
[0(901]METHOD AND APPARATUS FOR DYNAMICALLY ADJUSTNG DATA TRANSMISSION
PARAMETERS AND CONTROLLING H-ARQ PROCESSES [0002]FIELD OF INVENTION [0003]The
present invention is related to a wireless communication system including a wireless transmit/receive
onit (WTRU) and a Node-13 More particularly, the present invention is related to a method and
apparatus for ?Lyn RThircilly adjusting data transmission, parameters such as modulation and coding
scheme (MOS) and transport block set (TES) size, and assigning and releasing a hybrid-automatic
repeat request (H-ARQ) process used to control the transfer of data between the WTRU and the
Node-B. [00041BAU.K.GROUND [0005]In 3rd generation cellular systems, a aptivernodttlion and
coding (AM&C) and H-ARQ schemes are being investigated for ineorparation into an enhfin red uplink
(EU) operation designed to offer low transmission latency, higher throughput, and more efficient use of
physical resources. 



[0006]The AM&C scheme allows an MCS to be dynamicRily adjusted on a transmit time interval (TI)
begio whereby, for each MI, the MCS is selected to m R Ire the most efficient use of radio resources
and to provide the-highest possible data rates. A less robust MCS uses less physical resources, but is
more vulnerable to errors. A more robust MOS uses more physical resources, but offers greater
protection against errors. [0007]The H-ARQ scheme is used to generate transmissions and
retransmissions with low latency. A primary aspect of the H-ABQ scheme is that data received in failed
transmissions can be soft combined with successive retransmissions to increase the probability of
successful reception_ Either Chase Combining (CC) or incremental redundancy (IR) may be a.ppliecL
When CC is applied, the same MCS is chosen for the retransmission. When IR is applied, a more
robust MCS is used in each retransmission.  10008]SUMMARY [0009]The present invention is
implannented in. a wireless communication system including a WTR.0 which transfers data to a
Node-B. Data transinission parameters such as T.BS size are dynamically adjusted on a 'Et bas-ir,
Optionally, MOS may also be adjusted. An H-ARQ process used to control the transfer of data
between the WTRU and the Node-B is assigned and released, as required. The WTRU transmits and
retransmits data to the Node-B though an enhanced uplink (EU) dedicated channel (E-DCH) in
accordance with feedback information received from the Node-B. The WTRU queues data for
transmission, and determines a transmission status of the data. The transmission status is set by a
controller in the wrau to one of 'new transmission," "successful transmission," "retransmission' and
'restarted transmission." For each irn, the WTRU initiates an EU frangmiRsion to the Node-B which
identifies either explicitly or implicitly the refransmissionn, number, new data indication, assigned
H-ARQ process, TES size and optionFaly MOS. [0010]The transmission status of data is set by the
controller in the WTRU 



to 'new transmission" when the data is new data, to "successful transmission" when an aclmowledge
(a) message is received from the Node-B, to "retransmission" when a non-acimovrledge (NAOS.)
message or no response is received from the Node-B in response to the transmission of the new data,
and optionally to "restarted transmission' when a refransmissiontcount Emma a predetermined
maximum =mbar of retransmissions. [0E1]If the transmission status is "new transmission?', an initial
H-ARQ process is assigned. lithe fransmission status is 'retro n mnigsion", the sane HARQ process is
assigned while incrementing the retransmission counter. If the transmission status is ltsuccessto.
ltransmission", the H-ARQ process is released.. lithe transmission status is 'restarted transmission",
which is optional, an 11- ARQ process is assigned while initi sli7ing the retransmission counter and
incrementing a new data indicator (NDI).  [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 W TRU 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.  



