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1. Introduction

At the RAN1 #80 meeting, several options on DM-RS enhancement are proposed to support different number of orthogonal ports for multi-user MIMO transmissions. It is important to investigate the performance gain of MU-MIMO transmissions with higher multi-user multiplexing order to identify the realistic DM-RS enhancement requirement. For that purpose, simulation assumptions on DM-RS enhancement evaluation are discussed and agreed in [1]. In this contribution, we evaluate and compare the performance of MU-MIMO downlink transmission assuming different number of orthogonal DM-RS ports in both homogeneous network scenario and HetNet scenario with separate frequency bands, using FTP traffic model. Based on these evaluation results, we further discuss the necessity of DM-RS enhancement requirement and the support of high-order MU-MIMO transmission. 
2. Higher-Order MU-MIMO for Downlink Transmissions
With a number of TXRUs for FD-MIMO, eNB has a potential ability to support higher order multi-user downlink transmission than the legacy 8-TXRU systems. It is beneficial to investigate the potential ability of higher order multi-user transmission with the agreed antenna array configurations in this SI in order to decide the necessary standardization support, e.g., more orthogonal DM-RS ports and enhanced DCI. The specifications currently support at most 4 multi-user layers wherein maximally two of them are fully orthogonal. When multiplexing 4 single-layer UEs simultaneously, interference introduced by non-orthogonal multiplexing of DM-RS ports may lead to a channel estimation degradation, which shall be assessed by link-level simulation. In this contribution, we only investigate the system-level performance of multi-user MIMO on orthogonal DM-RS ports to obtain some initial observations.
To fully explore the potential gain of higher order multi-user MIMO downlink transmissions, we consider ideal CSI at transmitter (CSIT), i.e., full downlink channel matrix is known at the transmitter. Block diagonalization is applied as a MU beamforming scheme with the precoding granularity in the frequency domain of subband unit. All cases are evaluated with the SU/MU-MIMO switching scheme where the actual number of co-scheduled users is decided by scheduler and the maximal number of co-scheduled user is limited by the number of orthogonal DM-RS ports. Each user has a single layer transmission in the MU mode.
2.1. Performance Evaluation in Homogeneous Network Scenario (3D-UMi)
In this section, we investigate the benefit of higher order MU-MIMO by comparing the performance of MU-MIMO with 2, 4, and 8 orthogonal DM-RS ports. The evaluation is performed by considering the largest possible antenna array, i.e., 64-element antenna array in the 3D-UMi scenario with ISD = 200 m. Major evaluation assumptions are summarized in Table A, which are based on the agreed common assumptions. In addition to the evaluation with a full buffer traffic model provided in the last meeting [2], the performance with FTP traffic model is provided in this contribution. The high traffic load case (around 70% resource utilization (RU)) is assumed with the consideration that this is a most promising application scenario of MU-MIMO. The mean, 50% and 5% UE packet throughput (UPT) results are summarized in Table 1. The MU-MIMO performance results with 4 orthogonal DM-RS ports are referred to as a baseline reference in this contribution.
Table 1: Performance comparison of MU-MIMO with different number of DM-RS ports in Homogeneous network scenario
	
	2 orthogonal ports
	4 orthogonal ports

(baseline)
	8 orthogonal ports

(High-order MU)

	Average UPT [Mbps]
	17.7 (-24.0%)
	23.3
	24.1 (+3.4%)

	50% UE UPT [Mbps]
	13.3 (-37.3%)
	21.2
	22.6 (+6.6%)

	5% UE UPT [Mbps]
	3.9 (-45.8%)
	7.2
	7.8 (+8.3%)

	RU [%]
	76.2%
	71.9%
	69.9%


2.2. Performance Evaluation in HetNet Scenario with Separate Frequency Band
The performance investigation in HetNet scenario with separate frequency bands is conducted, with the simulation assumptions shown in Table B. The evaluation is also performed by considering the largest possible antenna array, i.e., 32-element antenna array, specified in the HetNet separate band scenario. The mean, 50 % and 5 % UPT results are summarized in Table 2. The MU-MIMO performance results with 4 orthogonal DM-RS ports are used as a baseline reference. 
Table 2: Performance comparison of MU-MIMO with different number of DM-RS ports in HetNet scenario with separate frequency bands
	
	2 orthogonal ports
	4 orthogonal ports

(baseline)
	8 orthogonal ports

(High-order MU)

	Average UPT [Mbps]
	20.5 (-21.2%)
	26.0
	26.4 (+1.5%)

	50% UE UPT [Mbps]
	15.8 (-33.3%)
	23.7
	24.4 (+3.0%)

	5% UE UPT [Mbps]
	4.6 (-50.5%)
	9.3
	9.8 (+5.4%)

	RU [%]
	72.1%
	68.7%
	68.4%


Based on the performance evaluation results in both homogeneous network scenario and the HetNet scenario with separate frequency bands, we can make the following observations.
Observation 1: In both homogeneous network and HetNet scenarios, significant performance gain is observed from 2 to 4 orthogonal DM-RS ports.
Observation 2: In the homogeneous network scenario with 3D-UMi, certain level of gain is observed from 4 to 8 orthogonal layers. The gain is approx. 3.4%, 6.6% and 8.3% for mean, 50% and 5% UPT, respectively.

