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WIRELESS COMMUNICATION METHOD OF
SELECTING AN ENHANCED UPLINK
TRANSPORT FORMAT COMBINATION

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a continuation of U.S. applica-
tion Ser. No. 13/210,049 filed Aug. 15, 2011, now allowed,
which claims priority of U.S. application Ser. No. 11/773,579
filed Jul. 5, 2007, now 1ssued as U.S. Pat. No. 8,000,291 on
Aug. 16, 2011, which claims the benefit of U.S. Provisional
Application No. 60/818,848 filed Jul. 6, 2006. These appli-
cations are incorporated by reference as if tully set forth.

[0002] This application 1s related to U.S. application Ser.
No. 11/408,415 filed on Apr. 21, 2006, now 1ssued as U.S. Pat.

No. 8,116,292 on Feb. 14, 2012, which 1s incorporated by
reference as 1f fully set forth.

FIELD OF INVENTION

[0003] The present invention is related to wireless commus-
nications. More particularly, the present invention 1s related
to a method of determining a maximum number of bits of
scheduled data for an upcoming transmission and selecting
enhanced uplink (EU) transport format combinations

(B-TFCs).

BACKGROUND

[0004] In a Third Generation (3G) cellular system, such as
the system 100 shown 1n FIG. 1, EU provides improvements
to uplink (UL ) data throughput and transmission latency. The
system 100 includes a Node-B 102, aradio network controller
(RNC) 104 and a wireless transmit/recerve unit (WTRU) 106.
[0005] As shown in FIG. 2, the WIRU 106 1ncludes a

protocol architecture 200 which includes higher layers 202
and an EU medium access control (MAC), (MAC-¢) 206,

used to support EU operation between a dedicated channel
MAC, (MAC-d) 204, and a physical layer (PHY) 208. The
MAC-¢ 206 receives data for EU transmission from channels
known as MAC-d tlows. The MAC-e 206 is responsible for
multiplexing data from MAC-d flows 1into MAC-¢ protocol
data units (PDUs) for transmission, and for selecting proper
EU transport format combinations (E-TFCs) for EU trans-
missions.

[0006] To allow for EU transmissions, physical resource
grants are allocated to the WTRU 106 by the Node-B 102 and

the RNC 104. WTRU UL data channels that require fast
dynamic channel allocations are provided with fast “sched-
uled” grants provided by the Node-B 102, and channels that
require continuous allocations are provided with “non-sched-
uled” grants by the RNC 104. The MAC-d flows provide data
for UL transmission to the MAC-¢ 206. The MAC-d tlows are
either configured as scheduled or non-scheduled MAC-d
tlows.

[0007] An SGisthe grant for scheduled data, (1.e., a “sched-
uled grant™). A “non-scheduled grant” 1s the grant for non-
scheduled data. The SG 1s the power ratio that 1s converted to
a corresponding amount of scheduled data that can be multi-
plexed, thus resulting in the scheduled data grant.

[0008] The RNC 104 configures non-scheduled grants for
cach MAC-d tlow using radio resource control (RRC) proce-
dures. Multiple non-scheduled MAC-d flows can be config-
ured simultaneously 1n the WTRU 106. This configuration 1s
typically performed upon radio access bearer (RAB) estab-
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lishment, but may be reconfigured when necessary. The non-
scheduled grant for each MAC-d flow specifies the number of
bits that can be multiplexed 1nto a MAC-e PDU. The WTRU

106 1s then allowed to transmit non-scheduled transmissions
up to the sum of non-scheduled grants, 1 multiplexed 1n the
same transmission time mterval (TTT).

[0009] Based on scheduling information sent 1n rate
requests from the WTRU 106, the Node-B 102 dynamically
generates scheduling grants for scheduled MAC-d flows. Sig-
naling between the WTRU 106 and the Node-B 102 1s per-
formed by fast MAC layer signaling. The scheduling grant

generated by the Node-B 102 specifies the maximum allowed
EU dedicated physical data channel (E-DPDCH)/dedicated
physical control channel (DPCCH) power ratio. The WTRU

106 uses this power ratio and other configured parameters to

determine the maximum number of bits that can be multi-
plexed from all scheduled MAC-d flows into a MAC-e PDU.

[0010] Scheduled grants are “on top of” and mutually
exclusive of non-scheduled grants. Scheduled MAC-d flows
can not transmit data using a non-scheduled grant, and non-

scheduled MAC-d flows can not transmit data using a sched-
uled grant.

[0011] The EU transport format combination set (E-TFCS)
comprising all possible E-TFCs 1s known to the WTRU 106.

For each EU transmission, an E-TFC 1s selected from a set of
supported E-TFCs within the E-TFCS.

[0012] Since other UL channels take precedence over EU
transmissions, the power available for EU data transmission

on E-DPDCH 1s the remaining power after the power required
tor DPCCH, dedicated physical data channel (DPDCH), high

speed dedicated physical control channel (HS-DPCCH) and
EU dedicated physical control channel (E-DPCCH) 1s taken
into account. Based on the remaiming transmit power for EU
transmission, blocked or supported states of E-TFCs within

the E-TFCS are continuously determined by the WTRU 106.

