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1
Introduction
The Dual-Cell HSDPA (DC-HSDPA) study item (SI) was opened recently [1]. The key system performance benefits of this feature are well captured in [2], [3]. As the name of the SI suggests, the scope of the Study Item (SI) restricts the study to dual cell operation to two cells belonging to the same NodeB. Furthermore, the underlying assumption in this study item is that the user’s uplink transmission is restricted to a single cell. A physical layer design aspect with regard to this feature is the design of the uplink control channel (HS-DPCCH) to carry the ACK/NACK and CQI information of the multiple cells from the UE to the NodeB. 
In a previous contribution [4] the design objectives for the 2nd HS-DPCCH was presented. A rationale for I/Q multiplexing the 2nd HS-DPCCH was also presented. The cubic metric was computed for various E-DPDCH +E-DPCCH+DPCCH+HS-DPCCH configurations for the I/Q multiplexing design. 
While reviewing the simulation results, we found an error in our configuration for the N_max_dpdch=1 case. We have addressed the error in this contribution and have also built upon the results from [4]. In the following sections, we provide a summary of the results for all the cases provided and suggest proposals for the best way forward. For additional information on the design choices, refer to [4].
2
HS-DPCCH Design using I/Q Multiplexing
The design approach taken here is to transmit the 2nd HS-DPCCH on either the opposite branch of the existing HS-DPCCH with the same OVSF code or on the same branch as the existing HS-DPCCH but with a different OVSF code. The 2nd HS-DPCCH is coded in an identical manner as in legacy Release 7.

We first investigate the possible channelization code indices that can be used for this 2nd HS-DPCCH under the worst case scenarios (different N_max_dpdch) as shown in Table 1.

Table 1: Worst Case Code consumption for different N_max_dpdch
	N_max_dpdch
	UL Channels
	Code Usage
	I
	Q

	0
	4 E-DPDCH (2SF2+2SF4) +

1 E-DPCCH +

1 DPCCH +

1 HS-DPCCH
	Used
	E-DPDCH1 Cch,2,1

E-DPDCH3 Cch,4,1

E-DPCCH  Cch,256,1
	DPCCH  Cch,256,0

E-DPDCH2 Cch,2,1

E-DPDCH4 Cch,4,1

HS-DPCCH Cch,256,33

	
	
	Avail. for HS2, Cch,256,n
	0≤n ≤63, n ≠ 1
	1≤n ≤63, n ≠ 33

	1
	1 DPDCH +

2 E-DPDCH (2xSF2) +

1 E-DPCCH +

1 DPCCH + 
1 HS-DPCCH
	Used
	DPDCH Cch,4,1

E-DPDCH2 Cch,2,1

E-DPCCH  Cch,256,1
	DPCCH  Cch,256,0

E-DPDCH2 Cch,2,1

HS-DPCCH Cch,256,64

	
	
	Avail. for HS2, Cch,256,n
	0≤n ≤63, n ≠ 1
	1<=n<=127, n ≠ 64

	2,4,6
	6 DPDCH +

1 DPCCH +

1 HS-DPCCH
	Used
	DPDCH1 Cch,4,1

DPDCH3 Cch,4,3

DPDCH5 Cch,4,2

HS-DPCCH Cch,256,1
	DPCCH  Cch,256,0

DPDCH2 Cch,4,1

DPDCH3 Cch,4,3

DPDCH6 Cch,4,2

	
	
	Avail. for HS2, Cch,256,n
	0≤n ≤63, n ≠ 1
	1≤n ≤63

	3,5
	5 DPDCH +

1 DPCCH +

1 HS-DPCCH
	Used
	DPDCH1 Cch,4,1

DPDCH3 Cch,4,3

DPDCH5 Cch,4,2
	DPCCH  Cch,256,0

DPDCH2 Cch,4,1

DPDCH3 Cch,4,3

HS-DPCCH Cch,256,32

	
	
	Avail. for HS2, Cch,256,n
	0≤n ≤63
	1≤n ≤63, n ≠ 32)

Or 128 ≤ n ≤ 191


3
Cubic Metric Analysis of proposed scheme

In the cubic metric analysis performed here, we have run Monte-Carlo simulations to compare cubic metrics of single HS-DPCCH and dual HS-DPCCH with different code and channel allocation for the second HS-DPCCH.

