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1 Introduction
At the RAN1 #59bis meeting, it was agreed that 1xSF128 and 2xSF256 are candidate solutions for the HS-DPCCH design of 4C-HSDPA.  Some initial cubic metric (CM) results were presented with comparison between these two solutions in [1] and [2].
In this contribution, CM results covering several study cases, with and without the DPDCH are presented.  In addition, the result of a code search for the most appropriate channelization code for the 1xSF128 case is provided.

2 Discussion
2.1 Simulation Configuration
The simulation parameters and reference configuration for CM simulations in this study are listed in Table 1.  The parameters are largely taken from the early CM analysis work for the HS-DPCCH design of DC-HSDPA as captured in [3].  Three different HS-DPCCH structures are considered in the analysis: the reference 1xSF256, 1xSF128 and 2xSF256 cases. 
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*)}

	Nmax-dpdch=1
	DPCCH
	(Q, 256,0)
	15

	
	E-DPCCH
	(I, 256,1)
	24

	
	DPDCH
	(I, 64, 16)
	21

	
	E-DPDCH
	SF4=(I,4,2)
SF2x2=((I,2,1) (Q,2,1)
	βed=

{17,27,47,67,84}

	
	HS-DPCCH
	1xSF256=(Q, 256,64)

1xSF128=(Q,128,32)

2xSF256=(Q,256,64) (Q,256,32)
	βhs=

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


* parameter settings for HS-DPCCH with 1xSF128 format
Note that: 

· HS-DPCCH Gain factor for 1xSF128 is boosted by 3dB to compensate for the spreading gain difference
· 2ms TTI is assumed
With the simulation configurations being set according to Table 1, a number of test cases are formed for reference purpose in terms of various E-DPDCH channel configurations:
DCH not configured in uplink:
Case 1, E-DPDCH: SF4 = (I,4,1)
Case 2, E-DPDCH: SF2x2 = (I,2,1),(Q,2,1)
Case 3, E-DPDCH: SF2x2+SF4x2 =((I,4,1),(Q,4,1),(I,2,1),(Q,2,1))
DCH configured in uplink:
Case 4, E-DPDCH: SF4=(I,4,2)
Case 5, E-DPDCH: SF2x2=(I,2,1),(Q,2,1)
2.2 CM results without DPDCH
Figure 1 shows the CM results for Case 1, where E-DPDCH is set to SF4. A subset of parameters of this test case was simulated in [1] and it can be observed that the results are matching (exact numbers are shown in Table 2 in the appendix for reference).  
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Figure 1: CM results for Case 1, E-DPDCH with SF4
Figure 2 and 3 show the CM results with more than one E-DPDCH channels for Case 2 and Case 3, respectively.
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Figure 2: CM results for Case 2, E-DPDCH with SF2x2
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Figure 3: CM results for Case 3, E-DPDCH with SF2x2+SF4x2
The following observations can be made from the above CM analysis when DCH is not configured:

· 1xSF128 always has smaller CM as compared to 2xSF256 in all the studied cases.
· The CM advantage of 1xSF128 is more significant in Case 1, where one E-DPDCH is configured.
· The maximum CM difference between 1xSF128 and 2xSF256 can be as high as 1.2 dB.
2.3 CM results with DPDCH
The CM results are given in Figure 4 and Figure 5 for Case 4 and Case 5, respectively.  From these figures, it can be observed that 1xSF128 always performs better in terms of CM than 2xSF256 in all the simulated cases.  The CM difference between the two is in the similar range to that when DPDCH is not configured. 
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Figure 4: CM results for Case 4, E-DPDCH with SF4 
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Figure 5: CM results for Case 5, E-DPDCH with SF2x2
2.4 Channelization code search for 1xSF128
The simulation with different channelization codes for 1xSF128 in HS-DPCCH channel is performed in an effort to search for the best appropriate one for use.  Using the existing channelization codes of E-DPDCH, E-DPCCH, and DPCCH, the HS-DPCCH codes search space for the case without DPDCH is 1 to 31, on either I or Q branches.
Figure 6 shows the code search results on Q branch.  Code 16 reaches the lowest CM among all the codes simulated, which confirms the same observation obtained from [2].  The CM simulations for the codes on I branch are also performed; the results are much worse than Q branch, as shown in Figure 8 in the appendix. 
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Figure 6: Channelization code search results for 1xSF128 on Q branch, DPDCH not configured
When the DPDCH is configured in the uplink, the code search space is 1 to 63 on Q branch and 1 to 31 on I branch.  The search on the Q branch shown in Figure 7 indicates that either 32 or 33 achieve the lowest CM.  Results of search through the I branch are much less favorable, as shown in the Figure 9 in the appendix. 
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Figure 7, code search results for 1xSF128 on Q branch when DCH is configured
The conclusion made by the code search simulation in this section further validates the results in [2] and the use of the selected channelization codes for HS-DPCCH of 1xSF128 in the previous sections.

3 Conclusion

In view of the CM results provided in this contribution, we conclude that the 1xSF128 solution, with appropriately selected channelization code, is better than 2xSF256 in terms of the CM performance in all the studied cases. This conclusion is also confirmed when the DPDCH is configured. 
The code search results show that (Q,128,16) is an optimal channelization code when DPDCH is not configured in uplink and (Q,128,32) is optimal when DCH is configured.
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5 Appendix 
Some additional tables and figures are listed below as supplementary results of previous sections.
Table 2: Numerical results of CM simulation on Case 1
	Cubic Metric
	
	
	

	
	1xSF256
	1XSF128
	2XSF256

	βhs=5(7*)
	
	
	

	βed=17
	1.6155
	1.6085
	1.7899

	βed=27
	1.909
	1.8866
	2.0302

	βed=47
	1.6101
	1.6036
	1.6852

	βed=84
	0.901
	0.8947
	0.9351

	βhs=12(17*)
	
	
	

	βed=17
	1.5786
	1.5234
	2.1535

	βed=27
	1.8114
	1.706
	2.2926

	βed=47
	1.5518
	1.4851
	1.9001

	βed=84
	0.8807
	0.8644
	1.0815

	βhs=24(34*)
	
	
	

	βed=17
	1.4131
	1.2113
	2.0994

	βed=27
	1.5366
	1.2739
	2.2966

	βed=47
	1.3666
	1.1763
	2.1522

	βed=84
	0.8286
	0.7645
	1.4235

	βhs=38(54*)
	
	
	

	βed=17
	1.1295
	0.8285
	1.5961

	βed=27
	1.1785
	0.8488
	1.8515

	βed=47
	1.1005
	0.8233
	2.0513

	βed=84
	0.7343
	0.6123
	1.7093
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Figure 8: Code search results for 1xSF128 on I branch when DPDCH is configured
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Figure 9: Code search results for 1xSF128 on I branch when DPDCH is configured
