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1 Introduction
During RAN1#63bis work on 8C-HSDPA was initiated. One of the open issues is the HS-DPCCH design. As we have explained in other contribution there are two alternatives that we view as reasonable for how the additional HARQ-ACK and CQI information could be incorporated onto the HS-DPCCH:

· Option 1: Use 2xSF128 I/Q HS-DPCCHs

· Option 2: Use 1xSF64 HS-DPCCH 

This contribution evaluates the cubic metric associated with these two options. Note that we only consider the case where a single uplink carrier is configured. Also for the case when dual UL carriers are used, the cubic metric of the dual-carrier signal will be affected in a similar manner, though the quantitative differences would typically be smaller.
2 Background
The current code allocation for HS-DPCCH is shown in Table 1. We note that the HS-DPCCH is transmitted on the Q-branch and that the exact code depends on whether DPDCH is configured. Aside from the HS-DPCCH we note that

· DPCCH is transmitted on Cch,256,0 on the Q-branch.

· E-DPCCH is transmitted on the I-branch on Cch,256,1.

· DPDCH (if configured) use Cch,SF,k where SF represents the used spreading factor, k= SF/4, and the DPCCH is transmitted on the I-branch. Note that the SF possible for DPDCH to use belong to the set {4, 8, 16, 32, 64, 128, 256}. From a code utilization point of view, the worst case is when the SF=4 and in this case the DPDCH will be transmitted on Cch,4,1 (In scenarios where a higher SF is used for DPDCH a subset of the codes occupied when Cch,4,1 will be used). Note also that when the DPDCH is configured with SF=4 the Cch,128,32 to Cch,128,63 on the I-branch will be occupied by DPDCH.
Table 1: Summary of the HS-DPCCH code allocation associated for HS-DPCCH.
	Nmax-dpdch
(as defined in subclause 4.2.1)
	Channelisation code chs

	
	HS-DPCCH slot format #0 [2]
	HS-DPCCH slot format #1 [2]

	0
	C ch,256,33
	C ch,128,16

	1
	Cch,256,64
	C ch,128,32

	2,4,6
	Cch,256,1
	N/A

	3,5
	Cch,256,32
	N/A


Combining the limitations described above the following codes are available for HS-DPCCH:

· When no DPDCH is configured:
· Option 1: I/Q multiplexing of 2xSF128 HS-DPCCH is possible for Cch,128,1 to Cch,128,31.

· Option 2: 1xSF64 can transmitted on Cch,64,1 to Cch,64,15. 

· When one DPDCH is configured:
· Option 1: I/Q multiplexing of 2xSF128 HS-DPCCH is possible for Cch,128,1 to Cch,128,31.

· Option 2: 1x SF64 can transmitted on Cch,64,1 to Cch,64,31.
3 Results

This section presents cubic metric results for the codes available for HS-DPCCH associated with the two options. The studied scenarios are shown in Table 2. Notice that the gain factors for HS-DPCCH hs are given with a SF256 HS-DPCCH as a baseline. For the 2xSF128 the gain factors are increased with 3 dB whereas it is increased with 6 dB for the 1xSF64 HS-DPCCH solution.
Table 2: Summary of studied scenarios.

	No DPDCH configured

	Channel
	Channelization code
	Gain factors

	DPCCH
	(Q,256,0)
	1

	E-DPCCH 
	(I,256,1)
	ec=24/15

	E-DPDCH
	SF4: (I,4,1)
	ed={17, 27, 47, 84}/15

	HS-DPCCH
	
	hs: {24, 38}/15 (for SF128 we use 3 dB higher power and for SF 64 we use 6 dB higher power)

	One DPDCH configured

	DPCCH
	(Q,256,0)
	1

	E-DPCCH 
	(I,256,1)
	ec=24/15

	E-DPDCH
	SF4: (I,4,1)
	ed={17, 27, 47, 84}/15

	DPDCH
	SF64: (I,64,16)
	d=38/15

	HS-DPCCH
	
	hs: {24, 38}/15 (for SF128 we use 3 dB higher power and for SF 64 we use 6 dB higher power)