Depending on N_max_dpdch, the 1st HS-DPCCH is still transmitted as before on the following channelization codes:

· N_max_dpdch = 0

· Cch,256,33 on Q
· N_max_dpdch = 1
· Cch,256,64 on Q

Irrespective of N_max_dpdch = 0 or 1, we transmit the 2nd HS-DPCCH on the following channelization codes:
· Cch,256,0 on I

· Cch,256,1 on Q
· Cch,256,32 on I

· Cch,256,33 on I
Tables 2, 3 and 4 list the different simulation parameter settings performed in this analysis. The results obtained are categorized into 35 cases for each TTI setting as shown in Tables 11, 12, 13 and 14 in the Annex.
Table 2: CM Analysis, Simulation Parameters

	Parameter
	Value
	Comment

	Nmax_dpdch
	[0,1]
	0 or 1 dedicated channels

	TTI [ms]
	[2 10]
	

	E-DCH Transport Block Size [bits]
	[1406, 2798, 5772, 11484]
	Corresponds to                             [1xSF4, 2xSF4, 2xSF2, 2XSF2+2xSF4]

	βd
	1.0
	

	Channelization Code used for dedicated channel
	Cch,64,16
	

	βc
	11/15
	

	15*βhs/ βc
	[0 12 15 19 24]
	-0 corresponds to HS-DPCCH disabled. -Same beta setting on each of I and Q branches when dual HS-DPCCH is simulated.

	15*βec/ βc
	[15 19 24]
	- For 10ms TTI, βec/ βc = 24/15 is not considered

	15*βed,1/ βc
	[17 21 27 34 42 53 67];
	

	15*βed,2/ βc
	[24 27 38 47 53 67 84]
	Only valid for 2xSF2+2xSF4


Table 3: CM Analysis, HS-DPCCH Settings

	Parameter
	Value

	Pr [ACK/NACK/DTX]
	[1/3, 1/3, 1/3]

	Inter TTI ACK
	1

	Inter TTI CQI
	1

	N_acknack_transmit
	1

	N_cqi_transmit
	1


Table 4: CM Analysis, Parameter Settings per TTI 
	Parameter
	2ms TTI
	10ms TTI

	TTI
	2
	10

	N_HARQ
	8
	4

	MaxReTx
	4
	2


Table 5 provides a summary of the results obtained from all the simulations.
Table 5: CM Analysis, Summary of Results 
	TTI
	Nmax_dpdch
	Max CM (single HS-DPCCH)
	Max CM (dual HS DPCCH)

(m = 33 when Nmax_dpdch=0, m=64 when Nmax_dpdch=1)

	
	
	Cch,256,m Q
	Cch,256,m Q

Cch,256,0    I
	Cch,256,m Q

Cch,256,1  Q
	Cch,256,m Q

Cch,256,32  I
	Cch,256,m Q

Cch,256,33  I

	2
	0
	2.8374
	3.0323
	3.7469
	2.9291
	2.9315

	
	1
	3.0768
	3.4294
	2.9841
	3.3977
	3.3963

	10
	0
	2.8321
	2.9693
	3.7453
	2.8074
	2.8122

	
	1
	2.9949
	3.3374
	2.9491
	3.3520
	3.3502


Based on Tables 5, 11, 12, 13 and 14, we observe the following:

· For the 2nd HS-DPCCH 

· The performance of Cch,256,32 on I is very similar in performance of Cch,256,33 on I.

· The performance of Cch,256,0 on I is slightly worse (0.1dB to 0.2dB) in performance when compared to the other code selections.
· The performance of Cch,256,32 on I is the best when N_max_dpdch = 0 and the performance of Cch,256,1 on Q is the best when N_max_dpdch = 1.

Figures 1, 3-5, 7-9, 11-13 and 15-16 in the Annex illustrate the comparison of the CM for N_max_dpdch = 0 and 1, and for TTI = 2ms and 10ms for each of the test cases simulated. Figure 1 also illustrates the manner in which the test cases have been grouped. This is so that the figures can be cross-references with the tables.
Based on the above observations, we prefer to transmit the 2nd HS-DPCCH using Cch,256,33 on I when N_max_dpdch = 0 and using Cch,256,1 on Q when N_max_dpdch = 1. Another reason behind this choice is that the NodeB receiver need not de-spread another channelization code to decode the 2nd HS-DPCCH. This is due to the fact that the NodeB de-spreads the specified codes for the existing HS-DPCCH and the E-DPCCH. 
3
Impact on Coverage

The Maximum Power Reduction (MPR) for the UE is specified in [5] (Section 6.2.2) and is dependent on the cubic metric for the corresponding configuration of βc, βd, βhs, βec and βed. The increase in cubic metric on a per-configuration basis is computed for the suggested design choices for each of the simulated test cases. Figures 2, 6, 10 and 14 show the increase in the cubic metric for all the test cases for N_max_dpdch = 0, 1 and for 2ms TTI as well as 10ms TTI. The results are also summarized in Tables 6 - 9. Tables 6 and 7 show the differences in the cubic metric for each test configuration for when N_max_dpdch = 0, 1 for 2ms TTI.
Table 6: CM difference between Single and Dual HS-DPCCH, N_max_dpdch = 0, 2ms TTI

