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1 Introduction

In RAN1#70 many contributions on the design choices for uplink feedback channel (HS-DPCCH) structure were presented [1]-[3]. Mainly two proposals were considered. In one proposal   CQI/RI/PCI is conveyed in one sub frame, while in the other proposal CQI/RI/PCI is conveyed using time multiplexing i.e. the information is spread over two subframes.  Each of these proposals has its own advantages and disadvantages. In the first proposal, since all the information is conveyed in one subframe a new encoder structure and rate matching is needed. The encoded information is speeded using a spreading factor of 128 rather than 256 as in Release 7 MIMO. In the second proposal, even though we can reuse the same encoder structure and spreading factor as that of Release 7 MIMO, rank information is conveyed in two subframes. Since the HSD-DPCCH is not protected by CRC for error checking and the performance of HSDPA is sensitive to mismatch in rank information, it was concluded in the meeting to agree on first proposal.  

Even though the exact design for Type A reporting was finalized, the structure for Rank 1 information is still not clear.  This is because encoder the design assumes CQI information is of 8 bits. And these 8 bits together with rank information of 2 bits and precoding information of 4 bits are encoded using a convolutional code then rate matched to output 40 bits. When the UE preferred rank is equal to one, the maximum number of bits is 5, since the Node B does not  know the rank information a-priori, we need to encode these 5 bits to make it 8 bits and reuse the  encoder and rate matching design for  rank 2, 3 and 4 reporting.

In this contribution, we evaluate few design options for HS-DPCCH Type A reporting when the UE preferred rank is equal to one.
2 HS-DPCCH Structure for Four Branch MIMO 
The HS-DPCCH sub-frame structure consists of 1 slot for HARQ-ACK transmissions and 2 slots for CQI/RI/PCI transmissions. 
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Figure 1: Illustration of the HS-DPCCH slot format.

As shown in Figure 1, UE conveys information about the preferred number of streams, CQI and PCI corresponding to that preferred number of streams.  For Type A reporting the 8 information bits are used to describe the CQI information for both the codewords, 2 bits are used to convey the rank information and 4 bits are used to describe the PCI information. The resulting composite CQI/RI/PCI report is encoded with a convolutional code then rate matched to make 40 encoded bits. The information is spread with spreading factor of 128 as shown  in Figure 2.
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Figure 2 Transmission diagram for Type A report
3 Design Options for Encoding When the UE Preferred Rank is equal to one
As explained in section 2, the CQI information is assumed of 8 bits in total for the 2 codewords. This assumption works well, when the UE preferred rank is equal to 2, 3, or 4 as the number of codewords is equal to 2 for all these ranks. Hence each codeword is represented by 4 bits. When the UE preferred rank is equal to one, maximum number of bits UE can represent is 5. Then encoding of these bits together with rank information and precoding information is not clear in the agreed design. 

Hence we propose two design options.

Option I: Use 5 bits for CQI reporting and use random bit padding to make 8 bits
In this option, when the UE preferred rank is equal to one, the UE chooses the CQI tables with resolution of 5 bits. Then for encoding CQI/RI/PCI bits, UE pads 3 more bits to make 8 bits for CQI. In total, these 8+2+4 = 14 bits are encoded by the convolutional encoder and punctured to make 40 bits. These 40 bits are spread with spreading factor 128 for transmission.  The advantage of this method is higher resolution for CQI, hence we expect good downlink performance through better link adaptation. 
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Figure 3 Transmission diagram for design Option I
Option II: Use 4 bits for CQI and repeat this information

The disadvanatage with design option I is that 3 bits are padded before encoding. These 3 bits does not carry any information and this solution is not energy efficient. Hence in this method, instead of padding with redundant information, we can repeat the information bits such that the decoder can use this information in making decision about the information bits.  For repeating the CQI information, UE chooses the CQI tables with resolution of 4 bits. These 4 bits are repeated before passing through the encoder. Hence in total these 8+2+4 = 14 bits are passed through convolutional encoder then rate matched to output 40 bits. These output bits are spread with spreading factor of 128 before transmission as shown in Figure 4. 
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Figure 4 Transmission diagram for design Option II
Since the difference of link performance with CQI range of 5 and 4, we prefer design options II as the uplink performance is benefitted with this approach.  
4. Summary and conclusions

In this contribution, we proposed two design options for HS-DPCCH when the UE preferred rank is equal to one. Since the downlink performance difference between these two design options is negligible, we prefer design option II. Hence we would like to propose:
Proposal 1: When the UE preferred rank is equal to one, use 4 bit CQI.

Proposal 2: When the UE preferred rank is equal to one, the 4 bit CQI is repeated before passing through the convolutional encoder. 
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