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1 Introduction
During RAN1#63bis and RAN1#64 work on 8C-HSDPA was initiated. One of the open issues is the HS-DPCCH solution. In principle there are two approaches for the HS-DPCCH design that are being discussed: 

· I/Q multiplex 2xSF128 HS-DPCCHs or 
· Rely on 1xSF64 HS-DPCCH solution. 
At RAN1#64 a 2xSF128 HS-DPCCH solution was agreed as working assumption. This contribution extends the cubic metric analysis [7] by considering additional scenarios. In particular we consider the cases where there is a partial downlink loading. For the considered scenarios, this contribution focuses on:

· Comparing the cubic metric of the two approaches, and 

· Identifying suitable channelization codes for the two alternatives.

Note that we only consider the case where a single uplink carrier is configured. To a certain degree this limitation is motivated by that the cubic metric of a dual-carrier signal will be affected in a similar manner, even though the quantitative differences typically would 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. Since it is agreed that 8C-HSDPA will be supported with a single uplink we assume that it will be possible to also operate DCH. 

Aside from the HS-DPCCH we highlight 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 spreading factor, k= SF/4, and the DPDCH is transmitted on the I-branch.

Table 1: Summary of the HS-DPCCH code allocation.
	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 existing limitations the following codes are available for HS-DPCCH transmissions:

· 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 HS-DPCCH can transmitted on Cch,64,1 to Cch,64,31.
3 Results
This section provides cubic metric results for the following scenarios:

· Scenario I: Small uplink data rate with full downlink utilization.

· Scenario II: Small uplink data rate with partial downlink utilization.

· Scenario III: Small uplink data rate with partial downlink utilization.

· Scenario IV: Small uplink data rate with partial downlink utilization.

The intention is both to identify the suitable code for the two different HS-DPCCH solutions and to compare the difference in maximum power offset for the two considered alternatives.

3.1 Scenario I: Small uplink data rate with full downlink utilization 

In the first scenario it is assumed that the UE is scheduled on all downlink carriers. As a consequence, the UE transmit HARQ-ACK information on both the I-branch and the Q-branch when a 2xSF128 HS-DPCCH design is applied. Note that the results for this scenario were presented earlier in [7]. (However for the sake of readability they are reproduced in below). The simulation parameters are summarized in Table 2.

Table 2: Summary of parameters used for Scenario I (small uplink data rate and full downlink load).

	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)


3.1.1 Results when no DPDCH is configured

The cubic metric for the 1xSF64 HS-DPCCH solution is illustrated in Figure 1 and Figure 2 for the case where no DPDCH is configured. From the figure it is evident that Cch,64,8 is the best channelization code. 
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Figure 1: Cubic metric as a function of the channelization code index when 1xSF4 E-DPDCH is used in combination with 1xSF64 HS-DPCCH solution. In this scenario no DPDCH is configured. 
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Figure 2: Cubic metric as a function of the channelization code index when 1xSF4 E-DPDCH is used in combination with 1xSF64 based HS-DPCCH solution. In this scenario no DPDCH is configured.
The cubic metric based on an I/Q-multiplexed 2xSF128 HS-DPCCH solution is shown in Figure 3 and Figure 4. Based on these figures it seems like code 16 and code 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 in combination with a 2xSF128 HS-DPCCH solution. In this scenario no DPDCH is configured.
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Figure 4: Cubic metric as a function of the channelization code index when 1xSF4 E-DPDCH is used in combination with a 2xSF128 HS-DPCCH solution. In this scenario no DPDCH is configured.
3.1.2 Results when DPDCH is configured
Figure 5 to Figure 8 show the cubic metric associated with the 1xSF64 HS-DPCCH and 2xSF128 HS-DPCCH solutions when DPDCH is configured are shown. For the 1xSF64 HS-DPCCH solution Cch,64,16 constitutes the best alternative. For the 2xSF128 based HS-DPCCH solution the cubic metric values suggest that Cch,128,16 or Cch,128,17 are most suitable. 
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Figure 5: Cubic metric as a function of the channelization code index when 1xSF4 E-DPDCH and 1xSF64 DPDCH is used in combination with a 1xSF64 based HS-DPCCH solution.
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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 in combination with a 1xSF64 based HS-DPCCH solution.
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Figure 7: Cubic metric as a function of the channelization code index when 1xSF4 E-DPDCH and 1xSF64 DPDCH is used in combination with 2xSF128 I/Q multiplexed HS-DPCCH solution.
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Figure 8: Cubic metric as a function of the channelization code index when 1xSF4 E-DPDCH and 1xSF64 DPDCH is used in combination 2xSF128 I/Q-multiplexed HS-DPCCH solution.
3.2 Scenario II: Small uplink data rate with partial downlink utilization