[0013] Each E-TFC corresponds to a number of MAC layer
data bits that can be transmitted 1n an EU T'T1. Since there 1s
only one MAC-e PDU per E-TFC that 1s transmitted 1n each
EU TT1, the largest E-TFC that 1s supported by the remaining
power defines the maximum amount of data, (1.e., the number
of bits), that can be transmitted within a MAC-¢ PDU.

[0014] Multiple scheduled and/or non-scheduled MAC-d
flows may be multiplexed within each MAC-e PDU based on
absolute priority. The amount of data multiplexed from each
MAC-d flow 1s the minimum of the current scheduled or
non-scheduled grant, the available MAC-e PDU payload
from the largest supported TFC, and the data available for
transmission on the MAC-d flow.

[0015] Within the supported E-TFCs, the WITRU 106
selects the smallest E-TFC that maximizes the transmission
of data according to the scheduled and non-scheduled grants.
When scheduled and non-scheduled grants are fully utilized,
available MAC-e PDU payload is fully utilized, or the WTRU
106 has no more data available and allowed to be transmitted,
MAC-e PDUs are padded to match the next largest E-TFC

s1ze. This multiplexed MAC-e PDU and corresponding TFC
are passed to the physical layer for transmaission.

[0016] The SGs and non-SGs specily the maximum
amount of data that can be multiplexed from specitic MAC-d
flows mto MAC-¢ PDUs each EU TT1I. Since the scheduled
grants are based on the E-DPDCH/DPCCH ratio, the number
of data bits allowed to be multiplexed per MAC-e PDU can
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not be explicitly controlled only to allow certain sizes which
match the limited number of data sizes of the supported
E-TFCs within the E-TFCS.

[0017] Theremaining transmit power for EU data transmis-
sion determines the list of supported E-TFCs within the
E-TFCS. Since the supported E-TFCs are determined from a
limited number of E-TFCs 1n the TFCS, the granularity of
allowed MAC-¢ PDU sizes will not allow for all possible
MAC-d flow and MAC-e header combinations. Therefore,
since the amount of MAC-d flow data allowed by the grants to
be multiplexed into a MAC-e¢ PDU will frequently not match
the size of one of the supported E-TFCs, padding will be
applied to the MAC-e PDU to match the smallest possible
E-TFC size within the list of supported E-TFCs.

[0018] It 1s expected that when EU cells are operating at
maximum capacity, the MAC-e¢ PDU multiplexing 1s ire-
quently limited by the SGs and non-SGs, and not limited by
the largest supported E-TFC or the WIRU EU data available
for transmaission. In this case, depending on the granularity of
specified E-TFCs within the E-TFCS padding required to
match the selected E-TFC may exceed the multiplexing block
s1ze of MAC-d flow data including associated MAC-¢ header
information. In this case, the effective data rate 1s unneces-
sarily reduced from what 1s allowed by the selected E-TFC
and the physical resources required for 1ts transmission.

[0019] FIG. 3 illustrates a MAC-e PDU 300. A MAC-¢
PDU header 302 and MAC-d flow data 304 allowed by sched-

uling and non-scheduling grants are multiplexed. Among a
set of supported E-TFCs, the WTRU 106 selects the smallest

E-TFC from a list of supported E-TFCs that 1s larger than
MAC-e PDU header 302 and MAC-d flow data 304. Padding
306 1s then applied to the MAC-e PDU to match the selected
E-TFC size. However, the padding 306 may exceed the mul-
tiplexing block size of MAC-d flow data. In this case, physical
resources used in the EU transmission are under utilized and

the effective WTRU data rate 1s unnecessarily reduced.

[0020] MAC-e PDU multiplexing logic provides more eifi-
cient data multiplexing and improved radio resource utiliza-
tion for the cases where MAC-e PDU multiplexing 1s limited
by scheduled and/or non-scheduled grants, and not limited by
the largest supported E-TFC or available EU data for trans-

mission. The amount of data allowed to be multiplexed from
MAC-d flows into MAC-e PDUSs according to the scheduled

and non-scheduled grants 1s either increased or decreased to
more closely match the next smaller or next larger E-TFC size
relative to the amount of data allowed to be multiplexed by the
scheduled and non-scheduled grants.

[0021] FIG. 4 1s a flow diagram of a process 400 for gen-
erating MAC-e¢ PDUSs. In step 405, a WTRU receives a sched-

uled data grant from a Node-B and/or non-scheduled grants
from an RNC. In step 410, an E-TFC transport block size 1s
selected based on the amount of data allowed to be multi-
plexed according to the scheduled and non-scheduled grants.
In step 415, the maximum amount of scheduled and/or non-
scheduled data allowed to be transmitted according to the
scheduled and non-scheduled grants 1s quantized so that the
amount of data multiplexed into each MAC-e PDU more
closely matches the selected E-TFC transport block size.

[0022] FIG. 5 15 a flow diagram of a process 500 for gen-
crating MAC-¢ PDUSs. In step 505, a WTRU receirves a sched-
uled data grant from a Node-B and/or non-scheduled grants
from an RNC. In step 510, an E-TFC transport block size 1s
selected based on the amount of data allowed to be multi-
plexed according to the scheduled and non-scheduled grants.
In step 515, the amount of buflered WTRU data allowed to be
multiplexed by the at least one grant 1s quantized so that the

sum of scheduled and non-scheduled data (including MAC
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header and control information) multiplexed 1into each EU
MAC-¢ PDU more closely matches the selected E-TFC trans-
port block size.

