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1 Introduction
8-carrier HSDPA was approved as a work item at the RAN#50 plenary [1]. During previous meetings, many companies discussed either 1xSF64 or 2xSF128 HS-DPCCH design options. In last RAN1 #64 meeting, a working assumption was made: 
· 2xSF128 for 5-8 carriers with and without MIMO configured - can be revisited if significant problems are identified.
Also some agreements were made in last RAN1 #64 meeting: 

· The transmit power in slots carrying HARQ-ACK or CQI/PCI information should be fixed during the entire slot.

· 8C-HSDPA should provide at least the same coverage as Rel-8/9/10 when the same # of downlink cells are activated.

For 1xSF64 HS-DPCCH design option, the same selection of channelization code for HS-DPCCH is proposed in [2]

 REF _Ref285108193 \n \h 
[3]: channelization codes Cch,64,8 and Cch,64,16  are respectively selected for the case when the UE is configured without and with a DPDCH, which is in line with our observations presented in Section 2.3 in this contribution.
For 2xSF128 HS-DPCCH design option, however, only contribution [3] evaluated the cubic metric (CM) associated with 2xSF128 I/Q-multiplexed HS-DPCCHs and observed that the optimal channelization code varies. Based on current working assumption above, the selection of channelization codes for 2xSF128 HS-DPCCH becomes an open issue to be addressed.
This contribution presents comprehensive CM simulation results for all channelization codes on all possible I and/or Q branches and our views with respect to the selection of channelization codes for 2xSF128 HS-DPCCH and 1xSF64 in 8-carrier HSDPA.
2 Discussion
2.1 Simulation configuration and code search space
2.1.1 Channel configuration for CM simulation
For two scenarios with and without 1 DPDCH configured, the channel configuration is listed in Table 1. CM simulations are used to search the optimal channelization code corresponding to the minimum CM over the available code space when HS-DPCCH is mapped to I or Q branch as listed in Section 2.1.2. HS-DPCCH can be mapped to either the I or Q branch. In case of 2xSF128 HS-DPCCH design option, when 2 HS-DPCCHs are mapped to the same branch (either I or Q branch), they use different channelization codes for dispreading/decoding; when 2 HS-DPCCHs are mapped to different branches (i.e., I/Q multiplexed), they may use the same or different channelization codes. In addition, HS-DPCCH with 1xSF64 format uses 3dB higher power than with 2xSF128 format, which is denoted by *. 
Table 1: Channel configuration for CM simulation
	
	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)
	βed=

{17,27,47,67,84}

	
	HS-DPCCH
	2xSF128=(I or Q,128,?) (I or Q,128,?)
1xSF64=(I or Q,64,?) 
	βhs=

{34(48*),54(76*)}

	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)
	βed=

{17,27,47,67,84}

	
	HS-DPCCH
	2xSF128=(I or Q,128,?) (I or Q,128,?)
1xSF64=( I or Q,64,?)
	βhs=

{34(48*),54(76*)}


2.1.2 Code search space for channelization code selection
Based on two scenarios with and without 1 DCH configured in Table 1, considering the worst case when the DPDCH will be transmitted on I branch with channelization code Cch,4,1 from a code utilization point of view, the following channelization code space are available for 2xSF128 HS-DPCCH and 1xSF64 HS-DPCCH design options when mapping to either I or Q branches:
· 2xSF128 HS-DPCCH

· When no DPDCH is configured (i.e., Nmax-dpdch = 0):
· When mapping to I branch: the available code space is (I,128,[1:31]).
· When mapping to Q branch: the available code space is (Q,128,[1:31]).
· When one DPDCH is configured (i.e., Nmax-dpdch = 1):
· When mapping to I branch: the available code space is (I,128,[1:31]).
· When mapping to Q branch: the available code space is (Q,128,[1:63]).
· 1xSF64 HS-DPCCH
· When no DPDCH is configured (i.e., Nmax-dpdch = 0):
· When mapping to I branch: the available code space is (I,64,[1:15]).
· When mapping to Q branch: the available code space is (Q,64,[1:15]).
· When one DPDCH is configured (i.e., Nmax-dpdch = 1):
· When mapping to I branch: the available code space is (I,64,[1:15]).
· When mapping to Q branch: the available code space is (Q,64,[1:31]).
2.2 Simulation results on channelization code search for 2xSF128 HS-DPCCH

