
[000 1] METHOD AND APPARATUS FOR SELECTING A TRANSPORT
FORMAT COMBINATION [0002] FIELD OF INVENTION [0003]
The present invention is related towireless
communication systems. More particularly, the present
invention is related to a method and apparatus for
selecting a transport format combination (TFC). The
present invention is applicable to any wireless
system, including high speed packet access+ (HSPA+) in
third generation (3G) wireless communication systems
and long term evolution (LTE) of the 3G wireless
communication systems. [0004] BACKGROUND [0005]
Developers of 3Gwireless communication systems are
considering LTE of the 3G systems to develop a new
radio access network for providing a high-data-rate,
low-latency, packet-optimized, improved system with
higher capacity and better coverage. In order to
achieve these goals, instead of using code division
multiple access (CDMA) which is currently used in 3G
systems, orthogonal frequency division multiple access
(OFDMA) and frequency division multiple access (FDMA)
are proposed as air interfaces of LTE of 3Gto be used
in downlink and uplink transmissions, respectively. In
parallel, also being considered is an evolved
packet-optimized system, so called HSPA+, which is a
conventional CDMA-based system. [0006] The basic
uplink transmission scheme in LTE is based on a low
peak-to-average power ratio (PAPR) single-carrier FDMA
transmission with a cyclic prefix to achieve uplink
inter-user orthogonality and to enable efficient
frequency-domain equalization at the receiver side.
Both localized and distributed transmission may be
used to support both frequency-adaptive and
frequency-diversity transmission. The uplink
transmission scheme in HSPA+ is 



based on CDMA. [0007] Figure 1 shows a basic sub-frame
structure for uplink transmission proposed in LTE. The
sub-frame includes six long blocks (LBs) and two
shortblocks (SBs). Alternatively, three SBs may be
used per sub-frame. Figure 2 shows the allocation of
subcarrier blocks in the frequency domain. Seven (7)
orthogonal frequency division multiplexing (OFDM)
symbols are transmitted during a 0.5 msec subframe
over allocated subcarriers, (e.g., ten (10)
subcarriers). In-band pilot symbols and data symbols
are multiplexed in the subcarriers as shown in Figure
2. [0008] Due to the change of the physical layer
structure, new attributes and resource allocation
scheme for uplink transmission, TFC selection
procedures defined in the current wireless
communication standards cannot deal with the new
system requirement and thus part of it should be
re-designed. In LTE, the number of subcarrier blocks
and the number of TTIs are new radio resources to be
considered for TFC selection, and the radio resource
and parameters reallocated for the retransmission of
the same data block may be different from what are
used for the initial transmission. In HSPA+ and LTE,
even when the radio resources and parameters allocated
for the retransmission of the same data block remain
the same as what are used for the initial
transmission, using the same TFC selection,
(especially the same modulation and coding scheme
(MCS)), may not be efficient to overcome the fading
channel and to reduce the number of retransmissions.
[0009] Therefore, it would be desirable to provide a
new TFC selection procedure for one set of data blocks
among a plurality of sets of data blocks to take into
account these new features and to change the MCS for
the subsequent retransmissions to adapt to the channel
conditions. [0010] SUMMARY 



[0011] The present invention is related to a method
and apparatus for selecting a TFC for one set of data
blocks among a plurality of sets of data blocks. A TFC
recovery and elimination unit generates an allowed
transport format combination set (TFCS) subset by
recovering supported TFCs and eliminating not
supported TFCs based on allocated radio resources and
parameters. An attribute of a transport format
includes an MCS and the number and distributionof
subcarrier blocks. A multiplexing and transmission
sequence number (TSN) setting unit generates an LTE
MAC protocol data unit (PDU) by multiplexing at least
one higher layer PDU within a maximum supported
LTEMACPDU size. A TFC selection and padding unit
selects a TFC for the LTE MAC PDU from the allowed
TFCS subset and performs padding of the LTE MAC PDU,
if necessary, sothat the LTE MACPDU fits into the
selected TFC. For retransmission, a new allowed TFCS
subset may be generated based on new radio resources
and parameters and the LTE MAC PDU may be fragmented.
[00 12] BRIEF DESCRIPTION OF THE DRAWINGS [0013]
Figure 1 shows a proposed basic sub-frame structure
for the uplink transmission in LTE. [0014] Figure 2
shows allocation of subcarrier blocks in the frequency
domain in LTE. [0015] Figure 3 is a wireless
communication system configured in accordance with the
present invention. [0016] Figure 4 is a block diagram
of a TFC selection unit in accordance with the present
invention. [0017] Figure 5 is a flow diagram of a
process for selecting a TFC in accordance with the
present invention. [0018] DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS [00 19] When referred
tohereafter, the terminology "WTRU" includes but is 



