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1 Introduction
In the email discussion after RAN1#73 meeting, there were the following agreements:
· For rank 1/2, codebook 2a shown in Appendix 1 is adopted
· For PUCCH mode 1-1 submode 1, the subsampling on W1 of rank 2 is n = [0, 1, 2, ... , 7].

In this contribution, we give our views on the remaining issues of the codebook subsampling:
· PUCCH mode 1-1 submode 1 rank 1 codebook subsampling 
· PUCCH mode 1-1 submode 2 codebook subsampling 

· PUCCH mode 2-1 codebook subsampling 

2 Codebook subsampling 
For codebook 2a, a precoding matrix W can be expressed as W=W1W2, and the details of W1 and W2 are given in Appendix 1. A pair of codebook indices, i.e., i1 and i2, is used to represent a precoding matrix. The relation between the codebook indices and precoding matrices is shown in Table A1 and Table A2 in Appendix 1.  
2.1  PUCCH mode 1-1 submode 1 rank 1 codebook subsampling 
Based on the email discussion, there were three alternatives for further discussion

· Alt. 1:  [0:1:7] for rank 1 subsampling of i1
· Alt. 2:  [0:2:14] for rank 1 subsampling of i1 
· Alt. 3:  no subsampling for rank 1.
For Alt. 1, it covers all the beams and there are no overlapped beam groups. For Alt. 2, the granularity of W1 is reduced but with more co-phasing terms. The overlapped beam groups are kept and there are different alpha offsets for the overlapped beam groups. Alt. 3 has no subsampling but has PUCCH performance loss because of more hypotheses in case up to 2-layer spatial multiplexing.   
For PUCCH 1-1 submode 1, RI and the first PMI (i.e., W1) are jointly encoded and transmitted, which has longer periodicity transmission than the wideband CQI and second PMI (i.e., W2). The first PMI reflects the long term property of channel in case of PUCCH feedback, and therefore the first PMI selection is actually to determine which beam group is the best. For the agreed codebook, the beams included in W1,n and W1,n+8 are same. There would be no difference to select W1,n or W1,n+8 when UE determines the long term property of channel. Therefore, it is desirable to have all the beam groups for the selection of W1 and Alt. 1 for rank 1 codebook subsampling is preferred.        
2.2 PUCCH mode 1-1 submode 2 codebook subsampling
For this mode, there are different subsampling schemes, e.g., 3 bits for W1 and 1 bit for W2, 2 bits for W1 and 2 bits for W2, and 1 bit for W1 and 3bits for W2, etc. In order to give an overall evaluation of different codebook subsampling schemes, rank 1 and rank 2 codebook subsampling are discussed separately.   Several rank 1 subsampling schemes are listed in Table 1. 
 Table 1: PUCCH mode 1-1 submode 2 rank 1 subsampling schemes 

	
	i1
	i2

	Alt. 1 [1]
	{0,1,2,3,4,5,6,7}
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	Alt. 2 [2] 
	{0,4,8,12}
	{0, 2, 8, 10}

	Alt. 3 [3], 
	{0,4}
	{0, 2, 4, 6, 8, 10, 12, 14}

	Alt. 4 [4] 
	{0,2,4,6,8,10,12,14}
	{0,8}


For the rank 1 codebook subsampling in Alt.1-3, there are 8 beams being selected among all the available beams and each beam has two corresponding phases for co-phasing. The 8 beams are almost evenly distributed and the major difference among the three alternatives is the co-phasing. Hence, it is expected that Alt.1-3 would have similar performance in case of cross-polarized antenna configuration. However, due to the different co-phasing, the number of DFT vector created in Alt.1-3 is 8, 2, and 1 respectively, which is suitable for ULA (Uniform Linear Array) antenna configuration.  The detail of DFT vectors created in Alt.1 is shown in Appendix 2. 
For Alt. 4, there are 16 beams being selected and 1 bit for W2 is used to perform beam selection of either the first or third beam in a beam group. However, there is no co-phasing selection, which would mismatch the phase relation between two antenna groups, and causes large performance loss. For example, for a selected beam, if the best co-phasing for the two co-polarized antenna groups is 
[image: image2.wmf]p