	Case
	N_max_dpdch
	TBS [bits]

(SF)
	15*βhs/ βc
	Max CM [dB] Single HS-DPCCH
	Max CM difference from single HS-DPCCH case (dual HS DPCCH)

	
	
	
	
	256,33, Q
	256,33,Q 256,0,I
	256,33,Q 256,1,Q
	256,33,Q 256,32,I
	256,33,Q 256,33,I

	1
	0
	1406 (1xSF4)
	0
	1.9236
	0
	0
	0
	0

	2
	
	
	12
	1.8227
	0.72609
	0.44714
	0.55305
	0.55729

	3
	
	
	15
	1.7732
	0.86567
	0.63223
	0.65888
	0.66418

	4
	
	
	19
	1.6995
	0.95669
	0.8501
	0.77006
	0.77441

	5
	
	
	24
	1.6410
	0.97636
	1.0656
	0.9005
	0.90414

	6
	
	2798 (2xSF4)
	0
	1.4849
	0
	0
	0
	0

	7
	
	
	12
	1.8529
	0.44333
	0.43782
	0.31967
	0.32398

	8
	
	
	15
	1.9735
	0.52148
	0.56004
	0.36913
	0.37439

	9
	
	
	19
	2.0955
	0.55672
	0.69067
	0.37838
	0.38447

	10
	
	
	24
	2.1765
	0.52035
	0.81625
	0.32498
	0.33158

	11
	
	5772 (2xSF2)
	0
	2.0395
	0
	0
	0
	0

	12
	
	
	12
	2.4728
	0.50484
	0.50152
	0.36675
	0.37169

	13
	
	
	15
	2.6130
	0.59032
	0.63598
	0.41982
	0.42581

	14
	
	
	19
	2.7513
	0.62349
	0.77686
	0.42327
	0.43018

	15
	
	
	24
	2.8360
	0.57177
	0.91091
	0.38022
	0.38347

	16
	
	11484 (2xSF4 + 2xSF2)
	0
	2.5558
	0
	0
	0
	0

	17
	
	
	12
	2.6259
	0.1996
	0.18947
	0.14715
	0.14823

	18
	
	
	15
	2.6754
	0.25648
	0.27023
	0.18556
	0.18727

	19
	
	
	19
	2.7573
	0.30343
	0.37868
	0.2111
	0.21357

	20
	
	
	24
	2.8374
	0.31113
	0.50589
	0.19872
	0.20196


Table 7: CM difference between Single and Dual HS-DPCCH, N_max_dpdch = 1, 2ms TTI

	Case
	N_max_dpdch
	TBS [bits]
	βhs
	Max CM [dB] Single HS-DPCCH
	Max CM difference from single HS-DPCCH case (dual HS DPCCH)

	
	
	
	
	256,64,Q
	256,64,Q 256,0,I
	256,64,Q 256,1,Q
	256,64,Q 256,32,I
	256,64,Q 256,33,I

	1
	1
	1406 (1xSF4)
	0
	3.2572
	0
	0
	0
	0

	2
	
	
	12
	3.0768
	0.45423
	0.016843
	0.4511
	0.45014

	3
	
	
	15
	2.9849
	0.59535
	0.073574
	0.56227
	0.56091

	4
	
	
	19
	2.8604
	0.74099
	0.20556
	0.68515
	0.68213

	5
	
	
	24
	2.7025
	0.849
	0.41554
	0.78352
	0.77985

	6
	
	2798 (2SF4)
	0
	2.6983
	0
	0
	0
	0

	7
	
	
	12
	2.6514
	0.3566
	0.12
	0.32848
	0.32678

	8
	
	
	15
	2.6346
	0.46149
	0.1881
	0.42446
	0.42228

	9
	
	
	19
	2.6052
	0.56007
	0.29213
	0.51328
	0.51055

	10
	
	
	24
	2.5710
	0.6138
	0.42836
	0.55842
	0.55521

	11
	
	5772 (2SF2)
	0
	2.7243
	0
	0
	0
	0

	12
	
	
	12
	2.6678
	0.36637
	0.13669
	0.33751
	0.33636

	13
	
	
	15
	2.6450
	0.47557
	0.21124
	0.43761
	0.43594

	14
	
	
	19
	2.6069
	0.58011
	0.32317
	0.53215
	0.52987

	15
	
	
	24
	2.5481
	0.64093
	0.46751
	0.58417
	0.58131


Tables 8 and 9 show the differences in the cubic metric for each test configuration for when N_max_dpdch = 0, 1 for 10ms TTI.
Table 8: CM difference between Single and Dual HS-DPCCH, N_max_dpdch = 0, 10ms TTI

