WO 2006/019562 PCT/US2005/023591 [0001] METHOD AND
APPARATUS FOR ENHANCED UPLINK MULTIPLEXING [0002] FIELD
OF INVENTION [0003] The present invention is related to a wireless
comRgRieasion system. More particularly, the present inverftionus2805/023891
method and apparatus for enhanced uplink multiplexing. [0004]
BACKGROUND [0005] In third generation (3G) wireless communication
P8fths, a wireless traMETREHE SV UM Khe ability to
support multiple appFeRHeRC RNV ﬁ%&‘%’ﬁ bESdNices (QoS)

requirements running simultaneously. Applications associated with
inebojual data flows from a EEDINMFCORVENGYEN (RLC) are known as
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regikikIe Rt AkeaRRRedte. common TrCHs. [0006] Several TrCHs can
be multiplexed into a coded composite transport channel (CCTrCH). Each
TrCH has a specified coding rate and rate matching attributes within the
G@PACH to allow for different leBACEIERIY Pdtection. Combinations of
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transmission priority of the logical channels that are mapped to each
-ﬁ@lq‘,) Breknown as logwal channels. These logical channels are mapped to

transport channels (TrCH) within the medium access control (MAC) layer. Each
TyCH is associated with a specific QoS. Logical channels with similar QoS
requirements are mapped to common TrCHs.

{06006} Several TrCHs can be multiplexed into a coded composite transport
channel (CCTrCH). Each TrCH has a specified coding rate and rate matching
attributes within the CCTrCH to allow for different levels of error protection.
Combinations of TrCHs that are allowed in a CCTrCH transmit time interval
(TTI) are defined by a transport format combination set (TFCS), The TFCS
defines the allowed multiplexing combinations of TrCHs within each CCTrCH
TTL |

[0007] Each TTI, the MAC selects a transport format combination (TFC)
from the TFCS or a configured TFC subset. TFCs are selected based on the
transmission priority of the logical channels that are mapped to each TrCH. TFC
selection rules are based on maximizing transmission of the highest priority data.
[0008] The TFCS ié configured to allow certain TrCH data combinations
and not allow others. This mechanism is used to ensure maximum and minimum
data rates of each TrCH within the CCTrCH.

[0009] Each TTI, TFCs within the TFCS are checked to determine if the
1.



selection rules are based on maximizing transmission of the highest
priority data. [0008] The TFCS is configured to allow certain TrCH data
combinations and not allow others. This mechanism is used to ensure
maximum and minimum data rates of each TrCH within the CCTrCH.
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Since there is only one EU TrCH, these multiplexing rules and the QoS provided
for individual data flows are not available for EU.

[0011] In order to properly maintain QoS requirements of individual data
flows, it is necessary to define new WTRU multiplexing rules for logical channels
or MAC-d flows mapped onto enhanced uplink medium access control (MAC-e)

protocol data units (PDUs).

[0012] SUMMARY

[0012a] In accordance with an aspect of the present invention, there is
provided a wireless transmit/receive unit (WTRU), comprising: an enhanced
uplink medium access control (MAC-e) entity configured to select a combination
of dedicated channel medium access control (MAC-d) flows from a set of allowed
combinations for any transport format and any transport block size and
configured to multiplex the selected combination of MAC-d flows into a MAC-e
protocol data unit (PDU).



protocol data units (PDUs). [0012] SUMMARY [0012a] In accordance
with an aspect of the present invention, there is provided a wireless
transmit/receive unit (WTRU), comprising: an enhanced uplink medium
access control (MAC-e) entity configured to select a combination of
dedicated channel medium access control (MAC-d) flows from a set of

allowed combinations for any transport format and any transport block
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each%%ﬁaﬁ}%@v%%b% in a restricted power condition that reduces the EU
transmission payload below what is allowed by the EU channel allocation
received from Node-B, an indication of the restricted power condition may
be passed to Node-B with the EU transmission.
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(0014] BRIEF DESCRIPTION OF THE DRAWINGS [0015] Figure 1 is a
block diagram of a WTRU for EU multiplexing in accordance with the
present invention. [0016] Figure 2 is a flow diagram of a process for EU
WytiRlexingin accordance with the present invention. [001 gl rigusfodis a1
block diagram of an example of WTRU MAC-e entity including functional
blocks along with controlling signals in accordance with the present
inyeRsigRn{80d 81 AVE] AdkERaDEaS CRARTIDN@ it RREHERRBEDmay be
EMBORIMENTSJQOL] Hergafter, [he.Lerminglogy WHRRU HelidesRiufe
isiot imited to a. Gser equipment, a mobile station, a fixed or mobile
swwesenditinn shedgeduens B ErypE Hrasteddsiperdrd ferlangd
i Wireless enrenmarRbadienedeied etide NetaalBr dhaidiaainaiogy the
"Node-B" includes buyt is not limited to a. b statio Si ntroller, an
SRS ROEP PO GE B e e B P St
environment. [0020] Figure 1 is a block diagram of a WTRU 100 for EU

