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1 Introduction
At RAN1 #60 meeting, HS-DPCCH design for 4C-HSDPA was discussed with the following being noted from the Chairman’s report as the way forward:
 Working assumption: 

· Continue evaluation of CM for 3/4C-HSDPA until RAN1#60bis.
Agreement:

· The HS-DPCCH overall subframe structure with a 1-slot HARQ-ACK field followed by a 2-slot CQI field should be kept.
The results of cubic metric (CM) analysis for HS-DPCCH were provided by a number of companies and 1xSF128 frame structure is generally preferable because of its smaller CM than 2xSF256 in a variety of studied cases [4-7]. In [1] , a concern was raised that the CM for half slot transmission of the HS-DPCCH for the SF128 case might impact the CM performance of HS-DPCCH.
This contribution provides CM analysis for the HS-DPCCH considering half slot transmissions of HS-DPCCH for the SF128 case and non-transmission of one of the HS-DPCCHs for the 2xSF256 case.
2 Discussion
2.1 Simulation Configuration
The simulation parameters and reference configuration for CM simulations in this study are listed in Table 1, where the focus is mainly on the cases that DPDCH is not configured. 
Table 1, Channel configuration of reference channels for CM analysis
	
	Channel
	Channelization code
	Gain factor

	Nmax-dpdch=0
	DPCCH
	(Q,256,0)
	15

	
	E-DPCCH
	(I,256,1)
	24

	
	E-DPDCH
	SF4=(I,4,1)

SF2x2=((I,2,1),(Q,2,1))

SF2x2+SF4x2=((I,4,1),(Q,4,1),(I,2,1),(Q,2,1))
	βed=

{17,27,47,67,84}


	
	HS-DPCCH
	1xSF256=(Q,256,33)
1xSF128=(Q,128,16)

2xSF256=(I,256,33) (Q,256,33)
	βhs=

{5(7*),12(17*),24(34*),38(54*)}


* parameter settings for HS-DPCCH with 1xSF128 format

HS-DPCCH frame structure of 2xSF256 under study is shown in Figure 1, where the two feedback channels of different channelization codes are transmitted in parallel. 
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Figure 1, Frame structure of 2xSF256

For 1xSF128, the HS-DPCCH fields are split into two feedback channels for code reusability and two possible frame formats that were proposed in previous meeting are considered: 
· Concatenated: two feedback channels are time multiplexed on half slot basis [1] [2],  as shown in Figure 2
· Interleaved:  two feedback channels are time multiplexed on symbol basis[2] [3],  as shown in Figure 3
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Figure 2, Frame structure of 1xSF128, Concatenated
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Figure 3, Frame structure of 1xSF128, Interleaved

The HARQ-ACK DTXed gaps (e.g. half slot transmission for the SF128 case or non-transmission of one of the channels for the 2XSF256 case) in the simulation are modeled by placing randomly distributed no-transmission in HARQ-ACK fields independently across two feedback channels, with the probability of DTX on each feedback codeword being controlled by Pr(DTX).  CQI/PCI field is assumed to be continuously transmitted in all cases considering this part of feedback information is always needed by network.

The CM analysis results are presented in the following sections.

2.2 Simulation results
2.2.1 Cubic metric analysis with DTX gaps 
For reference purpose, the CM results without any HARQ-ACK DTXed for all three HS-DPCCH frame structures (1xSF256, 1xSF128, and 2xSF256) are first shown in Figure 4, which was presented in a previous contribution [4]. 
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Figure 4, Cubic Metric results without DTX (Pr(DTX)=0)
Figure 5 and Figure 6 show the CM results for Pr(DTX)=0.25 and Pr(DTX)=0.5 respectively, where the concatenated frame format as described in Figure 2 is applied for 1xSF128. Note that the CM results with the HARQ-ACK DTXed for the legacy frame structure 1xSF256 are also included for reference.  
Comparing to not DTXed case shown in Figure 4, it is seen that CM becomes worse for all three frame structures when DTX gaps are present, particularly at high βhs. More importantly, it is observed that 1xSF128 still has lower CM than 2xSF256 although it is affected more noticeably by the DTXed transmission.
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Figure 5, Cubic Metric results with Pr(DTX)=0.25
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Figure 6, Cubic Metric results with Pr(DTX)=0.5

The CM analysis is further conducted at various levels of DTX probability (Pr(DTX)=0, 0.25, 0.3, 0.5, 0.75), and worse case CMs are presented in Figure 7, which  shows the worse value of CM selected among these probabilities for each of the compared frame structures.  From the figure, the conclusion that 1xSF128 outperforms 2xSF256 remains the same.
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Figure 7, Worse case Cubic Metric out of different DTX probabilities 
2.2.2 Comparison of different frame formats of 1xSF128

The two frame formats of 1xSF128, concatenated and interleaved, are compared in Figure 8 in terms of their CM when Pr(DTX)=0.5. From the figure, no obvious CM difference is noticed between the two frame formats. Simulation with other settings of Pr(DTX) also exhibits the similar behavior,  which is understandable because further study shows that  the impact on CM is mainly due to the change of RMS of the transmitted signal, rather than the third harmonic.
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Figure 8, Comparison of different frame formats for 1xSF128 (Pr(DTX)=0.5)

3 Conclusion

In view of the CM simulation results provided in this contribution, following conclusions are made when DTXed HARQ-ACK field is considered:

· CM performance becomes worse for all the studied HS-DPCCH frame structures

· 1xSF128 shows noticeable CM advantage over 2xSF256 in the presence of DTXed HARQ-ACK, which is consistent with the simulation results [4] which do not consider DTXed HARQ-ACK. 
· there is no noticeable CM difference among the two considered frame formats of 1xSF128, i.e., concatenated and interleaved
Hence we’d like the RAN1 standard group to discuss the following proposals:

Proposal 1: Adopt 1xSF128 as the frame structure of HS-DPCCH for 4C-HSDPA
Proposal 2: The decision between the concatenated and interleaved frame formats of 1xSF128 should be based on other performance merit than cubic metric.
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