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1 Introduction 
In the 3GPP RAN#46 meeting, the WID of 4C-HSDPA was approved [1]. In RAN1#60 meeting, the HS-DPCCH design issue was discussed, for example, in [3]

 REF _Ref257130204 \r \h 
[4]

 REF _Ref257130226 \r \h 
[5]

 REF _Ref257130207 \r \h 
[6]

 REF _Ref257130208 \r \h 
[7], and the following agreements are reached [2],

The following are agreed:

Proposal 1: The HS-DPCCH overall subframe structure with a 1-slot HARQ-ACK field followed by a 2-slot CQI field should be kept.

Proposal 2: The minimum CQI feedback cycle with 4 activated carriers is 4 ms. FFS for other cases. 

Conclusions:

· For the case of 4C with MIMO:

· Re-use Rel-9 HS-DPCCH codebooks

· For at least the case of 3C without MIMO:

· Give special attention to optimisation

In this contribution, we will further discuss the HS-DPCCH design and carrier mapping for different number of carriers activated.
2 HS-DPCCH design options for 4C-HSDPA
2.1. Case 1: 4C with MIMO
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Figure 1: 1xSF128 HS-DPCCH design for 4C with MIMO
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Figure 2: 2xSF256 HS-DPCCH design for 4C with MIMO
The HS-DPCCH code design will be chosen between 1xSF128 and 2xSF256 and the decision is yet not made. The above Figure 1 and Figure 2 illustrate the HS-DPCCH design with the two options respectively. For simplicity, the carriers are divided into two groups, the Group 1 contains Carrier 1 and Carrier 2, the Group 2 contains Carrier 3 and Carrier 4. Without losing generality, Carrier 1 is the primary carrier while Carrier 2, Carrier 3 and Carrier 4 are the secondary carriers. 

With 1xSF128 HS-DPCCH design, the two groups of HARQ are time-multiplexed, the CQI/PCI within each group is time-multiplexed with a minimum feedback cycle of 2 TTI. Each group of HARQ re-uses the Rel-9 HARQ codebook as agreed in the RAN1#60 meeting [2]. Meanwhile, the existing RM coding (20,5), (20,7) and (20,10) for CQI/PCI could also be re-used for each carrier’s feedback information.
Proposal 1: The existing RM coding (20,5), (20,7) and (20,10) for CQI/PCI are re-used for each carrier.

2.2. Case 2: 3C with MIMO
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A: Slot DTX
[image: image4.emf]HARQ

C1,2

CQI/PCI

Carrier 1

HARQ

C3

CQI/PCI

Carrier 2

HARQ

C1,2

HARQ

C3

CQI/PCI

Carrier 3

CQI/PCI

Carrier 3

2 ms


B: Repetition
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C: Dummy CQI/PCI
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D: Cross-combined CQI/PCI
Figure 3: 1xSF128 HS-DPCCH design for 3C with MIMO
The 1xSF128 HS-DPCCH design for 3C with MIMO is illustrated in Figure 3. There will be one slot for PCI/CQI transmission per 2 TTI left unused. The following design options could be considered.

Option A: Slot DTX

Option B: Repetition

Option C: Dummy CQI/PCI

Option D: Cross-combined CQI/PCI

With Option A, the unused slot is DTX’ed.

With Option B, the unused slot is for the CQI/PCI re-transmission of the carrier in the group with reduced power (e.g., half of normal CQI/PCI transmission power) in both the slots.
With Option C, the unused slot is for transmitting a dummy CQI/PCI. We don’t see any obvious benefit with this option.

With Option D, the CQI/PCI for different carriers are cross-combined such that the minimum feedback cycle could be reduced from 2 TTI to average 1.5 TTI.

Proposal 2: Further consider the performance and impact of the slot DTX option and the cross-combined CQI/PCI option. Make the final decision between the slot DTX option and cross-combined CQI/PCI option.

2.3. Case 3: 2C deactivated from 3C/4C
Rel-7 HARQ codebook or Rel-9 HARQ codebook
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A: C1/C2 coding with Rel-7 HARQ codebook
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B: C1/C2 coding with Rel-9 HARQ codebook
Figure 4: 1xSF128 HS-DPCCH with different HARQ codebook
Scheme A uses the Rel-7 codebook and the HARQ of C1 and C2 is time-multiplexed. Scheme B use Rel-9 codebook and the HARQ of C1 and C2 are joint-coded, and then repeat the HARQ transmission in the next half-slot with reduced transmission power. The two schemes can avoid the half-slot situation. Scheme A has larger code distance thus can achieve more code gain, but scheme B has 2 transmission of the HARQ thus can obtain the diversity gain. The gains of the 2 schemes should be investigated to decide which one to adopt. In annex A, we evaluate the HARQ detection performance of the scheme A and scheme B and find that the scheme A has about a 0.5 dB gain over the scheme B.
Proposal 3: Investigate and make decision which HARQ codebook to be adopted for 2C case.

2 TTI or 1 TTI minimum CQI/PCI feedback cycle

It is well understood that a reduced CQI/PCI feedback cycle would improve the system performance [8]

 REF _Ref257647496 \r \h 
[9]

 REF _Ref257647505 \r \h 
[10]. With 1xSF128 HS-DPCCH, the minimum CQI/PCI feedback cycle could be reduced from 2 TTI to 1 TTI, as illustrated in Figure 4.
Proposal 4: The minimum CQI/PCI feedback cycle when 2C activated is 1 TTI (2 ms) with 1xSF128 HS-DPCCH design.

