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1. Introduction
In RAN1#72bis meeting, it was agreed that the enhanced 4Tx codebook structure is based on grid of beams design similar to the Rel. 10 8Tx codebook.   The agreed working assumptions regarding rank3-4 4Tx codebook from RAN1#72bis are listed as follows：
Working assumption: 

· FFS until RAN1#73 whether rank 3-4 is:

· same as Rel-8 or 

· enhanced or

· not supported in the new codebook

· If rank 3-4 is supported in the new codebook, a same W1 codebook is assumed for rank 3 and rank 4 feedback

Working assumption for structure of W1: 

· For each rank R =3,4 (if 4Tx codebook enhancement of rank 3 and 4 is supported in Rel 12),  W1 is defined as below
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Where Xn  is a 2xCR matrix with DFT columns and [image: image3.wmf] 
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· To be determined:

· N1: 
total number entries of W1 per rank

· Q1:  
granularity of beam of W1 

· For each block matrix Xn

· CR: 

total number of beams

· a1,n, …, aCR,n :  
beam coefficients determining specific directions within the block

Working assumption for structure of W2: 

· For each rank R =3,4 (if 4Tx codebook enhancement of rank 3 and 4 is supported in Rel 12), W2 is a 2CR x R matrix defined as below
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Where ei is a selection vector of zeros and a “1” in the ith row

· To be determined:

· N2: 

total number entries of W2 per rank

· Q2: 

co-phasing granularity between two polarizations  

· For each ar
· yr1:  

column selection for the first polarization

· yr2 : 

column selection for the another polarization

· mr1: 

phase shift  for the first polarization

· mr2: 

phase shift  for the second polarization

Working assumption for rank 3,4 (if new codebook is agreed for rank 3-4):

· W1: 2 bits

· W2: FFS between:

· 4,3 for ranks 3,4 respectively, or 

· 3,3 for ranks 3,4

2. Evaluation results of codebook enhancement

In this section, we evaluate performance of proposed rank-3/4 codebooks from different companies[2-5] and Rel-8 Rank3-4 codebook. Simulation assumption is captured in table A1 in appendix A.  PUSCH 3-2 feedback mode is used in this set of simulations.  Simulation results of full buffer and FTP traffic are shown in the following table 1 to table 3.  In all simulations,  the enhanced codebook in [1] is used for rank1-2.   
2.1. Full buffer traffic 

Table 1 Performance under PUSCH 3-2 feedback mode
	
	Overhead
PMI1(bits)+PMI2(bits)
	Closely spaced XPOL (0.5λ)
	Widely spaced XPOL (4λ)

	
	Rank 3
	Rank 4
	Average spectral efficiency
	Cell edge spectral  efficiency
	Average spectral efficiency
	Cell edge spectral  efficiency

	Rel. 8 (baseline)
	0+4
	0+4
	3.518
	0.0913
	3.063
	0.0706

	Source 1[2]
	2+4
	2+3
	3.509 (-0.26%)
	0.0899 (-1.53%)
	3.051 (-0.40%)
	0.0712 (+0.85%)

	Source 2[3]
	2+4
	2+3
	3.519 (+0.01%)
	0.0876 (-4.05%)
	3.056 (-0.26%)
	0.0729 (+3.25%)

	Source 3[4]
	2+3
	2+3
	3.512 (-0.18%)
	0.0911 (-0.22%)
	3.038 (-0.82%)
	0.0733 (+3.82%)

	Source 4[5]
	2+4
	2+3
	3.494 (-0.70%)
	0.0895 (-1.97%)
	3.002 (-2.01%)
	0.0764 (+8.21%)


Observations:
· For closely spaced XPOL, Rel-8 Rank3-4 codebook performs better than all enhanced codebooks.  
· For widely spaced XPOL, some gain is observed on cell edge for the enhanced codebooks.  However, loss is seen on cell average. 
2.2. FTP traffic 

Table 2 Performance with the antenna separation is 0.5λ and FTP 1 traffic (λ=2.5, file size=0.5M)
	
