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1
Introduction
The phased calibration work has been agreed in RAN1 for 3D channel model. The phase 1 calibration covers large scale channel characteristics including coupling loss, geometry, and LoS angle distributions with several antenna configurations. The phase 2 calibration includes short term channel characteristics such as distribution of elevation angular spread and singular value distribution. Further details of phase 2 calibration are listed below:
Agreements:

· Phase 2 calibration details

· BS antenna configuration:

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

· Config 2: K=M=10, N=2, X-pol, 0.5λ H/V spacing with the antenna weights in the working assumption with θtilt = 12 degrees

· MS antenna configuration: 2 antennas with the same pol as BS

· System bandwidth: 10 MHz

· The following metrics for the serving cell are calibrated for each antenna configuration (collected over multiple runs)

· CDFs of ESD and ESA

· CDF of average wideband SINR before receiver (i.e., geometry) 

· CDF of largest (1st) singular value in PRBs at t=0

· CDF of smallest (2nd) singular value in PRBs at t=0

· CDF of the ratio between the largest singular value and the smallest singular value in PRBs at t=0

· Additional details 

· Dimension of the channel matrix: 

· 2 x (number of BS antenna ports)

· Singular value calculation

· Derived with channel matrices where antenna gain is applied but PL and shadowing are not modeled, 

· Singular values are calculated on a per PRB basis by 

· eig(∑HHH)/N , where the summation is across the PRB and N is number of subcarriers in the PRB

In this contribution, we provide phase 1 and phase 2 calibration results based on the agreed simulation assumptions.
2
Phase 1 Calibration Results
For the phase 1 calibration, two wrapping methods such as geographical distance based wrapping and radio distance based wrapping were used. In addition, LoS based RSRP was used for UE attachment. The details of simulation assumptions are available in the table 1 in Annex.
The figure 1 shows CDF of the coupling loss according to the antenna configuration as well as wrapping method.
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Figure 1. CDF of coupling loss for 3D UMa and 3D UMi
The figure 2 shows CDF of geometry according to the antenna configuration and wrapping method. As seen in the figure, geometry curves for radio distance and geographical distance wrapping methods in the case of K=M=10 with 102 degree downtilt are on top of each other. On the other hand, there is a gap between radio distance and geographical distance wrapping methods in K=M=1 case.
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Figure 2. CDF of geometry for 3D UMa and 3D UMi
The figure 3 shows the CDF of LoS EoD according to the antenna configuration and wrapping method.
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Figure 3. CDF of LoS EoD for 3D UMa and 3D UMi
3
Phase 2 Calibration Results
For the phase 2 calibration, two antenna configurations such as config. 1 (K=1, M=2, N=2, ULA) and config. 2 (K=M=10, N=2, X-pol) are assumed to evaluate the wideband SINR, elevation angular spread (ZSD, ZSA), and singular value distributions for UMa and UMi environments. Some more details of simulation assumptions are listed in the table 1 in Annex.

The figure 4 shows CDF of wideband SINR according to the antenna configuration in UMa and UMi channels. It is observed from the figure that config. 2 provides better wideband SINR distribution over config. 1 as its vertical beam downtilt may reduce inter-cell interference.
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Figure 4. CDF of wideband SINR for UMa and UMi according to the antenna configuration
The figure 5 shows the 1st and 2nd singular value distributions according to the antenna configuration with 3D channel model. As seen in the figure, the antenna config. 1 has a relatively huge gap between 1st and 2nd singular value distribution which may imply that beamforming may be the better fit for the antenna config. 1. On the other hand, it is observed that the 1st and 2nd singular value distributions are relative close each other for antenna config. 2. This is mainly because the X-pol antenna setup reduces spatial correlation between two antenna port, thus it is appropriate for spatial multiplexing.
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Figure 5. 1st and 2nd singular value distribution for UMa and UMi according to the antenna configuration
The figure 6 shows CDF of ZSD and ZSA according to the antenna configuration in UMa and UMi environments. It is observed that arrival angular spread (ZSA) is wider that the departure angular spread (ZSD) for both UMa and UMi.
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Figure 6. CDF of ZSD and ZSA for UMa and UMi according to the antenna configuration
3
Summary
In this contribution, we provided phase 1 and 2 calibration results for both UMa and UMi according to the antenna configurations. 
[1] References

[2] RAN1 #74bis, Chairman’s note
Appendix
Table 1: Simulation Assumptions for Phase-1 calibration

	
	Parameters

	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


Table 2: Simulation Assumptions for Phase-2 calibration

	
	Parameters

	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 from CRS port 0

	Carrier Frequency 
	2GHz 

	Duplex 
	FDD

	Number of UEs per cell 
	10

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

	UE Speed 
	3km/h

	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)

	Cluster elimination step 6
	scaling factor not changed after cluster elimination

	Handover margin (for calibration)
	0 dB

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

	
	CDF of ZSD

	
	CDF of ZSA

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

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

	
	CDF of the ratio between the largest singular value and the smallest singular value in PRBs at t=0 plotted in log10 scale