	Case
	N_max_dpdch
	TBS [bits]

[SF]
	15*βhs/ βc
	Max CM [dB] Single HS-DPCCH
	Max CM difference from single HS-DPCCH case (dual HS DPCCH)

	
	
	
	
	256,33, Q
	256,33,Q 256,0,I
	256,33,Q 256,1,Q
	256,33,Q 256,32,I
	256,33,Q 256,33,I

	1
	0
	1406 (1xSF4)
	0
	1.5935
	0
	0
	0
	0

	2
	
	
	12
	1.5718
	0.70402
	0.47455
	0.60023
	0.60556

	3
	
	
	15
	1.5622
	0.78997
	0.66173
	0.71839
	0.7232

	4
	
	
	19
	1.5937
	0.83634
	0.87802
	0.85478
	0.85901

	5
	
	
	24
	1.6068
	0.9258
	1.0886
	0.99339
	0.99701

	6
	
	2798 (2xSF4)
	0
	1.7165
	0
	0
	0
	0

	7
	
	
	12
	1.6700
	0.70882
	0.44657
	0.54574
	0.5509

	8
	
	
	15
	1.6498
	0.79847
	0.63148
	0.64386
	0.64852

	9
	
	
	19
	1.6413
	0.86257
	0.84928
	0.76903
	0.773

	10
	
	
	24
	1.6407
	0.97676
	1.0648
	0.89931
	0.90256

	11
	
	5772 (2xSF2)
	0
	1.4868
	0
	0
	0
	0

	12
	
	
	12
	1.8541
	0.35534
	0.43812
	0.24719
	0.25099

	13
	
	
	15
	1.9746
	0.38433
	0.56057
	0.25429
	0.25901

	14
	
	
	19
	2.0963
	0.35764
	0.6914
	0.25614
	0.2579

	15
	
	
	24
	2.1770
	0.32912
	0.81709
	0.27769
	0.279

	16
	
	11484 (2xSF4 + 2xSF2)
	0
	2.0379
	0
	0
	0
	0

	17
	
	
	12
	2.4698
	0.70402
	0.47455
	0.60023
	0.60556

	18
	
	
	15
	2.6097
	0.78997
	0.66173
	0.71839
	0.7232

	19
	
	
	19
	2.7476
	0.83634
	0.87802
	0.85478
	0.85901

	20
	
	
	24
	2.8321
	0.9258
	1.0886
	0.99339
	0.99701


Table 9: CM difference between Single and Dual HS-DPCCH, N_max_dpdch = 1, 10ms TTI

	Case
	N_max_dpdch
	TBS [bits]

[SF]
	15*βhs/ βc
	Max CM [dB] Single HS-DPCCH
	Max CM difference from single HS-DPCCH case (dual HS DPCCH)

	
	
	
	
	256,33, Q
	256,33,Q 256,0,I
	256,33,Q 256,1,Q
	256,33,Q 256,32,I
	256,33,Q 256,33,I

	1
	1
	1406 (1SF8,2)

	0
	2.0052
	0
	0
	0
	0

	2
	
	
	12
	2.9939
	0.42846
	0.017933
	0.46348
	0.46179

	3
	
	
	15
	2.9023
	0.54753
	0.074334
	0.57777
	0.57562

	4
	
	
	19
	2.7638
	0.65788
	0.20634
	0.68351
	0.68001

	5
	
	
	24
	2.5903
	0.72097
	0.41654
	0.74895
	0.74496

	6
	
	5772 (1SF4)

	0
	3.1777
	0
	0
	0
	0

	7
	
	
	12
	2.9949
	0.43856
	0.017341
	0.452
	0.45032

	8
	
	
	15
	2.9034
	0.56019
	0.074336
	0.56349
	0.56129

	9
	
	
	19
	2.7651
	0.67284
	0.20661
	0.66659
	0.66309

	10
	
	
	24
	2.5922
	0.73723
	0.4169
	0.73024
	0.72616

	11
	
	11484 (2SF4)
	0
	2.6569
	0
	0
	0
	0

	12
	
	
	12
	2.6213
	0.32673
	0.11923
	0.32388
	0.32121

	13
	
	
	15
	2.6030
	0.40826
	0.18755
	0.40471
	0.40138

	14
	
	
	19
	2.5931
	0.46973
	0.29202
	0.46547
	0.46147

	15
	
	
	24
	2.5673
	0.47671
	0.42881
	0.47187
	0.46736

	16
	
	20000 (2SF2)
	0
	2.6696
	0
	0
	0
	0

	17
	
	
	12
	2.6223
	0.42846
	0.017933
	0.46348
	0.46179

	18
	
	
	15
	2.5978
	0.54753
	0.074334
	0.57777
	0.57562

	19
	
	
	19
	2.5794
	0.65788
	0.20634
	0.68351
	0.68001

	20
	
	
	24
	2.5431
	0.72097
	0.41654
	0.74895
	0.74496


Based on Tables 5 - 9, and Figures 2, 6, 10 and 14, we observe the following:

· The CM difference is more pronounced for lower packet sizes when N_max_dpdch = 0 and the 2nd HS-DPCCH is transmitted on Cch,256,32 or Cch,256,33 on I.
· The CM difference is more significant for high βhs  values (15*βhs/ βc = [19, 24])

· When N_max_dpdch = 1, the CM difference does not appear to be significant when the 2ns HS_DPCCH is transmitted on Cch,256,1 on Q.

When the UE is power limited and coverage becomes a factor, the NodeB could switch the UE from DC-HSPA to single carrier mode. This would enable the UE to enjoy similar performance as would have been possible in Rel. 7.
4
Simulation Results when E-DCH is not configured 
There could be deployments where UE’s do not have any E-DCH channels configured. Table 10 summarizes the cubic metrics obtained from simulations in this case for N_max_dpdch = [0, 1] with 2ms TTI. The design schemes that have been simulated are the same as the ones proposed in Section 3.
Table 10: CM difference between Single and Dual HS-DPCCH, N_max_dpdch = 1, 2ms TTI

	Case
	N_max_dpdch
	βhs
	Max CM [dB] Single HS-DPCCH
	Max CM [dB] (dual HS DPCCH)

	
	
	
	256,64,Q
	256,64,Q 256,0,I
	256,64,Q 256,1,Q
	256,64,Q 256,32,I
	256,64,Q 256,33,I
	256,64 Q 256,1  I

	1
	0
	0
	-0.007141
	-0.007141
	-0.007141
	-0.007141
	-0.007141
	-

	2
	
	12
	2.667136
	1.812998
	4.007653
	1.813891
	1.814103
	-

	3
	
	15
	2.826695
	1.749568
	4.119521
	1.750115
	1.750450
	-

	4
	
	19
	2.828267
	1.595027
	4.093388
	1.594830
	1.595293
	-

	5
	
	24
	2.670100
	1.375547
	3.955712
	1.374463
	1.375043
	-

	6
	1
	0
	-0.005334
	-0.005334
	-0.005334
	-0.005334
	-0.005334
	-0.005334

	7
	
	12
	0.568488
	1.11465
	1.44501
	1.35546
	1.35556
	1.10804

	8
	
	15
	0.739033
	1.28058
	1.78024
	1.54347
	1.54336
	1.27333

	9
	
	19
	0.912918
	1.37577
	2.08987
	1.64663
	1.64627
	1.36831

	10
	
	24
	1.04462
	1.3701
	2.31413
	1.63207
	1.63144
	1.36293


Based on Table 10, we observe the following:

· When Nmax_DPDCH = 0, the addition of the 2nd HS-DPCCH transmitted on Cch,256,33 on I,  reduces the CM as compared to the single HS-DPDCH case.
· When Nmax_DPDCH = 1, the addition of the 2nd HS-DPCCH transmitted on Cch,256,1 on Q, increases the CM as compared to the single HS-DPDCH case.
To address this issue, we suggest some options which have a lesser impact on the cubic metric for the case where E-DCH is not configured:
· Cch(256, 33) on I for both Nmax_DPDCH = 0 and 1

· Cch(256, 0) on I for both Nmax_DPDCH = 0 and 1

· Cch(256, 0) on I for Nmax_DPDCH = 1 

· Cch(256, 1) on I for Nmax_DPDCH = 1
While each of the suggested options would have an insignificant impact on the cubic metric for the aforementioned case, Cch(256, 0) on I and Cch(256, 1)  on I for Nmax_DPDCH = 1 have the least impact.
5
Suggestions for HS-DPCCH Design 

Upon careful review of Figures 1 – 16 and Tables 1 – 15, we present the following suggestions as the best way forward: 
Proposal 1:
We propose that the 2nd HS-DPCCH is transmitted on either the opposite branch of the existing HS-DPCCH with the same OVSF code or on the same branch as the existing HS-DPCCH but with a different OVSF code. The 2nd HS-DPCCH is coded in an identical manner as in legacy Release 7.
Proposal 2: 

We propose that the following configuration is used for transmitting the 2nd HS-DPCCH.

