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1. Introduction
Three calibration phases has been agreed: 
-	Phase 1: Calibration is to check the link and system level channel models with basic beamforming behavior in terms of SNR/SINR distribution. Link level evaluation assumptions for this item can be found in R1-1701823. System level evaluation assumptions for this item can be found in R1-1703534. 
-	Phase 2: Calibration is to check the link/system level performance through observing the metrics of BLER, spectrum efficiency and outage. Link level evaluation assumptions for this item can be found in R1-1703535. System level evaluation assumptions for this item can be found in R1-1703536.
-	Phase 3: Calibration is to check the additional link (if necessary)/system-level features including UE movement, UE rotation and channel blockage in terms of coupling loss, ASA, SINR and spectral efficiency. System level evaluation assumptions for this item can be found in R1-1701828.
In this contribution, we provide phase 1 system level calibration results.
2. Calibration Results
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Figure 1 Wideband SINR without beamforming (dB) , InH-30GHz
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Figure 2 Wideband SINR with beamforming (dB), InH-30GHz
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Figure 3 Wideband SINR without beamforming (dB), UrbanMacro-30GHz
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Figure 4 Wideband SINR with beamforming (dB), UrbanMacro-30GHz
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Figure 5 Wideband SINR without beamforming (dB), Macro-DenseUrban-4GHz
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Figure 6 Wideband SINR with beamforming (dB), Macro-DenseUrban-4GHz
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Figure 7 Wideband SINR without beamforming (dB), Micro-DenseUrban-30GHz
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Figure 8 Wideband SINR with beamforming (dB), Micro-DenseUrban-30GHz

3. Conclusion
In this contribution, we provided phase 1 system level calibration results.
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Appendix
Table 1 Simulation assumptions for Phase 1 indoor-hotpot system-level calibration1)
	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 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.  

	Constraints for the range of selective beams per TRP sector
	Case1: [0, 180] in azimuth domain and [0, 180] in zenith domain2)
Tx:Total of 32 beams(H8V4)
Rx: Total of 8 beams(H4V2)
[bookmark: OLE_LINK31][bookmark: OLE_LINK32]Case2: Some Direction of beams covers [0, 180] degrees in azimuth domain and [0, 180] degrees in zenith domain3)
· Step-a:   Single TX/RX subelement - without TX/RX beamforming  
        	-  The first sub-element in a single fixed panel is used with single-pol. 
· Step-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 
· Step-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 
· Step-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.


	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
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;
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 wall-mount 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 

	Metric
	[bookmark: OLE_LINK25][bookmark: OLE_LINK26]For Case 1: CDF of wideband SINR with and without beamforming
For Case 2: SNR CDF curves are generated with no interference[3]



· Note 1: Using option 1 of 12 sites agreed in email discussion [86-27]
· Note 2: 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.
· Note3: Followings are angles used for step-b and step-c: 
- Beam directions for TRP: 
     -- Azimuth angle [pi/16 3*pi/16 5*pi/16 7*pi/16 9*pi/16 11*pi/16 13*pi/16 15*pi/16] 
     -- Zenith angle  [pi/8  3*pi/8  5*pi/8  7*pi/8]  
- Beam directions for UE:     		 
-- Azimuth angle [-3*pi/8 -pi/8 pi/8 3*pi/8];       		
-- Zenith angle [pi/4 3*pi/4];
Followings are angles used for fixed analog beamforming for step-b': 
- Beam directions for TRP: 
     -- Azimuth angle [9*pi/16] 
     -- Zenith angle  [5*pi/8]  
- Beam directions for UE:     		 
-- Azimuth angle [pi/8];       		
-- Zenith angle [pi/4];



Table 2 Simulation assumptions for Phase 1 urban-macro system-level calibration
	Attributes
	Values or assumptions

	Carrier Frequency
	30 GHz

	Mode
	DL only

	Bandwidth
	40MHz

	Subcarrier Spacing
	60kHz

	Channel Model
	UMa 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 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.  

	Constraints for the range of selective beams per TRP sector
	Case1:[-60, 60] in azimuth domain and [90, 160] in zenith domain1)
Tx: Total of 6*2=12 beams(H6V2)
Rx: Total of 8 beams(H4V2)
Case2: Some Direction of beams covers [-60, 60] degrees in azimuth domain and [90, 160] degrees in zenith domain2)
· Step-a:   Single TX/RX subelement - without TX/RX beamforming  
        	-  The first sub-element in a single fixed panel is used with single-pol. 
· Step-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 
· Step-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 
· Step-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.


