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1. Introduction
In RAN1#73 meeting, it was agreed to adopt either solution 2a or solution 2b for rank1/2 depending on the performance evaluation.  After we have final decision between 2a and 2b, codebook subsampling should also be considered and evaluated.  In this contribution, we discuss how to perform subsampling on PUCCH mode 1-1 and mode 2-1 and evaluate the performance.
2. Sub-sampling for rank 1-2 4-Tx codebook Solution 2a
In our contribution [1], we show our preference between solution 2a and 2b.  In this section, we give sub-sampling schemes based on our preferred solution as shown below: 
Solution 2a:     
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It can be re-formulated into a different format as shown in appendix A.  The indexing to the codebook in this document is done according to the indexing in table A.1 and A.2.        
2.1  Sub-sampling for PUCCH Mode 1-1 Submode 1
For PUCCH mode 1-1 submode 1, sub-sampling on W1 codebook is done to ensure that the maximum payload for RI/W1 jointly coding does not exceed 5 bits.  Since PUCCH mode 1-1 only supports wideband feedback and there are many DFT beams in W1.  Reducing the density of DFT beams seems appropriate to achieve sub-sampling.  One way is to perform uniform sub-sampling on DFT beams as shown in Table 1.
	Mode 1-1

Submode 1
	RI
	Chosen W1 index for sub-sampling 
	No. W1 hypotheses

	
	1
	0, 2, 4, 6, 8, 10, 12, 14 
	8

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

	
	3
	Identity matrix
	1

	
	4
	Identity matrix
	1


                                        Table 1 W1 codebook sub-sampling scheme for Submode 1
In Rel-10, sub-sampling on W1 codebook for 8Tx is done without utilizing overlapping beams.   Different from 8Tx codebook design, wide-spaced beams in W1 is adopted for 4Tx feedback.  Thus whether overlapping beams should be supported here should be revisited. For the case when widely-spaced antenna is configured, overlapping beams in W1 is more helpful.   Therefore, we prefer sub-sampling scheme  in Table1 for PUCCH mode 1-1 submode 1.
2.2 Sub-sampling for PUCCH Mode 1-1 Submode 2
For sub-sampling for PUCCH mode 1-1 submode 2, 4 bit payload size is available for joint-sub-sampling of W1 and W2.   Therefore the problem setting is how to do bit allocation between DFT resolution in W1 and column selection/co-phasing in W2.  For each rank, we show two sub-sampling schemes.
· Scheme 1:  8 DFT beams and 2 phases (same as 8Tx) e.g.
	Mode 1-1

Submode 2
	RI
	i1 index 
	i2 index

	
	1
	0, 4
	0, 2, 4, 6, 8, 10, 12, 14

	
	2
	0, 4
	0-7


Table 2  Sub-sampling scheme 1 for PUCCH 1-1 Submode 2 
· Scheme 2:  4 DFT beams and 4 phases. e.g.
	Mode 1-1

Submode 2
	RI
	i1 index 
	i2 index

	
	1
	0
	0-15

	
	2
	0
	0-15


Table 3  Sub-sampling scheme 2 for PUCCH 1-1 Submode 2 
Scheme 1 has more DFT beams than scheme 2 but more phases are available in scheme 2.   Since DFT density requirement is not as high as 8Tx, it is more important to ensure robustness on phase.  For rank2, scheme 1 only has W2 codewords with  Y1=Y2.   On the contrary, scheme 2 allows different Y1 and Y2 in a W2 codeword which is good for uncorrelated channel.  Therefore, we prefer sub-sampling scheme 2.
2.3 Sub-sampling for PUCCH Mode 2-1

Sub-sampling is not needed for rank 1 codebook in PUCCH mode 2-1.  There are two typical PMI sub-sampling schemes for subband W2 subsamping for rank2.  
- Scheme 1:  Only consider one phase but supports different Y1 and Y2. 
	Mode 2-1
	RI
	i2 index 

	
	2
	0, 4,8,12


Table 4  Sub-sampling scheme 1 for PUCCH 2-1
Scheme 2: Only consider Y1=Y2 but supports two different phases
	Mode 2-1
	RI
	Chosen W2 index 

	
	2
	0, 1,4,5


Table 5  Sub-sampling scheme 2 for PUCCH 2-1
Considering multiple phases or structure of 
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 favors less correlated channel for rank2.  In our view, it is more beneficial to consider multiple phases and hence scheme 2 is more preferrable.
3. System-level simulation assumptions and results
In this section,  some preliminary evaluation is done to compare different sub-sampling schemes mentioned in section 2 for PUCCH 1-1 submode 2 and PUCCH 2-1.  Simulation assumptions can be found in appendix B. 
	