not limited to a user equipment (UE), a mobile station
(STA), 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, an evolvedNode-B (e-Node-B), a site
controller, an access point (AP) or any other type of
interfacing device in a wireless environment.[0020]
The features of the present invention may be
incorporated into an integrated circuit (IC) or be
configured in a circuit comprising a multitude of
interconnecting components. [0021] Figure 3 is a
wireless communication system 300 configured in
accordance with the present invention. The system 300
includes a WTRU 302 and a Node-B 304. The Node-B 304
dynamically allocates radio resources and parameters
to the WTRU 302 for both downlink and uplink
transmissions. The allocated radio resources and
parameters include, but are not limited to, a maximum
allowed transmit power, a recommended MCS, the number
and distribution of subcarrier blocks, the number of
TTIs, or the like. The WTRU302 then selects a TFC
based on the allocated resources and parameters for
uplink transmission. [0022] A transport format (TF)
includes a dynamic part and a semi-static part. In
accordance with the present invention, the dynamic
part of the TF includes additional attributes
including a modulation rate, a coding rate, and the
number and distribution of subcarrier blocks (for LTE
only). The dynamic part and the semi-static part of
the TF are as follows: Dynamic part: {transport block
size, transport block set size, sub- TTI size,
fragmentation ID, modulation rate, coding rate,
distribution &number of subcarrier blocks (LTE only)}
Semi-static part: {type of channel coding, size of
cyclic redundancycheck 



(CRC)) [0023] Figure 4 is a block diagram of a TFC
selection unit 400 in accordance with the present
invention. The TFC selection unit 400 may be included
in a MAC layer of a WTRU 302 or any network entity,
such as a Node-B 304. The TFC selection unit 400
includes a TFC recovery and elimination unit 402, a
multiplexing and TSN setting unit 404 and a TFC
selection and padding unit 406. The TFC recovery and
elimination unit 402 computes an allowed TFCS subset
by eliminating not supported TFCs and recovering
supported TFCs based on inputs 408. The multiplexing
and TSN setting unit 404 is responsible for
concatenating multiple higher layer PDUs 410 into an
LTE MAC PDU, (i.e., theLTE MACPDU is the multiplexed
higher layer PDUs), and optionally managing and
setting a TSN per logical channel or MACflow for each
LTE MACPDU. The TFC selection and padding unit .406
selects an appropriate TFC which can support the
maximum LTE MAC PDU size and performs padding, if
necessary, so that the LTE MACPDU fits into the
selected TFC. The output 412 of the TFC selection and
padding unit 406 is a complete LTE MAC PDU header and
the selected TFC. [0024] The present invention
considers three scenarios with respect tothe TFC
selection as follows: 1) Scenario 1: initial
transmission of a new data block; 2) Scenario 2:
retransmission of a previous failed data block without
allocating new radio resources and parameters, (i.e.,
the data block is retransmitted using the same radio
resources and parameters allocated for the initial
transmission); and 3) Scenario 3: retransmission of a
previous failed data block with new radio resources
and parameters, (i.e., the data block is retransmitted
using new resources and parameters). 



[0025] For scenario 1, (i.e., initial transmission),
the TFC recovery and elimination unit 402 determines a
state, (either supported or blocked), of each of the
TFCs to compute an allowed TFCS subset. The inputs to
the TFC recovery and elimination unit 402 for TFC
recovery and elimination may include at least one of,
but not limited to: a) buffer occupancy of each
logical channel; b) a priority of each logical channel
and MACflow (alternatively, just an indication of the
highest priority MAC flow with data to transmit); c) a
remaining transmission power calculated from the
maximum allowed power and power requirements for other
applications; d) a TFCS configured by. radio resource
control (RRC), the TFCS including all possible MCS and
relevant subset of subcarrier blocks; e) a hybrid
automatic repeat request (H-ARQ) identity (ID);f) the
maximum number of H-ARQ retransmissions; g) a
fragmentation ID; h) a recommended MCS; i) allocated
subcarrier blocks (LTE only); and j ) the allocated
number of TTIs. [0026] The buffer occupancy is used to
determine the amount of data available to be
transmitted and the LTE MAC PDU size. The priority of
each logical channel and MACflow, (or the indication
of the highest priority MACflow with data to
transmit), is used to determine how the logical
channel data will be multiplexed into a MAC PDU. The
remaining transmission power is used to determine the
LTE MAC PDU size, MCS, or the like. [0027] A TFCS is a
set of TFCs that are allowed to choose from for an
upcoming transmission. The TFCS may be specified by
the standards and/or 



