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1. Introduction

HS-DPCCH designs for 8C-HSDPA were discussed in several contributions [1]-[5] at RAN1#64 meeting. Agreements and work assumptions were as below: 
	Agreements:
· The HS-DPCCH subframe structure with a 1-slot HARQ-ACK field followed by a 2-slot CQI field should be kept.

· The transmit power in slots carrying HARQ-ACK or CQI/PCI information should be fixed during the entire slot (as in all previous releases).

· 8C-HSDPA should provide at least the same HS-DPCCH coverage as provided by Rel-8/9/10 when the same number downlink cells are activated.

Working Assumptions:

· The Rel-9/10 HARQ-ACK codebooks are reused for HARQ-ACK transmissions.

· Carriers should not be paired for the purpose of CQI and HARQ-ACK reporting in 8C-HSDPA – this can be revisited if significant benefits are shown from pairing

· 2xSF128 for all cases of 5-8 carriers with and without MIMO configured

· This can be revisited if significant problems are identified. 


It was argued that the cubic metric evaluation may have some impact in the case of the first 4 carriers are not scheduled. This contribution makes further study of cubic metric in some special cases for HS-DPCCH designs.
2. Discussion
2.1 HS-DPCCH design options 
The discussion in this contribution is based on the following designs of HS-DPCCH.
· Option 1: 2xSF128 for all cases of 5-8 carriers with and without MIMO configured (Benchmark)
· Option 2: 1xSF64 for all cases of 5-8 carriers with and without MIMO configured
Examples of the two designs are shown in Figure 1 and Figure 2.
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Figure 1: 2xSF128 HS-DPCCH design for 8C-HSDPA (Benchmark)
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Figure 2: 1xSF64 HS-DPCCH design for 8C-HSDPA
In contribution [5], we compared the 1xSF64 and 2xSF128 designs of HS-DPCCH from viewpoints of power consumption, cubic metric, robustness and some other aspects such as protocol evolution. The 2xSF128 design is preferred because of less power required in some scenarios, more robustness and easier evolution of protocol. 
In [2], cubic metric simulation results were presented to indicate that the 1xSF64 design had better CM performance, under the assumption that 1xSF4 channelization code is used for E-DPDCH. The analysis in [7] showed that the TCP feedback information is too large (data rate 1.4~4.5 Mbps) to use single channelization code (data rate at most 0.96Mbps when code rate = 1) for E-DPDCH. Hence, the CM performance is more appropriate to be compared under the assumption that 2 or 4 channelization codes are used for E-DPDCH. From the results in [6], we observed that the CM performances of both designs are quite close to each other.
2.2 Simulation assumptions
A further cubic metric study was made in this contribution. We consider 3 cases for 2xSF128:
· Case A: 8 carriers are activated and data is scheduled on all carriers 
· Case B: 8 carriers are activated and data is only scheduled on the last 4 carriers
· Case C: 8 carriers are activated and data is only scheduled on the first 4 carriers
Note that for 1xSF64 design, in case B or C, the ACK field which will indicate ‘DTX’ message is filled with DTX codeword. In this case the transmission power is the same as Case A, and then the CM performance of Case B and C should be kept the same as Case A. 
Even no more than 4 carriers are scheduled, the TCP feedback information may be still very large, e.g. for 4 carrier without MIMO, feedback information data rate with 1.12Mbps is required, while for 4 carrier with MIMO, 2.24Mbps data rate is required. Only for the cases that no more than 3 data streams are scheduled, single channelization code can be used for E-DPDCH. 
The simulation parameters are listed in Table 1.
Table 1: Physical channel configuration and gain factor settings for HS-DPCCH designs
	Channel
	Channelization code
	Gain factor

	DPCCH
	(Q,256,0)
	βc = 15/15

	E-DPCCH
	(I,256,1)
	15*βec/βc = 24

	E-DPDCH
	2xSF2 = ((I,2,1) (Q,2,1): block size 5772
	15*βed/βc
={17, 27, 47, 67, 84, 119}

	
	2xSF2+2xSF4 =  ((I,4,1),(Q,4,1),(I,2,1),(Q,2,1)): 
block size 11484
	

	HS-DPCCH1
	(Q,128,16) for 2xSF128
(Q,64,8) for 1xSF64
	15*βhs/βc = 

{15, 19, 24} for an SF128 HS-DPCCH.
{21, 27, 34} for an SF64 HS-DPCCH.

	HS-DPCCH2
	(I,128,16) for 2xSF128
Not used for 1xSF64
	


Note:  HS-DPCCH gain factor is boosted by 3dB for 1xSF64 design to compensate the spreading gain difference.
2.3 Simulation results
The CM results are shown from Figure 3

 REF _Ref281162377 \h 
 to Figure 5. And we get the observations below:
· For 2xSF4 or 2xSF4+2xSF2 E-DPDCHs used

· About 0.1~0.3dB gain is observed by 1xSF64 design at low βed/βc compared with 2xSF128 design.

· No obvious difference is observed at higher βed/βc for Case A, B and C.
From the observation, we do not see much performance loss in Case B and Case C as well as Case A. The 2xSF128 could work as well as 1xSF64 in most scenarios in the perspective of CM evaluation. 
[image: image3.png]—#—2xSF128_5772_C

—=—2xSF128_5772_B

—€—2xSF128_5772_A

—#&—1xSF64_5772

19 (27%)

- 15*Bed/Bc

15(21%)

15*Bed/Bc

2L 2ign)

27 47 67 84 119

17

27 47 67 84 119
15*Bed/Bc

17

27 47 67 84 119

17




Figure 3 CM results when block size = 5772
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Figure 4: CM results when block size = 11484

3. Conclusion
Further simulation results in this contribution showed no obvious loss for 2xSF128 design is observed when E-DPDCH is using 2xSF2 or 2xSF2+2xSF4 in the perspective of CM performance. Therefore, taking all aspect into account, e.g. power consumption, cubic metric, robustness and easier protocol evolution, which discussed in [5], the Work Assumption is confirmed as no significant problem is identified. In summary, we make the following proposals:
Proposal 1: The 2xSF128 HS-DPCCH is used for 8C-HSDPA.
Proposal 2: I/Q multiplex channelisation code Cch, 128, 16 is applied.
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