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1.
Introduction

The RAN meeting #46 approved a new work item tasking the working groups to specify 3-4 cell HSDPA operation in combination with MIMO [1]. This doubles the required uplink feedback from that of Release 9 Dual-Cell HSDPA with MIMO. This contribution provides some cubic metric results in order to be able to estimate coverage impact of each of the HS-DPCCH solutions under consideration for 4-carrier HSDPA.
2.
Discussion

Even though more exotic approaches deviating further away from what has been defined in 3GPP release 9 can for sure be found, in this contribution we consider the following options seen closest to the existing physical layer design for the uplink feedback channel.
1. Code multiplexing of two Rel-9 DC-HSDPA + MIMO HS-DPCCH channels
2. A single HS-DPCCH using SF128

A cubic metric analysis for some promising code combinations for Dual SF256 HS-DPCCH with different gain factors was contributed to RAN1#53bis and RAN1#54 e.g. in [2,3,4]. The minutes of the two meetings conclude the agreements [5,6] shown in Table 1, which are also used in this study:
Table 1 Code multiplexing of HS-DPCCH as initially agreed for DC-HSDPA

	
	HS-DPCCH1 (as in Rel-6)
	HS-DPCCH2

	UL DPDCH not configured
	Cch,256,33,Q
	Cch,256,33,I

	UL DPDCH configured
	Cch,256,64,Q
	Cch,256,32,Q


This study concentrates on the case where UL DPDCH is not configured. Channelization code used for SF 128 is 16, which is belonging to the same branch in code tree as code 33 used for SF 256. This code selection has been shown to be optimal for SF128 at least in case there is no simultaneous DCH [7].
Studied cases include:

· Single carrier transmission, 1xHS-DPCCH SF 256 branch Q C(33) (Reference for single carrier case)

· Dual carrier transmission, 1xHS-DPCCH SF 256 branch Q C(33) in primary carrier (Reference for dual carrier case)

· Single and dual carrier transmission, 1xHS-DPCCH SF 128 branch Q C(16) (in dual carrier case transmitted in primary carrier)
· Single and dual carrier transmission, 2xHS-DPCCH SF 256 on one carrier (in dual carrier case both on primary) branch I C(33) and branch Q C(33)

· The cubic metric was calculated using the following set of beta factors:

· ec: 24/15 

· hs: 15/15, 19/15 and 24/15
· hs_128: 19/15, 24/15 and 30/15
· ed: 17/15, 27/15, 47/15, 67/15, 84/15 and 119/15 (1xSF4)
· d: No DPDCH 

We have earlier provided some results with slightly higher hs in [8]. 
3dB higher value, or the one closest to that found in specifications, was used for SF 128 than for SF 256 to compensate the difference in SF.

2.1. Single carrier uplink

Cubic metric results for single uplink carrier are shown in Table 2. As can be seen single HS-DPCCH with SF 128 solution has 0-1 dB lower cubic metric than code multiplexed dual HS-DPCCH.
Table 2 Cubic metric and required MPR for single carrier uplink
	
	
	1xHS-DPCCH SF 256 on 1 carrier (SC)
	1xHS-DPCCH SF 128 on 1 carrier (SC)
	2xHS-DPCCH on 1 carrier (SC)

	hs
	ed
	Raw CM
	MPR
	Raw CM
	MPR
	Raw CM
	MPR

	15/15 19/15*
	
	1.54
	1
	1.49
	0.5
	2.23
	1.5

	
	
	1.75
	1
	1.66
	1
	2.36
	1.5

	
	
	1.50
	1
	1.44
	0.5
	1.99
	1

	
	
	1.12
	0.5
	1.09
	0.5
	1.49
	0.5

	
	
	0.86
	0
	0.84
	0
	1.15
	0.5

	
	
	0.51
	0
	0.51
	0
	0.70
	0

	19/15 24/15*
	
	1.49
	0.5
	1.41
	0.5
	2.22
	1.5

	
	
	1.65
	1
	1.53
	1
	2.38
	1.5

	
	
	1.44
	0.5
	1.36
	0.5
	2.09
	1.5

	
	
	1.09
	0.5
	1.04
	0.5
	1.61
	1

	
	
