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1 Introduction
In RAN1#82bis meeting [1] a rank-1 codebook design for class A CSI reporting was agreed. In the email discussion [82b-13] the possible codebook structures for rank-2, rank-3 and rank-4 were also presented. In this contribution we provide system-level evaluation results to compare some design principles used for the higher rank codebook construction. 
2 Comparison of the codebooks for rank 2
In the e-mail discussion [82b-13] several rank-2 codebook designs were proposed. All codebook proposals shares similarity in the construction of the certain PMIs that multiplex two MIMO layers using orthogonal polarizations within the same beam using co-phasing quantization of pi/2. However, there are several differences between codebooks regarding construction of the remaining PMIs. Such principles can be classified into three groups:

· Scheme 1: Oversampling of the co-phasing coefficients with higher granularity
· Scheme 2: MIMO layer multiplexing using  orthogonal beams

· Scheme 3: W2-based beam adjustment within a grid of beam (not applicable for Config. 1)
In scheme 1 the additional PMIs are constructed by using co-phasing elements that quantize the phase of with higher granularity than pi/2. This design principle was used in Rel-12 for 4Tx codebook. Schemes 2 introduces the additional PMIs that multiplex the two MIMO layers using orthogonal beams. Such multiplexing approach is expected to be beneficial in the NLOS scenarios, when the propagation characteristics of the channel may be different for different polarizations. In scheme 3, the additional PMIs adjust the beams within grid of beam by using W2 matrix. The beam adjustment is used to improve SINR for MIMO layer each sub-band. On the other hand, considering that the rank-2 PMI report is not used by the SINR-limited UEs, such accurate beam tuning may not be required in the high rank codebook as such. Therefore, the main focus of the following comparison using system level simulations was made for the schemes 1 and 2.

To demonstrate the performance difference for the considered schemes a system level simulation results were carried out in UMa and UMi scenarios. In the evaluations 2D antenna port layout with N1 = 4 and N2 = 2 and 2x1 sub-array model-1 are assumed. The grid of beam for two schemes was selected in accordance to Config. 1, which corresponds to a single beam in the grid of beams. The packet arrival rate in the simulations was selected in such way to provide small and medium resource utilizations, when the rank-2 transmissions are selected more often. The remaining simulation assumptions are provided in the Appendix. For the baseline, the rank-2 codebook with common among the proposals PMIs multiplexing two MIMO layers using orthogonal polarizations within the same beam and co-phasing quantization of pi/2 was assumed. 
Table 1a: Rank-2 codebook comparison in UMa scenario

	λ 
	Resource utilization
	Performance Metric
	UE packet throughput, Mbps

	
	
	
	Baseline
	Scheme 1
	Scheme 2

	
	
	
	
	
	

	0.8
	~10%
	Average
	45.08
	45.08 (0.0%)
	45.85 (1.7%)

	
	
	95% of CDF
	61.50
	61.50 (0.0%)
	61.50 (0.0%)

	1.3
	~20%
	Average
	37.46
	37.51 (0.1%)
	38.00 (1.4%)

	
	
	95% of CDF
	61.32
	61.32 (0.0%)
	61.32 (0.0%)

	2.1
	~40%
	Average
	27.18
	27.22 (0.1%)
	27.49 (1.1%)

	
	
	95% of CDF
	56.38
	56.45 (0.1%)
	57.55 (2.0%)


	Table 1b: Rank-2 codebook comparison in UMi scenario

λ 
	Resource utilization
	Performance Metric
	UE packet throughput, Mbps

	
	
	
	Baseline
	Scheme 2
	Scheme 3

	
	
	
	
	
	

	0.7
	~10%
	Average
	35.03
	35.09 (0.2%)
	35.46 (1.2%)

	
	
	95% of CDF
	61.32
	61.32 (0.0%)
	61.37 (0.0%)

	1.6
	~20%
	Average
	30.97
	31.04 (0.2%)
	31.42 (1.4%)

	
	
	95% of CDF
	61.12
	61.12 (0.0%)
	61.14 (0.3%)

	2.7
	~40%
	Average
	24.85
	24.87 (0.8%)
	25.09 (1.0%)

	
	
	95% of CDF
	56.30
	55.66 (-1.1%)
	57.14 (1.5%)


The performance results are provided in Table 1a and Table 1b for UMa and UMi scenarios respectively. It can be seen from Table 1a and Table 1b that the performance gains for the both schemes are limited. However the gains are typically higher for Scheme 2 that multiplex the two MIMO layers using orthogonal beams. Based on the comparison, the following observations can be made.
Observations:

· For rank-2 codebook, support of the PMIs with orthogonal beams is more beneficial than support of the PMIs with increased oversampling of the co-phasing coefficient within a beam
3 Comparison of the codebook for rank 3, 4

In the e-mail discussion [82b-13] several rank-3, 4 codebook designs were proposed. In high level all codebook proposals supports multiplexing of the MIMO layers using orthogonal polarizations and the orthogonal beams. However the proposals are different in the selection of the orthogonal beams. Different approaches for selection of the orthogonal beams can be classified in two groups (see Figure 1)
· Scheme 1: Widely spaced (non-adjacent) orthogonal beams
· Scheme 2: Closely-spaced (adjacent) orthogonal beams
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Figure 1: Illustration of scheme 1 and scheme 2
To demonstrate the performance difference for the considered schemes a system level simulation results were carried out in UMa and UMi scenarios. In the evaluations 2D antenna port layout with N1 = 4 and N2 = 2 and 4x1 sub-array is assumed. The grid of beam for two schemes was selected in accordance to Config. 2, which corresponds to a four beams in the grid of beams with 2x2 configuration. The packet arrival rate in the simulations was selected in such way to provide very small resource utilization, when the rank-3 or 4 transmissions are selected more often. The remaining simulation assumptions are provided in the Appendix. 

	Table 2a: Rank-3, 4 codebook comparison in UMa scenario

λ 
	Resource utilization
	Performance Metric
	UE packet throughput, Mbps

	
	
	
	Scheme 1
	Scheme 2

	
	
	
	
	

	0.5
	3%
	Average
	68.00
	71.62 (5.3%)

	
	
	95% of CDF
	121.58
	121.93 (0.3%)

	
	
	50% of CDF
	61.32
	65.13 (6.2%)


Table 2b: Rank-3, 4 codebook comparison in UMi scenario

	λ 
	Resource utilization
	Performance Metric
	UE packet throughput, Mbps

	
	
	
	Scheme 1
	Scheme 2

	
	
	
	
	

	0.5
	5%
	Average
	48.74
	50.75 (4.1%)

	
	
	95% of CDF
	112.15
	120.18 (7.1%)

	
	
	50% of CDF
	44.62
	45.37 (1.7%)


The results are provided in Table 2a and Table 2b for UMa and UMi scenarios respectively. It can be seen from Table 2a and Table 2b that the performance of Scheme 2 (that multiplex the MIMO layers using adjacent orthogonal beams) is better than of Scheme 1 (that multiplex the MIMO layers using non adjacent orthogonal beams). Based on the comparison, the following observations can be made.
Observations:

· For rank-3,4 codebook, support of the PMIs with closely-spaced orthogonal beams is more beneficial for multiplexing of the MIMO layers than support of the PMIs with widely-spaced orthogonal beams
4 Summary

In this contribution we provide system-level evaluation results that compare some design principles used for the codebook construction. Based on the evaluation results the following observations were made:

· For rank-2 codebook, support of the PMIs with orthogonal beams is more beneficial than support of the PMIs with increased oversampling of the co-phasing coefficient within a beam
· For rank-3,4 codebook, support of the PMIs with closely-spaced orthogonal beams is more beneficial for multiplexing of the MIMO layers than support of the PMIs with widely-spaced orthogonal beams
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Appendix
	Parameter
	Value

	Scenario
	3D-UMa, ISD = 500 m (homogeneous)

3D-UMi, ISD = 200 m (homogeneous)

Geographical distance based wrapping

	eNB antenna configuration
	URA X-pol, slants -45/+45 degree, 16 TXRUs

0.5-wavelength horizontal spacing

0.8-wavelength vertical spacing

	UE antenna configuration
	ULA 2 Rx / 4 Rx X-pol (for rank 4 evaluations)

slant 0/90 degrees, 0.5-wavelength horizontal spacing

	Traffic model
	FTP model 1, S=0.5 Mbyte packet size

	Cell association
	CRS antenna port 0, mapped to the two vertical TXRUs

Handover margin = 3dB

	Carrier frequency
	2 GHz

	Bandwidth
	10 MHz

	Channel estimation 
	Ideal 

	Interference covariance estimation
	Ideal

	CSI feedback
	Mode 3-2 with 10 ms periodicity

	CRS configuration
	Colliding across all modelled cells

	Transmission mode
	TM10

	Scheduling
	Proportional Fair

	OLLA
	10% BLER target

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees

	UE receiver
	MMSE-IRC

	Max HARQ transmissions
	4
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