm MCS
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and TBS size, transmit power availabie for the E-DCH 108, MCS, and the date

available in the buffer 112 for transorission.

10028 For each transport chamnel (TrCH), dedicated channsl madium

access control (MAC-d) flow or logical chanmel, & et of allowed TBS sizes, &

rebransmission Hmit and allowed transmission latency, (e, MAC data

“lifespan”), are determined, The slovwable MCS and TRS sizes sre the marbmmm

that the WIRU 102 is allowed to transmit for the current physical rescurces

ellocation peried. The configurafion is either signsled from the RNC 166

accordance with radic resource confrel (RRO) procedures or unigquely specified by

e standeyd. The chosen MCE and TBS size may be either explicitly sicnaled

(preferably from the Node-B) or derived from an asscciated parameter such as s

chanmel guality indicator (0QI) and/or transport format combination (TFC)

index. The CQI may represent the mnevimum allowed WTRU interference or

transmit power, The Node-B 104 may signsl this information in the initial
cnsunel assignment. Alternatively, the Node-B 104 mey send this information
when the WIRU 102 regoests additionsl BEU channsl aliceations.

[0028] ¥n step 512, the WIRU 102 ther penerates at least ons BU MAC

(MAGC-e) protocol data unit (FDU) based on the selected TES size, and assigns an
H-ARQ process for transmission of the MAC-s PDU. In step 314, the WTRL 102
nitializes the retransmission counter 116, increments an NI and optionally sets
the Hfespen timer 114 in the WIRU 102, The NDI is used to indicate when new
dats is being transmitted and when the Node-B 104 needs to clear fhe soft buffer
associgted with the H-ARG process thuet is being transmitted. The initis! value of
{he retransmission counter 116 may be interpreted sz a transmission of new date
and, in such & case, the NDI parameater is not needed. The WIRIL 102 then
indiiates an BU transmission to the Mode-B 104 identifying the current F-AR0
process, TBS size, (if not assigned by the Node-B 104), and MOS. The H-ARQ
process and MOS mey be inplicitly kxown by the Node-B 3104 due to & specified
E-ARQ process operation, and fhus rmay not need to be signaled by the WTRU
102 to the Node-B 104,



00801 When CC is supporied, the TBE size informeation is identified tothe
Node-B 104 for each tranemission and retransmission, unless TBR is identified
by the Node-B 104 ix the physical chanmel allocation. Retransmissions have the
same MOS and TBS as applied in the initial transmission in the case of GC.
{0087] Referring back to step 3046, if i iz determined that the data is not
new dats, & determination is made as {o whether the WTEIT 109 ubilizes the
lifespan timer 114 (step 316). If the WTRU 102 utilizes the lifespan timer 114,
the process 300 proceeds to step 816 to determine whether the fespan timer 114
bas expired. Ifthe lifespan thmer 114 bas expived, the WTRU 102 discards the
dafa and releases, (e, frees), the H-ARQ process (step 318), and the process 300
retwrns to step 302, Optionally, when the lifespan timer 114 is close fo
expirvation, the WIRU 102 may wuse 2 more vobust MOS o incresse the
probability of susceseful tranernission.

{0032] - The retransmission counter 116 in the WIEU 102 is incremented
each time s date transmission is not successful and thus net acknowledged by the
Node-B 104. If the lifespan timer 114 has not yet expired, or if the WIRU 102
does not wtilize the lifespan timer 114, the process 800 proceeds to step 820 for
retransmission of the date whereby the WIRU 102 determines whether the
retransmission count is less than the meavimum number of sliowed
retransmissions, If the refransmission cownt is less than the mazimum number
of allowed refransmissions, the states of trensmission is g8t to or maintained as
"refransmission,” the WIRU 102 increments the retrensmission coumber 118
(step 822) and uses the same H-ARQ process, TBS, MCS snd NDIL (if not
ineorperated with the retransmission counter) (step 824). The WTRU 102 then
infiates an BU trensmission o the Node-B 104 identifving the H-ARQ process,
(this may be implicitly known and raay not need be signalied to the Nods-B), TS

size (if not assigned by the Node-B), and MCS in the associated physical controt
channel (step 380).

i0058] if ﬁ'.}_a,e retrensmission count reaches or excseds the mamimum

number of allowed retrensmisgions, the process 300 procesds to step S18 io
discard the dste and relesse the H-ARQ prosess. Alternstively, if restertsd

