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1. Introduction
In RAN1 #73 it was agreed [1] that one of two codebook proposals 2a and 2b [2] should be supported for 4Tx codebook enhancement in rank 1-2. On the other hand, 4Tx rank 3-4 codebook was agreed to reuse Rel.8 codebook with W1 as an identity matrix. The final codebook recommendation between candidates 2a and 2b and the associated codebook subsampling for enhanced 4Tx codebook will be further evaluated and discussed in email discussion [73-02] by the end of June 2013.
In this contribution, we clarify configuration details of two codebook candidates 2a and 2b, and also evaluate and compare the two kinds of codebook proposal. Codebook subsampling method is further put forward according to our codebook recommendation in rank 1-2 and Rel.8 codebook in rank 3-4.

2. Enhanced 4Tx codebook for rank 1-2
2.1. Codebook design details

Dual codebook structure is defined as 
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 similar to Rel.10 8Tx codebook. Configuration details of codebook candidates 2a and 2b [2] are given here respectively, and the same W1 codebook is assumed for rank 1-2 codebook design. 
2.1.1. Codebook 2a
W1 codebook:
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W2 codebook for rank 1:
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W2 codebook for rank 2:
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2.1.2. Codebook 2b
W1 codebook:
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W2 codebook for rank 1:
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W2 codebook for rank 2:
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2.1.3. Comparisons
According to above configuration details of codebook 2a and 2b, these two kinds of codebook proposal have completely the same W1 and rank-1 W2 codebook structure. Two codebook options have 9 common codewords for W2 codebook with rank 2 and their performance are further evaluated as following.
2.2. Performance evaluation

In the evaluation, feedback enhancement methods including enhanced 4Tx codebook 2a or 2b and new PUSCH mode 3-2 are employed simultaneously to show the throughput improvement for 4Tx DL MIMO, using the agreed simulation assumptions [3]. Baseline performance is achieved by using Rel.8 4Tx codebook and PUSCH mode 3-1. Scenario A with 20% outdoor/80% indoor UE distribution is evaluated in full buffer model, and two kinds of antenna configuration are evaluated separately, such as closely or widely spaced CLA. Details of simulation assumption are given in Table A-1 in Appendix A.
Table 1 and Table 2 below evaluate and compare two enhanced codebook candidates 2a and 2b in terms of cell average and cell edge performance under closely and widely spaced antenna configurations respectively. 
Table 1 4Tx performance evaluations in Scenario A and closely spaced antenna
	Codebook
	Average Cell SE (bps/Hz/cell)
	50%ile user SE (bps/Hz/user)
	5%ile user SE (bps/Hz/user)
	Jain Index

	Baseline Rel.8 codebook
	2.64
	0.20
	0.045
	0.63

	Enhanced codebook 2a
	2.77
	0.20
	0.045
	0.62

	Gains over baseline
	5%
	/
	0%
	/

	Enhanced codebook 2b
	2.77
	0.20
	0.052
	0.62

	Gains over baseline
	5%
	/
	16%
	/


Table 2 4Tx performance evaluations in Scenario A and widely spaced antenna
	Codebook
	Average Cell SE (bps/Hz/cell)
	50%ile user SE (bps/Hz/user)
	5%ile user SE (bps/Hz/user)
	Jain Index

	Baseline Rel.8 codebook
	2.56
	0.19
	0.038
	0.61

	Enhanced codebook 2a
	2.68
	0.20
	0.043
	0.61

	Gains over baseline
	5%
	/
	13%
	/

	Enhanced codebook 2b
	2.68
	0.20
	0.042
	0.61

	Gains over baseline
	5%
	/
	11%
	/


From the above Tables 1-2, we have the following observations:

Observation 1: Both of enhanced codebook proposals 2a and 2b outperform legacy Rel.8 codebook for both closely and widely spaced antenna configurations, such as 5% cell average gain and up to 16% cell edge gain.
Observation 2: Enhanced codebook proposal 2b is recommended for the new 4Tx codebook design due to slightly superior cell edge gains especially for closely spaced antenna configuration.
Therefore the following proposal is suggested:

· Codebook proposal 2b should be introduced for the 4Tx codebook enhancement with rank 1-2 in Rel.12 due to slightly superior performance gains over proposal 2a. 
3. Codebook subsampling for periodic feedback modes
This section discusses codebook subsampling of Rel-12 4Tx codebook for PUCCH mode 1-1 with submode 1 and 2, and PUCCH mode 2-1 respectively. 
For rank 1/2, codebook 2b is recommended as Rel-12 4Tx codebook. Its subsampling should consider W1 codebook and W2 codebook respectively, or either of them depending on 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, or removing codewords with different beam selection between two polarizations, or removing codewords with different beam selection between two layers. 

