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ACCESS [ 0002] FI ELD OF | NVENTI ON [ 0003] The present
invention is related to wirel ess communi cati ons
systens. [0004] BACKGROUND [ O005] HSDPA is a feature
that was i ntroduced in Release 5 of the third

generation partnership project (3GPP) specifications
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rate and scheduling for individual transmissions using the following information:

(1) a channel qualify 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.
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value corresponds to a larger transport block size.

Transport Number of Transport Number of
CQI value ModulationjCQI 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 167QAM
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
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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 thatis
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
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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
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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;
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[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 300ina
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
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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
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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 1D identifies the reordering queue in the WT'RU 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.
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60|2nhave 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, aqueueID, 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-



uni versal nobile tel ecommunicati on system (UMIS). The
speech signal is -2- encoded by a voice codec in
frames of 20 ns duration. The encoded voice signal is
then carried over real-tinme transmt protocol (RTP)
user datagran1 rotocol (UDP) and Internet protoco

| :
[0050}) . ThEBe FSID is o bitoranindicssinathesegments that gre trggsmitted

. ' YOi t J = SIAf
i EIBROLS Bioong e o V) S RaH i it
the NEM field TheYefolt, the NEtM iflehd should prevede theSIvBeldtundess the
d.q.network may be 7 r 92 bytes. ip.size, depend]
NI ielg daes gt sy, The §18'mpy begmitain a%fl\é«gﬁgﬁﬁm not
coRfiRhihg!tBe M8t E&ententt e VOI P packets are delivered to
t he packet data convergence protocol (PDCP) |ayer,

[0@Filch coRigureJabhowsa MAC- Ubsagmentatign spkemnein accordance

B TR MK St
segm@hﬁﬁ]oﬁﬁ%t Iﬁ%sﬁ aﬁm@ld MAC-ICBI0U fio2.u fgmlelmofsitiml of the segment
a single VolP call. In one state,, a full fr u
ighip GIRALSHR SO0 e SUnimoEy e Baichied ih 2he MAFoRS PDU
hehB& B2 P06 co cYﬂixﬁﬂ ERESegtl étte TheW dd B RBh&RREORa M exibility

RTP/ UPD/ | P headers down to -1 byte may take pl ace.
of filmnsmitting 48y segment eflbny simckteanysposition ohithe M@ G-he $DI3 702

b 92 b . 12] Th P .
bagel B PR ARANF st UEPS AO0 SUCEHRR il T pah B Gfemissions
of MAChsIFIYB70450F0 4R donlt aiviehig begth&ils! of th@Ssdat &SACrhs8DU 702.

unacknow edged node (UM _for Vol P packets, The RLC |
(0053} er apBigwre 7alseshevws aMAC-bs beadsr farmat macqendapge yifh the

AR SN TR 1001108 48 (FEID, o
TINyyestalntiug positiom idantjfieg (SPIE, 84d layt 8. ( Hushoubd helaoted that

conpression with |IPv4) to 93 bytes. (n .
thE GBrb ORGPl thA SriE gL Flemaaiss i JTAC e heager s not
impekEant %H%B&(Be%g@d! FTREVE qitbued IR TSN RndaSIEhYe sdime as

a single transport block for transm ssion, [0013]The _ .
thevfimss emabedimeente aod thexeforsywill net be gxplainesd againfopgimplicity.

N T

[0083]1h a 1Dh&SPIDhHadidatésthefstpaikgeposition of tHemegfifgnt within the

l.ue e reported to the de-B,jn bad chann s
Mégrhﬁ B Sevdrnl schemes feF 5 the eraamlEsEYolpths Rosition
in@ic&66n drB SREBICAPRS SPITE X indidatecthd Qtfﬁﬁnﬁ position of the

transmtted to the WIRU nay be |arger than the nmaxi mum
segmentiobits bt bytess Forexarople ifddAG-hs SR eizes up to 1024 bits are

allppiEd (5 49 of SPILGs TonBls \ S ReBd s HEE Ty P fgifbined in
bybest es) in size, according to Table 1, CQ values 1, 2
and 3 suggest transport bbocks that are too smal

| f .
0934 272- Alterrativeip thesShlPamay indegate 4 gegment RPGURsE which
. 3 24k C - i
inf8The LAMRRYAAC rTeiaRmIL o & Al i
stavbibe: Dsitigns foaanyiMACvles 9D, éhe startimgpoaitiomstare calgulated by

i ndi cat e | ock Sicz€. that, is sqall.er {han next ..
rouiipg on the MACEES SR Righ o s SR hmliite oh By Eifiipe by
4, 8RA tAltihg RSultiéPoRhHrhbar. OpHdnhally) the heenlidraf pidiestablished
WRU is able to receive the MAC-hs PDU with reasonabl e
error probability. Alternativedy, the Node-B nay
transmt a larger transport block size than is
indicated by the CQ and rely on the H ARQ process for
successful delivery of the packet. [0015]In the first
approach, the Node-B does not schedul e any
transm ssion to the WIRU until the Node-B receives a
CQ large enough to transmt the next packet in gueue.
This can take an extended anount of tinme as larger CQ
reports will only be reported once channel conditions
i nprove. This approach m ght be suitable for non




[0018] A nmet hod and apparatus for transmtting and

recei ving a packet via HSDPA are disclosed. At |east

one HSDPA nedi um access control (MAC-hs) service data

unit (SDU) is segnmented into a plurality of segnments.

A plurality of MAC-hs PDUs are generated fromthe
starsmeprsitionsanay he dndiatadbyrassepprntefisld similar tq thedNFMef the

CHERbodik MAC- hs PDU may i ncl ude one segnent from
Sego Si ngf’cédl -th SDU. The size of the segnents nay

[O(D?] c E t gTb hedlsdeﬁ;he ofeitHead MNe-fhrst BIDOS thd SBED ey Isd resexvied to
. the he r of the MAC- hs, PDU, excep e S t

in atenw_ﬁﬁﬁ@rw@e SPRtingnRoR9Rds the Frrat ob i MAC SR 1t the
st%ﬁig‘g;\?gsm RaBREt LR of Bife MATSE SPUSHLBPIIFHER m@% BB a single

] hs SDU i s segnented. The segnent included in
bit. "EhtsEhiessirDuf theeySBED sedebe ete 411hit ibthe segment starts at the

=R REMAG i30SI s Pl WRELY NG e ot
rediiclsd 65 indlieteithe startingGPositionse Tis sihensepdrices flicoonerhead if
MAC- hs SDU. and at | east_one entire, MAC-hs SDU.

the pymhenef bitspegaredte aadickte the stiAinepes oSt largrsthan the
e et ARt Radidi@s ey be had fromthe foll ow ng

escription, given by way of exanple and to be .
[0Qffder st oOgptionallpnporend pesitipe indivetarc@dhbbnox lepgth indicator

5 B85 5EEA AT B P b REn 288 end posiion o
thé @8gmkht §hthe MAMNKS SDU Wit le@Bth of/ehé sppkat,, respectively.
[ 0023] Figure 3 shows a MAC:hs laﬁél i n a_Node-B;

Simglgy sTieme maybe yeed for enseding the FRIL) and LiPras Spi.

