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1. Introduction

It has been agreed that for 4-branch MIMO adopt a scheme with up to two codewords (CWs), where a CW is mapped to up to 2 layers and single ACK/NACK per codeword in the last RAN1#68 meeting[1]. Based on the latest working assumption, some consideration on HS-DPCCH design should be reviewed. In this contribution, considerations on ACK/NACK and CQI/PCI/RI design will be further discussed and some options for 4x4 DL MIMO are presented. 
2. Discussion
2.1 Considerations
We consider the HS-DPCCH design based on the assumption that the sub-frame structure is not changed. As well known, the HS-DPCCH sub-frame consists of 1 slot HARQ-ACK and 2 slots CQI/PCI. This structure has never changed from Rel-5 to Rel-10. Hence, from the view of backward compatibility, the sub-frame structure of HS-DPCCH should be kept for 4-branch MIMO unless we have a strong reason. 
The HS-DPCCH design for 4-branch MIMO depends on the number of HARQ-ACK and CQI, the maximum value of rank and the size of pre-coding codebook; listed below:
· Codeword to layer mapping scheme
· The number of Layer::  =>  Range of RI (rank information)
· The number of codewords:  => Number of CQI per carrier
· The number of transport blocks:  => Number of HARQ-ACK
· HARQ or CQI bundling techniques:  => Reduce the number of HARQ-ACK or CQI
· Pre-coding codebook design:  => Range of PCI per rank
· The number of DL carriers:  => Multiple the numbers of HARQ-ACK, CQI, PCI and RI
· Rank feedback strategy: => CQI pattern
According to the latest agreement that up to 2 codewords is supported and single CQI is reported per codeword, and the possible layer mapping schemes are limited to 4TB-2CW-4Layer with 2ACK and 2CQI [1]. 
2.2  HARQ-ACK
It has been decided to feedback HARQ-ACK per codeword, i.e. at most 2 ACK is enough, then the situation is the same as 2x2 MIMO mode. It seems that we only have to reuse the legacy HARQ-ACK codebook for 4-branch MIMO. Considering the extension to 2(4)C-HSDPA with 4-branch MIMO, the Rel-9(10) HARQ-ACK codebook can be fully reused.
Proposal 1: Reuse the existing HARQ-ACK codebook of Rel-7/9/10 for 4-branch MIMO mode.
2.3  CQI/RI/PCI
A rough evaluation of bits consumptions are list below:

· RI: from 1 to 4, need 2bits

· CQI: about 4bits for each CW

· PCI: about 4 bits

For CQI/RI/PCI, it seems much more bits are required. Generally, there are 2 options for transmitting CQI/RI/PCI,

· Option 1: TDM of CQI/RI/PCI,
· Parts of CQI/RI/PCI bits are transmitted in different TTI, as did in [3], shown in Fig2-Fig4 in [3], and we have a similar illustration in the Appendix for convenience’s sake.
· The minimum feedback cycle would be doubled or even more, when 4-branch MIMO is coexistence with 4-carrier configuration, it seems the minimum CQI/PCI/RI cycle would be doubled to 8 ms. 
· Option 2: Not TDM of CQI/RI/PCI, i.e. transmitting all the CQI/RI/PCI bits in one TTI, 
· For the purpose without introducing new encoder, we have to change the SF or reducing the information bits of CQI/RI/PCI, by
· Compress the CQI bits: 
· Compress the RI/PCI bits: joint encoding RI/PCI if RI and PCI are not independent, i.e. the number of pre-coding codebook is set per rank; 
· The minimum feedback cycle is still 2ms.
As we can see in [3]，the increase of CQI feedback cycle will degrade the throughput performance. Furthermore, when considering multi-carrier operation, such as 2(4)C-HSDPA, it seems the minimum CQI feedback cycle will be doubled to 8 ms. Hence it is better to feedback the CQI information in one TTI (the minimum cycle is 2ms), while PCI/RI,signals can be feedback with a larger cycle as they may not change so rapidly. Of course further evaluation is needed to quantify the impact of the rate of PCI/RI signals. 
Proposal 2: Feedback CQI in one TTI so that the minimum cycle of CQI can be kept to be 2ms. TDM is not used for CQI feedback. 
Proposal 3: TDM for PCI/RI should be further evaluated.
Larger RI and PCI would certainly be introduced, and it would require more bits to denote them. Independently if TDM for PCI/RI is used, the block coding method should be kept, i.e. RM(20,x) coding, wherein the ‘x’ is dependent on the number of bits for CQI/RI/PCI. It is recommended that the value of ‘x’ should not be larger than 13, as the decoding performance would substantially degrade due to the small minimum distance of the codewords.
Proposal 4: The RM coding method is kept for CQI/RI/PCI. 

3. Conclusion
In this contribution, we discussed some considerations on HS-DPCCH design and the design options of HARQ-ACK and CQI/PCI/RI. The HARQ-ACK can generally reuse the legacy codebook, however for the CQI/RI/PCI, some changes are required.
Proposal 1: Reuse the existing HARQ-ACK codebook of Rel-7/9/10 for 4-branch MIMO mode.
Proposal 2: Feedback CQI in one TTI so that the minimum cycle of CQI can be kept to be 2ms. . TDM is not used for CQI feedback.
Proposal 3: TDM for PCI/RI should be further evaluated
Proposal 4: The RM coding method is kept for CQI/RI/PCI. 
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Appendix
Figure 1 and Figure 2 show the illustration of HS-DPCCH structure with or without TDM.
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Figure 1 Illustration of HS-DPCCH structure with TDM 
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Figure 2 Illustration of HS-DPCCH structure without TDM
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