For the case N_max_dpdch = 0:

· HS-DPCCH (Cell 1) is sent on Cch,256,33 on the Q branch

· HS-DPCCH (Cell 2) is sent on Cch,256,33 on the I branch

For the case N_max_dpdch = 1:

· HS-DPCCH (Cell 1) is sent on Cch,256,64 on the Q branch

· HS-DPCCH (Cell 2) is sent on Cch,256,1 on the Q branch

The same βhs setting is applied to each HS-DPCCH.

6
Conclusions
The HS-DPCCH design for dual cell HSDPA (DC-HSDPA) was discussed. The design is quite challenging due to the nature of asymmetry assumed in the cell allocation (2DL: 1UL). In particular, we discussed the design objectives, design assumptions and presented a simple solution to this problem, wherein in addition to sending the HS-DPCCH corresponding to the 1st carrier on the channelization codes as allowed in Release 7, we propose to transmit the 2nd HS-DPCCH using Cch,256,33 on I when N_max_dpdch = 0 and using Cch,256,1 on Q when N_max_dpdch = 1.
When there is no E-DCH is configured, we note that the cubic metric increases for the Nmax_DPDCH = 1 case. We propose 4 alternative design schemes to alleviate this impact.

The choice was based on a detailed cubic metric analysis for various combinations of E-DPDCH, HS-DPCCH, E-DPCCCH, and DPDCH settings. The proposal is attractive from the point of view that we reuse the identical channel coding that is currently used for HS-DPCCH. It is also attractive from a NodeB receiver point of view, since no extra de-spreading operation is required. The NodeB receiver already de-spreads Cch,256,33 to recover the HS-DPCCH from the Q branch and also de-spreads Cch,256,1 to recover E-DPCCH from the Q branch.
7
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Annex 
 Results of Cubic Metric Analysis 
A.1 2ms TTI
Table 11: CM Analysis, N_max_dpdch = 0, E-DPDCH

	Case
	N_max_dpdch
	TBS [bits]

[SF]
	15*βhs/ βc
	Max CM [dB] Single HS-DPCCH
	Max CM [dB]

Dual HS-DPCCH

	
	
	
	
	256,33, Q
	256,33,Q 256,0,I
	256,33,Q 256,1,Q
	256,33,Q 256,32,I
	256,33,Q 256,33,I

	1
	0
	1406 (1xSF4)
	0
	1.9236
	1.9236
	1.9236
	1.9236
	1.9236

	2
	
	
	12
	1.8227
	2.3894
	2.0194
	2.2741
	2.2767

	3
	
	
	15
	1.7732
	2.5001
	2.2433
	2.3518
	2.3552

	4
	
	
	19
	1.6995
	2.5696
	2.4914
	2.3978
	2.4020

	5
	
	
	24
	1.6410
	2.5621
	2.7066
	2.3716
	2.3766

	6
	
	2798 (2xSF4)
	0
	1.4849
	1.4849
	1.4849
	1.4849
	1.4849

	7
	
	
	12
	1.8529
	2.1157
	2.2907
	2.0224
	2.0278

	8
	
	
	15
	1.9735
	2.2384
	2.5336
	2.1137
	2.1201

	9
	
	
	19
	2.0955
	2.3301
	2.7862
	2.1665
	2.1734

	10
	
	
	24
	2.1765
	2.3547
	2.9927
	2.1635
	2.1691

	11
	
	5772 (2xSF2)
	0
	2.0395
	2.0395
	2.0395
	2.0395
	2.0395

	12
	
	
	12
	2.4728
	2.7652
	2.9743
	2.6678
	2.6740

	13
	
	
	15
	2.6130
	2.9000
	3.2490
	2.7679
	2.7751

	14
	
	
	19
	2.7513
	2.9796
	3.5281
	2.8083
	2.8161

	15
	
	
	24
	2.8360
	2.9889
	3.7469
	2.8058
	2.8123

	16
	
	11484 (2xSF4 + 2xSF2)
	0
	2.5558
	2.5558
	2.5558
	2.5558
	2.5558

	17
	
	
	12
	2.6259
	2.8082
	2.7997
	2.7558
	2.7569

	18
	
	
	15
	2.6754
	2.8976
	2.9456
	2.8267
	2.8284

	19
	
	
	19
	2.7573
	2.9856
	3.1360
	2.8933
	2.8958

	20
	
	
	24
	2.8374
	3.0323
	3.3433
	2.9291
	2.9315

	Maximum CM [dB]
	2.8374
	3.0323
	3.7469
	2.9291
	2.9315


Table 12: CM Analysis, N_max_dpdch = 1, EDPDCH
	Case
	N_max_dpdch
	TBS [bits]
	βhs
	Max CM [dB] Single HS-DPCCH
	Max CM [dB]

Dual HS-DPCCH

	
	
	
	
