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Introduction
At the RAN1 #85 meeting, studies on MIMO technologies for NR have been kicked off, and a fruitful number of ways forward have been agreed on different topics. About the channel state information (CSI) acquisition, following agreements have been reached.
Agreements:
· In NR multi-antenna schemes, studies on CSI acquisition framework include
· CSI reporting schemes
· Implicit CSI feedback
· Parameters indicating channel quality based on a set of transmission and receiving hypotheses associated with one particular UE, e.g. CQI, PMI, RI, CRI
· Explicit CSI feedback: for both quantized and unquantized/analog CSI feedback
· Parameters representing channel coefficients or some reduced-space representation thereof
· Reciprocity-based feedback
· For example, take into account interference and/or receiver hypothesis can be included
· Note: including aperiodic, periodic and semi-persistent, and single/wide band and sub-band feedback
· Mixed feedback is not precluded
· Interference measurement
· FFS: CSI measurement and/or reporting and/or triggering can be ‘self-contained’ in at least time domain
And about downlink transmission technologies, following agreements have been made.
Agreements:
· The following DL multi-antenna transmissions to be studied for NR
· Closed-loop/(Semi)Open-loop spatial multiplexing
· Single/Multi-point transmissions
· SU/MU-MIMO
· Transmit diversity, 
· e.g., Single/Multi panel spatial diversity
· Combination of above techniques
· Other DL multi-antenna transmissions and related techniques are not precluded
· This does not imply that used transmission technique needs to be known to the UE
In this contribution, we focus on the downlink Multi-user- (MU-) MIMO transmissions and discuss several key points related to the downlink MU-MIMO transmission, which should be studied in RAN1. 
Discussion on MU-MIMO Transmissions
MU-MIMO transmission can improve the cell throughput and spectrum efficiency especially with large scale antenna arrays, say, with massive MIMO technologies. During LTE evolutions, MU-MIMO has been introduced and enhanced in several releases. In NR systems, since more use cases and scenarios have been introduced, and new dimensions of antenna array have been agreed, several key factors about downlink MU-MIMO transmission should be studied in order to define a high-efficiency downlink MU-MIMO transmission scheme for NR systems. In this section, we have some discussions about these factors.
MU Dimension of NR Systems
The number of maximum MU layers that can be supported by the system, i.e., MU dimension, is a key parameter of the MU transmission scheme. It has impacts on demodulation RS design and signalling design. The detailed number of the maximally supported MU layers should be decided based on thorough evaluations. During the LTE Rel. 13 EB/FD-MIMO SI and WI, the MU dimensions have been increased to 8 layers in total. In NR, we will consider more use cases, more scenarios, and different frequency bands with different characteristics than that of LTE. On high frequency bands, it is difficult to equip a number of TXRUs in one TRP although the scale of the array is very large, which constraints the MU dimension for high frequency band. On below 6GHz bands, it is relatively easy to install larger number of TXRUs compared with the total number of antenna elements. And in NR, it is targeted to enhance the scenarios where users are more densely deployed. In these scenarios, MU-MIMO transmission with higher dimension can utilize the spectrum more efficiently with multi-user diversity achieved by user scheduling algorithms. Some experimental results [2] show that there are potential performance gains for downlink MU-MIMO transmission with higher dimensions. Based on the latest NR MIMO discussions and our observations, we have the following proposal on the MU dimensions for NR.
Proposal 1: RAN1 should study the MU dimension considering, different scenarios, MIMO implementations, antenna configurations, etc.
CSI Acquisition for MU-MIMO Transmission
As agreed in RAN1 #85 meeting, multiple CSI acquisition schemes will be studied in RAN1 NR SI. For downlink MU-MIMO transmissions, accurate CSI at transmitter side (CSI-T) is very important to increase the beamforming gain and reduce the multi-user interference. Therefore, MU-MIMO transmission, especially with high MU dimension, has more potential gain if CSI-T can be obtained accurately. The channel reciprocity-based CSI acquisition in TDD mode is one way to obtained accurate CSI-T. Besides, explicit feedback schemes including analog feedback, are also possible ways to obtain adequately accurate CSI-T. In order to evaluate the practical performance of these CSI-T acquisition schemes, appropriate modeling schemes shall be introduced to reflect the non-ideal factors in the simulation. For channel reciprocity-based CSI-T, major non-ideal factors including antenna calibration error and uplink channel sounding error. For explicit feedback, quantization error or feedback error of analog feedback, is the major non-ideal factor. CSI acquisition periodicity and latency also have impacts on downlink MU-MIMO performance, which should be studied. Based on the above discussions, we have the following proposal.
Proposal 2: The performance of downlink MU-MIMO transmission should be evaluated with advanced CSI acquisition schemes, such as reciprocity-based and explicit feedback schemes.
· For channel reciprocity-based CSI acquisition, the antenna calibration error, uplink channel sounding error, sounding period, and sounding latency should be considered during the study.
· For explicit feedback, the quantization/feedback error, feedback period, and feedback latency should be considered during the study.
Beamforming Schemes
Linear precoding schemes, such as zero-forcing (ZF) or block diagonalization (BD), are commonly used in legacy MIMO systems, which achieves good performance with low complexity. It is suboptimal with good channel conditions. However, when more UEs are co-scheduled and the channels are highly correlated, large performance loss occurs with linear precoding schemes. Some non-linear precoding schemes, e.g., Tomlinsen-Harashima precoding, have been proposed to further improve the multi-user performance. From some published experimental results, we observed that non-linear precoding schemes can improve the spectrum efficiency in some cases, especially when a large number of users are closely located [2]. Considering the various use cases and scenarios of NR, the application prospective of such non-linear precoding schemes should be investigated. Due to the different modulation or signal shaping methods used by non-linear precoding schemes, there will be some potential specification impacts when they are introduced into the systems, e.g., RS design and signalling requirements. These factors can be studied as well.
Proposal 3: Non-linear beamforming schemes and their specification impacts can be studied in NR.
Initial Evaluations on Downlink MU-MIMO Transmissions
Some initial system-level evaluations are provided in this section. We firstly evaluate the downlink MU-MIMO transmission with different MU dimensions with a dense UE deployment scenario of homogenous network, i.e., Urban Macro scenario with 20 users per TRP. The detailed simulation assumption can be find in Table A. As the baseline, the MU dimension with maximum 8 layers are evaluated, and the cases with higher MU dimesions up to 24 layers are evaluated. 
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Figure 1: The PDF of co-scheduled UE number

