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1. Introduction
During the last three meetings RAN1#72, RAN1#72b and RAN1#73, several agreements have been achieved for 3D channel modeling including scenarios, layout, UE dropping, antenna pattern and pathloss etc. Based on these agreements, we conduct initial simulations on the 3D channel model and provide initial results for calibration in this contribution.
2. Simulation results for calibration
In this section, calibration results of the first phase are given based on available conclusions, which include results for geometry, coupling loss, elevation AoD spread (ESD) and elevation AoA spread (ESA) in both UMa and UMi scenarios.
2.1. Path loss
In RAN1#73 meeting, the range of height gain α for 3D UMa indoor scenario is further narrowed down, and the candidate values are 0.6 and 0.9. While for 3D UMi scenario, 3 alternatives are presented for NLOS of O2I path loss model [1]. In our simulation, Alt.1 is adopted, i.e., 
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. Detailed simulation parameters are listed in Table 1 of Appendix. The CDFs of coupling loss and geometry for both UMa and UMi scenarios in the case of single element per port (K=1) are shown in Fig.1. For both UMa and UMi scenarios, the similar performance trend is observed for height gain α 0.6 and 0.9. Therefore we will use α=0.9 for the rest of the simulations. 
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Fig. 1 CDFs of coupling loss and geometry for UMa and UMi scenario (K=1)
2.2. Antenna pattern

Multiple elements may be used for each antenna port. The composite antenna pattern is given in Table 1 of appendix. In the simulation, the complex weightings for all UEs with different elevations are firstly fixed and 
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. The distributions of coupling loss and geometry for the case of single or multiple elements per port are given for UMa and UMi scenarios in Fig. 2(a) and (b), respectively. When electrical downtilt is fixed at 90 degree, better performance is achieved for elements with 
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 spacing from both views of coupling loss and geometry.
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(a) UMa scenario (α=0.9)
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(b) UMi scenario (α=0.9)
Fig. 2 CDFs of coupling loss and geometry for UMa and UMi scenarios (α=0.9)
[image: image11.png]CDF

Couplingloss

09t

08t

07f

06f

05t

04f-

03f

— il
—— atilt=95
—— atilt=99
— etilt=102

0

0

130

EES]

410 100 80
Couplingloss

0

70

&0

50



  [image: image12.png]CDF

Geometry

09

08

07

06

05

04

03

—— atilt=o0
—— atilt=95
—— atilt=99
— atilt=102

o 45 0 5 0 5 0 15 22 2 a0
Geometry





(a) 
[image: image13.wmf]=0.5

v

d

l


[image: image14.png]CDF

Couplingloss:

EES] 00 a0

Couplingloss




  [image: image15.png]CDF

Geometry

09t

08t

07f

06f

05t

04f

03f

—— atilt=o0
—— atilt=95
—— atilt=99
— atilt=102

Geometry

Eil




(b) 
[image: image16.wmf]=0.8

v

d

l


Fig. 3 CDFs of coupling loss and geometry for various etilt values in UMa scenario (K=10, α=0.9)
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Fig. 4 CDFs of coupling loss and geometry for various etilt values in UMi scenario (K=10, α=0.9)

Fig.3 and Fig.4 give the distributions of coupling loss and geometry for the case of multiple elements per port with several typical values of electrical downtilt. It can be seen that antenna weighting adjusted by electrical downtilt has impact on antenna gain and thus is important for coupling loss and geometry performance. For the simulation results of UMa scenario, the best coupling loss performance and geometry are achieved when electrical downtilt is configured as 96 degree or 99 degree, respectively. 96 degree is a good choice for match of the elevation distribution. Then the best coupling loss performance is achieved for the highest antenna gain. From another view, relative large electrical downtilt could reduce interference at a certain level. Thus, the best geometry is achieved when the electrical downtilt is configured as 99 degree. For the simulation results of UMi scenario, the best coupling loss performance is achieved when electrical downtilt is configured as 90 degree. The best geometry is achieved when the electrical downtilt is configured as 102 degree for 
[image: image23.wmf]0.5