configured by RRC signaling. The TFCS may be
dynamically adjusted by fast MAC or physical layer
signaling from a Node-B. [0028] The H-ARQ ID is used
to determine the H-ARQ entity that will process the
LTE MAC PDU. The maximum number of H-ARQ
retransmissions informs the H-ARQ process the maximum
number of H-ARQ transmissions for this LTE MAC PDU.
The number of transmissions determines the residual
block error rate (BLER) which is directly related to
each logical channels quality of service (QoS)
requirement. This affects the TFC selection unit 400
to decide if fragmentation should be used and MCS
should be changed. [0029] The fragmentation ID
determines if further fragmentation will be performed
and/or MCS should be changed. The recommended MCS
affects the determination of an appropriate MCS for
transmission. The allocated subcarrier blocks and the
allocated number of TTIs are used to determine a
proper LTE MAC PDU size. [0030] The remaining power is
computed by subtracting power requirements for other
applications from the maximum allowed power. The
maximum allowed power is set to the minimum of a
scheduled maximum allowed power (preferably scheduled
by the Node-B 304) and the WTRU maximumtransmitter
power. The scheduled maximum allowed powermay be
controlled by the network through layer 2 (L2) or
layer 3 (L3) signaling. The remaining power is used as
a power ceiling if the Node-B 304 does not provide a
recommended MCS. If the Node-B 304 provides the WTRU
302 with the recommended MGS, the corresponding
transmit power for the recommended MCS is calculated
and compared with the remaining power, whichever
smaller is used as a power ceiling for TFC recovery
and elimination. [0031] The TFC recovery and
elimination unit 402 calculates the power requirement
for each of the TFCs in the TFCS. The power
requirement for each 



TFC is calculated based on the number of bits in each
TFC, the allocated subset of subcarrier blocks (LTE
only), an MCS used in each TFC, and an overhead for
fragmentation if fragmentation is needed for
transmission. [0032] The TFC recovery and elimination
unit 402 eliminates any TFC whose power requirement
exceeds the power ceiling, whose required number of
subcarrier blocks exceeds the allocated number of
subcarrier blocks (LTE only), and whose MCS exceeds
the recommended MCS by setting the state of such TFC
as blocked, and recovers the remaining TFCs by setting
the state of such TFCs as supported. The TFC recovery
and elimination process may be further affected by
fast MAC or physical layer signaling from the Node-B
that either restricts or expands the allowed set of
TFCs on a TTI or semi-TTI basis. [0033] The
multiplexing and TSN setting unit 404 determines the
maximum supported LTE MAC PDU size based on the power
ceiling, (i.e., the recommended MCS and the remaining
power), allocated radio resources, (such as scheduled
subcarriers, number of TTIs), available data for
transmission, the largest available supported TFC, or
the like and performs either concatenation or
segmentation of the higher layer MAC PDU 410. If the
data block size from an RLC buffer does not exceed the
maximum supported LTE MAC PDU, the multiplexing and
TSN setting unit 404 may multiplex multiple higher
layer MAC PDUs into an LTE MAC PDU. [0034] If the data
block size from the RLC buffer exceeds the maximum
supported LTE MAC PDU, the data block is segmented
into multiple pieces toW make each piece fit the
maximum supported LTE MACPDU size. The LTE MAC PDU may
also be a combinat ion of concatenated and segmented
higher layer PDUs. The multiplexing and TSN setting
unit 404 optionally manages and sets the TSN per
logical channel or MAC flow for each LTE MAC PDU
and/or each 



data block within the LTE MAC PDU. [0035] The TFC
selection and padding unit 406 then selects preferably
the highest TFC calculated from the multiplexed LTE
MAC PDU size and the TFCs in the allowed TFCS subset.
If the recommended MCS is provided, the MCS in the
selected TFC should not be greater than the
recommended MCS. The TFC selection and padding unit
406 then performs padding, if necessary, so that the
LTE MAC PDU fits into the selected TFC. [0036] For
scenario 2, (i.e., retransmission without new radio
resources and parameters), the TFC recovery and
elimination unit 402 is not needed to calculate a new
allowed TFCS subset again and the allowed TFCS subset
used for the initial transmission is used for the
retransmission. For retransmission, the initial LTE
MAC PDU may or may not be fragmented. [0037] If
fragmentation is not used for retransmission, the TFC
selection and padding unit 406 may select a TFC with
an MCS lower than what was used for the initial
transmission that can still support the same LTE MAC
PDU size as was used for the initial transmission. In
the case of LTE, the number of subcarriers required
for the new MCSmaybe different from what was used in
the initial transmission and only a subset of the
total allocated subcarriers may be used. Padding is
necessary to make the PDU the same size as the initial
transmission when fragmentation is not used. [0038] If
fragmentation is used, the multiplexing and TSN
setting unit 404 considers the necessary overhead for
fragmentation for determining the fragmented LTE MAC
PDU size tomake sure that the power ceilingmay support
this PDU size. For each retransmission, the LTE MACPDU
may be fragmented to several fragmented PDUs by the
TFC selection and padding unit 406. The number of
fragmented PDUs is determined based on the channel
condition 



