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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 baseline performance evaluation and phase 2 for enhancement study.
This contribution provides FD MIMO solutions and evaluation results based on AAS and the existing LTE-A Rel.12 specifications. 
2. Standards-Transparent 3D-MIMO Solutions 
In the following, we consider two alternative solutions for 3D-MIMO without modifying the Rel.12 standard.
2.1 Alternative 1: 3D-MIMO based on precoded multiple CSI-RS resources
In this solution, a UE is configured in TM10 and monitors multiple CSI-RS resources. Each CSI-RS resource is transmitted by multiple vertical TXRUs on a column of the AAS and precoded to form a CSI-RS beam. The maximum number of beams is determined by the maximum number of CSI-RS resources configurable for the UE. The UE performs normal per-process CSI-RS measurement and feedback as it does not know the extra eNB side operation. Upon receiving the UEs’ feedback, the eNB selects the most suitable precoding codeword for the PDSCH each UE. 
An example implementation of this solution is illustrated in Figure 1 below. Each UE measures the power / signal quality of the configured CSI-RSs (CSI-RSRP or CQI) and feeds them back to the eNB. The eNB selects the codeword corresponding to the maximum power for precoding the data to the UE .
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Figure 1 3D-MIMO based on precoded multiple CSI-RS

The above scheme ideally requires a UE to be TM10 capable so that parallel monitoring of multiple CSI-RS processes is possible. For UEs that do not support TM10 and can only monitor a single CSI-RS process, the eNB may transmit the CSI-RS with different precoders in time-rotation. 
For Alternative 1, the CSI-RSs can be precoded in baseband similarly as normal MIMO precoding and generally requiring multiple vertical TXRUs (at least 2 TXRUs for each CSI-RS process). It should be noted that both this solution (Alternative 1) and the following Alternative 2 solution may consider different types of RDN if necessary. An example of AAS TXRU model is given in Figure 2. The candidate codewords for vertical precoding are fully transparent to a UE and depend on how the eNB and the AAS coordinate the implementation of vertical precoding.  
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Figure 2 AAS TXRU Modeling of Alternative 1 and 2
2.2 Alternative 2: 3D-MIMO based on 3D CSI reconstruction from separate 2D CSI 
In this solution, a UE is configured in TM10 and monitors two CSI-RS processes. Different from the previous solution where the multiple CSI-RSs are vertically precoded by different codewords, the two CSI-RSs in this solution are weighted by a cell specific weighting vector for coverage purposes, one by a vertical vector, and the other by a horizontal vector. The UE performs normal CSI measurement and reporting of PMI/CQI/RI for each CSI-RS process. Upon receiving the two sets of CSI reports, the eNB is responsible for differentiating the horizontal and vertical CSI reports according to its configuration (since the UE does not know which CSI process corresponds to the vertical vector and which to the horizontal vector. Then the eNB reconstructs 3D CSI from the reported 2D CSIs, performs 3D scheduling/link adaptation and generates a suitable 3D precoder for the PDSCH based on the reconstructed 3D CSI.
One exemple reconstruction approach is to obtain the 3D CSI from the Kronecker product of the two 2D CSIs, i.e.
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where 
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 denotes Kronecker product operation, subscript ‘h’ and ‘v’ denote horizontal and vertical, respectively, 
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 represent the CSI seen by each UE antenna element. The reconstructed 3D channel 
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 is an approximation of the real 3D channel. This approximation generally is more accurate when the correlation of 
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increases, for example in LoS. Given the above approximation and following the commuting rule of the Kronecker product, we have
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This equation indicates that the 3D precoder can be directly obtained from the two 2D PMI feedback reports from the UE, i.e.,
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as noted in one of our earlier contributions [3].
Following some mathematical derivation, it can be shown that the 3D CQI can be approximated by the two 2D independent CQI feedback reports from the UE, 
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Note that if CQIs are in logarithmic scale, the 3D CQI can be approximated by the sum of the two separate 2D CQIs. This approximation provides a relatively conservative estimation of the 3D CQI.
For less capable UEs,  a single CSI-RS process can also be used, similar as described for Alternative 1, with the CSI-RS for horizontal and vertical measurement being transmitted  alternately in turn and transparently to the UE (assuming that the numbers of horizontal and vertical ports are identical, e.g. V2H2). 
A key benefit of this Alternative 2 is that it can in principle support up to 64 antenna ports without any standards modification compared to Rel.12. It is also flexible to support any port-to-TXRU mapping scheme, such as V1H2, V2H1, V2H2, V2H4, V4H2, …, V8H8. 
3. Performance Evaluation and Comparison
We provide performance evaluation for the above two solutions and compare them 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 compared to 2D baseline

