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Introduction
During RAN1 meeting #86 [1], it was agreed to perform NR MIMO system level calibration:
Agreements:
· For the purpose of calibration, companies are encouraged to provide baseline results for NR MIMO in the following meetings, including link-level and system level simulations
· Discuss further on baseline simulation assumptions and metrics for calibration in email discussion after RAN1#86 
· Thereafter, email reflector is used to collect results (no online time for calibration discussions, similar to channel model calibration)
In this contribution, we provide Phase 1 NR MIMO system level calibration results based on the agreed evaluation assumptions [2]-[3].
Phase 1 system level calibration
For Phase 1 calibration, the required metrics are wideband SINR with and without beamforming. We assume that without beamforming the angles are fixed to 0 degrees in azimuth and 102 degrees in zenith. With beamforming, we assume all UEs and TRPs instantaneously sweep across both transmit and receive beamforming angles upon which each associates to their best beam pair combination. The angle sweeping ranges are provided in the Appendix simulation assumptions for the different scenarios. 
The beam pair selection is performed post beamforming from the transmit and receive pair that maximizes the RSRP. In the 30 GHz scenarios, each UE has two panels as stated in the assumptions. These scenarios also include a panel selection done at the UE. For interference calculation, random beam selection is performed for each interfering cell to the UE. 

30 GHz Urban macro
Figure 1 plots the wideband SINR with and without beamforming for the 5G NR Urban macro scenario at 30 GHz carrier frequency. A detailed list of simulation assumptions is provided in the Appendix. 
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Figure 1 CDF of wideband SINR with and without beam sweeping – UMa 30 GHz
30 GHz Indoor hotspot
Figure 2 plots the wideband SINR with and without beamforming for the 5G NR Indoor Hotspot scenario. A detailed list of simulation assumptions is provided in the Appendix. 
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Figure 2 CDF of wideband SINR with and without beam sweeping – InH 30 GHz
Dense urban (macro layer)
Figure 3 plots the wideband SINR with and without beam sweeping for the 5G NR Urban macro scenario at 4 GHz carrier frequency. A detailed list of simulation assumptions is provided in the Appendix.
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Figure 3 CDF of wideband SINR with and without beam sweeping – dense UMa 4 GHz (macro layer)
Summary
In this contribution, we provided Phase 1 NR MIMO system level calibration results for three scenarios (30 GHz Indoor hotspot, 30 GHz Urban macro, 4 GHz Dense Urban macro) and showed that the SINR improved with beam sweeping. 
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Appendix

Table 1 UMA simulation assumptions
	Parameter
	Values

	Scenario
	Urban macro

	Carrier Frequency
	30 GHz

	Bandwidth
	80MHz

	BS Tx power
	43 dBm

	Noise figure
	10 dB

	BS antenna configurations
	(M,N,P,Mg,Ng) = (4,8,2,2,2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (4.0, 2.0)λ

	BS port mapping
	For 30GHz, a single TXRU per panel per polarization is used.   2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT with oversampling factor=1.  Number of TXRUs= Mg x Ng x 2.   

	BS antenna element pattern
	[2] Table A.2.1-6

	UE distribution 
	Following TR36.873 (3D dropping)

	UE attachment 
	Based on RSRP (formula) from CRS port 0 with beam pair selection

	Beam sweeping
	[-60; 60] azimuth, [90; 160] zenith

	Polarized antenna modelling
	Model-2 in TR36.873

	UE antenna configurations 
	 (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; 
Notes: the polarization angles are 0 and 90 

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 90 degree, ΩUT, = 0 degree
ΩUT, = 0 degree

	UE antenna element pattern
	[2] Table A.2.1-8

	Metrics
	1) Wideband SINR without beamforming 

	
	2) Wideband SINR with beamforming



Table 2 InH simulation assumptions
	Parameter
	Values

	Scenario
	Indoor hotspot

	Carrier Frequency
	30 GHz

	Bandwidth
	80MHz

	BS Tx power
	23 dBm

	Noise figure
	10 dB

	BS antenna configurations
	(M,N,P,Mg,Ng) = (4,8,2,2,2); (dV,dH) = (0.5, 0.5)λ, (dg,V,dg,H) = (4.0, 2.0)λ

	BS port mapping
	For 30GHz, a single TXRU per panel per polarization is used.   2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT with oversampling factor=1.  Number of TXRUs= Mg x Ng x 2.   

	BS antenna element gain pattern
	[2] Table A.2.1-6

	UE distribution 
	Following TR36.873 (3D dropping)

	UE attachment 
	Based on RSRP (formula) from CRS port 0 with beam pair selection

	Beam sweeping
	[-180; 180] azimuth, [90; 180] zenith

	Polarized antenna modelling
	Model-2 in TR36.873

	UE antenna configurations 
	 (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; 
Notes: the polarization angles are 0 and 90 

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 90 degree, ΩUT, = 0 degree
ΩUT, = 0 degree

	UE antenna element pattern
	[2] Table A.2.1-8

	Metrics
	1) Wideband SINR without beamforming 

	
	2) Wideband SINR with beamforming



Table 3 Dense urban (macro layer) simulation assumptions
	Parameter
	Values

	Scenario
	Dense urban (macro layer)

	Carrier Frequency
	4 GHz

	Bandwidth
	20MHz

	BS Tx power
	49 dBm

	Noise figure
	9 dB

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

	BS port mapping
	For 4GHz, TXRU virtualization only in the vertical dimension (i.e. 1D virtualization) using DFT with oversampling factor=1.  Number of TXRUs= Mg x Ng x N x 2.

	BS antenna element gain pattern
	According to TR36.873

	UE distribution 
	Following TR36.873 (3D dropping)

	UE attachment 
	Based on RSRP (formula) from CRS port 0 with beam pair selection

	Beam sweeping
	[-60; 60] azimuth, [90; 160] zenith

	Polarized antenna modelling
	Model-2 in TR36.873

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

	UE array orientation
	ΩUT, uniformly distributed on [0,360] degree, ΩUT,= 90 degree, ΩUT, = 0 degree
ΩUT, = 0 degree

	UE antenna element pattern
	Omnidirectional

	Metrics
	1) Wideband SINR without beamforming 

	
	2) Wideband SINR with beamforming
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