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1 Introduction
A new Study Item on “Study on Enhanced Support for Aerial Vehicles” was approved in RAN#75 meeting [1] with the following targets related to downlink interference mitigation in Aerial Vehicles.
· Interference mitigation solutions for improving system-level performance in both UL and DL [RAN1]
· Solutions to detect whether UL signal from an air-borne UE increases interference in multiple neighbour cells and whether an air-borne UE incurs interference from multiple cells [RAN1, RAN2]
It was agreed in RAN1#90 meeting that following potential solutions for downlink interference mitigation are further evaluated in RAN1#90bis meeting [2]
· Network coordination
· CoMP
· Note: companies should provide their assumptions on the coordination set size.
· ICIC/eICIC/FeICIC
· Note: companies should provide their assumptions on the coordination set size.
· Resource reservation
· Receive beamforming (i.e., IRC receiver)
· Other solutions are not precluded
In RAN1#90bis meeting, FD-MIMO for downlink interference mitigation is evaluated, and the solutions of directional antenna, coverage extension, CoMP JT, resource reservation, ABS, resource muting and other solutions could be further discussed in RAN1#91 meeting [3]. 
In this contribution, we share our view on downlink interference mitigation in Aerial Vehicles.
2 Downlink Interference Mitigation
In the downlink transmission, due to the higher heights, most of aerial UEs will suffer stronger inter-cell interference from more neighboring cells than the terrestrial UEs, and consequently become the cell-edge UEs as shown in Fig. 1 and Fig. 2, which provide the percentage information of UEs with at least given number of interference cells within an RSRP gap of 6dB. Fig. 1 provides the simulation results [4] and Fig. 2 provides the field measurement results [5]. Based on the information of Fig. 1 and Fig. 2, we can get the following observations for downlink interference mitigation.
· Downlink interference mitigation with network cooperation
· At UE height of 1.5m: Cooperation of serving cell plus up to 2 strongest interference cells for downlink interference mitigation of one UE can get most performance gain.
· At higher UE height: Cooperation of serving cell plus up to 9 strongest interference cells for downlink interference mitigation of one UE can get most performance gain.
· Downlink interference mitigation without network cooperation
· Beamforming technology might be one potential way for high performance gain.
· Multiple retransmission is also one potential way to get the performance gain with the cost of transmission latency.
Observation 1: Aerial UEs might suffer serious downlink interference than terrestrial UEs. 
Observation 2: The potential solutions for downlink interference mitigation of aerial UEs could include network coordination, beamforming, multiple retransmission and so on. 
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      (a) UMi-AV                                                                      (b) UMa-AV
Fig. 1: Percentage of UEs with at least N strong interfering cells compared to all UEs with same type at same height (simulation results) [4]
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                                      (a) Scenario                                                               (b) UE percentage
Fig. 2: Percentage of UEs with at least N strong interfering cells compared to all UEs with same type at same height (field measurement results) [5]
3 Beamforming Technology
To speed LTE supporting UAV, one of the simplest ways is to minimize the network update to enable this feature. Based on this consideration, beamforming technology without network coordination becomes an attractive solution for downlink interference mitigation in Aerial Vehicle. 
[bookmark: _GoBack]As shown in Table 1 for Case 5, when aerial UE is configured with 8 receive antennas, there is obvious performance gain compared with using 2 receive antennas for aerial UE, for example 47.2% cell-edge throughput gain and 27.5% mean throughput gain. As shown in Table 2 (Case 1 as baseline), if aerial UE uses 8 receive antennas, the whole network performance (after supporting aerial UEs) will be improved instead of degraded, for example 17.6% cell-edge throughput gain and 7.3% mean throughput gain. Even for 95% throughput, there is still 1% gain. More details about the separate performance for aerial UEs and terrestrial UEs are provided in Annex B.
Observation 3: Multiple receive antennas configured with aerial vehicle is an efficient way for downlink interference mitigation and performance improvement.   
Proposal 1: Support beamforming technology at the aerial vehicle side for downlink interference mitigation.
Table 1 Performance of beamforming without network coordination 
(Case 5 without enhancement as baseline)
	UMa-AV
	Case 5
	Case 5

	Receive antenna number of aerial UEs
	2
	8

	RU
	13%
	13%

	5% Throughput (Mbps)
	3.81
	5.61

	5% Gain
	0.0%
	47.2%

	50% Throughput (Mbps)
	18.69
	21.28

	50% Gain
	0.0%
	13.9%

	95% Throughput (Mbps)
	42.11
	42.55

	95% Gain
	0.0%
	1.0%

	Mean Throughput (Mbps)
	11.99
	15.29

	Mean Gain
	0.0%
	27.5%



Table 2 Performance of beamforming without network coordination 
(Case 1 as baseline)
	UMa-AV
	Case 1
	Case 5
	Case 5

