3GPP TSG RAN WG1 Meeting #90                                           R1-1713831
Prague, P.R. Czechia 21th – 25th August 2017
Agenda item:
5.2.8.1
Source: 
CMCC
Title: 
Interference analysis for aerial vehicles
Document for:     Discussion/Decision
1. Introduction
At RAN#75 meeting, it’s agreed to start a SI on Enhanced Support for Aerial Vehicles [1]. In the chairman’s notes of RAN1#89, it’s agreed that three deployment scenarios (UMi, UMa and RMa) should be considered and the aerial vehicle height is between 1.5 m and 300 m. Based on the Email discussion after RAN1#89, the channel models for UMi, UMa and RMa scenarios are agreed, including pathloss, shadow fading, LOS probability, and fast fading [2]. 
The propagation for aerial vehicle is line-of-sight (LOS) at high height. Thus, the UL signal from the aerial vehicle is visible to multiple cells, and the interference to the UL transmission of terrestrial UEs is increased as well. For the DL, the signals from the neighbouring cells may be received by the aerial vehicle. Therefore, the interference analysis for aerial vehicles should be considered.
In this contribution, we discuss the general aspects on interference for aerial vehicles and present simulation results based on the agreed channel models [2].
2. Simulation Setup and Assumptions
The simulation setups are described in Table 1.

Table 1 Simulation setup

	Item
	UMi
	UMa
	RMa

	Frequency
	2 GHz
	2 GHz
	2 GHz

	ISD
	200 m
	500 m
	1732 m

	2D Distance to Serving Cell (DtoSC)
	50 m, 100 m
	100 m, 200 m
	500 m, 800 m

	BS Height
	10 m
	25 m
	35 m

	AV Height
	1-300 m
	1-300 m
	1-300 m

	Height Threshold
	25 m
	25 m
	10 m

	Channel Model
	Agreements from [2]


The simulation assumptions for pathloss are described as follows: 
· For serving cell, the pathloss is assumed as LOS. 

· For Interference cell, the pathloss is assumed as NLOS for low height and LOS for high height.
The simulation assumptions for antenna pattern are described as follows:
· Traditional antenna pattern 1: Beamwidth 10o, Downtilt 12o for serving cell and interference cell.
· FD-MIMO antenna pattern 2: For serving cell, the antenna is oriented to the aerial vehicle. For interference cell, the antenna beamwidth is 10o and downtilt is 12o.
3. Downlink Simulation Results
For downlink, the interference signal from neighbouring cells will directly influence the SINR of aerial vehicles, and lead to handover or interrupt of the aerial vehicles.
It is found from Fig. 1 that the pathloss increases as the 3D distance increases. SINR can be calculated as the difference between the link loss of interference cell and serving cell. For low height, according to the LOS probability [2], the serving cell is assumed as LOS propagation, while the interference cell is assumed as NLOS propagation. So the SINR is large for low height. For high height, the serving cell and interference cell are both LOS propagation, the SINR is decreased at high height.
Observation 1: The link loss increases as the aerial vehicle height increases.
[image: image1.emf]0 50 100 150 200 250 300 350

AV Height [m]

70

75

80

85

90

95

100

105

110

U

M

i

 

P

a

t

h

l

o

s

s

 

w

i

t

h

o

u

t

 

A

n

t

e

n

n

a

 

P

a

t

t

e

r

n

[

d

B

]

UMi, Path Loss

Serving Cell, Height<22.5m, DtoSC=50m

Serving Cell, Height>22.5m, DtoSC=50m

Interference Cell, Height<22.5m, DtoSC=50m

Interference Cell, Height>22.5m, DtoSC=50m

Serving Cell, Height<22.5m, DtoSC=100m

Serving Cell, Height>22.5m, DtoSC=100m

Interference Cell, Height<22.5m, DtoSC=100m

Interference Cell, Height>22.5m, DtoSC=100m


Fig. 1  UMi pathloss for serving cell and interference cell
The link losses caused by the pathloss and traditional antenna pattern 1 are shown in Fig.2. The link losses caused by the pathloss and FD-MIMO antenna pattern 2 are shown in Fig.3. The link loss is impacted by pathloss and antenna gain. It is known that the antenna gain decreases as the vertical height increases, and the antenna gain for serving cell decreases faster than the interference cell [3]. Therefore, the SINR based on the link loss is smaller than the SINR based on the pathloss.
Observation 2: For traditional antenna pattern 1, the SINR decreases as the aerial vehicle height increases. Especially for high height, the SINR is close to 0, which will lead to frequently handover or interrupt.
Observation 3: For FD-MIMO antenna pattern 2, the antenna for serving cell is oriented to the aerial vehicle, which resulted in large SINR.
Observation 4: The SINR decreases as the 2D distance to the serving cell increases. Although the aerial vehicle is still in the serving cell, the interference signal is close to the serving signal at high height, which will lead to frequently handover or interrupt.
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Fig. 2  UMi link loss with traditional antenna pattern 1
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Fig. 3  UMi link loss with FD-MIMO antenna pattern 2
4. Uplink Simulation Results
For uplink, it is important to analyse how many cells are potentially interfered by the signal from an aerial vehicle, because this will impact the overall uplink cell capacity.
The numbers of interfered site by the signal from an aerial vehicle are shown in Fig.4. The threshold for link loss is 112 dB and 122 dB. For ground UE (1.5 m height), the visible site number is 2 and 3 based on the 112 dB and 122 dB threshold, respectively. For traditional antenna pattern 1 (Beamwidth 10o, Downtilt 12o), the signal for serving cell and neighbouring cells have exceeded the beamwidth of antenna, the link loss is decided by the distance, so the number of interfered site decreases. 
Observation 5: The numbers of interfered site by the signal from an aerial vehicle decreases as the aerial vehicle height increases, while the number is still larger than the terrestrial UEs, which will leads to high interference for neighbouring cells.
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Fig. 4  UMi numbers of interfered site by the signal from an aerial vehicle
5. Conclusions
In this contribution, we have the following observations.
Observation 1: The link loss increases as the aerial vehicle height increases.
Observation 2: For traditional antenna pattern 1, the SINR decreases as the aerial vehicle height increases. Especially for high height, the SINR is close to 0, which will lead to frequently handover or interrupt.
Observation 3: For FD-MIMO antenna pattern 2, the antenna for serving cell is oriented to the aerial vehicle, which resulted in large SINR.
Observation 4: The SINR decreases as the 2D distance to the serving cell increases. When the aerial vehicle is located at the edge of the serving cell, the interference signal is similar to the serving signal, which will lead to frequently handover or interrupt.
Observation 5: The numbers of interfered site by the signal from an aerial vehicle decreases as the aerial vehicle height increases, while the number is still larger than the terrestrial UEs, which will leads to high interference for neighbouring cells.
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Annex
The simulation results for UMa are as follows,
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Fig. 5  UMa pathloss for serving cell and interference cell
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Fig. 6  UMa link loss with traditional antenna pattern 1
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Fig. 7  UMa link loss with FD-MIMO antenna pattern 2
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Fig. 8  UMa numbers of interfered site by the signal from an aerial vehicle
The simulation results for RMa are as follows,
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Fig. 9  RMa pathloss for serving cell and interference cell
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Fig. 10  RMa link loss with traditional antenna pattern 1
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Fig. 11  RMa link loss with FD-MIMO antenna pattern 2
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Fig. 12  RMa numbers of interfered site by the signal from an aerial vehicle
