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1. Introduction

In RAN1#51bis it was agreed to use a variable Reed-Muller (RM) code for CQI coding on PUCCH [1],[2]. Because the CQI bits have different significance, and because the RM code has a non-uniform confusion probability, different mappings of the CQI bits unto the codewords would result in different losses in the DL throughput due to CQI errors in the UL. It should therefore be possible to find an optimal mapping that would minimize the DL losses.
In this contribution we tested the effect of adding bit-permutation between the CQI quantizer and the CQI encoder, where the bit-permutation changes the mapping from CQI bits to code-words. The effect has been evaluated for two CQI quantization schemes: (1) the baseline MIMO CQI spatial differential 4+3 (with no edge-treatment), and (2) MIMO CQI spatial differential 4+3 with the edge-treatment proposed in [3].

2. Bit-Permutation and coding
According to the agreement in [1], a 7-bit CQI will be encoded with the RM(20,7) code in table 1.
Table 1: RM(20,7) code

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

	0
	1
	1
	0
	0
	0
	0
	0

	1
	1
	1
	1
	0
	0
	0
	0

	2
	1
	0
	0
	1
	0
	0
	1

	3
	1
	0
	1
	1
	0
	0
	0

	4
	1
	1
	1
	1
	0
	0
	0

	5
	1
	1
	0
	0
	1
	0
	1

	6
	1
	0
	1
	0
	1
	0
	1

	7
	1
	0
	0
	1
	1
	0
	0

	8
	1
	1
	0
	1
	1
	0
	0

	9
	1
	0
	1
	1
	1
	0
	1

	10
	1
	0
	1
	0
	0
	1
	1

	11
	1
	1
	1
	0
	0
	1
	1

	12
	1
	0
	0
	1
	0
	1
	0

	13
	1
	1
	0
	1
	0
	1
	0

	14
	1
	0
	0
	0
	1
	1
	0

	15
	1
	1
	0
	0
	1
	1
	1

	16
	1
	1
	1
	0
	1
	1
	1

	17
	1
	0
	0
	1
	1
	1
	0

	18
	1
	1
	0
	1
	1
	1
	1

	19
	1
	0
	0
	0
	0
	1
	1


We simulated the confusion probability matrix between each codeword to every other codeword in the presence of AWGN, at the point of 3.3% BLER. We then evaluated the effect of transmission errors on the DL Spectral Efficiency (SE). The method for computing the SE is described in [3], with the exception that here only the cases where the UE chose MIMO rank 2 were considered. Search has been conducted over all possible bit-permutations, and the permutation which minimized the loss was recorded as the “optimal permutation”.
We found that different permutations are optimal for different ranges of the DL SNR. We chose the high SNR range because this is the relevant range for rank 2, 7 bit CQI transmission.
Figure 1 shows the SE loss due to UL errors for the case of 4+3 differential CQI without edge-treatment, with and without the optimal permutation. Figure 2 shows the same for the case of 4+3 differential CQI with “fold-in” edge-treatment [3]. We observe that with both CQI quantization schemes the SE loss due to 3.3% CQI errors is of the order of 2%. We also observe that up to 0.5% out of this loss can be recovered by an optimal choice of bit-permutation.
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Figure 2
3. Conclusions

The SE loss due to 3.3% CQI errors is of the order of 2% with both CQI quantization schemes (spatial differential 4+3, with and without “edge treatment”). Up to a quarter out of this loss can be recovered by a simple bit-permutation prior to the encoding stage. We propose that such a permutation would be considered for the CQI transmission on PUCCH.
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