	Receive antenna number of aerial UEs 
	2
	2
	8

	RU
	13%
	13%
	13%

	5% Throughput (Mbps)
	4.77
	3.81
	5.61

	5% Gain
	0.0%
	-20.1%
	17.6%

	50% Throughput (Mbps)
	19.42
	18.69
	21.28

	50% Gain
	0.0%
	-3.8%
	9.6%

	95% Throughput (Mbps)
	42.11
	42.11
	42.55

	95% Gain
	0.0%
	0.0%
	1.0%

	Mean Throughput (Mbps)
	14.25
	11.99
	15.29

	Mean Gain
	0.0%
	-15.9%
	7.3%



4 CoMP Technology
Another way for downlink interference mitigation is multi-point cooperation including CoMP, ICIC and resource reservation. In this contribution, we share the performance of intra-site CoMP JT without inter-site coordination for network deployment complexity minimization. In this section, the antenna configuration for all UEs is 2 receive antennas. 
As shown in Table 3 for Case 5, intra-site CoMP JT could bring obvious performance gain for whole network performance gain improvement, for example 79.5% cell-edge throughput gain and 58.5% mean throughput gain. As shown in Table 2 (Case 1 as baseline), after using intra-site CoMP JT, the whole network performance after supporting aerial UEs will be improved instead of degraded too, for example 43.4% cell-edge throughput gain and 33.4% mean throughput gain. Even for 95% throughput, there is still 1% gain. 
Observation 4: CoMP technology is an efficient way for downlink interference mitigation and performance improvement in Aerial Vehicle even without inter-site cooperation.   
Proposal 2: Support CoMP technology at the aerial vehicle side for downlink interference mitigation.

Table 3 Performance of intra-site CoMP without inter-site coordination 
(Case 5 without enhancement as baseline)
	UMa-AV
	Case 5
	Case 5

	Receive antenna number of aerial UEs
	2
	2

	RU
	13%
	13%

	5% Throughput (Mbps)
	3.81
	6.84

	5% Gain
	0.0%
	79.5%

	50% Throughput (Mbps)
	18.69
	27.40

	50% Gain
	0.0%
	46.6%

	95% Throughput (Mbps)
	42.11
	42.55

	95% Gain
	0.0%
	1.0%

	Mean Throughput (Mbps)
	11.99
	19.01

	Mean Gain
	0.0%
	58.5%



Table 4 Performance of intra-site CoMP without inter-site coordination
(Case 1 as baseline)
	UMa-AV
	Case 1
	Case 5
	Case 5

	Receive antenna number of aerial UEs
	2
	2
	2

	RU
	13%
	13%
	13%

	5% Throughput (Mbps)
	4.77
	3.81
	6.84

	5% Gain
	0.0%
	-20.1%
	43.4%

	50% Throughput (Mbps)
	19.42
	18.69
	27.40

	50% Gain
	0.0%
	-3.8%
	41.1%

	95% Throughput (Mbps)
	42.11
	42.11
	42.55

	95% Gain
	0.0%
	0.0%
	1.0%

	Mean Throughput (Mbps)
	14.25
	11.99
	19.01

	Mean Gain
	0.0%
	-15.9%
	33.4%



5 Conclusions
In this contribution, we share our views on downlink interference mitigation for Aerial Vehicle with the following observations and proposals.
Observation 1: Aerial UEs might suffer serious downlink interference than terrestrial UEs. 
Observation 2: The potential solutions for downlink interference mitigation of aerial UEs could include network coordination, beamforming, multiple retransmission and so on. 
Observation 3: Multiple receive antennas configured with aerial vehicle is an efficient way for downlink interference mitigation and performance improvement.   
Proposal 1: Support beamforming technology at the aerial vehicle side for downlink interference mitigation.
Observation 4: CoMP technology is an efficient way for downlink interference mitigation and performance improvement in Aerial Vehicle even without inter-site cooperation.   
Proposal 2: Support CoMP technology at the aerial vehicle side for downlink interference mitigation.
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Annex A: Simulation Assumption
Table 5 Simulation Assumption
	Parameter
	Value

	Scenario
	UMa-AV

	Layout
	19 macro sites with 3 sectors per site

	Bandwidth
	10MHz

	Fast fading model for aerial UEs
	Alternative 3

	UE distribution
	Total number of UEs
• 15 UEs per sector
Number of aerial UEs
• Case 1: 0 aerial UE per sector
• Case 5: 5 aerial UEs per sector

	BS antenna configuration
	2Tx/2Rx cross polarized

	BS antenna pattern
	(M,N,P) = (8,1,2) according to TR 36.873 with 100 degree downtilt angle

