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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. In that case, a key 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 this contribution, we investigate an attractive HS-DPCCH design option that is backward compatible in the sense that it requires no changes to the channel coding of the existing uplink channels, and has insignificant impact to cubic metric in optimal power settings specified by protocol 25.213.
2
HS-DPCCH Design Objective

The HS-DPCCH design objective can be summarized as follows:

· Keep the frame format of existing HS-DPCCH channel untouched
· Reuse existing channel coding design for DPCCH, E-DPCCH or HS-DPCCH etc
· Backward compatible:

· Revert to existing single cell HS-DPCCH design when only a single cell is scheduled on the DL.

· Ensure that there is no significant impact to link budget.
· Ensure that there is no significant impact to uplink noise rise or interference margin.

· Ensure that in the presence of EVM, there is no significant impact to the decoding performance of the traffic channels (E-DPDCH, E-DPCCH, and DPDCH).

· Ensure that there is no significant impact to cubic metric (CM) and peak to average power (PAPR) ratios.

· Forward compatible

· It would be desirable to ensure forward compatibility
· For example, allow the possibility of MIMO and DC-HSDPA to happen simultaneously.
3
HS-DPCCH Design Assumptions

Power settings for different block size:
· We made a reasonable assumption that there is an optimal power setting for a specified block size, as defined in protocol 25.213, which can achieve a better throughput performance than other schemes.
· We just considered the situations of non boosting, which is enough to have the knowledge of the impact to cubic metric.  
Number of dedicated channels:

· We assume at most 1 dedicated channel is supported on the UL when a UE operates in DC-HSDPA mode.
· This is a reasonable assumption that HSPA evolved networks will deploy E-DCH channels in addition to dedicated channels, and so the need for dedicated channels will mainly be for the purpose of low-rate services such as CS voice or signaling radio bearers.
In the next section we present a simple and attractive solution to the HS-DPCCH design problem for DC-HSDPA.
4
HS-DPCCH Design using 2nd HS-DPCCH on the Q branch
The design approach taken here is to try and send the 2nd HS-DPCCH on the opposite branch of the existing E-DPCCH and preferably use the same OVSF code as the existing E-DPCCH. 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 different 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


5
Cubic Metric Analysis of proposed scheme

In the cubic metric analysis performed here, we have run simulations to compare cubic metrics of dual HS-DPCCH with different code and channel allocation for the second HS-DPCCH[4]and with different code and channel allocation for the dual HS-DPCCH .

Depending on N_max_dpdch, the 1st HS-DPCCH is still sent 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 tried sending the 2nd HS-DPCCH on the following channelization codes:

· Cch,256,1 on Q

· Cch,256,33 on I
To compare the performance, we also tried sending the dual HS-DPCCH on the following channelization codes: 
N_max_dpdch = 0 
· Cch,256,32 on Q

· Cch,256,32 on I
N_max_dpdch = 1

· Cch,256,33 on Q

· Cch,256,33 on I
Table 2 and Table 3 list the different simulation parameter settings performed in this analysis. The results obtained are categorized into 120 cases as shown in Table 4 and Table 5. Figure 1- 5 shows the CM values more intuitively.
Table 2: CM Analysis of non boosting situation, Simulation Parameters

	Parameter
	Value
	Comment

	Nmax_dpdch
	[0,1]
	0 or 1 dedicated channels

	E-DCH Transport Block Size [bits]
	[2798, 5772, 8110]
	Corresponds to                             [2xSF4, 2xSF2, 2XSF2+2xSF4]

	βd
	1.0
	

	Channelization Code used for dedicated channel
	Cch,64,16
	

	βc
	11/15
	

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

	15*βec/ βc
	[19 24 ]
	Corresponds to                             [2xSF4, 2xSF2, 2XSF2+2xSF4]

	15*βed/ βc
	[21 30 42 47];
	Corresponds to                             [2xSF4, 2xSF2, 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 of non boosting situation, N_max_dpdch = 0
	Case
	N_max_dpdch

	TBS [bits]

[SF]
	βhs
	Max CM [dB]

