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1. Introduction
In this contribution the results for phase-1 and phase-2 calibration of the 3D channel model developed for 3D-UMa and 3D-UMi are presented. It may be noted that the simulation assumptions for this exercise were agreed in RAN1#75 and earlier meetings and the simulations are performed based on the agreed assumptions. The results presented in this contribution are based on geographical distance based wrap-around.
2. Phase 1 calibration

The simulation assumptions and the calibration metrics for phase-1 calibration are provided in the following table. 

Table 1: Simulation assumptions and calibration metrics for phase-1 calibration
	Parameter
	Values

	Scenarios 
	3D-UMa, 3D-UMi

	Antenna configurations
	config 1) K=M=10, with 0.5λ vertical antenna spacing

config 2) K=1, M=1

	Downtilt
	12 degrees electrical tilt for antenna configuration 1

	Handover margin (for calibration)
	0dB

	UE attachment
	Based on pathloss considering LOS angle

	Fast fading channel
	Fast fading channel is not modeled

	Wrapping method
	1) Geographical distance based (baseline)

2) Radio distance based

	Metrics
	1) Coupling loss (based on LOS pathloss)

	
	2) Geometry (based on LOS pathloss)

	
	3) CDF of LOS EOD


In the following the geometry cdfs (based on LOS pathloss) determined for phase-1 calibration are given in Figure 1 (3D-UMa) and Figure 2 (3D-UMi).
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Figure 1: Geometry based on LOS pathloss (no fast-fading) for 3D-UMa
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Figure 2: Geometry based on LOS pathloss (no fast-fading) for 3D-UMi
It can be observed that config 1 results in a better geometry due to the narrow elevation beam formed by the 10 antenna elements.
3. Phase-2 calibration - wideband SINR
The simulation assumptions and the calibration metrics for phase-2 calibration are provided in the following table. 
Table 2: Phase-2 calibration and baseline simulations
	Parameter
	Values

	Scenarios
	3D-UMa, 3D-UMi

	BS antenna configurations
	Config 1: K=1, M=2, N=2, ULA, 0.5λ H/V  spacing

Config 2: K=M=10, N=2, X-pol (+/-45), 0.5λ H/V, θetilt = 12 degrees

	MS antenna configurations
	config 1: 2 Rx ULA 0.5λ H  spacing

config 2: 2Rx X-pol (0/+90)

	System bandwidth
	10MHz (50RBs) 

	UE attachment 
	Based on RSRP (formula) from CRS port 0

	Carrier Frequency 
	2GHz 

	UE distribution 
	Follows 36.873 3D-UMa, 3D-UMi

	Polarized antenna modeling
	R1-136021 (yellow part)

	UE array orientation
	ΩUT,a uniformly distributed on [0,360] degree, ΩUT,b = 90 degree, ΩUT,g = 0 degree

	UE antenna pattern
	Isotropic antenna gain pattern A’(θ’,ф’) = 1

	Wrapping method
	1) Geographical distance based (baseline)

2) Radio distance based

	Cluster elimination step 6
	scaling factor not changed after cluster elimination

	Handover margin (for calibration)
	0 dB

	Metrics
	Wideband SINR before receiver – determined from RSRP (formula) from CRS port 0

	
	CDF of ZSD from the serving cell

	
	CDF of ZSA from the serving cell

	
	CDF of largest (1st) singular value (serving cell) in PRBs at t=0 plotted in 10*log10 scale 


	
	CDF of smallest (2nd) singular value (serving cell) in PRBs at t=0 plotted in 10*log10 scale

	
	CDF of the ratio between the largest singular value and the smallest singular value (serving cell) in PRBs at t=0 plotted in 10*log10 scale


	
	

	
	


The wideband SINR before the receiver is shown for the 3D-UMa scenario in Figure 3 and for the 3D-UMi scenario in Figure 4. It may be observed that the SINR is improved in comparison to config-1 due to the narrow elevation beam formed by the antenna weights in config-2. 
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Figure 3: CDF of wideband SINR (before receiver) for 3D-UMa scenario, for config-1 and config-2
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Figure 4: CDF of wideband SINR (before receiver) for 3D-UMi scenario, for config-1 and config-2
4. Phase-2 calibration - ZSD and ZSA
The cdfs of the composite ZSD determined from the generated channel sub-rays are plotted in Figure 5 (for 3D-UMa) and in Figure 6 (for 3D-UMi). It may be observed that the ZSD for 3D-UMi scenario is slightly larger than the ZSD for 3D-UMa scenario. Further, for a given scenario the ZSD for config-1 and config-2 are quite close to each other as expected – the small differences are partly due to the different serving cells that are associated with the two antenna configurations (and the fact that the ZSD is a strong function of distance). 
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Figure 5: CDF of ZSD (for serving cell) for 3D-UMa scenario, for config-1 and config-2
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Figure 6: CDF of ZSD (for serving cell) for 3D-UMi scenario, for config-1 and config-2

The cdfs for ZSA are plotted in Figure 7 and Figure 8 for 3D-UMa and 3D-UMi respectively. It may be noted that for a given scenario the ZSA for the different antenna configurations and quite close to each other. 
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Figure 7: CDF of ZSA (for serving cell) for 3D-UMa scenario, for config-1 and config-2
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Figure 8: CDF of ZSA (for serving cell) for 3D-UMi scenario, for config-1 and config-2
5. Phase-2 calibration - singular values
The ratio of the largest and the smallest singular values (condition number) of the covariance matrix is plotted in Figure 9 (3D-UMa) and in Figure 10 (3D-UMi). It can be observed that config-2 results in a significantly well-conditioned channel covariance matrix compared to config-1. This can also be explained from Figure 11, Figure 12 that show a significant improvement of the smallest singular value due to config-2 (compared to config-1) and Figure 13, Figure 14 that show a modest improvement of the largest singular value due to config-2 (compared to config-1).
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Figure 9: CDF of the ratio of the singular values (max/min) for 3D-UMa
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Figure 10: CDF of the ratio of singular values (max/min) for 3D-UMi
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Figure 11: CDF of the smallest singular value for 3D-UMa
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Figure 12: CDF of the smallest singular value for 3D-UMi
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Figure 13: CDF of the largest singular value for 3D-UMa
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Figure 14: CDF of the largest singular value for 3D-UMi
6. Conclusion

In this contribution we presented the phase-1 and phase-2 calibration results.
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