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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 link level calibration results.
2. Calibration Results
Results from figure 1-10 are for 30GHz results.
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Figure 1 Receive SNR w/ beamforming @ CDL-A & Beam Selection1 & 1Panel 1Pol & Fixed AoD, ZoD and ZoA (dB)
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Figure 2 Receive SNR w/ beamforming @ CDL-B&Beam Selection1&1Panel 1Pol (dB)
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Figure 3 Receive SNR w/ beamforming @ CDL-A&Beam Selection1& 1Panel 1Pol (dB)
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Figure 4 Receive SNR w/ beamforming @ CDL-B&Beam Selection1&1Panel 1Pol (dB)
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Figure 5 Receive SNR w/ beamforming @ CDL-A&Beam Selection1& Fixed AoD, ZoD and ZoA  (dB)
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Figure 6 Receive SNR w/ beamforming @ CDL-A&Beam Selection2 & Fixed AoD, ZoD and ZoA  (dB)
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Figure 7 Receive SNR w/ beamforming @ CDL-A&Beam Selection1 (dB)
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Figure 8 Receive SNR w/ beamforming @ CDL-A&Beam Selection2 (dB)
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Figure 9 Receive SNR w/ beamforming @ CDL-B&Beam Selection1 (dB)
[image: ]
Figure 10 Receive SNR w/ beamforming @ CDL-B&Beam Selection2 (dB)

Results from figure 11-18 are for 30GHz results.
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Figure 11 Receive SNR w/ beamforming @ CDL-A&Beam Selection1 & Fixed AoD, ZoD and ZoA(dB)
[image: ]
Figure 12 Receive SNR w/ beamforming @ CDL-A & Beam Selection2 & Fixed AoD, ZoD and ZoA (dB)
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Figure 13 Receive SNR w/ beamforming @ CDL-B&Beam Selection1 & Fixed AoD, ZoD and ZoA (dB)
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Figure 14 Receive SNR w/ beamforming @ CDL-B&Beam Selection2 & Fixed AoD, ZoD and ZoA (dB)
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Figure 15 Receive SNR w/ beamforming @ CDL-A&Beam Selection1 (dB)
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Figure 16 Receive SNR w/ beamforming @ CDL-A&Beam Selection2 (dB)
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Figure 17 Receive SNR w/ beamforming @ CDL-B&Beam Selection1 (dB)
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Figure 18 Receive SNR w/ beamforming @ CDL-B&Beam Selection2 (dB)

3. Conclusion
In this contribution, we provided phase 1 link level calibration results.
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Appendix

Table 1 Simulation assumptions for Phase 1 link-level calibration
	
	Below 6GHz
	Above 6GHz

	Carrier Frequency
	4 GHz
	30 GHz

	Subcarrier Spacing
	15kHz
	60kHz

	bandwidth
	20MHz
	80MHz

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

For the simplified channel assumption [4]
Calibrate both CDL-A and CDL-B with delay spread =100ns and UE speed=3km/h.  The angles of BS, i.e., AoD, ZoD, are fixed with [0] degree in azimuth domain and [90] degree in zenith domain, and those of UE, i.e., AoA, ZoA, are distributed within [-180, 180] degrees in azimuth domain and fixed with [90] in zenith domain, via applying desired mean angle in Section 7.7.5.1 in TR 38.900 accordingly

	TXRU mapping to antenna elements
	One TXRU per vertical dimension per polarization
	One TXRU per panel 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
	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
	Select the beam pair by maximizing received signal power per beam pair.

Beam Selection Method 1: 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 beamforming1).  

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

For the simplified antenna configuration[3]: 
(M,N,P,Mg,Ng) = (4,8,1,1,1). (dV,dH) = (0.5, 0.5)λ.

	BS antenna element radiation pattern
	According to TR36.873
	See Table A.2.1-6 in TR 38.802

	UE antenna configurations
	(M,N,P,Mg,Ng) = (1,1,2,1,1)
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. 2)
Θmg,ng=90; Ω0,1=Ω0,0+180;

For the simplified antenna configuration[3]: 
(M, N, P, Mg, Ng) = (2, 4, 1, 1, 1); (dV,dH) = (0.5, 0.5)λ.

	BS array orientation
	azimuth 0 degree; downtilt: 110 degree 

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

	UE antenna element radiation pattern
	Omni-directional
	See Table A.2.1-8 in TR 38.802

	Metrics
	Adopt the metric of CDF of receive SNR w/ beamforming at SNR=0dB for Phase 1 calibration

For the simplified antenna configuration[3]:
The metric of CDF of receive SNR w/ beamforming of one panel one polarization for both TRP and UE under beam selection method 1 at SNR=0dB and 30GHz



· Note1: 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: The polarization angles are 0 and 90 and the panel with the best receive SNR is chosen for output metric. i.e. no combining is done between panels for above 6GHz. (Ωmg,ng, Θmg,ng)  is for orientation of the panel (mg, ng), 0≤mg<Mg, 0≤ng<Ng,  where the orientation of the first panel (Ω0,0, Θ0,0) is the same as UE orientation, Ωmg,ng is the array bearing angle and Θmg,ng is the array downtilt angle defined in [TR 36.873].
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