[0023] Alternatively, granularnty of E-TFC sizes 1s defined
within the E-TFCS so that the difference between E-TFC
s1Zes 1s not greater than one MAC-d PDU and the associated
MAC-¢ header overhead. E-TFCs are defined for each pos-
sible MAC-d flow multiplexing combination and associated
MAC-e header overhead. By optimizing the E-TFCS 1n this
way, the padding required after MAC-d flow data 1s multi-
plexed according to the scheduled and non-scheduled grants
will not exceed the si1ze of possible MAC-d flow multiplexing
block sizes.

[0024] FIG. 6 15 a flow diagram of a process 600 for gen-
erating a MAC-¢ PDU. A largest E-TFC 1s selected from a set
of supported E-TFCs that 1s smaller than the size of MAC-d
flow data and MAC-e control signaling allowed by current
grants 602. As a result, the selected E-TFC permits a
decreased amount of data to be multiplexed onto the MAC-¢
PDU relative to the amount allowed by the grants, to more
closely match the largest E-TFC size that 1s smaller than the
amount required by scheduled and non-scheduled grants. The
MAC-d flow data (scheduled and/or non scheduled) 1s mul-
tiplexed into a MAC-e¢ PDU 1n accordance with an absolute
priority until no more MAC-d tlow data blocks can be added
within the limit of the selected E-TFC 604. The MAC-e PDU
1s padded to match the selected E-TFC size 606.

[0025] FIG. 7 shows conventional uplink spreading and
gain factor usage for high speed uplink power access
(HSUPA). The power of the E-DPCCH and the E-DPDCH(s)
1s set relative to the DPCCH, such that gain factors are used
for scaling the uplink channels relative to each other. As
shown 1n FIG. 7, the gain factors are applied individually for
E-DPCCH and each E-DPDCH. p__. 1s the gain factor for the
E-DPCCH and (3, 1s the gain factor for the E-DPDCH(s).
The WTRU denives these gain factors from higher layer sig-
naling.

[0026] The E-DPCCH 1s scaled with the gain factor f3
which 1s given by:

6&":?:[?):? .A E‘C;

where [3_.1s the gain factor of the DPCCH. {3 _1s e1ther signaled
by higher layers to the WTRU, or 1s computed. The ratio A_
1s dertved from the parameter AE-DPCCH signaled by higher
layers, (e.g., at call setup). Table 1 shows the meaning of the
signaled values for AE-DPCCH. The WTRU will scale the

E-DPCCH 1n relation to the DPCCH according to the quan-
tized amplitude ratio.

ec?

Equation (1)

TABLE 1
Signaled Values for Quantized amplitude ratios
AE-DPCCH Ave_Pec B
8 30/15
7 24/15
6 19/15
5 15/15
4 12/15
3 9/15
2 8/15
1 6/15
0 5/15

[0027] During compressed frames, the E-DPCCH gain fac-
tor [3,_.needs to be scaled. This 1s performed 1n order to avoid
that the E-DPCCH power 1s increased by the offset that 1s
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applied to the DPCCH during compressed frames. The uplink
DPCCH slot formats that have TFCI bits contain fewer pilot
bits than the formats for normal (non-compressed) mode. The
reason for this 1s that the number of TFCI bits 1s always the
same during a frame to ensure robust transport format detec-
tion. Therefore, 1n order to keep the same channel quality, the
energy ol the pilot must be kept equal, and the power of the
DPCCH 1s therefore increased by the tollowing factor: N_;;,,

N/Npifar,C‘

[0028]
frame:

Therelore, 11 a 2 ms TT1 overlaps with a compressed

Equation (2)

Npiiot, ¢
ﬁEC :)BC,C,j'AEC'\/ .

N piiot N

where 3_ ;18 a beta factor for DPCCH in compressed frames
for the j”” transport format combination (TFC) such that Pec
7/~1 when no DPDCH 1s configured, N ;. . 1s the number of
pilot bits per slot on DPCCH 1n compressed frames, and
N ;70.2718 the number ot pilot bits per slot in non-compressed
frames.

[0029] If a 10 ms TTT overlaps with a compressed frame,
the E-DPCCH gain factor {3_. 1s additionally scaled (in-
creased) to take into account that less slots are available for
transmission during this frame. In order to get a good trans-
mission quality, the transmitted energy per information bit 1s
the same, independent of whether compressed mode 1s used
in a frame or not. Therefore, 3 _.1s additionally scaled with the
tactor 15/N;, ¢

15 Npitor.C Equation (3)

JBEn:: :ﬁﬂ,C,j'AEﬂ' 5
Nsiots, ¢ * Npitot, N

where N, .. ~ 18 the number of non-discontinuous transmis-
sion (non-DTX) slots 1n this compressed frame.

