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1 Introduction
The study item on elevation beamforming and FD-MIMO includes the following objective:

· Identify/evaluate potential enhancements required for implementing the SU/MU-MIMO transmission schemes that would provide the identified performance benefits including
· Evaluate the need for reference signal design enhancements (including SRS, CSI-RS, and DMRS).
It is our understanding that DMRS enhancement for EBF/FD-MIMO is motivated by the possibility of high-order MU-MIMO transmission. SU-MIMO is not the motivation for DMRS enhancement, although any such enhancement (if introduced) is desirable to support SU-MIMO as well.
Legacy MU-MIMO allows a maximum of four layer multiplexing through the combination of orthogonal DMRS antenna port and non-orthogonal DMRS scrambling sequences. When MU-MIMO in both elevation and azimuth domains is considered in FD-MIMO, it could be studied if the number of multiplexed layers/UEs needs to be increased accordingly. DMRS enhancement can be considered if sufficient system-level performance gain is observed in realistic non-full-buffer traffic. This contribution provides performance evaluation of higher-order MU-MIMO with different number of multiplexed layers, to identify the potential performance gain and the need of DMRS enhancement for high-order MU.
2 Simulation setup
We aim to identify the gain of high-order MU with Nmax -layer multiplexing, where Nmax = 2, 4, 6, or 8. Since specific DMRS-enhancement proposals are unavailable, several assumptions regarding DMRS overhead/orthogonality are made in this contribution.
· Ideal DMRS orthogonality is assumed where Nmax DMRS antenna ports are perfectly orthogonal to each other. This can be achieved through CDM (e.g. OCC = 2 or 4), TDM or a combination thereof. This ideal assumption represents the best case scenario for DMRS enhancement and indicates the performance upper bound of DMRS enhancement.
· DMRS overhead is assumed to be 12RE/PRB pair for 2-8 layers multiplexing. It is worth noting that for more than 4 layers multiplexing, larger than 12 RE/PRB DMRS overhead might be needed to achieve orthogonal DMRS transmission, therefore this assumption is rather optimistic for MU-MIMO of more than 4 layer multiplexing.
Antenna configuration of (M, N, P, Q) = (8, 4, 2, 64) with one-to-one mapping between TXRU and antenna element is assumed.  It’s assumed that the system has 64 CSI-RS antenna ports, one-to-one mapped to each TXRU. The maximum number of layers that eNB can multiplex is Nmax = 2, 4, 6, 8. It’s noted that for a given Nmax, the actual number of layers multiplexed in a subframe n is dynamically chosen to maximize the system throughput, which can be smaller than Nmax. Non-ideal CSI feedback with single CSI-process is assumed where UE report a 64Tx PMI from a composite codebook 
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are the component codebooks. For simplicity, in our simulation we use Rel.12 8Tx codebook for 
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, and a 4-bit DFT codebook for 
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3 Simulation results

Table I and II summarize the system-level performance of different layer multiplexing capability Nmax in 3D-UMa and 3D-UMi scenarios. Figure 1 and Figure 2 depict the performance gain of high order MU-MIMO over two-layer MU-MIMO in 3D-UMa and 3D-UMi scenarios respectively.

The following observations could be made from the evaluation results:
· In 3D-UMa scenario, high order MIMO with more than 2 layers orthogonal multiplexing does not provide performance gain when traffic load is low or medium(λ=2, λ=4). The only gain observed is given by Nmax=4 and high traffic load (λ=5) for the reason that high traffic load provides more opportunity for MU pairing.
· In 3D-UMi scenario, higher order MIMO with more than 2 layers orthogonal multiplexing achieves  marginal gain less than 3%.
The evaluation results reveal that higher order MIMO could not provide meaningful gain under realistic traffic model, even if the impact of non-orthogonality and overhead of DMRS is ignored. 
Table I: Performance of MU-MIMO in 3D-UMa scenario

	Traffic load
	Nmax
	Mean UPT(Mbps)
	Mean UPT gain
	50% UPT(Mbps)
	50% UPT  gain
	5% UPT(Mbps)
	5% UPT gain
	RU

