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1. Introduction
In RAN1#73 meeting, it was agreed to adopt either solution 2a or solution 2b for Rel-12 4Tx rank1/2 codebook.   
Solution 2a:
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Solution 2b
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The difference between these two solutions is in the rank 2 codewords.  In this contribution, we give our analysis on the structure of these rank2 codewords which is followed by performance evaluation on rank1/2 codebook design.
2. Analysis on the rank-2 codewords in solutions 2a and 2b
In our previous contribution [1], we analyzed the characteristic of channel with dual polarization (DP).  It is pointed out that for any channel matrix H (2 x Nt, dual polarization), if polarization leakage is ignored,
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Here A and B are 
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 matrices. Thus the right eigenvector of H can be denoted as following:
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Here 
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 vectors.  Antenna spacing and radio scattering are the key factors which affects the chordal distance between 
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 is 1 or j when antenna spacing at eNB is 0.5λ and radio scattering is poor.   For most of the cases,
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.  This feature in DP correlated channel can be well captured by the current W2 design for rank1/2. Both solutions 2a and 2b contain the following 8 codewords which are very useful for this correlated scenario:
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When antenna spacing at eNB is 4λ or >4λ or when UE is in rich scattering environment, the chordal distance between
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 can be large.   For many cases,
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. The remaining 8 codewords in solution 2a can capture this feature.  However,  only the following 2 codewords in solution 2b are useful for this type of uncorrelated channel feature. 
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If polarization leakage is considered, this model can be destroyed in some degree.  However, it should not be serious enough to consider models such as 
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 in option 2b.   According to Table 1 which is extracted from [2], the polarization leakage is small in different scenarios.  Therefore, the reasons why we should adopt these models are not very clear.
	Scenarios
	InH
	UMi
	UMa
	RMa

	
	LoS
	NLoS
	LoS
	NLoS
	O-to-I
	LoS
	NLoS
	LoS
	NLoS

	XPR (dB)
	
	11
	10
	9
	8.0
	9
	8
	7
	12
	7


Table 1 Cross-polarization ratio parameter
3. Performance comparison between solutions 2a and 2b
Evaluation is done on codebook solutions 2a and 2b under simulation assumptions 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 tables 2 to 4.
Table 2 Performance under PUSCH 3-2 feedback mode and Full Buffer traffic
	
	Closely spaced XPOL (0.5λ)
	Widely spaced XPOL (4λ)

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

	2a
	2.419
	0.0628
	2.105
	0.0523

	2b
	2.409 (-0.43%)
	0.0623 (-0.80%)
	2.103 (-0.12%)
	0.0525 (+0.38%)


 Table 3 Performance with 0.5λ antenna spacing and FTP 1 traffic (λ=2.5, file size=0.5M)

	
	Closely spaced XPOL (0.5λ)

	
	Mean UE Throughput
	5% UE Throughput
	50% UE Throughput
	95% UE Throughput

	2a
	14.601
	1.993
	11.299
	41.237

	2b
	14.309 (-2.00%)
	1.973 (-0.98%)
	11.080 (-1.94%)
	40.000 (-3.00%)



Table 4 Performance with 4λ antenna spacing and FTP 1 traffic (λ=2.5, file size=0.5M)
	
	Widely spaced XPOL (4λ)

	
	Mean UE Throughput
	5% UE Throughput
	50% UE Throughput
	95% UE Throughput

	2a
	11.929
	1.396
	8.715
	35.088

	2b
	11.650 (-2.34%)
	1.416 (+1.41%)
	8.734 (+0.22%)
	33.613 (-4.20%)


In addtional to throughput perofrmance, we also capture the distribution of rank-2 codewords selection in figure 1.
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                                 (a)                                                                                             (b)
Figure 1 Distribution of rank-2 codewords selection
Observations:
· Overall performance of solution 2a is better than Solution 2b.  The difference between two solutions in mean UE throughput is around 2% for both closely spaced XPOL and widely spaced XPOL.
· Solution 2b has three different types of W2 which would definitely introduce extra complexity.   The extra complexity doesn't give any performance benefit.  
· The codeword selection of solution 2a is more evenly distributed in both closely spaced XPOL and widely spaced XPOL which means solution 2a has better efficiency on codebook quantization.  
· Codewords with i2 indices 0,3,12,13,14,15 are selected quite rarely which means these codewords are not useful in XPOL channels even it is widely spaced.

Based on these observations, we have the following proposal:
Proposal:  Adopt solution 2a for Rel-12 4Tx Rank1/2 codebook
4. Conclusion
In this contribution, analysis and performance evaluation are done in two candidates of Rel-12 4Tx rank1/2 codebook.   Based on our analysis and observations, we propose to adopt solution 2a for Rel-12 4Tx rank1/2 codebook.
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6. Appendix
 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: 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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	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 
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