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Introduction
In the RAN1 #88 meeting, the following agreement was made [1]:

	R1-1704009	Non-linear precoding	Mitsubishi Electric, InterDigital, IITH, CeWiT, IITM, Tejas Networks, KDDI, AT&T, Huawei, HiSilicon, Nokia, Alcatel-Lucent Shanghai Bell, NTT DOCOMO
Agreements:
· In NR, transmitter side interference cancellation techniques for co-scheduled UEs have been studied in RAN1, where nonlinear precoding was identified as one of the transmitter side interference cancellation techniques. RAN1 can consider further studying the following nonlinear precoding techniques
· DPC based precoding techniques (e.g., Tomlinson Harashima precoding, QL based DPC, ZF-THP), vector perturbation
· Linear and nonlinear hybrid precoding techniques 



[bookmark: _GoBack]In this contribution, we provide LLS MU-MIMO simulation results for nonlinear precoding schemes. Realistic user distribution is incorporated in the evaluation. In addition, CSI feedback error is incorporated in the performance evaluation. Evaluation at 4GHz is conducted in the current contribution. It should be noted that this contribution is a resubmission of our contribution for RAN1#88 [2].
Simulation environments
In this section, simulation environments are described.  The simulation parameters are shown in the table below.
[bookmark: _Ref474178986]Table 1 LLS Simulation assumptions
	Assumptions
	Value

	Carrier frequency
	4GHz

	Duplex
	TDD

	Subcarrier spacing
	60kHz

	Number of TXRUs
	TRP = 16
UE = {2, 4, 8}

	Transmission layers for data channel
	MU-MIMO: 16 layers
Table A.1.2-2 in 3GPP TR 38.802 V0.2.1 (2016-10) used for UE power distribution

	Transmission scheme
	Closed loop, block diagonal SVD

	CSI feedback / Beam management scheme
	Ideal/non-indeal CSI feedback

	CW to layer mapping
	LTE CW to layer mapping

	Data allocation
	100 RBs
· FDD: First 2 OFDM symbols for PDCCH, and following 12 OFDM symbols for data channel
· TDD: First 2 OFDM symbols for PDCCH, 10 OFDM symbols for data channel, last 2 OFDM symbols for guard and UL symbol.
Note: Error free PDCCH decoding is assumed.

	PRB bundling
	1

	Modulation order, Coding rate
	QPSK (3/4), 16QAM (3/4, 5/6), 64QAM (5/6, 11/12), 256QAM (5/6, 11/12)

	Channel coding scheme
	Turbo coding

	Channel estimation
	Real estimation, least square estimation, linear precoding for DMRS

	Performance metric
	Spectral efficiency

	UE speed
	3 km/h

	Channel model
	CDL-B, DS=30ns

	TRP antenna configuration
	The number of antenna: Tx={16}
Per antenna element pattern is in [3]

	UE antenna configuration
	The number of antenna: Rx={2,4,8}
(M,N,P)={(1,1,2), (1,2,2), (1,4,2)} with 0.5λ spacing with omni-directional antenna element



Precoding methods considered in the evaluation
 In this contribution, we have considered linear precoding only solution and combination of linear and nonlinear precoding approach, shown in Figure 1 and Figure 2, respectively. We have implemented Tomlinson-Harashima based nonlinear precoding method [4, 5]. Block triangulation (BT) [6] is assumed at the linear precoder when nonlinear precoding is implemented. Block diagonalization (BD) is implemented when only linear precoding is used.



[bookmark: _Ref474226683]Figure 1 : A simplified block diagram for linear precoding



[bookmark: _Ref474226685]Figure 2 : A simplified block diagram for combination of linear and nonlinear precoding

It is assumed that channel reciprocity is used to obtain CSI at BS. In the simulation, while data symbols are precoded nonlinearly, DMRS are precoded linearly. Linear precoding for DMRS is implemented since nonlinear precoding creates inter-layer interference as described in our companion contribution [7].  Random UE distribution with the UE power distribution described in Table 1 is considered in this work. In the simulation, both perfect and imperfect CSI feedback are considered. In case of the imperfect CSI feedback, AWGN with noise power -30dB is added to CSI.


Throughput performance
[image: ]
[bookmark: _Ref474178933]Figure 3 Throughput performance of NLP and LP

LLS MU-MIMO performance comparison between linear and nonlinear precoding is shown in Figure 3. In the comparison, BT based precoding is considered for NLP while block diagonal SVD is considered as the linear precoding method. The simulation parameters shown in Table 1 are considered in LLS MU-MIMO. From the figure, it is clear that severe inter-UE interference limits the throughput performance of the linear precoded system. On the other hand, thanks to interference removal at the transmitter, NLP yields throughput gain even with imperfect CSI feedback.

Observation 1: NLP yields throughput gain compared to LP

Conclusion 
In this contribution, performance analysis of the nonlinear precoding scheme is conducted and throughput results are shown. We made the following observation:

Observation 1: NLP yields throughput gain compared to LP
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