3GPP TSG RAN WG1 Meeting #74

R1-132962
Barcelona, Spain, 19th – 23rd August 2013
Source: 
Alcatel-Lucent, Alcatel-Lucent Shanghai Bell
Title:
Proposals for codebook subsampling for DL MIMO Enhancement
Agenda Item:
7.2.2
Document for:
Discussion/Decision
1. Introduction
Following RAN1 #73 one of the codebook proposals [1] was agreed by email [73-02] to support 4Tx codebook enhancement for rank 1-2 in Rel 12. The enhanced codebook is given by the following: 

W1 codebook:
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W2 codebook for rank 1:
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W2 codebook for rank 2:
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The detailed design of codebook subsampling for the enhanced 4Tx codebook has been partially discussed by email [73-02]. It was agreed that W1= [0, 1… 7] will be used as the method of codebook subsampling for rank 2 in PUCCH mode 1-1 with submode 1. On the other hand, it is FFS for rank 1 in PUCCH mode 1-1 with submode 1 and other PUCCH modes regarding the details of subsampling and CSI feedback payload size. In this contribution, we present our views regarding the remaining details of codebook subsampling for PUCCH mode 1-1 with submode 1 and 2, and PUCCH mode 2-1. 
2. Codebook subsampling for periodic feedback modes
For rank 1/2, the codebook subsampling should consider the W1 and W2 codebooks, taking into account the specific payload requirement of each PUCCH mode. Codebook subsampling for W1 may be feasible by removing some design properties of W1 codebook, for example removing codewords with beam overlapping or reducing DFT granularity of W1. Codebook subsampling for W2 may be performed by restricting candidates of column selection, or restricting co-phasing terms. 

For rank 3/4, it has been agreed to reuse the Rel-8 4Tx codebook as the W2 codebook with W1 being the identity matrix. So the codebook subsampling for rank 3/4 only needs to be done on the W2 codebook. Since the Rel-8 4Tx codebook is composed of eight 8-point DFT codewords and eight non-DFT codewords in rank 1, codebook subsampling may be done by selecting partial DFT codewords only or a combination of DFT codewords and non-DFT codewords.

2.1. PUCCH Mode 1-1 Submode 1
For PUCCH mode 1-1 with submode 1, joint encoding of RI and W1 from 8Tx codebook subsampling may be reused for Rel-12 4Tx codebook with rank 1-2 4 bits and rank 1-4 5 bits for PUCCH reporting type 5. Subsampling for W2 codebook is not needed in this feedback mode.
For rank 3/4, W1 is the identity matrix, so the W1 codebook size is one. For rank 2, W1= [0, 1… 7] has been agreed to be used for codebook subsampling. For rank 1, the argument is about whether codebook subsampling should be adopted.  Keeping all codewords of rank 1 W1, e.g. without codebook subsampling, can improve the performance but at the expense of increasing payload size from 4 bits to 5 bits and consequently leading to UL SINR degradation. From our point of view, potential improvement may be only applied to ULA because 16 DFT codewords can be kept. However such improvement may be negligible for CLA.  It has been agreed that CLA has the highest priority for optimization in Rel 12 MIMO enhancement.  UL SINR degradation may be undesirable and will impact coverage enhancement and limit the use cases of codebook enhancement.    
Therefore similar with 8Tx codebook subsampling design principle, 3-bit W1 codebook subsampling is proposed by selecting codeword index 
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 for rank 1/2 where the beam overlapping of W1 codewords is removed completely. Hence, joint encoding of RI and W1 for Rel-12 4Tx codebook can be summarized in the following table.

Table 1 Joint encoding of RI and W1 for PUCCH mode 1-1 submode 1
	Value of joint encoding of RI and the first PMI

[image: image5.wmf]/1

RIPMI

I


	RI
	W1



	0-7
	1 
	Codebook index 
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	8-15 
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	Codebook index 
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	16 
	3 
	Identity matrix

	17
	4 
	Identity matrix

	18-31 
	reserved 
	NA


2.2. PUCCH Mode 1-1 Submode 2

To support the Rel-12 4Tx codebook in PUCCH mode 1-1 with submode 2 with minimum standards impact, jointly encoding W1 and W2 with a total payload size of 4 bits for rank 1-4 as in the 8Tx codebook subsampling should be applied in PUCCH reporting type 2c with Rel-12 4Tx codebook as well. The size of the rank 3/4 Rel-8 codebook is exactly 4 bits, so codebook subsampling for this feedback mode with Rel-12 4Tx codebook only needs to be performed for rank 1 and 2. 

For rank 1/2, the W1 and W2 codebooks are proposed to be subsampled by one bit and three bits respectively as follows: 

Subsampling for W1 codebook

W1 codewords with index 
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 are selected by removing codewords with beam overlapping as well as reducing DFT granularity, i.e.
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Subsampling for rank-1 W2 codebook

By restricting co-phasing terms to 1 or -1, rank-1 W2 codebook may be subsampled as
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Subsampling for rank-2 W2 codebook

Codebook subsampling for W2 may be performed by removing codewords with different beam selection between two layers. So the subsampled 3-bit W2 codebook is shown as


[image: image11.wmf](

)

{

}

1212

2,

1212

1211223344

11

 ,  

22

and ,(,)(,),(,),(,),(,);

n

ik

jj

eeeeeeeeee

ìü

éùéù

ïï

Î

íý

êúêú

--

ïï

ëûëû

îþ

=Î

YYYY

W

YYYY

YY


2.3. PUCCH Mode 2-1 

For PUCCH mode 2-1, codebook subsampling of W2 is defined in LTE Rel-10 for rank 2/3/4 for 8Tx codebook without W1 codebook subsampling. Hence the payload sizes of PUCCH feedback mode 2-1 configured with Rel-12 4Tx codebook should also be restricted to 2/2/2 bits for rank 2/3/4 respectively for PUCCH reporting type 1a.
For rank 2, by restricting candidates of column selection to 
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For rank 3-4, the Rel-8 4Tx codebook is reused as the W2 codebook in Rel-12, which is composed of eight DFT codewords with index 0~7 and eight non-DFT codewords with index 8~15. Two subsampling candidates for the W2 codebook may be considered as follows:
Method I: select four DFT codewords with index {0, 1, 2, 3} from Rel-8 4Tx codebook, which corresponds to the following four 4-point DFT codewords
Codeword index 0 (
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Codeword index 1 (
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Codeword index 2 (
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Codeword index 3 (
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Method II: select two DFT codewords with index {0, 2} and two non-DFT codewords with index {8, 10} from Rel-8 4Tx codebook.

Codeword index 0 (
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Codeword index 2 (
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Codeword index 8 (
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Codeword index 10 (
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3. Summary

In this contribution, detailed codebook subsampling methods are put forward according to the enhanced codebook design for 4Tx in Rel 12. 
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