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Introduction
Until RAN1 #81 meeting, the Rel. 13 study item (SI) [1], i.e., Study on Elevation Beamforming/Full-Dimension (FD) MIMO for LTE has been successfully completed. Several standardization enhancement requirements are identified for supporting high performance 3D-MIMO operation.  At the RAN #68 meeting, the work item [2], i.e., Elevation Beamforming/Full-Dimension (FD) MIMO for LTE has been approved. According to the work item description (WID), one of the main topics is the enhancement of CSI report in order to provide adequately accurate CSIT for precoding. In this contribution, we discuss detailed 2D codebook design and the associated PMI feedback requirement.
2D Codebook Design for Rel. 13 MIMO
In our accompanying contribution [3], we propose a baseline 2D codebook structure, which can be summarized as follows. The codebook is described as , where  is given by:
								(1)
where  and  take the same structure, i.e., each of them represents a collection of DFT vectors. We use a generalized notation  to represent such structure. Then   where each  is a DFT vector that can be expressed as: . The index  represents the DFT beam index. The value of  specifies the finest granularity of the DFT beam control. The parameter  represents the size of an array in a particular dimension. Multiple DFT beams are grouped into  to enable the UE to do the “beam selection”. The parameter C represents the number of beams per group. The parameter B represents the spacing (in terms of the finest granularity) of two adjacent beams in the same group. The parameter A represents an offset of the beams considered in adjacent codebook entries  and .
For rank 1 codebook, the  can take the following form:
									(2)
and for rank 2 codebook, the  can take the following form:
							(3)
where  and  take the same structure and both represent a selection vector, i.e., only one element in  is 1 and the others are zeros. The parameter  is a co-phasing coefficient, which can follow the specification in TS 36.213 [3].

Based on this framework, we provide two detailed codebook proposals in this contribution. 

Single Vertical Beam Codebook
The codebook can be specified as follows.
,								(4)
and for rank 1, 
,										(5)
and for rank 2,
.									(6)
With this design, the short term beam selection only takes place in the horizontal domain. Then it is possible to reuse the legacy PMI report for W2. As for W1, additional PMI indexing for reporting the vertical dimension codebook shall be added. Then the PMI report can be formed as follows: for long term PMI feedback, a pair of indices  for W1 and a single index i2 for W2  are reported; for short term PMI feedback, a single index i2 for W2  is reported.

2D Beam Selection Codebook
The 2D beam selection codebook takes a literal W1 and W2 structure as shown in equation (1), (2) and (3). With such a structure, beam selection can take place in both horizontal and vertical domains. As for rank 2 transmission, the two layers can be transmitted in different vertical beams as well as in different horizontal beams. Then the PMI report can be formed as follows: for long term PMI feedback, a pair of indices  for W1 and a pair of indices (i2,1, i2,2) for W2  are reported; for short term PMI feedback, a pair of indices (i2,1, i2,2) for W2  is reported.
Performance Comparison
The 2D beam selection codebook can provide a higher beam selection flexibility, compared to the single vertical beam codebook, especially for rank 2 transmission. It is desired to check the performance benefit delivered by such additional flexibility. We provide system-level simulation results in order to verify the performance of the two candidate codebooks. Major evaluation assumptions are summarized in Table A. we consider different antenna array configurations, e.g., (M, N, P, Q) = (4, 2, 2, 8), (8, 2, 2, 8), (6, 2, 2, 12) and (8, 4, 2, 16). Values of key codebook parameters are listed in Table 1. 
Table 1: Codebook Parameter Values for Performance Evaluation
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FTP traffic model is used for evaluation and the user packet throughput (UPT) performance is summarized in Table 2. 
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Based on the evaluation results, we can make the following observations.
Observation 1: The 2D beam selection codebook structure provides marginal performance gain over the single vertical beam codebook for antenna configurations of (4, 2, 2, 8), (6, 2, 2, 8) and (8, 4, 2, 16).
· Up to 4.3% and 8.3% performance gain is observed for mean and 5% UE packet throughput.

Observation 2: The 2D beam selection codebook structure provides marginal performance gain over the single vertical beam codebook for antenna configuration of (8, 2, 2, 8).
· Up to 11.2% and 21.8% performance gain is observed for mean and 5% UE packet throughput.

From the evaluation results, it is observed that for limited case, i.e., in case of antenna configuration of (6, 2, 2, 12) and in high traffic load case, 2D beam selection codebook shows large gain over the single vertical beam codebook. 

We further analyze the feedback payloads required by these two codebook structures. The necessary bit numbers for W1 and W2 feedback are summarized in Table 3.

Table 3: Payload size for W1 and W2 feedback for both codebook structures
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In order to support more flexible beam selection, the payload for W2 is higher when applying the 2D beam selection codebook. As W2 is designed for short-term feedback, increasing the payloads for W2 shall be carefully considered. Then, based on performance evaluation and analysis on the feedback payload issues, we make the following proposal.

Proposal: Consider single vertical beam codebook as a baseline codebook structure. 2D beam selection codebook can be considered if evident performance gain is identified.

Summary
In this contribution, we discussed the codebook design issues. Based on our investigation, the following observations and proposals can be made.
Observation 1: The 2D beam selection codebook structure provides marginal performance gain over the single vertical beam codebook for antenna configurations of (4, 2, 2, 8), (6, 2, 2, 8) and (8, 4, 2, 16).
· Up to 4.3% and 8.3% performance gain is observed for mean and 5% UE packet throughput.

Observation 2: The 2D beam selection codebook structure provides marginal performance gain over the single vertical beam codebook for antenna configuration of (8, 2, 2, 8).
· Up to 11.2% and 21.8% performance gain is observed for mean and 5% UE packet throughput.

Proposal: Consider single vertical beam codebook as a baseline codebook structure. 2D beam selection codebook can be considered if evident performance gain is identified.
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	Parameter
	Values

	Scenario / channel model
	3D-UMi (ISD: 200 m)

	Carrier frequency 
	2 GHz 

	System bandwidth
	10 MHz (50 RBs) 

	eNB antenna configurations
	(M, N, P, Q) = (4, 2, 2, 8), (6, 2, 2, 8), , (8, 2, 2, 8), (dH, dV) = (0.5 , 0.8 ), etilt = 100 deg.

	Total BS Tx power
	41 dBm

	UE antenna configurations
	2 X-pol (0/90 deg.)

	UE speed
	3 km/h

	Indoor UE ratio
	80 %

	MIMO scheme
	SU/MU-MIMO dynamic switching

	UE 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

	CSI feedback scheme
	Subband PMI and CQI

	CSI-RS transmission interval /
CSI feedback interval
	5 ms for RI, PMI and CQI, 200 ms for beam selection

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes
(low: ~20 % RU, medium: ~50 % RU, high: ~70 % RU)

	Scheduler
	Proportional fairness

	Control delay
	6 ms

	HARQ
	Chase combining with 8 ms RTD
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upT [LMean | 208 |305(+23%)| 31.0 |316(+1.8%)| 315 |324(+27%)| 358 |356(-0.4%)
G (’\fb)its 5% 8.1 8.7 (+7.0%) | 9.1 8.7 (-4.2%) 9.4  |102(+8.3%)| 124 |[12.5(+1.2%)
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S0% | 267 |27.6(+3.3%)| 289 [29.3(+1.4%)| 29.8 [31.1(+4.4%)| 365 | 36.2(-0.9%)
ResultingRU | 24 29 23.9% 23.4% 22.8% 22.8% 22.0% 18.9% 19.2%
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