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1. Introduction
This contribution is updated based on R1-1714824.
In RAN#75 meeting, a new study item “Study on Enhanced Support for Aerial Vehicles” was approved [1].  The following were identified as part of the study item objectives:

	….
· Identify the heights, speeds and densities of lower altitude of aerial vehicles that could be catered for, taking into account the regulation viewpoints [RAN1, RAN2]

….

· In terms of LTE enhancements, the study should consider the following aspects:

· 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]

· Identification of an air-borne UE that does not have proper certification for connecting to the cellular network while air-borne [RAN2]
…


This paper presents our initial views on interference mitigation schemes. 
2. Potential problem and solutions on UL interference 
Offering mobile communications to a drone has been on trial. According to our field experience, radio propagation characteristics while a drone as a UE is flying in the air is utterly different from the one while a UE is on the ground. As long as the drone is wandering on the ground, it looks like a conventional UE with which the existing cellular network has been dealing. In contrast, once the drone is flying on the air above the BS antenna height, UL signal from the drone becomes much visible to multiple cells due to Line-Of-Sight environments. The UL signal from the drone skyrockets interference in the neighbour cells significantly. The interference gives a negative impact to the UE on the ground, e.g. smartphone, IoT device, etc. Their perceived throughput performance would be deteriorated. Besides that, the successful rate of RRC connection establishment would plunge.
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Figure 1:

Interference characteristics from a drone as a UE
Subsequently, the following new challenges can be observed:
Observation 1:
UL signal from a drone UE flying in the air significantly increases interference in the neighbour cells.
Several potential solutions for the relevant objective in the study item description [1]:
Solution #1:

Conditional Max Tx power restriction.
For a drone UE flying in the air, the maximum Tx power is restricted to the lower value than the one on the ground. This can be determined by e.g. the measured RSRP or pathloss. If the measured RSRP is above a threshold (or the pathloss is below a threshold), the maximum Tx power is restricted. The alternative way is to restrict the maximum Tx power if the measured RSRP of serving cell is above a threshold and the difference between the measured RSRP of serving cell and neighbour cells is below a threshold. These solutions can be realized by leveraging multiNS-Pmax [2] or introducing another P-Max [3] with the RSRP/Pathloss-based threshold.
Solution #2:

Drone specific open loop TPC parameters.

In LTE, open loop TPC parameters are cell specific and common to all UEs within the cell. Only additional power offset on P0 can be UE specifically configured by RRC. For drone UE, the different TPC parameter setting can be considered so that target SIR is set to the lower value even in the small pathloss. If the target SIR setting needs to be pathloss dependent, compensation factor of alpha can also be UE specifically configured.
Solution #3:

UE Tx beam forming.

UL transmission from drone UE is beam formed to mitigate interference in the neighbour cells.
Overview of these potential solutions is illustrated in Fig.3 below. Solution #1 can be handled easily by introducing new parameters given that potential specification impacts are limited to the RAN2 specifications. Also, Solution #2 could be supported easily by enabling the UE specific configuration in RRC [3]. Therefore, Solution #2 can have no impact on RAN1 specification. As these UL power control mechanisms may degrades UL throughput of drone UE, these can be configured only when the UE is strong aggressor, e.g., based on interference detection. Otherwise, Solution #3 should be discussed in RAN1 on the design how to make the beam, and may be needed to be consulted by RAN4 as the potential impacts are foreseen in the RAN4 specification.
Proposal 1: Introduce conditional Max Tx power restriction based on RSRP/pathloss threshold
Proposal 2: Introduce the UE-specific configuration regarding Open-loop TPC parameters
Proposal 3: Study the UE Tx beamforming to mitigate the interference considering the aerial environments suited for drone
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Figure 3:

Overview of potential solutions for interference mitigation

Aforementioned interference mitigation schemes would be applied at least for PUSCH. Transmission power of SRS can also be modified accordingly. As solution#1 and #2 are UL power limitation which may decrease the link budget of drone UE, they should not be applied to PUCCH. 
3. Initial evaluation results in uplink
In this section, we present our initial evaluation results for aerial UT scenario. The Uma AV scenario is chosen for simulation. We compare the uplink performance under different aerial UT ratio assumptions：0 AV per sector, 1 AV per sector and 5 AV per sector. Throughput performance and IoT analysis are provided to investigate the impact of the aerial vehicle to the uplink interference for LTE system.
For UL transmission, FTP model 3 with 0.5Mbytes packet size is assumed as the traffic model and RU of 20%(low load) is evaluated. Regarding the uplink power control, P0 = -85 dBm and alpha = 0.8 is assumed for both terrestrial UT and aerial UT. In addition, we use the CDL-D based model as the fast fading model and 19 macro sites is assumed. Other simulation assumptions are following the RAN1’s agreements.