The second studied scenario is one where the UE is transmitting a 1xSF4 E-DPDCH but where it is only scheduled on a subset of the downlink carriers. In particular we consider the case where the UE is scheduled on four or less of the downlink. For the 1xSF64 HS-DPCCH this will not have any impact on the cubic metric results since (assuming that we extend the principle of Rel-10 of always transmitting the a DTX codeword for the subset of carriers that are not scheduled if there is at least one HS-DSCH cell for which the UE detects HS-SCCH) HARQ-ACK information across the entire HARQ-ACK field will be scheduled. For the 2xSF128 HS-DPCCH solutions the corresponding HARQ-ACK message can be transmitted on one of the two branches only. In the following we analyze the impact on cubic metric when the HARQ-ACK information only is transmitted on the I-branch or Q-branch respectively (and no transmission occurs on the other branch). The simulation parameters are summarized in 

Table 3
. 
Table 3: Summary of parameters used for Scenario II (small uplink data rate and partial downlink load).
	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)


3.2.1 Results when no DPDCH is configured
Figure 9 and Figure 10 present cubic metric values when the UE only transmit HARQ-ACK information on the I-branch. From the figures it is evident that Cch,128,16 seems to be the best alternative.
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Figure 9: Cubic metric as a function of the channelization code when 1xSF4 E-DPDCH is transmitted and the HS-DPCCH HARQ-ACK information only is transmitted the I-branch. Note that no DPDCH is configured in this scenario.
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Figure 10: Cubic metric as a function of the channelization code when 1xSF4 E-DPDCH is transmitted and the HS-DPCCH HARQ-ACK information only is transmitted the I-branch. Note that no DPDCH is configured in this scenario.
Figure 11 and Figure 12 instead present the cubic metric values when the downlink scheduling is such that the corresponding HARQ-ACK information is transmitted on the Q-branch. The results indicate that Cch,128,16, Cch,128,17, and Cch,128,18 are the most suitable codes. It is also interesting to notice that the cubic metric values associated with the case where the HARQ-ACK transmissions occurs on the I-branch are 1-1.5 dB higher than the cubic metric values when the transmissions occurs on the Q-branch. Obviously this can be taken into account by the Node-B scheduling strategy (i.e. in buffer limited scenarios the Node-B schedules transmissions to the downlink carriers that are mapped to the I-branch). Hence, although this would results in a slightly increased Node-B scheduling algorithm we believe that the relevant comparison should be done with respect to the Q-branch. Comparing the cubic metric results for the full loading with the ones associated with partial loading but where the Node-B schedules data on the Q-branch it is evident that cubic metric is not worse for the case of partial loading.
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Figure 11: Cubic metric as a function of the channelization code when 1xSF4 E-DPDCH is transmitted and the HS-DPCCH HARQ-ACK information only is transmitted the Q-branch. Note that no DPDCH is configured in this scenario.
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Figure 12: Cubic metric as a function of the channelization code when 1xSF4 E-DPDCH is transmitted and the HS-DPCCH HARQ-ACK information only is transmitted the Q-branch. Note that no DPDCH is configured in this scenario.
3.2.2 Results when one DPDCH is configured
Figure 13 and Figure 14 present cubic metric values when the UE has a 1xSF64 UL DPDCH configured and the HARQ-ACK transmissions corresponding to the downlink carriers only take place on the I-branch. We can notice that the cubic metric seems fairly insensitive with respect to the chosen channelization code although codes Cch,128,16, Cch,128,17, and Cch,128,18 seem like the most suitable choices.
