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1 Introduction  
In the last RAN1#78bis meeting, simulation assumptions including scenarios, antenna configurations, etc., for Elevation BF/FD-MIMOMIMO [1] were approved. In this contribution, the initial evaluation results for Elevation BF/FD-MIMO based on the current agreed assumptions are provided. From the observations of the evaluation results, we address our views about the potential standard enhancements. 
2 Preliminary Evaluation results 
In this section, we present the evaluation results and related discussions for 8 antenna ports and 16 antenna ports separately.
· 8 antenna ports evaluation results
Keeping the same antenna port number, it can have different antenna array configurations. Figure 1 shows 3 antenna array configurations for 8 antenna ports with X-polarization. 8H1V is the legacy passive 1D antenna configuration introduced in Rel-10. 4H2V and 2H4V are the 2D antenna array configurations which can enable elevation beamforming. 2D channel model only assume UE distribution on the floor, therefore, 8H1V antenna array configuration can apply to this channel model. But in 3D channel model, vertical domain UE distribution is introduced. The antenna configurations with 4H2V and 2H4V provide more degrees of freedom in the vertical domain, which is applicable to the UEs located in different floors in buildings. 
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Figure 1.antenna array structure of 8 antenna ports

Since Rel-10, 8 antenna ports CSI measurement and feedback have been supported, and in this simulation we can reuse 8Tx codebook and feedback mechanism in Rel-12 as a baseline to verify if additional standard efforts are required for newly introduced antenna array structure. Figure 2 to figure 4 illustrate the average UPT results regarding to the Rel-12 codebook and ideal feedback in 3D UMa scenario with ISD 500m, respectively. It is worth noting that the number of antenna elements in horizontal domain is depend on the number of column “N”, e.g., 4H2V the number of antenna elements in horizontal domain is 4. Considering the fixed number of antenna element in vertical domain, i.e., M=8, the total antenna number of 4H2V is 32, which is half of 8H1V case.
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Figure 2.average UPT for 8H1V in UMa scenario with ISD 500m 
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Figure 3.average UPT for 4H2V in UMa scenario with ISD 500m
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Figure 4.average UPT for 2H4V in UMa scenario with ISD 500m
From Figure 2, it can be seen that for 8H1V antenna configuration, the maximum performance gap between Rel-12 DL 8Tx codebook and ideal feedback is only 11.67%. However, if reusing the Rel-12 DL 8Tx codebook, the performance loss significantly enlarge to 36% for 4H2V and 31.86% for 2H4V. Given that, the Rel-12 codebook is not an optimized codebook for the newly introduced antenna configuration of 4H2V and 2H4V and potential enhancements are needed.
Observation 1: 4H2V and 2H4V have significant performance loss comparing with ideal feedback if reusing Rel-12 DL 8Tx codebook and CSI feedback mechanism.

Therefore, we have the following proposal
Proposal 1: The codebook design and CSI feedback mechanism should be carefully studied for 4H2V and 2H4V.
· 16 antenna ports evaluation results 

FD MIMO with MU pairing may improve cell or UE average spectrum efficiency with a decent gain in the highly loaded scenarios (e.g. full buffer traffic or bursty traffic when radio resource utilization is high). With the antenna port number increasing from 8 to 16, the probability for more users or more layers to pair together also increase. This can significantly contribute and improve the cell spectrum efficiency. In this simulation, we compare the performance between the maximum number of paired layer with 2 and 4 for 8 antenna ports and 16 antenna ports respectively to see the MU-MIMO gain brought by more antenna number. 
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Figure 5.Performance comparison of maximum number of paired layers of 2 and 4 for 4H4V   

The FTP I model is used in this simulation and the packet arrival rate is 3.6. It can be regarded as a highly loaded scenario which is a typical scenario for MU MIMO. From Figure 5, we can observe that the performance gain is only 8.2% when the maximum paired number increases from 2 to 4 for 8 antenna ports. But the performance gain can reach to 24.23% and 62.35% for 16 antenna ports when the maximum number of paired layers increases from 2 to 4. This implies 16 antenna ports provide more possibility for 4 MU layers paring which can significantly benefit the cell throughput. 
Observation 2: significant performance gain can be observed when the maximum number of paired layers increases from 2 to 4 for 16 antenna ports comparing with 8 antenna ports.
Rel-12 DMRS can only support maximum 2 complete orthogonal MU users. When the number of paired users increase, it is necessary to consider the DMRS orthogonality enhancement to multiplex more MU users. Therefore, we propose:
Proposal 2: DMRS enhancement is needed to support higher order MU-MIMO.
3 Conclusions
In this contribution, we provide the preliminary evaluation results of Elevation Beamforming/ Full-Dimension (FD) MIMO based on the agreed simulation assumptions, and also discuss the potential enhancements targeting 2-D antenna array. The following observations are given:
Observation 1: 4H2V and 2H4V have significant performance loss comparing with ideal feedback if reusing Rel-12 DL 8Tx codebook and CSI feedback mechanism.

Observation 2: significant performance gain can be observed when the maximum number of paired layers increases from 2 to 4 for 16 antenna ports comparing with 8 antenna ports.
Based on the observations, we have the following views:
Proposal 1: The codebook design and CSI feedback mechanism should be carefully studied for 4H2V and 2H4V.
Proposal 2: DMRS enhancement is needed to support higher order MU-MIMO. 
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Appendix: 
Simulation Assumptions
	Parameter
	Value

	Central Frequency
	2GHz


	Antenna configuration
	8 vertical antenna elements, X-pol (+/-45), 0.5λ and 0.8λ spacing separately for horizontal dimension and vertical dimension, θetilt = 100 degrees .

4H2V,2H4V,8H1V,8H2V,4H4V.

	
	2 Rx at UE with 
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spacing
X-polarized: 0/+90 degrees

	
	3D antenna pattern defined in TR36.873

	UE configurations

	Speed: 3km/h

	
	UE attachment: Based on RSRP from CRS port 0

	
	UE distribution: Follows 36.873 3D-UMa

	System Bandwidth
	10MHz (50RBs)

	PMI
	Rel.10 8 Tx codebook

	Scheduler
	PF 

	Number of UEs per cell
	10 

	Transmit Mode
	TM10 with a single CSI process

	
	Dynamic SU/MU: rank-adaption, Max paired UE number: 2 or 4

	Receiver
	Non-Ideal channel estimation

	
	Non-Ideal interference modeling

	
	MMSE-IRC receiver

	Hybrid ARQ
	Maximum 4 transmissions

	Feedback 
	PUSCH 3-2 for non-reciprocity operation, PUSCH 3-0 for reciprocity operation

	
	CQI and PMI reporting triggered per 5ms

	
	Feedback delay is 5 ms

	
	Codebook: Rel-12 8Tx codebook

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

	Handover margin
	3 dB
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