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1. Introduction

In [1], it was agreed to study the performance benefit of standards enhancements targeting two-dimensional antenna array operation (including a single column of cross-poles) with 8 or more transceiver units (TXRUs) per transmission point, where a TXRU has its own independent amplitude and phase control. The study item consists of two phases: phase 1 for performance evaluation and phase 2 for enhancement study.
This contribution discusses and proposes specification enhancements which may be worth being studied further. 
2. 3D-MIMO Solutions Requiring Standards Enhancement
In [3], we considered two standards-transparent FD-MIMO solutions. Both approaches ideally require UEs to measure multiple CSI-RS processes, which may cause some issues because the number of CSI-RS processes supported per UE is very limited and they were originally designed for cross-cell coordination. Furthermore, reusing the legacy horizontal codebook for vertical CSI feedback is sub-optimal because of the significant differences between the horizontal and vertical channel characteristics [2]. 

To address these issues, we consider here two solutions which would require standards enhancement to support 3D-MIMO more efficiently. We assume that the eNB can reconstruct the 3D channel CSI based on the Kronecker product approach as described in [3], and the horizontal precoding approach is left unchanged. 
2.1 Alternative 1: 3D-MIMO based on new DFT codebook for vertical dimension
In this solution, the UE’s vertical PMI feedback is selected from a new DFT codebook optimized for downtilt angles, according to the following procedure: 
1) An eNB transmits two set of CSI-RS resources to enable horizontal and vertical antenna ports to be measured, e.g. one set of CSI-RS resources configured for vertical ports and the other for horizontal ports. For this scheme, the UE needs to know which CSI-RS resource corresponds to the horizontal dimension and which to the vertical dimension, in order to know which PMI codebook to apply in each case. 
2) A UE measures the downlink 3D matrix channel based on the configured CSI-RS as follows,
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is the matrix channel from UE’s antennas to the n’th row of the AAS antenna ports, R is the number of UE antennas, and M, N are the number of horizontal and vertical eNB antenna ports, respectively. 
3) For the vertical CSI measurement, the UE finds the most appropriate codeword in the vertical precoding codebook, and feeds back its index as vertical precoding matrix index (vPMI) to the eNB. The vertical precoding codebook can be expressed as 
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where L is the number of candidate precoders, 
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is the vertical precoding matrix corresponding to downtilt angle 
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, and a candidate generator for the precoder is
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where 
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 is the antenna separation in wavelength between vertical ports. Note that considering the relative slow change of vertical locations of a UE and the impact of significant or sudden change of downtilt angle on cell coverage, 
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 can be generated once and then updated gradually according to UE’s feedback in a period.
The eNB receives the vPMI, reconstructs the 3D channel based on the hPMI and the Kronecker product approach, and applies the corresponding 3D precoder to the UE’s data. An example implementation of this solution is illustrated in Figure 1 below. 
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Figure 1 FD-MIMO based on DFT codebook for vertical dimension
The specification impact of this solution would include the following:
1) Signalling to indicate which PMI codebook to associate with each CSI-RS process. 
2) Suitable UCI formats for the vertical PMI feedback.  
3) A new vertically-optimised PMI codebook
4) Possibly a new 3D CQI definition. 
2.2 Alternative 2: 3D-MIMO based on new 3D codebook 
The limitation on the number of CSI processes supported by the UE can be overcome if a new 3D codebook is specified, which would enable joint PMI and CQI estimation at the UE and single CSI reporting covering both horizontal and vertical domains without the need for Kronecker-based reconstruction at the eNB. The specification impact of this solution would include the following:
1) Suitable UCI formats for the joint horizontal/vertical PMI feedback.  
2) A new jointly optimised horizontal/vertical PMI codebook
This should provide an upper bound on codebook-based feedback performance. 

3. Performance Evaluation and Comparison
We provide performance evaluation for the first of the above solutions and compare it with a 2D baseline system for SU-MIMO under UMi and UMa scenarios respectively [2].
Table 1 
UMi Performance

	SU-MIMO
	
	Throughput (bps/Hz)
	Gain

	2D baseline (2Tx PMI)
	Average
	1.28
	

	
	Edge (5% poorest)
	0.037
	

	Alternative 1 (2TX hPMI + 2bit new vPMI)
	Average
	1.87
	46.5%

	
	Edge (5% poorest)
	0.041
	9.8%


Table 2 
UMi Performance

	SU-MIMO
	
	Throughput (bps/Hz)
	Gain

	2D baseline (2Tx PMI)
	Average
	0.64
	

	
	Edge (5% poorest)
	0.014
	

	Alternative 1 (2TX hPMI + 2bit new vPMI)
	Average
	1.48
	131.6%

	
	Edge (5% poorest)
	0.033
	133.5%


Observation:

3D-MIMO based on a vertically-optimised PMI feedback codebook can achieve similar gain as the standard-transparent solutions discussed in [3]. 
Further study is needed to identify whether further gains might be possible from a jointly-optimized 3D codebook. 

4.  Conclusion
In this contribution, we evaluate a 3D-MIMO solution based on a new DFT codebook for vertical dimension CSI feedback. We observe that such a scheme can achieve similar gain as the standard-transparent solutions discussed in [3]. Nevertheless, the feedback overhead may be slightly lower than the schemes in [3], and it may provide better control of beam direction and therefore reduced interference. 

Further evaluations would be necessary to evaluate the possible gain of a jointly-optimized 3D PMI codebook. 

We also need to identify the specification impacts of these schemes. 
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Appendix: DL System Level Simulation Parameters

	Scenarios
	3D-UMi/3D-UMa, SU, Full Buffer Traffic

	BS antenna configurations
	Config 1 (3D MIMO V8H2): K=1, M=8, N=1, X-pol (+/- 45), 0.5λ H/V separation, θetilt=12 by default
Config 2 (2D baseline V1H2): K=M=8, N=1, X-pol (+/- 45), 0.5λ H/V separation, θetilt=12 degrees
N is the number of columns

M is the number of antenna elements with same polarization in each column

K is the number of antenna elements per port

	MS antenna configurations
	2Rx X-pol (0/+90), 0.5λ H spacing

	System bandwidth
	10MHz (50RBs)

	UE attachment 
	Based on large scale power

	Carrier Frequency 
	2GHz

	UE distribution
	Follows 36.873 3D-UMi/UMa

	Polarized antenna modeling
	R1-136021 (yellow part)

	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

	Wrapping method
	Geographical distance based

	Handover margin
	3 dB

	CSI error model
	Ideal unless otherwise stated
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