3.1 Results when no DPDCH configured

The cubic metric for the 1xSF64 HS-DPCCH is illustrated in Figure 1 and Figure 2. From the figure it is evident that channelization code 8 is the best one for the considered scenario. From the figures we it seems like Cch,64,8 represents a good candidate if the 1xSF64 HS-DPCCH solution is used.
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Figure 1: Cubic metric as a function of the channelization code index when 1xSF4 E-DPDCH is used for a HS-DPCCH solution based 1xSF64. 
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Figure 2: Cubic metric as a function of the channelization code index when 1xSF4 E-DPDCH is used for a HS-DPCCH solution based on 1xSF64. 
The cubic metric based on an I/Q-multipled 2xSF128 HS-DPCCH solution is illustrated in Figure 3 and Figure 4. Based on these figures it seems like Cch,128,17 represents a good alternative.
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Figure 3: Cubic metric as a function of the channelization code index when 1xSF4 E-DPDCH is used when a 2xSF128 HS-DPCCH solution is used.
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Figure 4: Cubic metric as a function of the channelization code index when 1xSF4 E-DPDCH is used when a 2xSF128 HS-DPCCH solution is used.
A summary of the cubic metric for the best possible channelization code is illustrated in Table 3. Note that we for each setting have chosen the minimum cubic metric over all available codes (thus the code can be different for settings). For the case of 1xSF64 solution it is always Cch,64,8 that has the smallest cubic metric. However for the 2xSF128 the optimal channelization code varies. Thus, the reported difference is underestimated.
Table 3: Summary of the cubic metric for 1xSF64 and 2xSF128 I/Q multiplexed HS-DPCCH. 

	
	1xSF64
	2xSF128

	
	ed=17
	ed=27
	ed=47
	ed=84
	ed=17
	ed=27
	ed=47
	ed=84

	hs=24
	0.94
	0.97
	0.93
	0.66
	1.65
	1.97
	2.09
	1.64

	hs=38
	0.55
	0.56
	0.55
	0.47
	1.04
	1.31
	1.72
	1.78


Table 4: Summary of the MPR for 1xSF64 and 2xSF128 I/Q multiplexed HS-DPCCH. 

	
	1xSF64
	2xSF128

	
	ed=17
	ed=27
	ed=47
	ed=84
	ed=17
	ed=27
	ed=47
	ed=84

	hs=24
	0
	0
	0
	0
	1
	1
	1.5
	1

	hs=38
	0
	0
	0
	0
	0.5
	0.5
	1
	1


3.2 Results with DPDCH configured

Figure 5 to Figure 8 show the cubic metric associated when 1xSF64 HS-DPCCH and 2xSF128 HS-DPCCH solutions when DPDCH is configured. For the 1xSF64 HS-DPCCH solution it seems like Cch,64,16 constitutes a good alternative.  
[image: image5.emf]5 10 15 20 25 30

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

Channelization code (on Q branch)

Cubic Metric [dB]

 

 

Bhs=24,Bed=17

Bhs=24,Bed=27

Bhs=24,Bed=47

Bhs=24,Bed=84


Figure 5: Cubic metric as a function of the channelization code index when 1xSF4 E-DPDCH and 1xSF64 DPDCH is used when 1xSF64 HS-DPCCH is used. 
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Figure 6: Cubic metric as a function of the channelization code index when 1xSF4 E-DPDCH and 1xSF64 DPDCH is used when 1xSF64 HS-DPCCH is used. 
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Figure 7: Cubic metric as a function of the channelization code index when 1xSF4 E-DPDCH and 2xSF128 DPDCH is used when 2xSF64 I/Q multiplexed HS-DPCCH solution is used.
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Figure 8: Cubic metric as a function of the channelization code index when 1xSF4 E-DPDCH and 2xSF128 DPDCH is used when 2xSF64 I/Q multiplexed HS-DPCCH solution is used. 
4 Conclusions
This contribution evaluated the CM associated with a 1xSF64 HS-DPCCH design and 2xSF128 I/Q-multiplexed HS-DPCCHs. Based on our results we observed that 1xSF64 HS-DPCCH solution has around 0.5 to 1.5 dB smaller cubic metric than the 2xSF128 I/Q multiplexed HS-DPCCH solution. For the case where the UE is configured without a DPDCH Cch,64,8 provides the best alternative whereas Cch,64,16 provides the best performance when a DPDCH is configured. This is in line with the observations presented in [6].
Proposal: Agree that 1xSF64 HS-DPCCH solution is used for 8C-HSDPA.
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