Dual HS-DPCCH

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

	1
	0
	2798 (2xSF4)
15*βed/ βc =42

15*βec/ βc =19
	15
	1.527
	1.529
	1.584

	2
	
	
	19
	1.710
	1.711
	1.834

	3
	
	
	24
	1.894
	1.895
	2.143

	4
	
	2798 (2xSF4)
15*βed/ βc =42

15*βec/ βc =24
	15
	1.661
	1.663
	1.656

	5
	
	
	19
	1.827
	1.829
	1.868

	6
	
	
	24
	1.997
	1.999
	2.136

	7
	
	2798 (2xSF4)
15*βed/ βc =47

15*βec/ βc =19
	15
	1.350
	1.351
	1.391

	8
	
	
	19
	1.530
	1.531
	1.627

	9
	
	
	24
	1.729
	1.730
	1.927

	10
	
	2798 (2xSF4)
15*βed/ βc =47

15*βec/ βc =24
	15
	1.485
	1.486
	1.480

	11
	
	
	19
	1.651
	1.652
	1.682

	12
	
	
	24
	1.835
	1.836
	1.944

	13
	
	2798 (2xSF4)
15*βed/ βc =30

15*βec/ βc =19
	15
	2.037
	2.039
	2.156

	14
	
	
	19
	2.183
	2.184
	2.428

	15
	
	
	24
	2.280
	2.282
	2.720

	16
	
	2798 (2xSF4)
15*βed/ βc =30

15*βec/ βc =24
	15
	2.131
	2.133
	2.130

	17
	
	
	19
	2.269
	2.271
	2.355

	18
	
	
	24
	2.363
	2.366
	2.613

	19
	
	2798 (2xSF4)
15*βed/ βc =21

15*βec/ βc =19
	15
	2.407
	2.405
	2.629

	20


	
	
