
WO 2008/073443 PCT/US2007/025364  [0001] METHOD AND
APPARATUS FOR TRANSMITTING AND RECEIVING A PACKET VIA
HIGH SPEED DOWNLINK PACKET ACCESS  [0002] FIELD OF
INVENTION [0003] The present invention is related to
wireless communications  systems. [0004] BACKGROUND
[0005] HSDPA is a feature that was introduced in
Release 5 of the third  generation partnership project
(3GPP) specifications in order to increase data  rates
in the downlink for packet data users. Downlink data
is transmitted by a  Node-B to a wireless
transmit/receive unit (WTRU) via a high speed downlink
shared channel (HS-DSCH). The WTRU sends feedback to
the Node-B via a high  speed dedicated control channel
(HS-DPCCH). [0006] Adaptive modulation and coding
(AMC), hybrid automatic repeat  request (H-ARQ) and
fast Node-B scheduling are some of the new features in
HSDPA. AMC adapts the transmission date rate on the
HS-DSCH according to  the channel conditions perceived
by the WTRU. The Node-B determines the best  rate and
scheduling for individual transmissions using the
following information: (1) a channel quality indicator
(CQI) reported from a WTRU, which  indicates the
quality of the channel that is perceived by the WTRU;
(2) a transmit power control (TPC) command of
associated dedicated  channels; and (3) positive
acknowledgement (ACK)/negative acknowledgement  (NACK)
feedback in response to previous HS-DSCH
transmissions. [0007] Lower data rates are generally
used for transmissions to WTRUs  perceiving
unfavorable channel conditions, (e.g., at cell-edge),
resulting in  smaller transport blocks per 2 ms
transmission time interval (TTI). Higher data  rates
are used for transmissions to WTRUs perceiving
favorable channel  conditions, resulting in larger
transport blocks per 2 ms TTI. 



-1 WO 2008/073443 PCT/US2007/025364  [0008] The WTRU
reports the CQI over the HS-DPCCH, which provides to
the Node-B an indication of the quality of the channel
that is perceived by the  WTRU in the downlink. The
CQI indicates the highest MAC-hs transport block  size
that the WTRU may receive in the downlink within the 2
ms TTI, for which  the transport block error
probability is less than 0.1, (i.e., 10 %). The
mapping  between CQI and transport block size for
Category 10 WTRU is shown in Table 1.  Different CQI
lookup tables are provided for each WTRU category. A
higher CQI  value corresponds to a larger transport
block size. Transport Number of Transport Number of
CQI value Modulation CQI value Modulation  Block Size
HS-PDSCH Block Size HS-PDSCH 1 137 1 QPSK 16 3565 5
16-QAM  2 173 1 QPSK 17 4189 5 16-QAM  3 233 1 QPSK 18
4664 5 16-QAM  4 317 1 QPSK 19 5287 5 16-QAM  5 377 1
QPSK 20 5887 5 16-QAM  6 461 1 QPSK 21 6554 5 16-QAM
7 650 2 QPSK 22 7168 5 16-QAM  8 792 2 QPSK 23 9719 7
16-QAM  9 931 2 QPSK 24 11418 8 16-QAM  10 1262 3 QPSK
25 14411 10 16-QAM  11 1483 3 QPSK 26 17237 12 16-QAM
12 1742 3 QPSK 27 21754 15 16-QAM  13 2279 4 QPSK 28
23370 15 16-QAM  14 2583 4 QPSK 29 24222 15 16-QAM  15
3319 5 QPSK 30 25558 15 16-QAM  Table 1 [0009] An
important application for HSDPA is the transmission of
Voice  



over IP (VoIP) traffic. VoIP is an emerging technology
for the transport of speech  over packet-switched
networks. VoIP significantly differs from non
real-time  data-oriented applications in terms of
quality of service (QoS), as end-to-end  delay is the
strictest requirement. [0010] Figure 1 shows protocol
architecture for transmission of VoIP in  universal
mobile telecommunication system (UMTS). The speech
signal is  -2 WO 2008/073443 PCT/US2007/025364
encoded by a voice codec in frames of 20 ms duration.
The encoded voice signal is  then carried over
real-time transmit protocol (RTP), user datagram
protocol  (UDP) and Internet protocol (IP). These are
commonly accepted protocols for the  transportation of
voice traffic over packet-switched networks. [0011]
Figure 2 shows a conventional VoIP packet. The VoIP
packet that is  transmitted over the radio network may
be 72 or 92 bytes in size, depending on  the IP
version, (i.e., IPv4 or IPv6). Referring again to
Figure 1, the VoIP packets  are delivered to the
packet data convergence protocol (PDCP) layer, which
compresses the RTP, UDP and IP headers for
transmission over the air interface.  The PDCP layer
uses robust header compression (ROHC). A number of
states  may be defined for ROHC throughout the life of
a single VoIP call. In one state, a  full frame
without any compression may be delivered to lower
layers for  transmission. In another state, full
compression of RTP/UPD/IP headers down to 1 byte may
take place. This results in variable packet sizes,
ranging from 33  bytes to 92 bytes. [0012] The
compressed PDCP layer packets are then delivered to a
radio  link control (RLC) layer. The RLC layer
typically operates in an unacknowledged  mode (UM) for
VoIP packets. The RLC layer appends an additional one
(1) byte  header to the PDCP layer packets. The RLC
protocol data units (PDUs) that are  delivered to a
medium access control (MAC) layer have sizes ranging
from 34  bytes (full header compression with IPv4) to
93 bytes (no header compression).  The MAC layer
includes one or more RLC PDUs (each RLC PDU
corresponding  



to a VoIP packet) in a single transport block for
transmission. [0013] The WTRU reports perceived
downlink channel quality by sending a  CQI to the
Node-B. The CQI indicates the maximum transport block
size that  the WTRU may receive with a 10 %
probability of packet error. Low CQI values  are
reported to the Node-B in bad channel conditions,
corresponding to smaller  transport block sizes. In
some cases, the next packet to be transmitted to the
WTRU may be larger than the maximum transport block
size specified via the  CQI. Considering the VoIP
service as an example, where RLC PDUs range from  272
bits (34 bytes) to 736 bits (92 bytes) in size,
according to Table 1, CQI values  -3 WO 2008/073443
PCT/US2007/025364  1, 2 and 3 suggest transport blocks
that are too small for the 272-bit RLC PDU.
Similarly, CQI values 1 through 7 suggest transport
block sizes which are too  small for the largest RLC
PDU, (i.e., 736 bits). [0014] The Node-B may react in
two different ways when the CQI indicates  a block
size that is smaller than the next packet in queue.
The Node-B may wait  until the channel conditions
improve and the WTRU indicates that the WTRU is  able
to receive the MAC-hs PDU with reasonable error
probability.  Alternatively, the Node-B may transmit a
larger transport block size than is  indicated by the
CQI and rely on the H-ARQ process for successful
delivery of the  packet. [0015] In the first approach,
the Node-B does not schedule any  transmission to the
WTRU until the Node-B receives a CQI large enough to
transmit the next packet in queue. This can take an
extended amount of time as  larger CQI reports will
only be reported once channel conditions improve. This
approach might be suitable for non real-time
applications, which can tolerate  variable delays, but
unacceptable for delay sensitive applications such as
VoIP.  [0016] In the second approach, the Node-B
schedules the transmission of  the VoIP packet
regardless of the poor CQI. The transmission will
likely fail  because of the larger transport block
than can be received with 10 % error  



