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Introduction
In RAN1 #85, the following agreement was made [1],
	Agreements:
· Strive to design a unified CSI framework, avoiding introducing multiple classes/subclasses and redundant (equally performing) configurations, while still covering a wide variety of use cases and frequency bands
· Coupling/Decoupling (e.g. fixed timing relationships, joint configuration) between the following functions should be studied
· RS transmission used for CSI acquisition (CSI-RS transmitted in DL and SRS transmitted in UL)
· Use of other RS(s) is not precluded (e.g., DMRS)
· Note that CSI-RS and SRS may or may not have the same physical signal design
· Note that the reference signal naming can be revisited later
· CSI measurement/reporting
· Multi-antenna transmission method/scheme
· Downlink control signaling
· Study flexible scheduling/configuration of  CSI-RS, CSI report and transmission method/scheme for data and control
· DL DMRS and UL DMRS based spatial multiplexing (SU-MIMO/MU-MIMO) is supported
· FFS: Necessity of sidelink spatial multiplexing
· At least 8 orthogonal DL DMRS ports is supported for SU-MIMO scheduling
· At least 8 orthogonal DL DMRS ports is supported for MU-MIMO scheduling
· Support dynamic switching between transmission methods/schemes, e.g. between
· Transmit diversity
· Spatial multiplexing



 In this contribution, we demonstrate the throughput performance of the nonlinear precoding scheme compared to the conventional block precoding scheme. Based on the observed results, we recommend nonlinear precoding schemes to be studied as one of the spatial multiplexing technologies for NR.
Nonlinear precoding scheme
As explained in [2], while one of the drawbacks of linear precoding (LP) is deteriorated performance in the presence of spatially correlated channels, nonlinear precoding (NLP) achieves near-capacity and establishes robust links over MU-MIMO downlink transmission even in ill-conditioned channels. As illustrated in Figure 1, NLP can equivalently produce null spots at UE reception points by canceling inter user interference (IUI) signal at TX in advance. In a typical NLP scheme, a combination of feedforward and feedback functionalities at TX is required, where the former is LP, and the latter is realized by IUI-precancellation (PC). Unitary matrix based LP can easily be realized by block triangulation (BT). Through BT, spatial diversity gain can be obtained. Subsequently, NLP can be used to cancel IUI in the processed signal. Thus, using a combination of LP and NLP spatial diversity and IUI-free signal can be obtained simultaneously. Recent results shown in [3, 4] have shown effectiveness of NLP in a crowded environment.
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[bookmark: _Ref450900327]Figure 1 : An example of nonlinear precoding in a high UE density environment

To realize low-PAPR IUI cancellation at the transmitter, modulo operation is a well-known method to compress signal constellation at IUI-PC output. Combined with modulo operation, BT and IUI-PC enable power efficient NLP with reasonable complexity. This configuration is generally known as Tomlinson-Harashima precoding (THP) [5]. The transmitter structure with NLP and LP is shown in Figure 2. In the figure, ,  and  denote the number of substreams, users and transmit antennas. The number of substreams for the  user is denoted by .
As shown in Figure 3, although use of modulo operator at TX requires all UEs to have the same modulo operator, its impact on hardware implementation can be kept low. In Figure 3,  denotes the number of RX antennas for the ith user. Note from Figure 3, that no interference cancellation is needed at UE since IUI has been canceled at TX. In practice, THP is known for its ability to reduce interferences within the transmitted signal. For example, THP was adopted as the part of IEEE 802.3an standard for 10GBASE-T currently in-use, for mitigation of far-end crosstalk (FEXT) over copper twisted-wire pair cables [6]. 
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[bookmark: _Ref450917793]Figure 2 : MU-MIMO transmitter diagram with NLP and LP
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[bookmark: _Ref450917749]Figure 3: Receiver diagram using modulo operator

Throughput results
Simulation setup
 In this section, simulation results are shown to demonstrate the performance of the NLP compared to LP.  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 = 1.225

	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 5 and Figure 6, respectively

	Number of UEs
	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
	CDL-E for MU-MIMO as shown in Figure 4, K-factor=9.3dB, DS=32.2ns

	User mobility
	3 km/h, random direction

	Channel estimation
	ideal


	