[0030] As showninFIG. 7, there can be one or more E-DP-
DCHC(s), and each of them 1s scaled with its own gain factor.
The gain factors may vary on radio frame basis or sub-frame
basis depending on whether the E-DCH TT1 1s 10 ms or 2 ms,
respectively. The gain factor {3, for the kth E-DPCCH 1s
determined by the transport format combination on E-DCH
(E-TFC) carried 1n this TTI, and depending on the hybnd
automatic repeat request (HARD) profile for the data carried
in this TTI. The E-TFC describes the size of the transport
block carried ina'T'TI. This parameter therefore influences the
required transmission power.

[0031] Foreach data tlow (MAC-d flow), higher layers can
configure an individual HARQ profile. The HARQ profile
includes the power offset and maximum number of HARQ
retransmissions to use for this MAC-d tflow. This can be used
to fine-tune operating points for different data flows. The
WTRU determines the gain factor 3, based on parameters
signaled by higher layers, (e.g., at call setup).

[0032] First, a “reference E-TFC” needs to be determined
in the WTRU forthe E-TFC carried 1in the regarded TTI. A list
of reference E-TFCs containing up to 8 reference E-TFCs 1s
signaled by higher layers. The reference E-TFC 1s selected as
close as possible to the regarded E-TFC. Then, a reference
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gain factor {3, .- 18 determined for the selected reterence
E-TFC as follows:

I?)E'ff e f:ﬁc ‘A ch,ref': ECIU_ ﬂtiﬂﬂ (4)

where B 1s the gain factor ot the DPCCH. The ratio A, 1S
derived from the parameter AE-DPDCH signaled by higher
layers for the selected reference E-TFC. Table 2 shows the
meaning of the signaled values for AE-DPDCH. The refer-
ence E-TFC concept 1s used 1n order to avoid the signaling

overhead which would result from signaling a AE-DPDCH
value for all possible E-TFC values.

[0033] However, this reference gain factor cannot directly
be used for scaling the E-DPDCHs, since the reference
E-TFC does not reflect the actual E-TFC 1n terms of number
of data bits contained and number of E-DPDCHs required for
transmission. Furthermore, the HARQ profile needs to be
considered.

TABL.

L1l

1

Signaled Values for Quantized amplitude ratios

AE-DPCCH Acidref—Pea s Pe
29 16&8/15
28 150/15
27 134/15
26 119/15
25 106/15
24 95/15
23 84/15
22 75/15
21 67/15
20 60/15
19 53/15
18 47/15
17 42/15
16 38/15
15 34/15
14 30/15
13 27/15
12 24/15
11 21/15
10 19/15

9 17/15
Q 15/15
7 13/15
6 12/15
5 11/15
4 9/15
3 8/15
) 7/15
1 6/15
0 15/15

[0034] Theretfore, for the E-TFC to be transmitted 1n the
TTIunder consideration (the i E-TFC), a temporary variable
Ped jnarq 18 computed as follows:

Equation (5

| _ L vef Ke,j . 1(Aharg/20. 1 )
ﬁfd,;,harq — ﬁEd,FEf .
Lf,j KE,.P‘E’f

where L, _-1s the number ot E-DPDCHs used for the refer-
ence E-TFC, L, ;1s the number of E-DPDCHs used for the i
E-TFC, K_,.- 1s the number of data bits of the reterence
E-TFC, K, ; 1s the number of data bits of the i E-TFC, and
Ao, 18 the HARQ offset for the specific data tlow to be
transmitted (so called “MAC-d flow”) as signaled by higher

layers (see Table 3).




US 2012/0281660 Al

TABL

(L]
(s

Signaling values for Power offset values

&h arqg &harq [£5]

o T~ S (W T AFS T N O T
TR N 5 T S R N O T

L,,.rand L represent “equivalent” number of physical
channels. Normally they are equal to number of used E-DP-
DCHs except for two cases:

[0035] 1) 2xSF2 case: L, rand L, ; should be 4 instead
of 2; and
[0036] 2)2xSF2+2xSF4 case: L, , -and L, ;should be 6

instead of 4.

Theretore, the calculated p,, .., must be scaled by a factor
of V2 for SF=2 codes. The unquantized gain factor 3, g 18
set to V2x[3,_, Jnarg f0or E-DPDCHs using spreading factor 2
and equal to B, 1., Otherwise. Theratio 3, ; ../ B 15 now

quantized according to Table 4 to obtain the ratio 3, /P

TABLE 4

Quantized amplitude ratios

Bed,k,/ I?)C

168/1
150/1
134/1
119/1
106/1
95/1
84/1
75/1
67/1
60/1
53/1
47/1
42/1
38/1
34/1
30/1
27/1
24/1
21/1
19/1
17/1
15/1
13/1
12/1
11/1
9/1
8/1
7/1
6/1
5/1

Lt o n n L i e L e e i L L e L e e e e L L e e e L i L L La

[0037] During compressed frames, the E-DPDCH gain fac-
tor 3, needs to be scaled as follows. The factors applied for
the scaling the E-DPDCH have been introduced already in the
E-DPCCH section above.
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[0038] For 2 ms TTI, the gain factor used for the i E-TFC
in a compressed frame 1s given by:

Bedci = Equation (6)

Lf,rff Kf,j Ahargi20 NPEEDI,C
PociAed- ' -10 : ;
L Keref N pilot N

where pc,C,j 1s the DPCCH beta factor in compressed frames
for i TEC (Pe.c/~1 whenno DPDCH 1s configured), N ,;.;
1s the number of pilot bits per slot on DPCCH in compressed
frames, N_,, . »- 18 the number of pilot bits per slot in non-
compressed frames, and N, ~1s the number of DTX slots in
this compressed frame.

