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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]. 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 [3] the design objectives for the 2nd HS-DPCCH was presented. A rationale for I/Q multiplexing the 2nd HS-DPCCH was also motivated. Cubic metrics were computed for various E-DPDCH +E-DPCCH+DPCCH+HS-DPCCH configurations for the I/Q multiplexing design for a number of code configurations in [3], [4], [5] and [6]. The results from these contributions are summarized in [7]. 
Despite these results, the design for the case where N_max_dpdch = 1 remains unresolved. In this contribution, we present additional HS-DPCCH design options along with the corresponding Cubic Metric (CM) analysis for consideration.

2
HS-DPCCH Design when N_max_dpdch = 1
In [4], we proposed the following code configuration for the HS-DPCCH channels when 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

However, concerns were raised regarding possible I/Q leakage especially when the E-DPCCH channel was boosted during 16QAM transmissions. As a result, we considered some alternate design choices for the HS-DPCCH code allocation when N_max_dpdch = 1 that can be summarized as follows:

Option A:
In dual carrier mode, the only allowable code configuration is that corresponding to N_max_dpdch = 0. All other code configurations (N_max_dpdch >0) are disallowed. In this case, the code design that was proposed in [4] is the preferred choice and is given as follows
· 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
The cubic metrics for this code choice was presented in [4] where it is seen that the CM impact is minimal.

Option B:

Code configurations corresponding to both N_max_dpdch = 0 and N_max_dpdch = 1 are allowed. The HS-DPCCH code design is as follows for both N_max_dpdch = 0 and N_max_dpdch = 1:

· 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

In the case when N_max_dpdch = 1 and if there is only 1 E-DPDCH configured, we transmit the E-DPDCH on the Q branch (similar to the case when HS-DPCCH is not configured). 
Option C:
Code configurations corresponding to both N_max_dpdch = 0 and N_max_dpdch = 1 are allowed. The HS-DPCCH code design is as follows

When 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

When 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,x on the Q branch

where x = 1, 15 or 33.
The Cubic Metric analysis for options B and C are presented in the next section along with the corresponding advantages and disadvantages.
3
Cubic Metric Analysis
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 for all the possible data configurations for code designs corresponding to options B and C. Tables 1, 2 and 3 list the different simulation parameter settings assumed in this analysis. 

Table 1: CM Analysis, Simulation Parameters

	Parameter
	Value
	Comment

	Nmax_dpdch
	1
	1 dedicated channel

	TTI [ms]
	[2 10]
	

	E-DCH Transport Block Size [bits]
	[1406, 2798, 5772] – 2ms TTI

[1406, 5772, 11484, 20000] – 10ms TTI
	Corresponds to                             [1xSF4, 2xSF4, 2xSF2]

[1xSF8, 1xSF4, 2xSF4, 2xSF2]



	βd
	1.0
	

	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]
	


Table 2: 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 3: CM Analysis, Parameter Settings per TTI 

	Parameter
	2ms TTI
	10ms TTI

	TTI
	2
	10

	N_HARQ
	8
	4

	MaxReTx
	4
	2


Option B:
The HS-DPCCH design for this option was given in Section 2. The results obtained from the simulations are shown in Tables 4-7 and Figures 1-6 in the Annex. 

Tables 4 and 6 give the maximum cubic metrics for the different configurations for 2ms TTI and 10ms TTI. Tables 5 and 7 give the maximum CM difference when compared with the single HS-DPCCH case. Note that the maximum CM difference numbers are positive in some cases, negative in others. A positive value corresponds to the largest CM loss compared with single HS-DPCCH case whereas a negative value is the smallest CM gain that can be obtained when compared with single HS-DPCCH case.
Figures 1 and 4 show the comparisons of the maximum cubic metrics for the different configurations for 2ms TTI and 10ms TTI. Figures 2 and 5 show the comparisons of the CM increase when compared to the single HS-DPCCH case for 2ms TTI and 10ms TTI. Figures 3 and 6 show the CDF of the cubic metric of all the design choices corresponding to Option B for the different configurations.

Option C:

The HS-DPCCH design for this option was given in Section 2. The results obtained from the simulations are shown in Tables 8-11 and Figures 7-12 in the Annex. 

Tables 8 and 10 give the maximum cubic metrics for the different configurations for 2ms TTI and 10ms TTI. Tables 9 and 11 give the maximum CM difference when compared with the single HS-DPCCH case. 

