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1 Introduction
In RAN1 #72bis, the modeling of 2D antenna array structure, sub-antenna element 3D pattern, antenna port mapping and complex weight for 3D-MIMO was discussed with agreements summarized in [1] and the following changes [2]. 

· Number of horizontal antenna elements (the total number of antennas in a single row, counting across both polorizations in case of cross-pol)

· Cross-pol: 2,4,8

· Co-pol: 1,2,4,8

· For calibration of channel modeling purpose, working assumption is

· K takes two values, 1 and M
· M=10 as baseline, other values FFS

· Vertical antenna spacing is (0.5, 0.8) lambda 
· Complex weight for antenna element m is



where m=1,…,K,        
·       
[image: image1]     is electrical vertical steering angle and the angle is defined between 0° and 180°    
      (90° represents perpendicular to array).

· The value of 
[image: image2] is FFS, and taking into account the UE height modeling 
· FFS how to develop weights corresponding to the 3GPP antenna model [Table A.2.1.1-2 in TR36.814]

· Acting as one reference scheme when later evaluating proposed solutions

Moreover, based on the way forward on scenarios for 3D channel modeling [3], some details regarding cell layout, UE distribution/dropping and so on were also agreed in [1]. 
Based on the agreed models of antenna array and scenarios, the impacts of antenna parameters, such as number of antenna elements, vertical spacing and degree of electric tilt, are evaluated in this contribution. 
2 Elevation angle distribution 
The elevation angle distributions of desired signals and co-channel interferences are determined by the cell layout and UE dropping. Figure 1 shows the elevation angle distributions for scenarios with different ISDs and the agreed approaches of 3-D UE dropping, where 0° represents perpendicular to array. 
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Figure 1. Angle distributions for UMa & UMi
Observation 1: around 90% of desired signal and interference are below 12o and 2o respectively for UMa

Observation 2: larger range of distribution for desired signal than interference is observed for UMi
3 Coupling loss 

The coupling losses under UMa and UMi scenarios are shown in Figure 2 and 3, wherein 0o and 8o of electric tilts are assumed for the cases with one element/port and more than one element/port respectively for UMa, and 0o is used for all the cases under UMi (0° represents perpendicular to array). 0.5 lambda of vertical spacing is used for the mappings of one port to multiple elements. Figure 4 shows the CDFs of coupling loss for the arrays with 0.5 and 0.8 lambda vertical spacing respectively. Figure 5 and 6 show the variations of coupling losses with different degrees of electric tilt under UMa and UMi respectively. 
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Figure 2. Distributions of coupling loss for different configurations of 
element numbers per port (0.5 lambda spacing/ UMa)

[image: image5.emf]-160 -140 -120 -100 -80 -60 -40

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

Coupling Loss (dB)

CDF

Empirical CDF

 

 

1 antenna element per port

2 antenna elements per port

4 antenna elements per port

8 antenna elements per port

10 antenna elments per port


Figure 3. Distributions of coupling loss for different configurations 
of element numbers per port (0.5 lambda spacing/ UMi)
Observation 3: with 65o of HPBW, increasing the number of antenna element number per port results in the better distribution of signal strength.
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Figure 4. Distributions of coupling loss for different configurations 
of vertical spacing (Degree of electric tilt=8o for UMa, 0o for UMi/ K=10)
Observation 4:the vertical element spacing of 0.8 lambda result in worse signal strength compared with 0.5 lambda spacing for  electric tilt=8o for UMa and 0ofor UMi
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Figure 5. Distributions of coupling loss with different degrees of electric tilt (0.5 lambda spacing/ K=10/ UMa)
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Figure 6. Distributions of coupling loss with different degrees of electric tilt (0.5 lambda spacing/ K=10/ Umi)
Observation 5: configurations with 4 o ~ 8o and 0 o ~ 4o electric tilt show the best signal strengths in UMa and UMi respectively  
4 Geometry
The cumulative distribution of geometries under UMa and UMi scenarios with different configurations of element numbers per port, vertical element spacing and degrees of electric tilt  are presented in Figure 7 ~Figure 11. From Figure 10, it’s observed that 12 degrees of electric tilt under UMa results in the best distribution over the geometry range that is most likely to be scheduled. Similar results can also be observed under UMi in Figure 11, where 0° represents perpendicular to array.
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Figure 7. Distributions of geometry for different configurations of element numbers per port (Degrees of electric tilt=0 o and 8o for 1 element per port and multiple element per port respectively /0.5 lambda spacing/ UMa)
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Figure 8. Distributions of geometry for different configurations 
of element numbers per port (Degree of electric tilt=0o/ 0.5 lambda spacing/ UMi)
Observation 6: increasing the number of antenna element number per port results in little difference distribution of geometry distribution under UMa as well as UMi.
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Figure 9. Distributions of geometry for different configurations of vertical spacing 
(Degree of electric tilt=8o for UMa, 0o for UMi/ Degree of electric tilt=8o/ K=10)
Observation 7: the vertical element spacing of 0.8 lambda results in little difference in geometry distribution compared with 0.5 lambda spacing for electric tilt=8o for UMa and 0ofor UMi
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Figure 10. Distributions of geometry with different degrees of electric tilt (0.5 lambda spacing/ K=10/ UMa)
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Figure 11. Distributions of geometry with different degrees of electric tilt (0.5 lambda spacing/ K=10/ UMi)
Observation 8: configurations with 12o electric tilt show the best geometry distributions in UMa and UMi respectively.
5 Conclusions

In this contribution, based on the agreements on scenario and antenna array modeling reached in RAN #72bis, the distributions of elevation angle of desired signal and co-channel interference, coupling loss and geometry under UMa and UMi scenarios are evaluated with different configurations of antenna array. The initial evaluation results presented above can be used as basis for further calibration of 3D channel model. 
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Annex
Table 1. Evaluation assumptions
	Parameters
	UMI Scenario
	UMA Scenario

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

	UE mobility

(movement in horizontal plane)
	3kmph
	3kmph

	BS antenna height
	10m
	25m

	Total BS Tx Power
	41/44 dBm for 10/20MHz
	46/49 dBm for 10/20MHz

	Carrier frequency
	2 GHz
	2 GHz

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

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

	
	nfl for outdoor UE
	1
	1

	
	nfl for indoor UE
	uniform distribution of [1,x]
with x uniform distributed between [4,8]
	uniform distribution of [1,x]
with x uniform distributed between [4,8]

	Indoor UE fraction
	80%
	80%

	ISD
	200m
	500m

	LOS probability
	ITU UMI with 3D distance
	ITU UMA with 3D distance

	Path loss
	ITU UMI with 3D distance
	ITU UMA with 3D distance

	Shadow fading std [dB]
	ITU UMI
	ITU UMA

	Antenna element 3D pattern
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