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1. Introduction

After RAN1 #73 meeting, companies were encouraged to do first phase 3D channel modeling calibration by providing geometry, coupling loss, and elevation related parameters (without modeling of fast fading) [1].
In this contribution, we provide initial calibration results for 3D channel modeling, and detailed simulation assumptions are specified.

2. Detailed simulation assumptions
Since some detailed simulation assumptions have not been aligned for 3D channel modeling calibration, different understandings may exist among companies. Our understanding on some detailed simulation assumptions are given below. Other simulation assumptions can be found in the appendix.
· 2D and 3D distance
· The derivation of 2D and 3D distance: Denoting 3D coordinates of BS and UE as 
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, 2D and 3D distances are calculated as
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· The usage of 2D and 3D distance:
· In EoD calculation, 2D distance is used, and EoD is derived by 
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· In minimum UE-BS  distance decision, 2D distance is used, and 
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 is not less than 10m/35m for UMi/UMa configurations, respectively.
· When determining LOS/NLOS state, 2D distance is used, and the LOS probability formulae for UMi and UMa in TR 36.814 are adopted.
· In path loss calculation, 3D distance is used but the comparison with breakpoint distance is made by using 2D distance. For indoor UEs, 
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 depends on 3D distance,  
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 is 20 dB  while in-car penetration loss is not considered. 
[image: image10.wmf]in

0.5

in

PLd

=

 and 
[image: image11.wmf]in

d

is uniformly generated in [0, min(25, d2D)]. 
· LOS probability

· UMa: Adopt 
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 according to UMa model in TR 36.814.
· UMi: Adopt 
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 for both indoor UEs and outdoor UEs according to UMi model in TR 36.814.
· Path loss
· Indoor UE:

· For both UMi and UMa configurations, the ITU LOS PL formulae are reused. In breakpoint distance computation,  
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 is the UE height. 
· For UMa NLOS path, 
[image: image17.wmf](

)

UMa-NLOS-3DUTUMa-NLOSUTITU-UMa-LOSUT

(,)max(,),(,)

PLdhPLdhPLdh

=

, and 
[image: image18.wmf]UMa-NLOSUTITU-UMa-NLOSUTUT

(,)(,1.5)(1.5)

PLdhPLdhh

a

==--

. 
[image: image19.wmf]ITU-UMa-LOSUT

(,)

PLdh

 is calculated with actual UE height and 3D distance, and 
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 is computed with 1.5m UE height and 3D distance.
· For UMi NLOS path loss, the similar method is adopted as UMa NLOS path loss.

· Outdoor UE:

· Reuse ITU UMi LOS/NLOS and ITU UMa LOS/NLOS PL equations at 
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 = 1.5 m in TR 36.814.
· Shadow fading
· Shadow fading std.:  
· For 3D-UMa, 4dB (LoS), 6dB (NLoS), and 7dB (O2I) are used, respectively.

· For 3D-UMi, 3dB (LoS), 4dB (NLoS), and 7dB (O2I) are used, respectively.
· Shadow fading generation: 
· The time and spatial correlation are not modeled and the cross-correlation among different channel model parameters is modelled according to TR 36.814 Table B.1.2.2.1-4.
· UEs @ 1.5m height
· Including both outdoor UEs and indoor UEs at height of 1.5m.
3. Initial calibration results
Initial calibration results are given in this section and some observations are derived based on the simulation results. 

· UMa Case A α=0.6 with different downtilts (Figure 1~3)

Observations:

· Under UMa Case A configuration, the geometry becomes better as the downtilt changes from 960, 990 to 1020, for both UEs at 1.5m height and all UEs.

· For UMa Case A, the coupling loss becomes worse as the downtilt changes from 960, 990 to 1020 for all UEs, while for UEs at 1.5m, the coupling loss is almost the same for downtilt  960 and  990, and  coupling loss  of  1020  is the worst.