Figures 7 and 10 show the comparisons of the maximum cubic metrics for the different configurations for 2ms TTI and 10ms TTI. Figures 8 and 11 show the comparisons of the CM increase when compared to the single HS-DPCCH case for 2ms TTI and 10ms TTI. Figures 9 and 12 show the CDF of the cubic metric of all the design choices corresponding to Option C for the different configurations.
4
Observations

Based on the Options defined in Section 2 and the results in Sections 3 and 4, we make the following observations:

· Option A: Allow only N_max_dpdch = 0

· The code design for this was presented in [2] and [3] and summarized in [7]. The design calls for the HS-DPCCH channels to be I/Q multiplexed on (256, 33). This affords good cubic metric performance. When the UE is in single carrier mode the code used is the same as the legacy code which is Q(256, 33). 

· Under this option, higher rates are possible since up to 4EUL channels can be configured versus a maximum of 2 when N_max_dpdch = 1.
· Option B: Allow both N_max_dpdch = 0 and N_max_dpdch = 1 and transmit on (256, 33) I/Q.  In the case when N_max_dpdch = 1, and if there is only 1 E-DPDCH, we transmit the E-DPDCH on the Q branch (similar to the case when HS-DPCCH is not configured).
· The maximum cubic metric obtained for all the configurations for 2ms TTI is 3.12dB and the maximum increase in CM over the single HS-DPCCH channel is 0.63dB.  

· The maximum cubic metric obtained for all the configurations for 10ms TTI is 3.08dB and the maximum increase in CM over the single HS-DPCCH channel is 0.56dB.  

· In some case, this code choice even out-performs the single HS-DPCCH configuration by up to 0.74dB (corresponding to low data rates) for both 2ms and 10ms TTI’s. As a result, it is expected that link-budget impact at the cell edge may be reduced when compared with some of the other options. 

· No additional de-spreader is needed in this case.

· Operation in single carrier more has to be defined. 
· If the UE remains in Q(256, 33) or I(256, 33) when configured in single carrier mode, changes to the air interface may be warranted during handovers to legacy NodeB’s that are only capable of single carrier operation.

· If the UE transitions to Q(256, 64) when in single carrier mode, there may be frequent code re-configurations.
· Note that when N_max_dpdch = 1, there is a limitation on the maximum data rates possible since only up to 2EUL channels can be configured. 

· Option C: Allow both N_max_dpdch = 0 and N_max_dpdch = 1 and transmit on Q(256, 64) + Q(256, x) where x = 1, 15 or 33.  
· The CM performance of Q(256, 15) and Q(256, 33) is quite similar to Q(256, 1). For both 2ms and 10ms TTI’s, the maximum cubic metric obtained over all the configurations is around 3dB for both Q(256, 15) and Q(256, 33) and maximum increase in CM over the single HS-DPCCH channel is around 0.5dB for both code choices. 
· An additional de-spreader would be required. (when compared to Option B)

· This option affords seamless transitions from dual carrier mode to single carrier mode and vice versa. No change to the air interface is required.

· Note that when N_max_dpdch = 1, there is a limitation on the maximum data rates possible since only up to 2EUL channels can be configured. 

· In order to remain consistent in the code design, we consider Q(256, 33) as the preferred choice for the 2nd HS-DPCCH channel.


5
Conclusions

The HS-DPCCH design for dual cell HSDPA (DC-HSDPA) was discussed. In particular, the design corresponding to the case where N_max_dpdch = 1 was discussed. Three options were presented in Section 2 and analyzed in Sections 3 and 4. The advantages and disadvantages of these options were discussed in Section 5. We propose that Options A, B and C be discussed in the meeting.
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Annex 
 Results of Cubic Metric Analysis
Table 4: CM analysis, N_max_dpdch = 1, 2ms TTI;

	Case
	N_max_dpdch
	TBS [bits]

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

Dual HS-DPCCH

	
	
	
	