[0039] For 10 ms TTI, the gain factor used for the j”” E-TFC
in a compressed frame 1s given by:

Lo ref Equation (7)

Pea.ci=Pecci Aed \/
L, ;
Ke,j . 100herg/20 15 Npitor,c _
KE,FEf Ns.{ﬂrs,.’ - Npi.!ﬂr,N

where [3_ - ; 1s the beta factor in compressed trames tfor the i
TFC (=1 when no DPDCH 1s configured), N, , ~ 1s the
number of pilot bits per slot on DPCCH 1n compressed
frames, N ., »- 1s the number of pilot bits per slot in non-
compressed frames, and N 1s the number of non-DTX

slots I
slots 1n the first frame used for transmitting the data.

[0040] Note that 1n the 10 ms case, retransmissions on
E-DPDCH also require scaling when the corresponding ini-
tial transmission overlapped a compressed frame (but the
frame with the retransmission does not). When the E-DCH
TTI1s 10 ms and the current frame 1s not compressed, but 1s
a retransmission for which the corresponding first transmis-
sion was compressed, [,z ; represents the gain factor that

shall be applied to the i E-TFC as follows:

Equation (8)

15
JBE'd,R,j — Jgfd,j '

7
Ns:‘ﬂrs,.’

where 5, 1s the gain factor used for the i” E-TFC in non-
compressed frames.

[0041] The prior art describes the principles by which an
E-TFC selection procedure should follow, but fails to
describe a specific method and apparatus for determining the
actual SGP. Thus, although the prior art requires the compu-
tation of an SGP, a particular method or apparatus for per-
forming such a computation 1s not described. Although more
than one approach for computing SGP may exist, a method
and apparatus for computing an optimum, (1.¢., “maximum”
or “highest priority”), SGP 1s desired.

SUMMARY

[0042] Methods of selecting an enhanced uplink (EU)

transport format combination (E-TFC) are disclosed. A maxi-
mum number of bits of scheduled data for an upcoming
transmission may be determined as
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SG

Kf?rff ) . lﬂxﬁhﬂf’{ﬂflﬂ n

Lf,rff ' Agd,ref

where SG 1s a serving grant, L, . 1s the number of EU
dedicated physical data channels (E-DPDCHs) used for a
selected reterence E-TFC, K, -1s the number of data bits of
the reference E-TFC, A, 1s a hybrid automatic repeat
request (HARM) offset for a specific data flow to be trans-
mitted as signaled by higher layers, and A_,, -1s a ratio
derived from a parameter AE-DPDCH signaled by higher

layers for the selected reference E-TFC.

BRIEF DESCRIPTION OF THE DRAWINGS

[0043] A more detailed understanding of the invention may
be had from the following description of a preferred embodi-
ment, given by way of example and to be understood in
conjunction with the accompanying drawings wherein:

[0044] FIG. 1 shows a 3G cellular system;

[0045] FIG. 2 shows an EU protocol architecture in a
WTRU;

[0046] FIG. 3 1llustrates a MAC-e PDU generation;
[0047] FIG. 415 a flow diagram of a process for generating

MAC-e PDUs by quantizing the maximum amount of sched-
uled and/or non-scheduled data allowed to be transmuitted;
[0048] FIG.51sablock diagram of a process for generating
MAC-e PDUs by quantizing the maximum amount of non-
scheduled data allowed to be multiplexed;

[0049] FIG. 6 1s a flow diagram of a process for generating
a MAC-e PDU by reducing multiplexed data;

[0050] FIG. 7 shows conventional uplink spreading and
gain factor usage for HSUPA;

[0051] FIGS. 8A-8D, taken together, are a flow diagram of
a process for data transmission 1n accordance with the present
invention; and

[0052] FIG.91s atlow diagram of a process for scheduling

information without data in accordance with the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0053] Hereatter, the terminology “WTRU” includes but s
not limited to a user equipment (UE), a mobile station, a fixed
or mobile subscriber unit, a pager, or any other type of device
capable of operating mm a wireless environment. When
referred to hereatter, the terminology “base station™ includes
but is not limited to a Node-B, a site controller, an access point
or any other type of interfacing device 1n a wireless environ-
ment.

[0054] The present invention provides a method and appa-
ratus for determining the payload for a specific SG. Further-
more, the present mvention chooses a protocol data unit
(PDU) size by checking all sizes 1in order to maximize high
priority data transmissions.

[0055] The maximum PDU i1s the maximum supported
transport block (TB) size (or EU medium access control
(MAC-¢) PDU size) 1n the set of allowed E-TFCs.

[0056] The remaining available payload 1s the remaining
amount of data that fits 1n the maximum PDU.

