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1. Introduction
In this contribution, we provide Phase-1 NR-MIMO link-level and system-level channel calibration results for 30GHz carrier frequency based on calibration assumptions discussed in [1]. We also discuss simulation assumptions for Phase 2 calibration.
2. Link Level Calibration 
Following assumptions are made in reference to [1] and [5]:
#1. Channel Model: 
CDL-A, CDL-B, delay spread = 100ns, and UE speed=3km/h with random moving directions in horizontal plane in each drop.  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] in zenith domain, via applying uniform-distribution desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly.
#2. Carrier frequency, bandwidth, subcarrier spacing
Carrier frequency = 30GHz, bandwidth = 80MHz, subcarrier spacing = 60kHz. 
#3. TXRU mapping to antenna elements & TXRU mapping weights
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.   
#4. Beam sweeping approach
The DFT beam candidate in beam selection method 2 is generated according to the uniform vertical and horizontal angular distribution shown as follows (with oversampling factor r=1, N is the number of vertical/horizontal antennas):

, for i=1,…,rN 
for vertical beam vectors, and offset by  to be within (-,  for horizontal beam vectors. 
#5. Criteria for beam selection
Both beam selection method 1 and method 2 results are provided. In method 1, the DFT beam points to the strongest cluster at both TRP and UE. In method 2, for each UE panel, the best tx-rx beam pair is selected from limited set of DFT beams based on maximizing received power, using 1 panel and 1 polarization at the TRP. 
#6. Metrics
Adopt the metric of CDF of receive SNR w/ beamforming at SNR=0dB for Phase 1 calibration. For each drop, the SNR for each UE panel is obtained as linear average across frequency and time. The better SNR across the two panels are used as output metric. 
#7. Other parameters:
Table 1. Other parameters
	Parameter
	Values

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

	BS antenna pattern
	Refer to [2]: Max Gain = 8dBi , HPBW=650

	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=0; Ω0,1=Ω0,0+180;
Notes: the polarization angles are 0 and 90

	BS array orientation
	azimuth 0 degree; downtilt: 20 degree  

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

	UE antenna pattern
	Refer to [2]: Max Gain = 5dBi , HPBW=900

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

	MIMO mode
	SU-MIMO with rank=1




Calibration results for CDL-A and CDL-B channel are presented below in Fig.1 and Fig.2.  
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Figure 1: CDFs of Received SNR in CDL-A Channel
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Figure 2: CDFs of Received SNR in CDL-B Channel
3. System Level Calibration
3.1 Phase 1 Calibration Results 
We focus on a single layer NR network with 30GHz carrier frequency. Table 2 shows our system-level simulation assumptions [1], [4]:
Table 2: System Simulation Assumptions
	Parameters
	Value

	Layout
	Single Layer (Macro)

	Inter-BS Distance
	500m for UMa

	Carrier Frequency
	30 GHz

	Simulation BW
	80 MHz

	Channel Model
	3D-UMA and 3D-INH (as in 38.900)

	Tx Power (BS)
	43 dBm for UMa and 24 dBm for InH over 80 MHz

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,2,2)
(dV, dH) = (0.5, 0.5)λ

	BS Antenna Height
	25 m for UMa

	BS Antenna Element gain
	8 dBi

	UE Receiver Noise Figure
	13 dB

	UE Antenna Configuration
	(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;

	UE Antenna Height
	As in 3D-UMA and 3D-INH modelling in 38.900

	UE Antenna Gain
	5 dBi

	UE Distribution
	80% indoor and 20% outdoor for Uma
100% indoor for InH
Uniform UE dropping: 10 UEs/TRP with buildings as in TR 38.900

	Rank of Transmission
	1

	BS beamforming weights
	Total of 40 beams, scanning [-60, 60] degrees in azimuth domain and [100, 160] degrees in zenith domain

	UE beamforming weights
	Total of 6 beams, scanning [-60, 60] degrees in azimuth domain and [100, 160] degrees in zenith domain



We did Phase 1 calibration for Indoor Hotspot and Urban Macro scenarios with 30GHz carrier frequency. Figure 3 shows the CDFs of the wideband DL SINR with and without beamforming for the Indoor Hotspot scenario.
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Figure 3: CDFs of DL SINR with and without beamforming for InH

In Figure 4, we show CDFs of the wideband DL SINR with and without beamforming for the Urban Macro scenario.
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Figure 4: CDFs of DL SINR with and without beamforming for UMa

3.2 Phase 2 Calibration Assumptions
In RAN1 #86-BIS, it was agreed that all companies are encouraged to provide/update results for Phase 1 NR MIMO calibration and start to establish the baseline for Phase 2 calibration in particular simulation assumptions.
The main scope for Phase 2 calibration is to check the link/system level performances such as the spectrum efficiency. For example, as an initial step the CDF of spectral efficiency will be used as an important metric for Phase 2 calibration. We will follow two typical scenarios used in Phase 1 calibration, i.e. Urban Macro and Indoor Hotspot with 30 GHz carrier frequency. We will use the following beam selection criteria for the serving and interfering TRP as we used in Section 3.1. We select the best beam pair that maximizes the post-beamforming RSRP. We choose the serving TRP so as to maximize the RSRP with the best beam pairs; other TRPs are considered as interfering TRPs. A serving TRP schedules its UE and the corresponding beam pair for a given time duration. The same beam pair will be used for that TRP when it is considered as interfering TRPs. To simplify the simulations, at system level we will assume PF scheduler and full buffer.
For link-level simulations, it is suggested to consider other refined/realistic beamforming methods, e.g., using explicit UE feedback for refining analog beams, and using PMI reports for digital beamforming based on codebooks. 
4. Conclusion
In this contribution, we presented our Phase 1 NR MIMO link-level and system-level calibration results with 30GHz carrier frequency. We also discussed simulation assumptions for Phase 2 calibration.
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