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1. Introduction

In [1], it was agreed to study the performance benefits 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. However, CSI feedback complexity and overhead becomes major issues as the number of TXRUs increases. This contribution provides some proposals of codebook design for 2D antenna array based on our 3D MIMO study [2] [3].

2. Codebook design for 2D antenna array 
We need to define new CSI-RS ports for the measurement of high order 3D-MIMO. The objectives in [1] consider CSI enhancement with up to 64 CSI-RS ports. However, large numbers of CSI-RS ports leads to higher reference signal transmission overhead. Furthermore, the single user MIMO gain with respect to 8Tx generally diminishes with an increasing number of CSI-RS ports because the number of UE antennas limits the spatial-domain degrees of freedom. In order to achieve an attractive MIMO gain within the framework of LTE/LTE-A, multi-user MIMO scheme may need to be enhanced so that 3D CSI provided by a 2D antenna array can be fully exploited. 

We consider 2D antenna array assumptions with (M, N, P, Q) configuration. Note that antenna array structure for each column is cross-polarized (P=2) where M is the number of antenna elements with the same polarization in each column, N is the number of columns. For such a 2D antenna array, the number of total antenna elements in the 2D antenna array is given by M*N*P. Q is the number of TXRU.  In this contribution we always assume one-to-one mapping between TXRU and CSI-RS port.
New codebook design may be needed depending on whether the performance gain of 3D-MIMO precoding scheme over implementation based solutions [4] is sufficient. Similar to the Rel-12 WI on MIMO enhancement, the channel characteristics and antenna architecture of AAS should be carefully taken into account. The nested property of codebooks for different ranks may be considered for better scalability. It should be also evaluated whether constant modulus codebook is preferred or not. For real antenna implementation, vertical coherent combining does not have the property of constant modulus in order to achieve a specific vertical beamwidth and suppress the sidelobes. The dimension of the codebook should be limited. New quantization methods for reducing the overhead and codebook size may be considered. As stated in the SI objectives, performance gain from studied techniques should be evaluated taking into account the feedback overhead. 
In order to avoid excessive workload on new codebook design and evaluation, we propose to consider a 3D codebook design based on the principle of Kronecker product as a starting point, i.e., select the horizontal and vertical codebook designs independently, and then take the Kronecker product between them as a final 3D codebook. Such an approach has already been intuitively adopted in the 3D MIMO channel measurement and modelling phase for measuring and modelling the 3D MIMO channel parameters using separate horizontal and vertical parameters. 
The key benefit of such a principle is that it would bring scalability and backward compatibility to the relevant 3D-MIMO solution design. It would enable a 3D codebook to be designed based on existing 2/4/8TX codebook design, with only some incremental enhancement. Therefore we can leverage the asset of previous releases and minimize standards/implementation changes. It would also enable the convenient extension of the existing 8TX codebook to more TXs, e.g., 16TX/32TX/64TX for planar antenna arrays, and support flexible antenna array sizes, e.g. V2H2, V4H4 if needed. Furthermore, it would enable enhancement of the RI and CQI feedback based on existing RI and CQI feedback framework.
If we assume 
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 denotes Kronecker product operation, subscript ‘h’ and ‘v’ denote horizontal and vertical, respectively, lower case 
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 represent the CSI seen by each UE antenna element, then 
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This equation indicates that the 3D precoder can be obtained from two 1D PMI feedback from the UE, i.e.,
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The Kronecker product principle can be employed to construct a 3D codebook with at least two alternatives:

Alt1: Dual-codeword approach: The 3D precoder is a direct Kronecker product of two 1D precoders, i.e.,
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where 
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 is the desired 3D precoding matrix; 
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 denotes the vertical precoding matrix which correlated to vertical channel characteristics; 
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 denotes the horizontal precoding matrix which correlated to horizontal channel characteristics; and 
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 denotes Kronecker product operation. 
In this alternation, we need to define vertical codebook and horizontal codebook respectively. The vertical codebook can be either the reuse of the existing LTE codebook or a new design. The horizontal codebook can be a reuse of the existing LTE codebook. For lower ranks (number of total rank <= N*P), we propose to restrict the number of vertical rank to be 1 due to the small angle spread in vertical domain. For higher ranks (number of total rank > N*P), we think it will not be dominant design cases in general since vertical CSI-RS ports are highly correlated. Besides the cross-talking between vertical and horizontal MIMO channels will make the rank determination complicated and require further study. 
In order to explore more gain from vertical antenna ports, we propose to focus more on enhancing the vertical codebook with regard to the channel characteristics of the vertical domain compared different from the horizontal domain as noticed in the previous channel measurement and modelling campaign [2]. For example, a new DFT based codebook may be a good candidate for such a small vertical angular spread and desired vertical coverage. 
Alt2: Triple-codeword approach: This is an approach extended from the dual-codeword codebook construction approach adopted in the legacy 4/8TX codebook design. The 3D precoder is a combination of the long-term vertical precoder, the long term horizontal precoder and the short-term 3D beam selection matrix, which can be expressed as follows:
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where 
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 is the desired 3D precoding matrix; 
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 denotes the vertical precoding matrix which indicates the UE’s favourite downtilt angle; 
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 forms a set of long-term 3D beams based on wideband CSI. 
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 is used to select one or several beams from the 3D beam set dynamically based on sub-band CSI.  The benefit of such an approach is that it may be potentially more feedback efficient especially for larger number of TX ports per dimension (>=8).  Please note that Alt2 can be considered as an expansion of Alt1, for example
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where the most right part can be existing dual codebook for 4/8 Tx. Then Alt 1 has Wv with single column vector without further column selection. Moreover Ws itself may be also KP for separated vertical and horizontal column selection. 

In this contribution, the vertical precoder and codebook design is similar to Alt1. The horizontal precoder and codebook reuse the existing LTE codebook.
DFT Based Vertical Codebook Design

The vertical codebook design is different from the horizontal domain where departure angle normally spans across a 120 degree range; the vertical domain departure angle span is up to 50 degree for UMi and 30 for UMa according to the latest 3GPP channel mode (TR36.873). Thus on one hand, the number of beams does not need to be as large as the horizontal domain. Our analysis shows that even for the narrow beam formed by 8-element, we only need 4 beams (18 degree*4>>50 degree) to cover the entire vertical span.  Moreover, due to the larger correlation (and smaller angular spread) shown in vertical domain, the number of degrees of spatial freedom at the vertical dimension is usually smaller than the degree of freedom at the horizontal domain.  Since the vertical domain is more correlated to UE height whose vertical position will not change quickly, the UE-specific downtilt angle or vertical precoder will not change frequently. 

The system level evaluation with different number of vertical beams is shown below. It is found that the system level spectrum efficiency with different number of vertical beams is almost unchanged.
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Figure. 1. System level performance with different number of vertical beams
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Figure. 2. Downtilt angle selection change (color indicates PRB, use several PRB as example)

3. Performance Evaluation
As a verification of system performance, we provide below full-buffer system performance and non-full buffer system performance of TDD reciprocity based approach and FDD Kronecker based approach (Alt1) under the same system configurations [3]. Unless it is stated, SU-MIMO is assumed for all cases below. We reused LTE codebook and also use some new DFT based codebook as vertical codebook. For DFT based codebook, we used four codewords with downtilts {57.5, 80, 102.5, 125} degree. The CQI estimation is ideal for SU. The performance can be further improved by adopting an optimized vertical codebook rather than reusing the LTE codebook. 
Table 1. Full buffer system performance of Kronecker product 3D codebook
	MIMO Schemes (M,N,P,Q)
	UMi (ISD 200m) FDD+DFT
	UMi (ISD 200m) FDD+LTE
	UMi (ISD 200m) TDD

	Spectrum efficiency [bits/s/Hz]
	SU
	(8,2,2,4)
	Average
	1.71 (0%)
	1.71 (0%)
	1.98 (0%)

	
	
	
	5% UE
	0.048 (0%)
	0.048 (0%)
	0.064 (100%)

	
	
	(8,2,2,8)
	Average
	1.80 (+5.26%)
	1.76 (+2.95%)
	2.09 (+5.56%)

	
	
	
	5% UE
	0.064 (+33.33%) 
	0.057 (+19.57%)
	0.075 (+17.18%)

	
	
	(8,4,2,8)
	Average
	
	1.83 (+6.91%)
	2.23 (+12.63)

	
	
	
	5% UE
	
	0.055 (+14.41%)
	0.081 (+26.56%)

