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1 Introduction

At RAN1#47bis, some block codes were presented [1 – 4] as alternative candidates for the Rel-7 MIMO CQI/PCI reporting, instead of the block code shown in [5].

A common feature of the proposals in [1 – 4] is the use of unequal error protection (UEP) for the CQI values, although in differing degrees. UEP was shown to result in a reduction in RMS error. 

It was agreed 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) sub-set code. The codes to be evaluated were to be agreed during the week after RAN1#47bis, with simulation results being presented until one week later.

In this document our proposal for codes to be evaluated is reiterated, and simulation results are presented. 

2 Proposed codes for evaluation

2.1 Nested code

For a nested code design (i.e. 20,7 code as a subset of a 20,10 code), we proposed the following 10 basis vectors for the 20,10 code:

	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
	0
	1
	0
	0
	0
	0
	0
	0

	3
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0

	4
	0
	0
	0
	0
	0
	1
	0
	0
	0
	0

	5
	0
	0
	0
	0
	0
	0
	0
	1
	0
	0

	6
	0
	0
	0
	0
	0
	0
	0
	0
	1
	0

	7
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1

	8
	1
	0
	1
	0
	0
	0
	1
	1
	1
	0

	9
	1
	1
	0
	1
	0
	0
	0
	1
	1
	1

	10
	0
	1
	1
	0
	1
	0
	0
	0
	1
	1

	11
	1
	0
	1
	1
	0
	1
	0
	0
	0
	1

	12
	1
	1
	0
	1
	1
	0
	1
	0
	0
	0

	13
	1
	1
	1
	0
	1
	1
	0
	1
	0
	0

	14
	0
	1
	1
	1
	0
	1
	1
	0
	1
	0

	15
	0
	0
	1
	1
	1
	0
	1
	1
	0
	1

	16
	0
	0
	0
	1
	1
	1
	0
	1
	1
	0

	17
	1
	0
	0
	0
	1
	1
	1
	0
	1
	1

	18
	0
	1
	0
	0
	0
	1
	1
	1
	0
	1

	19
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1


For the nested 20,7 code, we proposed taking columns 0,1,3,4,5,7,8, as follows:

	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6

	0
	1
	0
	0
	0
	0
	0
	0

	1
	0
	1
	0
	0
	0
	0
	0

	2
	0
	0
	1
	0
	0
	0
	0

	3
	0
	0
	0
	1
	0
	0
	0

	4
	0
	0
	0
	0
	1
	0
	0

	5
	0
	0
	0
	0
	0
	1
	0

	6
	0
	0
	0
	0
	0
	0
	1

	7
	0
	0
	0
	0
	0
	0
	0

	8
	1
	0
	0
	0
	0
	1
	1

	9
	1
	1
	1
	0
	0
	1
	1

	10
	0
	1
	0
	1
	0
	0
	1

	11
	1
	0
	1
	0
	1
	0
	0

	12
	1
	1
	1
	1
	0
	0
	0

	13
	1
	1
	0
	1
	1
	1
	0

	14
	0
	1
	1
	0
	1
	0
	1

	15
	0
	0
	1
	1
	0
	1
	0

	16
	0
	0
	1
	1
	1
	1
	1

	17
	1
	0
	0
	1
	1
	0
	1

	18
	0
	1
	0
	0
	1
	1
	0

	19
	1
	1
	1
	1
	1
	1
	1


2.2 Almost-nested code

An almost-nested code is obtained as above, by using the same set of basis vectors for the 20,10 code, and inverting a single bit in column 6 of the 20,7 code, as shown below:

	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6

	0
	1
	0
	0
	0
	0
	0
	0

	1
	0
	1
	0
	0
	0
	0
	0

	2
	0
	0
	1
	0
	0
	0
	0

	3
	0
	0
	0
	1
	0
	0
	0

	4
	0
	0
	0
	0
	1
	0
	0

	5
	0
	0
	0
	0
	0
	1
	0

	6
	0
	0
	0
	0
	0
	0
	1

	7
	0
	0
	0
	0
	0
	0
	1

	8
	1
	0
	0
	0
	0
	1
	1

	9
	1
	1
	1
	0
	0
	1
	1

	10
	0
	1
	0
	1
	0
	0
	1

	11
	1
	0
	1
	0
	1
	0
	0

	12
	1
	1
	1
	1
	0
	0
	0

	13
	1
	1
	0
	1
	1
	1
	0

	14
	0
	1
	1
	0
	1
	0
	1

	15
	0
	0
	1
	1
	0
	1
	0

	16
	0
	0
	1
	1
	1
	1
	1

	17
	1
	0
	0
	1
	1
	0
	1

	18
	0
	1
	0
	0
	1
	1
	0

	19
	1
	1
	1
	1
	1
	1
	1


2.3 Non-nested code

For comparison, we also showed a non-nested code design (i.e. 7 basis vectors for the 20,7 code not a subset of the 10 basis vectors for the 20,10 code):

