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Introduction
In the RAN1#86b meeting, the following agreement was made [1]:

	R1-1610831	WF on Spatial Multiplexing Schemes for MU-MIMO	Mitsubishi Electric, InterDigital, Samsung, NTT DOCOMO, IITH, IITM, Tejas Networks, CEWIT, KDDI
Also supported by AT&T, Reliance jio, Huawei, HiSilicon



As shown below, the proposal was to investigate and compare the performance and complexity of nonlinear precoding schemes against existing linear precoding schemes [2].

	Study performances of nonlinear precoding schemes for MU-MIMO focusing on the following aspects
· Potential nonlinear precoding schemes
· Performance advantages over linearly precoded systems
· Comparison of complexity with respect to linearly precoded systems
· Specification Impacts (e.g., signaling and RS design, etc.)



In this contribution, we provide additional simulation results for nonlinear precoding schemes. Realistic user distribution is incorporated in the evaluation.
Simulation environments
In this section, simulation environments are described.  The simulation parameters are shown in Table 1. 

[bookmark: _Ref461214667]Table 1 Simulation parameters
	Carrier frequency
	30GHz

	Carrier separation
	60kHz

	Modulation 
	OFDM
(QPSK,16QAM, 64QAM, 256QAM)

	Linear precoding method
	BD (SVD) for LP and BT (SVD) for NLP

	Modulo parameter
	Modulo threshold , the boundary for the modulo operation is determined by , where  is the average power of the transmitted signal

	IFFT points
	2048 points

	The number of subcarrier
	1200

	FEC
	Turbo Code (R=1/2 – 11/12)

	Number of subarrays
	16

	Number of elements per subarray
	64

	Distribution of UEs
	Case A and B shown in Figure 3 and Figure 4, respectively

	Number of UEs selected per round
	8

	Number of streams per user
	2

	Number of antennas at UE
	4 patch antennas, radiation pattern model from Table A.2.1-8 in R1-168547

	Channel model
	LOS clustered channel model with K-factor=9.3dB, DS=32.2ns

	User mobility
	{10,20,40} km/h, random direction

	Channel estimation
	Ideal


	

Precoding methods considered in the evaluation
 In this contribution, we have considered linear precoding only solution and combination of linear and nonlinear precoding approach. We have implemented Tomlinson-Harashima based nonlinear precoding method [3,4]. Block triangulation [5] is assumed at the linear precoder when nonlinear precoding is implemented. Block diagonalization is implemented when only linear precoding is used [5].



Figure 1 : A simplified block diagram for linear precoding



Figure 2 : A simplified block diagram for combination of linear and nonlinear precoding

UE Dropping method 
In this contribution, MU-MIMO performance of the nonlinear precoding scheme is evaluated. We have chosen two extreme cases for evaluation: randomly located UEs and closely located UEs. As shown in Figure 3, in case A, eight UEs are placed randomly in front of the base station in 120 degrees of arc. In case B, as shown in Figure 5, UEs are paired and each pair is separated by a random angle within 2.5 degrees of arc. The distance between UEs in each pair are generated randomly.
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[bookmark: _Ref462767520]Figure 3: Case A, random distribution of UEs
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[bookmark: _Ref462767571]Figure 4 : Case B, closely related UEs
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[bookmark: _Ref465187793]Figure 5 : Case B, relative positions of UEs

Throughput performance
 In this section, throughput performances for three vehicular speeds are shown. In the legend, “SVD” and “NLBT” indicate the performances of linearly and nonlinearly precoded system, respectively. From the results, it is clear that the nonlinear precoding scheme yields performance gain over linearly precoded systems in both cases. Larger throughput gain can be obtained in the scenario where UEs are paired.


Figure 6 : Throughput of linear and nonlinear precoding schemes for Case A




Figure 7 : Throughput of linear and nonlinear precoding schemes for Case B

Observation: Nonlinear precoding schemes outperform linear precoding schemes in both random and paired UE scenarios
Conclusion 
In this contribution, performance analysis of the nonlinear precoding scheme is conducted and throughput results are shown. We made the following observation.

Observation: Nonlinear precoding schemes outperform linear precoding schemes in both random and paired UE scenarios

Based on the above observation, we make the following proposal.

Proposal 1: Consider nonlinear precoding as one of the spatial multiplexing technology in NR
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