	Terrestrial UE antenna configuration
	2Tx/2Rx cross polarized

	UE scheduling
	SU-MIMO

	Rank selection
	Rank adaptation (Rank 1/ Rank 2 switching)

	Handover margin
	0 dB

	Height of aerial UEs
	Uniform distribution between 1.5m and 300m


Annex B: Evaluation Results
Table 6 provides the performance comparison of receive beamforming technology for aerial UEs with Case 5 aerial UEs as baseline. It could be observed that there are 116.3% cell-edge throughput gain and 22.9% mean throughput gain by using receive beamforming technology.
Table 6 Performance of beamforming without network coordination for aerial UEs
(Case 5 aerial UEs as baseline)
	UMa-AV
	Case 5 (AU)
	Case 5 (AU)

	Receive antenna number of aerial UEs 
	2
	8

	RU
	13%
	13%

	5% Throughput (Mbps)
	3.2
	6.92

	5% Gain
	0.0%
	116.3%

	50% Throughput (Mbps)
	20.1
	22.0

	50% Gain
	0.0%
	9.5%

	95% Throughput (Mbps)
	41.67
	42.55

	95% Gain
	0.0%
	2.1%

	Mean Throughput (Mbps)
	14.0
	17.2

	Mean Gain
	0.0%
	22.9%



Table 7 provides the performance comparison of receive beamforming technology for terrestrial UEs with Case 5 terrestrial UEs as baseline. It could be observed that there are 15.6% cell-edge throughput gain and 14.8% mean throughput gain by using receive beamforming technology.
Table 7 Performance of beamforming without network coordination for terrestrial UEs
(Case 5 terrestrial UEs as baseline)
	UMa-AV
	Case 5 (TU)
	Case 5 (TU)

	Receive antenna number of aerial UEs 
	2
	8

	RU
	13%
	13%

	5% Throughput (Mbps)
	3.91
	4.52

	5% Gain
	0.0%
	15.6%

	50% Throughput (Mbps)
	17.94
	20.51

	50% Gain
	0.0%
	14.3%

	95% Throughput (Mbps)
	42.11
	42.55

	95% Gain
	0.0%
	1.0%

	Mean Throughput (Mbps)
	11.59
	13.31

	Mean Gain
	0.0%
	14.8%



Table 8 provides the performance comparison of receive beamforming technology for aerial UEs with Case 1 terrestrial UEs as baseline. It could be observed that there are 45.1% cell-edge throughput gain and 20.7% mean throughput gain by using receive beamforming technology.
Table 8 Performance of beamforming without network coordination for aerial UEs
(Case 1 terrestrial UEs as baseline)
	UMa-AV
	Case 1 (TU)
	Case 5 (AU)
	Case 5 (AU)

	Receive antenna number of aerial UEs 
	2
	2
	8

	RU
	13%
	13%
	13%

	5% Throughput (Mbps)
	4.77
	3.2
	6.92

	5% Gain
	0.0%
	-32.9%
	45.1%

	50% Throughput (Mbps)
	19.42
	20.1
	22.0

	50% Gain
	0.0%
	3.5%
	13.3%

	95% Throughput (Mbps)
	42.11
	41.67
	42.55

	95% Gain
	0.0%
	-1.0%
	1.0%

	Mean Throughput (Mbps)
	14.25
	14.0
	17.2

	Mean Gain
	0.0%
	-1.8%
	20.7%



Table 9 provides the performance comparison of receive beamforming technology for terrestrial UEs with Case 1 terrestrial UEs as baseline. It could be observed that there are 5.6% fifty percentile gain and 1.0% ninety-five percentile gain by using receive beamforming technology at the aerial UE side. Although there are 5.2% cell-edge throughput loss and 6.6% mean throughput loss, these loss could be compensated easily by scheduling factor adjustment due to  the performance gain at 50% throughput and 95% throughput.  
Table 9 Performance of beamforming without network coordination for terrestrial UEs
(Case 1 terrestrial UEs as baseline)
	UMa-AV
	Case 1 (TU)
	Case 5 (TU)
	Case 5 (TU)

	Receive antenna number of aerial UEs 
	2
	2
	8

	RU
	13%
	13%
	13%

	5% Throughput (Mbps)
	4.77
	3.91
	4.52

	5% Gain
	0.0%
	-18.0%
	-5.2%

	50% Throughput (Mbps)
	19.42
	17.94
	20.51

	50% Gain
	0.0%
	-7.6%
	5.6%

	95% Throughput (Mbps)
	42.11
	42.11
	42.55

	95% Gain
	0.0%
	0.0%
	1.0%

	Mean Throughput (Mbps)
	14.25
	11.59
	13.31

	Mean Gain
	0.0%
	-18.7%
	-6.6%
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