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1. Introduction

The conclusion of email discussion on codebook subsampling after RAN1 #73 is as follows:
It seems there are no objections to taking [0, 1, 2,..., 7] for the subsampling for rank 2 W1 in PUCCH mode 1-1 submode 1, so we consider this agreed.  For the other aspects of codebook subsampling, it seems that more discussion is required.
In this contribution, we evaluate different subsampling schemes of rank 1 W1 in PUCCH mode 1-1 submode 1 and subsampling of rank 3 and rank 4 in PUCCH mode 2-1 by link level simulations. Considering the simulation results, we propose [0, 1, 2,..., 7] for the subsampling of rank 1 W1 in PUCCH mode 1-1 submode 1. As rank 3 is more likely to occur than rank 4 in cross-polarized scenario, we propose nested structure based on rank 3 codebook.
2. Evaluation results
Similar to the 8Tx codebook indexing, the enhanced 4Tx codebooks for rank 1 and rank 2 are specified into dual-index tables as listed in the appendix Table A1 and A2; the PMI values of the subsampling schemes correspond to the codebook indices in these two tables.  Table A3 in the appendix gives the detailed simulation parameters.
2.1. Sub-sampling of rank 1 W1 in PUCCH mode 1-1 
In Figures 1~3, two codebook subsampling schemes for rank 1 W1 in PUCCH mode 1-1 submode 1 are compared under antenna configurations of 0.5λ ULA, 0.5λ DP and 4λ DP. It can be seen that in case of closely spaced ULA consecutive codebook entries (0:7) performs better than the alternating codebook entries (0:2:14). In other antenna configurations both of them perform almost equally well.
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Figure 1: Performance comparison with 0.5λ                          Figure 2: Performance comparison with 0.5λ
ULA configuration                                                                     DP configuration
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Figure 3: Performance comparison with 4λ DP configuration

Thus we propose: 
Proposal 1: Adopt [0, 1, 2,..., 7] for the subsampling of rank 1 W1 in PUCCH mode 1-1 submode 1.
2.2. Subsampling of rank 3 in PUCCH mode 2-1
In the Figures 4~5, three alternatives of codebook subsampling for rank 3 in PUCCH mode 2-1 are compared under antenna configurations of  0.5λ DP and 4λ DP. The three alternatives are:
Alt.1: Maximize shortest distance: 3, 5, 7, 9

Alt.2: Maximize sum distance: 0, 2, 8, 10

Alt.3: Last 4 entries: 12,13,14,15
It can be observed that Alt. 2 has the best performance in DP antenna configurations.
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Figure 4: Performance comparison with 0.5λ                         Figure 5: Performance comparison with 4λ
DP configuration                                                          DP configuration

2.3. Subsampling of rank 4 in PUCCH mode 2-1

In the Figures 6~7, same three sets of codebook entries, as for rank 3, are compared for rank 4 PUCCH mode 2-1. It can be seen that Alt. 1 performs better than Alt. 2 in all antenna configurations. However, as rank 4 does not occur often, it is preferred to have nested structure based on rank 3 codebook.
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Figure 6: Performance comparison with 0.5λ                         Figure 7: Performance comparison with 4λ
                            DP configuration                                                               DP configuration
Thus we propose:

Proposal 2: For rank 3 and rank 4 subsampling codebook entries 0, 2, 8, and 10 are selected.
3. Sub-sampling
In this section, methods of subsampling in different PUCCH feedback modes are given in Table 1, Table 2 and Table 3.

PUCCH mode 1-1 with submode 1
Table 1: Codebook subsampling for PUCCH mode 1-1 with submode 1
	Value of joint encoding of RI and the first PMI
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PUCCH mode 1-1 with submode 2
Table 2: Codebook subsampling for PUCCH mode 1-1 with submode 2
	RI
	Relationship between the first PMI value and codebook index 
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	Relationship between the second PMI value and codebook index 
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For RI=1, the subsampling method is the same as in submode 1; for RI=2, the codebook is subsampled such that there are 8 beams to select from and 2 co-phasing terms.

PUCCH mode 2-1

Table 3: Codebook subsampling for PUCCH mode 2-1
	RI
	Relationship between the second PMI value and codebook index 
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In this feedback mode, for RI=1 there is no subsampling, and for RI=2 32 beams are retained and there are 2 co-phasing terms. 

Proposal 3: Adopt Tables 1, 2 and 3 for codebook sub-sampling in PUCCH CSI feedback modes.
4. Conclusion
In this contribution, we compared different codebook subsampling alternatives in PUCCH feedback modes by link level simulations, and propose to adopt the tables 1, 2, and 3. Thus, we propose
Proposal 1: Adopt [0, 1, 2,..., 7] for the subsampling for rank 1 W1 in PUCCH mode 1-1 submode 1.
Proposal 2: For rank 3 and rank 4 subsampling codebook entries 0, 2, 8, and 10 are selected.
Proposal 3: Adopt Tables 1, 2 and 3 for codebook sub-sampling in PUCCH CSI feedback modes.
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Table A1: rank 1 codebook
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Table A2: rank 2 codebook
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Table A3: Link level simulation assumptions

	Parameter
	Assumption

	Carrier frequency
	2.0GHz

	System bandwidth
	5MHz

	UE distribution
	1 UE per cell, uniformly distributed within
[image: image78.wmf][60,60]

-

oo

, changed per 1000 subframes

	Data transmission BW
	25 PRBs for PUCCH mode 1-1 submode 1, 4 PRBs for PUCCH mode 2-1

	Channel model
	Urban macro with high spread (15° angular spread)

	UE speed
	3km/h

	Antenna polarization
	4 Tx at eNodeB with 0.5/4 λ spacing, cross-polarized: +/- 45 degrees
2 Rx at UE, cross-polarized: +90/0 degrees

	
	4 Tx at eNodeB with 0.5/4 λ spacing, co-polarized: Vertically polarized antennas
2Rx at UE with 0.5λ spacing, co-polarized: Vertically polarized antennas

	
	Ideal antenna calibration, fixed UE antenna orientation

	Link adaptation
	Without rank adaptation, AMC, HARQ with maximum 3 re-transmissions

	Receiver
	MMSE based on DM RS of serving cell

	Periodicity of CSI RS
	10ms

	Channel estimation
	2-D MMSE on CSI RS and DM RS

	RI/PMI/CQI feedback delay
	5ms

	Precoding granularity
	25 PRBs for PUCCH mode 1-1 submode1, 4PRBs for PUCCH mode 2-1
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