G



transmissions are determined o be allowed in options! step 325, the status of
transmission is set to "restarted fransmission ” and the WTRT 102 initializes the
retransmisgion counter 118, increments the NDI and assigne s new H-ARQ
process (step 326). If the previously transmitied date stored in the soft
combining buffer is disrupbing suceessive retrensmissions, it 35 better to clear the
soft buffer and restart the H-ARQ transmission to increase the probability of

sneeessfnl  fransmbssion. Therefore, when the mazimum pumber of

retrensmissions for a particular B-ARQ process is reached, the NDI, (or an
initinlized retransmission coumt), iz sent %o indicate that the H-ARQ
trenpmissions have been restarted. When the Node-B 104 receives the
incremented NI, {or the transmission count sef to the initial value), the Node B
104 clears the soft combining buffer of the previously recetved date.

10054] In step 828, & new H-ARQ transmission is inttiated using the same
TBS and, opfionally, a nore robust MCS may be zelected for the “uew
trangmission” to increase the probebility of suceessful delivery (step 328). In
arder to allow this change in MCS, the TBS meay be segmented into several
independent iransmissions. In the'case & transmission is beinge reinitiated with
more redundancy {gither by change of MOCS or just less puncturing) the previous
TBE mey no longer ¢ in the allocated physical resource., In this case the original
transmission may be seginented into multiple separate transmissions that Gonot
exceed the requirement. The WIRU 102 then initiates an EU transmission to
the Node-B which identifies the currsnt H-ARQ process, (may be implicitly
known te the Node-B), TBS size and MCS, (ifnot rssigned by the Node-B), in the
associated physical control channel (step 230),

[0085] Figure 4 is a flow dingram of = process 400 incinding method steps
for implementing IR in accordance with the present invention. The proscess 400
is performed on a TTI basis (step 402). in step 404, the WTRIJ 102 determines
whether EU physical resources have been sssipned by the Node-B 104 and
whether an H-ARQ process is available for the WTRU 102 to transmit date tothe
Node-B 104 via the B-DUH 108 (step 404). If EU physical resonrces heve not
been assigned, the WIRU 102 waits for the sllocation of BU physical resources
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and the transmoission of data is delayed until the next TTI (step 402). ¥ BU
physicel resources have been allocated and an H-ARQ process is availshle, the
WIRU 102 determines whether the date is new data (step 406), Tthe datais
determined to be new data in step 406, the WTRU 102 selects the highest priority
date to transmit (step 40B). Addiionally, the WTRU 102 selects the maximum
TES size and corresponding TFC maximizing transmission of the highest priority
dats using the most robust MOS allowed (step 410). '

{0038) In step £12, the WIRU 102 then generates af least one MAC-=PDU

based on the selected TBS size, and assigns an H-ARQ process for transrission of
the MAC.e PDU. In step 414, the WIRYU 102 inifisbzes the retransmission
counter 116, increments an NDI and optionally sets the Wfespan Smer 114 inthe
WIRU 102 (siep 414). The NDI is used to indicate when new data is being
transmitted and when the Node-B 104 needs to ciear the soft buffer assesiated
with the H-ARQ process that is bems transmitted. The initis!l value of the
retransmisszion counter 116 may be interpreted as a transmission of new date
and, In such = case, the NI peramater is not needed. The WTRY 102 then
mitiates BU tramsmisgion {0 the Node-B 104 identifying the corrent H-ARQ
process, TBS size and MCB in the associated physical control channel (step 4300
The H-AR@ process and MCS may be implicitly known by the Nods-B 104 dus o
& specified H-ARQD provess operation, and thizs may not need to be signaled by the
WTRU 102 io the Node-B 104.

