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1 Introduction
In RAN1#86, the agreements of starting MIMO calibration have been made [1]. The consensus on the phased approach and calibration related assumptions for Phase 1 have been reached in [86-20] email discussion [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, the following agreements have been reached [3]:

Agreements:
1. For system level calibration, SNR CDF curves are generated with no interference in this step 
a. Single TX/RX subelement - without TX/RX beamforming

- The first sub-element in a single fixed panel is used with single-pol. 
b. With analog TX/RX beamforming, using a single digital TX/RX port 

- The first TXU/RXU in a single fixed panel is used with single-pol 
b'. With fixed analog TX/RX beamforming, using a single digital TX/RX port 

- The first TXU/RXU in a single fixed panel is used with single-pol 
c. With analog TX/RX beamforming, and with SVD-based digital TX/RX beamforming 

- The UE panel with the best receive SNR is chosen for output metric. i.e. no combining is done between panels. 

In this contribution, we provide the system level results of NR MIMO Phase 1 calibration.
2 Results for system-level calibration
2.1 Indoor hotspot (carrier frequency 30GHz)
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Figure 1: CDF of wideband SNR with no interference for Phase 1 calibration
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Figure 2: CDF of wideband SINR with and without beamforming for Phase 1 calibration
2.2 Urban macro (carrier frequency 30GHz)
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Figure 3: CDF of wideband SNR with no interference for Phase 1 calibration
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Figure 4: CDF of wideband SINR with and without beamforming for Phase 1 calibration
2.3 Macro layer for dense urban scenario (carrier frequency 4GHz)
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Figure 5: CDF of wideband SNR with no interference for Phase 1 calibration
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Figure 6: CDF of wideband SINR with and without beamforming for Phase 1 calibration
3 Simulation assumptions

The parameters for system-level calibration are summarized in the following tables.
Table 1
	Parameter
	Urban Macro

	Layout
	Single layer
Macro layer: Hex Grid

	ISD
	500m

	Carrier Frequency
	30GHz

	System bandwidth and carrier spacing
	40 MHz(60 kHz/RE)

	Channel model
	5GCM UMa

	BS Tx power
	43dBm

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

	UE 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;

Notes: the polarization angles are 0 and 90

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

	UE antenna pattern
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	BS antenna height
	25m

	UE antenna height
	1.5m

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	20% Outdoor in cars: 30km/h,

80% Indoor in houses: 3km/h

10 users per TRP 

	Codebook for analog beamforming
	DFT-based, no oversampling. Direction of beams [-60, 60] degrees in azimuth domain and [90, 160] degrees in zenith domain.
Tx:Total of 32 beams(H8V4)
Rx: Total of 8 beams(H4V2)


Table 2
	Parameter
	Indoor hotspot

	Layout
	Single layer
Indoor floor:(12BSs per 120m * 50m)
TRP number:12

	ISD
	20m

	Carrier Frequency
	30GHz

	System bandwidth and carrier spacing
	40 MHz (60 kHz/RE)

	Channel model
	5GCM office

	BS Tx power
	23dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,1,1). 
(dV,dH) = (0.5, 0.5)λ
Boresight direction is perpendicular to the ceiling. Antenna model is taken from alternative 3 in R1-165850 (90 degree HPBW in Azimuth and zenith)

	UE 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; 

Notes: the polarization angles are 0 and 90

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

	UE antenna pattern
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	BS antenna height
	3m

	UE antenna height
	1.5m

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	100% Indoor, 3km/h,

10 users per BS 

	Codebook for analog beamforming
	DFT-based, no oversampling. Direction of beams [0, 360] degrees in azimuth domain and [90, 180] degrees in zenith domain.
Tx:Total of 32 beams(H8V4)
Rx: Total of 8 beams(H4V2)


Table 3
	Parameter
	Dense Urban Macro layer

	Layout
	Single layer
Macro layer: Hex Grid

	ISD
	200m

	Carrier Frequency
	4GHz

	System bandwidth and carrier spacing
	20 MHz(15 kHz/RE)

	Channel model
	3D UMa

	BS Tx power
	44dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (8,8,2,1,1)
(dH,dV) = (0.5, 0.8)λ 

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

Notes: the polarization angles are 0 and 90

	BS antenna height
	25m

	UE antenna height
	1.5m

	Noise figure for BS
	5dB

	UE receiver noise figure
	9dB

	UE distribution
	20% Outdoor in cars: 30km/h,

80% Indoor in houses: 3km/h

10 users per TRP 

	Codebook for analog beamforming
	DFT-based, no oversampling. Direction of beams [-60, 60] degrees in azimuth domain and [90, 160] degrees in zenith domain.
Tx:Total of 64beams(H8V8)


Two methods for beam selection mentioned for calibration agreed as follows: 
· Beam Selection Method 1: Adopt the approach proposed by Nokia.  The DFT beam directly is pointing to the strongest cluster.

· Beam Selection Method 2: Select a beam among the limited set of DFT beams with oversampling factor=1.  Select the best beam pair at the same time based on the criteria of maximizing receive power after beamforming.  Companies provide the details of beam selection.

Method 2 is used for system-level calibration.
4 Conclusion

In this contribution, the system level results of NR MIMO Phase 1 calibration are present, including CDF of wideband SNR with no interference, CDF of wideband SINR with and without beamforming.
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