25] Fi Qs Yo i SISRd
[O(lgér}]ﬁaccor g%%g%vﬁitlah a %@s g?blfdl %t ; i g%%?%egﬁrge 6 ance
witlh anfowrthé&nhediSidnts e Himeht MGG hs SRIDBN804a-884 0 omadyneomtain a

Lth a second enbodi nent ; 2 i gure 7 shows
coRysisa{Sort ek 0ss it e PR NG 1o S5 PG RE Biore MAC-hs SDU
802a, 802b or a combination of one or more segments from one MAC-hs SDU and
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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
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with a third enbodi nent; [0028]Figure 8 shows a MAC- hs
SDU segnent ati on schene in accordance with a fourth
enbodi ment; [0029] Figure 9 shows generation of the
MAC- hs PDU i ncluding the |ast segnent of a MAC-hs SDU

and entire one or nore subsequent NMAC hs SDUY(
ratlopgr3dbpnmagdding bigs wh@mhgwﬁéﬁﬂlappmnn@m MAC-ha é’)ﬂﬂé cegpigining

thg E%%s 2 egi )ta f g’ﬁ&g fl{é;glggfg E@gﬁrﬁ%b% 9%)%%1 aﬁag%ge?ﬁl]ﬂn situations

enera

wihaedioos chamntel k@ﬂdﬁiﬂoﬁs diadded @ tedepntengation but chanfieliconditions
. MACG-hs P | nost fil%l‘ad with MAC-hs SDU bits.
impyeupfter the 75t SEEERPETRABNCEPBELRH Wien referred to

[0599]8 af t eFigdra® 4166 SASWE chl%%adémMQﬁﬁl &iébrdancB ith the
ted to a user equipnent (UE), a nobile station, a

fOtrth@dnbndlmm | The M@rh%beadmﬁpﬁafﬁoﬁaggﬁlud&s aVIr.a gueue ID,

o SRR, ot R ARt S s b 0 FERPC e g noted
thﬁp eh@fbfag? Oraelaoﬂ\theahﬁsﬁnaﬁun feleti@tts . m\Ahe rMA€T-hs heddénis not
erea

) g) "Node- B" nﬁéﬁdes gﬁ& IS
important rﬁnlde‘é‘ay e.chyngeds %E queug 1D, arg fame as
thg ?ﬁ'§§§m99€11 %\d tﬁére"ﬁ%é WiD&St ﬁé’é%&‘)l&ifneﬂ No@ih 861 dihplicity.

evice cap a eratln In a wmreless environnent.
[0060Q]35] TheseéwlﬁSdanNEM ES&Br Nbantl Fds essociabpdieith one or more

v PERE Rl WalhRReet? SER VESCTAEE § 480 ¥ included in

the MNUhLPDIPResdest ens. [ 0036] I n order to inprove
transfer of delay-sensitive data, , Vol P

(0968 1 c) TheNFRE leémtws ?dePB%PA §9€’P§R§S of Mptas SDU
asBBatea 8 ﬁge% FRAYER; ﬁngf‘g For BREHPAS a¥atue of

segnent e to smaller 'packéts to W successi ve ]
'0' Unaylnfchcatefbhahﬁleguﬂolf SIDsNiMe, HSIDYIN,larid I henot associated with

rmgl bm This all ows the Node-B to transmt

any, 8 FeEMFRY'pl e TTI's, reducing the transport

[ob6ACKk si TaeMHIDAE L bitap fiﬁ@ihéﬁﬁ% thedepRitts BhaCk® thaysmitted
be transmtted usi %I ower nodul ati ons and/ or hi gher

in $beiM4Crha BDU.cbeFiS1D maydernemagstl af NFM dmep cular set of

_ 4 ngMm ssi ons. [0037] Figure 3 shows
Slﬁjn bkrfl‘g aréﬁ% %tlrjtr%eéof an MAC-hs layer 300 in a

[Od)ﬁﬁje B The N/Pﬁ‘elli&nkiﬁwés 80O nuniberdfsconssattid bntice MAIC-hs

S TR ol R AT, NS o
Arv‘i?&’é’f)f:'@' ﬁQS’%&‘ﬁhté)tha(t-EﬁB@hrriﬁlt SSE 6f‘38”IDC~‘ 'NFM}[ F@l@ N and F is

hs SDUs™ are received froma high | ayer,
nomaesqtlataé avith aamdan&tre MAC-hs SPYJ, dmt ambr ta alspggneat(s)

[O(Eég? : : Lﬁ?‘ﬂgﬁ#ﬁfﬂ% F o% a%c&%lga%9§f w‘ﬂe‘;ﬂexp bk %rolttﬁﬂopeu BHfas 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
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304. The scheduling and priority handling entity 302
manages and determ nes the queue ID and TSN for each
new MAC- hs PDU. [0038] The segnentation entity 306 is
included in the MAC-hs | ayer 300 of the Node-B so that

at |least one MAC-hs SDU is segnented into a pl uraI| i;a
prevendatyplicate MAC-he RRUGHto m@%hbe spperlayende o dbfrdtayer).

| |
Wt 4 B o ELTERE Rl el BTG Bt LR Chhttions
haMé@:ﬂﬁo%ﬁ:éMﬂh@ Hirst ség‘rﬁé@ﬂ(rs)tﬁa&d bekna saint, it ﬁa@ berdelsimble for

H ARQ rocess ndi vi dual I.y. f or
thadidehds renbbhe G907 MECHH SPH §thati P ofkpave already
beﬁﬁlsﬁeéés&'ﬁ %bélVﬁ&glﬂ\)}gtﬁ@WPRﬁ atr ansport format and
resource r eac hs PDU. The MAC-hs PDUs are
[006GInsmi t Thel failmvmgmamplesmllalsu'ap(hﬂm MAC-ha AU beader setting

0039] fuc .0 architecture of an

£orfHang regvgcsti)ﬁgh\‘%a ef'ﬁe MAC- hs | ayer 400

[ooeml udesEgamipl,ARQS €id Nbaemaanﬁs e@ﬁdasmmtgch@ussmwo segments of
distribution 404, a reordering_entity 406

MAQa%-“s@W ¥ andithe fixsg segment of MACh SR %tﬁthMﬂbhs PDU
ﬁfeyﬁeﬁ%eﬂ &‘PZI?: N%ﬁd FRYD2R, # Qfélﬁ ¥h@ﬁgst\é'e€1saset to:

sical | ayer receive s PDUs are sent
SIibOt, NFMed d@lﬂ)@ 0eNi=0;, F'=008nd tke sesondl eet isget|tes §4D>0, NFM

0 04 for reordering in accordance with a
%?ﬁ@%@sﬁh ﬁé uence nunber (TSN). The reordered
[008€]- hs PRYSmpIE2! BRheNGI B wihth betragsft €ty Msﬁt‘inb §egments
408. The reassenbl ed MAC-hs PDUs are sent to._th

of MAGhsSRI X and thenertsubsequent whols Mg G-he SIiEs ¥ and, one set
of EFDSFORorSHiy ) She o seEUE OIRE, MM L, MSIIT LT, Nagr=1
[0@69)PDUs %thméﬁmtiﬁod emBMﬁ@-hs SO WERLY bespliténto two or more

SN e o oA 51 S S afments o
the MAcqis SINEIRLY bé dat. SPigdre 10@H4WS Eé@ﬁéﬁa&oﬁiwm MAC-hs ShU

hs SDU segnent ation schene in accordance wt

IODinvshmb ks dostwne of thepegmenspTBOMAG-bs $DU NRB2 ds mented

infi¥hul R4 P EAIEALET B0 %uﬁéngelg'lghédgé 2 SR #2&hs PDU

10948406@8anf Itmnmttﬁﬁepaﬁaew@lmﬁﬁmeﬁ&i’d and éowmth segrhents

10836, APRe. Todches rucspsatitly reseiisd B B WD) sag bustorea.

