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1 Introduction

In RAN1#86, the agreements of starting MIMO calibration for NR have been made [1] and for stepwise calibration, following agreements on phased approach have been made in [86-20] email discussion [2].
Agreements:
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) 

This contribution provides phase 2 calibration results for urban macro, indoor hotspot and dense urban scenario based on simulation assumptions in [3].
2 Spectral efficiency evaluation results

In this section, we presents the spectral efficiency (SE) results of phase 2 calibration per scenarios. In this results, we down-scaled the minimum scheduling time unit as 1/n ms, where subcarrier spacing is n×15kHz according to difference in subcarrier spacing per scenarios. In urban macro and indoor hotspot scenarios, the subcarrier spacing is given by 60kHz (i,e., n=4). Table 1 shows average SE and outage denoting cell throughput per bandwidth and the percentage of users that has zero throughput for each scenarios, respectively. Figure 1 shows the cumulative distribution function of SE per scenarios. Specific parameters for simulation can be found in Annex A.
Table 1: Spectral efficiency results
	
	Urban macro
	Indoor hotspot
	Dense urban 

(macro layer)
	Dense urban
(micro layer)

	Average SE per UE
	0.18 bps/Hz
	0.41 bps/Hz
	0.36 bps/Hz
	0.30 bps/Hz

	Outage
	25 %
	0 %
	0 %
	7 %
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Figure 1: Spectral efficiency statistics
3 Conclusion
This contribution discussed the phase 2 system level calibration results for urban macro, indoor hotspot, and dense urban scenarios. These results would be taken into collections for the calibration comparison.
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5 Annex – A: Evaluation assumptions
5.1 Urban macro scenario

	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	UMa in TR 38.900

	O2I penetration loss
	50% low loss and 50% high loss

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	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 selection for serving TRP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered. The selection is done per drop, i.e., only at the beginning of drop and kept unchanged.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming*.  The selection is done per drop, i.e., only at the beginning of drop and kept unchanged.

	Criteria for Beam Selection for interfering TRP
	Considering the real traffic in adjacent cells, the actual beam or SVD precoder that is used by the non-serving TRPs in its data transmission is used as interfering beams.



	Constraints for the range of selective beams per TRP sector
	[-60, 60] in azimuth domain and [100, 160] in zenith domain

	Scheduling algorithm
	Round robin

	Traffic Model
	Full buffer

	ISD
	500m

	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

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

	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,= 0 degree, ΩUT, = 0 degree

	BS antenna pattern
	See Table A.2.1-6 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	BS antenna height
	25m

	UE antenna height
	Same as 3D-UMa in TR36.873

	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 

	Overhead
	DMRS overhead (12/168)

No control overhead

	Metric
	1) Outage** 
2) Spectral efficiency


5.2 Indoor hotspot scenario

	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	Indoor in TR 38.900

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	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 selection for serving TRP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered. The selection is done per drop, i.e., only at the beginning of drop and kept unchanged.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming**.  The selection is done per drop, i.e., only at the beginning of drop and kept unchanged.

	Criteria for Beam Selection for interfering TRP
	Considering the real traffic in adjacent cells, the actual beam or SVD precoder that is used by the non-serving TRPs in its data transmission is used as interfering beams.



	Constraints for the range of selective beams per TRP sector
	 [0, 180] in azimuth domain and [0, 180] in zenith domain

	Scheduling algorithm
	Round robin

	ISD
	20m

	BS Tx power
	23dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (4,8,2,1,1). 

(dV,dH) = (0.5, 0.5)λ

Notes: Boresight direction is perpendicular to the ceiling. 

	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,= 0 degree, ΩUT, = 0 degree

	BS antenna pattern
	See single sector pattern wall-mount pattern in Table A.2.1-7 in TR 38.802

	UE antenna pattern
	See Table A.2.1-8 in TR 38.802

	BS antenna height
	3m

	UE antenna height
	1.5 m

	UE antenna gain
	5dBi

	Noise figure for BS
	7dB

	UE receiver noise figure
	10dB

	UE distribution
	100% Indoor, 3km/h,

10 users per BS 

	Overhead
	DMRS overhead (12/168)

No control overhead

	Metric
	spectral efficiency


5.3 Dense urban(macro layer only) scenario

	Attributes
	Values or assumptions

	Carrier Frequency
	4 GHz

	Mode
	DL only

	Bandwidth
	20MHz

	Subcarrier Spacing
	15kHz

	Channel Model
	3D-UMa in TR36.873

	O2I penetration loss
	Follow TR 36.873

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

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

	Criteria for selection for serving TRP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered. The selection is done per drop, i.e., only at the beginning of drop and kept unchanged.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming**.  The selection is done per drop, i.e., only at the beginning of drop and kept unchanged.

	Criteria for Beam Selection for interfering TRP
	Considering the real traffic in adjacent cells, the actual beam or SVD precoder that is used by the non-serving TRPs in its data transmission is used as interfering beams.



	Constraints for the range of selective beams per TRP sector
	[-60, 60] in azimuth domain and [100, 160] in zenith domain

	Scheduling algorithm
	Round robin

	Traffic Model
	Full buffer

	BS antenna element radiation pattern
	According to TR36.873

	UE antenna element radiation pattern
	Omnidirectional

	ISD
	200m

	BS Tx power
	44dBm

	BS Antenna Configuration
	(M,N,P,Mg,Ng) = (8,8,2,1,1)

(dH,dV) = (0.5, 0.8)λ 

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

	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
	Same as 3D-UMa in TR36.873

	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 

	Overhead
	DMRS overhead (12/168)

No control overhead

	Metric
	spectral efficiency


5.4 Dense urban(micro layer) scenario

	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	3D-UMi in TR38.900

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	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 selection for serving TRP
	Maximizing RSRP with best analog beam pair, where the digital beamforming is not considered.

	Criteria for beam selection for serving TRP
	Select the best beam pair among the limited set of DFT beams, based on the criteria of maximizing receive power after beamforming**.

	Criteria for Beam Selection for interfering TRP
	Considering the real traffic in adjacent cells, the actual beam or SVD precoder that is used by the non-serving TRPs in its data transmission is used as interfering beams.

	Constraints for the range of selective beams per TRP sector
	[-60, 60] in azimuth domain and [35, 135] in zenith domain

	Scheduling algorithm
	Round robin

	Traffic Model
	Full buffer

	BS Tx power
	33dBm

	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

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

	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,α uniformly distributed on [0,360] degree, ΩUT,β = 0 degree, ΩUT,γ = 0 degree

	BS antenna height
	10m

	UE antenna height
	Same as 3D-UMi in TR36.873

	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

	Number of the micro TRPs per macro TRP
	3

	TRP placement option
	One-sector deployment ：
Dropping of TRP and TRP antenna orientation according to TR 36.897 (non co-channel hetnet deployment)

	BS antenna element radiation pattern
	Directional in horizontal, directional in vertical (8dBi gain, HPBW = 65°, vertical tilt 90°, Am=30dB, SLAv=30dB )

	Minimum distance between Micro TRPs
	40m

	Radius of UE dropping within a cluster
	50m

	Minimum distance between Macro TRP and UE
	10m

	Minimum distance between Micro TRP and UE
	10m

	Minimum distance between Micro TRP and Macro TRP
	20m

	Minimum distance between cluster center and Macro TRP
	20m

	Radius for micro TRP dropping in a cluster
	55m

	Minimum distance between small cell cluster centers
	40m

	Overhead
	DMRS overhead (12/168)

No control overhead

	Metric
	spectral efficiency
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