probability. A successful transmission should
eventually occur after a certain  number of
retransmissions via H-ARQ mechanism. However, the
H-ARQ  retransmissions introduce undesirable delays
for real-time applications.  Conventional HSDPA
systems do not effectively transfer real-time traffic,
especially for users perceiving poor channel
conditions. [0017] SUMMARY  [0018] A method and
apparatus for transmitting and receiving a packet via
HSDPA are disclosed. At least one HSDPA medium access
control (MAC-hs)  service data unit (SDU) is segmented
into a plurality of segments. A plurality of  MAC-hs
PDUs are generated from the segments wherein each
MAC-hs PDU  includes at least one segment. Each MAC-hs
PDU may include one segment from -4 WO 2008/073443
PCT/US2007/025364  a single MAC-hs SDU. The size of
the segments may match to the size of the  MAC-hs PDUs
minus the size of the header of the MAC-hs PDU, except
the last  segment of the MAC-hs SDU. The sizes of the
segments may be determined  based on the number of
segments to which the MAC-hs SDU is segmented. The
segment included in the MAC-hs PDU may be selected
arbitrarily. Alternatively,  each MAC-hs PDU may
include a combination of segments from a plurality of
MAC-hs SDUs or a combination of at least one segment
from one MAC-hs SDU  and at least one entire MAC-hs
SDU. [0019] BRIEF DESCRIPTION OF THE DRAWINGS [0020] A
more detailed understanding may be had from the
following  description, given by way of example and to
be understood in conjunction with  the accompanying
drawings wherein: [0021] Figure 1 shows protocol
architecture for transmission of VoIP in  UMTS; [0022]
Figure 2 shows a conventional VoIP packet;  [0023]
Figure 3 shows a MAC-hs layer in a Node-B;  [0024]
Figure 4 shows a MAC-hs layer in a WTRU; 



[0025] Figure 5 shows a MAC-hs SDU segmentation scheme
in accordance  with a first embodiment; [0026] Figure
6 shows a MAC-hs SDU segmentation scheme in accordance
with a second embodiment; [0027] Figure 7 shows a
MAC-hs SDU segmentation scheme in accordance  with a
third embodiment; [0028] Figure 8 shows a MAC-hs SDU
segmentation scheme in accordance  with a fourth
embodiment; [0029] Figure 9 shows generation of the
MAC-hs PDU including the last  segment of a MAC-hs SDU
and entire one or more subsequent MAC-hs SDU(s);
[0030] Figure 10 shows segmentation of the MAC-hs SDU
and lost of one of  the segments; -5 WO 2008/073443
PCT/US2007/025364  [0031] Figure 11 shows generation
of a packet almost filled with padding;  and [0032]
Figure 12 shows generation of two MAC-hs PDUs almost
filled with  MAC-hs SDU bits. [0033] DETAILED
DESCRIPTION [0034] When referred to hereafter, the
terminology "WTRU" includes but is  not limited to a
user equipment (UE), a mobile station, a fixed or
mobile  subscriber unit, a pager, a cellular
telephone, a personal digital assistant (PDA),  a
computer, or any other type of user 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 (AP), or any  other type of interfacing
device capable of operating in a wireless environment.
[0035] The embodiments described herein may be
implemented in any  wireless communication system
including, but not limited to, 3GPP UMTS  wireless
communication systems. [0036] In order to improve
transfer of delay-sensitive data, (e.g., VoIP  



traffic), in the downlink for HSDPA systems, packets
may be segmented at a  MAC-hs layer. Larger packets
are segmented into smaller packets to allow
successive transfer of the smaller segments with
higher reliability. This allows  the Node-B to
transmit segments over multiple TTIs, reducing the
transport  block size per TTI. The smaller transport
blocks may be transmitted using lower  modulations
and/or higher coding rates, ensuring more reliable
transfer and  minimizing H-ARQ retransmissions. [0037]
Figure 3 shows functional architecture of an MAC-hs
layer 300 in a  Node-B. The MAC-hs layer 300 includes
a scheduling and priority handling  entity 302, a
segmentation entity 306, an H-ARQ entity 308, and a
transport  format and resource combination (TFRC)
selection entity 310. MAC-hs SDUs are  received from a
higher layer, (e.g., MAC-d layer), and stored in one
of a plurality  of priority queues 305 in accordance
with priority queue distribution function  -6 WO
2008/073443 PCT/US2007/025364  304. The scheduling and
priority handling entity 302 manages and determines
the queue ID and TSN for each new MAC-hs PDU. [0038]
The segmentation entity 306 is included in the MAC-hs
layer 300 of  the Node-B so that at least one MAC-hs
SDU is segmented into a plurality of  segments. At
least one MAC-hs SDU may be segmented to a plurality
of  segments by the segmentation entity 306. At least
one segment is then included  in an MAC-hs PDU, which
is transmitted via an H-ARQ entity 308. An H-ARQ
process is performed individually for each MAC-hs PDU
over the air interface.  The TFRC selection entity 310
selects a transport format and resource for each
MAC-hs PDU. The MAC-hs PDUs are transmitted over the
air via a physical  layer 320. [0039] Figure 4 shows
functional architecture of an MAC-hs layer 400 in a
WTRU. The MAC-hs layer 400 includes an H-ARQ entity
402, reordering queue  distribution 404, a reordering
entity 406, a reassembly entity 408, and a
disassembly entity 410. MAC-hs PDUs are received by an
H-ARQ entity 402 via  



a physical layer 420. The received MAC-hs PDUs are
sent to the reordering  entity 406 via reordering
queue distribution 404 for reordering in accordance
with a transmission sequence number (TSN). The
reordered MAC-hs PDUs are  reassembled by the
reassembly entity 408. The reassembled MAC-hs PDUs are
sent to the disassembly entity 410 for extracting the
MAC-hs SDU to be sent to a  higher layer, (e.g., MAC-d
layer). [0040] Coordination of the segmentation and
reassembly of PDUs between  the Node-B and the WTRU
may be signaled by using a new MAC-hs header  which
will be explained in detail below or via high speed
shared control channel  (HS-SCCH). [0041] Figure 5
shows a MAC-hs SDU segmentation scheme in accordance
with a first embodiment. A MAC-hs SDU 502, (e.g.,
MAC-d PDU), may be  segmented into a plurality of
segments. Each MAC-hs PDU 504a-504n includes  a single
segment 508a-508n from at most one MAC-hs SDU 502. The
size of each  segment matches exactly the size of the
MAC-hs PDU minus the MAC-hs header  -7 WO 2008/073443
PCT/US2007/025364  size, except the last segment. The
MAC-hs PDU 504n containing the last  segment may
contain padding bits 510. [0042] Figure 5 also shows a
MAC-hs header format in accordance with the  first
embodiment. The MAC-hs header 506a-506n indicates the
MAC-hs  segmentation scheme. The MAC-hs header
506a-506n includes a version flag  (VF), a queue ID, a
TSN, a size identifier (SID), and a fragment sequence
number  (FSN). It should be noted that the exact order
of the information elements in the  MAC-hs header
506a-506n is not important and may be changed. [0043]
A conventional one-bit VF field may be extended from
one bit to two  (2) bits. The first bit may be set
to'1' (previously a reserved value) to indicate the
new MAC-hs PDU format supporting segmentation of
MAC-hs SDUs. The new  MAC-hs PDU format should only be
used when one MAC-hs SDU is segmented in  two or more
segments. Otherwise, conventional MAC-hs PDU format
should be  