HWSBRNhe thiYa Mbfidit 1004k A5, TR @ the Deish hﬁ*ﬂtsegment the
segment may contai n padding bits 510. [0047Z] Fi gure

seginents k- OMHG ot bedeassembied into the DI 1002.

o8, ool S g A v

fafledfie b palticulald8egineat.uOAse it iv détermindd thgt (AP ARQrecss for
ID a TSN a size_identifier (SIE)

and a f nment
ons SpgBet varfobed (I TRY ieir Diceinensd ofiiRE Seie MAC-hs
I ements in the MAC hs
[ﬁe’ gtalﬁ g% n |s&£%t%1{%g§ré?%nb’ and nmay be changed.
[O(D'DI]43 1A ’é‘ha\feﬂowmglmenhmnhsms Ay beelhstdna;dlwuamemm any
om.,one, bit, to.t

bits e fi
commphSor te dtsebmins Tt sebrbens ipdpate A% WIS T U5 Shmer-
baBéd'nmddhahisnDiPhe WTRU S8R0 tindrJate Mtiet tifed Rxpires before all
MAC- hs SDUs. The new MAC-ha PDU format should only be
used when one MAC-hs SDU is sggnented in two or nore
segnents. O herw se, conventional MAC-hs PDU for mat
shoul d 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 WIRU
i n order

)



to support independent buffer handling of data

bel onging to different reordering queues. The TSN is
an identifier for the transn ssion sequence number on
the HS-DSCH. The TSN is used for reordering purposes
to support in-sequence dellvery to hi gher

|
seansnt%ofatﬂileu saang MAGHsiSPUthavebeen received, m?s* %éﬂBshes all
se:.ﬁot Cont he nte}ﬁ?ngIr?vétlﬁﬁ%?& xtetaggemﬁe]lygg%é\%eyﬁf}pu reset

I's option
evary time vhel éfﬁTRIv‘ rekeixtdsf a esegﬁment tthat fs pgrleollt tlmeM&(ﬂds SDU.

nber . 45]. Opt Il addi ti

ARSIy, 108 Tismet ey e el BT s Whgm TrdeRsich R the first

segﬁ.a.ﬁeafﬂh@ NMAY-ESEDT W"Fh@ glrstio6t theRaher in% P'Fb%d:@hﬁgui'a{ble by
he MAC-hs PDU. This 1-bit fﬁ'g&ls optlona as the

Iuﬂhwuaygrs@: e radigfresmaree AORr gealinglof paddi ng

081" 2289 PG5S 50 ) BBt che Mac-ns

SDTﬂdhm(ivaMdg’ffer ressanbbi whet tleeWAIRIE detecys thH-AZRprcess

talpren B, QTR anay Set the EoARG PSia eart AiRepde g mum

nunerdf B-ARQP R4 G5 nE hah p¥en feddhied B8 d BBYWTRU is unable to

segnent ation schene 1 n accordance with a second

sueeeissitillystecod etheMMQch s PDADUA o mmatbcly, the\VERES mastdetect the

at_no 60
BT B B S A W) 5 B0 Ay mov
dasa 88 shdaaa6 IPARProtess) €ile. Ofia FEARPprocedsSnforimaition field on an
seanents). A rule s defi ned to.calcul ate the sizes.

H )aé‘l’r whichthe; WIRY éﬂastq’F@eFti“P%P ret rfn§%‘fﬁ§é?ﬂ s is

O, B e gt o ot

B tegdicate 30 8he IWTthtlsa.tzadl ségmér@sMQﬁelspomﬁUgﬁca MiA(erhs SDU

f th f t
sy SBlgds0 12C BieraREyhREhe SFReSatby ReBRpGne Bl L1 or L2
MYHRA gldi e d th
Sl%known Si Ze?ag%@igxgggfgﬁg?mauﬂbﬂgzggu?lh%gsh (lz/lr&c hg

[0¢¥4) 604a be&eg@emaé}q@sof@dergﬁr nasket haspradeaniage pgexplained

oY Brerh Ay SEEEPRRIOR of BEREU Piket Snlf Oaller packers
remﬂtsnmmghﬁmtmmam packebDth dtzis edmost filled eiith paddingl The

cond.ltlons an r Jf.ailu a
eI B Lo Ruch, & Resthe Redate)nbA s ranbshrpud gredugg the
efficiéic &-BPbansfidibCarRay e tv@.hhﬂﬁe hirifterface resources.

enbodi ment, the second enbodi nent has an advantage of

[065] owi ngFiewe laeﬁhew|g\¢ntex;abnqn ¢feq pagkehalmpsidilledewith padding.

TEHARTAS PO 8 BRCk L BB MACHRSHONSINR b Bits. The

MACQMH[WG& t I sepnsdited mtol\ﬂ% NB&G‘I—@S(IHDU?; Offhetfirstt MAC-hs

P senid be i %?ﬁﬁﬁé‘gasﬁ%%‘{atm?@b%% B Sy, Hpwever,

thé‘ EQ&%& MAC-he PP o2l H@“fﬁi&tﬁwﬁmxﬂy% bikd 6f the MAC-hs SDU

and an SID. It should be noted that the exact

andrthe’rremamm q»frmramncbwmy (160tkits) waold be pasding. A

not J.npos t ant. an b chan yueue
maiR iR bR on FRle, S50 Felna biie fvoidlpeéiBapfRtion, and
indtbed arisinitid largerttrhgsporpbRick ethedbiy emofu@h for thel origihyl MAC-
[0049] The NFM field indicates the nunber of segnents
of the MAC-hs SDU. The NFM fi.g4d may be omitted if the
nunber of segnments of the MSC-hs SDU is fixed to a
certain value, (e.g., eight (8)). The nunber of bits
for the NFM fi el d depends on the nunber of possible
segnents. For instance, the NFMfield may be one (1)
bit if the nunber of segments may be either 2 or 4.
[0050] The FSID is a bitmap indicating the segnents
that are transmitted in the MAC-hs PDU. The size of
the FSID is the nunber of segnments indicated by the
NFM f| el d Theref ore, the NFM field shoul d precede the

[ —




[0054] Al ternatively, the SPID may indicate a segnent

nunber which indicates the starting positions. For

exanple, if there are four (4) pre-established

starting positions for any MAC-hs SDU, the starting

positions are calculated by roundi ng up.the MAC hs SDU
hs$DY sige of 200thits) pad selky an fihe BiARQDroesss ,Or&iuwetﬁﬁﬁ’g dsls}very of
thdnafRgt taking multiples of this nunber. Optionally,

tl?e nunber of pre-established starting positions nmay
[0076]i ndi c Figurell2 shows ganetatidn @flteyoNVACHas PDUstalmmosiHillest with

Mpehs SPEbits 16 MAC HearB0isite PR srdhMACHERDY sice
is 08O THE MAG!Hs SDUPRYehidhtéd ittotwdt MAC-Ré PDEs. The first
MAC-hs SDU. If the starting position is the start

MARehRBUids Brbally filledopith thedinst 480 it of theMAE-bs &) fU- The
seTPNACT 170 ot g PR oSl oy 17

bity df $thm(Elhs§DUh & thiblsitniatiba, thendnest efficibnt solutdouimogld be to
allogedor seforatasarat taeMACHR ST e vye MACEEDe, wanstyrred

ovePdisGadedsivEe BRI twitldP Ofdduc@Nthe S de@d 96r t BRdbskive H-ARQ
nunber of transmitted segnents. [0056] Optionally, an

retyapspassions reflndng therbyEpnmn the MAGths devmlénk dransmission
S .{sﬂel ) may be included in the MAC-hs PDU header to
YtYdicate the end position of the segnent in the MAC- hs
(08D or t e at@pdidceadith bae ebodithent; befprcepmmehnying the MAC-hs

i.m.l ar sche y be used r codi.ng. t EPI D and
Sy e o B b e 5o Wi B bt e Mac.
b RE R kb A e e AT HBDU M i NG Bhen compares
the oatio bathedhreshoddeThe Node B magyrsegmens hs SD3pelydf the

r .nmor e MAC- hs,,SDY 802 802b or a combi nati on of one
raglP ‘ﬁﬁf“eatg’éghaéh%‘é"%s%‘@ﬂe MAC- hs SDU and one or
[00oT8]t | pl e PesbddimeM- hs SDUs 802a, 802b. Any MAC-hs PDU
804a- 804n rm%/ contain padding bits. The WIRU knows

whi dh bi Asmgthodfentransoytting grackebmia HEDEbwn si zes

of segne - ﬁ% a T SGAE

assgéi at gg‘ét’gg%ﬂwgiq{/#ﬁnm - e?,lgéDf? apﬁgﬁgv%%teﬁe sa%téqeas't one
MACzls 8Pd.t his size is based on the nunber of segnents.