2.4. Case 4: 1C deactivated from 3C/4C
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Figure 5: 1xSF128 HS-DPCCH with 1 TTI CQI/PCI feedback cycle
With 1xSF128 HS-DPCCH, the minimum CQI/PCI feedback cycle could be reduced from 2 TTI to 1 TTI, as illustrated in Figure 5. The Rel-7 HARQ codebook is used and the HARQ transmission is repeated in the next half-slot with reduced transmission power. The CQI/PCI could be repeated in the next slot with reduced transmission power or the next slot could be reduced.
Proposal 5: The minimum CQI/PCI feedback cycle when 1C activated is 1 TTI (2 ms) with 1xSF128 HS-DPCCH design.

Proposal 6: Investigate and make decision if the second slot for CQI/PCI should be for repetition or DTX’ed in case of 1C activated.

Proposal 7: Further investigate the benefit and impact of fallback to Rel-9 HS-DPCCH in case of 1C/2C activated.

3 Carrier mapping

Configuration carrier

A UE would be configured with a primary carrier, denoted as CP, and up to three secondary carriers, denoted as CS1, CS2, CS3 according to the configuration order. 

Activated carrier
The secondary carriers would be activated or deactivated by NodeB with the HS-SCCH order. The activated carriers are denoted as C1, C2, C3 and C4.

The primary carrier is always activated and is denoted as C1. The activated secondary carriers are denoted as C2, C3 and C4 according to the configuration order by the higher layer. This is illustrated in Table 1. For example, C2 = CS1 if CS1 is activated; C2 = CS2 if CS1 deactivated and CS2 activated; C2 = CS3 if CS1 and CS2 deactivated and CS3 activated.

Table 1: Mapping between activated carriers and configuration carriers
	CP
	CS1
	CS2
	CS3
	Group 1
	Group 2

	
	
	
	
	C1
	C2
	C3
	C4

	A
	
	　
	　
	CP
	
	　
	　

	A
	A
	　
	　
	CP
	CS1
	
	

	A
	　
	A
	　
	CP
	CS2
	　
	　

	A
	　
	　
	A
	CP
	CS3
	　
	　

	A
	A
	A
	　
	CP
	CS1
	CS2
	　

	A
	　
	A
	A
	CP
	CS2
	CS3
	　

	A
	A
	　
	A
	CP
	CS1
	CS3
	　

	A
	A
	A
	A
	CP
	CS1
	CS2
	CS3

	Note: ‘A’ stands for the carrier being activated.


Proposal 8: Flexible mapping of DL carrier feedback information onto the HS-DPCCH channels is supported.
Proposal 9: For the flexible mapping of DL carrier feedback information onto the HS-DPCCH channels, the primary carrier (C1) and the activated secondary carrier #1 (C2, if any) are grouped together as Group 1, the other activated secondary carriers (C3 and C4, if any) as Group 2.

4 Conclusion 
We propose that, 
Proposal 1: The existing RM coding (20,5), (20,7) and (20,10) for CQI/PCI are re-used for each carrier.
Proposal 2: Further consider the performance and impact of the slot DTX option and the cross-combined CQI/PCI option. Make the final decision between the slot DTX option and cross-combined CQI/PCI option.
Proposal 3: Investigate and make decision which HARQ codebook to be adopted for 2C case.
Proposal 4: The minimum CQI/PCI feedback cycle when 2C activated is 1 TTI (2 ms) with 1xSF128 HS-DPCCH design.
Proposal 5: The minimum CQI/PCI feedback cycle when 1C activated is 1 TTI (2 ms) with 1xSF128 HS-DPCCH design.
Proposal 6: Investigate and make decision if the second slot for CQI/PCI should be for repetition or DTX’ed in case of 1C activated.
Proposal 7: Further investigate the benefit and impact of fallback to Rel-9 HS-DPCCH in case of 1C/2C activated.
Proposal 8: Flexible mapping of DL carrier feedback information onto the HS-DPCCH channels is supported.
Proposal 9: For the flexible mapping of DL carrier feedback information onto the HS-DPCCH channels, the primary carrier (C1) and the activated secondary carrier #1 (C2, if any) are grouped together as Group 1, the other activated secondary carriers (C3 and C4, if any) as Group 2.
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6 Annex A: ACK/NACK detection performance evaluation
The method for performance evaluation is based on [11]. A simple model that 
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 is used for the simulation, where n is random value with standard normal distribution, i.e. n ~ N(0, 1), and h is fading factor. And the signal received is decided by zero forcing method. Each codeword for different scenes is sent 1x105 times and the received sequence is determined from the codebook which group depending on different transmission modes (single-single, single-dual, dual-single, and dual-dual).
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Figure 6: Codebook performance between different transmission schemes for 2C deactivated from 3C/4C
In section 2.3, scheme A uses the Rel-7 codebook and the HARQ of C1 and C2 is time-multiplexed. Scheme B uses Rel-9 codebook and the HARQ of C1 and C2 are joint-coded, and then repeat the HARQ transmission in the next half-slot with reduced transmission power. 

Figure 6 shows that error detection performance of codewords of scheme A is better, and the diversity gain of scheme B is not significant enough compared with code gain of scheme A. For example, when Carrier 1 is single stream mode and Carrier 2 is dual stream mode, the error detection performance of Rel7-sd has a 0.5 dB gain over that of Rel9-sd for Pe=1%.
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