used to transport the MAC-hs SDUs. The second bit of
the VF field may be set to  '0' while the value '1' is
reserved for future purposes. [0044] The queue ID
identifies the reordering queue in the WTRU in order
to support independent buffer handling of data
belonging to different reordering  queues. The TSN is
an identifier for the transmission sequence number on
the  HS-DSCH. The TSN is used for reordering purposes
to support in-sequence  delivery to higher layers. The
SID is an identifier for the size of the MAC-hs  SDU.
Optionally, the SID may be omitted in any MAC-hs PDU
not containing  the first segment. The FSN is optional
and provides an identifier for the  fragment sequence
number. [0045] Optionally, an additional 1-bit flag
(not shown in Figure 5) may be  added to the MAC-hs
header to indicate whether or not there is padding in
the  MAC-hs PDU. This 1-bit flag is optional as the
WTRU is capable of determining  the amount of padding
bits based on the FSN and the sizes of previous
segments.  The size of the segment need not be
indicated in the header either because only  the
MAC-hs PDU containing the last segment contains
padding bits or because  the size of the MAC-hs SDU is
indicated by the SID. -8 WO 2008/073443
PCT/US2007/025364  [0046] Figure 6 shows a MAC-hs SDU
segmentation scheme in accordance  with a second
embodiment. Each MAC-hs PDU 604a-604n contains data
from at  most a single MAC-hs SDU 602. All segments
608a-608m of the MAC-hs SDU  602 have pre-determined
sizes based on the number of segments, (S total
segments). A rule is defined to calculate the sizes.
Preferably, the sizes for the  first S-1 segments is
the size of the MAC-hs SDU rounded up to the nearest
multiple of S then divided by S. The size of the last
segment 608m is the size of  the MAC-hs SDU 602 minus
the sum of the sizes of previous S-1 segments. Any
MAC-hs PDU 604a-604n may contain padding bits. The
WTRU knows which bits  are padding bits based on the
known sizes of segments of MAC-hs SDUs. Each  MAC-hs
PDU 604a-604n contains one or more segments of the
MAC-hs SDU (not  



necessarily contiguous). A Node-B scheduler has
flexibility of transmitting any  subset of segments of
the MAC-hs SDU based on current channel conditions and
success or failure of past transmissions of MAC-hs PDU
containing segments of  the same MAC-hs SDU. [0047]
Compared to the first embodiment, the second
embodiment has an  advantage of allowing more
selectivity in retransmitting the segments. The
drawback is possibly more overhead in each MSC-hs PDU
due to header and  padding. [0048] Figure 6 also shows
a MAC-hs header format in accordance with the  second
embodiment. The MAC-hs header 606a-606n includes a VF,
a queue ID, a  TSN, a number of fragments of MAC-hs
SDU (NFM) field, an FSDI, and an SID.  It should be
noted that the exact order of the information elements
in the MAC- hs header is not important and may be
changed. The VF, queue ID, TSN and  SID are same as
the first embodiment, and therefore will not be
explained again  for simplicity. [0049] The NFM field
indicates the number of segments of the MAC-hs  SDU.
The NFM field may be omitted if the number of segments
of the MSC-hs  SDU is fixed to a certain value, (e.g.,
eight (8)). The number of bits for the NFM  field
depends on the number of possible segments. For
instance, the NFM field  may be one (1) bit if the
number of segments may be either 2 or 4. -9 WO
2008/073443 PCT/US2007/025364  [0050] The FSID is a
bitmap indicating the segments that are transmitted
in the MAC-hs PDU. The size of the FSID is the number
of segments indicated by  the NFM field. Therefore,
the NFM field should precede the FSID field unless the
NFM field does not exist. The SID may be omitted in
any MAC-hs PDU not  containing the first segment.
[0051] Figure 7 shows a MAC-hs SDU segmentation scheme
in accordance  with a third embodiment. Each MAC-hs
PDU 704a-704n may include a signal  segment from at
most a single MAC-hs SDU 702. The position of the
segment  



within the MAC-hs SDU 702 is arbitrary and indicated
in the MAC-hs PDU  header 706a-706n containing the
segment. The Node-B scheduler has flexibility  of
transmitting any segment of any size at any position
of the MAC-hs SDU 702  based on current channel
conditions and success or failure of past
transmissions  of MAC-hs PDU 704a-704n containing
segments of the same MAC-hs SDU 702.  [0052] Figure 7
also shows a MAC-hs header format in accordance with
the  third embodiment. The MAC-hs header 706a-706n
includes a VF, a queue ID, a  TSN, a starting position
identifier (SPID), and an SID. It should be noted that
the exact order of the information elements in the
MAC-hs header is not  important and may be changed.
The VF, queue ID, TSN and SID are same as  the first
embodiment, and therefore will not be explained again
for simplicity.  The SID may be omitted in any MAC-hs
PDU not containing the first segment.  [0053] The SPID
indicates the starting position of the segment within
the  MAC-hs SDU. Several schemes for defining the
granularity of the position  indication are possible.
The SPID may indicate the starting position of the
segment in bits or bytes. For example, if MAC-hs SDU
sizes up to 1024 bits are  allowed, the size of SPID
is 10 bits if expressed in bits or 7 bits if expressed
in  bytes. [0054] Alternatively, the SPID may indicate
a segment number which  indicates the starting
positions. For example, if there are four (4)
pre-established  starting positions for any MAC-hs
SDU, the starting positions are calculated by
rounding up the MAC-hs SDU size up to the closest
multiple of four, dividing by  4, and taking multiples
of this number. Optionally, the number of
pre-established  -10 WO 2008/073443 PCT/US2007/025364
starting positions may be indicated by a separate
field similar to the NFM of the  second embodiment.
[0055] To reduce the overhead, the first bit of the
SPID may be reserved to  indicate whether the starting
position is the start of the MAC-hs SDU. If the
starting position is the start of the MAC-hs SDU, the
SPID field may be a single  



bit. Thus, the size of the SPID may be one (1) bit if
the segment starts at the  start of the MAC-hs SDU and
N+1 bits otherwise where N is the number of bits
required to indicate the starting positions. This
scheme reduces the overhead if  the number of bits
required to indicate the starting positions is larger
than the  number of transmitted segments. [0056]
Optionally, an end position indicator (EPID) or length
indicator  (LID) may be included in the MAC-hs PDU
header to indicate the end position of  the segment in
the MAC-hs SDU or the length of the segment,
respectively.  Similar scheme may be used for encoding
the EPID and LID as SPID. [0057] Figure 8 shows a
MAC-hs SDU segmentation scheme in accordance  with a
fourth embodiment. Each MAC-hs PDU 804a-804n may
contain a  combination of one or more segments
808a-808m from one or more MAC-hs SDU  802a, 802b or a
combination of one or more segments from one MAC-hs
SDU and  one or multiple entire MAC-hs SDUs 802a,
802b. Any MAC-hs PDU 804a-804n  may contain padding
bits. The WTRU knows which bits are padding bits based
on the known sizes of segments of MAC-hs SDUs 802a,
802b. The segments  associated to a given MAC-hs SDU
all have the same size and this size is based  on the
number of segments. The sizes for the first S-1
segments may be the size  of the MAC-hs SDU rounded up
to the nearest multiple of S then divided by S.  The
size of the last segment is the size of the MAC-hs SDU
minus the sum of the  sizes of previous segments.
[0058] The fourth embodiment allows the Node-B to
transmit, in the same  MAC-hs PDU, the last segment of
a MAC-hs SDU and either the first segment of  a
subsequent MAC-hs SDU (as shown in Figure 8) or entire
one or more  subsequent MAC-hs SDU(s) (as shown in
Figure 9). This allows for a more  efficient use of
the radio resources as it allows the Node-B to
transmit traffic data  -11 WO 2008/073443
PCT/US2007/025364  rather than padding bits when there
is still room in an MAC-hs PDU containing  the last
segment of a MAC-hs SDU. This may be especially useful
in situations  