2.2.1 Channelization code search results without DPDCH configured
When no DPDCH is configured, for a given gain factor configuration for HS-DPCCH and E-DPDCH, the minimum cubic metric for 2xSF128 HS-DPCCH mapping to one of 4 combinations of Q and I branches is shown in Figure 1, providing a summary of all of the individual configurations analyses. The minimum cubic metric values and corresponding code index for HS-DPCCH1 and HS-DPCCH2 are listed in Table 2, where QI, QQ, IQ and II denote the branches to which HS-DPCCH1 and HS-DPCCH2 are respectively mapped; and the pair of code index denotes the corresponding code index used for HS-DPCCH1 and HS-DPCCH2.  (These notations are used throughout this contribution.) Figure 2 shows the simulated cubic metric as a function of the channelization code index for 2xSF128 HS-DPCCH when no DPDCH configured for a configuration of βhs=54 and βed=17, this is provide as an example of the analysis which was done for each of the configurations summarized in Figure 1 and Table 2.

From Figure 1 and Table 2, we observed the following:

· Mapping both HS-DPCCH1 and HS-DPCCH2 to I branch (i.e. II) is the worst mapping as the minimum CM is always bigger than other three mapping combinations. 

· QI and IQ mappings have the similar minimum CM values as the same channelization code is used for both HS-DPCCH1 and HS-DPCCH2. 

· For low βed, QQ mapping has minimum CM values which are greater than those for the QI or IQ mappings; for high βed, (e.g. βed,=84), QQ mapping has minimum CM values which are less than those for the QI or IQ mappings.  For QQ mapping, the selected best code for high βed is not consistent with that for low βed, but the difference in CM value for when using the lowest low βed code for the high βed case is small, so the code used for low βed may be preferred for both high and low βed if QQ mapping is used.

· Selected channelization code for different candidate IQ mapping schemes are: (16,16) for QI, (22,6) for QQ, (16,16) for IQ.

· Based on the minimum cubic metric for all configuration and IQ mapping schemes, it may be preferred to select (16,16) for QI or IQ mapping. If dynamic re-mapping is allowed for 8C-HSDPA, it may be desirable to only transmit HS-DPCCH1 and DTX HS-DPCCH2 to reduce CM when 4 or fewer carriers are active. For this case it may also be desirable to use the existing channelization code used for the HS-DPCCH in 4C-HSDPA, (Q,128,16), for HS-DPCCH1.
In short, to minimize the cubic metric for different channel configurations and maintaining the channelization code for HS-DPCCH1 to be backwards compatible to (Q,128,16) which is used  in 4C-HSDPA, we propose selecting (Q,128,16)(I,128,16) as the optimal channelization codes for 2xSF128 HS-DPCCH when no DPDCH is configured.
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Figure 1 Min Cubic metric for 2xSF128 HS-DPCCH mapping to 4 combinations of Q and I branches when no DPDCH is configured
Table 2 Summary of Minimum Cubic metric and corresponding code index for 2xSF128 HS-DPCCH mapping to 4 combinations of Q and I branches when no DPDCH is configured
	configuration
	min CM (dB)
	 
	code index for (HS-DPCCH1, HS-DPCCH2)

	
	QI
	QQ
	IQ
	II
	 
	QI
	QQ
	IQ
	II

	βhs=34βed=17
	1.7389
	2.4214
	1.74
	3.6854
	
	(16,16)
	(22,6)
	(16,16)
	(24,8)

	βhs=34βed=27
	1.9893
	2.1644
	1.9906
	3.7734
	
	(16,16)
	(22,6)
	(16,16)
	(24,8)

	βhs=34βed=47
	2.1099
	1.5999
	2.1114
	3.5783
	
	(16,16)
	(23,7)
	(16,16)
	(24,8)

	βhs=34βed=84
	1.645
	0.87272
	1.6461
	2.6509
	
	(16,16)
	(29,13)
	(16,16)
	(24,8)

	βhs=54βed=17
	1.0985
	2.5893
	1.0992
	3.3956
	
	(16,16)
	(22,6)
	(16,16)
	(24,8)

	βhs=54βed=27
	1.3385
	2.4193
	1.3394
	3.5347
	
	(16,16)
	(22,6)
	(16,16)
	(24,8)

	βhs=54βed=47
	1.7133
	1.964
	1.7144
	3.672
	
	(16,16)
	(22,6)
	(16,16)
	(24,8)

	βhs=54βed=84
	1.7889
	1.1586
	1.7899
	3.3178
	 
	(16,16)
	(23,7)
	(16,16)
	(24,8)
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Figure 2 CM as a function of the channelization code index for 2xSF128 HS-DPCCH when no DPDCH configured (βhs=54 and βed=17)
2.2.2 Channelization code selection results with 1 DPDCH configured 