The ,si zeg,for the first .S-1 nents.may be the sjz

of Bne NiBeiaesf of sihadnant £ GRS seedbeniing Thf MAC-bs
Smi&dbmﬁﬂﬂydﬁﬁeﬁﬂe&s. The size of the |ast segnent

Is the size of the MAC-hs MJ m nus the sumof, the

si zds of Theanethod of emhodiment 8 gopiprising geparpting a plurality of

i t -B i ' ] same
MELRRELERR odbh MRC DR ckidife ottt che ghpmbE
ei t Ber t Mhefmethbd sEgmbotiméntd earhprisingriranddiittingSBe/MAC-hs
Péﬁs shown in Figure 8) or entire one or nore
Bsequent MAC-hs SDU(s) (as shown in Figure 9). This
al | gns f QhedndfRo8 aSfih aglydie ofembRRithBfts'4A8) WhéRSR EAEEMAC-
as it allows the Node-B to transmt traffic data
hsrRDHdncludes opasegmgnbfom atsingleMAC-hsSBU.1 | roomin
an MAC-hs PDU containing the |ast segnment of a MAC- hs
SDU. This may be especially useful in situations where
poor channel conditions had |l ead to segnentation but
channel conditions inprove after the first segment has
been sent. [0059] Figure 8 al s@as5shows a MAC- hs header
format in accordance with the fourth enbodi nent. The
MAC- hs header 806a-806n includes a VF, a queue |ID, an
SID, a TSN, an NFM an FSID, an Nfield and an F
field. It should be noted that the exact order of the
information elenments in the MAC-hs header is not
i nportant and may be changed. The VF, queue I D, TSN
and SID are sanme as the first enbodi nent, and
therefore will not be explained again for sinplicity.
[0060] A set of SID, NFM FSID, N and F is associ ated

-




associated to the given set of SID, NFM FSID, N, and
F. For exanple, a value of '0' may indicate that the
set of SID,b NFM FSID, N, and F is not associated with
any MAC-hs SDU segnent. [00621The FSID is a bitmap

i ndi cati%% the segnents that are transmtted_ in the

MACThs Pibbe nmélwsrsmm ane of emhadimpntsER wharein the size of
' =
oo 3tingtples Sab o RRG L 204 Aol il o e
headér ofetH‘dGMaAh)shSBw vazﬁcbptemeallassa;@nmﬂtthaﬂ\mcms SDU.
par i cul set o SLD, NFM ESID, .N, and F. val ye .of
Bray The) 7as4hod AR 4 2pR o0 gf PR - pherk e Beader
ofﬁ% pIA@-hsqfﬁUFmbﬁld@QtanmC' at ed Wlth any entire
MAC- hs SDU, but only to a segnent [0064] The F

fied i sThefmethod namanynge emhe umntﬁd:t5 ivoherein diegizes of
BB el el FR RSy AT plfiac
hs@8DUddistgmenatedset of SID, NFM FSID, N and F or vi ce
65 | DTSN f.i el d t h
Froabe bFBacbethod ol pmmbedimant dymeeein e, fimga v thediwet S-1
segmMits &ﬁh@%@oﬁg SDSJ RahR MGofithe MOACTIRY SD’@J fdinded up to the

Segnents have alrea been sent and received
neamat agultiple pf Sythen mxnam by Hhandridn meabﬁthedeat ségment of the

i S 5L ok R i s o

préviyes S-1 SeginentWAC-d | ayer). Were poor channel
conditions had |l ead to segnentatign but chan el
condilt i ohbemarkod AfibaRYI0Re mmb Pr@ml%)header of

B T RO e S AuAC
hszSDEady been successfully received by the WIRU.

headel  SAPe FIRBPA ALt AR EERG 8 FPHERIERS B yicrein  beaterof

the MA@BLKQBPDU i6ddsFx Fend ﬁldlcaﬂlﬁg the sdjaden oy MA®hs SDU
transmt the |ast two segnents of MAC-hs SDU X and the

thafihxsslpC@é!gdenttthM@stD Y, the MBC-hs PDU incl udes

(17 1P oot b iadthodhain it bnglof Aol 3RS 642, (e it mber
of iti:%neﬂgslcﬁ‘ehg %gAGé:ts slaluzlstzﬁxelmf totsi predefinEdivalze. FSI D 0,

L M + ThiRPHIeR PRdns eRtics ob erRarRentiod 13 niherei the

se%ﬁéﬁt P AN eVMQCﬁhmwgls stiklsted a2BRrarilyone Set of
NFM FSID, N, and is set to: SID>0, NFM >

FSI 850, Mhemethad of[ewmljmenh 14 ethereinathieader ofithe M@CH@ PCU
mc%D&Jesngx S?’?D 1gd1ctat1|ngtaostta\1apm8 post (P08 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.
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segnents and the segnents are transmtted separately.
One or nore segnents of the MAC-hs SDU may be | ost.
Figure 10 shows segnentation of an MAC-hs SDU 1092
whi ch has | ost one of the segnments. The MAC-hs SDU

{2 %Fg BB TR e Sthont e R S o EA S0
inf{ AWkt raﬁe%a@&ﬁ%;som{f ibg tﬂe%tegnfe%%%‘fheaﬁlgrtf&%é MIAC-hs

segnents 1004a, 1004 1004 are success recei ved
SIBY. t he WIRU and buffered. However, the third segrrent

00 o Shen B Rbhd0R Pl B Myd e tast

onw éhSEﬁw ih@ibating0y Ghd R siHidRlb |within the MAC-hs

deterni nes that the transni SSI on has failed for a

SDYrandan iDJedieating thadength qf¢hesegpanthed that the
H Al
o 05,0 SFERb8 38 AOOERE B ak 4.5 i lden aac
hsbPPUeinchdes om:e ofm ¢anmiginhtion rof segmmatitsyfrofn0D phjratiéy of MAC-hs

ST =88 AFUrA PO OR3P PRE SeAPR I aBrA MAG B SIU and at

leJd%QmWBBHrHMA@SEsSDU mer- based nmechani sm The WRU
sets a tinmer, and if the tiner exglres before all

segidnt sThe mehodofcernvbatlimens[30 whereiner heaé@epf\‘/tl@ MAC-hs
| f
P%ﬁ?&ﬁg& érﬂé ?@gés%lg%l?é @Hé}ﬁﬂﬁiﬁe? of g%n%e r ese e(\;ehrsySDU'

t i m22t heTHé& Eﬁéthed ak e anﬁ ofe gﬁaﬂbodMnts 20, whefreinhcheader

of bhe MAL B R0 peles af eass one pet SLTDE TSI Rselddna 7

ﬁeiiplfixat-fé1 Sséﬂ)@fa%d Wi'tlpcfnet S¥ambid MACTRY SPRUS; d NQiH(l&‘ﬁi&ca%lg the

hi gher layers, (e.g., radio resource control
nugnbgrapf eghsecutive2¢ntiree IMAC-he ISDUs heithr synalagize] the F field

infieatiBEHHIhS: & bt Dol FelR e et i e JEACHRIRDY beader.

fai ar e. Thendthbdas iy afl$baé bf émbodintdils FZOQZ:ES&&QM alhéader
when t he maxi mum nunber of H ARQ retransm ssions

of phe NMAGhsHIaUangludes adfeld identitying a TN §befceg%d§m°w “deleted
lgrdche MAC-hs PDU. Alternatively, the WIRU may
fr(glg?ect eIrhe H ARQ process failure when the WIRU
r ec@#vesThe meathedsas &n any bnel bHanhbodjments d23; furthehemprising

caltHITE A SRR 1 WA e PP i FRSTR, B %, s to the

rei@sni@¥MACLROIPBU Bitsansni ssion. [0073] Alternatively, a
new si gnal i ng mechani sm may be used by the Node- B to

i nd?éat eThe methogwfembpdiment) 24compmiing compasing e satio to a

N ..
NG RN i G
gréntemtiahd thenthresheldnt i onal Li or L2 signaling.
[OO ]Th se ation .of a |larger has an
Lavaht agh e heRIpE reretying sverckebyia BEDYA. (he
segm?nt arhe Paéthod ok@ﬁﬂ%auaaﬁkzs cbﬁbﬁsﬁgké&{vmgek;ﬂhiamy of
results in a significantly small er packet that