, but the co-phasing in the sub-sampled codebook is zero, there will be the maximum co-phasing error between the best and the used co-phasing factor. 
System level evaluation results of the above schemes are shown in Table 2. The simulation assumptions are shown in Appendix 3.  
Table 2: The rank 1 SU/MU dynamic switching performance evaluation of different schemes

	Subsampling schemes
	Cross-polarized
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	Average

(bit/s/Hz)
	Cell-edge

(bit/s/Hz)
	Average

(bit/s/Hz)
	Cell-edge

(bit/s/Hz)
	Average

(bit/s/Hz)
	Cell-edge

(bit/s/Hz)

	Alt.1
	1.698
(118.41%)
	0.03987
(107.84%)
	1.500
(110.62%)
	0.03609
(109.56%)
	1.920
(135.02%)
	0.04872
(132.21%)

	Alt.2
	1.700

(118.55%)
	0.03882
(105.00%)
	1.482
(109.29%)
	0.03418
(103.76%)
	1.796
(126.30%)
	0.04387
(119.05%)

	Alt.3
	1.688
(117.71%)
	0.03874
(104.79%)
	1.485
(109.51%)
	0.03486
(105.83%)
	1.773
(124.68%)
	0.04407
(119.59%)

	Alt.4
	1.434
(100.00%)
	0.03697
(100.00%)
	1.356
(100.00%)
	0.03294
(100.00%)
	1.422
(100.00%)
	0.03685
(100.00%)


From Table 2, it can be observed that in the case of cross-polarized antenna configuration, Alt.1-3 have similar cell average and cell-edge performance, which outperforms Alt.4. For ULA antenna configuration, Alt. 1 has the best performance and there is more than 5% gain for both cell average and cell edge throughput compared to all other schemes. Hence, Alt. 1 is proposed to be the rank 1 subsampling scheme. For rank 2, the candidate subsampling schemes are shown in Table 3.
Table 3:  PUCCH mode 1-1 submode 2 rank 2 subsampling schemes 

	
	i1
	i2

	Alt. 1 [1]
	{0,1,2,3,4,5,6,7}
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	Alt. 2[2]
	{0,4,8,12}   
	{0, 1, 4, 5}

	Alt. 3 [3]
	{0,4}
	{0, 1, 2, 3, 4, 5, 6, 7}

	Alt. 4 [4]
	{0,1,2,3,4,5,6,7}
	{0,4}


For Alt.2 and Alt.3, although the bit size of i1 and i2 is different, the codebook set after subsampling is same. Thus, in the following evaluation, only simulation results of Alt.2 are given because they are equivalent schemes. 
Table 4: SU-MIMO performance evaluation of different schemes with fixed rank 2
	Subsampling schemes
	Cross-polarized
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	Average

(bit/s/Hz)
	Cell-edge

(bit/s/Hz)
	Average

(bit/s/Hz)
	Cell-edge

(bit/s/Hz)
	Average

(bit/s/Hz)
	Cell-edge

(bit/s/Hz)

	Alt.1
	1.449
(100.14%)
	0.02219
(101.42%)
	1.324

(102.48%)
	0.01963
(99.14%)
	1.357
(105.77%)
	0.02375
(108.10%)

	Alt.2/Alt.3
	1.460
(100.90%)
	0.02229
(101.87%)
	1.313
(101.63%)
	0.01927
(97.32%)
	1.313
(102.34%)
	0.02186
(99.50%)

	Alt.4
	1.447
(100.00%)
	0.02188
(100.00%)
	1.292
(100.00%)
	0.01980
(100.00%)
	1.283
(100.00%)
	0.02197
(100.00%)


From Table 4, it can be seen that in case of cross-polarized antenna configuration, all schemes have similar performance. For ULA antenna configuration, Alt.1 has slightly better performance. For rank 2 codebook subsampling, Alt.1 is preferred as well. 
According to above evaluation and analysis, we propose that the rank1/2 codebook subsampling in PUCCH 1-1 submode 2 as follows.
Table 5: PUCCH mode 1-1 submode 2 codebook subsampling
	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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	Value of the first PMI 
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	#bits