[0012]BRIEF DESCRIPTION OF THE DRAWINGS [0013]A more detailed understanding of the
invention may be had from the blowing description of a preferred e-rample, given by way of example
and to be understood in conjunction with the accompanying drawing wherein: [0014]Figure 1 is a block
diagram of a wireless communication system operating in accordance with the present invention;
[0015]Figure 2 is a flow diagram of a process for initiating and relP Rini; H-ARQ processes in
accordance with the present invention; [00161Figure 3 is a flow diagram of a process including method
steps for implementing CC in accordance with the present invention; and 



[0017]Figure 4 is a flow diagram of a process including method steps for implameeting at in
accordance with the present invention. [0018] DETAILED DESCRIPTION OF TEE PREFERRED
10019]Hereafter, the terminology "WTRUR includes but is not limited_ to a user equipment (UE), a
mobile station., a fixed or mobile subscriber unit, a pager, or any other type of device capable of
operating in a wireless environment. When referred to hereafter, the terminology "Node-B" includes
but is not limited to a base station, a site controller, an access point or any other type of interfacing
device in a wireless environment, [0020]The features of the present ray ion may be incorporated into
an integrated circuit (IC) or be configured in a circuit com_prith.ng ii multitude of interconnecting
components. [0021]Figure 1 is a. block diagram of a wireless communication system 100 operating M.
accordance with the present invention. The system 100 comprises a WTRU 102, a Node-B 104, and a
radio network controller (FNC) 106. The WTRU 102 transmits data through an E-DCI-1108 with a
transmitter 120 and receives feedback with a receiver 122 from the Node-B 104 through a downlink
(DL) signaling channel 110 based on an initiated H-ARQ process. When the Node-B 104 fails to
decode tha data sent by the WTRU 102, the Node-B 104 transmits a NACK message to the WTRU
102 via the DL signaling channel 110 or does not 



transmit feedback whichrpreted as a NACK by the WTRU 102. When Ova Node-B 104 succeeds to
decode the data sent by the wrRu 102, the Node-B 104 trank-rnits an ACK me  ge to the WTE.0 102
which releases the H-ARQ process for other transmissions. The H-ARQ processes may either be
designed to implement CO or IR. The RNC 106 controls overall operation of data transfers flint occur
between the Node-B 104 and the WTRU 102, including radio resources allocation. The wrRu 102
includes a data buffer 119 for storing FrDCH data, an option,' data lifespan timPr 114 used to
determine whether it is necessary to discard expired data, and a retransmission counter 116 used to
determine whether data transmitted by the WTRU 102 but not received by the Node-B 104 should he
retransmitted or whether H-ARQ transmission should be terminated or optionally restarted. The buffer
112, the lifespan timer 114 and the retransmission counter 116 are controlled by a controller 118. The
controller 118 sets, (is., keeps track of), the status of each transmission associated with an HARQ
process. [0022]Figure 2 is a flow diagram of a process 200 including method steps for controTiing an
H-ARQ process in accordance with the present invention. The H-ARQ process may be either
synchronous or asynchronous. In a synchronous HARQ operation, the WTRU 102 keeps track of wher
responses to data transmissions between the WTRU 102 and the Node-B 104 are expected, and the
periodicity of H-ARQ retransmissions is predeterniMed. in an asynnivronous HAR,Q operation, the
WTRU 102 transmits data and waits for the feedback for a predetermined period of tune. [0023]After
the WTRU 102 initiates the H-ARQ process and the retransmission counter 116, the WTRLT 102
transmits data to the Node-B 104 via the E-DOH 108 during a current 7.7.1 (step 202). In step 204, the
WTRU 102 waits for feedback from the Node-B 104. If the WTRU 102 receives an ACK message from
the Node-B 104, the 'Frau 102 then sets the transmission status to "successful transmission", releases
the H-ARQ process and reinitiates the retransmission counter 116 (step 208) for subsequent data
transmissions.  [0024]If, at step 206, the WTREJ 102 receives a NACK message or did not 