measurement. Preferably, the same TFC is used for the
first retransmission asthe initial transmission and
more robust MCS may be used for the subsequent
retransmissions . [0039] For the subsequent
retransmissions, based on an H-ARQ feedback, (i.e.,
either a positive acknowledgement (ACK) or a negative
acknowledgement (NACK)), of each fragmented PDU, only
the fragmented PDUs responded with a NACKare
retransmitted. Toincrease the probability of
successful transmission, a TFC with a lower MCS,
(compared with the highest allowed MCS), or
corresponding subcarrier blocks within the allowed
TFCS subset (for LTE) may be selected for the
fragmented PDUs in the retransmission. The fragmented
PDUs do not have to be the same size as the initial
transmission. If the recommended MCS is given, the MCS
in the selected TFC should not be greater than the
recommended MCS. [0040] For scenario 3, (i.e.,
retransmission with new radio resources and
parameters), new radio resources and parameters,
(e.g., the maximum allowed transmission power, the
number of subcarrier blocks (for LTE) and a
recommended MCS), are re-allocated for
retransmissions. The TFC recovery and elimination unit
402 repeats the allowed TFCS subset calculation
procedure in scenario 1 for calculating a new allowed
TFCS subset based on the new inputs. [0041] If
fragmentation is not used, the size of the
retransmitted LTE MAC PDU should be same to that of
the initial transmission for soft combining, (i.e.,
incremental redundancy or Chase combing), at the
receiver side. If fragmentation is not used, the
multiplexing and TFC selection are applied as in
scenario 1. [0042] If fragmentation is used for the
retransmission, for each retransmission, the LTE MAC
PDU may be fragmented to several fragmented PDUs. The
number of fragmented PDUs is determined based on
channel 



condition measurement. Optionally, more robust TFC may
be used for the subsequent retransmissions.
Alternatively, a TFC with a lower MCS may be used for
the first retransmission. [0043] For the subsequent
retransmissions, based on the ACK/NACK feedback of
each fragmented PDU, only the NACKed fragmented PDUs
areretransmitted. To increase the probability of
successful transmission, a lower MCS, (compared with
the highest allowed MCS) and (for LTE) corresponding
subcarrier blocks within the allowed TPCS subset may
be selected for the fragmented PDUs in the
retransmissions. The fragmented PDUs do not have to be
the same size as the initial transmission. If the
recommended MCS is given, the MCS in the selected TFC
should not be greater than the recommended MCS. [0044]
Figure 5 is a flow diagram of a process 500 for
selecting a TFC in accordance with the present
invention. A Node-B allocates radio resources and
parameters for downlink and uplink transmissions (step
502). An allowedTFCS subset is calculated by
recovering supported TFCs and eliminating not
supported TFCs based on the allocated radio resources
and parameters (step 504). An LTE MAC PDU is generated
by multiplexing at least one higher layer PDU or by
segmenting the higher layer PDUs within a maximum
supported LTEMACPDU size (step 506). ATFC for the LTE
MACPDU is selected from the allowed TFCS subset (step
508). Padding is performed to the LTE MAC PDU, if
necessary, so that the LTE MAC PDU fits into the
selected TFC (step 510). The LTE MAC PDU is then
transmitted (step 512). [0045] Embodiments. [0046] 1.
A method for selecting a TFC for wireless transmission
of data in a wireless communication system. [0047] 2.
The method of embodiment 1, comprising the step of
allocating radio resources and parameters for
transmission. 



[0048] 3. The method of embodiment 2, comprising the
step of generating an allowed TFCS subset by
recovering supported TFCs and eliminating not
supported TFCs based on the allocated radio resources
and parameters. [0049] 4. The method of embodiment 3,
wherein an attribute of a TF including an MCS. [0050]
5. The method as in any of the embodiments 1-4,
comprising the step of generating a MAC PDU by
multiplexing at least one higher layer PDU within a
maximum supported MAC PDU size.[0051] 6. The method of
embodiment 5, comprising the step of selecting a TFC
for the MAC PDU from the allowed TFCS subset. [0052]
7. The method of embodiment 6, comprising the step of
performing a padding to the MAC PDU so that the MAC
PDU fits into the selected TFC. [0053] 8. The method
of embodiment 7, comprising the step of transmitting
the MAC PDU. [0054] 9. The method as in any of the
embodiments 3-8, wherein the allowed TFCS subset is
generated based on a remaining transmit power. [0055]
10. The method as in any of the embodiments 3-9,
wherein the allowed TFCS subset is generated based on
a transmit power corresponding to a recommended MCS.
[0056] 11. The method as in any of the embodiments
3-10, wherein the allowed TFCS subset is generated by
eliminating any TFC whose power requirement exceeds
the remaining transmit power and the transmit power
corresponding to the recommended MCS. [0057] 12. The
method as in any of the embodiments 3-11, wherein the
allowed TFCS subset is generated by eliminating any
TFC whose required 



