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Introduction
 In the RAN1#86b meeting, the following agreement was made [1]:

	R1-1610491	WF on NR DMRS Huawei, HiSilicon
Agreements:
· Study design of demodulation RS for broadcast channel, control channel and data channel
· Separate vs. joint design
· Study on design of demodulation RS for data channel 
· Whether or not the same principle for UL and DL RS pattern design 
· How to map DM RS in symbols of a slot
· Max # of orthogonal DL DMRS ports for SU/MU-MIMO scheduling



In this contribution, we propose several RS design principles and propose the maximum number of orthogonal DL DMRS ports for MU-MIMO.
Maximum number of orthogonal layers to satisfy spectral efficiency and peak data rate
Spectral efficiency
In this section, it will be shown that spectral efficiency and peak data rate that can be achieved with various number of orthogonal ports (layers).
We use the formula used in [2] to calculate the spectral efficiency,




The descriptions of the variables used in the above formula are shown in Table 1. The analysis is limited for above 6GHz and downlink only. The numerology assumed in the calculation, shown in Table 2, includes the carrier separation values agreed as the baseline parameter in RAN1#85.
In Table 3, the peak spectral efficiency achieved for 60kHz spacing is shown. We note that the values used for the numerology in this analysis, such as 14 symbols per TTI, are chosen as examples. The aim of the analysis here is not to mandate the numerology in the table or preclude other candidate values for the numerology. 
In this calculation, OverheadFrac is assumed to be 0.30. The parameters which achieve the target spectral efficiency are highlighted by yellow.

[bookmark: _Ref465168986]Table 1 Parameter descriptions [2]
	NumLayers
	Number of multiplexed layers

	ModOrder
	Modulation order

	NumSCsPerSymbol
	Number of carriers per OFDM symbol

	NumSymbolsPerTTI
	Number of OFDM symbols per TTI

	OverheadFrac
	Overhead fraction

	TTIDuationMs
	TTI duration in ms

	CCBWMHz
	Component carrier BW in MHz



[bookmark: _Ref465169009]Table 2 Parameters for two numerologies
	NumSCsPerSymbol
	SCSpacingKhz
	NumSymbolsPerTTI
	TTIDurationMs
	CCBWMhz
	Applicable Band(s)

	1200
	60
	14
	0.25
	80
	Over 6 GHz



From Table 3, it is clear that 30bps/Hz, the target spectral efficiency identified in [3], can be reached by using 16-QAM with 16-layer multiplexing while the same target can be reached with 256QAM with 8-layer multiplexing. It is clear that the target value can be reached with 16-layer multiplexing at lower modulation order, allowing operation at lower SNR. The configurations that achieve the target spectral efficiency are highlighted with yellow.
[bookmark: _Ref458085063]Table 3 Peak spectral efficiency in bps/Hz when carrier spacing is an integer multiple of 15kHz (i.e., 15kHz, 60kHz, 75kHz)
	
	
	ModOrder

	
	
	4
	16
	64
	256

	NumLayers
	2
	2.35
	4.70
	7.09
	9.41

	
	4
	4.70
	9.41
	14.11
	18.82

	
	8
	9.41
	18.81
	28.22
	37.63

	
	16
	18.82
	37.63
	56.48
	75.26



Observation 1: 16-layer multiplexing achieves the target peak spectral efficiency, 30bps/Hz, with the modulation order of 16 when OverheadFrac is assumed to be 0.30

Peak data rate
In the following, peak data rate is computed for two values of the system bandwidth. For 60kHz, BW=960MHz and 480MHz are considered. The bandwidth 480MHz is chosen for the following reasons. While multiple bands with bandwidth of several GHz are considered for further studies in WRC19 between 24.25GHz and 86GHz, available bandwidth per band per operator may be reduced to several hundred MHz if the same band is shared by several operators. Thus, 480Mhz can be considered as a practical value for bandwidth for NR for above 6GHz bands. The combinations of the number of layers and modulation order that can yield the value over the target peak data rate are shown in red characters. From the peak data rate analysis shown in Table 4 or Table 5, it is clear that 16-layer multiplexing achieves 20 Gbps, the target peak data rate shown in [3].

[bookmark: _Ref465170280]Table 4 Peak data rate in Gbps when carrier spacing is 60kHz, BW=960MHz
	
	
	ModOrder

	
	
	4
	16
	64
	256

	NumLayers
	2
	2.26
	4.51
	6.80
	9.03

	
	4
	4.51
	9.03
	13.55
	18.07

	
	8
	9.03
	18.06
	27.09
	36.12

	
	16
	18.07
	36.12
	54.22
	72.25



[bookmark: _Ref465170281]Table 5 Peak data rate in Gbps when carrier spacing is 60kHz, BW=480MHz
	
	
	ModOrder

	
	
	4
	16
	64
	256

	NumLayers
	2
	1.13
	2.26
	3.40
	4.52

	
	4
	2.26
	4.52
	6.77
	9.03

	
	8
	4.52
	9.03
	13.54
	18.06

	
	16
	9.03
	18.06
	27.11
	36.12



Based on the analysis above, we make the following proposal:

Observation 2: 16 layer multiplexing achieves the target peak data rate

RS design principles
[bookmark: _GoBack]　In this section, RS design principles will be discussed. In Rel. 13 SU-MIMO, 8 DMRS orthogonal ports are provided for DMRS. For MU-MIMO, up to 4 UEs can be multiplexed, having orthogonal DMRS. With the advent of Massive MIMO technologies, having orthogonal ports allows more flexible UE scheduling. In a dense urban scenario, there is a need to multiplex multiple users flexibly and spatially. For example, in the evaluation assumption for the dense urban scenario, up to 20UEs are assumed per TRP and 256 antenna elements are assumed [3], setting up for an environment in which the number of orthogonal DMRS ports beyond 8 can be evaluated. From the contributions submitted in RAN1 #86b, several contributions identified scenarios or indicated possible needs for increasing the number of DMRS orthogonal ports beyond 8 [4, 5, 6, 7]. Based on the companies’ proposals and observations made in Section 2, for NR-MU-MIMO, we make a recommendation to increase the number of DMRS orthogonal ports to 16.

Proposal 1: Support up to 16 orthogonal demodulation RS (DMRS) ports for MU-MIMO

Conclusion 
 In this contribution, based on the analysis shown in Section 2 and 3, we recommend that the maximum number of orthogonal layers to be 16.

Proposal 1: Support up to 16 orthogonal demodulation RS (DMRS) ports for MU-MIMO
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