	19
	2.471
	2.470
	2.886

	21
	
	
	24
	2.439
	2.437
	3.123

	22
	
	2798 (2xSF4)
15*βed/ βc =21

15*βec/ βc =24
	15
	2.420
	2.418
	2.436

	23
	
	
	19
	2.503
	2.501
	2.662

	24
	
	
	24
	2.496
	2.499
	2.892

	25
	
	5772 (2xSF2)
15*βed/ βc =42

15*βec/ βc =19
	15
	1.760
	1.760
	1.816

	26
	
	
	19
	1.958
	1.957
	2.084

	27
	
	
	24
	2.157
	2.156
	2.406

	28
	
	5772 (2xSF2)
15*βed/ βc =42

15*βec/ βc =24
	15
	1.906
	1.906
	1.899

	29
	
	
	19
	2.084
	2.084
	2.213

	30
	
	
	24
	2.264
	2.265
	2.401

	31
	
	5772 (2xSF2)
15*βed/ βc =47

15*βec/ βc =19
	15
	1.563
	1.563
	1.606

	32
	
	
	19
	1.762
	1.762
	1.861

	33
	
	
	24
	1.979
	1.979
	2.180

	34
	
	5772 (2xSF2)
15*βed/ βc =47

15*βec/ βc =24
	15
	1.714
	1.714
	1.707

	35
	
	
	19
	1.894
	1.894
	1.924

	36
	
	
	24
	2.092
	2.092
	2.201

	37
	
	5772 (2xSF2)
15*βed/ βc =30

15*βec/ βc =19
	15
	2.307
	2.307
	2.422

	38
	
	
	19
	2.457
	2.457
	2.679

	39
	
	
	24
	2.554
	2.554
	2.987

	40
	
	5772 (2xSF2)
15*βed/ βc =30

15*βec/ βc =24
	15
	2.404
	2.405
	2.399

	41
	
	
	19
	2.544
	2.545
	2.624

	42
	
	
	24
	2.636
	2.637
	2.878

	43
	
	5772 (2xSF2)
15*βed/ βc =21

15*βec/ βc =19
	15
	2.675
	2.675
	2.890

	44
	
	
	19
	2.732
	2.732
	3.134

	45
	
	
	24
	2.686
	2.686
	3.351

	46
	
	5772 (2xSF2)
15*βed/ βc =21

15*βec/ βc =24
	15
	2.684
	2.683
	2.694

	47
	
	
	19
	2.756
	2.756
	2.906

	48
	
	
	24
	2.737
	2.736
	3.118

	49
	
	8100 (2xSF4 + 2xSF2)
15*βed/ βc=42
15*βec/ βc =19
	15
	2.263
	2.263
	2.269

	50
	
	
	19
	2.334
	2.335
	2.352

	51
	
	
	24
	2.428
	2.428
	2.470

	52
	
	8100 (2xSF4 + 2xSF2)
15*βed/ βc=42
15*βec/ βc =24
	15
	2.318
	2.318
	2.315

	53
	
	
	19
	2.386
	2.386
	2.391

	54
	
	
	24
	2.474
	2.475
	2.498

	55
	
	8100 (2xSF4 + 2xSF2)
15*βed/ βc=47
15*βec/ βc =19
	15
	2.200
	2.200
	2.203

	56
	
	
	19
	2.263
	2.264
	2.275

	57
	
	
	24
	2.349
	2.349
	2.379

	58
	
	8100 (2xSF4 + 2xSF2)
15*βed/ βc=47
15*βec/ βc =24
	15
	2.248
	2.250
	2.247

	59
	
	
	19
	2.310
	2.310
	2.313

	60
	
	
	24
	2.392
	2.392
	2.409

	61
	
	8100 (2xSF4 + 2xSF2)
15*βed/ βc=30
15*βec/ βc =19
	15
	2.494
	2.495
	2.514

	62
	
	
	19
	2.583
	2.584
	2.634

	63
	
	
	24
	2.678
	2.679
	2.793

	64


	
	8100 (2xSF4 + 2xSF2)
15*βed/ βc=30
15*βec/ βc =24
	15
	2.560
	2.560
	2.556

	65
	
	
	19
	2.642
	2.643
	2.656

	66
	
	
	24
	2.731
	2.731
	2.794

	67
	
	8100 (2xSF4 + 2xSF2)
15*βed/ βc=21
15*βec/ βc =19
	15
	2.767
	2.766
	2.822

	68
	
	
	19
	2.842
	2.841
	2.971

	69
	
	
	24
	2.885
	2.884
	3.145

	70
	
	8100 (2xSF4 + 2xSF2)
15*βed/ βc=21
15*βec/ βc =24
	15
	2.814
	2.813
	2.807

	71
	
	
	19
	2.886
	2.885
	2.927

	72
	
	
	24
	2.929
	2.928
	3.074

	Maximum CM [dB]
	2.93
	2.93
	3.35
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Figure 1. CM values in case of SF4x2
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Figure 2. CM values in case of SF2x2
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Figure 3. CM values in case of SF2x2+SF4x2
Table 5: CM Analysis of non boosting situation, N_max_dpdch = 1
	Case
	N_max_dpdch

	TBS [bits]

[SF]
	βhs
	Max CM [dB]

Dual HS-DPCCH

	
	
	
	
	256,33, I 256,33,Q
	256,64, Q 256,33, I
	256,64, Q 256,1,Q

	1
	1
	2798 (2xSF4)
15*βed/ βc =42

15*βec/ βc =19
	15
	2.088
	2.109
	2.036

	2
	
	
	19
	2.222
	2.251
	2.187

	3
	
	
	24
	2.359
	2.396
	2.377

	4
	
	2798 (2xSF4)
15*βed/ βc =42

15*βec/ βc =24
	15
	2.208
	2.226
	2.120

	5
	
	
	19
	2.329
	2.353
	2.240

	6
	
	
	24
	2.451
	2.484
	2.397

	7
	
	2798 (2xSF4)
15*βed/ βc =47

15*βec/ βc =19
	15
	1.882
	1.905
	1.846

	8
	
	
	19
	2.023
	2.054
	2.002

	9
	
	
	24
	2.178
	2.219
	2.203

	10
	
	2798 (2xSF4)
15*βed/ βc =47

15*βec/ βc =24
	15
	2.006
	2.024
	1.940

	11
	
	
	19
	2.133
	2.160
	2.068

	12
	
	
	24
	2.275
	2.310
	2.239

	13
	
	2798 (2xSF4)
15*βed/ βc =30

15*βec/ βc =19
	15
	2.622
	2.634
	2.501

	14
	
	
	19
	2.710
	2.725
	2.399

	15
	
	
	24
	2.757
	2.777
	2.743

	16
	
	2798 (2xSF4)
15*βed/ βc =30

15*βec/ βc =24
	15
	2.711
	2.720
	2.533

	17
	
	
	19
	2.790
	2.803
	2.608

	18
	
	
	24
	2.833
	2.850
	2.705

	19
	
	2798 (2xSF4)
15*βed/ βc =21

15*βec/ βc =19
	15
	2.943
	2.939
	2.724

	20


	
	