16087 Referring batk to step 408, if it is determined that the date is not
new date, a determinsation is made as to whether the WIRU 102 uzﬁzzas the
tifespan timer 114 (step 415). I the WIBY 102 utifizes the lifespan timer 114,
the process 400 proceeds 1o step 416 to determine whether the Bfespan timer 114
has expired. I the Hfespan timer 114 has expired, the WTRU 1062 discards the
date and releases, (L.e., frees), the ET-ARG process (step £18), and the process 400
returns to step 402, Opficnally, when the Kfespan timer 114 is cloze %o
expiration, the WIRU 102 may wuse 2 more robust MCS to incresse the
probability of successful transmission.
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D038t The retransmission covnter 116 in the WTRU 102 is incremented
each time 2 date transmission iz not snecessful and thus not acknowledged by the
Node-B 104, If the lifespar timer 114 has not yet axpiré& or if the WIRU 102
does not utilize the lifespan timer 114, the proeess 400 proceeds to step 420 for
rebransmission of the date whereby the WTRU 102 determines whether the
reivensinission count is less then the mevimum number of allowed
refransmissions. Hthe retransmission count is less than the masiyom nwmber
of allowed retransmissions, the status of transmission is sef to or maintained g5
“retransmission " and the WIRU 162 incremnents the retrensmingion counter 116
and sslects & more robust MCE, if allowed (step 422). In step 424, the WIRU 102
uses the swme H-ARQ process, TREIRC and NDL
[obas For IR, determination of the MCS and TBS size takes into account
suppart of the moest robust MCS, what is reguived by the date which is ready to
transmit in the WIRU 102, snd svailable WIRU transmit power. With each
retransmission, & more mbf;s*;; MOE mey be chosen for fhe same TRE. The intkal
trensrissions with less robust MOCS allow for & largsr TBS size, bub this size is
restricted so that the same TBS can st be supported by the most rebust MOS.
. Aise, Tor determeingtion of the TBS, the WIRU aveilable transmit power for EU
must be taken into account the most rebust MOS allowed, even though the most
robust MOS mey not be reguired for successful transmission.
[0040] i the refransmission count reaches or exceeds the meximum, the
process 400 proceeds to step 418 to discard the data snd releage the H-ARG
. process, Alternatively, if resterted transmissions are determined to be allowed in
step 425, the status of transmmission is set to *resterted transmission,” and the
WIRLD 102 inifislizes the retransmission counter 1186, increments the NDT and
assigns & new F-ARQ process (step 4:26), In step 428, the same TBSMFC is used
and en MOS is selectad.
10041} Although the features and elements of the present invention are
described in the preferred embodiments in pariicular combinations, each feature
or element can be used alone without the other features end elements of the
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preferred embodiments or in various combingtions with or without other features
and elements of the present invention.

100421 While the present mvention has been deseribed in terme of the

preferred embodiment, other varistions which grve within the seope of the

inveniion as outlined in the claims below will be apparent to those skilied in the
axi,
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CLATMS
What is claimed is:

1. A wireless transmit/receive unit (WTRU) comprising’

at least one circuit configured to select a transport block size for transmission
of enhanced uplink data;

wherein the at least one circuit 18 further configured in response to a medium
access control (MAC) protocol data unit (PDU) exceeding an available space in the
selected transport block size, segmenting the MAC PDU into a plurality of
segments;

wherein the at least one circuit 18 further configured to produce a transport
block having the selected transport block size and including at least one of the
plurality of segments; and

wherein the at least one circuit is further configured to transmit the
transport block with an indication of the transport block size as an enhanced uplink

signal.

2. The WTRU of claim 1 wherein the at least one circuit is further
configured to transmit the transport block using one of a plurality of synchronous

hybrid automatic repeat request (HARQ) processes,

3. The WTRU of claim 1 wherein the at least one circuit is further
configured to receive radio resource control (RRC) configuration information from &
wireless network; wherein the RRC configuration information indicates per each
MAC-d flow, a limit in a number of hybrid automatic repeat request (HARQ)

retransmissions for that MAC-d flow.



4. A method comprising’

selecting by a wireless transmit/receive unit (WTRU) a transport block size
for transmission of enhanced uplink data;

in response to a medium access control (MAC) protocol data unit PDU)
exceeding an available space in the selected transport block size, segmenting by the
WTRU the MAC PDU into a plurality of segments;

producing by the WIRU a transport block having the selected transport block
size and including at least one of the plurality of segments; and

transmitting by the WTRU the transport block with an indication of the

transport block size as an enhanced uplink signal.

5. The method of claim 4 wherein the transport biock 1s transmitted
using one of a plurality of eynchronous hybrid automatic repeat request (HARQ)

processes.

8. The method of claim 4 further comprising receiving by the WTRU radio
resource control (RRC) configuration information from a wireless network; wherein
the RRC configuration information indicates per each MAC-d flow, a limitin a
number of hybrid automatic repeat request (HARQ) retransmissions for that MAC-d

flow.



