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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 a 1xSF256 scheme for 3C-HSDPA with MIMO.
2 Discussion
As discussed in [9] [10], if HS-DPCCH with 1xSF256 was used for 3-carrier with MIMO operation, the HARQ-ACK codebook size would be expanded, and the PCI or CQI cycle would be much longer if CQI time multiplexing was applied. Hence, it would be much more difficult to design codebooks and the performance of the DL throughput would be restricted, which would make the 1xSF256 option unacceptable. However, there exists alternative ways to use the 1xSF256 option, which is to reduce the codebook size, shorten PCI cycle and so on.
2.1 HARQ-ACK design options
The key point of HARQ-ACK design is to reduce the feedback messages in order to reduce the codebook size.
As we know, HARQ-ACK messages with MIMO per carrier are:  {A, N, DTX, AA, AN, NA, NN}.
Noted that, 5 messages {DTX, AA, AN, NA, NN} are required in the case of dual stream transmission, which will result in a codebook size of 5*5*5-1=124. It is still difficult to design a codebook with size 124, and the detection performance would not be good enough. In order to guarantee the HARQ-ACK codebook performance, we consider reducing the feedback messages as outlined below:
· Treat NN as DTX. 
· Treat HARQ-ACK messages without MIMO configured as those with single stream MIMO transmission

· Reuse the codewords of {AA, AN, NA} for {A, N}, e.g. let A = AA, N = AN.

Under the assumptions above, we only have to design 4*4*4-1=63 codewords for 3C-MIMO(3), and choose the sub-sets of the 63 codewords as codebook for the other 3C-HSDPA configuration. 
Here we expect to benefit from the transmit power saving or improved CM compared with the 2xSF256 or 1xSF128 schemes, while suffering from some loss of IR combination of data blocks. However, it can be noted that, the probability of sending NN message is about 1% (under the assumption Pr[A, N, D]=[0.9, 0.09, 0.01] for each stream), and once AN or NA were received, the data stream with a NACK messages can still be retransmitted with another RV. For a single stream transmission, the message ‘N’ and ‘DTX’ can still be distinguished, and there is no loss of IR combination.
2.2 CQI and PCI feedback
As discussed in [11], the DL throughput performance is significantly impacted by the PCI feedback cycle in fading channels. Hence, a feasible HS-DPCCH design using 1xSF256 while avoiding an important loss should feedback PCI messages as frequently as possible. Here, CQI and PCI are supposed to be transmitted as below:
· CQI: TDM for 3 carriers;

· PCI: transmit PCI of each MIMO carrier with any CQI 
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Figure 1: Possible HS-DPCCH design for 3C-MIMO(1), 1xSF256
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Figure 2: Possible HS-DPCCH design for 3C-MIMO(2), 1xSF256
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Figure 3: Possible HS-DPCCH design for 3C-MIMO(3), 1xSF256
In the current specification, there are 2 types of CQI, Type A CQI (8 bit) and Type B CQI (5 bit). New coding (20,9), (20, 11), (20,12) or (20, 14) may need to be introduced, if Type A and Type B CQI are inherited.

· Type A CQI (8bit) + PCI (2 bit) ×m =10,12,14 for m=1,2,3. 

· Type B CQI (5bit) + PCI (2 bit) ×m = 7, 9, 11 for m=1,2,3

An error performance gain would still be obtained even if (20, 14) coding was used, compared to 2xSF256 or 1xSF128 (concatenating scheme). 
Another way to avoid a new coding scheme is to introduce a new CQI table for 3C-HSDPA with MIMO:
· Reduce the Type A and Type B CQI messages to 4 bit and 6 bit for 3C-MIMO(3), respectively. 
· Reduce the Type A CQI messages to 6 bit and extend Type B CQI to 6 bit (may use a dummy bit) for 3C-MIMO(2).

· Use the current Type A CQI (8 bit) and Type B CQI (5 bit) for 3C-MIMO(1)

3 Conclusion
An alternative HS-DPCCH design option for 3-carrier HSDPA with MIMO configured using 1xSF256 is briefly discussed in this paper. 
We propose to further consider and evaluate the HS-DPCCH design using 1xSF256 for 3C-HSDPA with MIMO configured.
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