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1. Introduction
In this contribution we address 2D codebook design for higher ranks in Rel-13. We discuss the specifics of the codebook structure, the general design methodology and then provide some observations as to beam spacing and  the exent of overlap between different precoders.
2. Wide beam spacing verses narrow beam spacing

One of the aspects that was raised since RAN1#82 and we believe that needs to be resolved is the spacing of beams in a beam group (W1). We study this issue by designing  codebooks with the same payload for W1 and W2 but with different beam spacings. Note that the issue of spacing of beams is relevant mainly for the azimuth domain – in the elevation domain the beam spacing can be assumed to be always narrow (or small). Also, we believe that this issue is relevant primarily for high angle spread scenarios. 
Proposal-1: A narrow spacing of beams in W1 can be assumed in the elevation dimension. A narrow spacing of beams can be assumed in the azimuth dimension for small angular spread scenarios.

The following codebooks were constructed for this study for (4, 2, 2) TXRU configuration:
Wide spacing codebook: 6 bits W1, 6 bits W2 (oversampling Q_El = 8, Q_Az = 8, overlap P_El = 0.5, P_Az = 0, N_El = 4, N_Az = 4)
Narrow spacing codebook: 6 bits W1, 6 bits W2 (oversampling Q_El = 8, Q_Az = 8, overlap P_El = 0, P_Az = 0.5, N_El = 4, N_Az = 4)
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 Figure 1: Conceptually illustrating a wide spacing of beams for W1 construction where a group of azimuth beams consists of 4 maximally spaced DFT vectors (shown in red).
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 Figure 2: Conceptually illustrating a narrow spacing of beams for W1 construction where a group of azimuth beams consists of 4 closely spaced DFT vectors (shown in red)
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Figure 3: % gains in mean and edge UE throughput of a wide spacing codebook over a narrow spacing codebook assuming TXRU (4, 2, 2) at arrival rates of 3, 3.5 UEs/cells/s. Both codebooks have the same payload size for W1 and W2. Larger marker size corresponds to larger arrival rates.

Figure 3 shows the gain in performance due to a codebook with wide beam spacing for the (4,2,2) TXRU configuration. As is evident from the results, the gain in performace seems to be consistent across scenarios, transmission strategies and load.
Observation-1: Assuming the same payload size, some system level gains are observed with a codebook with wide spacing of beams in azimuth compared to a codebook with narrow spacing of beams in azimuth for (4, 2, 2) TXRU configuration.
3. Incorporating both wide and narrow beam spacing within a configurable codebook
In general, a rank-2 codebook structure can be represented by the following equations:
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A rank-2 precoder can be generally expressed as 
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. Note that a wide beam spacing in azimuth can be simply achieved by setting p1=8 while a narrow beam spacing can be achieved by setting p1=1. A wide beam spacing would be naturally aligned with no overlap in azimuth beams between different W1 matrices which can be achieved by setting s1=1. Therefore a narrow beam spacing in azimuth can be configured by setting p1=1, s1=2 and a wide beam spacing can be configured by setting p1=8, s1=1.
There could be different ways of incorporating a wide beam spacing option in a configurable codebook. One possibility is to set the beam spacing to be wide for certain Configs that are most suited for high angle spread environments. The most flexible option would be allow both wide beam spacing and narrow beam spacing options for certain Configs that are most suited for high angle spread environments.
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	{….}
	(s1,s2)=(2,2),(p1,p2)=(1,1) for (N1,N2)={(8,1),(3,2),(4,2)} [narrow beam spacing]
(s1,s2)=(1,2),(p1,p2)=(8,1) for (N1,N2)={(2,2),(2,3),(2,4)} [wide beam spacing]


Proposal-2: Allow a wide beam spacing option by setting appropriate values of p1 and s1 in a configurable codebook, especially for configurations applicable for wide angular spread propagation environments.
4. Conclusions
Proposal-1: A narrow spacing of beams in W1 can be assumed in the elevation dimension. A narrow spacing of beams can be assumed in the azimuth dimension for small angular spread scenarios.

Observation-1: Assuming the same payload size, some system level gains are observed with a codebook with wide spacing of beams in azimuth compared to a codebook with narrow spacing of beams in azimuth for (4, 2, 2) TXRU configuration.
Proposal-2: Allow a wide beam spacing option by setting appropriate values of p1 and s1 in a configurable codebook, especially for configurations applicable for wide angular spread propagation environments.
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 Appendix 1
Table 3: Simulation assumptions

	Parameters
	Values

	Tx power
	46dBm for 3D-UMa 500m, 41dBm for 3D-UMa 200m, 3D-UMi 200m

	Polarized antenna modeling
	Model -2 from 36.873 [1]

	Traffic model 
	FTP Model 1 with packet size 0.5 Mbytes 

	Wrapping method
	Geographical distance based

	Metrics
	Mean, 5% UPT

	System bandwidth
	10MHz (50 PRBs)

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	according to 36.873 [3]

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel-12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel-12 [71-12] assumptions

	UE Rx antenna configuration
	2 Rx cross-polarized (0/+90)

	Feedback 
	PUSCH 3-2

	
	CQI, PMI and RI reporting triggered per 5ms 

	
	Feedback delay is 5 ms 

	Transmission scheme
	TM10, single CSI process, SU or MU-MIMO with rank adaptation

	Overhead 
	3 symbols for DL CCHs, 2 CRS ports and DM-RS with 12 REs per PRB

	Scheduler 
	Frequency selective scheduling (multiple UEs per TTI allowed)
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