MACrhssPDUs) tleMHhsrﬂaHs SGTTY TR SegeRts éamMAQ-hs S a

(73! P AR 5 Wb o

in aibuffent er f ace resources. [0075] Figure 11 shows
generation of a packet alnost filled with paddi ng. The
MAC-hs PDU size is 180 bits, -Hhd the MAC-hs SDU si ze
is 200 bits. The MAC-hs SDU need to be segnented 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 remai nder of
the second MAC-hs PDU (160 bits) woul d be padding. A
nore efficient solution for this situation would be to
avoi d segnentation, and instead, transmt a |arger
transport bl ock Si ze (b| g enough for the or| g| nal MAC-

P~~~




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 i s
segnented 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 woul d be al nost

comA%t elfper methed \ast in @y prergf rembodinments 127-28, eoraprising

I%I)H] nost efficient
resM?%n %‘%ﬂ%e tgég#ow grrs slzgmant ation of the
MAC-30s Shle miéthotl\of eivihad et 2 Iswhéredm sh el MAC-hs #DU includes
successi ye TTls the need for excessive
9—’?—%% %&ﬁ’%éfg%gdﬁ%ﬁi? 'ng the burden on the
MACd1s dqwelrhéthodlz31AEnyTnedf exbodithend®7(30, ri)vherem the sizes
accordance with one enbodi nent, before segrrentl ng

ofjphe seements is deteNpiredsbasadcen thepunber noétsmnentsxmhy:h the
MR s RiDis; %\%é%gbﬂ{g&y the MAChs SDU segment to the

Femal ni ng bits. The Node-B then conpares
t he &2at i C[‘hteOniehb)d s anhahyl .onéhef dabeditherity Z228bewhetdia the

e o S0 P L A A LS SN Sl The

t rarggm t ThadmtRe K§tin iy 5iRPB\embodimerts INB2TRHAPEN each
of enbodi ment 1 conprising generating at |east one

Myyleh BDEhirjcludes one of a combimasidroef segmentsdiiommaplugality of MAC-

50 P o635 B P AL A0 ana

atdesgtion®l digirgeMAChs 8D plurality of MAC hs PDUs, each
MAC- hs ng i ncludi ng at | east one segnent
e

The $et hddresnetbod adinany one elnmbodimeyty ?%ﬁ§rﬁ1ﬁheﬁ§°1pﬁélsmg

HBenfignd Wdether a tranfmissiéh W tRE plurality of
enbodl nts %ra, gy eresln eac &?N%gﬁgr%’%ﬁglwn% udes guralyo

segupmbs t from a single MAC-hs SD!']. 7. The

o 7 &% " The @Bt AP EnRegiret 4 B5thé dmirfs pRlelipedtments

ofRiBblSMmm% SEE inl #e Bhffbl wvdisiag For @badsemmbBNerien BDleast one
except the |ast segnent of the MAC- hs SDU.

segmentef thayMAC-hg ishestof enbodi ments 4-7, V\,herel N

tg h e %e ad g:‘éet‘hﬁa a%aﬂ§ oﬁp& ({’%H%Erre A% § zfugther comprising

he net I'n any” one o
settting aitiméhe si zes of the segnents is determ ned based

S egtﬁgnt eg‘ﬁg met d o?gmi)otdlsmggt gg] Lgxgpltugi%g DH 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-



10. The nmethod of enbodi nent 9 wherein the sizes for

the first S-1 segnents of the MAC-hs SDU is the size

of the MAC-hs SDU rounded up to the nearest multiple

of Sthen divided by S, and the size of the I|ast

segnent of the MAC-hs SDU is the size of the MAC- hs
SDU4H nudhemeetbadrasin anpose ofesnlyfdiments 2533, Santher comprising

f
deFERIRMIARQ progess Rl fr TARAS delaBlY. DI° 00 o),
[ Ecl4t2d es Thefmethdd loﬂdmbalﬂimg?]ﬁthlewiﬂpﬁh dﬁhg(ﬂ‘ush&@g‘mntségm];ents of
t he . e met as. in an e o
the %@&% ngDH in &Jheepeéﬁr ETM@&: Staltps dorranResmBDU
i nclygd eSTﬁefm@dh@d'd%dihCﬁy‘ Be Bhem%&iﬁéﬁts Uf1-43) ewﬁ/&%nh%he H-
SDU that is included inthe MAC-h

ARQt pretesss faureis odetectiede mhen ﬁbmtmasmmn meﬂmrn of hfé ARQ
nts of e MMC-hs SDU is fixed to a
repr ggg?slsgéeassg e reaCheCE] 14. The nmethod as in any one
of d#bodThe nhsthédla% invdigy 6hé of BRbsdipn@its 41042, ushélrein the H-
eMAC—hfs PDU.is selected arbitrarjly 15. The
tRoeesst faklnge ds detretec %@tﬁalaswéaleerméfcqt% RRY. fata is
i of
reE’éi‘%d 58 tHEESmaH- %ﬂ@ﬁ&%ﬁm%@e%ﬁé I l‘@%‘g.ﬁg%ééleﬂ.

the segment wthin t
met 46d oThemeibpdesin 48y wheofenbadimesR| 47-33) durthereomprising
artin i.tibon,.of th nent in one of .bits and ..
redfifig £ 4idal bR fraf AF AAERbne ol SpRbaiD Gy B hrioutar
MAtrehsSIBDUb@ﬁusmcE&oﬁz SRIbEir. nun‘oer whi ch indicates
the starting position. . The et hod of

enb86i meRhe methed ofiembogdiment 45 qempréging fushimgothe indicated

sedneh ﬁs@‘r@ﬁléﬂ%‘“ } the starting position of the segnent
egﬂ start of the MAG-hs SDU. 19. The et hod

of éﬁbodAriéode-B&omhmmthatmakldrviiarﬁSDHAs at | east

SogiBnt “nemione Heot pebhdnithy L SRRrisig R MALE by Javer for
sefmentif g AIMAC hé BB USRI BRirality of segrientslded %ﬁi&aﬁng% plirality
one of enbodi ments 4-5, wherein each
Mf{%hﬁe‘%DHﬁee%ﬂh MAGrhsiBRUiineluding elgleast ene $mept

lugglit h
gneagegrr%‘]ﬁ %&Boﬁfegmdjws%&ga%%gas necai i8ger for
trmsmmnng/bh?emsms PDUs. 21. The nethod of enbodi nent
ere er of the MAC:hs P cl afleld
CnaPlat + Hhe Ao oY duth o bR oS AT d WEES
MX@-hsTPEtﬂﬁfchﬂibs%e's'é t $Rfn @fsi MACER SDIP- 21

wherei n a header of MAC-hs P i ncl udes at Ieast

onedtet 'Bhe Qoge-B\FMn ﬁsr one of embagdiments 48- 50,e¢rh|eltei:rat:hq size of
o SRSl el SpUAEA P DS B or e

he&fidisofitheMAG-hs Pﬂlleaxcéﬁletﬂé labesegmditi of ghe MIACHes 8PIU.

ields ar resent in the MA
heaggf "Bhé No d?ﬁ Oﬁ'ﬁ@ BRt 2k th‘?"%‘ﬁﬂ’@ﬁ@aéﬁr of the MAC-hs
PATROdL A8 LS PN 22, wherein a header of the MAC hs PDU

i ncl udes a field identifying a TSN that needs to be
del 83ed The NOdekBl as any one of @nbod‘mm&ﬂtﬁﬂ), ahereinthe sizes

ne of e nt s. 4 urt r
of B e IR Y ebietis g oron S R SR of Sfinents bt e
MAEJsESDULS sbgmeheéml ni ng MAC- hs PDU bits.
The nmet hod of enbodi ment 24 conprising conparing the
ratio to a predefined threshojg, wherein the MAC hs
SDU is segnented only if the ratio is greater than the
t hr eshol d.



