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1. Introduction
In RAN#71, the WID [1] about enhancements on Full-Dimension (FD) MIMO for LTE has been approved. The work item aims to specify the enhancements identified for utilizing both elevation and azimuth domains with 1D and 2D port layouts with cross-poles at eNBs. In RAN1# 85, the following conclusion is agreed [2]:
Conclusion:
· Class A codebook enhancement: 
· Starting from Rel-13 Class A codebook design structure by enabling different N1 and N2 combinations 
· Reduce the number of combinations of codebook parameters (N1, N2, O1, and/or O2) 
· To be concluded in RAN1#86
· Examples: 
· Down select from 19 (N1,N2) combinations; and/or
· Reduce the number of (O1,O2) combinations
· Other possibilities are not excluded 
In this contribution, we discuss possible antenna layouts and respective oversampling factors with the newly supported number of antenna ports.
2. Antenna layout and oversampling restrictions
As the number of antenna ports is increased to {20,24,28,32}, the number of possible (N1,N2) combinations is up to 19. Moreover, different combinations of (O1,O2) further make the spec workload extremely high. Thus it is necessary to perform down-selection on (N1,N2) and/or (O1,O2).
2.1 Restriction on (N1, N2)
N1 and N2 are the number of antenna ports for horizontal and vertical per polarization respectively. We start from the analysis and evaluation for 1D layout. From the aspect of codebook design, (N1,N2) =(N,1) and (N1,N2)=(1,N) is the same. Further we conduct a simulation to compare the performance of 1D layout and 2D layout for 32 ports. The simulation results are collected in Table 1.
Table 1 Performance comparison between 1D and 2D layouts
	Umi scenario

	
	RU
	Mean
	5%
	50%

	(4,4,4,4) config 2
	0.61
	25.56
	7.49
	24.53

	(8,2,8,4) config 2
	0.57
	27.73
	9.18
	27.22

	(16,1,8, -)
	0.68
	24.24
	5.37
	22.03

	Uma scenario

	
	RU
	Mean
	5%
	50%

	(4,4,4,4) config 2
	0.60
	24.52
	8.07
	23.76

	(8,2,8,4) config 2
	0.54
	27.97
	10.87
	28.35

	(16,1,8, -)
	0.58
	25.96
	8.43
	25.44


It can be observed that the 1D layout provide marginal performance gain compared with (N1,N2) =(4,4). Moreover, it suffers performance loss compared with (N1,N2) =(4,4). This performance loss comes from the fact that the 1D layout may not be the optimal solution to match the traffic distribution on the horizontal and vertical dimensions. Moreover, for the 1D layout, the formed beam is very narrow in the horizontal beam. Hence it may cause robustness issues for the cases with time/frequency varying channels, e.g., UE mobility. Based on the evaluation and analysis, it is not necessary to support the 1D layout in Rel-14.
2.2 Restriction on (O1, O2)
In Rel-13, the possible oversampling factors are (4,4), (8,4) and (8,8). We simulate these three types of oversampling factors for different layouts and scenarios. The simulation results are collected in Table 2-4.
Table 2 Performance comparison of different oversample factors with (N1, N2) = (4, 4)
	MU scenario, FTP service,, lambda = 4.4, K=2, config 2
(N1, N2) = (4, 4)

	
	(O1, O2)
	RU
	Mean
	5%
	50%

	3D-UMi
	(8, 4)
	0.62
	25.11
	7.42
	24.66

	
	(4, 4)
	0.63
	-1.4%
	-3.8%
	-1.8%

	
	(8, 8)
	0.62
	+0.6%
	+2.4%
	-0.8%

	3D-UMa
	(8, 4)
	0.61
	24.12
	8.39
	23.72

	
	(4, 4)
	0.63
	-2.2%
	+0.8%
	 -4.2%

	
	(8, 8)
	0.61
	-0.3%
	-3.7%
	-2.7%



Table 3 Performance comparison of different oversample factors with (N1, N2) = (8, 2)
	MU scenario, FTP service,, lambda = 4.4, K=4, config 1
(N1, N2) = (8, 2)

