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Introduction
At the RAN1 #86 meeting, following agreements have been reached.
Agreement
· 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 provide our observation on performance and of MU-MIMO transmission with TDD massive MIMO, and discuss the corresponding DMRS design.
Discussion on MU-MIMO Transmissions
MU-MIMO transmission can improve the cell throughput and spectrum efficiency especially with large scale antenna arrays, i.e., 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 and signalling design. The detailed number of the maximally supported MU layers should be decided based on evaluations. At RAN1 #86 meeting, the MU dimension has been decided to be at least 8 layers for both SU- and MU-MIMO transmissions, which is a starting point for the study of MU dimensions.
On sub-6GHz bands, NR considers large scale array with more TXRUs, which has strong ability on spatial multiplexing. More than 8 layers spatially multiplexed can be supported by such transmitters. Based on our initial evaluation results shown in Appendix, we observed large performance gain after extending MU dimension to more than 8 layers when users are densely distributed, i.e., in a scenario with 20 UEs per TRP.
Observation 1: On sub-6GHz bands, large scale array with more TXRUs can support high-order MU-MIMO transmission with more than 8 layers, depending on the scenarios.
On higher frequency such as mmWave bands, various MIMO schemes will be studied and used considering the different propagation characteristics and antenna manufactory techniques. The ability of MU-MIMO transmission varies a lot because the devices have different capabilities on generating and switching analog beams. Therefore, we have the following observation.
Observation 2: On higher frequency bands, the number of layers for the MU-MIMO transmission depends highly on the device, e.g., its capability on analog beamforming.
Because the maximum number of layers for MU-MIMO transmission depends on bands and devices, which is decided once the network is deployed, if we design the MU dimension based on the maximum possible layers for all scenarios and devices, large overhead will be introduced by corresponding DMRS and control signalling. Based on these observations, we propose
Proposal 1: Considering the RS and control signalling overhead, NR should consider optimizing variable maximum number of layers for spatial division multiplexed MU transmissions, from which the cell can select based on the scenarios and MIMO schemes applied. Different DMRS port number and corresponding control signalling should be considered for each option of the maximum layer number.
CSI Acquisition for MU-MIMO Transmission
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. But the reciprocity-based CSI acquisition in TDD mode suffers from several non-ideal factors including RF channel calibration error, channel aging due to sounding period and latency, sounding channel estimation error, and partial channel reciprocity.
As shown in Appendix, we evaluate the performance of TDD massive MIMO in NR urban macro scenario. Three cases, with different assumptions on non-ideal factors, are considered in the performance evaluation.
· Case 1: Ideal CSIT without any non-ideal factors.
· Case 2: Channel sounding period and latency, and RF channel calibration error are considered. The RF channel calibration error is set to be 0.5 dB on amplitude with log-normal distribution, and [-5, 5] degree with uniform distribution, which is a common assumption on residual calibration error in TDD systems.
· Case 3: In addition to the factors considered in Case 2, channel estimation error of uplink channel sounding is considered. Since the design of NR SRS is not clear now, we use a model with fixed channel estimation MSE, which is set to -20 dB as an expected working point of uplink channel sounding.
From the evaluation results for these 3 cases, we observed the following.
Observation 3: Limited impact is found to TDD massive MIMO by considering on non-ideal factors including RF channel calibration error, uplink channel sounding period and latency, and uplink channel sounding error caused by channel estimation.
Current evaluation results have shown the promising gain of TDD massive MIMO in one of the NR scenarios after considering several non-ideal factors. In order to obtain comprehensive observations on TDD massive MIMO with reciprocity based CSI acquisition, further study should be conducted in more NR scenarios. The impacts of the non-ideal factors should be further clarified with more evaluation in order to guide NR RS design. Besides, more practical existing factors should be considered as well, such as the partial channel reciprocity caused by asymmetric transmitter and receiver antenna design at the UE side. Therefore, we propose to further study the TDD massive MIMO. 
Proposal 2: RAN1 continues investigating the performance of TDD massive MIMO with following non-ideal factors and clarify the requirements on system design. The non-ideal factors include:
· Antenna calibration error
· Channel aging due to sounding period and latency
· Channel estimation error
· Partial channel reciprocity
RS Design for TDD MIMO Transmission
DMRS port number and multiplexing scheme
In order to support the flexibility on MU dimensions, we should also have some flexibility on DMRS ports numbers considering the RS overhead. Multiple DMRS ports should be generated for the multiple layer transmission. The multiplexing scheme of DMRS should be studied in RAN1.
RAN1 has agreed that the DMRS should be front-loaded for fast decoding. Considering the impacts on the UE pipe-line operations, the time division multiplexing (TDM) or time domain orthogonal cover code (OCC) is not recommended as the multiplexing scheme for NR MIMO. Because the beamforming with large scale antenna array will reduce the delay spread of the equivalent receiving channel, which results in more flat frequency domain channels, frequency division multiplexing (FDM) should be considered as a candidate multiplexing scheme for NR DMRS. Therefore, we have the following observations and proposals.
Observation 4: For fast decoding, no TDM or time-domain OCC will be used to generate multiple ports for spatial multiplexed layers.
Proposal 3: FDM on front-loaded DMRS is used to generate multiple DMRS ports for spatial multiplexing
· The number of DMRS ports should be flexible to adapt for the channel characteristics and support different MU dimensions in different scenarios.
One candidate is spatial division multiplexing (SDM), with the help of user scheduling according to the orthogonality of the user channels, we can let two or more UEs use a same DMRS port by SDM without much multi-user interference on RS. The feasibility and performance should be investigated in RAN1.
Proposal 4: The feasibility and performance of SDM of DMRS ports should be investigated, with proper user scheduling on ports allocation.
SRS design
Based on the evaluation results, we observed that there is minor performance degradation with 5ms sounding period to obtain reciprocity-based CSI for downlink transmissions. The actual scheduled UE number can be more than 8 and up to 18, which means that it seems necessary to increase SRS capacity compared to LTE-A.
Proposal 5: The SRS capacity in NR should be same or larger than that in LTE-A to support more UEs with smaller sounding period. The detailed capacity of NR SRS and corresponding RS design should be studied in RAN1.

