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1 Introduction

CRs for Rel-7 FDD MIMO were approved by RAN1 at RAN1#47. In [1], the details of the HS-DPCCH signalling are set out, including possible block codes for the PCI and CQI transmissions.

In [2], we predicted that:

1. A [20, 7] code can be constructed with greater minimum distance than the currently-proposed minimum distance of 6, while remaining a subset of a [20, 10] code. This would improve the performance of the Type B CQI reports. 

2. Unequal Error Protection can improve the performance of the [20, 10] code for Type A CQI reports. 

We concluded in [2] that further work is required to finalise the exact construction of the [20, 7] and [20, 10] code in order to take advantage of the above observations. 

In this paper we therefore present a suitable code which achieves both the above objectives, leading to a proposal for the CR.

2 Code Construction

Our proposed [20,10] code has generator matrix G given by:
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identity matrix, 0 denotes an all-zero matrix, and 
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Note that the matrix 
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 generates a code with minimum distance 7, being a shortened version of the [15,5,7] BCH code with generator polynomial 
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The information bits 
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 are mapped to rows 1 to 10 respectively of G. The PCI value equals 
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; the first CQI value equals 
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 and the second CQI value equals 
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For the [20,7] code, we take the top 7 rows of G.

Evaluation

In the Figures below, we examine the decoding performance as a function of raw BER. 

For CQI, we evaluate the normalised expected squared Euclidean distance between the transmitted analogue value and the decoded analogue value. For PCI, we evaluate the error rate of the 2-bit codeword.

The curves labelled “Equal error protection” are for the code shown in square brackets in the approved CR [1], which gives approximately equal error protection to all information bits. 

The curves labelled “Unequal error protection” are for the code using the generator matrix G proposed in this document.
 

The green lines show the level of the normalised CQI quantisation error. 
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Figure 1: RMS Type A CQI error for [20,10] codes
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Figure 2: PCI error rate for [20,10] block codes
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Figure 3: RMS Type B CQI error for [20,7] block codes (subsets of respective [20,10] codes)
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Figure 4: PCI error rate for [20,7] block codes (subsets of respective [20,10] codes)

Compared to the code in square brackets in [1], it can be seen that the code generated by G achieves superior RMS error performance for the CQI reports for both Type A and Type B, as well as reduced error rate for the PCI codeword in both cases. 

3 Conclusions

As predicted in [2], it is possible to improve the performance of the CQI/PCI block code shown in square brackets in [1] by using unequal error protection for the MSBs of the CQI reports, and improving the minimum distance of the [20,7] code while retaining the attractive feature of the [20,7] code being a subset of the [20,10] code. 

The code given by the generator matrix G achieves these objectives, and we therefore propose that this is adopted for the CR.

A CR is included with this document (based on [3]), in which G is transposed and permuted to match the existing bit-ordering of the PCI and CQI codewords. 
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� Note that in [2] the legend erroneously labelled the “equal error protection” and “unequal error protection” curves the wrong way round. 
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