Link level channel model for MU-MIMO
In this contribution, MU-MIMO performance of the nonlinear precoding scheme is evaluated by link level simulation. We have chosen link level evaluation to focus on evaluation of the nonlinear precoding in two extreme cases: randomly located UEs and closely located UEs. 
It should be noted that the link level MU-MIMO channel model is not defined yet. In this subsection, we describe the channel model used in our study. An Illustration of the MU-MIMO channel model used in the simulation is described in Figure 5. In this scenario, as shown in Figure 5, separate sets of CDL models are generated for each link between TX and RX. In our evaluation, separate sets of CDL-E models are generated for each pair of TX and RX. It is assumed that reflected rays from clusters are contained in each CDL model, and no inter-CDL model interference is considered.  

Observation 1: Link level evaluation is used to evaluate performance of the nonlinear precoding scheme

“Per UE CDL model” depicted in Figure 4 is used to conduct link level evaluation for MU-MIMO.
In the “Per UE CDL model”, the desired mean angle  , defined in Section 7.7.5.1 in TR 38.900, for each RX is adjusted depending on the location of each RX. In Figure 4, CDL-E model between TX and RX1 is adjusted by . Similarly, CDL-E model between TX and RX1 is adjusted by .



[bookmark: _Ref462679169][bookmark: _Ref463032909]Figure 4 : “Per UE CDL model”, link level model for MU-MIMO, an example is shown with a CDL model
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[bookmark: _Ref462767520]Figure 5: Case A, random distribution of UEs
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[bookmark: _Ref462767571]Figure 6 : Case B, closely related UEs with each  is generated randomly within
±2.5 degrees and each pair is placed randomly

Two cases for user distribution 
In this contribution, we consider two use cases. As shown in Figure 5, 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 6, two UEs are paired together and 4 pairs are placed randomly. UEs in each pair is separated by a random angle, within 2.5 degrees of arc. Case B is proposed for evaluation of the performance of the precoding schemes in a crowded environment. 
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[bookmark: _Ref462767704]Figure 7 : Case A, Throughput performance, NLP (dashed line) vs LP (solid line)
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[bookmark: _Ref462767705]Figure 8 : Case B, Throughput performance, NLP (dashed line) vs LP (solid line)
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[bookmark: _Ref462767707]Figure 9 : Case A, patched antenna, NLP (dashed line) vs. LP (solid line), CNR=-9dB
[image: ]
[bookmark: _Ref462767708]Figure 10 : Case B, patched antenna, NLP (dashed line) vs. LP (solid line) , CNR=-9dB

Link level simulation results
The average throughput performance of NLP and LP for case A and B are shown in Figure 7 and Figure 8, respectively. The CDF of throughput for case A and B are shown in Figure 9 and Figure 10, respectively. In all figures, “CNR” indicates SNR per data stream.

From Figure 7, it is clear that in static or slow mobility, NLP outperforms LP in case A. In high mobility scenarios, the average throughput performance of NLP is superior to LP. From Figure 8, it is clear that in any mobility conditions in case B, NLP yields better average throughput performance compared to the LP, thanks to interference removal at the transmitter. 

From Figure 9 and Figure 10, it is clear that NLP supports stable throughput in any mobility and density of UEs. Note that throughput performance of LP and NLP deteriorate as speed of UEs increases. It should also be noted that performance difference between NLP and LP widens when UEs are located close to each other.


Observation 2: The nonlinear precoding scheme exhibits clear throughput performance gain compared to the linear precoding scheme in crowded environments

Observation 3: From the CDF of throughput, NLP offers stable throughput in both case A and B, where case A and B are illustrated in Figure 5 and Figure 6, respectively.

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

Proposal 1: Consider nonlinear precoding as a potential spatial multiplexing candidate technology

Conclusion
 In this contribution, we make the following observation and proposal.

Observation 1: Link level evaluation is used to evaluate performance of the nonlinear precoding schemes

Observation 2: The nonlinear precoding scheme exhibits clear throughput performance gain compared to the linear precoding scheme in crowded environments

Observation 3: From the CDF of throughput, NLP offers stable throughput in both case A and B, where case A and B are illustrated in Figure 5 and Figure 6, respectively.
[bookmark: _GoBack]
Proposal 1: Consider nonlinear precoding as a potential spatial multiplexing candidate technology
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