	
	(O1, O2)
	RU
	Mean
	5%
	50%

	3D-Umi
	(8, 4)
	0.57
	27.73
	9.18
	27.22

	
	(4, 4)
	0.58
	-0.4%
	-0%
	+0.4%

	
	(8, 8)
	0.57
	+0.3%
	+1.6%
	-0.4%

	3D-UMa
	(8, 4)
	0.54
	27.97
	10.87
	28.35

	
	(4, 4)
	0.54
	-0.5%
	-4.0%
	-0%

	
	(8, 8)
	0.54
	+0.2%
	-4.3%
	-0.2%



Table 4 Performance comparison of different oversample factors with (N1, N2) = (2, 8)
	MU scenario, FTP service,, lambda = 4.4, K=1, config 1
(N1, N2) = (2, 8)

	
	(O1, O2)
	RU
	Mean
	5%
	50%

	3D-Umi
	(8, 4)
	0.51
	26.44
	9.03
	26.61

	
	(4, 4)
	0.51
	-1.1%
	-4.1%
	-2.9%

	
	(8, 8)
	0.51
	+0.2%
	+1.6%
	-0.9%

	3D-UMa
	(8, 4)
	0.57
	22.85
	8.33
	21.04

	
	(4, 4)
	0.58
	-1.3%
	-7.7%
	-0.6%

	
	(8, 8)
	0.56
	+0.4%
	+0.2%
	+2.1%



It can be observed from these evaluation results that:
· In Umi scenario, the oversampling factor combination (8, 8) performs the best, but at most 2.4% cell-edge performance gain compared with (8, 4), and even more marginal gains in mean performance.
· In Uma scenario, O2 = 4 is enough to have good performance, O2 = 8 shows performance loss in some cases.
From above observations, we can conclude that (O1, O2) = (8, 8) can be excluded since no performance gain obtained. In addition, larger oversampling factor will cause larger feedback overheads and increase UE complexity. Moreover, (4, 4) and (8, 4) should be applied to all the 2D layouts, such that the port number does not need to be re-indexed when the network changes the oversampling factors. 
Based on the above considerations, we have the following proposal:
Proposal: The following antenna layouts and oversampling factors should be adopted.
	Number of CSI-RS antenna ports
	(N1, N2)
	(O1, O2)

	20 ports
	(5, 2), (2, 5)
	(4, 4), (8, 4)

	24 ports
	(6, 2), (2, 6), (4, 3), (3, 4)
	

	28 ports
	(7, 2), (2, 7)
	

	32 ports
	(4, 4), (8, 2), (2, 8)
	





3. Conclusions
In this contribution, we analyze the complexity and performance problem of extending the Rel.13 codebook parameters to Rel.14. We have the following proposals.
Proposal: The following antenna layouts and oversampling factors should be adopted.
	Number of CSI-RS antenna ports
	(N1, N2)
	(O1, O2)

	20 ports
	(5, 2), (2, 5)
	(4, 4), (8, 4)

	24 ports
	(6, 2), (2, 6), (4, 3), (3, 4)
	

	28 ports
	(7, 2), (2, 7)
	

	32 ports
	(4, 4), (8, 2), (2, 8)
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5. Appendix

	System level simulation parameters

	Scenarios
	3D-UMi 200m ISD and 3D-Uma 500m ISD

	Antenna Configurations
	The number of element per port is 8/N2 for 2D antenna layout. N2 = 2, 4, 8 in this Tdoc’ simulation.
For (N1, N2) = (16, 1), the number of element per port is 2.

	Antenna Spacing
	(dV,dH)=( 0.8λ, 0.5λ)

	Number of UE antenna
	2Rx cross-polarized antenna

	Traffic model
	FTP 1 with packet size 0.5M byte

	OLLA
	Target at 10% BLER

	CSI-RS
	Period is 5 ms and overhead is accounted.  

	Codebook
	Extension of Rel-13 Class A codebook

	HARQ
	Max 4 retransmissions

	Transmission rank
	1, 2

	SU/MU pre-coding
	ZF

	Scheduling
	Proportional fair, up to 2 UEs, up to 2 layers

	CQI/PMI reporting interval and frequency granularity
	5ms for CSI, 6RB

	Feedback scheme
	Rel-12 enhanced CSI feedback, PUSCH mode 3-2, Ideal channel covariance /PMI feedback

	Delay for scheduling and AMC
	6ms

	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
	4

	Traffic model
	FTP1 model with 0.5Mbyte

	Feedback Assumption
	
Non-ideal modeling of channel estimation error modeling is used, based on DMRS for data demodulation, based on IMR for interference measurement

	Handover margin 
	3dB 
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