	1
	0-7
	{0,1,2,3,4,5,6,7}
	0-1
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	2
	0-7
	{0,1,2,3,4,5,6,7}
	0-1
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2.3 PUCCH mode 2-1 codebook subsampling
In PUCCH mode 2-1, it is not needed to do subsampling for rank 1 codebook. However, for rank 2, there are 2 bits for i2 subsampling but no subsampling for i1. Then it is desirable that the corresponding precoding matrices between W1,n and W1,n+8 are different after i2 subsampling. Therefore to avoid the codewords repetition for rank 2 as discussed in [1], we propose the following subsampling scheme for rank 2. 
Table 6:  PUCCH mode 2-1 rank 2 subsampling
	RI
	Relationship between the second PMI value and codebook index 
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	Value of the second PMI 
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For rank 3/4, if the same subsampling scheme as rank 1/2 is used, there are 4 bits PMI(i1) for W1, 4 bits PMI(i2) for wideband W2 and 2 bits PMI for subband W2. For rank 1/2, the combination of W1 and W2 can generate 64 precoding matrices. However for rank 3/4, because Rel.8 codebook is reused and W1 is always an identity matrix, there are 16 candidate precoding matrices available for wideband PMI feedback and only 4 precoding matrices for sub-band PMI feedback. This results in lower subband PMI granularity than wideband PMI. Then it is hard to harvest the gain of subband PMI feedback. In addition, only wideband PMI is reported in PUCCH 2-1 with Rel.8 codebook. Thus, it is reasonable to reuse the Rel-8 scheme and only report wideband PMI in PUCCH 2-1 in case of rank 3/4. Hence, wideband PMI for rank 3/4 may be sufficient and sub-band PMI reporting is not needed.  
3 Conclusions
In this contribution, Rel.12 4Tx codebook subsampling for PUCCH is discussed, and there are the following proposals: 

For PUCCH mode 1-1 submode 1rank 1 codebook subsampling:

· n = [0,1,2,...,7] are used for the subsampling for rank 1 W1
For PUCCH mode 1-1 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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	#bits

	1
	0-7
	{0,1,2,3,4,5,6,7}
	0-1
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For PUCCH mode 2-1:

	RI
	Relationship between the second PMI value and codebook index 
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	Value of the second PMI 
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· Sub-band PMI feedback for rank 3/4 is not needed in PUCCH mode 2-1.
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Appendix 1: The relations between codebook indexes and the corresponding precoding matrices 
Codebook 2a: 
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The relations between codebook indexes and the corresponding precoding matrices are shown in Table A1 and Table A2, where the quantities 
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Table A1.  Rank 1 codebook of solution 2a
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Table A2.   Rank 2 codebook of solution 2a
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Appendix 2 : PUCCH mode 1-1 submode 2 rank 1 codebook subsampling 
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	DFT vector
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Appendix 3                                                          
Simulation assumptions
	Parameter
	Value

	Channel Mode
	Fading Scenario: ITU UMa for Macro and UMi for LPN

	
	100% users are located outdoorsmoutdoor []outdoor. users in scenario A i

















































































	Central Frequency
	2GHz

	UE location
	80% indoor, 20% out door

	Antenna configuration
	4 Tx at eNodeB with 
[image: image122.wmf]0.5

l

spacing
Cross-polarized: ( 45 degrees  or co-polarized

	
	2 Rx at UE with 
[image: image123.wmf]0.5

l

spacing
Cross-polarized: ( 45 degrees

	
	TAE = 0 ns

	
	ideal antenna calibration
3D antenna pattern

	UE Speed
	3km/h

	System Bandwidth
	50RBs

	Subband size
	5RBs 

	Scheduler
	PF

	Transmit Mode
	TM10 with a single CSI process

	
	SU/MU –MIMO dynamic switching: rank-adaption, 

max 2 layers for each user in SU-MIMO

	
	Maximum number of paired users is 2,

Fixed 1 layer for each user in dynamic SU/MU MIMO switching
Fixed 2 layers for each user in SU-MIMO

	Receiver
	Non-ideal channel estimation

	
	Non-ideal interference modeling, Wishart order is selected as 
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	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUCCH 1-1 submode 2

	
	CQI and PMI report period is 5ms in PUCCH 1-1 submode 2 
For PUCCH 2-1, parameters Npd  , K, and H’ in[5] are set to 5ms, 3 and 2, respectively.   

	
	Feedback delay is 5 ms

	Overhead
	3 symbols for DL CCHs and DM-RS with 12 REs per PRB

	
	Total overhead: 33%
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