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Introduction
In RAN1#86, it was agreed to start NR MIMO calibrations [1]. From subsequent email discussion [86-20] it was agreed to follow a phased approach according to [2].
· Phase 1: Calibration can be used to check the channel model and the basic beamforming behavior, e.g., by looking at the SNR/SINR distribution (aim to finish it in RAN1#86bis) 
· Phase 2:  Start discussion on whether and how to establish the baseline.  Further discuss simulation assumptions for Phase 2 and Phase 3. Calibration can be used to check the link/system level performances, e.g., by looking at the BLER and spectrum efficiency (aim to finish it in RAN1#87)
· Phase 3: Calibration can be used to check the UE movement/rotation/blockage (aim to finish it after RAN1#87) 
In RAN1#87 it was agreed to add one case with varying angles only on AoA [3]. 
In this contribution, we present initial link level results on Phase 1 NR MIMO calibration for the case with simplified angle approach in [3], and the case with all angles distributed according to [2]. 
Link Level Results
Results for 4 GHz 
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Figure 1 CDF of receive SNR w/ beamforming at SNR=0dB for Phase 1 calibration, 4GHz

Results for 30 GHz
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Figure 2 CDF of receive SNR w/ beamforming at SNR=0dB for Phase 1 calibration, 30 GHz 


Discussion
For these simulations has the precondition “SNR=0” been defined as SNR for isotropic antennas, i.e. configured SNR has been normalised with the CDL channel gain. 
An alternative definition is to include the antenna gain for the array antennas without beamforming, this would remove the effect the distribution of angles as shown in Figure 3.
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Appendix – simulation configuration

	
	Below 6GHz

	Carrier Frequency
	4 GHz & 30 GHz

	Subcarrier Spacing
	4GHz: 15kHz
30 GHz: 60kHz

	Channel Model
	CDL-A and CDL-B 
· delay spread =100ns
· UE speed=3km/h.  

Case1 fixed angles: 
Angles of BS, i.e., AoD, ZoD, are fixed with [0] degree in azimuth domain and [90] degree in zenith domain, 
Angles of UE, i.e., AoA, ZoA, are distributed within [-180, 180] degrees in azimuth domain and fixed with [90] in zenith domain

Case2 dropped angles:
The angles of BS, i.e., AoD, ZoD, are uniformly distributed within [-60, 60] degrees in azimuth domain and [90, 135] degrees in zenith domain, and those of UE, i.e., AoA, ZoA, are uniformly distributed within [-180, 180] degrees in azimuth domain and [45, 90].

	TXRU mapping to antenna elements
	One TXRU per vertical dimension per polarization

	TXRU mapping weights
	4GHz:
TXRU virtualization only in the vertical dimension (i.e. 1D virtualization) using DFT, i.e., 1D sub-array partition model defined in TR36.897

30GHz
2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897

	Criteria for beam selection
	Method1: The DFT beam directly is pointing to the strongest cluster.
CDLA strongest - cluster #2
· AoD = -2.15
· AoA = 11.70
· ZoD – mechanical tilt =  86.93 – 20 = 66.93
· ZoA = 93.62
CDLB strongest -cluster #1
· AoD= 14.26
· AoA = 10.1
· ZoD -mechanical tilt = 90.16 -20 = 70.16
· ZoA= 97.17

Method2:
Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming*.  

	BS antenna configurations
	4GHz: (M,N,P,Mg,Ng) = (4,4,2,1,1). (dV,dH) = (0.5, 0.5)λ
30 GHz: (M,N,P,Mg,Ng) = (4,8,1,1,1). (dV,dH) = (0.5, 0.5)λ

	BS antenna element radiation pattern
	8dBi 65 degree directional gain antenna according to TR36.873 Table 7.1-1

	UE antenna configurations
	4GHz: (M,N,P,Mg,Ng) = (1,1,2,1,1)
30GHz: (M,N,P,Mg,Ng) = (2,4,1,1,1)

	BS array orientation
	azimuth 0 degree; mechanic downtilt: 20 degree 

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

	UE antenna element radiation pattern
	4 GHz: 
Isotropic,  Vertical and horizontal polarization
30GHz:
5dBi 90 degree directional antenna according to TR 38.802 Table A.2.1-8

	BF scheme
	Analog BF based on beam selection + Digital BF based on ideal SVD

	MIMO mode
	SU-MIMO with rank=1

	Metrics
	CDF of receive SNR w/ beamforming at SNR = 0


*Notes: the DFT beam candidate in this beam selection method is generated according to the uniform vertical and horizontal angular distribution shown as follows:

, for i=1,…,rN
where r =1 (which is analogous to oversampling factor of 1) , N denotes the number of vertical/horizontal antennas.  
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