[0057] The SGP size 1s the highest payload that may be
transmitted according to the SG and a selected power oflset

(PO).
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[0058] The remaining non-scheduled payload 1s the
remaining non-scheduled grant value (per MAC-d tlow).
[0059] The non-scheduled payload is the sum, for all non-
scheduled dedicated MAC (MAC-d) flows, of MIN (*“remain-
ing non-scheduled payload”, non-scheduled available pay-
load), (i.e., the smallest one of the remaining non-scheduled
payload and the non-scheduled available payload).

[0060] The scheduled payload 1s the amount of data 1n the
radio link control (RLC) buifer of all scheduled MAC-d flows

that 1s allowed to be multiplexed with the highest priority
selected MAC-d flow.

[0061] Power oflset attribute, (1n frequency division duplex
(FDD)) 1s signaled to a WTRU. The power oilset attribute
represents the power offset between one or more E-DPDCHs
and a reference E-DPD CH power level for a given E-TFC.
The power oifset attribute 1s set to achieve the required quality
of service (QoS) 1n this MAC-d flow when carried alone 1n a
MAC-e PDU and subsequently 1n the corresponding coded
composite transport channel (CCTrCh) of an EU dedicated
channel (E-DCH) type. Power ofisets must be translated into
Beta factors that are used in the base band (BB) to adjust the
relative power levels of UL code channels such as DPDCHs

and DPCCH 1n wideband code division multiple access
(W-CDMA) FDD betore feeding 1t into the transmitter. The

reference E-DPDCH power offset 1s signaled to the WIRU
for at least one reference E-TFC. The SG 1s simply an 1ndi-
cation of the maximum E-DPDCH to DPCCH power ratio
that the WTRU 1s allowed to use for scheduled data in the
following transmission. The SG 1s provided to the E-TFC
selection function to support the selection of the “best” for-
mat for the upcoming transmission.

[0062] While respecting the overall constraint of compli-
ance with the SG value, the primary goal of the present
invention 1s to select all possible power setting combinations
for a given E-TFC, (depending on which data 1s available),
and find the one combination that would result in “most™ data
sent.

[0063] FIGS. 8A-8D, taken together, are a flow diagram of

a data transmission procedure 800 1n accordance with the
present mvention. In step 802, a MAC-d flow with a PO 1s
selected that allows highest-priority data to be transmitted.
When more than one MAC-d flow allows data of the same
highest priority to be transmitted, the selection of the MAC-d
flow may be performed randomly. In step 804, based on the
MAC-d flow selected, the MAC-d flow(s) that can be multi-
plexed are 1dentified and the MAC-d flow(s) that cannot be
multiplexed are i1gnored. In step 806, based on the PO
selected, E-TFC restriction 1s performed and the maximum
supported payload, (i.e., maximum MAC-e PDU size), that
can be sent 1n the next transmission timing nterval (TTT) 1s
determined. In step 808, the “Remaining Available Payload”
1s set to the maximum supported payload. In step 810, 11 the
upcoming transmission overlaps with a compressed mode
(CM) gap on 10 ms TTI, the current SG 1s scaled down.

[0064] CM 1s special 1n that parts of the frame are sent at a
higher power, as compared to normal uncompressed frames.
Therefore, the SG must be “scaled” to take the presence of
CM 1nto account, by serving as a numerical adjustment. The
DPCCH power assumed for the SG 1n a compressed frame 1s
the actual DPCCH power in the compressed frame minus the
“pilot power”.

[0065] Instep 812, thescheduled grant payload (SGP) 1s set

to the highest payload that can be transmitted according to the
SG and the selected PO as follows:
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X .
it inara X2 SGP Equation (9)
SG = (18 i q] —: and
B IBsize
SG x TBsize x 3 Equation (10)
SGP = > '
Jgfd,j,harq

where TBsize 1s the maximum supported payload (transport
block size) and 7 1s the considered TFC that supports the
maximum supported payload. The SG=MIN(SGP, TBsize).
3 .1s the gain factor of the DPCCH. As previously disclosed:

ﬁfd,?’ff — 181': - A qulatiﬂll (4)

ed,ref » and

— Equation (5)
1 QR

f
183-11‘ gharg — 183-11‘ rff\/ ke
E Jef

Thus, when p_-A,,,,-0f Equation (4) 1s substituted in Equa-
tion (5) for P4,/

LE rff K

2 €,/ (Aharg/20)? .
LAZ - 10 ;
185-:1‘ L.harg 18 ed,ref L KE,I“Ef

Equation (11)

(ﬂhargﬂﬂ)z:l (Akarg/10

where 10 Equation (12)

In accordance with the present invention,

Equation (13)

2
1 LE ' KE' re 1
ﬁﬂ 2t » f . and

ctjharg vt Lerg  Kej 10897107

ed, j.harg

SG- TBSIZE | LE',,.I’. Kﬁ'pf’ff

SGP = Equation (14)
1 A?d,?‘ff L"faf"ff kf:.f
1
loﬂharqflﬂ
K b Equation (15)
= K¢ yof - — quation
Le yef - Agg rer - 103497910
IBSize- L ;
K, ; '
[0066] Inaccordance with one preferred embodiment of the

present invention, the factor

IBSize- L,
KE,E

will always result in the closest possible quantized value to 1

as part of the iterative procedure described above in the
present invention, and thus

SG Equation (16)

SGP=K .
e.ref Aharg/10
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[0067] Thuis 1s easily seen when considering that L, ; 1s the
number of E-DPDCHs used for the i E-TFC as described
carlier.

