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1 Introduction
Cubic metric simulation results were provided in [1] [2] at RAN1#59bis in order to evaluate the coverage impact of each of the HS-DPCCH solutions for 4-carrier HSDPA. At this meeting the following way forward was agreed:
· HS-DPCCH code design for the case when 4 carriers are configured

· Alternatives presented are:

· 1xSF128

· 2xSF256

· 1xSF256

· Choice between 1xSF128 and 2xSF256 is to be made at next meeting

· For CM studies, optimise for case without DCH; results may also be presented for case with DCH

This paper provides further simulation assumptions and cubic metric studies. 
2 Discussion
We focus on the following HS-DPCCH design options, reusing the existing physical layer design:
· Multiplex spreading factor of two Rel-9 DC-MIMO HS-DPCCH channels

· A single HS-DPCCH using SF128 by concatenating two Rel-9 DC-MIMO HS-DPCCH information
We extend the simulation assumptions as described in the tables below.

· Table 1 Simulation Assumptions

	Parameter
	Value
	Comment

	Nmax_dpdch
	0, 1*
	Nmax_dpdch =1 is an optional case.

	Secondary E-DCH cell
	De-activated, activated*
	Activated is an optional case*

	TTI [ms]
	2ms
	

	HS-DPCCH schemes
	1xSF256，2xSF256，1xSF128
	· The detail configuration about I/Q branch and spreading code are given in the Table 2.

· HS-DPCCH only configured on primary E-DCH cell.

	HARQ-ACK signals and CQI values
	Random signals
	The HARQ-ACK field uses random 0-1 sequence.

	Inter TTI ACK
	1
	

	Inter TTI CQI
	1
	

	N_acknack_transmit
	1
	

	N_cqi_transmit
	1
	


Table 2 Detail configuration for Simulations

	Channel
	Channelization code
	Gain factor

	DPCCH
	(Q,256,0)
	βc = 15/15

	E-DPCCH
	(I,256,1)
	15*βec/βc = 24

	E-DPDCH
	SF4 = (I,4,1) or (Q,4,1): block size 1406
	15*βed/βc
={17, 27, 47, 67, 84, 119, }

	
	2xSF2 = ((I,2,1) (Q,2,1): block size 5772
	

	
	2xSF2+2xSF4 =  ((I,4,1),(Q,4,1),(I,2,1),(Q,2,1)): 

block size 11484
	

	HS-DPCCH1
	(Q,256,33) for 2xSF256

(Q,128,16) for 1xSF128
	15*βhs/βc = 
{15, 19, 24} for an SF256 HS-DPCCH.
{21, 27, 34} for an SF128 HS-DPCCH.

	HS-DPCCH2
	(I,256,33) for 2xSF256

Not used for 1xSF128
	


NOTE: A 3dB higher gain factor is used for SF128 than for SF256 to compensate the difference in spreading factors. For both HSUPA and DC-HSUPA with the 1xSF128 schemes, the SF(Q,128,16) is assumed, and other codes are encouraged to be checked for optimization.
2.1 Secondary E-DCH serving cell deactivated

Simulation results are shown in Table 3 ~ 5 (in the Annex) and Figures 1 ~ 3 in the case of SC-HSUPA and without DPDCH. The 2xSF256(Q) in Figure 1 indicates that HS-DPCCHs use two SF256 channels and E-DPCCH uses the Q branch.
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Figure 1 E-DPDCH using 1xSF4, SC-HSUPA
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Figure 2 E-DPDCH using 2xSF2, SC-HSUPA
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Figure 3 E-DPDCH using 2xSF2+2xSF4, SC-HSUPA
2.2 Secondary E-DCH serving cell activated
The simulation results are shown in Table 6 (in the Annex) and Figure 4 in the case of DC-HSUPA, E-DPDCH using 1xSF4 and without DPDCH.  The “I” or “Q “in brackets in Figure 4 only indicate to which branch E-DPDCH is mapped.
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Figure 4 E-DPDCH using 1xSF4, DC-HSUPA
2.3 Observations
From the figures above, we observe

