[0011 MAC LAYER ARCHITECTURE FOR SUPPORTING ENHANCED
UPLINK [0002] FIELD OF INVENTION [0003] The present invention is
related to a wireless communication system including a wireless
transmit/receive unit (WTRU) and a Node-B. More particularly, the
invention is related to medium access control (MAC) layer architecture
and functionality for supporting enhanced uplink (EU) in the wireless
communication system. [0004] BACKGROUND [0005] Methods for
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MAC layer architecture and functionality for supporting EU. A new MAC
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\Wehddulirg Mot esBeaing af BRNGhyFloel WiRtdes have been moved from a radio
network controller (RNC) to the Node-B such that the Node-B can make decisions
and manage UL radio resources on a short-term basis more efficiently than the RNC,
even if the RNC retains overall control of the Node-B.

F0006] One or more independent UL transmissions are processed on the
enhanced dedicated channel (E-DCH) between the WTRU and a universal mobile
telecommunication systems (UMTS) terrestrial radio access network (UTRAN)
within a common time interval, One example of this is a MAC layer hybrid-automatic
repeat request (H-ARQ) or a simple MAC layer ARQ operation where each
individual transmission may require a different number of retransmissions to be
successfully received by the UTRAN.

[0007] SUMMARY

[0008] The present invention is related to an improved MAC layer architecture
and functionality for supportmg EU. A new MAC entity for EU called a MAC-¢
entity is defined and incorporated into a WITRU, a Node-B and an RNC. The WITRU
MAC-¢ handles H-ARQ transmissions and retransmissions, priority handling, MAC-¢

multiplexing, and transport format combination (TFC)
-1-



MAC-e handles H-ARQ transmissions and retransmissions, priority
handling. MAC-e multiplexing, and transport format combination (TFC) -1
selection. The Node-B MAC-e entity handles H-ARQ transmissions and
retransmissions, enhanced dedicated channel (E-DCH) scheduling and
MAC-e demultiplexing The RNC MAC-e entity provides in-sequence
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AC-e architecture in a WTRU in accordance with thé present
invention; [0015] Figure 4 is a block diagram of MAC-e architecture in a
MedeiB in BRIEF DESCRIPTION OF THE DRAWINGS

[0011} A more detailed understanding of the invention may be had from the

following description of a preferred embodiment, given by way of example and to
be understood in conjunction with the accompanying drawing wherein:

[0012] Figure 1 is a block diagram of a wireless communication system in
accordance with the present invention;

{0013} Figure 2 is a block diagram of a protocel architecture of a WTRU in
accordance with the present invention; .

[0014] Figure 3 is a block diagram of MAC-e architecture in a WIRU in
accordance with the present invention;

[0015] Figure 4 is a block diagram of MAC-e architecture in a Node-B in
accordance with the present invention; and

{0016] Figure 5 is a block diagram of MAC-e architecture of a WTRU and a
Node-B along with signaling process between the WTRU and the Node-B in

accordance with the present invention.



accordance with the present invention; and [0016] Figure 5 is a block
diagram of MAC-e architecture of a WTRU and a Node-B along with
signaling process between the WTRU and the Node-B in accordance with
the present invention. -2 [0017] DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS [0018] Hereafter the terminology
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I1_:‘6-:s=(m:r'<:e:3 per Node-B. Between the WIRU 100 and the Node-B 200, an E-DCH
102 is established for supporting EU transmissions.

[0021] For E-DCH transmissions, the WTRU 100 sends a rate request to
the Node-B 200 via an UL EU signaling channel 104. In response, the Node-B
200 sends a rate grant to the WTRU 100 via a downlink (DL) EU signaling
channel 106, After EU radio resources are allocated for the WTRU 100, the
WTRU 100 transmits E-DCH data via the E-DCH 102. In response to the E-
" DCH transmissions, the Node-B sends an acknowledge (ACK) or non-
acknowledge (NACK) for H-ARQ operation via the DI, EU signaling channel 106.
The Node-B 200 may also respond with rate grants to the WTRU 100 in response
to E-DCH data transmissions.