[0068] For example, but not limited to this specific case,

L. =1 inthe case of HSUPA WTRU Category 1 where only 1
E-DPDCH with an SF not smaller than 4 1s possible. Because
Ke.j is the number of data bits of the i”” E-TFC under consid-
eration, the factor that maximizes the throughput as described
1s when the factor TBSize/K, ; 1s the closest possible quan-
tized value to 1 as a function of the conﬁgured E-TFCSs.
[0069] In other cases where L, 1s not equal to 1, as a
function of the number of E- DPDCHS and possﬂjly their
respective SEs as described earlier, the SGP in Equations (15)
and (16) will yield values that do not exceed a transport block
s1ze, (1.e., TBSize), that corresponds to a higher reference
E-TFC and that 1s not lower than the specific reference E-TFC
used 1n the computation, unless the specific reference E-TFC
1s the smallest one.

[0070] Referring still to FIG. 8, 1n step 814, for each
MAC-d flow with a non-scheduled grant, the “Remaining
Non-scheduled Payload” 1s set to the value of the grant. In
step 816, the “Non scheduled Payload” is set to the sum of
MIN (“Remaining Non-scheduled Payload”, non-scheduled
available payload) for all non scheduled MAC-d flow(s).

[0071] Ifit1s determined in step 818 that scheduling infor-
mation needs to be transmitted, and if in step 820 the
“Remaining Available Payload” 1s determined to be greater
than the sum of the “Scheduled Grant Payload”, the “Non-
scheduled Payload™ and the size of the scheduling informa-
tion, (1.e., the TB size can carry all of the data the WITRU can
possibly send), the sum of the “Scheduled Grant Payload”+
“Non-scheduled Payload”+size of the scheduling informa-
tion 1s quantized to the next smaller supported E-TFC (step
822). In step 824, the “Scheduled Grant Payload” 1s set to the
quantized sum minus the “Non-scheduled Payload” and the
s1ze of the scheduling information. In step 826, the “Remain-
ing Available Payload” is set to the supported payload in the
next smaller supported E-TFC. In step 828, the size of the

Scheduling Information 1s subtracted from the “Remaining
Available Payload”.

[0072] Ifitis determined in step 818 that scheduling infor-
mation does not need to be transmitted, and 11 the “Remaining
Available Payload” 1s determined 1n step 830 to be greater
than the sum of the “Scheduled Grant Payload” and the “Non-
scheduled Payload” (1.e., the TB size can carry all of the data
the WTRU can possibly send), the sum of the “Scheduled
Grant Payload™ and the “Non-scheduled Payload” 1s quan-
tized to the next smaller supported E-TFC (step 832), the
“Scheduled Grant Payload” 1s set to the quantized sum minus
the “Non-scheduled Payload” (step 834) and the “Remaining
Available Payload™ is set to the supported payload 1n the next

smaller supported E-TFC (step 836).

[0073] Stll referring to FIG. 8, one of a plurality of logical
channels 1s selected based on an order of priority (step 838),
and then steps 840-850 are performed for the selected logical
channel before looping back to step 838 11 1t 1s determined 1n
step 852 that there 1s at least one more logical channel from
which to select. In step 840, a determination 1s made as to
whether the selected logical channel belongs to a MAC-d flow
with a non-scheduled grant.

[0074] If the determination of step 840 1s positive, the
“Remaining Non-scheduled Payload” corresponding to the
MAC-d flow on which this logical channel 1s mapped 1is

considered (step 842), and an RLC PDU size 1s chosen from

[ [T
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the allowed set in the selected logical channel to fill the
MAC-¢ PDU by choosing the PDU size that gives the most
amount of data which 1s less than MIN(*Remaining Non-
scheduled Payload”, Available Data for this logical channel,
“Remaining Available Payload”) (step 844). In order to check
which PDU size provides the largest amount of data, it 1s
necessary to check for every size allowed. In step 846, the
corresponding bits if any are subtracted from the “Remaining
Available Payload” and the “Remaining Non-scheduled Pay-
load” (taking into account the MAC-¢e headers).

[0075] Ifthe determination of step 840 1s negative, an RLC
PDU size 1s chosen from the allowed set in the selected
logical channel to fill the MAC-e PDU by choosing the PDU
s1ze that gives the most amount of data which 1s less than MIN
(“Scheduled Grant Payload”, Available Data for this logical
channel, “Remaining Available Payload”) (step 848). In order
to check which PDU si1ze provides the largest amount of data,
it 1s necessary to check for every size allowed. In step 850, the
corresponding bits if any are subtracted from the “Remaining
Available Payload” and the “Scheduled Grant Payload™ (tak-
ing into account the MAC-headers).

[0076] Ifiti1s determined 1n step 852 that there are no more
logical channels to select from, and 11 1t 1s determined 1n step
854 that scheduling information needs to be transmitted,
scheduling imnformation 1s added to the MAC-e PDU (step
856) and the smallest E-TFC that can carry the resulting
MAC-e PDU 1s determined (step 858).