	256,64,Q
	256,64,Q 256,0,I
	256,64,Q 256,1,Q
	256,64,Q 256,32,I
	256,64,Q 256,33,I

	1
	1
	1406 (1xSF4)
	0
	2.0517
	2.0517
	2.0517
	2.0517
	2.0517

	2
	
	
	12
	3.0768
	3.4057
	2.9841
	3.3822
	3.3812

	3
	
	
	15
	2.9849
	3.4294
	2.8784
	3.3977
	3.3963

	4
	
	
	19
	2.8604
	3.4198
	2.7656
	3.3788
	3.3768

	5
	
	
	24
	2.7025
	3.3413
	2.6696
	3.2994
	3.2974

	6
	
	2798 (2SF4)
	0
	2.6983
	2.6983
	2.6983
	2.6983
	2.6983

	7
	
	
	12
	2.6514
	2.9931
	2.6928
	2.9650
	2.9633

	8
	
	
	15
	2.6346
	3.0641
	2.7500
	3.0270
	3.0249

	9
	
	
	19
	2.6052
	3.1081
	2.8384
	3.0613
	3.0586

	10
	
	
	24
	2.5710
	3.0861
	2.9449
	3.0389
	3.0362

	11
	
	5772 (2SF2)
	0
	2.7243
	2.7243
	2.7243
	2.7243
	2.7243

	12
	
	
	12
	2.6678
	3.0174
	2.7066
	2.9885
	2.9874

	13
	
	
	15
	2.6450
	3.0873
	2.7563
	3.0493
	3.0477

	14
	
	
	19
	2.6069
	3.1296
	2.8450
	3.0816
	3.0794

	15
	
	
	24
	2.5481
	3.1086
	2.9516
	3.0597
	3.0576

	Maximum CM [dB]
	3.0768
	3.4294
	2.9841
	3.3977
	3.3963
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Figure 1: Cubic Metric for the proposed cases; 2ms TTI; N_max_dpdch=0.
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Figure 3: Histogram of the cubic metric for the (256, 33) on I; 2ms TTI; N_max_dpdch=0.
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Figure 2: Increase in cubic metric for the proposed cases; 2ms TTI; N_max_dpdch=0.

[image: image4.emf]0 0.5 1 1.5 2 2.5 3 3.5 4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

CM bins

CDF plots

2ms TTI, NmaxDPDCH=0

 

 

single HS-DPDCH

dual HS-DPDCH, 2nd (256,1)on Q

dual HS-DPDCH, 2nd (256,33)on I


Figure 4: CDF of the cubic metric for the proposed cases; 2ms TTI; N_max_dpdch=0.
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Figure 5: Cubic Metric for the proposed cases; 2ms TTI; N_max_dpdch=1.
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Figure 7: Histogram of the cubic metric for the (256, 1) on Q; 2ms TTI; N_max_dpdch=1.
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Figure 6: Increase in cubic metric for the proposed cases; 2ms TTI; N_max_dpdch=1.
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Figure 8: CDF of the cubic metric for the proposed cases; 2ms TTI; N_max_dpdch=1.

A.1 10ms TTI

Table 13: CM Analysis, N_max_dpdch = 0, E-DPDCH

	Case
	N_max_dpdch
	TBS [bits]

[SF]
	15*βhs/ βc
	Max CM [dB] Single HS-DPCCH
	Max CM [dB]

Dual HS-DPCCH

	
	
	
	