	
	MU
	(8,2,2,4)
	Average
	1.79 (0%)
	1.79 (0%)
	2.59 (0%)

	
	
	
	5% UE
	0.051 (0%)
	0.051 (0%)
	0.059 (0%)

	
	
	(8,2,2,8)
	Average
	1.91 (+6.7)
	1.81 (+1.15%)
	2.81 (+8.49%)

	
	
	
	5% UE
	0.069 (+35.29)
	0.060 (+17.45%)
	0.079 (+33.90%)

	
	
	(8,4,2,8)
	Average
	
	2.04 (+14.05%)
	3.08 (+18.92%)

	
	
	
	5% UE
	
	0.065 (+26.29%)
	0.082 (+38.98%)


Also the non-full buffer results are provided in Table 2. In non-full buffer simulations, the file arriving rate is 2.5 for medium traffic load, and 4 for high traffic load.
Table 2. Non-full buffer performance of the Kronecker product 3D codebook with medium traffic load (SU, upto 2 streams per UE, RU around 50%)
	MIMO Schemes (M,N,P,Q)
	Performance Metrics
	Homogeneous Network Deployment Scenarios

	
	
	2GHz UMi ISD=200

	(8,2,2,4)
	UPT (Mbits/s)
	Mean
	13.28

	
	
	50%
	11.09

	
	
	5%
	2.18

	(8,2,2,8)
	UPT (Mbits/s]
	Mean
	13.71 (+3.24%)

	
	
	50%
	12.18 (+9.83%)

	
	
	5%
	4.19 (+92.20%)


Therefore based on simulation results in Table 1 and 2 which seem to suggest some room for vertical PMI quantization improvement, we have following proposal:

· Proposal 2: Horizontal and vertical codebook should be considered independently based on Kronecker product principle, at least as a starting point. RAN1 can reuse existing codebooks for the horizontal domain and focus on optimizing the vertical codebook design.

With an increasing number of channel quantization bits, the current uplink feedback design needs to be checked. The necessity of PUCCH, UCI and PUSCH enhancement due to increased feedback overhead needs detailed analysis, evaluation and justification depending on the EB/3D-MIMO scheme.  For simulations shown in Table 1, the feedback overhead is 6 bits (vertical 2 bits and horizontal 4 bits) in both FDD simulations. With increasing number of vertical TXRUs, the scheme reuse LTE codebook as vertical codebook will require more feedback bits (for example, in V8H8 antenna configuration, the feedback bits will be doubled comparing with V1H8 case.)
Proposal 3: The uplink feedback resource requirement needs to be justified for specific 3D MIMO scheme.    
4.  Conclusion
In this paper, we provide the framework of 3D codebook design based on our preliminary observations from the 3D MIMO study. Our proposals can be summarized as below:
Proposal 1: RAN1 may consider increasing the number of CSI-RS ports to 16 or more for supporting 3D-MIMO. However, the increase in complexity and overhead would have to be justified by the performance gains. 
Proposal 2: Horizontal and vertical codebook should be considered independently based on Kronecker product principle, at least as a starting point. RAN1 can reuse existing codebooks for the horizontal domain and focus on optimizing the vertical codebook design.

Proposal 3: The uplink feedback resource requirement needs to be verified for specific EB/3D MIMO scheme proposals.    
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Appendix: Simulation Assumptions 
	Parameter
	Value

	Homogeneous scenarios
	3D-UMa with ISD = 500m in 2GHz, 46 dBm

3D-UMi with ISD = 200m in 2GHz, 41 dBm

	Polarized antenna modeling
	Model -2 from 36.873

	Duplex
	FDD/TDD

	Traffic model 
	Full Buffer

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

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	Metrics
	Mean, 5%, 50% UPT

	System bandwidth
	10MHz

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

	Network synchronization 
	Synchronized

	UE Speed 
	3km/h

	UE distribution 
	According to 36.873

	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 
	Ideal channel estimation and interference modeling

	
	LMMSE-IRC receiver

	UE Rx configuration
	2 Rx x-polar (+90/0)

	Feedback 
	PUSCH 3-0 for reciprocity based operation

	
	CQI and RI reporting triggered per 5ms 

	
	CQI Feedback delay is 5 ms and ideal channel estimation at the eNB 

	Transmission scheme
	FDD/TDD,  SU/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
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