	2D baseline (2Tx PMI)
	Average
	1.28
	

	
	Edge (5% poorest)
	0.037
	

	Alternative 1 (4 CSI-RS threads covering [75,105] deg range)
	Average
	1.87
	46.5%

	
	Edge (5% poorest)
	0.041
	9.8%

	Alternative 2 (2TX PMI + 8TX PMI)
	Average
	1.91
	49.8%

	
	Edge (5% poorest)
	0.040
	6.2%

	Ideal TDD Reciprocity
	Average
	2.02
	58.4%

	
	Edge (5% poorest)
	0.070
	89.1%


Table 2 
UMa Performance

	SU-MIMO
	
	Throughput (bps/Hz)
	Gain compared to 2D baseline

	2D baseline (2Tx PMI)
	Average
	0.64
	

	
	Edge (5% poorest)
	0.014
	

	Alternative 1 (4 CSI-RS threads)
	Average
	1.48
	131.6%

	
	Edge (5% poorest)
	0.033
	133.5%

	Alternative 2 (2TX PMI + 8TX PMI)
	Average
	1.42
	121.9%

	
	Edge (5% poorest)
	0.030
	109.7%

	Ideal TDD Reciprocity
	Average
	1.42
	121.9%

	
	Edge (5% poorest)
	0.030
	109.7%


Observations:

(1) 3D-MIMO based on the above standards-transparent solutions can achieve significant gain in most cases. The gain is comparable to that achieved by assuming ideal TDD reciprocity.

(2) The standard-transparent 3D-MIMO solutions cannot bring significant gain for UMi edge users. This is probably caused by 3D inter-cell interference due to the widely spread vertical UE dropping under UMi. Since cell edge users normally have poor channel quality, the eNB cannot precisely steer the 3D beam to the desired user and is highly likely to interfere with other UEs, especially in the 3D UMi scenario where the accuracy of vertical beam steering is more critical than that in 3D UMa. On the other hand, antenna array gain formed by vertical sectorization/downtilting may demonstrate persistent interference to the UEs of neighboring cells, if the 3D antenna array gain cannot be optimized sufficiently by the network with the assistance of UE feedback.Such an issue is less significant in the 3D UMa scenario since the dynamic range of downtilting of 3D UMa AAS is much smaller than that of 3D UMi AAS according to [2].   

4.  Conclusion
In this contribution, we consider two standards-transparent 3D MIMO solutions:

1) Alternative 1:Beam selection based on separate feedback for different 3D beams, each 3D beam being associated with its own CSI-RS process; 
2) Alternative 2: 3D beam construction based on two CSI-RS processes for independent horizontal beamforming and vertical beamforming respectively. .
Evaluations are provided for both solutions. Preliminary simulation results show that in most cases both schemes achieve performance close to with a reference scenario in which ideal CSIT is derived on the assumption of ideal reciprocity. 
Based on these observations and the simulation results in our previous contribution on MU-MIMO performance [4] (where MU-MIMO was shown to exhibit higher performance potential than SU-MIMO due to the higher spatial degree of freedom introduced by 3D-MIMO), we have the following proposals: 
1) Standards-transparent solutions should be further studied and simulated in order to understand the performance that is feasible with Rel 12 

2) For SU-MIMO, the performance enhancement of cell-edge users under UMi scenario should be prioritized;

3) High order MU-MIMO should be prioritized in further evaluations.
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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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