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Introduction
In RAN1 #85, the following agreement was made [1],
	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, analysis on spectral efficiency for several values of multiplexed layers is conducted and simulation results are shown to demonstrate speed tolerance of different number of multiplexed layers. We recommend that 16 layer-multiplexing is supported for both SU-MIMO and MU-MIMO.
Motivation for considering higher number of multiplexes
In LTE, up to 8 layers are supported for quasi-orthogonal multiplexing. In [2], the target spectral efficiency and peak data rate for downlink are set at 30bps/Hz and 20Gbps, respectively. In this contribution, it will be shown that 16-layer multiplexing, combined with the numerology options discussed in RAN1, can achieve the target values. Number of multiplexing layers will become an important feature especially when serving multiple UEs in crowded scenarios described in [2]. In RAN1#85, there are contributions [3, 4, 5] that have recommended the number of layers for NR MIMO. In [6], several MIMO technologies are proposed for NR. In the following sections, simulation results and analysis will be shown to demonstrate the benefits obtained from 16-layer multiplexing for both DL SU-MIMO and DL MU-MIMO. 
Spectral efficiency, operation SNR and tolerance against mobility
In Figure 1 and Figure 2, average sum-rate curves for two configurations with different normalized fading rates are shown. The simulation parameters are shown in Table 1. In the simulation, i.i.d channels with ideal channel estimation are assumed. Channels vary during the interval between the precoding weight matrix determination and the actual DL transmission. It is assumed that perfect knowledge of the channel is available at both transmitter and receiver. In Table 2, target SNR to achieve 30bps/Hz is shown. At high SNR, at the maximum spectral efficiency of 4bps/Hz per layer, at least 8 layers are required to reach the target value. If the number of layers is increased, the maximum spectral efficiency per layer and required SNR to reach the target value can be decreased. It should also be noticed from Figure 2 that 16-layer multiplexing brings more tolerance to the Doppler spread to yield 30bps/Hz. Thus, in NR massive MIMO, up to 16-layer multiplexing should be considered for MU-MIMO to meet the target spectral efficiency of 30bps/Hz.

[bookmark: _Ref458429249]Table 1 Simulation parameters
	Center Frequency
	30GHz

	Number of antennas at TX
	8,16

	Number of UEs
	8

	Number of antennas at UE
	1,2

	Channel model
	i.i.d, Jakes model

	Precoding method
	Block diagonalization, SVD

	Channel estimation
	Ideal

	Transmission efficiency
	0.7

	Duration between start of DL transmission and precoding matrix determination, 
	0.25ms




[bookmark: _Ref450845174]Figure 1 : Sum rate vs. SNR for 8 stream multiplexing, 8UEs, 1 stream per UE


[bookmark: _Ref450845173]Figure 2 : Sum rate vs. SNR for 16 stream multiplexing, 8 UEs and 2 streams per UE

[bookmark: _Ref450763079]Table 2 : Required SNR with 8 or 16 received antennas
	Number of multiplexed layers
	Average efficiency per layer for 30bps/Hz [bps/Hz]
	Target average SNR
for 30bps/Hz [dB]

	8
	3.75
	21

	16
	1.875
	12



Observation 1: The target spectral efficiency can be reached at lower SNR than 8-layer multiplexing when 16-layer multiplexing is used for MU-MIMO

Observation 2: Additional multiplexed layers provide robustness against mobility
Peak spectral efficiency and peak data rate calculation with numerology discussed in RAN1#85 for downlink for above 6GHz
Spectral efficiency
In this section, we use the formula used in [5] to calculate the peak spectral efficiency,




Definitions of the variables in the equation above and numerology options considered in this contribution are summarized in Table 3 and Table 4, respectively. The analysis is limited to above 6GHz, downlink only. 
In Table 5, the peak spectral efficiency achieved for 60kHz and 75kHz spacing is shown. We note that the numerology options 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 options in the table or preclude other candidate options. The analysis here can easily be extended to other options such as the options discussed in our companion contribution [7]. 
In this calculation, OverheadFrac is set at 0.30. The parameters which achieve the target spectral efficiency are highlighted by yellow in Table 5.

[bookmark: _Ref458782955]Table 3 Parameter descriptions [5]
	NumLayers
	Number of multiplexed layers

	SCSpacingKhz
	[bookmark: _GoBack]Carrier spacing in kHz

	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: _Ref458782958]Table 4 Parameters for two numerologies
	#
	NumSCsPerSymbol
	SCSpacingKhz
	NumSymbolsPerTTI
	TTIDurationMs
	CCBWMhz

	1
	1200
	60
	14
	0.25
	80

	2
	1200
	75
	14
	0.2
	100



From Table 5, it is clear that 30bps/Hz can be reached with 16-QAM with 16-layer multiplexing while the same target can be reached with 256QAM with 8-layer multiplexing. From the result, it is clear that the target value can be reached with 16-layer multiplexing at lower modulation order, allowing operation at lower SNR.
[bookmark: _Ref458085063]Table 5 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 3: 16-layer multiplexing achieves the target peak spectral efficiency, 30bps/Hz, with the modulation order of 16 

Peak data rate
In the following, peak data rate is computed for two values of the system bandwidth. For 75kHz carrier spacing, BW=1GHz and 500MHz are considered. For 60kHz, BW=960MHz and 480MHz are considered. The bandwidth 500MHz and 480MHz are chosen for the following reasons. While multiple bands with bandwidth of several GHz are considered for further studies in WRC19 from 24GHz – 40GHz and 66GHz – 86 GHz [2], available bandwidth per band per operator may be reduced to several hundred MHz if the same band is shared by several operators. Thus, 500MHz or 480Mhz can be considered as a practical value for bandwidth for NR for above 6GHz bands. The combinations of number of layers and modulation order that can yield the value over the target peak data rate are shown in red characters.

Table 6 Peak data rate in Gbps when carrier spacing is 75kHz, BW=1GHz
	
	
	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



Table 7 Peak data rate in Gbps when carrier spacing is 75kHz, BW=500MHz
	
	
	ModOrder

	
	
	4
	16
	64
	256

	NumLayers
	2
	1.18
	2.35
	3.55
	4.71

	
	4
	2.35
	4.71
	7.06
	9.41

	
	8
	4.71
	9.41
	14.11
	18.82

	
	16
	9.41
	18.82
	28.24
	37.63



Table 8 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



Table 9 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



Observation 4: 16-layer multiplexing achieves the target peak data rate with the modulation order of 16 when near -1GHz bandwidth is considered. 
Observation 5: With near-500MHz bandwidth, the target data rate can be reached by using 16-layer multiplexing.
Conclusion
In this contribution, we made the following observations:

Observation 1: The target spectral efficiency can be reached at lower SNR than 8-layer multiplexing when 16-layer multiplexing is used for MU-MIMO

Observation 2: Additional multiplexed layers provide robustness against mobility

Observation 3: 16-layer multiplexing achieves the target peak spectral efficiency, 30bps/Hz, with the modulation order of 16

Observation 4: 16-layer multiplexing achieves the target peak data rate 20Gbps with the modulation order of 16 when near -1GHz bandwidth is considered. 

Observation 5: With near-500MHz system bandwidth, the target data rate can be reached by using 16-layer multiplexing.

Based on the above observations, we make the following proposal.

Proposal: Support 16-layer multiplexing for both DL SU-MIMO and DL MU-MIMO for NR-MIMO to meet the target spectral efficiency and peak data rate for above 6 GHz.
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