	Closely spaced XPOL (0.5λ)
	Widely spaced XPOL (4λ)

	
	Average spectral efficiency
	Cell edge spectral  efficiency
	Average spectral efficiency
	Cell edge spectral  efficiency

	Rank1: scheme 1,Table 2
Rank2: no subsampling
	2.043
	0.0412
	1.788
	0.0393

	Rank1: scheme 2,Table 3
Rank2: no subsampling
	2.053 (+0.49%)
	0.0435 (+5.83%)
	1.787 (-0.05%)
	0.0385 (-2.03%)

	Rank1: no subsampling

Rank2: scheme 1,Table 2
	2.094
	0.0444
	1.790
	0.0403

	Rank1: no subsampling

Rank2: scheme 2,Table 3
	2.060 (-1.60%)
	0.0456 (+2.70%)
	1.789 (-0.09%)
	0.0424 (+5.21%)


Table 6 Performance of PUCCH mode 1-1 submode 2 
	
	Closely spaced XPOL (0.5λ)
	Widely spaced XPOL (4λ)

	
	Average spectral efficiency
	Cell edge spectral  efficiency
	Average spectral efficiency
	Cell edge spectral  efficiency

	Scheme 1(Table 4)
	2.129
	0.0798
	1.862
	0.0437

	Scheme 2(Table 5)
	2.152 (+1.10%)
	0.0471 (-5.42%)
	1.848 (-0.75%)
	0.0451 (+3.20%)


Table 7 Performance of PUCCH mode 2-1 

Observations:  

-  For PUCCH mode 1-1 submode 2, scheme 2 shown in table 3 performs better than scheme1 in table 2.

-  For PUCCH mode 2-1, scheme 2 shown in table 5 performs slightly better.  
4. Conclusion
In this contribution, we discuss sub-sampling of 4Tx enhanced rank1-2 codebook.   Sub-sampling schemes on codebook solution 2a are given in each of the PUCCH feedback modes which require sub-sampling.    We show our preference on choosing the schemes and perform some evaluation. 
We propose to adopt subsampling schemes in tables 1, 3 and 5 for PUCCH 1-1 submode 1, PUCCH 1-1 submode 2 and PUCCH 2-1 respectively.

4    References
[1] R1-132842, Analysis and performance evaluation of Rel-12 4Tx Rank 1-2 codebook, ZTE
Appendix A: Codebook
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Table A.1 Rank1 codebook, solution 2a
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Table A.2 Rank2 codebook, solution 2a
Appendix B: Simulation assumptions and parameters
Table B.1 System Level Simulation Assumptions

	Parameters
	Assumptions

	Deployment scenario
	Scenario A

	Cellular Layout 
	Hexagonal grid, 19 cell sites, 3 sectors per site with wraparound

	Number of users per cell
	10

	Operating bandwidth (BW)
	10 MHz

	Antenna configuration
	Transmitter: 4Tx cross-polarized antenna at eNB, 0.5λ/4λ separation, 

Receiver: 2/4 Rx cross-polarized antenna at UE

	Feedback periodicity
	10ms

	SU/MU switching
	Dynamic UE selection with orthogonal DMRS, SU/MU dynamic switching with maximal number of UE pairing is 2, the maximal transmission rank per UE is 1for MU and 2 for SU

	Delay between feedback and transmission
	5ms

	Scheduler 
	Proportional Fair

	Receiver
	MMSE-IRC 

With non-ideal interference covariance matrix estimation by using complex Wishart distribution with 12 degrees of freedom 

(Model in TR36.829 with DMRS based sample covariance matrix)

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal modeling of channel estimation on CSI-RS and DM-RS

error modeling 
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is used

	Feedback mode
	PUSCH reporting mode 3-2，PUCCH mode 1-1，PUCCH mode 2-1

	Subband size
	6RBs 

	Transmission mode 
	TM10 with single CSI process

	Traffic modeling
	Full-buffer /non-full buffer(FTP1, λ=2.5, file size=0.5M)

	Outdoor-Indoor Ratio
	20% outdoor/80% indoor 
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