number of subcarrier blocks exceeds an allocated
number of subcarrier blocks. [0058] 13. The method as
in any of the embodiments 3-12, wherein the allowed
TFCS subset is generated by eliminating any TFC whose
MCS exceeds the recommended MCS. [0059] 14. The method
as in any of the embodiments 4-13, wherein the
attribute of the TF includes distribution and the
number of subcarrier blocks. [0060] 15. The method as
in any of the embodiments 3-14, wherein the allowed
TFCS subset is generated based on at least one of a
remaining transmit power, a transmit power
corresponding to a recommended MCS, and the number of
allocated subcarrier blocks. [0061] 16. The method as
in any of the embodiments 8-15, further comprising the
step of retransmitting the MAC PDU when an initial
transmission of the MAC PDU fails.[0062] 17. The
method of embodiment 16, wherein the retransmission is
performed by using the same radio resources and
parameters used for the initial transmission of the
MAC PDU. [0063] 18. The method as in any of the
embodiments 16-17, wherein the same TFC used for the
initial transmission is used for retransmission of the
MAC PDU. [0064] 19. The method as in any of the
embodiment 16-17, wherein a new TFC is selected for
the retransmission of the MAC PDU. [0065] 20. The
method as in any of the embodiments 16-19, wherein the
MAC PDU is fragmented into multiple fragmented PDUs
for retransmission, whereby each fragmented PDU is
retransmitted separately. [0066] 21. The method of
embodiment 20, wherein an overhead for fragmentation
is considered for the maximum supported MAC PDU size.
[0067] 22. The method as in any of the embodiments
20-21, wherein the 



same TFC used for the initial transmission of the MAC
PDU is used for first retransmission of the fragmented
PDUs. [0068] 23. The method as in any of the
embodiments 20-21, wherein a TFC with a lower MCS
compared to the one used for initial transmission of
the MAC PDU is used for first retransmission of the
fragmented PDUs. [0069] 24. The method as in any of
the embodiments 20-23, wherein only fragments
acknowledged with a NACKare subsequently
retransmitted. [0070] 25. The method of embodiment 24,
wherein a TFC with a lower MCS compared to a highest
allowable MCS is used for the fragments acknowledged
with a NACK. [0071] 26. The method- as in any of the
embodiments 8-25, further comprising the step of
allocating new radio resources and parameters when
transmission of the MAC PDU fails. [0072] 27. The
method of embodiment 26, comprising repeating steps in
embodiments 2-7 for selecting a new TFC for
retransmission of the MAC PDU. [0073] 28. The method
of embodiments 27, wherein the MAC PDU is fragmented
into multiple fragmented PDUs, whereby each fragmented
PDU isretransmitted separately. [0074] 29. The method
of embodiment 28, wherein an overhead for
fragmentation is considered for the maximum supported
MAC PDU size. [0075] 30. The method as in any of the
embodiments 28-29, wherein the same TFC used for
initial transmission of the MAC PDU is used for first
retransmission of the fragmented PDUs. [0076] 31. The
method as in any of the embodiments 28-29, wherein a
TFC with a lower MCS compared t o the one used for
initial transmission of the MAC PDU is used for first
retransmission of the fragmented PDUs. [0077] 32. The
method as in any of the embodiments 28-31, wherein
only 



fragmented PDUs acknowledged with a NACKare
subsequently retransmitted. [0078] 33. The method of
embodiment 32, wherein a TFC with a lower MCS compared
to a highest allowable MCS is used for the fragmented
PDUs acknowledged with a NACK. [0079] 34. The method
as in any of the embodiments 1-33, wherein the
wireless communication system is a 3G HSPA system.
[0080] 35. The method as in any of the embodiments
1-34, wherein the wireless communication system is a
long term evolution of a 3G system. [0081] 36. An
apparatus for selecting a TFC for wireless
transmission of data in a wireless communication
system. [0082] 37. The apparatus of embodiment 36
comprising a TFC recovery and elimination unit for
generating an allowed TFCS subset by recovering
supported TFCs and eliminating not supported TFCs
based on allocated radio resources and parameters.
[0083] 38. The apparatus of embodiment 37, wherein an
attribute of a TF including an MCS. [0084] 39. The
apparatus as in any of the embodiments 37-38,
comprising a multiplexing and TSN setting unit for
generating a MAC PDU by multiplexing at least one
higher layer PDU within a maximum supported MAC PDU
size. [0085] 40. The apparatus of embodiment 39,
comprising a TFC selectionand padding unit for
selecting a TFC for the MAC PDU from the allowed TFCS
subset and performing a padding tothe MAC PDU sothat
the MAC PDU fits into the selected TFC. [0086] 41. The
apparatus as in any of the embodiments 37-40, wherein
the allowed TFCS subset is generated based on a
remaining transmit power. [0087] 42. The apparatus as
in any of the embodiments 37-41, wherein 