where poor channel conditions had lead to segmentation
but channel conditions  improve after the first
segment has been sent. [0059] Figure 8 also shows a
MAC-hs header format in accordance with the  fourth
embodiment. The MAC-hs header 806a-806n includes a VF,
a queue ID,  an SID, a TSN, an NFM, an FSID, an N
field and an F field. It should be noted  that the
exact order of the information elements in the MAC-hs
header is not  important and may be changed. The VF,
queue ID, TSN and SID are same as  the first
embodiment, and therefore will not be explained again
for simplicity.  [0060] A set of SID, NFM, FSID, N and
F is associated with one or more  MAC-hs SDUs.
Multiple sets of SID, NFM, FSID, N and F may be
included in  the MAC-hs PDU header. [0061] The NFM
indicates the number of segments of MAC-hs SDU
associated to the given set of SID, NFM, FSID, N, and
F. For example, a value of  '0' may indicate that the
set of SID, NFM, FSID, N, and F is not associated with
any MAC-hs SDU segment. [0062] The FSID is a bitmap
indicating the segments that are transmitted  in the
MAC-hs PDU. The FSID may be removed if NFM (in a
particular set of  SID, NFM, FSID, N, F) is set to
'0'. [0063] The N field indicates the number of
consecutive entire MAC-hs  SDUs with equal size
associated to a particular set of SID, NFM, FSID, N,
and F.  A value of '0' may indicate that the current
set of SID, NFM, FSID, N, and F is  not associated
with any entire MAC-hs SDU, but only to a segment(s).
[0064] The F field is a flag indicating whether or not
more fields are  present in the MAC-hs PDU header. For
example, if the F field is set to '0' the F  field is
followed by an additional set of SID, NFM, FSID, N and
F, or vice versa.  [0065] Optionally, a DTSN field
(not shown in Figure 8) may be added to  allow the
Node-B to transmit a MAC-hs PDU containing a MAC-hs
SDU for  which segments have already been sent and
received successfully by the WTRU.  The DTSN field
identifies the TSN(s) that the WTRU needs to delete in
order to  -12 



WO 2008/073443 PCT/US2007/025364  prevent duplicate
MAC-hs PDU(s) to reach the upper layer, (e.g., MAC-d
layer).  Where poor channel conditions had lead to
segmentation but channel conditions  have improved
after the first segment(s) have been sent, it may be
desirable for  the Node-B to send the entire MAC-hs
SDU although parts of it have already  been
successfully received by the WTRU. [0066] The
following examples illustrate the MAC-hs PDU header
setting  in accordance with the fourth embodiment.
[0067] Example 1: If the Node-B wants to transmit the
last two segments of  MAC-hs SDU X and the first
segment of MAC-hs SDU Y, the MSC-hs PDU  includes the
two sets of SID, NFM, FSID, N, and F, wherein the
first set is set to:  SID>0, NFM > 0, FSID :t- 0, N=O,
F=O, and the second set is set to: SID>0, NFM  >0,
FSID :A 0, N=O, F=1. [0068] Example 2: If the Node-B
wants to transmit the last two segments  of MAC-hs SDU
X and the next subsequent whole MAC-hs SDUs Y and Z,
one set  of SID, NFM, FSID, N, and F is set to: SID>0,
NFM > 0, FSID 0, N=2, F=1.  [0069] With segmentation,
one MAC-hs SDU may be split into two or more  segments
and the segments are transmitted separately. One or
more segments of  the MAC-hs SDU may be lost. Figure
10 shows segmentation of an MAC-hs SDU  1002 which has
lost one of the segments. The MAC-hs SDU 1002 is
segmented  into four (4) segments. Each segment is
included in a separate MAC-hs PDU  1004a-1004d and
transmitted separately. The first, second and fourth
segments  1004a, 1004b, 1004d are successfully
received by the WTRU and buffered.  However, the third
segment 1004c is lost. Due to the missing third
segment, the  segments 1004a-1004d cannot be
reassembled into the MAC-hs SDU 1002.  [0070] The WTRU
autonomously determines that the transmission has
failed for a particular segment. Once it is determined
that the H-ARQ process for  one segment has failed,
the WTRU deletes all segments of the same MAC-hs  SDU
in a buffer that is waiting for reassembly. [0071] The
following mechanisms may be used individually or in
any  



combination to determine that a segment is lost. The
WTRU may use a timer- based mechanism. The WTRU sets a
timer, and if the timer expires before all  -13 WO
2008/073443 PCT/US2007/025364  segments of the same
MAC-hs SDU have been received, the WTRU flushes all
segments of the MAC-hs SDU waiting for reassembly. The
timer may be reset  every time the WTRU receives a
segment that is part of the MAC-hs SDU.
Alternatively, the timer may be reset only once upon
reception of the first  segment of the MAC-hs SDU. The
duration of the timer may be configurable by  higher
layers, (e.g., radio resource control (RRC)
signaling). [0072] Alternatively, the WTRU may flush
all segments of the MAC-hs  SDU that are waiting for
reassembly when the WTRU detects an H-ARQ process
failure. The WTRU may detect the H-ARQ process failure
when the maximum  number of H-ARQ retransmissions has
been reached and the WTRU is unable to  successfully
decode the MAC-hs PDU. Alternatively, the WTRU may
detect the  H-ARQ process failure when the WTRU
receives a transmission indicating new  data on the
same H-ARQ process, (i.e., via H-ARQ process
information field on an  HS-SCCH), for which the WTRU
was expecting a retransmission. [0073] Alternatively,
a new signaling mechanism may be used by the Node- B
to indicate to the WTRU that all segments
corresponding to a MAC-hs SDU  should be deleted. The
signaling maybe achieved by introducing new L1 or L2
signaling or by modifying conventional L1 or L2
signaling. [0074] The segmentation of a larger packet
has an advantage as explained  above. However, if the
segmentation of a larger packet into smaller packets
results in a significantly smaller packet that is
almost filled with padding. The  transmission of such
a (mostly padding) MAC-hs packet would reduce the
efficiency of MAC-hs transmission and waste valuable
air interface resources.  [0075] Figure 11 shows
generation of a packet almost filled with padding.
The MAC-hs PDU size is 180 bits, and the MAC-hs SDU
size is 200 bits. The  MAC-hs SDU need to be segmented
into two MAC-hs PDUs. The first MAC-hs  