	256,33, Q
	256,33,Q 256,0,I
	256,33,Q 256,1,Q
	256,33,Q 256,32,I
	256,33,Q 256,33,I

	1
	0
	1406 (1xSF4)
	0
	1.5935
	1.5935
	1.5935
	1.5935
	1.5935

	2
	
	
	12
	1.5718
	2.2309
	1.9734
	2.1567
	2.1609

	3
	
	
	15
	1.5622
	2.3327
	2.2113
	2.2469
	2.2521

	4
	
	
	19
	1.5937
	2.3710
	2.4717
	2.2769
	2.2828

	5
	
	
	24
	1.6068
	2.3071
	2.6954
	2.2524
	2.2577

	6
	
	2798 (2xSF4)
	0
	1.7165
	1.7165
	1.7165
	1.7165
	1.7165

	7
	
	
	12
	1.6700
	2.3346
	2.0192
	2.1967
	2.2009

	8
	
	
	15
	1.6498
	2.4308
	2.2427
	2.2681
	2.2732

	9
	
	
	19
	1.6413
	2.4610
	2.4905
	2.2799
	2.2857

	10
	
	
	24
	1.6407
	2.3976
	2.7055
	2.2385
	2.2436

	11
	
	5772 (2xSF2)
	0
	1.4868
	1.4868
	1.4868
	1.4868
	1.4868

	12
	
	
	12
	1.8541
	2.1182
	2.2922
	2.0218
	2.0260

	13
	
	
	15
	1.9746
	2.2406
	2.5351
	2.1126
	2.1177

	14
	
	
	19
	2.0963
	2.3135
	2.7877
	2.1653
	2.1708

	15
	
	
	24
	2.1770
	2.2917
	2.9941
	2.1337
	2.1396

	16
	
	11484 (2xSF4 + 2xSF2)
	0
	2.0379
	2.0379
	2.0379
	2.0379
	2.0379

	17
	
	
	12
	2.4698
	2.7632
	2.9734
	2.6659
	2.6698

	18
	
	
	15
	2.6097
	2.8980
	3.2479
	2.7662
	2.7709

	19
	
	
	19
	2.7476
	2.9693
	3.5267
	2.8074
	2.8122

	20
	
	
	24
	2.8321
	2.9236
	3.7453
	2.7703
	2.7741

	Maximum CM [dB]
	2.8321
	2.9693
	3.7453
	2.8074
	2.8122


Table 14: CM Analysis, N_max_dpdch = 1; E-DPDCH
	Case
	N_max_dpdch
	TBS [bits]

[SF]
	15*βhs/ βc
	Max CM [dB] Single HS-DPCCH
	Max CM [dB]

Dual HS-DPCCH

	
	
	
	
	256,33, Q
	256,33,Q 256,0,I
	256,33,Q 256,1,Q
	256,33,Q 256,32,I
	256,33,Q 256,33,I

	1
	1
	1406 (1SF8,2)

	0
	2.0052
	2.0052
	2.0052
	2.0052
	2.0052

	2
	
	
	12
	2.9939
	3.3080
	2.9247
	3.3331
	3.3318

	3
	
	
	15
	2.9023
	3.3187
	2.8352
	3.3520
	3.3502

	4
	
	
	19
	2.7638
	3.2883
	2.7377
	3.3303
	3.3280

	5
	
	
	24
	2.5903
	3.1830
	2.6729
	3.2321
	3.2294

	6
	
	5772 (1SF4)

	0
	3.1777
	3.1777
	3.1777
	3.1777
	3.1777

	7
	
	
	12
	2.9949
	3.3222
	2.9241
	3.3196
	3.3182

	8
	
	
	15
	2.9034
	3.3374
	2.8342
	3.3341
	3.3322

	9
	
	
	19
	2.7651
	3.3118
	2.7365
	3.3076
	3.3051

	10
	
	
	24
	2.5922
	3.2105
	2.6669
	3.2055
	3.2025

	11
	
	11484 (2SF4)
	0
	2.6569
	2.6569
	2.6569
	2.6569
	2.6569

	12
	
	
	12
	2.6213
	2.9480
	2.6890
	2.9452
	2.9425

	13
	
	
	15
	2.6030
	3.0077
	2.7460
	3.0042
	3.0009

	14
	
	
	19
	2.5931
	3.0308
	2.8344
	3.0266
	3.0226

	15
	
	
	24
	2.5673
	2.9857
	2.9415
	2.9817
	2.9776

	16
	
	20000 (2SF2)
	0
	2.6696
	2.6696
	2.6696
	2.6696
	2.6696

	17
	
	
	12
	2.6223
	2.9622
	2.7032
	2.9597
	2.9577

	18
	
	
	15
	2.5978
	3.0220
	2.7532
	3.0188
	3.0162

	19
	
	
	19
	2.5794
	3.0447
	2.8420
	3.0406
	3.0375

	20
	
	
	24
	2.5431
	2.9997
	2.9491
	2.9961
	2.9929

	Maximum CM [dB]
	2.9949
	3.3374
	2.9491
	3.3520
	3.3502
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Figure 9: Cubic Metric for the proposed cases; 10ms TTI; N_max_dpdch=0.
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Figure 11: Histogram of the cubic metric for the (256, 33) on I; 10ms TTI; N_max_dpdch=0.
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Figure 10: Increase in cubic metric for the proposed cases; 10ms TTI; N_max_dpdch=0.
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Figure 12: CDF of the cubic metric for the proposed cases; 10ms TTI; N_max_dpdch=0.
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Figure 13: Cubic Metric for the proposed cases; 10ms TTI; N_max_dpdch=1.
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Figure 15: Histogram of the cubic metric for the (256, 1) on Q; 10ms TTI; N_max_dpdch=1.
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Figure 14: Increase in cubic metric for the proposed cases; 10ms TTI; N_max_dpdch=1.
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Figure 16: CDF of the cubic metric for the proposed cases; 10ms TTI; N_max_dpdch=1. 
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