26. A nethod for receiving a packet via HSDPA.

27. The nethod of enbodi nent 26 conprising receiving a
plurality of MAC-hs PDUs, the MAC-hs PDUs carrying
segnents of an MAC-hs SDU. 28. The net hod of

enbodi ment 27 conprising storing the MAC-hs PDUs in
buf ©dr . The Node-Bof emhodimend §3axhergim e sires §9r the first -1

soBRAEL PR MAL R RRTF Il (RRMEGA S0U Minded gp to the

neanéxtdhuhmle o8f Swhen divided by SMx@dtheRiké bi‘mﬂeddsis segment of the

MACTRE DI s he afsecle s Moo MM mime S8 <L AL the g of

prgmggsoisgéqgeﬁtggnents I's determ ned based on the
unber of segnents to which the MAG-bs SDU is

s eg®nt edhe Node-B agin amyeneef eivhodizndnts 48150 wdhegein a header

of %%ﬁé&%ﬁﬁ)@ c#%%ets ehgi(gl tdr'icga“ %%enﬁu.ﬁl%gi' %ggggﬁﬁgnésho? the
MAEthoS8DAR i n any one of enbodi ments 27- 32, wher ei n
R B e
of SR M AN PD O inALdb£2 Hel® ﬁfd@fﬁﬂﬁ%ﬂie de D%ﬁi@n@ ¢ thWEAS-hs SDU
MAC- SDU. 34. The

SDU and at | east one entire
thﬁthI'mdhubdmthﬁMGélmPDéhbodi ments 27-33, further

i si { n| n whet her a [
o Pt She NoFEELES 7 A5 oRR or et bR S 20 MBhprein the
mﬁﬁbeerf %e@ﬁbhﬁﬁoﬂlﬂhe NAOhs B Stfiked Wprédyﬁmfedwdh@e
del eting segNments of .t he MAC- hs SDUA n the buffer

wai PBng 18¢ NedgsBeamiip apieAngtof] gakedigyents dGnptht wherein the
se ‘énfvﬁﬁllgk?edsi%{ﬂ SMAREhs PPYjs s?lur ; ﬁE@&t{% d as in

ny one i‘ment's er conpri sing
set 6Png The Node-B of embodlﬁént 58 wherdihaheaflerofitbd Mﬂths PCU

6,CO shin . ment of the sa
indBa8 RR SFIDGfatcaling g RERERR ST i seedie R WnMA e MaC-
hst$BUL | mer expires before aII segnents of the sane

MAC-hs SDU have been received. 38. The net hod

as BA- any¥heNodgfB asimpamyene ef erabalimentb @58, whereip e SPID

indifaf 36k sfng pdsitiod oP B ERmddith on oPBits diid by
The 6iet hTHe dodierB asl;n myeomé oﬂlhb@ﬂlments;5$6()3®hemmthé 8PID
he tinmer is confj RRC .si

ur
indifgtens TSR Sk AL IoReatao e AR S B0 on oy o1 h
t heghli MeThe NddRBhs mbﬁzé%@%f@ﬁmad{rﬁ@ﬁ@tsm 10Fhé#en the first

b11:f Af rtlsuta S%’? nlggltcagefs vstrheethl(\e/jxi“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-



41. The nethod as in any one of enbodi nents 27-33,

further conprising detecting H ARQ process failure for

a particul ar segnent. 42. The net hod of

enbodi ment 41 conprising flushing all segments of the

sane MAC-hs SDU in the buffer that are waiti or
hs¥3Ys @mg| acombination df atrlrastrene segraent fmowecMgCohs SDU and

@39 elnthe HARQ process failure is
atgg%)ecte ]hegv}%@é‘sn%@l rrum nunber of H ARQ
r et i68nsniTheiNode-Bast diabodiheat (6adwherein a Adadérhef thet Ma(C-hs

J n of ..enmbhodi nts _41- 2 wher e| n, t
P@d&&é’g 5 Hta Snaiatyag ths BumeEt e dus BRaCE¥pu.
i ndiggat | TteNledhE ih anyeaE bi’@lﬂb@&‘iﬂl&iﬁs $2.65, %Hé%?naheader
process while ex ecti ng@a retransm ssi on.

of the MACHsPRY ing uainy at heastone sebof FiEhNFIz FHID, Njﬁellqieand F

R SRR A TSP ot o o
mfd1blah efl cim@e’autive onffifeeMAC-hs SBOs with sgidlodizef the F field

. enbodi nt_45 conprising. flushing the jndicate
m@@@ HBRTEhSther,pk Ret Bore BFlds ate prosept it *%S@g -hsoPDU header.
tragym t PhBNAePB ek ¢ ajt %nE'%Pglﬁbodlments 4@*66T%e|}@igaea Feader

of enbodi nent 47 conpriSing a
of the) MAC ihsgPRUNIBC Udes $Eﬁbldadanfpfyumaa |'R§N @ga%egmbrtpsbmeted
fr(ﬁﬁnwl ng a plurality of MAC-hs PDUs, each MAC-hs PDU
g at | east one segnent. 49. The Node-B

of @&gbodTHEMNodeB a9iahe bﬁé]oﬁerﬁbétﬂhfe@lts 486e; wherein the MAC-
transm tti_ng the MAC-hs PDUs

Th
hsilayemis confearedtaradewlate 3 ratioof M&ﬁé}%?ﬁ%ﬁ%ﬁ t%m HE %y the

|
segx%gn%_% %eg Z(_ﬂ%ﬁggﬁggm -Hs' PR b?fs | n%éﬂes thPYatio to a

n any one of 48- 50, .
predefirddithroshadd zeo thatthe MA@MBUrmtsegmnteﬂ oy iftheeratio is

of, th C-hs P m nus the size of the header of the
grﬁiﬂﬁrllig Nj&fn&?ﬁgﬁlﬁ the |last segment of the MAC hs SDU.

52. gdhe NOWT'RYJ @dr RebRehg B Packdt IBHISDPAL he header of

the MAC-hs PDU incl udes an FSN. 53. The Node-B

as i’8- anFhe YETBU eomprising# physicadayeifor seoeiving asplygality of

MR P PUR R AT 12D DR EeREeg B36e J15, OS5 SDU.

54. TIhe ThdeWHERI of rdmbodivrent 52 whapﬁsmg hn MiA(xhs flayer for

stash e eV M TR B Fengearmiing thasemaie Pt MAC

hs®DG. t hen divided by S, and the SI ze of t he | ast
segnent of the MAC-hs SDU is the size of the MAC hs
SDU7&i nu$he NeTBUrasgh am@nsmf embedinends 79+7d, gherein each MAC-

hs 3Rk rles ong sepmen P AAREMACH SOV ke pou

[ EC f78d eS’rI]‘he WERU d)ﬂlﬂhb@hhidjltﬂlﬁ&nhl@tﬁhﬁd theodizecofthetsegnients is

t he MA as . SDuU. 56, The Node-B as i.n ne ]
detgrmingd hasgdon the ymherslosesments to a7high thecMMAG-RESDU is
se% &l udes a field indicating the segnent of the

s "SDU that is included in the MAC-hs PDU.
The WTRU as in any one of embodiments 70-73, wherein the

segment included in the MAC-hs PDU is selected arbitrarily.
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57. The Node-B as in any one of enbodi nents 48-50,

wherei n the nunber of segnents of the MAC-hs SDU i s

fixed to a predefined val ue. 58. The Node-B as

in any one of enbodi nents 48-50, wherein the segnent
included in the MAC-hs PDU is selected arbitrarily..