[0077] Ifitis determined in step 854 that scheduling infor-
mation does not need to be transmitted, the smallest E-TFC
that can carry the resulting MAC-e PDU 1s determined (step
860) and 11 the padding allows scheduling information to be
sent, 1t 1s added to the MAC-e¢ PDU (step 862). Finally, in step
864, the maximum number of hybrid automatic repeat request
(HARQ) transmissions 1s set to the maximum among the
maximum number of HARQ transmissions of the HARQ
profiles of the MAC-d flows selected for transmissions.
[0078] FIG. 9 1s a flow diagram of a data-less scheduling
information transmission procedure 900 1n accordance with
the present ivention. If 1 step 905 1t 1s determined that
scheduling information 1s to be transmitted without data, the
“control-only” HARQ profile 1s selected (step 910), the
MAC-e PDU 1s filled with the scheduling information (step
915) and the smallest E-TFC 1s selected (step 920). When the
scheduling information 1s sent alone (no data), then the PO to
be used 1s the one configured by an RRC 1n the information
clement (IE) “Power Ofiset for Scheduling Information™ 1n
the “E-DPDCH Info.” This 1s part of an RRC-layer signaled
configuration mformation for enhanced UL, whereby the
RNC signals parameters to the WTRU {for setting up and
running the e-MAC.

[0079] Although the features and elements of the present
invention are described 1n the preferred embodiments 1n par-
ticular combinations, each feature or element can be used
alone without the other features and elements of the preferred
embodiments or 1n various combinations with or without
other features and elements of the present mvention. The
methods or flow charts provided in the present invention may
be implemented 1n a computer program, software, or {irm-
ware tangibly embodied in a computer-readable storage
medium for execution by a general purpose computer or a
processor. Examples of computer-readable storage mediums
include a read only memory (ROM), a random access
memory (RAM), a register, cache memory, semiconductor
memory devices, magnetic media such as internal hard disks
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and removable disks, magneto-optical media, and optical
media such as CD-ROM disks, and digital versatile disks
(DVDs).
[0080] Suitable processors include, by way of example, a
general purpose processor, a special purpose processor, a
conventional processor, a digital signal processor (DSP), a
plurality of microprocessors, one or more miCroprocessors in
association with a DSP core, a controller, a microcontroller,
Application Specific Integrated Circuits (ASICs), Field Pro-
grammable Gate Arrays (FPGAs) circuits, any other type of
integrated circuit (IC), and/or a state machine.
[0081] A processor in association with software may be
used to implement a radio frequency transcerver for use 1 a
wireless transmit recerve unit (WTRU), user equipment (UE),
terminal, base station, radio network controller (RNC), or any
host computer. The WTRU may be used 1n conjunction with
modules, implemented in hardware and/or software, such as a
camera, a video camera module, a videophone, a speaker-
phone, a vibration device, a speaker, a microphone, a televi-
sion transcerver, a hands free headset, a keyboard, a Blue-
tooth® module, a frequency modulated (FM) radio unit, a
liquid crystal display (LCD) display unit, an organic light-
emitting diode (OLED) display umit, a digital music player, a
media player, a video game player module, an Internet
browser, and/or any wireless local area network (WLAN)
module.

1. A method of selecting an enhanced uplink (EU) transport
format combination (E-TFC), the method comprising:

determinming a number of scheduled data bits for an upcom-

ing transmission, wherein the number of scheduled data
bits 1s dertved at least from a serving grant multiplied by

a transport block size of a i TFC, a p value associated
with the i TFC, and a .. value.

2. The method of claim 1, wherein the 3 value associated
with the i TFC and the p.. value are squared.

3. The method of claim 1, further comprising selecting a
power oilset (PO) for the upcoming transmission associated
with a medium access control (MAC-d) flow that allows
highest-priority data to be transmitted.

4. The method of claim 1, further comprising:

selecting a medium access control (MAC-d) flow; and

identitying other MAC-d tlows for which data can be mul-

tiplexed.

5. The method of claim 1, wherein the . value 1s a gain
factor related to a Dedicated Physical Control Channel

(DPCCH).

6. A wireless transmit/recerve unit (WTRU) configured to
select an enhanced uplink (EU) transport format combination
(E-TFC), the WTRU configured to:

determine a number of scheduled data bits for an upcoming

transmission, wherein the number of scheduled data bits
1s derived at least from a serving grant multiplied by a

transport block size of a j” TFC, a p value associated
with the i TFC, and a 3 value.

7. The WTRU of claim 6, wherein the {3 value associated
with the j TFC and the B . value are squared.

8. The WTRU of claim 6, wherein the WTRU 1s further
configured to select a power ofifset (PO) for the upcoming
transmission associated with amedium access control (MAC-
d) tlow that allows highest-priority data to be transmitted.

9. The WTRU of claim 6, wherein the WTRU 1s further
coniigured to:

select a medium access control (MAC-d) flow; and

identity other MAC-d flows for which data can be multi-

plexed.

10. The WTRU of claim 6, wherein the 3. value 1s a gain

factor related to a Dedicated Physical Control Channel
(DPCCH).
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