receive any response, the WTRU 102 determines whether the retransmission count inAirsited by the
retransmission counter 116 is less than or equal to the maximum number of allowed retransmissions
(step 212). 10025]If the retransmission count as determined at step 212 is less than the maximum
number of allowed retransmissions, the WTRU 102 sets, or maintains, the transmission status to 'tetra
n smicsion" and increments the retransmission counter 116 (step 214). The retransmission counter
116 is incremented each time the same data is retransmitted by the WTRTJ 102, [0026]If the
retransmission count as determined at step 212 is equal to or greater taiga the raaximum number of
allowed retransmi axiom, the H-ARQ process transmission is terminated and reset for supporting
subsequent data transmissions (step 213). Optionally the WTRU 102 may set the transmission status
to 'restarted transmission and reinitiates the retransmission counter (step 216). After setting the
transmission status to 'restarted transmission", thP WTRU 102 reinitiates the H-ARQ transmission
process as a. "new transmission" or the WTRU 102 may optionally release the 15-ARQ process (step
213). [0027]Figure 3 is a flow diagram of a !arras.. 300 including method steps for implementing CC in
accordance with the present invention. The process 300 is performed on a TTI bags (step 302). In step
304, the WTRU 102 determines whether EU physiral resources have been assigned by the Node-B
104 and whether an H-ARQ process is available for the WTRU 102 to tranarrat data to the Node-B
104 via the E-DOH 108. If El] physical resources have not been assigned, the WTRU 102 waits for the
allocation of EU physical resources and the transmission of data is delayed until the next TTI (step
302). If El] physical resources have been allocated and an H-ARQ process is available, the WTRU 102
determines whether the data is new data (step 306), If the data. is determined to be new data in step
306, the WMU 102 selects the highest priority data to transmit (step 308). Addition elly, the VTRU 102
selects the MCS and TBS size that maximizes transmission of the highest priority data within an
allowed limit (step 310). TBS size is chosen based on the Node-B 104 signaled maximum MCS  and
TI3S size, tranaTnit power available for the E-D011 106, MOS, and the data available in the buffer 112
for transmission. 



[0028]For each transport rlii4 -nneldedicated channel medium access control (MAO-d) flow or logical
channel, a list of allowed TBS sizes, a retransmission limit and allowed transmission latency, (le., MAO
data ulifespan"), are determined. The allowable MCS and TBS sizes are the maximum that the WTRU
102 is allowed to transmit for the current physical resources allocation period. The configuration is
either signaled from the MC 106 in accordance with radio resource control (RRO) procedures or
uniquely specified by a standarrL The chosen MOB and ms size may be either explicitly signaled
(preferably from the Node-B) or derived from an associated parameter such as a channel quality
indicator (OQI) an.d/or transport format combination (ITC) index, The CQI may represent the
maximum allowed WTRU interference or transmit power. The Node-B 104 may signal this information
in the ha:dip' ChAnnel assignment Alternatively, the Node-B 104 may send this information when the
WTRU 102 requests additional ELT r+Finnal allocations. 10029]In step 312, the WTRU 102 then
generates at least one EU MAC (MAO-e) protocol data mit (PDU) based on the selected PBS size,
and assigns an H-ARQ process for transmission of the MAC-e PDU. In step 314, the WritU 102
initializes the ret-ansmission counter 116, increments an NDI and optionR.11y sets the lifespan timer
114 in the WTRU 102. The NDI is used to indicate when new data is being transmitted and when the
Node-B 104 nee...s to clear the soft buffer associated with the H-ARQ process that is being
tiransmitted. The initial value of the retransmission counter 116 may be interpreted as a transmission
of new data and, in SP rth EL case, the NDI parameter is not needed. The WTRU 102 then initiates an
EU transmission to the Node-B 104 identifying the current H-ARQ process, TBS size, (if not a s
signed. by the Node-B 104), and MOB. The H-ARQ process and MOS may be implicitly known by the
Node-B 104 due to a specified H-ARQ process operation, and thus may not need to be signaled by the
WTRU 102 to the Node-B 104.  [0030]When CC is supported, the TES size itformation is identified to
the Node-B 104 for nsrh transmission and retransmission, unless PBS is identified by the Node-B 104
in the physical el, Anna', allocation. Retransmissions have the same MCS and TBS as applied in the
initial transmission in the case of CC. [00311 Referring back to step 306', if it is determined that the
data is not new data, a determination is made as to whether the W-TRU 102 utilizes the lifespan timer
114 (step 315). If the WTRU 102 -nisi-lives the lifespan timer 114, the process 300 proceeds to step
316 to determine whether the Iffespan timer 114 has expired, lithe lifespan timer 114 Iles expired, the
WTRU 102 discards the data and releases, (i.e., frees), the H-A.RQ process (step 318), and the
process 300 returns to step 302. Optionally, when the lifes-pan timer 114 is close to expiration, the
WTRU 102 may use a more robust MOB to increase the probability of successful transmission..
100321The retransmission counter 116 in the wrau 102 is incremented each time a data transmission
is not successful and thus not acknowledged by the Node-B 104. If the lifespan timer 114 ha g not yet
expired, or if the WT.ttU 102 does not utilize the lifesnan. timer 114, the process 300 proceeds to step
820 for retransmission of the data whereby the WT.RU 102 determines whether the retransmission
count is less that, the maximum number of allowed retransmissions. If the retransmission count is less
than the maidmum number of allowed retransmissions, the status of transmission is set to or
mnintained as 'retransmission," the WTRU 102 infrarnants the retransmission counter 116 (step 322)
and uses the same H-ARQ process, PBS, MCS and NDI, (if not incorporated with the retransmission
counter) (step 324). The WTRU 102 then initiates an EU transmission to the Node-B 104 identifying
the H-ARQ promss, (this may be implicitly known and may not need be signaled to the Node-B), TBB
size (if not a Psigned by the Node-B), and MOB in the associated physical control el-NATI/pal (step
330). 