59 Phe NbedVERYF ofamhontliment 743vhearein¢achMAEHrPDbf includes

C I
°n605| w% &J 0 ogege%lﬁe?ltg %? ep p%wgﬁ;f % B %'I'HJQ %nd a
coﬁihmﬂ?liﬁ:n Node ié’a@amensegmemrﬁomfowmme BBUXh b At least one
r@é g?ﬁlDindicatesthe starting position of
entt’rTé @ one of bits and bytes. 61. The
NodeeB agmWeRY & fly GBI EnBuaients Aly5, "Wl%x%iﬂ‘tﬁémc-

SPID I ndicates a segrrent nunber whi ch | ndi cates
hsdaper is wonfigrsiedito determine whetherfhtransodssiprakas ﬁaﬂadfonﬁtéeast
wherein the first bit of the

o%ﬁf%ﬂbﬁ’g“rg n%?\?ﬁ%ﬁé? the starting position of the

segimant Thet WTRUabf edhbddime\C761swidddin the MAGhs Iayer is
Node- B of _enbodi nent 58 wherei.n t he heade |ngl ude
conﬁggredowed%?teaﬁom ssemante sraitige far é?ﬂf%&l& 4 ﬁn&F fr?é one

Nﬂ#(f‘h%'?ﬁ)WlJ&‘i SDU and an LI D indicating
eng

e segnent 64. The Node-B as in
any 78n e ThedWHRAT mamanm&eaﬁ‘ emtiodkimient=HER7 WA rein BRUMAC-

By e SR B0 o BB MBEH] S et ar
waitiagifoPRassérd ngﬁoﬁarmm Yiien &iSexPikéstetoratalll seghifents 6f the
entire MAC hs 65. The Node-B of enbodi nent
sage WaG-b SDU hexabeenreegieednC hs PDU i ncl udes a fi el d
i ndi-gat .
'62 : a ' %SWE W&%bﬁlm%ﬁgﬁylﬁe n_g{n dﬂxﬁgu%%q t}éseg?very time

as in any one o nts o04-6
a sdgmemtrthat epaidrof the MACMAGIDY iBDecéined 1m|em'rent orderst

o8 o SnegV Epainny phe Shgmeboimhli Foyhcv Retola e Bmer

is costigabloby m{mgﬁgﬂgg[m f consecutive entire MAC hs
SDUs with e% sl ze, heFfleIdlndlcatlng whet her

or 83t Billias m@spm%@fiﬂmbcrdlme@twwﬁswt!wm the timer

N uppireed{ifol 8 ieh il seln B o1 WaChe SRV

I nci8@des TaeWERLS asjﬁndn;f onegf emblodiiniehtd 7838 dghéreibthe MAC-

bt R Bl SREenFh o the B MACTE SR, At Wpdiae for

resSREHY R b Quﬂ%&‘ RS- ARQ ?&b&s@ faﬁ‘(ﬁ@‘lbéet@ge'd %lt a&Jartlcular

taken up by the segnent to the remaining MAC h
Seﬁmtegtand corrpare the ratio to a predefined threshol d,

50 B2t e AR S B RISl i BB eore i
detm@d Wiéh ahpagkfimuind nldﬁDRA. of H-ARQ #@trahbmissléié has been

%Ppr|5|ng a physical |ayer for receiving a plurality
regghegdnc hs PDUs, the MAC-hs PDUs carrying segnents of

an WG hTh@Wi‘RU of emlrJd}me-ﬁP 82 \WHRre ! tHeHR! %@%ceggfaﬂure is
conpri st ng an ayer or storing the receil ved
defsnted whedls tm@mleassenﬂiqamglgtm dataenreceivedt drethérsimme H-

AI§3L1J)'rocess while expecting a retransmission.
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72. The WIRU as in any one of enbodi nents 70-71,
wherein each MAChs PDU i ncl udes one segnent froma
si ngl e MAC- hs SDU. 73. The WIRU of enbodi nent
72 wherein the sizes of the segnments is determ ned

based on the nunber of segnments to which the MAC-hs
[08TR) i s sddthowghd the featurem ankh eeloynRUts satien desgriberk i the

eI péficitar, POGEBiabioh St Riblre S UERAL Ll b hsed
alWﬂdlﬁhbue tinoothee féatvifiesdirt éllefheﬁasbf fHeCnfilsodiidents@d indegious
o of. a canbi nati on nts fro aplurall
ST RF yl@eﬂbmﬁ?r Aatomres @t M aE s@éﬁewethods
prf){/ﬂ@lcﬁlﬁy %Qﬁeﬁggt&f‘ﬂl &l confister %ﬁ%‘%ﬂ% '§o?l:vM§'§ B# firmware

he WIRU as 1n any o enbodi nment s
taﬂelb’xﬁ emmdm;i in amemnmvsreaatpble s@rammeglunecfor execution by a

det erm_ne whet transms on
e Sl Pl RSse b RinEer & A BR0bE oS RRR ot Brtififtel adbble storage
m&&iaumhcmmwe&a phly fevey CROM)) & riidoiaictery @liethory (RAM), a
configured to delete stored segnents waiting for

registars ExpheyOmeRY. e eonsuctar aneragredeviess, m@gn giiemediagygh as

inlcEpaf R, disks ot rerigRollE BB AR RGP media, and optical
medinfsugh as CHROMudisks,| dndsdigitiah versatile Hisks 4PV DEAC- hs
t hat jate |t|n for enbl rom buf f er
0l "o 5P EbhtasPiboly kil ey ol P Dernt epea) pufpose
protddsoi W peeRN plifiddle Pebeessor, a cofPentidita]l PH6lds&dr, a digital signal
enbodi nent 78 wherein the timer is reset every tine a

preessientDSPa e plyralityiof spicroproggseorss onpor more gaigroRrgeqssors in

sSAG0L WL E TSR ore, p ibirdih, Wt @BnlgBE VAR B Specific

InhggrREKd Girguits (AngCs) Field Bﬂngré?hnnz\!ﬂlRGaae Arrays(¥P&is) oircuits,

nts..78- 80, wherej nmer  is reset only
B stabtaratsd GronhACh] FadolB SHRRMETIPRG MAC: hs

IWitBB¥ftwaee ﬁ@i&@d%&&h 1 t

[0@1_? 1, \Aﬁeglz)lgﬁsstxﬁgl ym%gwagﬁ?gﬂ} ?qushesﬁg | segnment sf,oefmen

a ltaldeo @aq@em@rhsscsmgrtfmsean@ wireldsa gramsmit xegsive mpit (WTRU),

us]e{‘ 8&'1111%11? th ?E)Hr m gléwléggseoétg%%ﬁsg%ﬁb %;E{Ev?wﬁﬁﬂﬁo?ﬁ ?IQNC), or

angnh@sil mput&i‘ Wike VTR endy ABQugedoire senjiiaction avith modules,
tectg‘%1 ﬁ he rra mum punber o H-AR%El .
?IP% g or, seftware, fuch as a cgbperg; p, vigjeq samera
m&iul€ HQO%&@&OQQ %%ﬁ@éﬁbrbﬂsn& éRQmaasﬁsaeﬁeél H' §pdaker, a

det ect ed wheén a transm ssiton indicating new data i s

miceepioned aohelemlcmamnsmpr@dwsismee @xlpefsta kgyhoard, a

00791Al t h h
BIRELRERD It ERREREY R NP B te ThiE ¥ tawid erystal
dl.ﬁﬂﬁ& (E@D&Hl@@i@hﬂm a0efgantelght-eaitiing dibdédCHDEDD display unit,

be.  used al one wi thouyt the other features and Iemenij[P
a gigitphmusimplayab i Bedia playen & vdeo gamsinaxersaedule: ap Lpternet
briirb b UbdleNfly LRIl 2ol e PhEHPIMSWIAR) WIS
provi elnpenmwe I'n a conputer program
software, or firmwvare tangi bly enbodied in a
conmput er -r eadabl e storage medi um for execution by a
general purpose conputer or a processor. Exanples of
conput er -readabl e storage nedi uns include a read only
menory (ROM), a random access nenory (RAM, a
regi ster, cache nmenory, sem cgpductor nenory devices,
magneti ¢ nedia such as internal hard di sks and
renovabl e di sks, magneto-optical nedia, and optica
nmedi a such as CD- ROM di sks, and digital versatile
di sks (DvDs). [0080] Sui tabl e processors include, by
way of exanple, a general purpose




processor, a special purpose processor, a conventional
processor, a digital signal processor (DSP), a

plurality of mcroprocessors, one or nore

m croprocessors in association with a DSP core, a
controller, a mcrocont rol(;ﬁA)[_Msopl i cation Specific
Integrated Circuits (ASICs ield Programable Gate

