
3GPP TSG RAN WG1 Meeting 90bis
R1-1718175
Prague, CZ, 9th – 13th, October 2017

Source:
NTT DOCOMO
Title:
Initial views on interference detection schemes for aerials
Agenda Item:
6.2.7.4
Document for: 
Discussion and Decision
1. Introduction
This contribution is updated based on R1-1713890.
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 the potential problems and solutions for interference detection of the aerial vehicles (drone).
2. Potential problem and solutions on UL interference 
Two types of “drone UE” can be observed in the field. One is a drone equipped with a cellular module. Such a drone UE has passed a certification test for aerial usage. On the other hand, there might be a drone carrying a smartphone. Since a smartphone certification is for terrestrial usage, the resulting UL signal from such UE can be regarded as jamming. Even if a drone UE has proper certification or certification is not required by regulation, drone UE may incur severe interference in uplink and impact highly depends on altitude of drone UE. 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. Therefore interference detection can be utilized for which UE interference mitigation schemes are applied.
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Figure 1:

Types of Drone UE
Subsequently, the following new challenge can be observed:
Observation 1:
There might be a drone carrying the UE certified for terrestrial usage. UL signal from such the UE can be regarded as jamming since it may not be permitted by regulation.

Observation 2:
Interference detection is beneficial for both detection of uncertified drone UE and decision for interference mitigation scheme(s).

Several potential solutions for the relevant objective in the study item description [1]:
Solution #1:
Event triggering measurement report enhancements.
For this objective, the existing event triggered measurement can be used as the measurement report message can include multiple applicable cells for which the entering/leaving condition is fulfilled. On the other hand, the measurement reporting is triggered even though one applicable cell at least fulfils the condition. Although it is sufficient for the mobility purpose, for interference mitigation, it is desirable that the measurement reporting is triggered if multiple applicable cells fulfil the condition at the same time. It would help to reduce the number of measurement reports resulting in saving the radio resource. The number of applicable cells for event triggering can be configured by the eNB as a measurement configuration.
Solution #2:
Introducing a new physical signal for UL measurements.

Drone UE is configured to transmit UL signal (a)periodically so as for the eNB to measure the UL signal quality. The radio resource for UL signal is shared by multiple neighbour cells as well as the serving cell. By doing this, the neighbour cell can measure the interference level on its own. This solution is similar to the UL measurement in connected which has been discussed under the NR Study Item.
Solution #1 seems a simple and minor extension to the existing reporting configuration in RRC [2], which may be handled in RAN2. On the other hand, Solution #2 needs to be discussed across RAN WGs as has been done for NR. Performance improvement by applying interference mitigation schemes based on interference detection can be extensively evaluated in RAN1.
Proposal 1: Introduce the measurement report triggering extension such that the reporting is triggered if the entering/leaving condition is fulfilled for multiple applicable cells. Detail can be up to RAN2 discussion.
For interference detection, necessary level of detection needs to be discussed. For example, if we introduce interference detection based on measurement report, whether UE needs to report all the measurement results for neighbour cells with small RSRP gap needs to be clarified. If the answer is yes, signalling overhead would be increased. In our view, necessary detection level depends on its complexity/overhead and potential benefit for interference mitigation. If interference detection is used to identify UEs to apply interference mitigation, then performance difference due to interference detection schemes needs to be clarified. For example, if interference mitigation is UL power control enhancement for UL interference, detection of aggressor UE without identifying victim eNBs would be sufficient. Detection of all the victim/aggressor eNBs would be only beneficial for interference mitigation schemes with network coordination.
Observation 3:
For interference mitigation without network coordination, it is not necessary to identify all the victim/aggressor eNBs in UL/DL. Only detecting aggressor/victim UE in UL/DL would be sufficient.
3. Initial evaluation results 
 In this section, we present our evaluation results of RSRP statistics for revealing the interference level observed by aerial UE. The Uma AV scenario with 57 sites with ISD 500m is chosen for simulation.

The aerial UEs are dropped in positions with the fixed 2D distance and height based on the definition proposed as 2D distance based statistics in the email discussion of [90-21]. The values of fixed 2D distance are 0.25 * (2/3) * ISD (83.3m), 0.5 * (2/3) * ISD(166.7m), 0.75 * (2/3) * ISD (250m) and 1* (2/3) * ISD (333.3m) and the values of height are 1.5m, 50m, 100m, 200m and 300m. RSRP gaps between serving cell and (1,3,5,7,9)-th strongest neighbour cells are observed. The statistic value of RSRP gap is averaged over UEs with same location index. Small scale fading model is not taken into consideration in this evaluation.
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Figure 2: RSRP statistics based on fixed 2D UE distance
Figure 2 shows the variation of RSRP statistics with the increasing of UE height with a fixed 2D UE distance. Similar tendency can be observed in figures with different 2D distance. When the height of aerial UE height above 50m, the RSRP gap between the serving cell and neighbour cell becomes significantly small compared to the low altitude cases. 
In addition, for the aerial UEs with height above 50m, the RSRP gap remains at the similar small level (below 15dB) even the observed neighbour cell extended to the 9-th strongest cell. This is aligned with our presumption that due to increased Light-Of-Sight probability, the aerial UE above certain height can detect more cells. Detailed data can be found in Table A-I in the appendix. As a result of many neighbour cells with small RSRP gap, both UL and DL interference will be increased for aerial UEs. As even 9-th strongest cell shows small RSRP gap, more than 10 eNBs needs to coordinate if NW coordination based interference mitigation is assumed. Such large scale coordination without having predefined coordination cluster is challenging in practice.
Observation 4:
In downlink, aerial UEs experiences strong interference if the UE is above certain altitude regardless horizontal location. Significant number of aggressor eNBs is observed.