100331If the retransmission count reaches or exceeds the =lila= number of allowed retransmissions,
the process 300 proceeds to step 318 to discard the data and release the H-.A_RQ process.
Alternatively, if restarted  transmissions are determined to be allowed in optional step 825, the status
of transmission is set to 'restarted transmission," and the WTRU 102 initializes the retransmission
counter 116, increments the NDI and assigns a new H-ARQ process (step 326). If the previously
transmitted data stored in the soft combining buffer is disrupting sners-ssive retransmissions, it is
better to cies* the soft buffer and restart the H-ARQ franRrnission to increase the probability of
successful transmission. Therefore, when the maximum number of retransmissions for a particular
H-ARQ process is reached, the NM, (or an initialized retransmission count), is sent to indicate that the
H-ARQ transmissions have been restarted. When the Node-B 104 receives the incremented NDI, (or
the transmission count set to the initial value), the Node-E 104 clears the soft combining boar of the
previously received data.  [0034] In step 828, a new II-ARQ, transmission is initiated using the same
TES and, optionally, a more robust MOB may be selected for the "new transmission" to increase the
probability rif successful delivery (step 328). In order to allow this change in MOB, the TES may be
segmented into several independent transmissions. In the case a transmission is being reinitiated with
more redundanny (either by change of MOB or just less puncturing) the previous TES may no longer
fit in the allocated physical resource. In this case the original transmission may be segmented into
multiple separate transmissions that do not exceed the requirement. The WTRU 102 then initiates an
EU transmission to the Node-13 which identifies the current H-ARQ process, (may be implicitly known
to the Node-B), PBS size and MOB, (if not assigned by the Node-B), in the associated physical control
channel (step 330), [0035)Figure 4 is a flow diagram of a process 400 including method steps for
implementing IR in accordance with the present invention. The process 400 is performed on a TTI
oasis (step 402). In step 404, the WTRU 102 determines whether EU physical resources have been
assigned by the Nod&B 104 and whether an H-ARQ process is available for the WTRU 102 to transmit
data to the Node-B 104 via the E-Deli 108 (step 404). If EU physical resources have not been
assigned, the WTRU 102 waits for the allocation of ELT physical resources  