Table 1 IoT Statistics

	Scenario
	AV Ratio
	RU
	IoT[dB]

	
	
	
	Mean
	5%
	50%
	95%

	UMA
	0 AV / Sector
	0.16137
	0.825
	0.006
	0.189
	4.430

	
	

	
	1 AV / Sector
	0.18728
	1.903
	0.011
	0.384
	10.750

	
	
	
	131%
	86%
	103%
	143%

	
	

	
	5 AV / Sector
	0.39334
	11.021
	0.769
	14.422
	20.349

	
	
	
	1236%
	12934%
	7515%
	359%


In table 1, the IoT statistics for Uma-AV uplink scenario is provided. 100% terrestrial UT case (0 AV / Sector) is used as baseline. It can be observed that the aerial UTs introduce multiplied interference to the system. With the increasing of the aerial UT density, there is a negative feedback on the IoT level increase; increased IoT will degrade SINR and more resource is allocated for certain TB size which will further increase IoT. Therefore huge IoT increase is observed for the case of 5 AV/sector. 

Observation 2: Aerial UTs highly increase the IoT and introduce strong interference to uplink transmission.

Table 2 Uplink throughput Statistics

	Scenario
	AV Ratio
	RU
	Total Throughput[Mbits/sec]
	Aerial UT Throughput[Mbits/sec]
	Terrestrial UT Throughput[Mbits/sec]
	Serving Ratio

	
	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%
	

	UMA
	0 AV / Sector
	0.18
	9.382
	0.742
	7.598
	26.214
	NA
	NA
	NA
	NA
	9.382
	0.742
	7.598
	26.214
	0.94

	
	1 AV / Sector
	0.19
	9.112
	0.750
	7.371
	24.672
	11.960
	4.415
	10.356
	24.385
	8.874
	0.731
	6.967
	24.672
	0.93

	
	
	
	-3%
	1%
	-3%
	-6%
	NA
	NA
	NA
	NA
	-5%
	-1%
	-8%
	-6%
	

	
	5 AV / Sector
	0.37
	5.685
	0.572
	2.400
	19.418
	2.300
	0.552
	1.376
	7.724
	7.699
	0.596
	5.660
	21.960
	0.79

	
	
	
	-39%
	-23%
	-68%
	-26%
	-81%
	-88%
	-87%
	-68%
	-18%
	-20%
	-26%
	-16%
	


Table 2 is the throughput statistics for Uma-AV uplink scenario. For total throughput and terrestrial UT throughput, 0 AV/ sector case is used as the baseline. While for aerial UT throughput, 1 AV/ Sector is used as the baseline.
For the low AV density case (1 AV/ sector), the throughput performance degradation is not very severe for terrestrial UT (less than 10% loss). And for aerial UT, the throughput performance is better than terrestrial UT, this is due to smaller pathloss for aerial UT.

For the high AV density case(5 AV/ sector), significant degradation on throughput performance for both aerial UT and terrestrial UT can be observed due to strong interference. And the serving ratio within 8sec dramatically decreased which means the dropping packet number rapidly increased. Therefore, interference mitigation is desired in uplink. 
Observation 3: In uplink, marginal impact can be observed on the throughput of terrestrial UT when the AV density is low.

Observation 4: In uplink, throughput of both aerial UT and terrestrial UT is degraded due to strong interference when the AV density is high.

4. Conclusion
In this paper, we presented the potential problem and some solutions. Observation and proposals are summarized below:
· Observation 1:
UL signal from a drone UE flying in the air significantly increases interference in the neighbour cells.
· Observation 2: Aerial UT highly increase the IoT and introduce strong interference to uplink transmission.
· Observation 3: In uplink, marginal impact can be observed on the throughput of terrestrial UT when the AV density is low.

· Observation 4: In uplink, throughput of both aerial UT and terrestrial UT is degraded due to strong interference when the AV density is high.
· Proposal 1: Introduce conditional Max Tx power restriction based on RSRP/pathloss threshold

· Proposal 2: Introduce the UE-specific configuration regarding Open-loop TPC parameters

· Proposal 3: Study the UE Tx beamforming to mitigate the interference considering the aerial environments suited for drone
5. References
[1] 
RP-170779, “New SID on Enhanced Support for Aerial Vehicles”, NTT DOCOMO INC, Ericsson, 3GPP TSG RAN Meeting #75, Dubrovnik, Croatia, March 6-9, 2017.
[2] TS 36.306 v14.1.0.
[3] TS 36.331 v14.1.0.

PAGE  
1

