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1. Introduction

In RAN1#73 [1], three evaluation cases for 3D channel calibration have been agreed, which can be partitioned into two phases as following: 
Conclusion:  take the following bullets as working assumption.

· Three evaluation cases for 3D channel modeling calibration
· First phase: 
 (Case 1): Geometry and coupling loss, elevation related parameters (without modelling of fast fading)
· K = 1, M
· Second phase: 
· (Case 2): Baseline performance with K = 1
· Transmission scheme, total number of antenna ports and elements FFS
· 1-1 mapping from antenna elements to antenna ports 
· Full buffer and 10 users 
· Note: Does not have any impact on choice of traffic model, number of UEs, and antenna configuration for later performance assessments
· (Case 3): Baseline performance with K = M
· Transmission scheme, total number of antenna ports and elements FFS
· M vertical antenna elements are mapped per antenna port
· Full buffer and 10 users 
· Note: Does not have any impact on choice of traffic model, number of UEs, antenna configuration for later performance assessments
· For cases 1&3, companies are encouraged to provide reference results using corresponding 2D channel model

· For Case 1, UE attachment is modeled considering LOS angles only
· When K = M, for both UMa and UMi, example electrical downtilt values are qetilt = 96, 99, 102 (in degree).

· For Cases 2 and 3, UE attachment modeling is FFS
· Whether to use LOS angles only, or to take into account ESD and median EoD as well, for RSRP modeling.
· Note: 
· multiple downtilt value is needed in the first phase (case 1) for evaluation and investigation, and the group may converge on a single donwtilt value per calibration  scenario (e.g., 3D UMi, 3D UMa, antenna spacing, etc) in the second phase  (cases 2&3).
In this contribution, we evaluate the 3D channel for the first phase calibration including 3 cases (K=10, K=1 and TR36.814) in UMa and UMi environments.
2. First Phase calibration results
For the first phase calibration, the long-term fading characteristics including path loss, shadowing, penetration loss etc are only considered without fast fading. The UE association is based on long term channel gain which is computed based on antenna gain at LOS angle of departure, antenna element pattern, antenna weights (applicable in the fixed downtilt beamforming case) and the long term fading experienced by UEs. The general assumptions are based on latest email discussions for both UMa and UMi cases and listed in Appendix: Table 1 and Table 2. Some additional settings are listed in Appendix: Table 3. 
In the evaluations, three cases (A, B, C) are defined according to the antenna settings, antenna pattern, downtilt angles, and beamforming schemes (if applicable). 
2.1  Case A: K=M=10 
In this case, there are M=10 elements placed in vertical dimension with 0.5λ spacing. The total number of antenna ports is K=10.  Three downtilt angles (96, 99, 102 degrees) are achieved by applying different set of beamforming weights to each element. The fixed downtilt beamforming weights are given in Appendix: Table 3.   
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           Figure 1. CDF of coupling loss; all UEs; 
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In Figure 1, the CDF of coupling loss (CL) are shown for UMa and UMi scenarios according to the configurations of height dependent PL models (
[image: image5.wmf]a

) and downtilt angles (
[image: image6.wmf]tilt

q

).  As shown in the figures, larger 
[image: image7.wmf]a

 gives higher CL due to the height-dependent PL modelling in which PL gets smaller as UE height becomes larger. In addition, it is seen that the higher CL can be achieved with smaller downtilt angle as the majority of UE population is located in higher floor for both UMa and UMi scenarios.
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Figure 2. CDF of geometry; all UEs; 
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Figure 2 shows the CDF of geometry (wideband SINR) for UMa and UMi scenarios, respectively. From the results, it is observed that higher CL does not lead to higher wideband SINR due to the fact that in the case of higher CL for UEs from serving cell, the UEs also suffer higher interference from adjacent cells. 
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Figure 3. CDF of coupling loss; UEs at 1.5m only; 
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Figure 4. CDF of geometry; UEs at 1.5m only; 
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Figure 3 and 4 show the CDFs of coupling loss and geometry for the UEs at 1.5m. For the results, the UEs with 1.5m height are collected although UE dropping is the same as the other results, that is 80% indoor UEs in buildings with the floor number uniformly distributed within [4, 8] and 20% outdoor UEs at 1.5m. 
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Figure 5.  CDF of the LOS EoD from the serving cell 

Figure 5 shows the CDF of LOS EoD for all UEs for UMa and UMi, respectively. For each UE, the LOS EoD is measured from its serving cell. The LOS EoD is ranged from 90 to 125 degree in UMa case while it is ranged from 50 to 130 degrees for UMi case. This is because that UMa base station (BS) height is 25m while UMi BS height is 10m. The UE height can range from 1.5m (1st floor) to 22.5m (8th floor).  When counting the 1.5m UEs only, the LOS EoD are larger than all UEs case since the LOS EoD decreases with a UE height.  