When 1 DPDCH is configured, for a given gain factor configuration for HS-DPCCH and E-DPDCH, the minimum cubic metric for 2xSF128 HS-DPCCH mapping to one of 4 combinations of Q and I branches is shown in Figure 3. The minimum cubic metric values and corresponding code index for HS-DPCCH1 and HS-DPCCH2 are listed in Table 3. Figure 4 shows the simulated cubic metric as a function of the channelization code index for 2xSF128 HS-DPCCH when 1DPDCH configured for a given configuration of βhs=54 and βed=17. 

From Figure 3 and Table 3, we observed the following:

· Mapping both HS-DPCCH1 and HS-DPCCH2 to I branch (i.e. II) is still the worst mapping as the minimum CM is always bigger than other three mapping combinations. 

· QI and IQ mappings give the similar minimum CM values.

· Based on majority rule, channelization code for different candidate IQ mapping schemes may be selected as: (35,16) for QI, (19,51) for QQ, (16,33) for IQ.

· Based on the minimum cubic metric for all configuration and IQ mapping schemes, considering that the code used for HS-DPCCH1 may be desired to be backwards compatible to the code used for 1xSF128 HS-DPCCH in 4C-HSDPA (i.e., (Q,128,32)), it may be preferred to select (32,16) for QI mapping as the delta CM between the CM corresponding to code (35,16) and CM corresponding to code (32,16) is negligible as shown in Table 4. The same is true for the IQ where the delta CM between the CM for code (16,33) and CM for code (16,16) is also negligible, as shown in last column of Table 4. Comparing the CM with code (Q,128,32)(I,128,16) and (Q,128,16)(I,128,16) in column 3 and 4 of Table 4, it shows that (Q,128,32)(I,128,16) is the preferred channelization code combination in terms of CM performance. 

In short, to minimize the cubic metric for different channel configurations and maintaining the channelization code used for HS-DPCCH1 to be backwards compatible to the code (Q,128,32), which is used in 4C-HSDPA, we propose selecting (Q,128,32)(I,128,16) as the optimal channelization code for 2xSF128 HS-DPCCH when 1 DPDCH is configured.
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Figure 3 Min Cubic metric for 2xSF128 HS-DPCCH mapping to 4 combinations of Q and I branches when 1 DPDCH is configured
Table 3 Summary of Minimum Cubic metric and according code index for 2xSF128 HS-DPCCH mapping to 4 combinations of Q and I branches when 1 DPDCH is configured

	configuration
	min CM (dB)
	 
	code index for (HS-DPCCH1, HS-DPCCH2)

	
	QI
	QQ
	IQ
	II
	 
	QI
	QQ
	IQ
	II

	βhs=34βed=17
	2.5255
	2.3509
	2.5163
	4.5135
	
	(35,16)
	(19,51)
	(16,33)
	(20,4)

	βhs=34βed=27
	2.8014
	2.4303
	2.794
	4.5576
	
	(35,16)
	(19,51)
	(16,33)
	(20,4)

	βhs=34βed=47
	2.9431
	2.3696
	2.9392
	4.3005
	
	(34,16)
	(19,51)
	(16,33)
	(20,4)

	βhs=34βed=84
	2.3599
	1.8008
	2.3588
	3.2258
	
	(34,16)
	(20,52)
	(16,33)
	(11,26)

	βhs=54βed=17
	1.6651
	2.4005
	1.6585
	4.1865
	
	(35,16)
	(19,51)
	(16,33)
	(9,25)

	βhs=54βed=27
	1.9429
	2.4092
	1.9371
	4.2874
	
	(35,16)
	(19,51)
	(16,33)
	(9,25)

	βhs=54βed=47
	2.378
	2.3561
	2.3743
	4.3548
	
	(34,16)
	(20,52)
	(16,33)
	(20,4)

	βhs=54βed=84
	2.447
	1.9903
	2.4455
	3.8796
	 
	(34,16)
	(20,52)
	(16,33)
	(3,19)


Table 4 Comparison between Minimum cubic metric and cubic metric for code (32,16) or (16,16) for 2xSF128 HS-DPCCH mapping to (Q, I) branches when 1 DPDCH is configured

	configuration
	min CM for QI
	CM for (32,16) 
	CM for (16,16) 
	 
	code index for                      (HS-DPCCH1,2)
	Delta CM (dB)