	i
	Mi,0
	Mi,1
	Mi,2
	Mi,3
	Mi,4
	Mi,5
	Mi,6

	0
	1
	0
	0
	0
	0
	0
	0

	1
	0
	1
	0
	0
	0
	0
	0

	2
	0
	0
	1
	0
	0
	0
	0

	3
	0
	0
	0
	1
	0
	0
	0

	4
	0
	0
	0
	0
	1
	0
	0

	5
	0
	0
	0
	0
	0
	1
	0

	6
	0
	0
	0
	0
	0
	0
	1

	7
	1
	1
	0
	0
	0
	1
	0

	8
	0
	1
	0
	0
	1
	0
	1

	9
	1
	1
	0
	0
	1
	0
	0

	10
	0
	1
	0
	0
	1
	1
	0

	11
	0
	0
	0
	0
	1
	1
	1

	12
	1
	1
	0
	0
	0
	0
	1

	13
	1
	0
	0
	0
	1
	1
	0

	14
	0
	1
	0
	0
	0
	1
	1

	15
	1
	1
	0
	0
	1
	1
	1

	16
	1
	0
	0
	0
	1
	0
	1

	17
	1
	0
	0
	0
	0
	1
	1

	18
	0
	1
	0
	0
	0
	0
	0

	19
	0
	0
	0
	0
	0
	0
	1


This can illustrate the performance that could be achieved for the 20,7 code if the code was not nested. 

3 Evaluation

In this section we evaluate the codes proposed above. We compare the results with the code proposed in [5] (“Baseline”), [2] (“InterDigital UEP” and “InterDigital EEP”) and [6] (“Ericsson”). All results use soft-decision maximum-likelihood decoding in an AWGN channel. 

Note that the codes from [2], [5] and [6] are the same for Type A CQI.

3.1 Results for Type A CQI
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Figure 1: PCI BLER for 20,10 codes
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Figure 2: RMS CQI error for 20,10 codes
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Figure 3: CQI BLER for 20,10 codes
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Figure 4: Overall BLER for 20,10 codes

3.2 Results for Type B CQI
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Figure 5: PCI BLER for 20,7 codes
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Figure 6: RMS CQI error for 20,7 codes
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Figure 7: CQI BLER for 20,7 codes
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Figure 8: Overall BLER for 20,7 codes

4 Observations

From Figure 1 to Figure 4, it is clear that there is no discernable difference between the two proposed codes when all ten basis vectors are used. 

The non-nested version of the 20,7 code suggested in section 2.3 above uses a high level of unequal error protection, and this is shown to affect adversely the BLER, as well as the RMS error at high SNR. However, this code can give very good error protection for the PCI bits if they are mapped to the better-protected bits. 

The fully nested 20,7 code suggested in section 2.1 above and the code proposed in [6] perform very similarly in all respects. 

The almost-nested code suggested in section 2.2 above performs slightly better than any of the above codes, and at least as well as the non-nested code in [2]. This almost-nested code requires the storage of one additional basis vector (i.e. a total of 11 basis vectors), which is equal to one of the other ten basis vectors but with a single bit inverted. 

5 Conclusion and recommendation

The code in [6] performs well and is fully nested, but requires some pre-processing of the CQI bits before the encoding operation.

The almost-nested code in section 2.2 above performs slightly better, but requires the storage of one additional basis vector (which is identical to an existing basis vector except for one bit). 

The final choice between these codes depends on weighing up the complexity versus performance. 

However, in view of the slightly superior performance, and the minimal extra complexity of storing 11 basis vectors instead of 10 (and avoiding additional preprocessing), we propose that the almost-nested code from section 2.2 above is adopted. 

A revision of the CR [5] is provided in [7] to include this code. 
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