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1 Introduction
HS-DPCCH design has been widely discussed by companies in [1] ~ [8]. Generally, 1xSF256, 2xSF256, and 1xSF128 schemes for HS-DPCCH design were presented. In this paper, we analyze the possibility of using 1xSF256 scheme for 4C-HSDPA without MIMO.
2 Discussion
2.1 HS-DPCCH format
A possible HS-DPCCH design for 4C-HSDPA without MIMO configured is shown in Figure 1.
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Figure 1: A possible HS-DPCCH design for 4C, 1xSF256
For HARQ-ACK,
· Joint encoding HARQ-ACK messages for 4 DL carriers and the detail will be discussed in section 2.2.
For CQI,
· Divide the 4 carriers into 2 groups, e.g. carrier 1&2 and carrier 3&4; joint encoding CQIs of the two carrier in each group, i.e. (20, 10) RM coding.
· The CQI of carrier 1&2 and CQI of carrier 3&4 are time multiplexed in two consecutive CQI fields (assume the CQI repetition factor is 1).
2.2 HARQ-ACK design options
As we know, there are 3 HARQ-ACK messages for each carrier, and so 3×3×3×3-1=80 codewords are required for 4C. It is a hard work to design a codebook with size 80 in 10 bits, and more importantly, the detection performance may not be good enough due to the small minimum code distance. The key point of HARQ-ACK design is to reduce the codebook size to guarantee the code distance.
HARQ-ACK messages of Rel-8 DC are:  {D/D, A/D,N/D,D/A,D/N,A/A, A/N, N/A, N/N}.  In order to ensure the HARQ-ACK codebook performance, we consider reducing the feedback messages as outlined below:
· Divided the 4 DL carriers into 2 groups, e.g. carrier 1&2 and carrier 3&4; 
· Divided HARQ-ACK messages of each DC into 5 groups, e.g. {D/D, A/D,N/D,D/A,D/N,A/A, A/N, N/A, N/N} are divided into {{D/D}, {A/A}, {A/D, A/N}, {D/A, N/A}, {N/D, D/N, N/N}} or other partition. Messages of each group in the partition are treated as the same with each other. 
· Only 5×5-1＝24 codewords are needed under the assumption above.

· Reuse the codebook of DC-MIMO Dual-Dual case for 4C HARQ-ACK.
In fact what we describe above is to map the 9 signals of Dual-Cell case into the 5 signals of dual-stream MIMO case, which is shown as below,
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Figure 2 The mapping of HARQ-ACK from Dual-Cell to dual-stream MIMO case
The receiver may only de-map the AN into one of {A/D, A/N}, NA into one of {D/A, N/A}, and NN into one of {N/D, D/N, N/N} or even D/D; e.g. AN->A/N, NA->N/A, and NN->N/N. We expect to benefit from the transmit power saving of 3dB compared with the 1xSF128 schemes, whereas suffering from some loss of IR combination of data blocks.  

The loss of IR combination under the HS-DPCCH design in this contribution could be further evaluated. 
3 Conclusion
An alternative HS-DPCCH design option for 4-carrier HSDPA without MIMO configured using 1xSF256 is briefly discussed in this paper. 
We propose to further consider and evaluate the HS-DPCCH design using 1xSF256 for 4C-HSDPA without MIMO configured.
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