migiiplexing in_accaiaRee WERRTPTIESENF YN g WIRMETRU
comprises an RLC layer 102, a MAC-d e ityﬁ%@ NAﬁhf e@i%&l% )
aPABHY ertigidg. Firie R HEFT0Y, th ettty TOR R P
P b¥opiiityelORIperéopressimilavéutiotions of a WTRU in a current wireless
CoRyYY{nication sytems It Shqydibe-naled ahpml%s%pfwm@i RQWE iR
Figure 1 is provided as an example, and the functions performed by the
Viaecrdenaey HRdRRPIREL&WRRRChay be incorporated in one entity,
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present invention,

[0018] DETAILED DESCRIPTION OF THE  PREFERRED
EMBODIMENTS
[0019] Hereafter, the terminology "WTRU" includes but is not limited toa

user equipment, a mobile station, a fixed or mobile subscriber unit, a pager, or
any other type of device capable of operating in a wireless environment. When
referred to hereafter, the terminology “Node-B" includes but is not limited to a
base station, a site controller, an access point or any other type of interfacing
device in a wireless environment.

16020} Figure 1 is a block diagram of a WTRU 100 for EU multiplexing in
accordance with the present invention. The WTRU comprises an RLC layer 102,
a MAC-d entity 104, a MAC-e entity 106 and a PHY entity 108. The RLC layer
102, the MAC-d entity 104 and the PHY entity 108 perform similar functions of a
WTRLU in a current wireless communication system. 1t should be noted that the
configuration shown in Figure 1 is provided as an example, and the functions
performed by the MAC-d entity and the MAC-e entity may be incorporated in one

entity, and the functions of the entities in Figure 1 may be implemented in more
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or less functional entities. [0021] The RLC layer 102 comprises one or
more RLC entities, each associated with certain logical channels, such as
a dedicated control channel (DCCH) or a dedicated traffic channel

WoHeddhiash MAC-d flow has its associated QoS attributes:iTedvbkC®1
entity 106 comprises a multiplexing function 106a and an EU TFC
selection function 106b. The MAC-e entity multiplexes the MAC-d flows
omtdebdA@retiPil entibite. selecting a proper TF for the enhanced uplink
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or may be signaled to the WITRU 100 by a radio network controller {RNC)
through radio resource control (RRC) procedures. An RRC signaled set of
combinations provides the ability for the RNC to control logical channels or
corresponding MAC-d flows to achieve their specific QoS requirements.
[0023] Certain MAC-d flow, (and/or logical channels), combinations that
can not be blocked from transmission even when the WIRU is in a transmit
power restricted state may alse be defined to avoid blocking of any one MAC-d
flow, (and/or logical channels). Transmission of these combinations may also be
allowed without requiring EU channel allocations from Node-B.
00241 In accordance with one embodiment, the number of PDUs per
transmit time interval (TTI) from each MAC-d flow, (and/or logical channels),
that can be multiplexed within a MAC-e PDU may be configured. The number of
PDUs per TTI represents a data rate for each channel. For example, all allowed
combinations may include one or more PDUs from a particular logical channel,

which would guarantee that this particular logical channel is always served.
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transmit time interval (TTI) from each MAC-d flow, (and/or logical
channels), that can be multiplexed within a MAC-e PDU may be
configured. The number of PDUs per TTI represents a data rate for each

heangl h9.example, all allowed combinations may includg©nes9siGsr
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com Inatio solute ‘or relative priority multiplexing rulfes may be
dethred shanasitalbFrofrasprekitiorarsh Béﬁ/vé@ﬁcwécmlﬂ% Chgansl or
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d m@‘-’&@m%&@&j lgégaqi eHRgH gy, the fLlrBakb with an absolute priority

scheme, a logical channel or MAC-d flow of higher priority is always served
before a logical channel or MAC-d flow of lower priority is served. The chosen
multiplexing combination is the one that supports the most highest priority data
within the set of TF's defined for the EU TrCH.