	Cch,256,64 Q
	Cch,256,64 Q

Cch,256,1 Q
	Cch,256,64 Q

Cch,256,33  I
	Cch,256,33 Q

Cch,256,33  I

E-DPDCH Cch 4,2
	Cch,256,33 Q

Cch,256,33  I

E-DPDCH Cch 4,1

	1
	1
	1406 (1xSF4)
	0
	2.0517
	2.0517
	2.0517
	2.0517
	1.4092

	2
	
	
	12
	3.0768
	2.9841
	3.3812
	2.5750
	1.9526

	3
	
	
	15
	2.9849
	2.8784
	3.3963
	2.6918
	2.0812

	4
	
	
	19
	2.8604
	2.7656
	3.3768
	2.7717
	2.1786

	5
	
	
	24
	2.7025
	2.6696
	3.2974
	2.7771
	2.2149

	6
	
	2798 (2SF4)
	0
	2.6978
	2.6983
	2.6978
	2.6978
	-

	7
	
	
	12
	2.6514
	2.6928
	2.9633
	2.9691
	-

	8
	
	
	15
	2.6346
	2.7500
	3.0249
	3.0331
	-

	9
	
	
	19
	2.6052
	2.8384
	3.0586
	3.0697
	-

	10
	
	
	24
	2.5710
	2.9449
	3.0362
	3.0370
	-

	11
	
	5772 (2SF2)
	0
	2.7245
	2.7243
	2.7245
	2.7245
	-

	12
	
	
	12
	2.6678
	2.7066
	2.9874
	3.0091
	-

	13
	
	
	15
	2.6450
	2.7563
	3.0477
	3.0768
	-

	14
	
	
	19
	2.6069
	2.8450
	3.0794
	3.1167
	-

	15
	
	
	24
	2.5481
	2.9516
	3.0576
	3.0963
	-

	Maximum CM [dB]
	3.0768
	2.9841
	3.3963
	3.1167
	2.2149


Table 5: CM difference between Single and Dual HS-DPCCH, N_max_dpdch = 1, 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)

	
	
	
	
	Cch,256,64 Q
	Cch,256,64 Q

Cch,256,1    Q
	Cch,256,64 Q

Cch,256,33  I
	Cch,256,33 Q

Cch,256,33  I

E-DPDCH Cch 4,2
	Cch,256,33 Q

Cch,256,33  I

E-DPDCH Cch 4,1

	1
	1
	1406 (1xSF4)
	0
	2.0517
	0
	0
	0
	-0.4283

	2
	
	
	12
	3.0768
	0.0168
	0.4501
	-0.1308
	-0.7414

	3
	
	
	15
	2.9849
	0.0736
	0.5609
	0.0889
	-0.5100

	4
	
	
	19
	2.8604
	0.2056
	0.6821
	0.2991
	-0.2766

	5
	
	
	24
	2.7025
	0.4155
	0.7798
	0.4700
	-0.0922

	6
	
	2798 (2SF4)
	0
	2.6978
	0
	0
	0
	-

	7
	
	
	12
	2.6514
	0.1200
	0.3268
	0.3325
	-

	8
	
	
	15
	2.6346
	0.1881
	0.4223
	0.4305
	-

	9
	
	
	19
	2.6052
	0.2921
	0.5106
	0.5216
	-

	10
	
	
	24
	2.5710
	0.4284
	0.5552
	0.5689
	-

	11
	
	5772 (2SF2)
	0
	2.7245
	0
	0
	0
	-

	12
	
	
	12
	2.6678
	0.1367
	0.3364
	0.3691
	-

	13
	
	
	15
	2.6450
	0.2112
	0.4359
	0.4651
	-

	14
	
	
	19
	2.6069
	0.3232
	0.5299
	0.5672
	-

	15
	
	
	24
	2.5481
	0.4675
	0.5813
	0.6261
	-


Table 6: CM Analysis, N_max_dpdch = 1; E-DPDCH; 10ms TTI

	Case
	N_max_dpdch
	TBS [bits]

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

Dual HS-DPCCH

	
	
	
	
	Cch,256,64 Q
	Cch,256,64 Q

Cch,256,1 Q
	Cch,256,64 Q

Cch,256,33  I
	Cch,256,33 Q

Cch,256,33  I

E-DPDCH Cch 4,2
	Cch,256,33 Q

Cch,256,33  I

E-DPDCH Cch 4,1

	1
	1
	1406 (1SF8)