the allowed TFCS subset is generated based on a
transmit power corresponding to a recommended MCS.
[0088] 43. The apparatus as in any of the embodiments
37-42, wherein the allowed TFCS subset is generated by
eliminating any TFC whose power requirement exceeds
the remaining transmit power and the transmit power
corresponding to the recommended MCS. [0089] 44. The
apparatus as in any of the embodiments 37-43, wherein
the allowed TFCS subset is generated by eliminating
any TFC whose required number of subcarrier blocks
exceeds an allocated number of subcarrier blocks.
[0090] 45. The apparatus as in any of the embodiments
37-44, wherein the allowed TFCS subset is generated by
eliminating any TFC whose MCS exceeds the recommended
MCS. [0091] 46. The apparatus as in any of the
embodiments 38-45, wherein the attribute of the TF
includes distribution and number of subcarrier blocks.
[0092] 47. The apparatus as in any of the embodiments
37-46, wherein the allowed TFCS subset is generated
based on at least one of a remaining transmit power, a
transmit power corresponding to a recommended MCS, and
the number of allocated subcarrier blocks. [0093] 48.
The apparatus as in any of the embodiments 40-47,
wherein the MAC PDU is retransmitted when an initial
transmission of the MAC PDU fails. [0094] 49. The
apparatus of embodiment 48, wherein the retransmission
is performed by using the same radio resources and
parameters used for the initial transmission of the
MAC PDU. [0095] 50. The apparatus as in any of the
embodiments 48-49, whereinthe same TPC used for the
initial transmission is used for retransmission of the
MAC PDU. 



[0096] 51. The apparatus as in any of the embodiments
48-49, wherein a new TFC is selected for the
retransmission of the MAC PDU. [0097] 52. The
apparatus as in any of the embodiments 48-51, wherein
the MAC PDU is fragmented into multiple fragmented
PDUs for retransmission, whereby each fragmented PDU
is retransmitted separately. [0098] 53. The apparatus
of embodiment 52, wherein the multiplexing and TSN
setting unit considers an overhead for fragmentation
for the maximum supported MAC PDU size. [0099] 54. The
apparatus as in any of the embodiments 52-53, wherein
the same TFC used for the initial transmission of the
MAC PDU is used for first retransmission of the
fragmented PDUs. [00100] 55. The apparatus as in any
of the embodiments 52-53, wherein a TFC with a lower
MCS compared to the one used for initial transmission
of the MAC PDU is used for first retransmission of the
fragmented PDUs. [00101] 56. The apparatus as in any
of the embodiments 52-55, wherein only fragments
acknowledged with a NACK are subsequently
retransmitted. [00102] 57. The apparatus of embodiment
56, wherein a TFCwith a lower MCS compared to a
highest allowable MCS is used for the fragments
acknowledged with a NACK. [00103] 58. The apparatus of
embodiment 48, wherein the TFC recovery and
elimination unit generates a new allowed TFCS subset
based on new radio resources and parameters when
transmission of the MACPDU fails, whereby the MAC PDU
is retransmitted by using the new allowed TFCS subset.
[00104] 59. The apparatus of embodiment 58, wherein
the MAC PDU is fragmented into multiple fragmented
PDUs, whereby each fragmented PDU is retransmitted
separately. 



[00105] 60. The apparatus of embodiment 59, wherein
the multiplexing and TSN setting unit considers an
overhead for fragmentation for the maximum supported
MAC PDU size.[00106] 61. The apparatus as in any of
the embodiments 59-60, wherein the same TFC used for
initial transmission of the MAC PDU is used for first
retransmission of the fragmented PDUs. [00107] 62. The
apparatus as in any of the embodiments 59-60, wherein
a TFC with a lower MCS compared to the one used for
initial transmission of the MAC PDU is used for first
retransmission of the fragmented PDUs. [00108] 63. The
apparatus as in any of the embodiments 59-62, wherein
only fragmented PDUs acknowledged with a NACK are
subsequently retransmitted . [00109] 64. The apparatus
as in any of the embodiments 59-63, wherein a TFC with
a lower MCS compared to a highest allowable MCS is
used for the fragmented PDUs acknowledged with a NACK.
[00110] 65. The apparatus as in any of the embodiments
36-64, wherein the wireless communication system is a
3G HSPA system. [00111] 66. The apparatus as in any of
the embodiments 36-64, wherein the wireless
communication system is a long term evolution of a 3G
system. [00112] Although the features and elements of
the present invention are described in the preferred
embodiments in particular combinations, each feature
or element can be used alone without the other
features and elements of the preferred embodiments or
in various combinations with or without other features
and elements of the present invention. The methods or
flow charts provided in the present invention may be
implemented in a computer program, software, or
firmware tangibly embodied in a computer-readable
storage medium for execution by a general purpose
computer or a processor. Examples of computerreadable 