l

 element spacing and as 99 degree for 
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 element spacing. For UMi scenario, the height of the BS and ISD are both smaller than that of UMa scenario. Thus, it has a large variance range for physical tilt of different UEs. Thus, from the antenna gain and coupling loss view, electrical downtilt of 90 degree is a good choice. For the performance of geometry, the tradeoff results become more complex because of larger interference with smaller service region. Based on the above discussion, we have the following proposal:
Proposal: In the case of multiple elements per port, for  UMa scenario, 
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2.3. Elevation related parameters
As for elevation related parameters, many companies have mentioned modeling distance-dependent elevation spread and median elevation angle [2-7]. However there is no conclusion on this or any other elevation parameters yet. In our simulation, we chose to use elevation parameters given by WINNER+ model [8] as the first step. These elevation related parameters are recaptured in Table 2 of Appendix, and other parameters are in accordance with that of TR36.814 [9]. When using parameters from Table 2, one problem is that the cross-correlation matrix of large scale parameters is not necessarily positive definite, and therefore does not always have a square root. It has been mentioned in [10-13] that Higham algorithm [14] can be used to obtain the nearest positive semidefinite matrix. Here we also use this algorithm to find the closest positive semidefinite matrix. 
The distributions of  ESD and ESA for both UMa and UMi scenarios are shown in Fig. 5.
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Fig. 5 CDFs of ESD and ESA for UMa and UMi scenarios
3. Conclusions
In this contribution, we provided initial simulation results for 3D channel modeling. Statistics of coupling loss and geometry for the cases of single and multiple elements per port and elevation related parameters (ESA, ESD) are provided for purpose of initial calibration. Based on the observation, the following proposal is made:
Proposal: In the case of multiple elements per port, for UMa scenario, 
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 is adopted for calibration. For UMi scenario, 
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Appendix
Table 1 General simulation parameters
	Scenarios
	UMi
	UMa

	Layout
	Hexagonal grid, 19 micro sites, 3 sectors per site
	Hexagonal grid, 19 macro sites, 3 sectors per site

	ISD
	200m
	500m

	UE number per sector
	10
	10

	UE distribution
(horizontal plane)
	uniform
	uniform

	UE mobility

(horizontal plane)
	3kmph
	3kmph

	BS antenna height
	10m
	25m

	UE height model
	hUE=3(nfl – 1) + 1.5m

For outdoor UE: nfl =1.
For indoor UE: nfl is uniformly distributed with an average and variation range. Average number of floor: 6. Variation range:  [-2 to 2].
	hUE=3(nfl – 1) + 1.5m
For outdoor UE: nfl =1.
For indoor UE: nfl is uniformly distributed with an average and variation range. Average number of floor: 6. Variation range:  [-2 to 2]

	Indoor UE fraction
	80%
	80%

	Total BS Tx Power
	41dBm (10MHz)
	46dBm (10MHz)

	Carrier frequency
	2GHz
	2GHz

	Min. UE-eNB 2D distance
	10m
	35m

	Antenna pattern
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Table 2 Elevation related parameters
	Scenarios
	UMi
	UMa

	
	LOS
	NLOS
	LOS
	NLOS

	EoD spread (ESD) log10(degree)
	
	0.40
	0.6
	0.7
	0.9

	
	
	0.2
	0.2
	0.2
	0.2

	Median EoD (degree)
	M
	-2
	-2
	2
	-2

	EoA spread (ESA) log10(degree)
	
	0.6
	0.88
	0.95
	1.26

	
	
	0.16
	0.16
	0.16
	0.16

	Median EoA (degree)
	M
	2
	2
	6
	10

	EoD and EoA distribution
	Wrapped Gaussian
	Wrapped Gaussian

	Cluster ESD (degree)
	3
	3
	3
	3

	Cluster ESA (degree)
	7
	7
	7
	7

	Cross-Correlations
	ESD vs SF
	0
	0
	0
	0

	
	ESA vs SF
	0
	0
	-0.8
	-0.8

	
	ESD vs K
	0
	NA
	0
	NA

	
	ESA vs K
	0
	NA
	0
	NA

	
	ESD vs DS
	-0.5
	-0.5
	-0.5
	-0.5

	
	ESA vs DS
	0
	0
	0
	0

	
	ESD vs ASD
	0.5
	0.5
	0.5
	0.5

	
	ESA vs ASD
	0.5
	0.5
	0
	-0.4

	
	ESD vs ASA
	0
	0
	0
	0

	
	ESA vs ASA
	0
	0
	0.4
	0

	
	ESD vs ESA
	0
	0
	0
	0

	Correlation distance (m)
	ESD
	8
	10
	18
	50

	
	ESA 
	8
	9
	15
	50
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