	0
	2.0052
	2.0052
	2.0052
	2.0052
	1.4844

	2
	
	
	12
	2.9939
	2.9247
	3.3318
	2.5707
	2.1035

	3
	
	
	15
	2.9023
	2.8352
	3.3502
	2.6911
	2.2358

	4
	
	
	19
	2.7638
	2.7377
	3.3280
	2.7653
	2.3255

	5
	
	
	24
	2.5903
	2.6729
	3.2294
	2.7500
	2.3565

	6
	
	5772 (1SF4)


	0
	2.0291
	2.0291
	2.0291
	2.0291
	1.3760

	7
	
	
	12
	2.9949
	2.9241
	3.3182
	2.5763
	1.9522

	8
	
	
	15
	2.9034
	2.8342
	3.3322
	2.6929
	2.0804

	9
	
	
	19
	2.7651
	2.7365
	3.3051
	2.7630
	2.1727

	10
	
	
	24
	2.5922
	2.6669
	3.2025
	2.7421
	2.1816

	11
	
	11484 (2SF4)
	0
	2.6560
	2.6560
	2.6560
	2.6560
	-

	12
	
	
	12
	2.6213
	2.6890
	2.9425
	2.9532
	-

	13
	
	
	15
	2.6030
	2.7460
	3.0009
	3.0149
	-

	14
	
	
	19
	2.5931
	2.8344
	3.0226
	3.0401
	-

	15
	
	
	24
	2.5673
	2.9415
	2.9776
	2.9861
	-

	16
	
	20000 (2SF2)
	0
	2.6692
	2.6692
	2.6692
	2.6692
	-

	17
	
	
	12
	2.6223
	2.7032
	2.9577
	2.9873
	-

	18
	
	
	15
	2.5978
	2.7532
	3.0162
	3.0548
	-

	19
	
	
	19
	2.5794
	2.8420
	3.0375
	3.0856
	-

	20
	
	
	24
	2.5431
	2.9491
	2.9929
	3.0405
	-

	Maximum CM [dB]
	2.9949
	2.9491
	3.3502
	3.0856
	2.3565


Table 7: 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)

	
	
	
	
	Cch,256,64 Q
	Cch,256,64 Q

Cch,256,1 Q
	Cch,256,64 Q

Cch,256,33  I
	Cch,256,33 Q

Cch,256,33  I

E-DPDCH Cch 4,2
	Cch,256,33 Q

Cch,256,33  I

E-DPDCH Cch 4,1

	1
	1
	1406 (1SF8)


	0
	2.0052
	0
	0
	0
	-0.2607

	2
	
	
	12
	2.9939
	0.0179
	0.4618
	-0.1410
	-0.5719

	3
	
	
	15
	2.9023
	0.0743
	0.5756
	0.0845
	-0.3349

	4
	
	
	19
	2.7638
	0.2063
	0.6800
	0.3006
	-0.0996

	5
	
	
	24
	2.5903
	0.4165
	0.7450
	0.4621
	0.0807

	6
	
	5772 (1SF4)


	0
	2.0291
	0
	0
	0
	-0.4294

	7
	
	
	12
	2.9949
	0.0173
	0.4503
	-0.1250
	-0.7377

	8
	
	
	15
	2.9034
	0.0743
	0.5613
	0.0947
	-0.5063

	9
	
	
	19
	2.7651
	0.2066
	0.6631
	0.3048
	-0.2731

	10
	
	
	24
	2.5922
	0.4169
	0.7262
	0.4550
	-0.0895

	11
	
	11484 (2SF4)
	0
	2.6560
	0
	0
	0
	-

	12
	
	
	12
	2.6213
	0.1192
	0.3212
	0.3319
	-

	13
	
	
	15
	2.6030
	0.1876
	0.4014
	0.4154
	-

	14
	
	
	19
	2.5931
	0.2920
	0.4615
	0.4789
	-

	15
	
	
	24
	2.5673
	0.4288
	0.4674
	0.4876
	-

	16
	
	20000 (2SF2)
	0
	2.6692
	0
	0
	0
	-

	17
	
	
	12
	2.6223
	0.1371
	0.3354
	0.3711
	-

	18
	
	
	15
	2.5978
	0.2118
	0.4212
	0.4597
	-

	19
	
	
	19
	2.5794
	0.3240
	0.4885
	0.5366
	-

	20
	
	
	24
	2.5431
	0.4687
	0.5022
	0.5584
	-
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Figure 1: Option B: Cubic Metric for the proposed cases; 2ms TTI; N_max_dpdch=1.
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Figure 2: Option B: Increase in cubic metric for the proposed cases; 2ms TTI; N_max_dpdch=1.
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Figure 3: Option B: CDF of the cubic metric for the proposed cases; 2ms TTI; N_max_dpdch=1.
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Figure 4: Option B: Cubic Metric for the proposed cases; 10ms TTI; N_max_dpdch=1.
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Figure 5: Option B: Increase in cubic metric for the proposed cases; 10ms TTI; N_max_dpdch=1.
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Figure 6: Option B: CDF of the cubic metric for the proposed cases; 10ms TTI; N_max_dpdch=1.