	Overhead

PMI1(bits)+PMI2(bits)
	Closely spaced XPOL (0.5λ)

	
	Rank 1
	Rank 2
	Mean UE Throughput
	5% UE Throughput
	50% UE Throughput
	95% UE Throughput

	Rel. 8 (baseline)
	0+4
	0+4
	29.214 
	5.057 
	23.121 
	72.727 

	Source 1[2]
	2+4
	2+3
	29.307 (+0.32%)
	5.128 (+1.41%)
	23.121 (0.00%)
	72.727 (0.00%)

	Source 2[3]
	2+4
	2+3
	29.446 (+0.79%)
	5.038 (-0.38%)
	23.256 (+0.58%)
	72.727 (0.00%)

	Source 3[4]
	2+3
	2+3
	29.455 (+0.82%)
	5.083 (+0.51%)
	23.256 (+0.58%)
	72.727 (0.00%)

	Source 4[5]
	2+4
	2+3
	26.505 (-9.27%) 
	5.063 (+0.13%)
	22.099 (-4.42%)
	57.143 (-21.43%)


Table 3 Performance with the antenna separation is 4λ and FTP 1 traffic (λ=2.5, file size=0.5M)
	
	Overhead
PMI1(bits)+PMI2(bits)
	Widely spaced XPOL (4λ)

	
	Rank 1
	Rank 2
	Mean UE Throughput
	5% UE Throughput
	50% UE Throughput
	95% UE Throughput

	Rel. 8 (baseline)
	0+4
	0+4
	26.445
	3.861
	18.957
	76.923

	Source 1[2]
	2+4
	2+3
	26.414 (-0.118%) 
	4.000 (+3.60%) 
	18.433 (-2.77%) 
	 76.923 (0.00%) 

	Source 2[3]
	2+4
	2+3
	25.829 (-2.33%) 
	3.749 (-2.91%) 
	18.099 (-4.53%) 
	75.472 (-1.89%) 

	Source 3[4]
	2+3
	2+3
	26.410 (-0.13%) 
	3.996 (+3.50%) 
	18.692 (-1.40%) 
	76.923 (0.00%) 

	Source 4[5]
	2+4
	2+3
	26.422 (-0.09%) 
	4.124 (+6.80%) 
	20.202 (+6.57%) 
	68.966 (-10.35%) 


Observations:

· Enhanced codebooks provide no significant gain for both closely spaced XPOL and widely spaced XPOL.  For widely spaced XPOL, some codebooks provide gain on cell edge UEs but overall mean UE throughput has degradation.
The small/no performance gain obtained by enhanced rank3-4 codebook can be explained by limitation of double codebook structure which is more suitable for correlated channel.  When the UE supports rank3-4, its channel tends to be less correlated.  In this case, single codebook structure with subband PMI feedback seems to be a more reasonable choice.  Based on the simulation results, we don't see sufficient justification to introduce rank3-4 codebook.  
If rank3-4 codebook is not enhanced, there are two options according to the working assumption.  It is either same as Rel-8 or not supported in the new codebook.   For the latter approach, it can incur performance loss if rank 3-4 is not supported when enhanced codebook is configured for a UE because dynamic switching between rank3-4 and rank1-2 with new codebook is not supported.  In order to avoid potential loss,  it is more desirable to just reuse Rel-8 rank3-4 codebook in the new codebook. 
Proposal:  Codebook for rank 3-4 is the same as Rel-8 
3. Conclusion

In this contribution, we evaluate system level performance of enhanced 4Tx codebook for rank3-4.  According to the simulation results, we don't find enough justification to introduce enhanced codebook for rank3-4.  Therefore, we have the following proposal:
Proposal: Codebook for rank 3-4 is the same as Rel-8
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Appendix A: Simulation assumptions and parameters
Table A.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: 4Rx 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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	Feedback mode
	PUSCH reporting mode 3-2

	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 

	Rank1-2 codebook
	Refer to Appendix B in [R1-132101]

	Rank3-4 codebook
	Refer to [2]-[5]
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