a_nd the transmis. sion of data is delayed until the next TTI (step 402). If EU physical resources have
been allocated and an H-ARQ process is available, the WTRU 102 determines whether the data is
new data. (step 406). If the data is determined to be new data in step 406, the VsTRU 102 selects the
highest priority data to transmit (step 408). Additionally, the WTRU 102 selects the maidmum 'PBS
size tine corresponding TFC maximizing t-ansinission of the highest priority data using the most robust
MCS allowed (step 410). [0036]In step 412, the WTRU 102 then generates at least one MAC-e PDU
based on the selected PBS size, and assigns an H-ARQ process for transmission of the MAC-e PDU.
In step 414, the WTRU 102 initializes the retransmission counter 116, increments an NDI and
optionally sets the lifespan timer 114 in the WTRU 102 (step 414). The NDI is used to indicate when
new data is being transmitted and when the Node-B 104 needs to clear the soft buffer associated with
the E-ARQ process that is beinF, transmitted. The initial value of the retransmission counter 116 may
be interpreted as a transmission of new data and, M. such a case, the NDI pars-mgter is not needed.
The WTRU 102 then initiates EU transmission to fro, Node-B 104 identifying the current H-ABQ
process, TBS size and MOS in the associated physinAl control channel (step 430). The 11-ARQ
process Awl MCS may be implicitly known by the Node-B 104 due to a specified H-A_RQ process
operation, and thus may not need to be signaled by the WTRU 102 to the Node-B 104.
100371Referring back to step 406, Wit is determined that the data is not new data, a determination is
made as to whether the WTRU 102 utilizes the lifespan timer 114 (step 415). If the VTREJ 102 utilizes
the Bfespan time: 114, the process 400 proceeds to step 416 to determine whether the lifespanthner
114 has expired. lithe lifespan timer 114 has expired, the WTRU 102 discards the data and releases,
(i.e., frees), the H-ARQ process (step 418), and the process 400 returns to step 402. Ontionally, when
the lifespan timer 114 is close to expiration, the WTRU 102 may use a more robust MOS to increase
the probability of successful transmission.  [0038]The retransmission counter 116 in the WTRU 102 is
incremented each time a data transmission is not successful and thus not acknowledged by the
Node-B 104. If the lifespan timer 114 has not yet expired, or if the WTRU 102 does not utiii7e the
lifesnaz timer 114, the process 400 proceeds to step 420 for retransmission of the data whereby the
WTRU 102 determines whether the retransmission count is less than the maximum mmaber of
allowed retransmissions. lithe retransmission count is less than the maxim= number of allowed
retransmissions, the status of transmission is set to or maintsinpd as "retransmission.," and the writu
102 increments the retransmission counter 116 piid selects a nacre robust MCS, if allowed (step 422).
In step 424, the WTRU 102 uses the same H-ARQ process, TBS/TFC and NDI. [0039]For M,
determination of the MCS and TES size takes into account 



support of the most robust MOS, what is required by the data which is ready to transmit ha the wrRu
102, and available WTRU transmit power. With each retransmition, a more robust MOB may be
chosen for the same TBS. The initial tran stnissions with less robust MOB allow for a larger TBS size,
but this size is restricted so that the same TI3S rqn still be supported by the most robust MOS.  Also,
for determinaton of the TBS, the WTRU available transmit power for EU must be taken into account
the most robust MCS allowed, even though the most robust MOB may not be required for successful
transmission. [00401If the retransmission count reaches or exceeds the merirmam, foci' process 400
proceeds to step 418 to discard the data and release the H-ARQ process. Alternatively, if restarted
tranarni csions are determined to be allowed in step 425, the status of transmission is set to 'restarted
transmi ssion," and the WTRU 102 initializes the retransmission counter 116, increments the NDI and
assigns a new H-ARQ process (step 426). In step 428, the same TBWTFC is used and an MCS is
selected. [0041]Although the features and elements of the present invention are described in. the
preferred embodiments in particular combinations, eachfeature or element can be used alone with out
the other features and elements of the  preferred embodiments or in various crmbinations with or
without other features and elements of the present invention 10042]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
Sill" g below will be apparent to those skilled in the art.  CLAIMS 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 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 



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 (RR,C) configuration information from a 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 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.         5. The method of claim 4
wherein the transport block is transmitted using one of a plurality of synchronous hybrid automatic
repeat request (HARQ) 



processes.        6. 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 limit in a number of hybrid automatic repeat request
(HARQ) retransmissions for that NLeiC-d flow. 