Table 8: CM analysis, N_max_dpdch = 1, 2ms TTI;

	Case
	N_max_dpdch
	TBS [bits]

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

Dual HS-DPCCH

	
	
	
	
	Cch,256,64 Q
	Cch,256,64 Q

Cch,256,1  Q
	Cch,256,64 Q

Cch,256,15 Q
	Cch,256,64 Q

Cch,256,33  Q

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

	2
	
	
	12
	3.0768
	2.9841
	2.9839
	2.9750

	3
	
	
	15
	2.9849
	2.8784
	2.8791
	2.8744

	4
	
	
	19
	2.8604
	2.7656
	2.7685
	2.7757

	5
	
	
	24
	2.7025
	2.6696
	2.6828
	2.7485

	6
	
	2798 (2SF4)
	0
	2.6978
	2.6983
	2.6978
	2.6978

	7
	
	
	12
	2.6514
	2.6928
	2.6921
	2.6741

	8
	
	
	15
	2.6346
	2.7500
	2.7505
	2.7368

	9
	
	
	19
	2.6052
	2.8384
	2.8432
	2.8539

	10
	
	
	24
	2.5710
	2.9449
	2.9559
	3.0043

	11
	
	5772 (2SF2)
	0
	2.7245
	2.7243
	2.7245
	2.7245

	12
	
	
	12
	2.6678
	2.7066
	2.7065
	2.6954

	13
	
	
	15
	2.6450
	2.7563
	2.7570
	2.7436

	14
	
	
	19
	2.6069
	2.8450
	2.8500
	2.8606

	15
	
	
	24
	2.5481
	2.9516
	2.9627
	3.0100

	Maximum CM [dB]
	3.0768
	2.9841
	2.9839
	3.0100


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

	
	
	
	
	256,64,Q
	256,64,Q 256,1,Q
	256,64,Q 256,15,Q
	256,64,Q 256,33,Q

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

	2
	
	
	12
	3.0768
	0.0168
	0.0171
	0.0151

	3
	
	
	15
	2.9849
	0.0736
	0.0732
	0.0586

	4
	
	
	19
	2.8604
	0.2056
	0.2104
	0.2262

	5
	
	
	24
	2.7025
	0.4155
	0.4301
	0.5031

	6
	
	2798 (2SF4)
	0
	2.6978
	0
	0
	0

	7
	
	
	12
	2.6514
	0.1200
	0.1194
	0.1116

	8
	
	
	15
	2.6346
	0.1881
	0.1886
	0.1750

	9
	
	
	19
	2.6052
	0.2921
	0.2970
	0.3076

	10
	
	
	24
	2.5710
	0.4284
	0.4410
	0.4975

	11
	
	5772 (2SF2)
	0
	2.7245
	0
	0
	0

	12
	
	
	12
	2.6678
	0.1367
	0.1356
	0.1279

	13
	
	
	15
	2.6450
	0.2112
	0.2119
	0.1985

	14
	
	
	19
	2.6069
	0.3232
	0.3282
	0.3388

	15
	
	
	24
	2.5481
	0.4675
	0.4804
	0.5363


Table 10: CM Analysis, N_max_dpdch = 1; E-DPDCH; 10ms TTI

	Case
	N_max_dpdch
	TBS [bits]

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

Dual HS-DPCCH

	
	
	
	
	Cch,256,64 Q
	Cch,256,64 Q

Cch,256,1  Q
	Cch,256,64 Q

Cch,256,15 Q
	Cch,256,64 Q

Cch,256,33  Q

	1
	1
	1406 (1SF8)


