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1. Introduction

In RAN1 #47, Riga, a (20, 10) block code based on ten basis sequences shown in Table I was endorsed to support CQI/PCI information reporting [1].  While the (20, 10) code is optimal for supporting dual stream MIMO operations, it was pointed out in [2-5] that improved performance for supporting single-stream operations can be achieved with the introduction of unequal error protection (UEP).  

It was agreed in RAN1 #47bis, Sorrento, that work should continue on selecting the CQI/PCI coding scheme based on 10 basis vectors, focusing on a (20,10) code and a (20,7) subset code.  In this paper, we proposed such a type-B code based on the same basis sequences for the type-A code.  We further present performance results of this and alternative proposals.

Table I: Basis sequences for channel encoding of composite PCI/CQI reports

	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6
	Mi,7
	Mi,8
	Mi,9

	0
	[1]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]

	1
	[0]
	[1]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]

	2
	[0]
	[0]
	[1]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]

	3
	[0]
	[0]
	[0]
	[1]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]

	4
	[0]
	[0]
	[0]
	[0]
	[1]
	[0]
	[0]
	[0]
	[0]
	[0]

	5
	[0]
	[0]
	[0]
	[0]
	[0]
	[1]
	[0]
	[0]
	[0]
	[0]

	6
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[1]
	[0]
	[0]
	[0]

	7
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[1]
	[0]
	[0]

	8
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[1]
	[0]

	9
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[0]
	[1]

	10
	[1]
	[0]
	[0]
	[0]
	[1]
	[0]
	[1]
	[1]
	[1]
	[1]

	11
	[1]
	[1]
	[0]
	[0]
	[0]
	[1]
	[0]
	[1]
	[1]
	[1]

	12
	[0]
	[1]
	[1]
	[0]
	[0]
	[0]
	[1]
	[0]
	[1]
	[1]

	13
	[1]
	[0]
	[1]
	[1]
	[0]
	[0]
	[0]
	[1]
	[0]
	[1]

	14
	[1]
	[1]
	[0]
	[1]
	[1]
	[0]
	[0]
	[0]
	[1]
	[0]

	15
	[1]
	[1]
	[1]
	[0]
	[1]
	[1]
	[0]
	[0]
	[0]
	[1]

	16
	[1]
	[1]
	[1]
	[1]
	[0]
	[1]
	[1]
	[0]
	[0]
	[0]

	17
	[0]
	[1]
	[1]
	[1]
	[1]
	[0]
	[1]
	[1]
	[0]
	[0]

	18
	[1]
	[0]
	[1]
	[1]
	[1]
	[1]
	[0]
	[1]
	[1]
	[0]

	19
	[0]
	[1]
	[0]
	[1]
	[1]
	[1]
	[1]
	[0]
	[1]
	[1]


2. Improved Subset Coding for Type-B CQI/PCI Information

Let PCI0 and PCI1 denote the two PCI bits and CQI0, CQI1, …, CQI4 denote the five CQI bits, where CQI0 is the LSB and CQI4 is the MSB.  As pointed out in [2-5], the MSBs could benefit from stronger protection.  Hence, instead of idling three basis sequences as in [1], these sequences can be used to carry the parity checks of the CQI MSBs.  That is, an improved type-B coding is to use the following coded bits:
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where 
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(2)
The proposed method results in an equivalent (20, 7) code, which can be used for efficient decoder implementation.
3. Performance Analysis

We exercise similar performance comparisons as discussed in [2, 3]: block error rates (BLER) in CQI/PCI and root mean square (RMS) levels in CQI.  All performance results were obtained with soft-decision maximum-likelihood decoding in the AWGN channel.

3.1. Coding performance for type-A information
For type-A information, we compare the baseline (20, 10) code in [1] and the two new (20, 10) codes proposed in [6] and [8] by Philips and InterDigital, respectively.  The results are presented in Figures 1, 2 and 3.  We observe identical performance in terms of PCI BLER for all three codes.  For CQI BLER, we observe marginal performance losses with both new proposals.  For CQI RMS levels, we found marginal losses with the InterDigital proposal.  The performance deviation is caused by the design differences among the three codes.  While baseline code is an equal error protection (EEP) code derived form the Golay code, the two new proposals impose different levels of UEP among the bits.
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Figure 1 Type-A CQI BLER
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Figure 2 Type-A PCI BLER
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Figure 3 Standard deviation for type-A CQI information
3.2. Coding performance for type-B information
For subset coding schemes, we compare the proposal from Section 2 as well as the designs proposed in [6] and [8] by Philips and InterDigital, respectively.  Three additional reference cases are also included.  The simple type-B scheme in [1] is selected as a baseline for subset coding approach.  The two non-subset codes from [2, 3] are adopted as benchmarks to gauge the potential of non-subset coding approaches.  Results are presented in Figures 4, 5 and 6.  We found the performance of subset coding for type-B information based on the same encoding sequences for type-A information can approach that of optimized non-subset coding designs.  Among the subset coding schemes, the designs from InterDigital and Ericsson achieve similar performance while the Philips proposal exhibits higher CQI RMS levels.
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Figure 4: Type-B CQI BLER
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Figure 5: Type-B PCI BLER
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Figure 6: Standard deviation for type-B CQI information
4. Conclusion

Performance of subset coding for type-B information based on the same encoding sequences for type-A information can approach that of optimized non-subset coding designs.  We propose to maintain a subset coding structure for supporting both type-A and type B MIMO information formats.  Also as far as type-A performance is concerned, we found that the existing scheme performs as good as those new schemes. Thus, we recommend to keep the scheme for Type-A. Since the subset code proposed here is the only one based on the existing Type-A code, we recommend that the subset code presented in Section 2 is adopted for Type-B. We showed that this subset code for Type-B is as good as two other subset codes.
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