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1
Introduction
In RAN1#74bis, phase 2 calibration details for 3D channel calibration have been agreed as following [1]: 
Agreement:

· 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 evaluate the 3D channel for the phase 2 calibration including Config1 and Config 2 in UMa and UMi environments based on the latest agreements.
2
Phase 2 Calibration Results
For the phase 2 calibration, the UE association is based on Alt-4 using all rays of all clusters for a given link between a UE and a transmission point [1]. The other assumptions are listed in Table 1 and Table 2 in Appendix. 
2.1 Configuration 1 (K=1, M=2, N=2, ULA)
The CDFs of ESD and ESA for UMa and UMi scenarios are respectively shown in the figure 1.
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Figure 1. Angular spread distribution for UMa and UMi in configuration 1
Figure 2 shows the CDF of geometry (i.e. wideband SINR) for UMa and UMi scenarios, respectively.
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Figure 2. CDF of geometry for UMa and UMi in configuration 1
Figure 3 shows the first and second singular value characterstics for UMa and UMi. From the figure, it is observed that the difference between two singular values is relatively large for both UMa and UMi cases. 
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Figure 3. Singluar value distribution in configuration 1
2.2 Configuration 2 (K=M=10, N=2, X-pol)
The CDFs of ESD and ESA for UMa and UMi scenarios are respectively shown in the figure 4.
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Figure 4. Angular spread distribution for UMa and UMi in configuration 2
Figure 5 shows the CDF of geometry (i.e. wideband SINR) for UMa and UMi scenarios, respectively.
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Figure 5. CDF of geometry for UMa and UMi in configuration 2
Figure 6 shows the similar tendency with the configuration 1 case where the difference between two singular values is relatively large. 
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Figure 6. Singluar value distribution in configuration 2
Observations:

· Arrival angle spread (ESA) is bigger than the departure angle spread (ESD) for both UMa and UMi

· More then 90% conidition numbers (i.e. ratio between 1st and 2nd singular value) are larger than 20dB, which means that the channel is not good conditioned for MIMO.

3
Summary
In this contribution, we showed phase 2 calibration results of UMa and UMi for the configurations. The observations from the phase 2 calibration are following:

· Arrival angle spread (ESA) is bigger than the departure angle spread (ESD) for both UMa and UMi

· More then 90% conidition numbers (i.e. ratio between 1st and 2nd singular value) are larger than 20dB, which means the channel is not good conditioned for MIMO.
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Appendix
Table 1: Simulation settings for calibration

	Calibration cases

	Scenarios
	3D-UMa, 3D-UMi

	Layout
	Hexagonal grid, 7 micro sites, 3 sectors per site, 10 UEs / sector 

	Antenna models 
	· 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

	Downtilt ([image: image10.png]



	102° for K=M=10

	3D-UMi 
LOS probabilities
	Outdoor users:
       PLOS = min(18/d2D,1)(1-exp(-d2D/36))+exp(-d2D/36)

Indoor users:

      Use d2D-out in the formula above instead of d2D

	3D-UMa
LOS probabilities 
	Outdoor users:
PLOS = min(18/d2D,1)(1-exp(-d2D/63))+exp(-d2D/63) (1+C(d2D, hUT))

where
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and
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Indoor users:

    Use d2D-out in the formula above instead of d2D

	Breakpoint for 3D-UMa
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	PL for 3D-UMa and UMi
	For Indoor UEs    
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Where  PLtw = 20 dB

          PLin = 0.5 din, where din = Uniform(0, min(25, d)).

             PLb is determined according to below methods 

· PLb for LOS

reuse the ITU LOS PL_formula  (with the new UE height)

· PLb for NLOS 
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 is computed based on ITU NLoS PL formula with UE height at 1.5m; 
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	UE attachment
	Alt-4: Antenna gain based on all rays of all clusters.   

	Shadow fading
	As in 36.814

	Antenna element vertical radiation pattern (dB)
	[image: image19.png]90“

100 0) = 7......[11 (" su,,] By = 65°,5L4, = 30






	Antenna element horizontal radiation pattern (dB)
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	Combining method for 3D element antenna pattern (dB)
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	Complex weight for antenna element m in elevation
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where m=1,…,K. [image: image25.png]


 is the 

electrical vertical steering angle defined between 00 and 1800 

(900 represents perpendicular to the array). K = 1, M.


Table 2: Additionial parameters for calibration

	Parameter
	Baseline (36.814 3D), UE height = 1.5m
	K=M=1, UE height = 1.5m

	Carrier freq
	2GHz
	2GHz

	Downtilt
	1020
	900

	HPBW (vertical)
	100
	650

	HPBW(azimuth)
	700
	650

	FTBR (vertical)
	20dB
	30dB

	FTBR (azimuth)
	25dB
	30dB

	Antenna gain
	17dBi
	8dBi

	BS height
	25m (3D-UMa), 10m (3D-UMi)
	25m (3D-UMa), 10m (3D-UMi)

	Transmit power
	46 dBm (3D-UMa), 41 dBm (3D-UMi)
	46 dBm (3D-UMa), 41 dBm (3D-UMi)

	Minimum dist between UE-eNB
	35m (3D-UMa), 10m (3D-UMi)
	35m (3D-UMa), 10m (3D-UMi)

	Noise figure
	9 dB
	9 dB

	UE Drop
	Drop 80% indoor UEs in buildings w/ [4, 8] floors and 20% outdoor UEs at 1.5m.  Then, collect the metric only for the UEs at height of 1.5m
	Drop 80% indoor UEs in buildings w/ [4, 8] floors and 20% outdoor UEs at 1.5m.  Then, collect the metric only for the UEs at height of 1.5m

	Shadow fading
	3D-UMa: 4dB (LOS), 6dB (NLOS), 7dB (O2I)
3D-UMi: 3dB (LOS), 4dB (NLOS), 7dB (O2I)
	3D-UMa: 4dB (LOS), 6dB (NLOS), 7dB (O2I)
3D-UMi: 3dB (LOS), 4dB (NLOS), 7dB (O2I)

	3D distance definition
	d_3D = sqrt((d_in + d_out)^2 + (h_BS - h_UT)^2)
	d_3D = sqrt((d_in + d_out)^2 + (h_BS - h_UT)^2)

	2D distance definition
	d_2D = d_in + d_out
	d_2D = d_in + d_out

	Pathloss
	ITU PL formula using d_3D
	ITU PL formula using d_3D

	Breakpoint distance
	Comparisons with breakpoint distance are made with respect to d_2D
	Comparisons with breakpoint distance are made with respect to d_2D

	LOS probability
	Function of d_2D
	Function of d_2D

	In car penetration loss
	0dB
	0dB

	Indoor penetration loss
	20+0.5*d_in

	20+0.5*d_in


_1444835382.unknown

_1444835384.unknown

_1444835385.unknown

_1444835386.unknown

_1444835383.unknown

_1444835381.unknown