[0022] Figure 2 is a block diagram of protocol architecture of the E-DCH
102 in accordance with the present invention. A new MAC entity for EU called
MAC-e is created in the WTRU 100, the Node-B 200 and the RNC 300 to handle
all functions related to the transmission and reception of an E-DCH. A MAC-e
entity 120 is incorporated into the WIT'RU 100 between a MAC-d entity 130 and a
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DCH transmissions, the Node-B sends an acknowledge (ACK) or non-
acknowledge (NACK) for H-ARQ operation via the DL EU signaling
channel 106. The Node-B 200 may also respond with rate grants to the
WTRU 100 in response to E-DCH data transmissions. [0022] Figure 2 is
a block diagram of protocol architecture of the E-DCH 102 in accordance
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‘ %82\%TRU 19&“%5(}5}%% |_le'e:cp.le&vtfa.essig’nr_nent entity 122 is responsible for
requesting radio resources from the Node-B 200 when the WIRU 100 has E-DCH
data waiting to be transmitted via the E-DCH 102. The EU rate request could be
one of a traffic volume indicator, a requested data rate, a TFC index, and traffic
volume measurement (TVM) quantities for each data flow. The rate request can
be sent to the Node-B 200 via either physical or MAC layer signaling. Rate
requests are generated based on radio link control (RLC) data TVM. The TVM
may include traffic volume of data for E-DCH transmissions or optionally may
further include data awaiting retransmission with active H-ARQ processes.
[0025] When the WI'RU 100 receives a rate grant, (i.e., rate and/or time
scheduling), from the Node-Bs 200, (the WIRU may receive the rate grant from
more than one Node-B}, the EU rate request/assignment entity 122 notifies the
priority handling entity 124 that resources are available for transmission of the
data. The received rate grants determine the E-DCH transport format
combination set (TFCS) subset, and/or start time, and duration (optional).

[0026] By sending the rate request, the WTRU 100 may ask the Node-B
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data waiting to be transmitted via the E-DCH 102. The EU rate request
could be one of a traffic volume indicator, a requested data rate, a TFC
index, and traffic volume measurement (TVM) gquantities for each data
flow. The rate request can be sent to the Node-B 200 via either physical
or MAC layer signaling. Rate requests are generated based on radio link
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(PDVU) is determined. The TSN is unique to each priority class within an E-DCH,
and is incremented for each new data block. Optionally, the priority handling
entity 124 may preempt retransmission of lower priority data. A new
transmission of higher priority data can be initiated instead of a pending
retransmission of lower priority data at any time to support priority handling.
- [0028] The TFC selection entity 126 selects a TFC for the data to be
transmitted on the E-DCH 102 according to the information signaled in the rate
grants, and multiplexes multiple MAC-d flows into one MAC-e PDU. The rate
grant may be either absolute grant or relative grant. The absolute grant
provides an absolute Iimijtation of the maximum amount of UL resources that the
WTRU may use. The relative grant increases or decreases the resource
limitation compared to the previously used value.

[0029] The TFC selection is subject to maximum allowed transmit power,
and the corresponding TFCS subset allowed by the rate grants from the Node-B
200. TFC selection is based on logical channel priorities such that the TFC

5.



flows and H-ARQ processes according to the priority of the data. Based
on transmission feedback from associated DL EU signaling, either a new
transmission or retransmission is determined. Furthermore, a queue
identity (ID) and transmission sequence number (TSN) for each MAC
protocol data unit (PDU) is determined. The TSN is unique to each
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preferably provided for each cell. The scheduler 222 manages E-DCH cell
resources between WIRUs.

{0033] The scheduler 222 manages E-DCH resources between WI'RUs and
H-ARQ processes. Based on rate requests from WTRUs 100, the scheduler 222
generates rate grants and sends them te the WTRUs 100 via DL EU signaling
channels 106. The rate grant provides information that determines the set of
TFCs frem which the WI'RU 100 may choose and indicates the maximum
resource that a WTRU is allowed to use for E-DCH transmissions. The scheduler
222 controls reception of rate request and transmission of rate grants on a
corresponding EU signaling channel. Alternatively, a separate control entity (not
shown) may be provided in the Node-B MAC-e 220 for reception of the rate
requests and transmission of rate grants and the scheduler 222 may be provided
- out of the Node-B MAC-e 220.

[0034] The demultiplexer 224 demultiplexes MAC-e PDUs into MAC-d
PDUs. MAC-d flow to MAC-e PDU multiplexing is supported in the WTRU 100.

.