	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;
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 

	Metric
	For Case 1: CDF of wideband SINR with and without beamforming
For Case 2: SNR CDF curves are generated with no interference[3]



· Note1: 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.
· Note2: Followings are angles used for step-b and step-c: 
- Beam directions for TRP: 
    	-- Azimuth angle [-5*pi/16 -3*pi/16 -pi/16 pi/16 3*pi/16 5*pi/16] 
     	-- Zenith angle  [5*pi/8 7*pi/8]
- Beam directions for UE:     		 
-- Azimuth angle [-3*pi/8 -pi/8 pi/8 3*pi/8];       		
-- Zenith angle [pi/4 3*pi/4];
Followings are fixed angles for fixed analog beamforming for step-b': 
- Beam directions for TRP: 
    	-- Azimuth angle [pi/16] 
     	-- Zenith angle  [5*pi/8]
- Beam directions for UE:     		 
-- Azimuth angle [pi/8];       		
-- Zenith angle [pi/4];


Table 3 Simulation assumptions for Phase 1 dense-urban (macro-layer) system-level calibration1)
	Attributes
	Values or assumptions

	Carrier Frequency
	4 GHz

	Mode
	DL only

	Bandwidth
	20MHz

	Subcarrier Spacing
	15kHz

	Channel Model
	3D-UMa in TR36.873

	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 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.  

	Constraints for the range of selective beams per TRP sector
	Case1:[-60, 60] in azimuth domain and [90, 160] in zenith domain2)
Tx: Total of 3beams for vertical dimension
Case2: Some Direction of beams covers [-60, 60] degrees in azimuth domain and [90, 160] degrees in zenith domain3)
· Step-a:   Single TX/RX subelement - without TX/RX beamforming  
        	-  The first sub-element in a single fixed panel is used with single-pol. 
· Step-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 
· Step-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 
· Step-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.


	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)
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 

	Metric
	
For Case 1: CDF of wideband SINR with and without beamforming
For Case 2: SNR CDF curves are generated with no interference[3]



· Note1: Independent calibration for macro layer and micro layer for dense urban scenario.
Macro layer: macro-only 10 users per TRP, all UEs are connected to macro layer. Users randomly and 
uniformly dropped throughout the macro geographical area
· Note2: 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.
· Note3: Followings are angles used for step-b and step-c: 
- Beam directions for TRP: 
     	-- Zenith angle  [9*pi/16 11*pi/16 13*pi/16]
Followings are fixed angles for fixed analog beamforming for step-b': 
- Beam directions for TRP: 
     	-- Zenith angle  [11*pi/16]


Table 4 Simulation assumptions for Phase 1 dense urban (micro-layer) system-level calibration1)
	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 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.  

	Constraints for the range of selective beams per TRP sector
	Case1: [-60, 60] in azimuth domain and [35, 135] in zenith domain2)
Tx:Total of 12 beams(H6V2)
Rx: Total of 8 beams(H4V2)
Case2: Some Direction of beams covers [-60, 60] degrees in azimuth domain and [35, 135] degrees in zenith domain3)
· Step-a:   Single TX/RX subelement - without TX/RX beamforming  
        	-  The first sub-element in a single fixed panel is used with single-pol. 
· Step-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 
· Step-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 
· Step-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.


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

	BS antenna height
	10m

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

	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 

	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 o, vertical tilt 90o , Am=30dB, SLAv=30dB )

	Minimum distance between Micro TRP centers
	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 center and Macro TRP
	20m

	Minimum distance between small cell cluster center and Macro TRP
	20m

	Radius for micro TRP center dropping in a cluster
	
55m

	Minimum distance between small cell cluster centers
	40m

	Metric
	For Case 1: CDF of wideband SINR with and without beamforming
For Case 2: SNR CDF curves are generated with no interference[3]



· Note1: Independent calibration for macro layer and micro layer for dense urban scenario.
-Micro layer: 3small cell cluster per macro BS, only 1 micro TRP per small cell cluster and 10 users per micro TRP.
-Micro TRP center corresponds to small cell center in 36.897, and Micro TRP  corresponds to small cell in 36.897

· Note2: 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.
· Note3: Followings are angles used for step-b and step-c: 
- Beam directions for TRP: 
-- Azimuth angle [-5*pi/16 -3*pi/16 -pi/16 pi/16 3*pi/16 5*pi/16]    		 
-- Zenith angle  [3*pi/8 5*pi/8] 
- Beam directions for UE:     		 
-- Azimuth angle [-3*pi/8 -pi/8 pi/8 3*pi/8];       		
-- Zenith angle [pi/4 3*pi/4];
Followings are fixed angles for fixed analog beamforming for step-b': 
- Beam directions for TRP: 
-- Azimuth angle [pi/16]    		 
-- Zenith angle  [5*pi/8] 
- Beam directions for UE:     		 
-- Azimuth angle [pi/8];       		
-- Zenith angle [pi/4];
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