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Introduction
In RAN1#88, it was agreed as working assumption that:
	Working assumption:
· Support at least the following design of DL DM-RS for data channels
· Support the maximal 12 orthogonal DL DMRS ports for MU-MIMO
· Companies are encouraged to perform SLS especially assuming practical channel and interference estimations


However, in the last meeting only two contributions provide the SLS results on the maximum number of MIMO layers for MU-MIMO [1, 2]. In this contribution we provide SLS results of MU-MIMO for the discussion of the maximum number of DL DM-RS orthogonal ports.

Discussion
SLS was carried out to evaluate the MU-MIMO performance. The evaluation assumptions are summarized in Table 1. Here we assume reciprocity-based CSI feedback in TDD without reciprocity calibration error. SRS is transmitted every 10 ms. Full digital ZF precoding is used assuming the number of MIMO layers for each scheduled UE is set to 2. 
SLS result of MU-MIMO performance with different maximum numbers of MIMO layers is shown in Fig. 1. Here we assume 1 RE/RB/port for each layer in MU-MIMO (i.e., all DM-RS ports are orthogonal). It can be seen from Fig. 1 that a maximum of 16 layers for MU-MIMO achieves more than 7 % and 10 % gains in average SE and 50 % UE throughput, respectively, compared to a maximum of 12 layers for MU-MIMO although it has larger DM-RS overhead. Besides, it achieves more than 27 % and 33 % gains in average SE and 50 % UE throughput, respectively, compared to a maximum of 8 layers for MU-MIMO. Fig. 2 shows the distribution of the selected number of MIMO layers with different maximum numbers of MIMO layers. It can be seen from Fig. 2 that 16 layers for MU-MIMO is selected with a probability of more than 60 % and this result leads to the performance gain for a maximum of 16 layers for MU-MIMO.
Observation 1: A maximum of 16 layers for MU-MIMO has better performance than a maximum of 8 or 12 layers for MU-MIMO.
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Fig. 1  MU-MIMO performance with different maximum numbers of MIMO layers
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Fig. 2  Probability of a selected number of MIMO layers with different maximum numbers of  MIMO layers

SLS result for performance with a maximum of 16 layers for MU-MIMO with different numbers of orthogonal DM-RS ports is shown in Fig. 3. Here we assume 16 RE/RB for each case (i.e., DM-RS overhead is the same among these 3 cases). When 16 orthogonal ports are available, only 1 PN sequence is used for DM-RS sequence. On the other hand, when 8 or 12 orthogonal ports are available, 2 PN sequences are used for DM-RS sequence and the interference among UEs is suppressed by averaging the estimates. It can be seen from Fig. 3 that 16 orthogonal ports achieves almost the same performance as 8 and 12 orthogonal ports since the ZF precoding suppresses the interference among UEs well.
Observation 2: 16 orthogonal DMRS ports has almost the same performance as 16 semi-orthogonal DMRS ports.
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Fig. 3  Performance for a maximum of 16 layers for MU-MIMO with different numbers of orthogonal DM-RS ports

Based on the SLS results, the following proposal can be made:
Proposal: NR supports 16 layer MU-MIMO with 16 orthogonal DMRS ports or 16 semi-orthogonal DMRS ports with multiple PN sequences.

Conclusions
This contribution provided SLS results of MU-MIMO for the discussion of the maximum number of DL DM-RS orthogonal ports. Based on the results, the observation and proposal are summarized as follows:
Observation 1: A maximum of 16 layers for MU-MIMO has better performance than a maximum of 8 or 12 layers for MU-MIMO.
Observation 2: 16 orthogonal DMRS ports has almost the same performance as 16 semi-orthogonal DMRS ports.
[bookmark: _GoBack]Proposal: NR supports 16 layer MU-MIMO with 16 orthogonal DMRS ports or 16 semi-orthogonal DMRS ports with multiple PN sequences.
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Appendix
Table A  Evaluation assumptions
	Parameters
	Values

	Layout
	Single layer:
Macro layer: Hex. Grid

	Inter-BS distance 
	200 [m]

	Carrier frequency 
	4 [GHz]

	Simulation bandwidth
	20 [MHz] (100 [RB])

	Channel model
	3D Uma

	BS Tx power 
	44 [dBm]

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

	BS antenna height 
	25 [m]

	BS antenna element gain
	Follow the modeling of TR36.873

	UE antenna configuration
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1)

	UE antenna height
	Follow TR36.873 

	UE antenna gain
	Follow the modeling of TR36.873

	UE receiver noise figure
	9 [dB]

	Traffic model
	Full buffer

	UE receiver
	MMSE

	Channel estimation
	Realistic

	Scheduling
	Proportional fair
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