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Figure 13: Cubic metric as a function of the channelization code when 1xSF4 E-DPDCH is transmitted and the HS-DPCCH HARQ-ACK information only is transmitted the I-branch. Note that one 1xSF64 DPDCH is configured in this scenario.
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Figure 14: Cubic metric as a function of the channelization code when 1xSF4 E-DPDCH is transmitted and the HS-DPCCH HARQ-ACK information only is transmitted the I-branch. Note that one 1xSF64 DPDCH is configured in this scenario.
Figure 15 and Figure 16 depicts the cubic metric values when the HARQ-ACK transmissions only take place on the Q-branch. From the figures Cch,128,16 seems like the best choice. Notice that when the results of Figure 13 and Figure 14 are compared with Figure 15 and Figure 16 it is evident that, form a cubic metric point of view, it is better to schedule downlink transmissions so that the corresponding HARQ-ACK transmissions occurs on the Q-branch if DPDCH is configured. This is in contrast to the results for the case where there was not any DPDCH configured. Moreover, if we compare the cubic metric values for the full loading scenario (see Figure 7 and Figure 8) with the one with partial loading but where the HARQ-ACKs are transmitted on the Q-branch we can conclude that the cubic metric is smaller when there is partial loading.
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Figure 15: Cubic metric as a function of the channelization code when 1xSF4 E-DPDCH is transmitted and the HS-DPCCH HARQ-ACK information only is transmitted the Q-branch. Note that one 1xSF64 DPDCH is configured in this scenario.
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Figure 16: Cubic metric as a function of the channelization code when 1xSF4 E-DPDCH is transmitted and the HS-DPCCH HARQ-ACK information only is transmitted the Q-branch. Note that one 1xSF64 DPDCH is configured in this scenario.
3.3 Scenario III: High uplink data rate with full downlink utilization
Previous scenarios focused on a case where the UE was scheduled with a small uplink data rate (1xSF4 E-DPDCH). In this scenario we instead focus on the scenario where the UE has a higher uplink data rate and 2xSF2 E-DPDCH are used for transmitting the uplink data. This could be motivated, e.g., by the TCP acknowledgements required by higher layer (for high downlink data rates). Notice also that we in Scenario III considers the case where UE always is scheduled on all downlink carriers, i.e. for the 2xSF128 HS-DPCCH solutions both branches are always used. The corresponding simulation parameters are summarized in Table 4. Note also that we assume that the UE accounts for the fact that it is using SF2 and thus multiply the ed with 
[image: image17.wmf]2

.
Table 4: Summary of parameters used for Scenario II (small uplink data rate and partial downlink load).
	No DPDCH configured

	Channel
	Channelization code
	Gain factors

	DPCCH
	(Q,256,0)
	1

	E-DPCCH 
	(I,256,1)
	ec=24/15

	E-DPDCH
	2xSF2: (I,2,1) + (Q,2,1)
	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
	2xSF2: (I,2,1) + (Q,2,1)
	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)


3.3.1 Results when no DPDCH is configured

Figure 17 and Figure 18 depicts the cubic metric values as a function of the channelization code for the 1xSF64 HS-DPCCH solution. From the figures it seems like Cch,64,8 is the optimal one. It should however be noted that the performance is insensitive with respect to the used channelization code.
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Figure 17: Cubic metric as a function of the channelization code when 2xSF2 E-DPDCH is transmitted and a 1xSF64 HS-DPCCH solution is employed.