There may be more than one H-ARQ process for the EU configured at the
WTRU 100. [0031] In accordance with the present invention, a
synchronous H-ARQ is preferably implemented. Therefore, H-ARQ
operation is based on synchronous DL ACK and NACK and synchronous
retransmissions in the UL. [0032] Figure 4 is a block diagram of MAC-e

archi ure in a Node-B 200 in,accord ith the npresent. )
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MAC-d flow to MAC-e PDU multiplexing is sur[()gorted. in the WTRU 100.
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?86‘58]6‘ n be rﬂgj L%%lggseedthat the reordering is performed in the RNC MAC-e, the
Node-B 200 passes the H-ARQ process number with the successfully decoded
data to the RNC 300. The H-ARQ process may also be implicitly known by the
time of reception at Node-B passed to the RNC. The H-ARQ process number may
be implicitly derived from either a system frame number (SFN) or a connection
frame number (CFN) along with the knowledge of the H-ARQ process allocation
scheme in the WIRU 100.

[0037] The H-ARQ entity 226 generates ACKs and NACKs indicating the
delivery status of E-DCH transmissions. One H-ARQ entity may support
multiple instances of stop and wait H-ARQ protocols.

[0038] Figure 5 is a block diagram of MAC-e architecture of a WTRU 100
and a Node-B 200 along with signaling processes between the WIT'RU 100 and the
Node-B 200 in accordance with the present invention. When the WIRU MAC-e
120 receives data from WTRU RLC layer 140 to be transmitted via an E-DCH
102 at step 502, the EU rate request entity 122 sends a rate request to the Node-
B 200 (step 504). The Node-B 200 responds with a rate grant (step 508). Upon
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in one MAC-e PDU is configured by the RNC 300. The multiplexed MAC-e
PDUs are demultiplexed into MAC-d flows by the demultiplexer 224. The
Node-B demultiplexing may result in MAC-d or RLC PDU reordering, and
MAC-e PDU reordering may be performed by the RNC 300. [0035]
Reordering may be performed either in the Node-B MAC-e where the
H-ARQ process number is k n,.or.in the RNC MAC-e. Referring back
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102 at step 502, the EU rate request entity 122 sends a rate request to the
Node- B 200 (step 504). The Node-B 200 responds with a rate grant (step
506). Upon -7 receipt of the rate grant, the EU rate request entity 122
notifies the priority handling unit 124 that radio resources are available for
transmission of the data (step 508). The priority handling unit 124 then
multiplexes data and assigns an H-ARQ process according to the priority
of the data, and a TFC for the datg igpslected by the TFC selection entity
(steps 510, 512). The data is transmitted with the assigned H-ARQ
W}@Fd&é?éfwé fhie E-DCH 102 (step 514). The Node-B 200 sends a
feedback signal through DL EU signaling channel 106 (step 516). If the
feedback is a NACK, the data may be autonomously retransmitted (st%) i
m a
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control for dedicated channel (MAC-d) protocol data units (PDUSs) into a MAC-e PDU,

wherein the MAC-e PDU has an associated transmission sequence number (TSN}; and
a hybrid automatic repeat request (H-ARQ) means for retransmitting the

E-DCH data in accordance with a transmission feedback.

2. The MAC-e of claim 1 wherein the information regarding a volume of E-
DCH data is one of a traffic volume indicator, a requested data rate, a TFC index, and

traffic volume measurement quantity for each data.

3. The MAC-¢ of claim 1 wherein the information regarding a volume of E-

DCH data is transmitted via physical layer signaling.

4, The MAC-¢ of claim 1 wherein the information regarding a volume of E-
DCH data is transmitted via MAC layer signaling.
5. The MAC-e of any one of the preceding claims wherein the grant
information includes at least one of E-DCH transport format combination set (TFCS)

subset and start time of the E-DCH transmissions.



dedicated channel (E-DCH) data; means for receiving grant information in
response to the transmitted information; means for selecting a transport
format combination (TFC) for the E-DCH data in response to the received
grant information; in response to the selected TFC, means for multiplexing
medium access control for dedicated channel (MAC-d) protocol data units
(PDUSs) into a MAC-e PDU, wherein the MAC-e PDU has an associated

trangmission, sqguence numpeE (RN And %Jax@ﬂ%&u{d%ﬁt@ﬂ%meﬁ%ﬁczudes a

request (H-ARQ) means for retransmitting the E-DCH data in accordance
dusgipne fransmistbiFesnisaiers 2. The MAC-e of claim 1 wherein the
information regarding a volume of E- DCH data is one of a traffic volume

indicator, a requested data rate, a TFC index, and traffic volume )
meaburem&hE QA fr BacRtatd. SeTHE e chiRmivheraindisinithe is

seiipfeamatioporagardingia moleineont br RGH dalanisdiansmitad via physicahd a
layer sj naliré%. 4. The MAC-e of claim | wherein the jnformation regarding