	0
	2.0052
	2.0052
	2.0052
	2.0052

	2
	
	
	12
	2.9939
	2.9247
	2.9223
	2.9097

	3
	
	
	15
	2.9023
	2.8352
	2.8334
	2.8248

	4
	
	
	19
	2.7638
	2.7377
	2.7389
	2.7472

	5
	
	
	24
	2.5903
	2.6729
	2.6836
	2.7468

	6
	
	5772 (1SF4)


	0
	2.0291
	2.0291
	2.0291
	2.0291

	7
	
	
	12
	2.9949
	2.9241
	2.9225
	2.9113

	8
	
	
	15
	2.9034
	2.8342
	2.8336
	2.8269

	9
	
	
	19
	2.7651
	2.7365
	2.7391
	2.7500

	10
	
	
	24
	2.5922
	2.6669
	2.6794
	2.7455

	11
	
	11484 (2SF4)
	0
	2.6560
	2.6560
	2.6560
	2.6560

	12
	
	
	12
	2.6213
	2.6890
	2.6865
	2.6710

	13
	
	
	15
	2.6030
	2.7460
	2.7443
	2.7334

	14
	
	
	19
	2.5931
	2.8344
	2.8367
	2.8503

	15
	
	
	24
	2.5673
	2.9415
	2.9498
	3.0008

	16
	
	20000 (2SF2)
	0
	2.6692
	2.6692
	2.6692
	2.6692

	17
	
	
	12
	2.6223
	2.7032
	2.7003
	2.6850

	18
	
	
	15
	2.5978
	2.7532
	2.7514
	2.7405

	19
	
	
	19
	2.5794
	2.8420
	2.8446
	2.8576

	20
	
	
	24
	2.5431
	2.9491
	2.957
	3.0074

	Maximum CM [dB]
	2.9949
	2.9491
	2.9579
	3.0074


Table 11: 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)

	
	
	
	
	Cch,256,64 Q
	Cch,256,64 Q

Cch,256,1  Q
	Cch,256,64 Q

Cch,256,15 Q
	Cch,256,64 Q

Cch,256,33  Q

	1
	1
	1406 (1SF8)


	0
	2.0052
	0
	0
	0

	2
	
	
	12
	2.9939
	0.0179
	0.0167
	0.0137

	3
	
	
	15
	2.9023
	0.0743
	0.0716
	0.0554

	4
	
	
	19
	2.7638
	0.2063
	0.2088
	0.2227

	5
	
	
	24
	2.5903
	0.4165
	0.4288
	0.4998

	6
	
	5772 (1SF4)


	0
	2.0291
	0
	0
	0

	7
	
	
	12
	2.9949
	0.0173
	0.0167
	0.0152

	8
	
	
	15
	2.9034
	0.0743
	0.0732
	0.0584

	9
	
	
	19
	2.7651
	0.2066
	0.2107
	0.2266

	10
	
	
	24
	2.5922
	0.4169
	0.4308
	0.5041

	11
	
	11484 (2SF4)
	0
	2.6560
	0
	0
	0

	12
	
	
	12
	2.6213
	0.1192
	0.1174
	0.1111

	13
	
	
	15
	2.6030
	0.1876
	0.1858
	0.1750

	14
	
	
	19
	2.5931
	0.2920
	0.2944
	0.3079

	15
	
	
	24
	2.5673
	0.4288
	0.4389
	0.4981

	16
	
	20000 (2SF2)
	0
	2.6692
	0
	0
	0

	17
	
	
	12
	2.6223
	0.1371
	0.1341
	0.1282

	18
	
	
	15
	2.5978
	0.2118
	0.2100
	0.1992

	19
	
	
	19
	2.5794
	0.3240
	0.3266
	0.3397

	20
	
	
	24
	2.5431
	0.4687
	0.4794
	0.5375
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Figure 7: Option C: Cubic Metric for the proposed cases; 2ms TTI; N_max_dpdch=1.
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Figure 8: Option C: Increase in cubic metric for the proposed cases; 2ms TTI; N_max_dpdch=1.
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Figure 9: Option C: CDF of the cubic metric for the proposed cases; 2ms TTI; N_max_dpdch=1.
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Figure 10: Option C: Cubic Metric for the proposed cases; 10ms TTI; N_max_dpdch=1.
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Figure 11: Option C: Increase in cubic metric for the proposed cases; 10ms TTI; N_max_dpdch=1.
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Figure 12: Option C: CDF of the cubic metric for the proposed cases; 10ms TTI; N_max_dpdch=1. 