[image: image19.emf]0 5 10 15

1.4

1.5

1.6

1.7

1.8

1.9

2

2.1

2.2

Channelization code (on Q branch)

Cubic Metric [dB]

 

 

Bhs=38,Bed=17

Bhs=38,Bed=27

Bhs=38,Bed=47

Bhs=38,Bed=84


Figure 18: Cubic metric as a function of the channelization code when 2xSF2 E-DPDCH is transmitted and a 1xSF64 HS-DPCCH solution is employed. Note that no DPDCH is configured in this scenario.
Figure 19 and Figure 20 illustrate cubic metric values as a function of the channelization code for the 2xSF128 HS-DPCCH solution. From the figures it seems like Cch,64,16 and Cch,64,17 are the best one for this scenario. 
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Figure 19: Cubic metric as a function of the channelization code when 2xSF2 E-DPDCH is transmitted and a 2xSF128 HS-DPCCH solution is employed. Note that no DPDCH is configured in this scenario.
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Figure 20: Cubic metric as a function of the channelization code when 2xSF2 E-DPDCH is transmitted and a 2xSF128 HS-DPCCH solution is employed.

3.3.2 Results when one DPDCH is configured

Figure 21 and Figure 22 show the cubic metric values as a function of the channelization code when there is one DPDCH configured. The results presented in the figures indicate that Cch,64,16 is the most suitable one.
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Figure 21: Cubic metric as a function of the channelization code when 2xSF2 E-DPDCH is transmitted and a 1xSF64 HS-DPCCH solution is employed. Note that one 1xSF64 DPDCH is configured in this scenario.
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Figure 22: Cubic metric as a function of the channelization code when 2xSF2 E-DPDCH is transmitted and a 1xSF64 HS-DPCCH solution is employed. Note that one 1xSF64 DPDCH is configured in this scenario.
Figure 23 and Figure 24 illustrates the cubic metric as a function of the channelziation code for the case where one DPDCH is configured and a 2xSF128 HS-DPCCH solution is used. From the figures it seems like Cch,64,16 represents a good design choice.
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Figure 23: Cubic metric as a function of the channelization code when 2xSF2 E-DPDCH and a 1xSF64 DPDCH is transmitted in combination with a 2xSF128 HS-DPCCH solution. Note that one 1xSF64 DPDCH is configured in this scenario.
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Figure 24: Cubic metric as a function of the channelization code when 2xSF2 E-DPDCH and a 1xSF64 DPDCH is transmitted in combination with a 2xSF128 HS-DPCCH solution. Note that one 1xSF64 DPDCH is configured in this scenario.
3.4 Scenario IV: High uplink data with partial downlink transmissions

This last considered scenario focuses on the case where the UE transmit with a high uplink data rate while it at the same time only gets scheduled on a subset of the downlink carriers. More specifically it is assumed that the UE is scheduled on four or less of the activated downlink carriers so that the HARQ-ACK information only is transmitted on one of the two branches in case of a 2xSF128 HS-DPCCH solution. The simulation parameters are summarized in Table 5.
Table 5: Summary of parameters used for Scenario II (small uplink data rate and partial downlink load).
	No DPDCH configured

	Channel
	Channelization code
	Gain factors

	DPCCH
	(Q,256,0)
	1

	E-DPCCH 
	(I,256,1)
	ec=24/15

	E-DPDCH
	2xSF2: (I,2,1) + (Q,2,1)
	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
	2xSF2: (I,2,1) + (Q,2,1)
	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)


3.4.1 Results when no DPDCH is configured

Figure 25 and Figure 26 shows the cubic metric value as a function of the channelziation code. From the figures it is evident that Cch,128,16 is the best when the HARQ-ACK transmissions take place on the I-branch even though the performance is fairly insensitive with respect to the channelization code.
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Figure 25: Cubic metric as a function of the channelization code when 2xSF2 E-DPDCH and a 2xSF128 HS-DPCCH solution is used. Note that no DPDCH is configured in this scenario.
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Figure 26 Cubic metric as a function of the channelization code when 2xSF2 E-DPDCH and a 2xSF128 HS-DPCCH solution is used. Note that no DPDCH is configured in this scenario.
Figure 27 and Figure 28 illustrates the cubic metric when the HARQ-ACK transmissions only take place on the Q-branch. From the figures it seems like Cch,128,16 is the most suitable code. It is also interesting to notice that the cubic metric is approximately 0.5 dB lower when the transmissions take place on the Q-branch. This in line with the results observed for Scenario II.
[image: image28.emf]0 5 10 15 20 25 30 35