O RSO LS AREH B S TR RERRB I Fial MAC sty 5 THhe Srant
infdAGitenof any one of the preceding claims wherein the grant information
includes at least one of E-DCH transport format combination set (TFCS)
subset and start time of the E-DCH transmissions. -9 6. The MAC-e of
clairf. 5heéveid the fpanbinfofitatipredatthe clachsdebeaeiducatiomotthe of the

E-@C@gaﬁ%ﬁgﬁ%@% t 7s'u-crcr:1 %s%ﬁc_ge 1%91‘% Oxgeirg %Itageedpg,% oenc(i)l%%%%%! Mithout
wherein the is selected in accordance with at least one or a
recaiaigriurthatl gwedindansatiopower and a corresponding transport format

combination set (TFCS) subset allowed by the grant information.

9, The MAC-¢ of any one of claims 1 to 7 wherein retransmission of the E-
DCH data which is not successfully delivered is not autonomously retransmitted,

whereby further grant information is received before retransmitting the E-DCH data.

10.  The MAC-e of any one of the preceding claims wherein the grant
information is an absolute grant, which provides an absolute limitation of the maximum

amount of uplink_(UL) resources that the WTRU may use.

11, The MAC-e of any one of claims 1 to 9 wherein the grant information is a
relative grant, wherein the relative grant indicates to increase or decrease a resource

limitation compared to the previously used value.

12, A method for processing data in a medium access control entity for
enhanced uplink transmissions (MAC-e) implemented in a wireless transmit/receive unit
(WTRU), comprising:

receiving data for transmission via an enhanced dedicated channel (E-DCH);

transmitting information regarding a volume of the enhanced dedicated channel
(E-DCH) data;

receiving grant information in response to the transmitted information;

- 10 -



8. The MAC-e of any one of the preceding claims wherein retransmission
of the E-DCH data which is not successfully delivered is initiated
autonomously without receiving further grant information. 9. The MAC-e
of any one of claims 1 to 7 wherein retransmission of the E- DCH data
which is not successfully delivered is not autonomously retransmitted,
whereby further grant information is received before retransmitting the

E-D . - ding.clai '
the g e A S KA RS TN e
in TRsRease fodheHe ariEsdhataRl iafBbri @t uplink-(UL) resources that the

WTRY paaysise 1d Lkndhe. MAG-eretany, orp Rk flaims dig? WOREIN Mol for

rant information is a relative grant, wherein the relative grant indicates to

dedhred SEv Y SH h oot it of Vo m jeret Yo thes fraliondsrein the

MAsedalugaslZh AdvathoriiRIReRSSIRg dAta i adnedis agress control
entity for enhanced uplink transmissions (MAC-e) implemented in a

wirel SEERLHRE e &R A AT RO &8s Héh g tratenisig bkt RFk-

transmission via an enhanced dedicated channel (E-DCH); transmitting

information regarding a volume_ of the enhanced dedicated channel

e B, 2 P RS o e PGS TS BB o B
D(hfelamatiome -dDssetdtiting autranspontdarmaicennhination(d,RCYFor index, and

ns ittin%the E-DC{—| dat ;r} Oresgﬁngs » to the received grant

tratile VOIUume theasurement uan?t T e . . .
mformaﬁlon; IN response to fe Selécte C, multiplexing medium access

control for dedicated channel (MAC-d) protocol data units (PDUSs) into a

MAG-g PD ' - . jated transmission
N o oL MO SR A RS AT A, o
D{3 sisraaneanwitiitedtramBhiisidirfcedigaeknd 3. The method of claim 12

wherein the information regarding a volume of E-

15, The method of claim 12 wherein the information regarding a volume of E-

DCH data is transmitted via MAC layer signaling.

16, The method of any one of claims 12 to 15 wherein the grant information
includes at least one of E-DCH transport format combination set (TFCS) subset and start

time of the E-DCH transmissions.

17. The method of claim 16 wherein the grant information further includes a

duration of the E-DCH transmissions.

18. The method of any one of claims 12 to 17 wherein the TFC is selected in
accordance with at least one of a maximum allowed transmit power and a corresponding

transport format combination set (TFCS) subset allowed by the grant information.