PDU would be totally filled with the first 180 bits of
the MAC-hs SDU. However,  the second MAC-hs PDU would
be filled with only 20 bits of the MAC-hs SDU  and the
remainder of the second MAC-hs PDU (160 bits) would be
padding. A  more efficient solution for this situation
would be to avoid segmentation, and  instead, transmit
a larger transport block size (big enough for the
original MAC- -14 WO 2008/073443 PCT/US2007/025364  hs
SDU size of 200 bits) and rely on the H-ARQ process
for successful delivery of  the packet. [0076] Figure
12 shows generation of two MAC-hs PDUs almost filled
with  MAC-hs SDU bits. The MAC-hs PDU size is 180
bits, and the MAC-hs SDU size  is 350 bits. The MAC-hs
SDU is segmented into two MAC-hs PDUs. The first
MAC-hs PDU is totally filled with the first 180 bits
of the MAC-hs SDU. The  second MAC-hs PDU would be
almost completely filled with the remaining 170  bits
of the MAC-hs SDU. In this situation, the most
efficient solution would be to  allow for segmentation
of the MAC-hs SDU. The two MAC-hs PDUs, transferred
over successive TTIs would reduce the need for
excessive H-ARQ  retransmissions, reducing the burden
on the MAC-hs downlink transmission  system. [0077] In
accordance with one embodiment, before segmenting the
MAC-hs  SDU, the Node-B calculates the ratio of MAC-hs
PDU bits taken up by the MAC- hs SDU segment to the
remaining MAC-hs PDU bits. The Node-B then compares
the ratio to the threshold. The Node-B may segment the
MAC-hs SDU only if the  ratio is greater than the
threshold. [0078] Embodiments. 1. A method for
transmitting a packet via HSDPA. 2. The method of
embodiment 1 comprising generating at least one
MAC-hs SDU. 3. The method of embodiment 2 comprising
segmenting the MAC-hs  SDU into a plurality of
segments. 



4. The method of embodiment 3 comprising generating a
plurality of  MAC-hs PDUs, each MAC-hs PDU including
at least one segment. 5. The method of embodiment 4
comprising transmitting the MAC-hs  PDUs. 6. The
method as in any one of embodiments 4-5, wherein each
MAC- hs PDU includes one segment from a single MAC-hs
SDU. -15 WO 2008/073443 PCT/US2007/025364  7. The
method as in any one of embodiments 4-5, wherein the
size of the segments matches to the size of the MAC-hs
PDUs minus the size of the  header of the MAC-hs PDU,
except the last segment of the MAC-hs SDU. 8. The
method as in any one of embodiments 4-7, wherein the
header  of the MAC-hs PDU includes an FSN. 9. The
method as in any one of embodiments 4-5, wherein the
sizes of  the segments is determined based on the
number of segments to which the MAC- hs SDU is
segmented. 10. The method of embodiment 9 wherein the
sizes for the first S-1  segments of the MAC-hs SDU is
the size of the MAC-hs SDU rounded up to the  nearest
multiple of S then divided by S, and the size of the
last segment of the  MAC-hs SDU is the size of the
MAC-hs SDU minus the sum of the sizes of  previous S-1
segments. 11. The method as in any one of embodiments
9-10, wherein a header of  the MAC-hs PDU includes a
field indicating the number of segments of the MAC- hs
SDU. 12. The method as in any one of embodiments 9-11,
wherein a header of  the MAC-hs PDU includes a field
indicating the segment of the MAC-hs SDU  that is
included in the MAC-hs PDU. 13. The method as in any
one of embodiments 9-12, wherein the number  of
segments of the MAC-hs SDU is fixed to a predefined
value. 14. The method as in any one of embodiments
4-13, wherein the  



segment included in the MAC-hs PDU is selected
arbitrarily. 15. The method of embodiment 14 wherein a
header of the MAC-hs PCU  includes an SPID indicating
a starting position of the segment within the MAC- hs
SDU. 16. The method of embodiment 15 wherein the SPID
indicates the  starting position of the segment in one
of bits and bytes. 17. The method of embodiment 15
wherein the SPID indicates a  segment number which
indicates the starting position. -16 WO 2008/073443
PCT/US2007/025364  18. The method of embodiment 15
wherein the first bit of the SPID indicates whether
the starting position of the segment is the start of
the MAC-hs  SDU. 19. The method of embodiment 14
wherein the header includes at least  one of an EPID
indicating an end position of the segment within the
MAC-hs  SDU and an LID indicating the length of the
segment. 20. The method as in any one of embodiments
4-5, wherein each MAC- hs PDU includes one of a
combination of segments from a plurality of MAC-hs
SDUs and a combination of at least one segment from
one MAC-hs SDU and at  least one entire MAC-hs SDU.
21. The method of embodiment 20 wherein a header of
the MAC-hs  PDU includes a field indicating the number
of segments of the MAC-hs SDU.  22. The method as in
any one of embodiments 20-21, wherein a header of the
MAC-hs PDU includes at least one set of SID, NFM,
FSID, N field and F  field that is associated with one
or more MAC-hs SDUs, the N field indicating the
number of consecutive entire MAC-hs SDUs with equal
size, the F field  indicating whether or not more
fields are present in the MAC-hs PDU header. 23. The
method as in any one of embodiments 20-22, wherein a
header  of the MAC-hs PDU includes a field identifying
a TSN that needs to be deleted  from a buffer. 



24. The method as in any one of embodiments 4-23,
further comprising  calculating a ratio of MAC-hs PDU
bits taken up by the segment to the  remaining MAC-hs
PDU bits. 25. The method of embodiment 24 comprising
comparing the ratio to a  predefined threshold,
wherein the MAC-hs SDU is segmented only if the ratio
is  greater than the threshold. 26. A method for
receiving a packet via HSDPA. 27. The method of
embodiment 26 comprising receiving a plurality of
MAC-hs PDUs, the MAC-hs PDUs carrying segments of an
MAC-hs SDU. 28. The method of embodiment 27 comprising
storing the MAC-hs PDUs  in a buffer. -17 WO
2008/073443 PCT/US2007/025364  29. The method as in
any one of embodiments 27-28, comprising  reassembling
the segments to the MAC-hs SDU. 30. The method of
embodiment 21 wherein each MAC-hs PDU includes  one
segment from a single MAC-hs SDU. 31. The method as in
any one of embodiments 27-30, wherein the sizes  of
the segments is determined based on the number of
segments to which the  MAC-hs SDU is segmented. 32.
The method as in any one of embodiments 27-31, wherein
the  segment included in the MAC-hs PDU is selected
arbitrarily. 33. The method as in any one of
embodiments 27-32, wherein each  MAC-hs PDU includes
one of a combination of segments from a plurality of
MAC- hs SDUs and a combination of at least one segment
from one MAC-hs SDU and  at least one entire MAC-hs
SDU. 34. The method as in any one of embodiments
27-33, further comprising  determining whether a
transmission has failed for at least one of the
plurality of  segments. 35. The method of embodiment
34 further comprising deleting segments  



