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1 Introduction
In RAN1 #73, significant progress was made regarding the enhanced 4Tx codebook in Rel-12. Option 2a or Option 2b in [1] were agreed as the two down-selection options for the enhanced rank one/two 4Tx codebook. The enhanced 4Tx codebook has a dual codebook structure and the first matrix W1 has widely-spaced beams in each beam group for rank one/two, which is motivated by improving the codebook robustness. Further down-selection between Options 2a and 2b will be based on the performance under different antenna configurations. This contribution compares these two options under different channel conditions. 
Since the new 4Tx dual codebook structure has much larger codebook size than the Rel-8 4Tx codebook, codebook subsampling as in the 8Tx codebook needs to be applied for the PUCCH based periodic CSI feedback. Given that widely-spaced beams are used for 4Tx dual codebook in each beam group, the sub-sampling pattern may also be different from that of the 8Tx dual codebook which uses narrowly-spaced beams. In the second part of this contribution, we provide our view on the sub-sampling pattern.
2 Evaluation of Options 2a and 2b
In this section, we evaluate the performance of Options 2a and 2b using link level simulations. Both closely-spaced and largely-spaces antenna configurations are considered. Moreover, TAE is also taken into account considering practical antenna implementations. The TAE modelling follows the recommended model in email thread [73-02]. Other detailed evaluation assumptions are given in the Appendix of this contribution.

Fig.1 compares the performance of Options 2a/2b without TAE using three antenna configurations. Obviously, Option 2b outperforms Option 2a in largely-spaced antennas at the high SINR region due to the optimizations for the largely-spaced antenna in the rank 2 codebook. For the other two antenna configurations, the difference between the two options is marginal. Fig.2 compares the performance of Options 2a/2b with TAE modelled. We have similar observations for the two options as in Fig.1, i.e., Option 2b outperforms Option 2a in largely-spaced antenna configurations and both options have similar performance for the other two antenna configurations. To conclude, we have the following observation:
Observation: Option 2b outperforms Option 2a in largely-spaced antenna configurations and both options have similar performance in closely-spaced antenna configurations.
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Fig.1: Evaluation of Option 2a and 2b without TAE using different antenna configurations
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Fig.2: Evaluation of Options 2a and 2b with TAE using different antenna configurations
3 Codebook subsampling
In order to achieve reliable CSI feedback, the PUCCH payload size should be no more than 11 bits if the CSI report type includes CQI/PMI and no more than 5 bits if the CSI report type includes RI feedback. Then, for the enhanced 4Tx codebook, subsampling should be applied for:
· PUCCH report type 5 (RI/1st PMI) in PUCCH 1-1 submode 1; 
· PUCCH report type 2c (CQI/1st PMI/2nd PMI) in PUCCH 1-1 submode 2;

· PUCCH report type 1a (subband CQI/ 2nd PMI) in PUCCH 2-1.
Regarding PUCCH report type 5 (RI/1st PMI) in PUCCH 1-1 submode 1, we propose to use Table 1 for codebook subsampling.
Table 1: Joint encoding of RI and i1 for PUCCH mode 1-1 submode 1 for 4Tx
	RI
	i1 index after sub-sampling
	No. hypotheses

	1
	0 ~ 15 
	16

	2
	0, 2, 4, 6, 8, 10, 12, 14 
	8

	3
	0
	1

	4
	0
	1

	Total no. W1+RI hypotheses across ranks 1-4 (max. layers = 4)
	26 (5 bits)


Regarding PUCCH report type 2c (CQI/1st PMI/2nd PMI) in PUCCH 1-1 submode 2, we propose to use Table 2 for codebook subsampling. The principle of subsampling for rank 1 is to equally distribute the DFT precoding vector as much as possible. For rank 2, we select different precoders optimized for different antenna configurations including both closely-spaced and largely-spaced antenna configurations based on Option 2b which was shown to have superior performance to Option 2a in Section 2.
Table 2: PUCCH mode 1-1 submode 2 codebook subsampling for 4Tx
	RI
	W1+W2 index after sub-sampling
	No.W1+W2 hypotheses

	1
	W1: 0, 2, 4, 6, 8, 10, 12, 14
W2: 0 ~ 15
	128 (7 bits)

	2
	W1: 0, 4, 8, 12
W2: for each W1, choose (Y1,Y2)=(e1,e1) with all 2 possible co-phasing, i.e. 
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	4x (2+1+1) = 16 (4 bits)


Regarding PUCCH report type 1a (subband CQI/2nd PMI) in PUCCH 2-1, we propose to use Table 3 for codebook subsampling. The principle is to select different precoders optimized for different antenna configurations in rank 2, and select equally-spaced codewords for rank 3 and rank 4. 
Table 3: PUCCH mode 2-1 codebook subsampling
	RI
	W2 index after sub-sampling
	No. W2 hypotheses

	1
	0 ~ 15 
	16 (4 bits)

	2
	W2: for each W1, choose (Y1,Y2)=(e1,e1) with all 2 possible co-phasing, i.e. 
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	2+1+1 = 4 (2 bits)

	3
	0, 4, 8, 12 
	4 (2 bits)

	4
	0, 4, 8, 12
	4 (2 bits)


4 Conclusion
In this contribution, we evaluated the performance of Options 2a/2b of the enhanced 4Tx codebook in [1]. Furthermore, we also discussed the codebook subsampling schemes corresponding to different PUCCH feedback modes. In summary, we have the following observation and proposal:
Observation: Option 2b outperforms Option 2a in largely-spaced antenna configurations and both options have similar performance in closely-spaced antenna configurations.

Proposal: Apply Tables 1-3 for codebook subsampling corresponding to PUCCH 1-1 submode 1, PUCCH submode 2 and PUCCH 2-1, respectively.
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Appendix
Table 4: Link level simulation assumptions.
	Parameter
	Value

	Antenna configuration
	XX  ->  +; X   X -> + ; |||| -> ||.

	Channel model
	SCM

	Carrier frequency
	2.00 GHz

	TAE model
	N(0, 12ns) TAE per antenna port

	Allocated PRBs for PDSCH
	6 PRBs

	MIMO scheme
	SU-MIMO / TM9

	Receiver type
	MMSE

	Codebook
	Options 2a/2b in [1]

	Feedback
	PUCCH 1-1,  sub mode 1 with rank adaptation

	Feedback periodicity
	10 ms for RI/i1; 5 ms for i2/CQI

	Feedback delay 
	8 ms

	Channel estimation 
	2D MMSE

	HARQ
	3 retransmissions
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