· For SC-HSUPA

· E-DPDCH using 1xSF4 is the worst case for the 2xSF256 HS-DPCCH design. The 1xSF128 HS-DPCCH design outperforms 2xSF256 in this case by about 0.3 ~ 1 dB.  However, 2xSF256 with the first E-DPDCH mapped on the Q branch would reduce the CM value by about 0.5 dB, and the gain of 1xSF128 compared to 2xSF256(E-DPDCH on Q branch) is decreased to -0.2 ~ 0.5 dB.
· In the case of E-DPDCH using 2xSF2 or 2xSF2+2xSF4, CM values of 1xSF128 are very close to that of 2xSF256, and  the gain  of 1xSF128 to 2xSF256 is about 0 ~ 0.3dB.
· For DC-HSUPA
· 2xSF256 is inferior to 1xSF128 when βed is small, which is up to 0.2 dB. However, small gains are observed in the case of larger βed
· If the first E-DPDCH is mapped to the Q branch, obvious gains can be observed for 1xSF256 and 2xSF256. The 2xSF256(E-DPDCH on Q branch) turned out to be the best. About 0.1 ~ 0.5 dB gains of 2xSF256 compared to 1xSF128 can be observed. 
3 Conclusion
Further cubic metric simulation assumptions and results are presented in this contribution. The HS-DPCCH design with 1xSF128 has obvious gains in the case of E-DPDCH using 1xSF4, compared to 2xSF256, whereas small gains are observed in the other cases. It is also noted that the gains are mainly beneficial for the I/Q branch power balance. We simulated the case where the first E-DPDCH is mapped onto the Q branch and find significant gains compared to mapping it on the I branch. Moreover, significant gains of 2xSF256(Q) compared to 1xSF128(I) or 1xSF128(Q) can be seen for the case of DC-HSUPA with E-DPDCH using 1xSF4.
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5 Annex: 
Table 3 Simulation results, SC-HSUPA, E-DPDCH using SF4
	
	
	Cubic Metric value

	15*βhs/βc
	15*βed/βc
	1×SF256
	2×SF256
	1×SF128
	2×SF256(Q)

	15 (21*)
	17
	1.55
	2.22
	1.46
	1.77

	
	27
	1.75
	2.35
	1.60
	1.73

	
	47
	1.51
	1.99
	1.42
	1.35

	
	67
	1.13
	1.50
	1.08
	0.96

	
	84
	0.87
	1.16
	0.84
	0.73

	
	119
	0.53
	0.71
	0.52
	0.43

	19 (27*)
	17
	1.49
	2.21
	1.36
	1.85

	
	27
	1.66
	2.37
	1.46
	1.85

	
	47
	1.45
	2.09
	1.31
	1.52

	
	67
	1.10
	1.62
	1.03
	1.14

	
	84
	0.86
	1.28
	0.81
	0.88

	
	119
	0.52
	0.80
	0.51
	0.53

	24 (34*)
	17
	1.41
	2.10
	1.21
	1.83

	
	27
	1.53
	2.30
	1.28
	1.88

	
	47
	1.37
	2.15
	1.18
	1.67

	
	67
	1.05
	1.75
	0.95
	1.32

	
	84
	0.83
	1.43
	0.76
	1.06

	
	119
	0.51
	0.93
	0.49
	0.68


NOTE: the last column marked with symbol “Q” denotes that the E-DPDCH is configured on “Q branch”, otherwise it is configured on “I branch”.