of the MAC-hs SDU in the buffer waiting for reassembly
when at least one  segment of the MAC-hs SDU is lost.
36. The method as in any one of embodiments 27-33,
further comprising  setting a timer. 37. The method of
embodiment 36 comprising flushing all segments of  the
same MAC-hs SDU in the buffer that are waiting for
reassembly if the timer  expires before all segments
of the same MAC-hs SDU have been received. 38. The
method as in any one of embodiments 36-37, wherein the
timer  is reset every time a segment that is part of
the MAC-hs SDU is received in  correct order. 39. The
method as in any one of embodiments 36-38, wherein the
timer  is configurable by RRC signaling. 40. The
method as in any one of embodiments 36-39, wherein the
timer  is reset only once upon reception of the first
segment of the MAC-hs SDU. -18 WO 2008/073443
PCT/US2007/025364  41. The method as in any one of
embodiments 27-33, further comprising  detecting H-ARQ
process failure for a particular segment. 42. The
method of embodiment 41 comprising flushing all
segments of  the same MAC-hs SDU in the buffer that
are waiting for reassembly. 43. The method as in any
one of embodiments 41-42, wherein the H- ARQ process
failure is detected when the maximum number of H-ARQ
retransmissions has been reached. 44. The method as in
any one of embodiments 41-42, wherein the H- ARQ
process failure is detected when a transmission
indicating new data is  received on the same H-ARQ
process while expecting a retransmission. 45. The
method as in any one of embodiments 27-33, further
comprising  receiving a signal indicating that all
segments corresponding to a particular  MAC-hs SDU be
flushed from the buffer. 46. The method of embodiment
45 comprising flushing the indicated  



segments from the buffer. 47. A Node-B for
transmitting a packet via HSDPA. 48. The Node-B of
embodiment 47 comprising an MAC-hs layer for
segmenting a MAC-hs SDU to a plurality of segments and
generating a plurality  of MAC-hs PDUs, each MAC-hs
PDU including at least one segment. 49. The Node-B of
embodiment 48 comprising a physical layer for
transmitting the MAC-hs PDUs. 50. The Node-B as in any
one of embodiments 48-49, wherein each  MAC-hs PDU
includes one segment from a single MAC-hs SDU. 51. The
Node-B as in any one of embodiments 48-50, wherein the
size of  the segments matches to the size of the
MAC-hs PDUs minus the size of the  header of the
MAC-hs PDU, except the last segment of the MAC-hs SDU.
52. The Node-B of embodiment 51 wherein the header of
the MAC-hs  PDU includes an FSN. 53. The Node-B as in
any one of embodiments 48-50, wherein the sizes  of
the segments is determined based on the number of
segments to which the  MAC-hs SDU is segmented. -19 WO
2008/073443 PCT/US2007/025364  54. The Node-B of
embodiment 53 wherein the sizes for the first S-1
segments of the MAC-hs SDU is the size of the MAC-hs
SDU rounded up to the  nearest multiple of S then
divided by S, and the size of the last segment of the
MAC-hs SDU is the size of the MAC-hs SDU minus the sum
of the sizes of  previous S-1 segments. 55. The Node-B
as in any one of embodiments 48-50, wherein a header
of the MAC-hs PDU includes a field indicating the
number of segments of the  MAC-hs SDU. 56. The Node-B
as in any one of embodiments 48-50, wherein a header
of the MAC-hs PDU includes a field indicating the
segment of the MAC-hs SDU  that is included in the
MAC-hs PDU. 



57. The Node-B as in any one of embodiments 48-50,
wherein the  number of segments of the MAC-hs SDU is
fixed to a predefined value. 58. The Node-B as in any
one of embodiments 48-50, wherein the  segment
included in the MAC-hs PDU is selected arbitrarily.
59. The Node-B of embodiment 58 wherein a header of
the MAC-hs PCU  includes an SPID indicating a starting
position of the segment within the MAC- hs SDU. 60.
The Node-B as in any one of embodiments 58-59, wherein
the SPID  indicates the starting position of the
segment in one of bits and bytes. 61. The Node-B as in
any one of embodiments 58-60, wherein the SPID
indicates a segment number which indicates the
starting position. 62. The Node-B as in any one of
embodiments 58-6,1 wherein the first  bit of the SPID
indicates whether the starting position of the segment
is the start  of the MAC-hs SDU. 63. The Node-B of
embodiment 58 wherein the header includes at least
one of an EPID indicating an end position of the
segment within the MAC-hs  SDU and an LID indicating
the length of the segment. 64. The Node-B as in any
one of embodiments 48-50, wherein each  MAC-hs PDU
includes one of a combination of segments from a
plurality of MAC- -20 WO 2008/073443 PCT/US2007/025364
hs SDUs and a combination of at least one segment from
one MAC-hs SDU and  at least one entire MAC-hs SDU.
65. The Node-B of embodiment 64 wherein a header of
the MAC-hs  PDU includes a field indicating the number
of segments of the MAC-hs SDU.  66. The Node-B as in
any one of embodiments 64-65, wherein a header of the
MAC-hs PDU includes at least one set of SID, NFM,
FSID, N field and F  field that is associated with one
or more MAC-hs SDUs, the N field indicating the
number of consecutive entire MAC-hs SDUs with equal
size, the F field  indicating whether or not more
fields are present in the MAC-hs PDU header. 



67. The Node-B as in any one of embodiments 48-66,
wherein a header  of the MAC-hs PDU includes a field
identifying a TSN that needs to be deleted  from a
buffer. 68. The Node-B as in any one of embodiments
48-67, wherein the MAC- hs layer is configured to
calculate a ratio of MAC-hs PDU bits taken up by the
segment to the remaining MAC-hs PDU bits and compare
the ratio to a  predefined threshold, so that the
MAC-hs SDU is segmented only if the ratio is  greater
than the threshold. 69. A WTRU for receiving a packet
via HSDPA. 70. The WTRU comprising a physical layer
for receiving a plurality of  MAC-hs PDUs, the MAC-hs
PDUs carrying segments of an MAC-hs SDU. 71. The WTRU
of embodiment 70 comprising an MAC-hs layer for
storing the received MAC-hs PDUs and reassembling the
segments to the MAC- hs SDU. 72. The WTRU as in any
one of embodiments 70-71, wherein each MAC- hs PDU
includes one segment from a single MAC-hs SDU. 73. The
WTRU of embodiment 72 wherein the sizes of the
segments is  determined based on the number of
segments to which the MAC-hs SDU is  segmented. 74.
The WTRU as in any one of embodiments 70-73, wherein
the  segment included in the MAC-hs PDU is selected
arbitrarily. -21 WO 2008/073443 PCT/US2007/025364  75.
The WTRU of embodiment 74 wherein each MAC-hs PDU
includes one of a combination of segments from a
plurality of MAC-hs SDUs and a  combination of at
least one segment from one MAC-hs SDU and at least one
entire MAC-hs SDU. 76. The WTRU as in any one of
embodiments 70-75, wherein the MAC- hs layer is
configured to determine whether a transmission has
failed for at least  one of the plurality of segments.