storage mediums include a read only memory (ROM), a
random access memory (RAM), a register, cache memory,
semiconductor memory devices, magnetic media such as
internal hard disks and removable disks,
magnetooptical media, and optical media such as CD-ROM
disks, and digital versatile disks (DVDs). [00113]
Suitable processors include, by way of example, a
general purpose processor, a special purpose
processor, a conventional processor, a digital
signalprocessor (DSP), a plurality of microprocessors,
one or more microprocessors in association with a DSP
core, a controller, a microcontroller, Application
Specific Integrated Circuits (ASICs), Field
Programmable Gate Arrays (FPGAs) circuits, any
integrated circuit, and/or a state machine. [00114] A
processor in association with software may be used
toimplement a radio frequency transceiver for in use
in a wireless transmit receive unit (WTRU), user
equipment, terminal, base station, radio network
controller, or any host computer. The WTRU may be used
in conjunction with modules, implemented in hardware
and/or software, such as a camera, a videocamera
module, a videophone, a speakerphone, a vibration
device, a speaker, a microphone, a television
transceiver, a handsfree headset, a keyboard, a
Bluetooth module, a frequency modulated (FM) radio
unit, a liquid crystal display (LCD) display unit, an
organic light-emitting diode (OLED) display unit, a
digital music player, a media player, a video game
player module, an Internet browser, and/or any
wireless local area network (WLAN) module.CLAIMS What
is claimed is: 1. A method for selecting a transport
format combination (TFC) for wireless transmission of
data, the method comprising: (a) allocating radio
resources and parameters for transmission; (b)
generating an allowed transport format combination set
(TFCS) subset 



by recovering supported TFCs and eliminating not
supported TFCs based on the allocated radio resources
and parameters, an attribute of a transport format
(TF) including a modulation and coding scheme (MCS);
(c) generating a medium access control (MAC) protocol
data unit (PDU) by multiplexing at least one higher
layer PDU within a maximum supported MAC PDU size; (d)
selecting a TFC for the MAC PDU from the allowed TFCS
subset; (e) performing a padding to the MAC PDU so
that the MAC PDU fits into the selected TFC; and (f)
transmitting the MAC PDU. 2. The method of claim 1
wherein the allowed TFCS subset is generated based on
a remaining transmit power. 3. The method of claim 2
wherein the allowed TFCS subset is generated based on
a transmit power corresponding t o a recommended MCS.
4. The method of claim 3 wherein the allowed TFCS
subset is generated by eliminating any TFC whose power
requirement exceeds the remaining transmit power and
the transmit power corresponding to the recommended
MCS. 5. The method of claim 3 wherein the allowed TFCS
subset is generated by eliminating any TFC whose
required number of subcarrier blocks exceeds an
allocated number of subcarrier blocks.6. The method of
claim 3 wherein the allowed TFCS subset is generated
by eliminating any TFC whose MCS exceeds the
recommended MCS. 7. The method of claim 1 wherein the
attribute of the TF includes distribution and the
number of subcarrier blocks. 8. The method of claim 7
wherein the allowed TFCS subset is generated based on
at least one of a remaining transmit power, a transmit
power 



corresponding to a recommended MCS, and the number of
allocated subcarrier blocks. 9. The method of claim 1
further comprising: (g) retransmitting the MACPDU when
an initial transmission of the MAC PDUfails, the
retransmission being performed by using the same radio
resources and parameters used for the initial
transmission of the MAC PDU. 10. The method of claim 9
wherein the same TFC used for the initial transmission
is used for retransmission of the MAC PDU. 11. The
method of claim 9 wherein a new TFC is selected for
the retransmission of the MAC PDU. 12. The method of
claim 9 wherein the MAC PDU is fragmented into
multiple fragmented PDUs for retransmission, whereby
each fragmented PDUis retransmitted separately. 13.
The method of claim 12 wherein an overhead for
fragmentation is considered for the maximum supported
MAC PDU size.14. The method of claim 12 wherein the
same TFC used for the initial transmission of the
MACPDU is used for first retransmission of the
fragmented PDUs. 15. The method of claim 12 wherein a
TFC with a lowerMCS compared to the one used for
initial transmission of the MAC PDU is used for first
retransmission of the fragmented PDUs. 16. The method
of claim 12 wherein only fragments acknowledgedwith a
negative acknowledgement (NACK) are subsequently
retransmitted. 17. The method of claim 16 wherein a
TFC with a lowerMCS compared to a highest allowable
MCS is used for the fragments acknowledged with a
NACK. 18. The method of claim 1 further comprising: 



(g) allocating new radio resources and parameters when
transmission of the MAC PDU fails; and repeating steps
(b)-(e) for selecting a new TFC for retransmission of
the MAC PDU. 19. The method of claim 18 wherein the
MAC PDU is fragmented into multiple fragmented PDUs,
whereby each fragmented PDU is retransmitted
separately. 20. The method of claim 19 wherein an
overhead for fragmentation is considered for the
maximum supported MAC PDU size. 21. The method of
claim 20 wherein the same TFC used for initial
transmission of the MACPDU is used for first
retransmission of the fragmented PDUs.22. The method
of claim 20 wherein a TFC with a lowerMCS compared to
the one used for initial transmission of the MAC PDU
is used for first retransmission of the fragmented
PDUs. 23. The method of claim 19 wherein only
fragmented PDUs acknowledged with a negative
acknowledgement (NACK) are subsequently retransmitted.
24. The method of claim 23 wherein a TFC with a lower
MCS compared to a highest allowable MCS is used for
the fragmented PDUs acknowledged with a NACK. 25. The
method of claim 1wherein the wireless communication
system is a third generation (3G) high speed packet
access (HSPA) system. 26. The method of claim 1wherein
the wireless communication system is a long term
evolution of a third generation (3G) system. 27. An
apparatus for selecting a transport format combination
(TFC) for wireless transmission of data, the apparatus
comprising: 