19, The method of any one of claims 12 to 18 wherein retransmission of the
E-DCH data which is not successfully delivered is initiated autonomously without

recelving further grant information.



DCH data is one of a traffic volume indicator, a requested data rate, a

TFC index, and traffic volume measurement quantity for each data. 14.

The method of claim 12 wherein the information regarding a volume of E-
DCH data is transmitted via physical layer signaling. 15. The method of
claim 12 wherein the information regarding a volume of E- DCH data is
transmitted via MAC layer signaling. 16. The method of any one of claims
12 to 15 wherein the grant information includes at least one of E-DCH
transport format combination set (TFCS) subset and start time of the
E-D&H trahBmiseibed of anyReswetristnst ain Seheisiairptmasgriaton of the

e-iformation fither ingludes arauradian aftheExRCHRMHANSMISSIQREadSnitted,
The method of any one of claims 12 to 17 wherein the TFC is selected in

wherebyr s ST TSRS S RkRHORT SRS HESRG ToBvE 5 a

corresponding transport format combination set (TFCS) subset allowed

by the grant informatjon. 19. The method of any one of cliaims 121018 . |
netain e AP SRR 87 S ST A AT T UocRadafyrhacion is
an célivire detannitialitch gutentsnansipwitholinreasiving thethendrant amount of
information. -11 20. The d of any one of claims 12 to 18 wherein
HP }#8% né’pnriféssolgﬁ%sft a&%—@éﬁ%g&?ﬁﬁ%ﬁh is not successfully delivered is
not autonomously retransmitted, whereby further grant information is

receiyed befpr %‘?ﬁ%%ﬁc?t."%@%et ? FaltHdafB03dn 16 ﬁ‘.‘@gﬂ)&ﬂ {?If&@é{ati?n is

one_"(:) claims 12 to 20 wherein the grant information is an absolute grant,
a rolhiicls grevidedienaintbe triativaiEvh bl gmemaximuPIEradWaeighse a resource

bRk (L b sesorraes el ihe WER W, may use. 22. The method of any

one of claims 12 to 20 wherein the grant information is a relative grant,
wherein the relative grant indicates to increase or decrease a resource

limitatoncompareddeibeprayioualy yseshwalided uplink (MAC-e) in a wireless
transmit/receive unit (WTRU), comprising:
means for transmitting information regarding a volume of enhanced dedicated
channel (E-DCH) data;
means for receiving grant information in response to the transmitted information;
means for managing assignment of the data and a hybrid automatic repeat request
(HARQ) process in accordance with a priority of the E-DCH data to be transmitted;
means for selecting a TFC for the E-DCH data in response to the received grant
information; and
an hybrid-automatic repeat request (HARQ) means for providing a HARQ
process according to priority of the E-DCH data.

24. A method for processing data in a medium access control entity for enhanced
uplink (MAC-e) implemented in a wireless transmit/receive unit (WTRU), comprising:

transmitting information regarding a volume of enhanced dedicated channel (E-
DCH) data; *

receiving grant information in response to the transmitted information;



23. A medium access control entity for enhanced uplink (MAC-e) in a
wireless transmit/receive unit (WTRU), comprising: means for transmitting
information regarding a volume of enhanced dedicated channel (E-DCH)
data; means for receiving grant information in response to the transmitted
information; means for managing assignment of the data and a hybrid
automatic repeat request (HARQ) process in accordance with a priority of

the Eldedhdalaiin bedransmited: Means M salesingadis onibe HarQ)

E-DCH data in response to the received grant information; and an

Progebia-aRneRmEGe PéBb&‘F?é‘@U@%ﬂ‘ﬁ—ﬁ&ﬁ@)P Hrane 18 tErsuIliieg a HARQ
ProceseacEArting g Brioriip of the FPedi HRtaoifte ABRNPLAA! information;

rocessing data in a medium access control entity for enhanced uplink

AMIMAC-e) implemented in a wireless transmit/receive unit (WTRU),
compriésiagig iansrujtingdnfosnatinnregarding amalimpofanhanced
dedicated channel (E- DCH) data; receiving grant information in response
to the transmitted information; -12 managing assignment of the data and
a hybrid automatic repeat request (HARQ) process in accordance with
priority of the E-DCH data to be transmitted; selecting a TFC for the
E-DCH data in response to the received grant information; and providing
a HARQ process according to priority of the E-DCH data. -13
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