0.5

1

1.5

2

2.5

3

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 27: Cubic metric as a function of the channelization code when 2xSF2 E-DPDCH and a 2xSF128 HS-DPCCH solution. Note that no DPDCH is configured in this scenario.
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Figure 28: Cubic metric as a function of the channelization code when 2xSF2 E-DPDCH and a 2xSF128 HS-DPCCH solution. Note that no DPDCH is configured in this scenario.
3.4.2 Results when one DPDCH is configured

Figure 29 and Figure 30 shows the cubic metric values when one DPDCH is configured and the HARQ-ACK is transmitted on the I-branch. From the figures it seems like the best choice is to transmit the HS-DPCCH on channelization code 16.  
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Figure 29: Cubic metric as a function of the channelization code when 2xSF2 E-DPDCH and a 1xSF64 DPDCH is transmitted in combination with a 2xSF128 HS-DPCCH solution.
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Figure 30: Cubic metric as a function of the channelization code when 2xSF2 E-DPDCH and a 1xSF64 DPDCH is transmitted in combination with a 2xSF128 HS-DPCCH solution.
Figure 31 and Figure 32 shows the cubic metric as a function of the channelization code. Although the cubic metric is fairly insensitive channelziation code channelization code 16 seems to be the best one. If one compares the cubic metric values when the HARQ-ACK transmissions take place on I-branch with the performance when the transmission take place on the Q-branch it is evident that only transmitting the HARQ-ACK on the Q-branch has a cubic metric performance in the order of 0.5-1 dB.
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Figure 31: Cubic metric as a function of the channelization code when 2xSF2 E-DPDCH and a 1xSF64 DPDCH is transmitted in combination with a 2xSF128 HS-DPCCH solution.
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Figure 32: Cubic metric as a function of the channelization code when 2xSF2 E-DPDCH and a 1xSF64 DPDCH is transmitted in combination with a 2xSF128 HS-DPCCH solution.
4 Discussion
Previous section presented the cubic metric for the two HS-DPCCH solutions for a few different scenarios. For scenario I and scenario II targeting the case where the uplink data rate is low it could be observed: 

· When no DPDCH is configured Cch,64,8 or Cch,64,9 are the best codes for the 1xSF64 HS-DPCCH solution whereas Cch,128,16 is the best code for the 2xSF128 I/Q multiplexed HS-DPCCH solution.

· When DPDCH is configured Cch,64,16 or Cch,64,17 are the best codes for the 1xSF64 HS-DPCCH solution whereas Cch,128,16 and Cch,128,17 is the best code for the 2xSF128 I/Q multiplexed HS-DPCCH solution.

For scenario III and scenario IV focusing on scenarios where the uplink data rate is high it could be observed:

· When no DPDCH is configured Cch,64,8 or Cch,64,9 are the best choices for the 1xSF64 HS-DPCCH solution whereas Cch,128,16 or Cch,128,17 are the most suitable codes for the 2xSF128 HS-DPCCH solution. 

· When a DPDCH is configured Cch,64,16 and Cch,64,17 are the best codes for both the 1xSF64 HS-DPCCH solution and Cch,128,16 and Cch,128,17 are the best codes for the 2xSF128 HS-DPCCH solution. 


Based on this our preference would be to use the channelization codes presented in Table depending on whether a 2xSF128 and 1xSF64 HS-DPCCH is adopted.

Table 6: Summary of the preferred channelization codes for the considered scenarios.