Figure 1 shows the PDF of co-scheduled UE number during the performance evaluation. The PDF is obtained by analyzing the co-scheduled UE numbers on each subband in each TTI. When the MU dimension is limited to 8 layers, we can observe that the scheduling with 8 layers is the domainate case, which shows that the MU dimension of 8 layers constraints the freedom of MU scheduling. After lossing the MU dimension to 24 layers, we can see that the co-scheduled UE number can reach 18. The observations can be summarized as follows.
Observation: According to the current preliminary evaluations, the MU dimension with maximum 8 layers may constraint the freedom of MU scheduling.
Summary
In this contribution, we discuss the key issues about MU-MIMO transmissions in NR. Based on these discussions we have the following observations and proposals,
[bookmark: _GoBack]Observation: According to the current preliminary evaluations, the MU dimension with maximum 8 layers may constraint the freedom of MU scheduling.
Proposal 1: RAN1 should study the MU dimension considering, different use cases, scenarios, and different carrier frequency bands.
Proposal 2: The performance of downlink MU-MIMO transmission should be evaluated with advanced CSI acquisition schemes, such as reciprocity-based and explicit feedback schemes.
· For channel reciprocity-based CSI acquisition, the antenna calibration error, uplink channel sounding error, sounding period, and sounding latency should be considered during the study.
· For explicit feedback, the quantization/feedback error, feedback period, and feedback latency should be considered during the study.
Proposal 3: Non-linear beamforming schemes and their specification impacts can be studied in NR.

References
1. Chinaman Notes: RAN1 #85, May, 2016.
1. X. Wang, et al, “Large Scale Experimental Trial of 5G Mobile Communication Systems—TDD Massive MIMO with Linear and Non-linear Precoding Schemes”, IEEE PIMRC 2016 Workshops, Inclusive Radio Communication Networks for 5G and Beyond, 2016. 
Appendix
[bookmark: _Ref394499956]Table A: Evaluation assumptions
	Parameter
	Values

	Scenarios
	NR Urban macro

	Carrier frequency
	4 GHz

	Bandwidth
	10 MHz (DL)

	Channel model
	3GPP 3D-UMa

	BS Tx power
	49 dBm

	BS antenna configurations
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1), (dH, dV) = (0.5, 0.8)

	BS antenna pattern
	According to Table A.2.1-3

	BS TXRU mapping
	One-to-one port mapping

	UE antenna configurations
	(M, N, P) = (1, 1, 2)

	UE distribution 
	80% indoor, 20% outdoor

	UE attachment 
	Based on RSRP from CRS BS port 0 (Downtilt of CRS port 0 is 100 deg)

	UE antenna pattern
	Omni-directional

	UE velocity
	3kmph

	Traffic model
	Full buffer

	UE number per TRP
	20

	UE receiver
	MMSE-IRC

	CSI acquisition
	CDI: Ideal based on channel reciprocity, sounding period 1ms
CQI/RI: UE feedback, feedback period 1ms, latency 1ms

	Scheduler
	Multi-user PF user scheduler
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