Arrays (FPGAs) circuits, any other type of integrated
circuit (1C, and/or a state machine. [0081]A

pr otessoA methed fivitannsmitiinga patkekyia high speed dewnlimk packet

el BP D o SEb A RISy o e 18
(LT : o?xfa%{x[% %%aske {6 ﬁSﬁP&?llecf1ﬁ% gc&%ts‘_l@%g&\*/(\)nl_ IglL\J/[Arr(Ell-yhs) service

con hos ut er

dateunia@DU);conj unction wth rmdul es, inplenented in
har dware and/or software, such as a canera, a video

cansggmentingdheMACrbs fHdHenta asrpléqabﬁqb pbRegmgnts;
vi bration. devi speaker cro .
t el BYRLAGNE raaﬁ@@g rpr%oﬁ%ln%%r ggﬁhggi)s P the MAC hs PDU
Fﬁﬁl\/? e tdeadt BhaGLORERES dngodul e, a frequency nodul at ed
inc radlegl unit, %91 [ qw%l crystal display (LCD
di splagmitiihg the MAgahs PDUght -eni tti ng di ode ( OLED)
display unit, a digital nusic player, a nedia player,
a vi deo gane player nodul e, an Internet browser,

%, “Pho"hi 3831 Bigh, 1RGREE AN ADIAT 1o PDU

CL et via
inchid#R = PeeshslonwddudhcpankebeA(EESY. (HSDPA), the met hod

conpri si ng: generating at | east one HSDPA nmedi um
access control (MAC- hs) serV| ce data unit (SDU);

t th | |
Seotent oo BRRBE R | uBeRall 8B B ths,gachs PDU
incilles ACRAst 55 R ré%dp%l'tfb@ﬂ Hl‘i’dl@ﬂt(ﬁ“t (EPPB) 1ﬁ&ﬁ:at1ng an end

segnent; and transmtting the MAC- hs
posiltien obtthe ckegmmitawmlﬂnWherMACﬂasIﬁEBb andfa ﬂmgﬁtor (LID)

PDU in gment sequence number (FSN).
1ndg:atrngecl}pef cﬁft PSefeMher ei n a header of the

MAC- hs PDU includes at |east one of an end position
i ndi cator (EPID) indicating an end position of the

Seglment Airhbthod i MeeHagSDarhdt &id dvigh h;pleBdldImrldnnk packet
:{Q i ndicating the Iength of the segment.
accossfEI POE A othe mashof egmprisidget vi a hi gh speed

downl
o dBr P AR R EO D PR LR TR O protocal
datd m%ﬂ?mgéphmc%tpnmd&u&ﬂa% 1BaMAéndBedient of an MAC-hs

including at | east one segnment of an MAC-hs service
servie¢ datmiuni{ §80J%); st oring the MAC-hs PDUs in a buffer;

PD@%IBg&hemﬁgWﬁ{gﬁeg"EB%é ’lgﬁ(liuded in the MAG hs

reassembling segments included in the MAC-hs PDUs to an original MAC-
hs SDU.

5. The method of claim 4, further comprising:

determining whether a transmission has failed for at least one of the

plurality of segments.
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5. The method of claim4, further conprising:
determ ning whether a transm ssion has failed for at
| east one of the plurality of segnents. 6.
The method of claim5 further conprising:

del eting segnents of the MAC-hs SDU in the buffer
waiting for reassenbly on a condition that at |east

oneg.segimEhé ntfthblefMinh§ fﬁﬂhdr&omsmsm‘g The net hod
of claim5 further conprlsm setting a timer; and
f | ileige sbgmentmerithe MAG hé Mﬁﬁem@mlm fargeassembly

on £ Rapditin Tiafcilsde) phd Serspk SEPRS SEAVRT SN et ame

MAC- hs SDU have been received. 8. The nethod of claim
5 further conprising: detecting hybrid

authmat iThe apthod véglmsat 5(fur i copmdasng: - fai l ure for a
particul ar segnment; and flushing all segments of
th§e§‘aﬁ§am@eﬁ538®U in the buffer that are waiting for

pag S%%mgggg 8f é nBN;[fgcbke @aﬁég'elélts 'tl?%g%éf’&f that are

waititg M@@@aﬁemm B&ldltlon tha@ BhESRRér 8Relirdsbafresdl segments
control (MAC-hs) layer for segnenting a MAChs service

of thi@‘samsethAQbB@ Uohavepbelelah‘eQG}V@i segnments and
generating a MAC-hs protocol data unit (PDU) the
MAC- hs PDU i ncluding at | east one segnent; and a

105 Tro MR o O AP HOT NI oF tne

MAGebestiigUhy it udeoneatic agranttregagsietideA R@QprocdssShjlure for a
11.. The Node-B of claim9 wherein a header of the
partipdansepmentnanddes at | east one of an end position

Isgg%éﬁg O%Mapﬁg’ r&%ﬁ %ﬁ?ﬁé Q%@n%é }Pﬁognﬁgﬂgﬁﬂl ﬂ{cF b er that are

waifihkBr téuliseaiblpg the length of the segnent.

9. A Node-B for transmitting a packet via high speed downlink packet
access (HSDPA), the Node-B comprising:

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 MAC-hs
protocol data unit (PDU) the MAC-hs PDU including at least one segment; and

a physical layer for transmitting the MAC-hs PDU.

10. The Node-B of claim 9 wherein a header of the MAC-hs PDU

includes a fragment sequence number (FSN).

11. The Node-B of claim 9 wherein a header of the MAC-hs PDU
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.
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12. Awreless transmt/receive unit (WRU) for

recei ving a packet via high speed downlink packet
access (HSDPA), the WIRU conpri si ng: a physi cal

| ayer for receiving a plurality of HSDPA nedi um access
control (MAC-hs) protocol data units (PDUs), a MAC-hs
PDU i ncluding at | east one segnent of an MAC hs

seryg ce AqlieldBé fradmditireddide unit (WTRUMBETBEeikB)es packet via
for storing the received MAC-hs PDUs and reassenbling

highegpeedtdowmnllugackétnaddess (ASDRAREE WTRAY opingirisang:

MAC- hs SDU. 13. .The RY. of im.12 erein
t het Macsipal lpggeforireceiying @@Xg%ﬁlfﬁd atSPRreiigprmspess control

o VR 50000, 3 PR e
segihaitei i B\ O s viydital wnie ¢8DIW@Uaead to del ete

stored segnments waiting for rea}sserrblé on_a_condjtion )
t hatn MACdwdayentorssgrivgtthe recqived NA GshsS Ussangrqassembling

15. The RU.of . cl gl 2 ein the. - Lay i S
SCERFTE gﬁ?l\ﬁgeiﬁj R the TS ?@Eﬁ%ﬁﬁ&%ﬂ priEi WA HATOH,

SDU that are waiting for reassenbly froma buffer on a

condition that a tinmer expires before all segnents of

t hel Saner'NVAW TR UStitlhimel bedereiecdie/M\C-hs layer isconfigured to

WRU of claim 12 wherein the MAC.hs layer is .
detemmmeyhether trapsmissions basriaued gqr thleast pie phehp plurality of

SDU.that are waiting for reassenbly froma buffer on a
Seg?@ﬁ’&?‘ti on that hybrid automatic repeat request (H ARQ

process failure is detected for a particular segnent.

14. The WTRU of claim 13 wherein the MAC-hs layer is configured to
delete stored segments waiting for reassembly on a condition that at least one

segment of the MAC-hs SDU is lost.

15. The WTRU of claim 12 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 on a condition that a timer expires before all segments of the same

MAC-hs SDU have been received.

16. The WTRU of claim 12 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 on a condition that hybrid automatic repeat request (H-ARQ)

process failure is detected for a particular segment.
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