2.2 Case B: K=M=1 
In this case, a single antenna element is used, thus no downtilt with composite array gain is assumed. The CL and geometry results are shown respectively in Figure 6 and Figure 7 for UMa and UMi. Although slight variation in CL is observed, the geometry CDF shows a good performance converge with different 
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  in both UMa and UMi cases for all UEs. 
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Figure 6. CDF of coupling loss; 
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Figure 7. CDF of geometry; 
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2.3 Case C: 36.814 3D antenna model 
In this case, the antenna pattern and model are taken from 3GPP TR36.814.  The purpose of this setting is to validate the 3D PL and multi-floor UE dropping using the old antenna pattern. CDF of CL and geometry in UMa and UMi are respectively presented in Figure 8 and Figure 9. For all UEs case, it shows that the height dependent PL has negligible effect for different 
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 especially in terms of geometry performance. 
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       Figure 8. CDF of coupling loss; 
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Figure 9. CDF of geometry; 
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3. Summary
In this contribution, we showed phase-1 3D channel model results for the calibration purpose in UMa and UMi scenarios. Since the pathloss model is not finalized yet for 3D channel, the calibration results may not be aligned among the companies. However, this exercise seems to be still worthwhile to investigate the tendency of 3D channel characteristics.
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Appendix – Simulation assumptions for phase-1 calibration
Table 1: Calibration for case A (First phase from RAN1#73, no fast-fading model)

	Calibration cases
	Comments

	Scenarios
	3D-UMa, 3D-UMi
	

	Antenna models (3 cases)
	Case A) K=M=10, with 0.5λ vertical antenna spacing
Case B) K=1 

Case C) 36.814 3D antenna model
	For case B, assume M=1



	Downtilt ([image: image37.png]



	960, 990, 1020 for Case A 
	Electrical only

	Metrics to be provided
	

	Geometry (dB) – all UEs
	Antenna gain based on the LOS angle of departure, antenna element pattern, antenna weights (antenna weights applicable only for case A)
	

	Geometry (dB) – only UEs at 1.5m height (indoor, outdoor)
	Antenna gain based on the LOS angle of departure, antenna element pattern, antenna weights (antenna weights applicable only for case A)
	

	Coupling loss (dB) – all UEs
	Antenna gain based on the LOS angle of departure, antenna element pattern, antenna weights (antenna weights applicable only for case A)
	

	Coupling loss (dB) - only UEs at 1.5m height (indoor, outdoor)
	Antenna gain based on the LOS angle of departure, antenna element pattern, antenna weights (antenna weights applicable only for case A)
	

	EoD-LOS (degrees) – all UEs
	CDF of the LOS EoD from the serving cell
	 Case A, α=0.6, [image: image38.png]


=1020

	EoD-LOS (degrees) - only UEs at 1.5m height
	CDF of the LOS EoD from the serving cell
	 Case A, α=0.6, [image: image39.png]


=1020

	Assumptions for the open issues

	LOS probability for 3D-UMa
	same as ITU-UMa
	

	Breakpoint for 3D-UMa
	p(d, hUT)=1, implies environment height = 1m 
	To be revised with BP formula later

	Height-gain for 3D-UMa
	α=0.6, 0.9
	

	PL for 3D-UMi
	[image: image40.png]PLymi-nros\d hyr) = PLiry-umi-nres\d hyr = 1.5) — alhyr — 1.5),a = 0.



6, 0.9, [image: image41.png]PLymi-Nros-3p (@ hyr) = max (PLyyi-nros(d, hur ), PLiry-umi-Los(d hyt))




	

	UE attachment
	Antenna gain based on the LOS angle of departure, antenna element pattern, antenna weights (antenna weights applicable only for case A)
	

	Shadow fading
	As in 36.814
	

	Handover margin
	0 dB
	


Table 2: Simulation parameters for calibration of cases B, C with UE @1.5m

	Parameter
	Case C (36.814 3D), UE height = 1.5m
	Case B (K=1, 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

	Handover margin
	0dB
	0dB


Table 3: Additional settings Parameters for Case-A calibration.

	Parameter
	Value

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

	Deployment scenario
	UMa  and UMi 

	UE dropping 
and height model
	UEs are uniformly distributed in the cell.  

The UE antenna height is modeled as hUE = 3(nfl – 1) + 1.5 m.
· For outdoor UEs, nfl = 1; 
· For indoor UEs, nfl is drawn from a uniformly distributed integer [1,…X],  in where X is the number of floors. X is uniformly distributed between [4, 8]

	 UE fraction
	80% indoor UEs and 20% outdoor UEs

	Path loss model for UMa 
	· For outdoor UEs,

· Reuse ITU UMi LOS/NLOS and ITU UMa LOS/NLOS PL equations at hUT = 1.5 m in 36.814. 

· For indoor UEs,   
[image: image42.png]PL=PL,+PL, +PL,




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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	Fixed  downtilt BF weights
	[image: image47.emf] , k = 1, …, M,   K=M = 10, θetilt = 96°, 99°, 102°. 
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