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,
Observation 1: On sub-6GHz bands, large scale array with more TXRUs can support high-order MU-MIMO transmission with more than 8 layers, depending on the scenarios.
Observation 2: On higher frequency bands, the number of layers for the MU-MIMO transmission depends highly on the device, e.g., its capability on analog beamforming.
Observation 3: Limited impact is found to TDD massive MIMO by considering on non-ideal factors including RF channel calibration error, uplink channel sounding period and latency, and uplink channel sounding error caused by channel estimation.
Observation 4: For fast decoding, no TDM or time-domain OCC will be used to generate multiple ports for spatial multiplexed layers.
Proposal 1: Considering the RS and control signalling overhead, NR should consider optimizing variable maximum number of layers for spatial division multiplexed MU transmissions, from which the cell can select based on the scenarios and MIMO schemes applied. Different DMRS port number and corresponding control signalling should be considered for each option of the maximum layer number.
Proposal 2: RAN1 continues investigating the performance of TDD massive MIMO with following non-ideal factors and clarify the requirements on system design. The non-ideal factors include:
· Antenna calibration error
· Channel aging due to sounding period and latency
· Channel estimation error
· Partial channel reciprocity
Proposal 3: FDM on front-loaded DMRS is used to generate multiple DMRS ports for spatial multiplexing
· The number of DMRS ports should be flexible to adapt for the channel characteristics and support different MU dimensions in different scenarios.
Proposal 4: The feasibility and performance of SDM of DMRS ports should be investigated, with proper user scheduling on ports allocation.
Proposal 5: The SRS capacity in NR should be same or larger than that in LTE-A to support more UEs with smaller sounding period. The detailed capacity of NR SRS and corresponding RS design should be studied in RAN1.
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Appendix
Table A shows the simulation assumptions used for the evaluations in this contribution. Table B and Table C show the average cell throughput and 5% UE throughout with 20 and 10 UEs per TRP, respectively.
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	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
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	UE receiver
	MMSE-IRC

	CSI acquisition
	Case 1: Ideal
CDI: Ideal based on channel reciprocity, sounding period 1ms
CQI/RI: UE feedback, feedback period 1ms, latency 1ms
Case 2: 
CDI: Based on channel reciprocity with calibration error model, sounding period 5ms, and sounding latency 1ms
CQI/RI: UE feedback, feedback period 5ms, latency 5ms
Case 3: 
CDI: Based on channel reciprocity with calibration error model, sounding period 5ms with MSE model on SRS channel estimation.
CQI/RI: UE feedback, feedback period 5ms, latency 5ms

	Scheduler
	Multi-user PF scheduler



Table B: NR Urban Macro Scenario 4GHz, 20 UEs per TRP.
	
	Performance Metrics
	MU Dimension (max. layer number)

	
	
	8
	12
	16
	20
	24

	Case 1
	Spectrum efficiency [bps/Hz]
	Average
	15.7
	17.5
	17.4
	17.2
	16.8

	
	
	5% UE
	0.13
	0.12
	0.12
	0.12
	0.12

	Case 2
	Spectrum efficiency [bps/Hz]
	Average
	14.9
	16.7
	16.5
	16.5
	16.6

	
	
	5% UE
	0.12
	0.11
	0.12
	0.12
	0.11

	Case 3
	Spectrum efficiency [bps/Hz]
	Average
	14.8
	16.5
	16.3
	16.2
	16.5

	
	
	5% UE
	0.12
	0.12
	0.11
	0.11
	0.11



Table C: NR Urban Macro Scenario 4GHz, 20 UEs per TRP.
	
	Performance Metrics
	MU Dimension (max. layer number)

	
	
	8
	12
	16
	20
	24

	Case 1
	Spectrum efficiency [bps/Hz]
	Average
	15.9
	15.9
	15.3
	15.6
	15.7

	
	
	5% UE
	0.26
	0.24
	0.23
	0.24
	0.25

	Case 2
	Spectrum efficiency [bps/Hz]
	Average
	15.0
	15.2
	14.8
	15.0
	15.6

	
	
	5% UE
	0.21
	0.23
	0.20
	0.22
	0.22

	Case 3
	Spectrum efficiency [bps/Hz]
	Average
	14.8
	15.1
	15.1
	14.8
	15.1

	
	
	5% UE
	0.22
	0.23
	0.22
	0.22
	0.20
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