	λ=2
	2
	39.62 
	0.00%
	39.60 
	0.00%
	16.40 
	0.00%
	16.5%

	
	4
	39.56 
	-0.14%
	39.79 
	0.50%
	15.87 
	-3.24%
	16.5%

	
	6
	39.56 
	-0.14%
	39.79 
	0.50%
	15.87 
	-3.24%
	16.5%

	
	8
	39.56 
	-0.14%
	39.79 
	0.50%
	15.87 
	-3.24%
	16.5%

	λ=4
	2
	26.96 
	0.00%
	23.65 
	0.00%
	7.85 
	0.00%
	42.9%

	
	4
	26.85 
	-0.41%
	23.32 
	-1.36%
	7.55 
	-3.84%
	43.3%

	
	6
	26.32 
	-2.37%
	22.71 
	-3.97%
	7.28 
	-7.31%
	44.4%

	
	8
	26.24 
	-2.66%
	22.86 
	-3.33%
	7.44 
	-5.24%
	44.6%

	λ=5
	2
	21.49 
	0.00%
	17.49 
	0.00%
	4.80 
	0.00%
	58.3%

	
	4
	20.90 
	-2.77%
	16.72 
	-4.39%
	5.08 
	5.98%
	59.2%

	
	6
	20.96 
	-2.47%
	17.06 
	-2.49%
	4.81 
	0.25%
	59.8%

	
	8
	20.40 
	-5.07%
	16.28 
	-6.94%
	4.63 
	-3.51%
	61.3%
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Figure 1: Performance gain of higher order MU-MIMO over two-layer MU-MIMO (Nmax = 2)
Table II: Performance of MU-MIMO in 3D-UMi scenario

	Traffic load
	Nmax
	Mean UPT(Mbps)
	Mean UPT gain
	50% UPT(Mbps)
	50% UPT  gain
	5% UPT(Mbps)
	5% UPT gain
	RU

	λ=2
	2
	43.75 
	0.00%
	49.69 
	0.00%
	19.82 
	0.00%
	14.4%

	
	4
	43.73 
	-0.05%
	49.69 
	0.00%
	19.26 
	-2.81%
	14.4%

	
	6
	43.73 
	-0.05%
	49.69 
	0.00%
	19.26 
	-2.81%
	14.4%

	
	8
	43.73 
	-0.05%
	49.69 
	0.00%
	19.26 
	-2.81%
	14.4%

	λ=4
	2
	32.40 
	0.00%
	29.19 
	0.00%
	10.66 
	0.00%
	36.1%


	
	4
	32.48 
	0.24%
	29.56 
	1.25%
	10.48 
	-1.66%
	35.6%

	
	6
	32.34 
	-0.20%
	29.30 
	0.38%
	10.75 
	0.85%
	35.7%

	
	8
	32.34 
	-0.20%
	29.30 
	0.38%
	10.75 
	0.85%
	35.7%

	λ=5
	2
	27.70 
	0.00%
	24.14 
	0.00%
	7.98 
	0.00%
	48.4%

	
	4
	27.94 
	0.86%
	24.67 
	2.16%
	8.02 
	0.53%
	46.7%

	
	6
	27.97 
	0.98%
	24.67 
	2.16%
	8.18 
	2.51%
	47.1%

	
	8
	27.97 
	0.98%
	24.67 
	2.16%
	8.18 
	2.51%
	47.1%
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Figure 2: Performance gain of higher order MU-MIMO over two-layer MU-MIMO (Nmax = 2)
4 Conclusions
In this contribution we compared various layer multiplexing capabilities for MU-MIMO in EBF/FD-MIMO systems. It is observed that higher-order MIMO with more than 2 orthogonal multiplexing layers could not provide meaningful gain  over 2 layer orthogonal DMRS, even with ideal assumption on DMRS orthogonality and overhead. The following conclusion could be reached:
Conclusions:
· Meaningful performance gain of higher order MU-MIMO under realistic traffic model assumption is not observed. Further study is needed to justify enhancement on DMRS.
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Appendix
Table A1: Evaluation assumptions
	Parameter
	Value

	Antenna configuration
	Horizontal:  8 elements, X-pol (+/-45),  0.5λ space
Vertical: 8 elements, 0.8λ space

	Scenario
	3D-UMa with 500m ISD, 3D-UMi with 200m ISD

	System bandwidth
	10MHz (50RBs)

	Carrier frequency
	2GHz

	UE  distribution
	Follows 36.873 3D-UMa, 3D-UMi

	UE speed
	3km/h

	Model of cross polarization
	36.814

	Traffic model
	FTP traffic model 1 

	Scheduling algorithm
	PF

	Receiver
	Realistic channel estimation

	
	MMSE-IRC receiver

	HARQ 
	Max 4 transmissions

	PMI/CQI feedback granularity
	Subband (6 PRBs per subband)

	PMI/CQI feedback periodicity
	5ms

	RI feedback periodicity
	120ms

	Wrapping  method
	Geographical  distance based

	Handover margin
	3 dB
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