	
	Without DPDCH
	With DPDCH

	1xSF64 HS-DPCCH
	Cch,64,8
	Cch,64,16

	2xSF128 HS-DPCCH
	Cch,128,16
	Cch,128,16


Based on that these codes are used, Figure 33 to Figure 36 show the average maximum power ratio for the previously studied scenarios.
 While Figure 33 and Figure 34 show the MPR for the low rate scenarios where the UE is configured with 1xSF4 E-DPDCH Figure 35 and Figure 36 focus on the high data rate where the UE is configured with 2xSF2 E-DPDCH(s). From the figures it is evident that there is a non-negligible cubic metric difference for the 1xSF64 and 2xSF128 HS-DPCCH solutions when the data rate E-DPDCH is low. In particular, if the worst case is considered for the 1xSF64 and the 2xSF128 HS-DPCCH solutions there is a MPR difference of 1 to 2 dB for the case with a low data rate. The difference reduces considerably for the high data rate scenario.
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Figure 33: Average MPR (averaged over the E-DPDCH gain factor offsets) for the different low data rate scenarios. It is evident that 1xSF64 HS-DPCCH has a clear cubic metric advantage.
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Figure 34: Average MPR (averaged over the E-DPDCH gain factor offsets) for the different low data rate scenarios. It is evident that 1xSF64 HS-DPCCH has a clear cubic metric advantage.
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Figure 35: Average MPR (averaged over the E-DPDCH gain factor offsets) for the different high data rate scenarios. It is evident that 1xSF64 HS-DPCCH has a clear cubic metric advantage.
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Figure 36: Average MPR (averaged over the E-DPDCH gain factor offsets) for the different high data rate scenarios. It is evident that 1xSF64 HS-DPCCH has a clear cubic metric advantage.
5 Conclusions
This contribution evaluated the cubic metric related to a 1xSF64 and an I/Q-multiplexed 2xSF128 HS-DPCCH solution for 8-carrier HSDPA. The following scenarios where analyzed:

· Full downlink load and 1xSF4 E-DPDCH UL transmissions (with and without DPDCH)

· Partial downlink and 1xSF4 E-DPDCH UL transmissions (with and without DPDCH)

· Full downlink load and 2xSF2 E-DPDCH UL transmissions (with and without DPDCH)

· Partial downlink load and 2xSF2 E-DPDCH UL transmissions (with and without DPDCH)

The best channelization code and the corresponding cubic metric values are presented in the table below. For a low data rate scenario the 1xSF64 HS-DPCCH solution has a non-negligible CM and MPR as compared to the 2xSF128 HS-DPCCH solution; in particular if the MAC-ehs scheduler does not consider the resulting uplink CM in scenarios with partial load distributions. For the high rate scenarios the CM for the two 1xSF64 and 2xSF128 HS-DPCCH solutions are on par with each other. 
	
	1xSF64
	2xSF128

	
	Without DPDCH
	With DPDCH
	Without DPDCH
	With DPDCH

	Best channelization code
	8
	16
	16
	16

	Worst cubic metric (low rate)
	0.97
	1.34
	Full
	I-Branch
	Q-Branch
	Full
	I-Branch
	Q-Branch

	
	
	
	2.09
	2.73
	1.58
	2.53
	2.05
	3.23

	Worst cubic metric (high rate)
	2.29
	2.21
	Full
	I-branch
	Q-branch
	Full
	I-branch
	Q-branch

	
	
	
	2.55
	2.86
	2.46
	2.78
	2.63
	3.36


Based on our results we propose:
Proposal 1: Confirm the working assumption that a 2xSF128 HS-DPCCH solution is used. 

Proposal 2a: If a 2xSF128 HS-DPCCH solution is adopted Cch,128,16  shall be used for transmitting HS-DPCCH. 

Proposal 2b: If a 1xSF64 HS-DPCCH solution adopted Cch,64,8  is used when no DPDCH is configured and Cch,64,8  is used when a DPDCH is configured.

Proposal 3: If dynamic re-mapping is applied for the case where only 4 carriers are activated the HS-DPCCH should be transmitted on the Q-branch.
Proposal 4: Sends an LS to RAN4 informing them about the agreed HS-DPCCH solution decision.
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� The average is taken over all the bed gain factors.
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