For rank 3/4, Rel-12 WI has agreed to reuse Rel-8 4Tx codebook as W2 codebook with W1 being the identity matrix. So the codebook subsampling for rank 3/4 only needs to be done on W2 codebook. Since 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 the combination of DFT codewords and non-DFT codewords.

3.1. 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 1/2, 3-bit W1 codebook subsampling is proposed by selecting codeword index 
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 where the beam overlapping of W1 codewords is removed completely.
For rank 3/4, W1 is the identity matrix, so the W1 codebook size is one.
Hence, joint encoding of RI and W1 for Rel-12 4Tx codebook can be summarized in following table.

Table 3 Joint encoding of RI and W1 for PUCCH mode 1-1 submode 1
	Value of joint encoding of RI and the first PMI
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	Identity matrix
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	Identity matrix
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3.2. PUCCH Mode 1-1 Submode 2

To support Rel-12 4Tx codebook in PUCCH mode 1-1 with submode 2 with minimum standards impact, jointly encoding W1 and W2 with total payload size of 4 bits for rank 1-4 as 8Tx codebook subsampling should be applied in PUCCH reporting type 2c with Rel-12 4Tx codebook as well. The codebook size of 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, W1 and W2 codebook are proposed to be subsampled by one bit and three bits respectively in the following. 

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 polarizations, and removing codewords with different beam selection between two layers. So the subsampled 3-bit W2 codebook is shown as
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3.3. 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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, removing codewords with different beam selection between two polarizations, and also removing codewords with different beam selection between two layers, W2 codebook may be subsampled to be
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For rank 3-4, Rel-8 4Tx codebook is reused as 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 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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4. Summary

In this contribution, configuration and evaluation details of two codebook candidates 2a and 2b have been illustrated for DL MIMO feedback enhancement in rank 1-2, and codebook 2b is recommended for the new 4Tx codebook design due to slightly superior cell edge gains especially for closely spaced antenna configuration. Codebook subsampling method is further put forward according to codebook 2b in rank 1-2 and Rel.8 codebook in rank 3-4. Moreover, the subsampled W1/W2 codebook is totally included in codebook 2a as well, so these codebook subsampling methods can be applicable to both codebook 2a and 2b.
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Appendix A
Table A-1 System simulation assumptions for codebook proposal evaluations
	Parameter
	Values used for evaluation

	Performance metrics
	Cell average spectrum efficiency, 5%ile and 50%ile user spectrum efficiency

Jain Index 

	Deployment scenarios
	Scenario A

	Traffic modeling
	Full-buffer model

	Outdoor-indoor ratio
	20% outdoor/80% indoor UE distribution

	Number of UEs per sector
	10 UE per macro cell with uniform distribution

	System bandwidth
	10 MHz 

	Transmission mode
	TM10 with single CSI process

	Network synchronization
	Synchronized

	Antenna configuration
	For eNB: 4Tx with 2 columns, cross-polarized on each column, closely or widely spaced (4λ) ( X X or X     X

For UE: 2Rx cross-polarized ( +

	Feedback scheme (e.g. CQI/PMI/RI)
	5ms feedback period and 5ms delay between feedback and transmission
PUSCH 3-1 or PUSCH 3-2

	MIMO mode
	SU/MU-MIMO: dynamic rank 1 or 2 selection in SU-MIMO, rank 1 per UE in MU-MIMO, and dynamic switching between SU-MIMO and MU-MIMO

	Maximal number of co-scheduled UE
	2

	Channel estimation
	non-ideal modeling of channel estimation based on CSI-RS, or DM-RS

	Feedback error
	0.1% bit error rate

	Receiver type
	MMSE-IRC receiver at the UE 

	Control channel and reference signal overhead
	Fixed 0.3063

	Link adaptation
	Non-ideal, with outer-loop control 
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