[0027] Alternatively, logical channel or MAC-d flow combinations
configured by RRC signaling procedures may take precedence over the absolute
priority. The RRC signaling prodedures may configure allowed combinations of
logical channels or MAC-d flows within a MAC-e PDU. The core network may
also specify the data size or number of MAC-d PDUs that are allowed to be
multiplexed from each logical channel or MAC-d flow into each MAC-e PDU.
[0028] In accordance with a relative priority scheme, a weighting
mechanism is specified in order to properly serve low priority channels. A weight
is defined for each MAC-d flow, {and/or logical channel). Available bandwidth on
the E-DCH is distributed to each legical channel or MAC-d flow according to the
defined weight. This approach allows data rates to be distributed across logical

channels or corresponding MAC-d flows and avoids bandwidth starvation of lower
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[00271 Alternatively, logical channel or MAC-d flow combinations
configured by RRC signaling procedures may take precedence over the
absolute priority. The RRC signaling procedures may configure allowed

wO8MRingligns of logical channels or MAC-d flows within a Mé&fjeeaiajhaset
The core network may also specify the data size or number of MAC-d

PDUs that are allowed to be multiplexed from each logical channel or
MAGe) flpuninélseach MAC-e PDU. 100281 In accordance with a relative
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cQraRinpLin.is RigekaA MY f5 the CesIeali®Red combinations when transmit
power is sufficient. ‘
{0031} Certain MAC-d ﬂbw, (and/or logical channel), combinations that can
not be blocked from transmission even when the WIRU is in a transmit power
restricted state may also be defined to avoid blocking of any one MAC-d flow,
(and/or logical channel). Transmission of these combinations may also be allowed
without requiring EU channel allocations from Node-B. Since there is only one
EU TrCH, a set of TFCs corresponding to multiple TrCHs is not defined, but just
3 list of TFs is defined for the single EU TrCH. Therefore it is necessary to define
MAC-d flow, (and/or logical channel), combinations in a minimum set which is
excluded from being blocked. For example, the E-DCH minimum set may be
defined such that it is always possible to transmit at least one MAC-d PDU from
any MAC-d flow or logical channel even when the remaining power available for
the E-DCH is restricted.
10032] The rules for multiplexing MAC-d flows, (and/or logical channels),
onto MAC-e PDUs per TTI may include a combination for each MAC-d flow,

(and/or logical channel), that includes the smallest possible payload for one
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The time to detect and block transmission of the MAC-d flow, (and/or
logical channel), combinations may take several E-DCH TTIs. A similar
mechanism is used to restore combinations to the set of allowed

when transmit power is sufficient. [0031] Certaig MAfazf23501
tflow, (and/or logical channel), combinations that can not be blocked from
transmission even when the WTRU is in a transmit power restricted state
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EU transmission payload below what is allowed by the EU channel allocation
received from a Node-B, an indication of the restricted power condition is passed
to the Node-B with the EU transmission. The indication may be explicitly
signaled by a signaling message, (such as a new information element). The
WTRU may inform the level of available transmit power of the WIRU.

[0035] The Node-B may implicitly determine that the WTRU is in a power
restricted state. The Node-B may detect the WIRU power restricted condition by
comparing the channel allocation signaled to the WIRU and the corresponding
transmission received from the WIRU. If the channel allocation exceeds whatis
trapsmitted and the WTRU either continues to transmit at the reduced rate or
indicates it has more data to send, the Node-B implicitly detects the WIRU
power restricted condition and takes appropriate actions.

[0036] Figure 2 is a flow diagram of a process 200 for EU multiplexing in
accordance with the present invention. A WTRU is configured to support EU
transmission through a single EU TrCH. A set of allowed combinations of MAC-
d flows, (and/or logical channels), which is allowed to be multiplexed onto one
MAC-e PDU is defined for each WTRU (step 202). Transmit data is processed at
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that provides the smallest possible transmission on one TrCH and no data
on other TrCHs within the CCTrCH. These TFCs are always allowed for
transmission to avoid the possibility of blocking individual channels. In the
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EU TFs or TFCs are required to support the minimum set on multiplexing
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prB%e%éﬂ%ti in different order, and the functions may be performed

simultaneously or in sequence.

{0038] Data from logical channels or corresponding MAC-d flows enter the
first functional block 106; of the MAC-e entity 106. The first functional block
106; determines a subset of MAC-d flow, {(and/or logical channels), combinations
among the allowed combinations of MAC-d flows, (and/or logical channel).
Optionally, the first functional block 106; may determine possible rates for each
MAC-d flow, (and/or logical channel), in accordance with the RRC configuration.
[0039] The second functional block 1062 determines available power and E-
TFECs for the subset of MAC-d flow, (and/or logical channel), combinations. The
available power for E-DCH is also a configurable parameter. Optionally, the
second functional block 1062 may determine the E-TFC based on a minimum set
of combinations which cannot be blocked from transmission.