Observation 3: In the HetNet scenario, marginal gain is observed from 4 to 8 orthogonal layers. This is because the number of antenna elements is limited for small cell scenario and it is comparatively difficult to achieve enough gain by MU multiplexing. 
Considering that these evaluations are conducted based on orthogonal DM-RS ports, it can be estimated that Rel. 12 MU-MIMO performance will be between those of 2 and 4 orthogonal ports. An error model on non-orthogonal DM-RS ports is required for more accurate evaluation of higher order MU-MIMO.
3. Summary
In this contribution, we evaluate and compare the performance of MU-MIMO downlink transmission assuming different number of orthogonal DM-RS ports in both homogeneous network scenario and HetNet scenario with separate frequency bands, using FTP traffic model. Based on the evaluation results, we make the following observations.
Observation 1: In both homogeneous network and HetNet scenarios, significant performance gain is observed from 2 to 4 orthogonal DM-RS ports.

Observation 2: In the homogeneous network scenario with 3D-UMi, certain level of gain is observed from 4 to 8 orthogonal layers. The gain is approx. 3.4%, 6.6% and 8.3% for mean, 50% and 5% UPT, respectively.

Observation 3: In the HetNet scenario, marginal gain is observed from 4 to 8 orthogonal layers. This is because the number of antenna elements is limited for small cell scenario and it is comparatively difficult to achieve enough gain by MU multiplexing.
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Appendix
Table A: Evaluation Assumptions for High-Order MU-MIMO Evaluation in Homonegeous Network Scenarios
	Parameter
	Value

	Homogeneous scenarios
	3D-UMi ISD 200m, carrier frequency 2 GHz

	eNB antenna configuration
	(M, N, P, Q) = (8, 4, 2, 64), MTXRU = 1, (dH, dV) = (0.5 , 0.8 ), θetilt = 100 degs.TXRU to antenna element mapping: one to one mapping

	Polarized antenna modeling
	Model-2 from 36.873

	Traffic model 
	FTP-1

	Wrapping method
	Geographical distance based

	Handover margin
	3dB

	System bandwidth
	10MHz (50 PRBs)

	UE attachment 
	Option 1) Based on RSRP (formula) from CRS port 0 where CRS port 0 is associated with the first column with +45 degree pol, CRS port 0 to TXRU mapping is ideal and given by [1, 0, 0, 0, 0, 0, 0, 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 
	Non-ideal channel estimation and interference modeling

	
	LMMSE-IRC receiver

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

	CSIT 
	Ideal

	Transmission scheme
	TM10, single CSI process, dynamic 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


Table B: Evaluation Assumptions for Reciprocity Based Transmission Schemes in Heterogeneous Network Scenario

	Parameter
	Values

	
	Macro cell
(only for cell association)
	Small cell
(for performance evaluation)

	Carrier frequency 
	2 GHz 
	3.5 GHz 

	System bandwidth
	10 MHz (50 RBs) 
	10 MHz (50 RBs) 

	Macro ISD
	500 m

	eNB antenna configurations
	(M, N, P, Q) = (8, 4, 2, 64), MTXRU = 1, (dH, dV) = (0.5 , 0.8 ), θetilt = 100 degs.
	(M, N, P, Q) = (4, 4, 2, 32), MTXRU = 1, (dH, dV) = (0.5 , 0.5 )

	UE antenna configurations
	2 X-pol (0 / 90 deg.)

	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

	Polarized Antenna modeling
	Model-2 from TR36.873

	Total BS Tx power
	46 dBm
	30 dBm

	Channel Model
	3D-UMa
	3D-UMi

	Handover margin
	3dB

	Number of clusters per macro cell
	1

	Number of small cells per cluster
	4

	UE distribution
	2/3 UEs randomly and uniformly dropped within the clusters, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor.

	UE speed
	3 km/h

	Radius of small cell center dropping in a eNB cluster (RC)
	50 m

	Radius of UE dropping in a UE cluster
	70 m

	Minimum distance (2D distance)
	Macro – small cell cluster center: 105 m

	
	Small cell area center – small cell area center: 40 m

	
	Small cell cluster center – small cell cluster center: 100 m

	
	Macro – UE: 35 m

	
	Small cell – UE: 10 m

	MIMO scheme
	TM10, single CSI process, dynamic SU/MU-MIMO with rank adaptation

	UE receiver 
	Non-ideal channel estimation and interference modeling, detailed guidelines according to Rel. 12 [71-12] assumptions

	
	LMMSE-IRC receiver, detailed guidelines according to Rel. 12 [71-12] assumptions

	CSIT
	Ideal

	Traffic model
	FTP Model 1 with packet size 0.5 Mbytes

	Scheduler
	Proportional fairness based frequency selective scheduling 

	HARQ, Round trip delay
	Chase combining, 8 ms

	Metrics
	Mean, 5%, 50% UPT
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