Observation 5:
In uplink, aerial UEs introduce strong interference to neighbour cells if the UE is above certain altitude regardless horizontal location. Significant number of victim eNBs is observed.

Also, based on the RSRP statistics, it is worthwhile to consider UE altitude based interference detection in addition to measurement based interference detection. Although UE altitude based interference detection may or may not be always true, it may provide coarse interference detection with small signalling overhead.
Observation 6:
Interference detection based on UE altitude is additionally considered.
4. Conclusion
In this paper, we presented the potential problem and some solutions for interference detection regarding aerial vehicle. Observations and proposals are summarized as follows:
· Observation 1:
There might be a drone carrying the UE certified for terrestrial usage. UL signal from such the UE can be regarded as jamming since it may not be permitted by regulation.
· Observation 2:
Interference detection is beneficial for both detection of uncertified drone UE and decision for interference mitigation scheme(s).
· Observation 3:
For interference mitigation without network coordination, it is not necessary to identify all the victim/aggressor eNBs in UL/DL. Only detecting aggressor/victim UE in UL/DL would be sufficient.
· Observation 4:
In downlink, aerial UEs experiences strong interference if the UE is above certain altitude regardless horizontal location. Significant number of aggressor eNBs is observed.
· Observation 5:
In uplink, aerial UEs introduce strong interference to neighbour cells if the UE is above certain altitude regardless horizontal location. Significant number of victim eNBs is observed.
· Observation 6:
Interference detection based on UE altitude is additionally considered.
· Proposal 1: Introduce the measurement report triggering extension such that the reporting is triggered if the entering/leaving condition is fulfilled for multiple applicable cells. Detail can be up to RAN2 discussion.
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Appendix

Definition of RSRP statistics shown in the contribution:

· Only aerial UEs are evaluated 

· UE location: 

· Fixed 2D distance and UE height are assumed 

· Fixed 2D distances are 0.25*(2/3)*ISD, 0.5*(2/3)*ISD, 0.75*(2/3)*ISD, (2/3)*ISD. 

· For 0.25*(2/3)*ISD and 0.5*(2/3)*ISD, all UEs are considered 

· For 0.75*(2/3)*ISD, UEs dropped on the arc marked by blue stars are considered 

· For (2/3)*ISD, UEs dropped in the area marked by green stars are considered 

· Fixed UE heights are 1.5, 50, 100, 200, 300 m 

· Small scale fading is not modeled 

· RSRP gap between serving cell and n-th strongest neighbor cell is observed 

· n = 1, 3, 5, 7, 9 

Table A-I: RSRP statistics for UMa scenario
	ISD
	UE heights\d_2D
	0.25*(2/3)*ISD
	0.5*(2/3)*ISD
	0.75*(2/3)*ISD
	1.0*(2/3)*ISD

	500
	
	83.33 
	1666.67 
	250.00 
	333.33 

	RSRPserv
	1.5m
	-34.22 
	-42.77 
	-49.69 
	-48.53 

	
	50 m
	-40.66 
	-40.48 
	-39.93 
	-39.84 

	
	100 m
	-41.61 
	-43.58 
	-46.42 
	-43.53 

	
	200 m
	-49.24 
	-50.39 
	-50.50 
	-52.01 

	
	300 m
	-51.68 
	-51.87 
	-53.76 
	-55.44 

	n=1
	1.5m
	17.00 
	13.80 
	9.31 
	1.97 

	
	50 m
	2.89 
	3.11 
	2.74 
	3.56 

	
	100 m
	6.20 
	3.74 
	2.17 
	4.98 

	
	200 m
	3.30 
	1.58 
	1.06 
	1.07 

	
	300 m
	2.77 
	2.24 
	0.96 
	0.57 

	n=3
	1.5m
	32.96 
	25.38 
	19.61 
	18.59 

	
	50 m
	6.59 
	6.42 
	5.86 
	6.86 

	
	100 m
	8.70 
	6.53 
	4.40 
	7.27 

	
	200 m
	5.08 
	3.47 
	2.48 
	2.37 

	
	300 m
	6.47 
	4.11 
	2.34 
	1.22 

	n=5
	1.5m
	41.26 
	32.25 
	27.48 
	27.00 

	
	50 m
	8.68 
	8.61 
	8.23 
	9.36 

	
	100 m
	10.22 
	8.04 
	5.95 
	8.62 

	
	200 m
	6.28 
	4.80 
	4.90 
	3.66 

	
	300 m
	8.58 
	6.19 
	3.44 
	1.78 

	n=7
	1.5m
	46.22 
	37.75 
	32.46 
	32.72 

	
	50 m
	10.31 
	10.49 
	10.37 
	11.48 

	
	100 m
	11.56 
	9.34 
	7.42 
	9.76 

	
	200 m
	7.42 
	6.42 
	6.88 
	6.02 

	
	300 m
	10.26 
	8.37 
	4.79 
	2.45 

	n=9
	1.5m
	50.75 
	42.52 
	36.08 
	37.25 

	
	50 m
	11.83 
	12.26 
	12.43 
	13.60 

	
	100 m
	13.01 
	10.64 
	8.97 
	10.89 

	
	200 m
	8.51 
	8.59 
	8.49 
	7.31 

	
	300 m
	12.39 
	9.95 
	5.87 
	3.44 


PAGE  
4

_1547636696.vsd