	βhs=34βed=17
	2.5255
	2.5294
	2.5674
	
	(35,16)
	(32,16)
	(16,16)
	-0.0039
	-0.0419

	βhs=34βed=27
	2.8014
	2.8043
	2.8342
	
	(35,16)
	(32,16)
	(16,16)
	-0.0029
	-0.0328

	βhs=34βed=47
	2.9431
	2.9456
	2.9641
	
	(34,16)
	(32,16)
	(16,16)
	-0.0025
	-0.021

	βhs=34βed=84
	2.3599
	2.3621
	2.3707
	
	(34,16)
	(32,16)
	(16,16)
	-0.0022
	-0.0108

	βhs=54βed=17
	1.6651
	1.6666
	1.703
	
	(35,16)
	(32,16)
	(16,16)
	-0.0015
	-0.0379

	βhs=54βed=27
	1.9429
	1.9441
	1.975
	
	(35,16)
	(32,16)
	(16,16)
	-0.0012
	-0.0321

	βhs=54βed=47
	2.378
	2.3794
	2.4006
	
	(34,16)
	(32,16)
	(16,16)
	-0.0014
	-0.0226

	βhs=54βed=84
	2.447
	2.4488
	2.4601
	
	(34,16)
	(32,16)
	(16,16)
	-0.0018
	-0.0131
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Figure 4 CM as a function of the channelization code index for 2xSF128 HS-DPCCH when 1DPDCH configured (βhs=54 and βed=17)
2.3 Simulation results on channelization codes search for 1xSF64 HS-DPCCH

2.3.1 Channelization code search results without DPDCH configured

When no DPDCH is configured, the cubic metric simulation results for channelization code search for 1xSF64 HS-DPCCH mapping to Q and I branches are respectively shown in Figure 5 and Figure 6. It is evident that channelization code Cch,64,8  is the best code regardless of 1 HS-DPCCH mapping to I or Q branch when no DPDCH is configured. However, CM values for HS-DPCCH mapping to Q branch is about 1 or 2 dB less than those mapping to I branch, so (Q,64,8) is the optimal channelization code for 1xSF64 HS-DPCCH when no DPDCH is configured. 
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Figure 5 Cubic metric as a function of the channelization code index for 1xSF64 HS-DPCCH mapping to Q branch when no DPDCH is configured
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Figure 6 Cubic metric as a function of the channelization code index for 1xSF64 HS-DPCCH mapping to I branch when no DPDCH is configured
2.3.2 Channelization code search results with 1 DPDCH configured

When 1 DPDCH is configured, the cubic metric simulation results for channelization code search for 1xSF64 HS-DPCCH mapping to Q and I branches are respectively shown inFigure 7 and Figure 8. It seems that channelization code Cch,64,16  and Cch,64,8  are respectively the best code selected for 1 HS-DPCCH mapping to Q and I branch. However, CM values for HS-DPCCH mapping to Q branch is about 1.7 dB less than those mapping to I branch, so (Q,64,16) is the optimal channelization code for 1xSF64 HS-DPCCH when 1 DPDCH is configured. 
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Figure 7 Cubic metric as a function of the channelization code index for 1xSF64 HS-DPCCH mapping to Q branch when 1 DPDCH is configured
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Figure 8 Cubic metric as a function of the channelization code index for 1xSF64 HS-DPCCH mapping to I branch when 1 DPDCH is configured
3 Conclusion
Based on CM simulation results on comprehensive channelization code search over the available code space for all possible I and/or Q branches, in order to minimize cubic metric for all possible configuration and maintain backward compatibility with 4C-HSDPA when only one HS-DPCCH is required, we propose the selection of channelization codes for the 2xSF128 HS-DPCCH and 1xSF64 HS-DPCCH design options in 8-carrier HSDPA as summarized in Table 5:

Table 5 Summary of selection of channelization code in 8C-HSDPA
	1xSF64 HS-DPCCH
	2xSF128 HS-DPCCH

	Without DPDCH      (Nmax-dpdch = 0)
	With 1 DPDCH       (Nmax-dpdch = 1)
	Without DPDCH      (Nmax-dpdch = 0)
	With 1 DPDCH       (Nmax-dpdch = 1)

	(Q,64,8)
	(Q,64,16)
	(Q,128,16)(I,128,16)
	(Q,128,32)(I,128,16)


Please note that the channelization codes selected for the 1xSF64 HS-DPCCH design option are in line with the observations in [2]
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[3].
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