77. The WTRU of embodiment 76 wherein the MAC-hs layer
is  configured to delete stored segments waiting for
reassembly when at least one  segment of the MAC-hs
SDU is lost. 78. The WTRU as in any one of embodiments
70-77, wherein the MAC- hs layer is configured to
flush all segments of the same MAC-hs SDU that are
waiting for reassembly from a buffer if a timer
expires before all segments of the  same MAC-hs SDU
have been received. 79. The WTRU of embodiment 78
wherein the timer is reset every time  a segment that
is part of the MAC-hs SDU is received in correct
order. 80. The WTRU as in any one of embodiments
78-79, wherein the timer  is configurable by RRC
signaling. 81. The WTRU as in any one of embodiments
78-80, wherein the timer  is reset only once upon
reception of the first segment of the MAC-hs SDU. 82.
The WTRU as in any one of embodiments 78-81, wherein
the MAC- hs layer flushes all segments of the same
MAC-hs SDU that are waiting for  reassembly from a
buffer when H-ARQ process failure is detected for a
particular  segment. 83. The WTRU of embodiment 82
wherein the H-ARQ process failure is  detected when
the maximum number of H-ARQ retransmissions has been
reached. 84. The WTRU of embodiment 82 wherein the
H-ARQ process failure is  detected when a transmission
indicating new data is received on the same H- ARQ
process while expecting a retransmission. -22 WO
2008/073443 PCT/US2007/025364  [0079] Although the
features and elements are described in the
embodiments in particular combinations, each feature
or element can be used  alone without the other
features and elements of the embodiments or in various
combinations with or without other features and
elements. The methods  provided 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 computer-readable 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,
magneto-optical media, and optical  media such as
CD-ROM disks, and digital versatile disks (DVDs).
[0080] Suitable processors include, by way of example,
a general purpose  processor, a special purpose
processor, a conventional processor, a digital signal
processor (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 other
type of integrated circuit (IC), and/or a state
machine. [0081] A processor in association with
software may be used to implement  a radio frequency
transceiver for use in a wireless transmit receive
unit (WTRU),  user equipment (UE), terminal, base
station, radio network controller (RNC), or  any host
computer. The WTRU may be used in conjunction with
modules,  implemented in hardware and/or software,
such as a camera, a video camera  module, a
videophone, a speakerphone, a vibration device, a
speaker, a  microphone, a television transceiver, a
hands free headset, a keyboard, a  Bluetooth(r)
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. -23 WO 2008/073443
PCT/US2007/025364  CLAIMS  What is claimed is: 1. A
method for transmitting a packet via high speed
downlink packet  access (HSDPA), the method
comprising: generating at least one HSDPA medium
access control (MAC-hs) service  



data unit (SDU); segmenting the MAC-hs SDU into a
plurality of segments; generating a plurality of
MAC-hs protocol data units (PDUs), each MAC-hs  PDU
including at least one segment; and transmitting the
MAC-hs PDUs. 2. The method of claim 1 wherein each
MAC-hs PDU includes one  segment from a single MAC-hs
SDU. 3. The method of claim 2 wherein the size of the
segments matches to  the size of the MAC-hs PDUs minus
the size of the header of the MAC-hs PDU,  except the
last segment of the MAC-hs SDU. 4. The method of claim
3 wherein the header of the MAC-hs PDU  includes a
fragment sequence number (FSN). 5. The method of claim
2 wherein the sizes of the segments is  determined
based on the number of segments to which the MAC-hs
SDU is  segmented. 6. The method of claim 5 wherein
the sizes for the first S-1 segments of  the MAC-hs
SDU is the size of the MAC-hs SDU rounded up to the
nearest  multiple of S then divided by S, and the size
of the last segment of the MAC-hs  SDU is the size of
the MAC-hs SDU minus the sum of the sizes of previous
S-1  segments. -24 WO 2008/073443 PCT/US2007/025364
7. The method of claim 5 wherein a header of the
MAC-hs PDU  includes a field indicating the number of
segments of the MAC-hs SDU. 8. The method of claim 5
wherein a header of the MAC-hs PDU  includes a field
indicating the segment of the MAC-hs SDU that is
included in  the MAC-hs PDU. 9. The method of claim 5
wherein the number of segments of the MAC- hs SDU is
fixed to a predefined value. 10. The method of claim 2
wherein the segment included in the MAC-hs  



PDU is selected arbitrarily. 11. The method of claim
10 wherein a header of the MAC-hs PCU  includes a
segment position identifier (SPID) indicating a
starting position of the  segment within the MAC-hs
SDU. 12. The method of claim 11 wherein the SPID
indicates the starting  position of the segment in one
of bits and bytes. 13. The method of claim 11 wherein
the SPID indicates a segment  number which indicates
the starting position. 14. The method of claim 11
wherein the first bit of the SPID indicates  whether
the starting position of the segment is the start of
the MAC-hs SDU.  15. The method of claim 11 wherein
the header includes at least one of an end position
indicator (EPID) indicating an end position of the
segment within  the MAC-hs SDU and a length indicator
(LID) indicating the length of the  segment. -25 WO
2008/073443 PCT/US2007/025364  16. The method of claim
1 wherein each MAC-hs PDU includes one of a
combination of segments from a plurality of MAC-hs
SDUs and a combination of  at least one segment from
one MAC-hs SDU and at least one entire MAC-hs  SDU.
17. The method of claim 16 wherein a header of the
MAC-hs PDU  includes a field indicating the number of
segments of the MAC-hs SDU. 18. The method of claim 16
wherein a header of the MAC-hs PDU  includes at least
one set of size identifier (SID), number of fragmented
MAC-hs  SDU (NFM), fragmentation size identifier
(FSID), N field and F field that is  associated with
one or more MAC-hs SDUs, the N field indicating the
number of  consecutive entire MAC-hs SDUs with equal
size, the F field indicating whether  or not more
fields are present in the MAC-hs PDU header. 19. The
method of claim 16 wherein a header of the MAC-hs PDU
includes a field identifying a transmission sequence
number (TSN) that needs to  



be deleted from a buffer. 20. The method of claim 1
further comprising: calculating a ratio of MAC-hs PDU
bits taken up by the segment to the  remaining MAC-hs
PDU bits; and comparing the ratio to a predefined
threshold, wherein the MAC-hs SDU is  segmented only
if the ratio is greater than the threshold. 21. A
method for receiving a packet via high speed downlink
packet  access (HSDPA), the method comprising:
receiving a plurality of HSDPA medium access control
(MAC-hs) protocol  data units (PDUs), the MAC-hs PDUs
carrying segments of an MAC-hs service  data unit
(SDU); storing the MAC-hs PDUs in a buffer; and  -26
WO 2008/073443 PCT/US2007/025364  reassembling the
segments to the MAC-hs SDU. 22. The method of claim 21
wherein each MAC-hs PDU includes one  segment from a
single MAC-hs SDU. 23. The method of claim 22 wherein
the sizes of the segments is  determined based on the
number of segments to which the MAC-hs SDU is
segmented. 24. The method of claim 22 wherein the
segment included in the MAC- hs PDU is selected
arbitrarily. 25. The method of claim 21 wherein each
MAC-hs PDU includes one of a  combination of segments
from a plurality of MAC-hs SDUs and a combination of
at least one segment from one MAC-hs SDU and at least
one entire MAC-hs  SDU. 26. The method of claim 21,
further comprising: determining whether a transmission
has failed for at least one of the  plurality of
segments. 27. The method of claim 26 further
comprising: 



deleting segments of the MAC-hs SDU in the buffer
waiting for reassembly  when at least one segment of
the MAC-hs SDU is lost. 28. The method of claim 21
further comprising:  setting a timer; and flushing all
segments of the same MAC-hs SDU in the buffer that are
waiting for reassembly if the timer expires before all
segments of the same MAC- hs SDU have been received.
-27 WO 2008/073443 PCT/US2007/025364  29. The method
of claim 28 wherein the timer is reset every time a
segment that is part of the MAC-hs SDU is received in
correct order. 30. The method of claim 28 wherein the
timer is configurable by radio  resource control (RRC)
signaling. 31. The method of claim 28 wherein the
timer is reset only once upon  reception of the first
segment of the MAC-hs SDU. 32. The method of claim 21
further comprising: detecting hybrid automatic repeat
request (H-ARQ) process failure for a  particular
segment; and flushing all segments of the same MAC-hs
SDU in the buffer that are  waiting for reassembly.
33. The method of claim 32 wherein the H-ARQ process
failure is  detected when the maximum number of H-ARQ
retransmissions has been  reached. 34. The method of
claim 32 wherein the H-ARQ process failure is
detected when a transmission indicating new data is
received on the same H- ARQ process while expecting a
retransmission. 35. The method of claim 21 further
comprising: receiving a signal indicating that all
segments corresponding to a  particular MAC-hs SDU be
flushed from the buffer; and flushing the indicated
segments from the buffer. 



