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1. Introduction

The 3GPP RAN1#60bis meeting made a conclusion for 4C-HSDPA in [1] as below,
· 3/4C activated with MIMO configured on 1 or more activated carriers: SF 128

· 4C activated where no carriers are configured with MIMO: Working assumption for SF 128; evaluation shall only consider existing proposals already made at RAN1#60bis. 

In this contribution, we provide some general overviews of HS-DPCCH schemes for various possible scenarios.
2. Discussion
We would like to consider HS-DPCCH design as below,
· Scenario 1: 3/4C activated with MIMO configured on 1 or more activated carriers: 
· SF128
· The 4 DL carriers are divided into two groups. Feedback messages of each group are encoded as Rel-9 HS-DPCCH format. TDM fashion are used for HS-DPCCH1 (correspond to group 1) and HS-DPCCH2 (correspond to group 2), shown in Figure 1
· Flexible grouping of carriers according to the activation/de-activation of carriers.
· Aim to obtain better HARQ-ACK detection performance, or

· Aim to save power or efficiency of CQI feedback
· Use a codeword for DTX message. The HARQ-ACK field is DTX’d only when the HARQ-ACK of both HS-DPCCH1 and HS-DPCCH2 are going to transmit DTX. Otherwise, a DTX codeword can be transmitted.
· Scenario 2: 4C activated without MIMO configured: 

· Option 1: 1xSF256

· HARQ-ACK: joint coding of 4C (combine feedback messages and may reuse the DC-MIMO codebook)
· CQI: TDM for two HS-DPCCHs; Dual-Cell coding in one subframe,
· Option 2: 1xSF128, apply repetition and bit interleaving
· HARQ-ACK: 10-bit-based joint coding of 4C (same with option 1); repetition and bit interleaving;
· CQI: TDM for two HS-DPCCHs; Dual-Cell coding in one subframe; repetition and bit interleaving; minimum feedback cycle 4ms;

· Option 3: 1xSF128, apply the HS-DPCCH design similar with that for 3/4C with MIMO configured
· HARQ-ACK: reuse Rel-8, DC codebook + DC codebook scheme;
· CQI: DC + DC scheme in one subframe, minimum feedback cycle 2ms; OR, SC + SC in one subframe, minimum feedback cycle 4ms;

· Scenario 3: 3C activated without MIMO configured: 
· Option 1: 1xSF256

· HARQ-ACK: joint coding of 3C messages into 10 bits;
· CQI: cross-combined CQI feedback
· Option 2: 1xSF128, apply repetition and bit interleaving.
· Apply the same coding scheme of HARQ-ACK and CQI messages with 1xSF256 and use repetition and bit interleaving so that the output chips are the same as option 1, shown in Figure 2.

· Scenario 4: less than 3 carriers activated:  

·    Option 1: 1xSF256, fallback to corresponding legacy HS-DPCCH
·    Option 2: 1xSF128, apply repetition and bit interleaving so that the output chips are the same as Option 1, shown in Figure 2.
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Figure 1 TDM of HS-DPCCH1 and HS-DPCCH2, 1xSF128
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 Figure 2 Repetition and bit interleaving
Based on the outlines above, proposals are summarized as below.

For scenario 1,
Proposal 1: Apply flexible grouping of DL carriers according to activation/deactivation and MIMO configuration of DL carriers.
Proposal 2: A DTX codeword is used to avoid half-slot DTX of HARQ-ACK slot.

HS-DPCCH designs for scenario 2 are discussed in detail in companion paper [2]. 
Proposal 3: A trade-off shall be made to decide the design option of 1xSF1256 (or 1xSF128 with repetition) and 1xSF128 (general design) for 4-carrier without MIMO.
HS-DPCCH designs for scenario 3 are discussed in detail in companion paper [3]. 
Proposal 4: Joint coding of HARQ-ACK messages of 3 carriers for the case of 3-carrier without MIMO. 

Proposal 5: Adopt cross-combined CQI feedback scheme for the case of 3-carrier without MIMO.

Proposal 6: Apply 1xSF256 HS-DPCCH scheme for the case of 3-carrier without MIMO.
For scenario 4, 
Proposal 7: The HS-DPCCH should fall back to legacy 1xSF256 formats when less than 3 carriers are activated. Otherwise, at least, the chip output of HS-DPCCH should be the same as 1xSF256 HS-DPCCH.
3. Conclusion
In this contribution, we provide outlines and summary of HS-DPCCH schemes preference for further design discussion. 
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