[0040] The third functional block 1063 generates MAC-e PDUs
multiplexing MAC-d flows in accordance with a predetermined criteria, such as

configured logical channel or MAC-d flow priorities maximizing transmission of
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-7 WO 2006/019562 PCT/US2005/023891 an RLC layer by at least one
RLC entity and forwarded to a MAC-d entity via at least one logical
channel (step 204). The transmit data is mapped onto one or more

-d fl at an MAC-d entity (step 206). Each MAC-d flqy.J 5
g@s%)c(%{{%%(}v 6%with unique QoS attributes. A combination of M%@%}\?\/bs{fzssgl
(and/or logical channels), among the set of allowed combination is

selRoisehEsign KPR ddafa from the MAC-d flows are multiplexed onto
MAC-iPDUs in_ accqrdance with the selected compination (fteF 23;0 )
e)]}l }_0 Oare

d
THIRhC e PHIROUER IERISHINSS PE T ET TN MR APTEEIoRof
pAysicihlelhizettprpcdesiodeisted i2i@its[00B7 T Rigare@rbindsionk chalyfasinoé
ap.examale AfWIRV.VAGE #0086 ingledingduactionabiioeks:2lente

with controlling signals in accordance with the present invention. Figure 3
SRERIE TRASEORATEIRSRAT BIGRRE 19BN RO o R R HE Sr B RL Sthgh fatures
Figutel3nepomdie peancixamplienand it should be noted that any other
configuration may be ignplemented without departing.from the teachings
of the present invention. The functional blocks may be combined or
separated more or less functional blocks, the order of the functional blocks
may be changed in different order, and the functions may be performed
simultaneously or in sequence. [0038] Data from logical channels or
corresponding MAC-d flows enter the first functional block 1061 of the
MAC-e entity 106. The first functional block 106, determines a subset of
MAC-d flow, (and/or logical channels), combinations among the allowed
combinations of MAC-d flows, (and/or logical channel). Optionally, the
first functional block 1061 may determine possible rates for each MAC-d
flow, (and/or logical channel), in accordance with the RRC configuration.
[0039] The second functional block 1062 determines available power and
E-



TFCs for the subset of MAC-d flow, (and/or logical channel),
combinations. The available power for E-DCH is also a configurable
parameter. Optionally, the second functional block 1062 may determine
the E-TFC based on a minimum set of combinations which cannot be
blocked from transmission. [0040] The third functional block 1063
generates MAC-e PDUs multiplexing MAC-d flows in accordance with a
predetermined criteria, such as configured logical channel or MAC-d flow
priorities maximizing transmission of -8 WO 2006/019562

PCT/US2005/023891 the high(f@é%rig&iéy data. [0041] Although the
features and elements of the pr invention are described in the

What Rrefared egbodiments in particular combinations, each feature or

element can be used alone without the g&%ﬁé&gtures apgiglements of the
breferr@FamBBdiMaRE I HGENSUSES Mbinations With: oF without other

fpatures, aed alements:fdherprasenidnvantion. Mo CleAIMSiWhatifigured to

claimed is: 1. A wireless transmit/receive unit (WTRU), comprising: ap,_ ,
celect GRamCIIASHIMOMGETUFY SR ES o MACLeF Sty SR ) e
from =S8lECEAGMMRINAtoN of edicated shanaakmedilsmaacesd eentiatansport block

. (MAC-d) flows from a set of allowed combinatjons for any ir ;ogrh -

size amdrm@@%ﬁ@"aﬁytﬁéﬁgﬁ)ﬁﬁlﬁfbé‘kes%%ﬁ%sm&l@&w |t§@§ fheHows mto 4
MACmggk%Q&%p@g@Qigﬁ{ip@@ﬁMAC-d flows into a MAC-e protocol data unit

(PDU). 2. The WTRU of claim 1 wherein each allowed combination of

MAC-d

2. The WTRU of claim 1 wherein each allowed combination of MAC-d

flows maintains a quality of service (QoS) requirement.

3. The WTRU of claim 1 further configured to process a MAC-d flow
having a higher priority hefore a MAC-4 flow having a lower priority.

4. The WTRU of claim 1 further conﬁgured to block an enhanced uplink
(EU) transport format combination (TFC) from a set of allowed TFCs if a transmit
power requirement for the selected MAC-d flow combination exceeds remaining

power for the enhanced uplink (EU).