· For UMa Case A,  EoD is always  larger than  900 since the antenna of BS is always higher than that of UEs.
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Figure 1: UMa Case A (α=0.6) All users
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Figure 2: UMa CaseA (α=0.6) 1.5m users
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Figure 3: UMa CaseA (α=0.6, downtilt = 1020) EoD

· UMa α=0.6 for different cases (Figure 4~5)

Observations:

· Under UMa configuration with three antenna model cases, Case A with downtilt 1020 has the best geometry, for both UEs at 1.5m height and all UEs.

· For UMa configuration, the coupling loss of Case C and Case A with downtilt 1020  is almost the same for UEs at 1.5m height, and Case B has the worst coupling loss on the same condition. For all UEs’ coupling loss, Case C is slightly better than the other cases.
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Figure 4: UMa different cases (α=0.6) All users
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Figure 5: UMa different cases (α=0.6) 1.5m users
· UMi Case A α=0.6 with different downtilts (Figure 6~8)

Observations:

· With UMi Case A configuration, similar result is found as UMa configuration, that the geometry becomes better as the downtilt changes from 960, 990 to 1020, for both UEs at 1.5m height and all UEs. 

· For UMi Case A, the coupling loss becomes worse as the downtilt changes from 960, 990 to 1020 for all UEs. And same observation is taken on for UEs at 1.5m height.
· For UMi Case A with 1020  downtilt, all UEs’ EoDs  are distributed  from 450 to 1300, while EoDs of UEs at 1.5m are all  larger than 900 since these UEs’ antenna are all below BS.
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Figure 6: UMi CaseA (α=0.6) All users
[image: image33.emf]-10 -5 0 5 10 15 20 25 30

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.5m Users' Geometry (dB)

CDF

UMi 0.6

 

 

CaseA(96)

CaseA(99)

CaseA(102)

[image: image34.emf]-140 -130 -120 -110 -100 -90 -80 -70 -60 -50 -40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.5m Users' Coupling Loss (dB)

CDF

UMi 0.6

 

 

CaseA(96)

CaseA(99)

CaseA(102)


Figure 7: UMi CaseA (α=0.6) 1.5m users
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Figure 8: UMi CaseA (α=0.6, downtilt = 1020) EoD

· UMi α=0.6 for different cases (Figure 9~10)

Observations:

· Under UMi configuration with three antenna model cases, Case A with downtilt 1020 has the best geometry, for both UEs at 1.5m height and all UEs.

· Coupling loss of Case A (1020) is close to that of Case C under UMi configuration, while Case B has the worst coupling loss for UE at 1.5m.
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Figure 9: UMi different cases (α=0.6) All users
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Figure 10: UMi different cases (α=0.6) 1.5m users
· α=0.6 versus α=0.9  (Figure 11~14)

Observations:

· For both UMa and UMi, the results  of  α=0.6 and α=0.9 are much closed.
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Figure 11: UMa α=0.6 versus α=0.9 All users
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Figure 12: UMa α=0.6 versus α=0.9 1.5m users
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Figure 13: UMi α=0.6 versus α=0.9 All users
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Figure 14: UMi α=0.6 versus α=0.9 1.5m users
4. Conclusion
In this contribution, our initial calibration results and detailed simulation assumptions for 3D channel modeling are provided. In order to speed up the calibration, detailed simulation parameters should be confirmed and aligned at this stage.
5. References
[1] Chairman's Notes RAN1#73.
[2] 3GPP TR 36.814, “Further advancements for E-UTRA physical layer aspects.”
Appendix
Table A1: Calibration for case 1 (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 
	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: image50.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: image52.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
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	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 A2: Detailed simulation parameters for calibration
	Parameter
	Case C (36.814 3D)
	Case A/B

	Carrier freq
	2GHz
	2GHz

	Downtilt
	1020
	960/990/1020 for Case A, 900 for Case B

	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.
	Drop 80% indoor UEs in buildings w/ [4, 8] floors and 20% outdoor UEs at 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
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