a TFC recovery and elimination unit for generating an
allowed transport format combination set (TFCS) subset
by recovering supported TFCs and eliminating not
supported TFCs based on allocated radio resources and
parameters, an attribute of a transport format (TF)
including a modulation and coding scheme (MCS); a
multiplexing and transmission sequence number (TSN)
setting unit for generating a medium access control
(MAC) protocol data unit (PDU) by multiplexing at
least one higher layer PDU within a maximum supported
MAC PDU size; anda TFC selection and padding unit for
selecting a TFC for the MAC PDU from the allowed TFCS
subset and performing a padding to the MAC PDU so that
the MAC PDU fits into the selected TFC. 28. The
apparatus of claim 27 wherein the allowed TFCS subset
is generated based on a remaining transmit power. 29.
The apparatus of claim 28 wherein the allowed TFCS
subset is generated based on a transmit power
corresponding to a recommended MCS. 30. The apparatus
of claim 29 wherein the allowed TFCS subset is
generated by eliminating any TFC whose power
requirement exceeds the remaining transmit power and
the transmit power corresponding to the recommended
MCS. 31. The apparatus of claim 29 wherein the allowed
TFCS subset is generated by eliminating any TFC whose
required number of subcarrier blocks exceeds an
allocated number of subcarrier blocks. 32. The
apparatus of claim 29 wherein the allowed TFCS subset
is generated by eliminating any TFC whose MCS exceeds
the recommended MCS. 33. The apparatus of claim 27
wherein the attribute of the TF includes distribution
and number of subcarrier blocks. 



34. The apparatus of claim 33 wherein the allowed TFCS
subset is generated based on at least one of a
remaining transmit power, a transmit power
corresponding to a recommended MCS, and the number of
allocated subcarrier blocks.35. The apparatus of claim
1 wherein the MAC PDU is retransmitted when an initial
transmission of the MAC PDU fails, the retransmission
being performed by using the same radio resources and
parameters used for the initial transmission of the
MAC PDU. 36. The apparatus of claim 35 wherein the
sameTFC used for the initial transmission is used for
retransmission of the MAC PDU. 37. The apparatus of
claim 35 wherein a new TFC is selected for the
retransmission of the MAC PDU. 38. The apparatus of
claim 35 wherein the MAC PDU is fragmented into
multiple fragmented PDUs for retransmission, whereby
each fragmented PDU is retransmitted separately. 39.
The apparatus of claim 38 wherein the multiplexing and
TSN setting unit considers an overhead for
fragmentation for the maximum supported MAC PDU size.
40. The apparatus of claim 38 wherein the same TFC
used for the initial transmission of the MAC PDU is
used for first retransmission of the fragmented PDUs.
41. The apparatus of claim 38 wherein a TFC with a
lower MCS compared to the one used for initial
transmission of the MAC PDU is used for first
retransmission of the fragmented PDUs. 42. The
apparatus of claim 38 wherein only fragments
acknowledged with a negative acknowledgement (NACK)
are subsequently retransmitted.43. The apparatus of
claim 42 wherein a TFC with a lower MCS compared to a
highest allowable MCS is used for the fragments
acknowledged 



with a NACK. 44. The apparatus of claim 27 wherein the
TFC recovery and elimination unit generates a new
allowed TFCS subset based on new radio resources and
parameters when transmission of the MACPDU fails,
whereby the MAC PDU is retransmitted by using the new
allowed TFCS subset. 45. The apparatus of claim 44
wherein the MAC PDU is fragmented into multiple
fragmented PDUs, whereby each fragmented PDUis
retransmitted separately. 46. The apparatus of claim
45 wherein the multiplexing and TSN setting unit
considers an overhead for fragmentation for the
maximum supported MAC PDU size. 47. The apparatus of
claim 46 wherein the same TFC used for initial
transmission of the MAC PDU is used for first
retransmission of the fragmented PDUs. 48. The
apparatus of claim 46 wherein a TFC with a lower MCS
compared to the one used for initial transmission of
the MAC PDU is used for first retransmission of the
fragmented PDUs. 49. The apparatus of claim 45 wherein
only fragmented PDUs acknowledged with a negative
acknowledgement (NACK) are subsequently
retransmitted.50. The apparatus of claim 49 wherein a
TFC with a lower MGS compared to a highest allowable
MCS is used for the fragmented PDUs acknowledged with
a NACK. 51. The apparatus of claim 27 wherein the
wireless communication system is a third generation
(3G) high speed packet access (HSPA) system. 52. The
apparatus of claim 27 wherein the wireless
communication system is a long term evolution of a
third generation (3G) system. 