36. A Node-B for transmitting a packet via high speed
downlink packet  access (HSDPA), the Node-B
comprising: -28 WO 2008/073443 PCT/US2007/025364  an
HSDPA medium access control (MAC-hs) layer for
segmenting a MAC hs service data unit (SDU) to a
plurality of segments and generating a plurality  of
MAC-hs protocol data units (PDUs), each MAC-hs PDU
including at least one  segment; and a physical layer
for transmitting the MAC-hs PDUs. 37. The Node-B of
claim 36 wherein each MAC-hs PDU includes one  segment
from a single MAC-hs SDU. 38. The Node-B of claim 37
wherein the size of the segments matches to  the size
of the MAC-hs PDUs minus the size of the header of the
MAC-hs PDU,  except the last segment of the MAC-hs
SDU. 39. The Node-B of claim 38 wherein the header of
the MAC-hs PDU  includes a fragment sequence number
(FSN). 40. The Node-B of claim 37 wherein the sizes of
the segments is  determined based on the number of
segments to which the MAC-hs SDU is  segmented. 41.
The Node-B of claim 40 wherein the sizes for the first
S-1 segments  of the MAC-hs SDU is the size of the
MAC-hs SDU rounded up to the nearest  multiple of S
then divided by S, and the size of the last segment of
the MAC-hs  SDU is the size of the MAC-hs SDU minus
the sum of the sizes of previous S-1  segments. 42.
The Node-B of claim 40 wherein a header of the MAC-hs
PDU  includes a field indicating the number of
segments of the MAC-hs SDU. -29 WO 2008/073443
PCT/US2007/025364  43. The Node-B of claim 40 wherein
a header of the MAC-hs PDU includes a field indicating
the segment of the MAC-hs SDU that is included in  



the MAC-hs PDU. 44. The Node-B of claim 40 wherein the
number of segments of the  MAC-hs SDU is fixed to a
predefined value. 45. The Node-B of claim 37 wherein
the segment included in the MAC- hs PDU is selected
arbitrarily. 46. The Node-B of claim 45 wherein a
header of the MAC-hs PCU  includes a segment position
identifier (SPID) indicating a starting position of
the  segment within the MAC-hs SDU. 47. The Node-B of
claim 46 wherein the SPID indicates the starting
position of the segment in one of bits and bytes. 48.
The Node-B of claim 46 wherein the SPID indicates a
segment  number which indicates the starting position.
49. The Node-B of claim 46 wherein the first bit of
the SPID indicates  whether the starting position of
the segment is the start of the MAC-hs SDU.  50. The
Node-B of claim 46 wherein the header includes at
least one of an end position indicator (EPID)
indicating an end position of the segment within  the
MAC-hs SDU and a length indicator (LID) indicating the
length of the  segment. 51. The Node-B of claim 36
wherein each MAC-hs PDU includes one of a  combination
of segments from a plurality of MAC-hs SDUs and a
combination of  -30 WO 2008/073443 PCT/US2007/025364
at least one segment from one MAC-hs SDU and at least
one entire MAC-hs  SDU. 52. The Node-B of claim 51
wherein a header of the MAC-hs PDU  includes a field
indicating the number of segments of the MAC-hs SDU.
53. The Node-B of claim 51 wherein a header of the
MAC-hs PDU  includes at least one set of size
identifier (SID), number of fragmented MAC-hs  SDU
(NFM), fragmentation size identifier (FSID), N field
and F field that is  associated with one or more
MAC-hs SDUs, the N field indicating the number of  



consecutive entire MAC-hs SDUs with equal size, the F
field indicating whether  or not more fields are
present in the MAC-hs PDU header. 54. The Node-B of
claim 51 wherein a header of the MAC-hs PDU  includes
a field identifying a transmission sequence number
(TSN) that needs to  be deleted from a buffer. 55. The
Node-B of claim 37 wherein the MAC-hs layer is
configured to  calculate a ratio of MAC-hs PDU bits
taken up by the segment to the remaining  MAC-hs PDU
bits and compare the ratio to a predefined threshold,
so that the  MAC-hs SDU is segmented only if the ratio
is greater than the threshold. 56. A wireless
transmittreceive unit (WTRU) for receiving a packet
via  high speed downlink packet access (HSDPA), the
WTRU comprising: a physical layer for receiving a
plurality of HSDPA medium access control  (MAC-hs)
protocol data units (PDUs), the MAC-hs PDUs carrying
segments of an  MAC-hs service data unit (SDU); and an
MAC-hs layer for storing the received MAC-hs PDUs and
reassembling  the segments to the MAC-hs SDU. -31 WO
2008/073443 PCT/US2007/025364  57. The WTRU of claim
56 wherein each MAC-hs PDU includes one  segment from
a single MAC-hs SDU. 58. The WTRU of claim 57 wherein
the sizes of the segments is  determined based on the
number of segments to which the MAC-hs SDU is
segmented. 59. The WTRU of claim 57 wherein the
segment included in the MAC-hs  PDU is selected
arbitrarily. 60. The WTRU of claim 56 wherein each
MAC-hs PDU includes one of a  combination of segments
from a plurality of MAC-hs SDUs and a combination of
at least one segment from one MAC-hs SDU and at least
one entire MAC-hs  SDU. 61. The WTRU of claim 56
wherein the MAC-hs layer is configured to  



determine whether a transmission has failed for at
least one of the plurality of  segments. 62. The WTRU
of claim 61 wherein the MAC-hs layer is configured to
delete stored segments waiting for reassembly when at
least one segment of the  MAC-hs SDU is lost. 63. The
WTRU of claim 56 wherein the MAC-hs layer is
configured to  flush all segments of the same MAC-hs
SDU that are waiting for reassembly  from a buffer if
a timer expires before all segments of the same MAC-hs
SDU  have been received. 64. The WTRU of claim 63
wherein the timer is reset every time a  segment that
is part of the MAC-hs SDU is received in correct
order. -32 WO 2008/073443 PCT/US2007/025364  65. The
WTRU of claim 63 wherein the timer is configurable by
radio  resource control (RRC) signaling. 66. The WTRU
of claim 63 wherein the timer is reset only once upon
reception of the first segment of the MAC-hs SDU. 67.
The WTRU of claim 56 wherein the MAC-hs layer flushes
all  segments of the same MAC-hs SDU that are waiting
for reassembly from a buffer  when hybrid automatic
repeat request (H-ARQ) process failure is detected for
a  particular segment. 68. The WTRU of claim 67
wherein the H-ARQ process failure is  detected when
the maximum number of H-ARQ retransmissions has been
reached. 69. The WTRU of claim 67 wherein the H-ARQ
process failure is  detected when a transmission
indicating new data is received on the same H- ARQ
process while expecting a retransmission. -33 