	19
	2.965
	2.960
	2.783

	21
	
	
	24
	2.907
	2.902
	2.847

	22
	
	2798 (2xSF4)
15*βed/ βc =21

15*βec/ βc =24
	15
	2.986
	2.981
	2.687

	23
	
	
	19
	3.012
	3.007
	2.712

	24
	
	
	24
	2.967
	2.964
	2.748

	25
	
	5772 (2xSF2)
15*βed/ βc =42

15*βec/ βc =19
	15
	2.135
	2.120
	2.046

	26
	
	
	19
	2.280
	2.263
	2.195

	27
	
	
	24
	2.430
	2.406
	2.384

	28
	
	5772 (2xSF2)
15*βed/ βc =42

15*βec/ βc =24
	15
	2.263
	2.251
	2.142

	29
	
	
	19
	2.393
	2.377
	2.259

	30
	
	
	24
	2.527
	2.506
	2.412

	31
	
	5772 (2xSF2)
15*βed/ βc =47

15*βec/ βc =19
	15
	1.926
	1.915
	1.856

	32
	
	
	19
	2.079
	2.065
	2.010

	33
	
	
	24
	2.248
	2.229
	2.211

	34
	
	5772 (2xSF2)
15*βed/ βc =47

15*βec/ βc =24
	15
	2.058
	2.048
	1.960

	35
	
	
	19
	2.196
	2.182
	2.086

	36
	
	
	24
	2.348
	2.331
	2.253

	37
	
	5772 (2xSF2)
15*βed/ βc =30

15*βec/ βc =19
	15
	2.672
	2.648
	2.512

	38
	
	
	19
	2.770
	2.739
	2.622

	39
	
	
	24
	2.826
	2.189
	2.751

	40
	
	5772 (2xSF2)
15*βed/ βc =30

15*βec/ βc =24
	15
	2.768
	2.748
	2.556

	41
	
	
	19
	2.856
	2.828
	2.629

	42
	
	
	24
	2.905
	2.873
	2.720

	43
	
	5772 (2xSF2)
15*βed/ βc =21

15*βec/ βc =19
	15
	2.991
	2.954
	2.736

	44
	
	
	19
	3.019
	2.973
	2.794

	45
	
	
	24
	2.966
	2.914
	2.856

	46
	
	5772 (2xSF2)
15*βed/ βc =21

15*βec/ βc =24
	15
	3.037
	3.006
	2.707

	47
	
	
	19
	3.069
	3.031
	2.730

	48
	
	
	24
	3.029
	2.984
	2.761

	Maximum CM [dB]
	3.07
	3.03
	2.86
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Figure 4. CM values in case of SF4x2
[image: image9.emf]CM values(SF2x2,beta_ec=19)

0

0.5

1

1.5

2

2.5

3

3.5

4

15 19 24 15 19 24 15 19 24 15 19 24

beta_hs

CM[dB]

256,33,Q 256,33, I

256,64, Q 256,33, I

256,64, Q 256,1,Q

beta_ed=21

beta_ed=30 beta_ed=42

beta_ed=47

[image: image10.emf]CM values(SF2x2,beta_ec=24)

0

0.5

1

1.5

2

2.5

3

3.5

4

15 19 24 15 19 24 15 19 24 15 19 24

beta_hs

CM[dB]

256,33,Q 256,33, I

256,64, Q 256,33, I

256,64, Q 256,1,Q

beta_ed=21

beta_ed=30 beta_ed=42

beta_ed=47


(a)beta_ec=19                                  (b)beta_ec=24 

Figure 5. CM values in case of SF2x2
Based on Table 4 ,Table 5 and Figure 1-5, we observe the following:
· The choice of Cch,256,1 on Q for the 2nd HS-DPCCH results in a maximum CM of 
· 3.35 dB for N_max_dpdch =0
· 2.86 dB for N_max_dpdch = 1

· The choice of Cch,256,33 on I for the 2nd HS-DPCCH results in a maximum CM of 

· 2.93 dB for N_max_dpdch =0
· 3.03 dB for N_max_dpdch =1
· The choice of Cch,256,32 for the dual HS-DPCCH results in a maximum CM of 

· 2.93 dB for N_max_dpdch =0
· The choice of Cch,256,33for the dual HS-DPCCH results in a maximum CM of 
· 3.07 dB for N_max_dpdch =1

· As a comparison, 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,256,1 on Q is slightly worse compared to Cch,256,33 on I or Cch,256,32 on I when DPDCH does not exist, and when only one DPDCH exists,the result is reversed.
6
Synthetical analysis of proposed scheme 
Table 6: Synthetical analysis of proposed scheme ,N_max_dpdch =0
	
	256,32 I
256,32Q
	256,33
256,33, I
	256,33Q
256,1,Q

	the compare of CM value
	minimum 
	minimum
	maximum

	the number of new channel code used 
	2
	1
	1

	the capacity of compatibility
	weak
	strong
	strong


Table 7: Synthetical analysis of proposed scheme ,N_max_dpdch =1
	
	256,33, I
256,33,Q
	256,64,Q
256,33, I
	256,64, Q

256,1,Q

	the compare of CM value
	maximum
	middle
	minimum

	the number of new channel code used 
	2
	1
	1

	the capacity of compatibility
	weak
	strong
	strong


7
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 on channelization code Cch,256,1 on the Q branch. The choice was based on a detailed cubic metric analysis for various combinations of HS-DPCCH settings and optimal settings of E-DPCCH and E-DPDCH for different block size. The proposal is attractive from the point of view that we reuse the identical channel coding that is currently used for E-DPCCH. It is also attractive from a NodeB receiver point of view, when E-DPCCH channel is always used. In that case, no extra de-spreading operation is required, since the NodeB receiver already de-spreads Cch,256,1 to recover the E-DPCCH from the I branch.
Proposal 1: When there is only one DPDCH channel exists, We prefer transmitting the 2nd HS-DPCCH on channelization code Cch,256,1 on the Q branch , and take transmitting on channelization code Cch,256,33 on the I branch as an alternative.
Proposal 2: When there is no DPDCH channel exists, We prefer transmitting the 2nd HS-DPCCH on channelization code Cch,256,33 on the I branch.
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