3GPP TSG RAN Meeting #75	                                  	                               RP-170441
Dubrovnik, Croatia, March 6 - 9, 2017

Source:	Mitsubishi Electric
Title:	Phase 2 study on nonlinear spatial multiplexing for NR
Agenda Item:	9.1 New WI/SI proposals for New Radio
Document for: 	Discussion/Decision
Introduction
 In this contribution, we discuss the outcome related to NR MIMO from RAN1#88 and propose a study on nonlinear spatial multiplexing for multiple user multiple input multiple output (MU-MIMO). In RAN#74, prioritization of study items was conducted [1] and schedule for NR standardization activities was discussed [2]. We propose to include a study on nonlinear spatial multiplexing in the phase 2 study.
Motivation for nonlinear spatial multiplexing
In NR, densely populated area is considered as one of the applicable environments [3]. In such scenarios, there will be a need to offer large throughput to a group of closely located UEs without sacrificing spectral efficiency. Moreover, it is imperative that same QoS can be obtained regardless of densities, UE distributions or locations of UEs. 
Spatial multiplexing through precoding at the transmitter for UEs scheduled with the same time-frequency resources provides means to achieve large throughput gain without sacrificing spectral efficiency.
Linear precoding (LP) scheme is a conventional approach to realize spatial multiplexing for MU-MIMO. Block diagonalization (BD) is a well-known technique to create prescribed nulls for UEs except for the target UE in order to mitigate inter-user interference (IUI). BD works well in a spatially-uncorrelated scenario and simplifies receiver designs. However, by consuming degrees of freedoms in MIMO systems to create perfect nulls for non-target UEs, a tradeoff between interference mitigation and achievable spatial diversity arises. Moreover, IUI mitigation performance of LP degrades considerably in ill-conditioned or spatially-correlated channels, resulting limited throughput. Such channels can be found in crowded scenarios where channels among UEs may be overlapped. 
To overcome these challenges, nonlinear interference cancellation at the transmitter side was proposed in RAN1 for a study [4].
Current status of the study on nonlinear spatial multiplexing in RAN1
In RAN1#86bis, identifying IUI as a potential problem in NR, companies have proposed to study nonlinear precoding (NLP) as a method to achieve interference cancellation and spatial multiplexing [4]. The companies investigated its performance and possible specification impacts in RAN1. Unlike LP, nonlinear precoding can be used to cancel interference completely at the transmitter side.
An illustration is shown in Figure 1 to demonstrate pros and cons of LP and NLP in MU-MIMO. In the illustration, UEs are located close to each other and LP creates overlapping beams resulting interference among UEs. Thanks to the feedback operation at the transmitter with accurate CSI, interference can be canceled at the transmitter with NLP, maintaining UE orthogonality.
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[bookmark: _Ref475991621]Figure 1 : An example of nonlinear precoding in MU-MIMO

In RAN1#88, the aligned views related to NLP based on the initial studies conducted by the companies are presented and agreed [5]. The studied covered a variety of scenarios including MU-MIMO, heterogeneous network (HetNET) and cooperative multi point (CoMP) transmission, within which nonlinear precoding can be implemented.  The companies identified possible use cases for nonlinear precoding and key nonlinear precoding schemes: Dirty Paper Coding (DPC) based or vector perturbation precoding schemes. 
Although NLP is proven to remove inter-layer or inter-UE interference, it requires extra computations and accurate CSI at the transmitter side. To alleviate the complexity, hybrid techniques which implement both linear and nonlinear precoding technologies have shown to offer tradeoff between computational complexity and performance [5]. Several companies have also identified reciprocity as one of the means to obtain accurate CSI to be used for NLP.
Finally, impact on receiver architectures was investigated. If Tomlinson-Harashima or vector perturnbation based NLP is used, modulo operation is needed at the receiver. Thus, impact on the standard due to the modulo operation was investigated by several companies.
Proposed study topics for nonlinear spatial multiplexing
From the agreement in RAN1 #88 [5], it became evident that NLP is a technology that deserves more studies in NR MIMO. 
Thus, it is proposed to study NLP from RAN1#89. Possible study topics are described briefly in this section although some of the items mentioned below are already investigated or evaluated by some companies in RAN1 during the NR study.
The link-level and system-level evaluation assumptions should be discussed depending on the applicable scenarios. For example, the evaluation assumptions for MU-MIMO DMRS design, multiple access [6] or COMP coherent joint transmission can be considered. In the study, methodologies related to performance evaluation such as abstraction methods for the system-level evaluation and channel estimation error modeling need to be considered. 
[bookmark: _GoBack]The elements that have impact on NLP performance such as channel estimation error, CSI feedback error, SRS reciprocity error, UE scheduling method, receiver implementation, complexity in the implementation of NLP, should be investigated. Finally, specification impacts including RS designs, signaling mechanism for NLP, indication of types of LP to be used along with NLP, signaling mechanism to indicate use of LP or NLP and UE capability should be studied. 
Conclusion 
In this contribution, the following proposals are made:

Proposal 1: Consider starting the Phase 2 study from April 2017
Proposal 2: Consider nonlinear precoding as part of the Phase  2 study items
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