5. The WTRU of claim 1 wherein MAC-d flows within the selected

combination are configured to transmit without requiring a channel allocation.

6. The WTRU of claim 1 further configured to receive a signal indicating

the set of allowed combinations.

7. The WTRU of claim 6 wherein the signal indicating the set of allowed
combinations is received from a radio network controller (RNC) through radio

resource control (RRC) procedures.
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flows maintains a quality of service (QoS) requirement. 3. The WTRU of

claim 1 further configured to process a MAC-d flow having a higher

priority before a MAC-d flow having a lower priority. 4. The WTRU of claim

1 further configured to block an enhanced uplink (EU) transport format
combination (TFC) from a set of allowed TFCs if a transmit power

requirement for the selected MAC-d flow combination exceeds remaining

power for the enhanced uplink (EU). 5. The WTRU of claim 1 wherein

MAC-d flpwsiwithin the gelactedyeambinatiensaregoniighead doriiansmiing for a

without requiring a channel allocation. 6. The WTRU of claim_1 further .
MAC-gofinguie piaieev@arsyiadnc ha P hs LiisramscrrcdntBifntisnasmitted
on otHer MW ERIJE claim 6 wherein the signal indicating the set of allowed

combinations is received from a radio network controller (RNC) through

radio resource control (RRC) procedures. 10 8. The WTRU of claim 1

whereinihe sgtetgliqred sombinatiens.foranMAG:d floy S MEHIMER et of

payload for the MAC-d flow and no data is transmitted on other MAC-d
combiffierg: five ther RSaiaInP8 ittt MeuHTidhre Ao rehimittise isepemit power
restrig\%ﬁtgmqns for the minimum payload when the WTRU is in a transmit

power restricted state. 10. The WTRU of claim 1 wherein a size and a

number of MMIAC-d PDUs per transmit time interval (TTI) represent a

imum.all e a ~Sanfioured -
T of 2 Pl 0 L g PR G b R P18 MO PoUs
per tiMAGHHtRDYs peeTR] (8FBspepriseon bitratemum allowed data rate and are

configured from at least one MAC-d flow of a MAC-e PDU.

11.  The WTRU of claim 10 wherein the number of MAC-d PDUs per TTI

corresponds to a bit rate.

12. The WTRU of claim 10 further configured to receive a signal indicating
the number of MAC-d PDUs per TTI from a MAC-d flow in the allowed combination

from a radio network controller RNC).

13. The WTRU of claim 12 wherein the size and the number of MAC-d

PDUs correspond to a data rate.

14. The WTRU of claim 12 wherein each MAC-d flow provides a
guaranteed bit rate.

15. The WTRU of c¢laim 12 wherein the number of MAC-d PDUs from

MAC-d flows corresponding to a data rate in each combination are configured using

radio resource control (RRC) signaling.

11



12. The WTRU of claim 10 further configured to receive a signal indicating

the number of MAC-d PDUs per TTI from a MAC-d flow in the allowed
combination  from a radio network controller (RNC). 13. The WTRU of

claim 12 wherein the size and the number of MAC-d PDUs correspond to

a data rate. 14. The WTRU of claim 12 wherein each MAC-d flow provides

a guaranteed bit rate. 15. The WTRU of claim 12 wherein the number of
MAC-d PDUs from MAC-d flows corresponding to a data rate in each
cembiriio WAR Cosffiguied 1BihgtirdiomsSgured conteob {RRE) Sigrblingsize of

The WTRU of clai fyrther gonfigyred tq.determine the dat
MAC-€ 2R MEEH SB0 1A EAct SRCHOR G oA ou e (RRC)
signalggntrol (RRC) signaling. 17. The WTRU of claim 12 wherein the WTRU is

further configured to restore the selected combination to the set of
allowed combinations if a transmit power requirement for a blocked

VAC-dflewwarRbinafionsisdess théwr reiemainifigTRaves farrendaroedigured to
~uplink (EU). 18. The WTRU of claim 17, wherein the W RUES furth&r ’ "
restorqgiigHRFIEA AOIE BRI TG 2B B 1fib BIGTED COMBIRAINH B AR

power 1QYRi206 SN figued iR KsaBMICHIe Hinitowbisel 10:a fsassmibpevweremaining
restricted condition. 18 '
power for enhanced uplink (EU).

18. The WTRU of claim 17, wherein the WTRU is further configured to
define a minimum set of the allowed combination of MAC-d flows and configured to

transmit the minimum set in a transmit power restricted condition.