Table 4 Simulation results, SC-HSUPA, E-DPDCH using 2xSF2 
	
	
	Cubic Metric value

	15*βhs/βc
	15*βed/βc
	1×SF256
	2×SF256
	1×SF128

	15 (21*)
	17
	2.27
	2.70
	2.35

	
	27
	2.17
	2.52
	2.31

	
	47
	1.47
	1.72
	1.65

	
	67
	0.95
	1.13
	1.10

	
	84
	0.68
	0.82
	0.80

	
	119
	0.38
	0.46
	0.46

	19 (27*)
	17
	2.33
	2.74
	2.34

	
	27
	2.27
	2.64
	2.39

	
	47
	1.58
	1.91
	1.81

	
	67
	1.04
	1.29
	1.25

	
	84
	0.75
	0.95
	0.93

	
	119
	0.43
	0.55
	0.54

	24 (34*)
	17
	2.35
	2.67
	2.24

	
	27
	2.36
	2.70
	2.42

	
	47
	1.72
	2.10
	1.98

	
	67
	1.17
	1.50
	1.44

	
	84
	0.86
	1.13
	1.10

	
	119
	0.50
	0.67
	0.66


Table 5 Simulation results, SC-HSUPA, E-DPDCH using 2xSF2 + 2xSF4

	
	
	Cubic Metric value

	15*βhs/βc
	15*βed/βc
	1×SF256
	2×SF256
	1×SF128

	15 (21*)
	17
	2.71
	2.91
	2.77

	
	27
	2.51
	2.64
	2.59

	
	47
	2.18
	2.25
	2.24

	
	67
	2.04
	2.08
	2.08

	
	84
	1.99
	2.02
	2.02

	
	119
	1.94
	1.95
	1.95

	19 (27*)
	17
	2.74
	2.96
	2.78

	
	27
	2.56
	2.72
	2.66

	
	47
	2.22
	2.31
	2.30

	
	67
	2.06
	2.12
	2.12

	
	84
	2.00
	2.04
	2.04

	
	119
	1.94
	1.96
	1.96

	24 (34*)
	17
	2.77
	2.95
	2.74

	
	27
	2.62
	2.80
	2.72

	
	47
	2.26
	2.40
	2.38

	
	67
	2.09
	2.18
	2.17

	
	84
	2.02
	2.08
	2.08

	
	119
	1.96
	1.99
	1.99


Table 6 Simulation results, DC-HSUPA, E-DPDCH using 1xSF4

	
	
	Cubic Metric value

	15*βhs/βc
	15*βed/βc
	1×SF256(I)
	2×SF256(I)
	1×SF128(I)
	1×SF256(Q)
	2×SF256(Q)
	1×SF128(Q)

	15 (21*)
	17
	2.95
	3.13
	2.82
	2.69
	2.50
	2.79

	
	27
	3.07
	3.22
	2.93
	2.73
	2.47
	2.88

	
	47
	2.90
	3.02
	2.82
	2.60
	2.32
	2.77

	
	67
	2.68
	2.77
	2.63
	2.46
	2.19
	2.60

	
	84
	2.55
	2.35
	2.52
	2.38
	2.13
	2.49

	
	119
	2.39
	2.43
	2.37
	2.29
	2.28
	2.36

	19 (27*)
	17
	2.90
	3.10
	2.76
	2.74
	2.53
	2.79

	
	27
	3.01
	3.20
	2.87
	2.80
	2.50
	2.91

	
	47
	2.87
	3.03
	2.78
	2.67
	2.36
	2.82

	
	67
	2.66
	2.80
	2.62
	2.52
	2.23
	2.65

	
	84
	2.54
	2.37
	2.51
	2.43
	2.16
	2.53

	
	119
	2.38
	2.45
	2.37
	2.32
	2.31
	2.38

	24 (34*)
	17
	2.87
	3.01
	2.61
	2.77
	2.50
	2.74

	
	27
	2.98
	3.13
	2.72
	2.84
	2.51
	2.93

	
	47
	2.84
	3.04
	2.69
	2.71
	2.41
	2.93

	
	67
	2.65
	2.54
	2.56
	2.55
	2.28
	2.76

	
	84
	2.53
	2.40
	2.47
	2.45
	2.20
	2.63

	
	119
	2.38
	2.47
	2.35
	2.33
	2.34
	2.45


NOTE: the last 3 column marked with symbol “Q” denotes that the E-DPDCH is configured on “Q branch”, otherwise it is configured on “I branch”.



















































































































































































