	0.84
	0
	0.81
	0
	1.27
	0.5

	
	
	0.51
	0
	0.50
	0
	0.79
	0

	24/15 30/15*
	
	1.41
	0.5
	1.29
	0.5
	2.11
	1.5

	
	
	1.53
	1
	1.37
	0.5
	2.30
	1.5

	
	
	1.36
	0.5
	1.24
	0.5
	2.15
	1.5

	
	
	1.04
	0.5
	0.98
	0
	1.75
	1

	
	
	0.81
	0
	0.77
	0
	1.41
	0.5

	
	
	0.49
	0
	0.48
	0
	0.92
	0


* hs for HS-DPCCH using SF 128
2.2.
Dual carrier uplink

Cubic metric results for dual uplink carrier are shown in Table 3. Although differences are much smaller than in single carrier case single SF128 solution seems to provide up to 0.3 dB lower cubic metric values. 
Table 3 Cubic metric and required MPR for dual carrier uplink
	
	
	1xHS-DPCCH SF 256 on 1 carrier (DC)
	1xHS-DPCCH SF 128 on 1 carrier (DC)
	2xHS-DPCCH on 1 carrier (DC)

	hs
	ed
	Raw CM
	MPR
	Raw CM
	MPR
	Raw CM
	MPR

	15/15 19/15*
	
	2.85
	2.5
	2.82
	2.5
	3.07
	2.5

	
	
	3.04
	2.5
	2.99
	2.5
	3.21
	2.5

	
	
	2.86
	2.5
	2.83
	2.5
	3.00
	2.5

	
	
	2.58
	2
	2.57
	2
	2.69
	2

	
	
	2.41
	2
	2.40
	2
	2.49
	2

	
	
	2.20
	1.5
	2.20
	1.5
	2.25
	2

	19/15 24/15*
	
	2.82
	2.5
	2.75
	2.5
	3.06
	2.5

	
	
	2.99
	2.5
	2.91
	2.5
	3.21
	2.5

	
	
	2.83
	2.5
	2.79
	2.5
	3.02
	2.5

	
	
	2.57
	2
	2.55
	2
	2.72
	2.5

	
	
	2.40
	2
	2.39
	2
	2.53
	2

	
	
	2.20
	1.5
	2.19
	1.5
	2.28
	2

	24/15 30/15*
	
	2.75
	2.5
	2.65
	2
	2.99
	2.5

	
	
	2.92
	2.5
	2.81
	2.5
	3.16
	2.5

	
	
	2.79
	2.5
	2.73
	2.5
	3.05
	2.5

	
	
	2.55
	2
	2.52
	2
	2.77
	2.5

	
	
	2.39
	2
	2.38
	2
	2.58
	2

	
	
	2.20
	1.5
	2.19
	2.5
	2.32
	2


* hs for HS-DPCCH using SF 128
3
Conclusions

Results presented in this contribution show that cubic metric performance of single code SF 128 HS-DPCCH is better than dual code SF 256 in single uplink carrier case, whereas differences are much smaller in dual uplink carrier case. Hence it is assumed that single SF 128 code solution would provide the best coverage for 4-carrier HSDPA in case single uplink carrier is used.
References

[1] 
RP-091438, Four carrier HSDPA, 3GPP Work Item Description 

[2]
R1-082292
Further HS-DPCCH Design Options and Cubic Metric Analysis for N_max_dpdch=1, Qualcomm

[3] 
R1-082339, Proposal of HS-DPCCH Design for DC-HSDPA, Huawei
[4] 
R1-083243, Discussion on HS-DPCCH Code Design for DC-HSDPA, Huawei

[5] 
R1-082771, Final Report of 3GPP TSG RAN WG1 #53bis v1.0.0, MCC Support

[6] 
R1-083471, Final Report of 3GPP TSG RAN WG1 #54 v1.0.0, MCC Support
[7]
R1-100591, Cubic Metric with HS-DPCCH for 4-carrier HSDPA, Ericsson, ST-Ericsson
[8]
R1-100603, Cubic metric results for HS-DPCCH design options for 4-carrier HSDPA, Nokia, Nokia Siemens networks
