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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 objectives for potential enhancements in interference detection.
· 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]

The agreement, conclusion and agreed observations related to downlink interference detection in RAN1/RAN2 are [2][3]
	Agreement [RAN1#90]
· Companies are encouraged to provide RSRP statistics (for both serving cell and interfering cells) of aerial UEs at various heights for UMi-AV, RMa-AV, and UMa-AV.

Conclusion [RAN1#90]
· Down select from the two RSRP statistics in RAN1#90bis for interference detection in Aerial Vehicles 
· Distance based RSRP statistics
· Geometry based RSRP statistics
· One example for distance-based RSRP statistics is given as follows: 2D-distance-based RSRP statistics

Agreed observations [RAN2#99]
· The RSRP and RSSI characteristics of aerial vehicles in the air are different from terrestrial vehicles
· The downlink interference could be detected by RSRP/CSI-RSRP/RSRQ/RS-SINR/CSI reporting from UE to eNB



In this contribution, we share our views on potential enhancements and measurement statistics for downlink interference detection in aerial vehicles.
2 Downlink Interference Detection for Aerial Vehicles
2.1 Existing Downlink Interference Detection in LTE
The measurement information in the existing LTE network to support downlink interference detection include [4] 
· RSRP/CSI-RSRP: In the existing LTE network, one UE can report RSRPs of its serving cell plus up to 8 neighbouring cells and/or CSI-RSRPs of up to 8 transmission points (TPs), where RSRP is measured based on CRS while CSI-RSRP is measured based on CSI-RS. The CRS configuration information is obtained by cell searching and the CSI-RS configuration information is configured by the network directly, where one UE can be configured with up to 96 CSI-RS configurations (i.e. up to 96 TPs). So, the RSRP/CSI-RSRP information could be used to identify the strong interference cells/transmission-points directly for the support of inter-cell interference coordination.
· RSRQ: RSRQ is reference signal received quality and is defined as the ratio N×RSRP/(E-UTRA carrier RSSI), where N is the number of RB’s of the E-UTRA carrier RSSI measurement bandwidth. The measurements in the numerator and denominator shall be made over the same set of resource blocks. RSRQ could be used to roughly identify if the UAV is cell-edge UE or not. If it is cell-edge UE, then the eNB could identify the interference TPs by collected RSRP/CSI-RSRP and (derived) RSSI information and request inter-cell interference coordination.
· E-UTRA carrier RSSI: E-UTRA carrier RSSI is the linear average of the total received power (in [W]) observed by the UE and including signal, interference and noise in certain OFDM symbols of measurement subframes and bandwidth. 
· RSSI: RSSI is the linear average of the total received power (in [W]) observed by the UE and including signal, interference and noise in configured OFDM symbols of measurement subframes and bandwidth, and could be reported by the UE directly.
· RS-SINR: RS-SINR is reference signal-signal to noise and interference ratio, and is the linear average over the power contribution of the resource elements carrying cell-specific reference signals divided by the linear average of the noise and interference power contribution over the resource elements carrying cell-specific reference signals with the same frequency bandwidth.
· CSI: CSI indicates the channel quality (i.e. signal to noise-plus-interference ratio) corresponding to a specific transmission hypothesis, and therefore can be used to identify the interference situation in the downlink and support UE scheduling as well as dynamic interference mitigation.
Observation 1: The downlink interference could be detected by RSRP/CSI-RSRP/RSSI/RSRQ/RS-SINR/CSI from UE to eNB.
2.2 Downlink Interference Detection Enhancement for Aerial Vehicles
Aerial vehicles might suffer stronger interference from more TPs than the territorial UEs as analysed in. Therefore, more TPs might need to be involved into interference mitigation for one aerial UE than one territorial UE. The interference mitigation could be based on long-term channel information (for example RSRP/CSI-RSRP/RSSI/RSRQ/RS-SINR) and/or short-term channel information (for example CSI). The configuration for CSI information collection of one UE should be based on the knowledge of the strong interference TPs of this UE, and this knowledge could be obtained by long-term channel information. Therefore, the downlink interference detection based on long-term channel information is very important for interference mitigation. 
Observation 2: Interference detection based on long-term channel information is very important for interference mitigation.
In the long-term channel information, RSRQ/RS-SINR is related to channel transmission quality of one UE, RSSI is related to total received power observed by the UE and only RSRP/CSI-RSRP can be used to identify the signal strength of each transmission point to this UE. In the existing LTE network, one UE could report RSRPs of its serving cell plus up to 8 neighbouring cells and CSI-RSRPs of up to 8 TPs. However aerial UEs might need the support of interference coordination with more TPs. So, it is valuable to study if the report of RSRP/CSI-RSRP with more TPs is needed for aerial UEs.
Observation 3: It is valuable to study if the report of RSRP/CSI-RSRP with more TPs is needed for aerial UEs.
2.3 RSRP/CSI-RSRP Measurement Statistics
The target of downlink interference detection for one UE is to find the interfering TPs of this UE for downlink interference mitigation in our understanding. So, the measurement statistics corresponding to the study of downlink interference detection in this SI should be able to meet this target, i.e. 1) If the existing mechanism is enough for downlink interference detection of aerial UEs; 2) If further enhancement is needed as well as the direction to solve it. Therefore, from our point of view, this interference statistics should be able to provide the following information to support this target.
· Information #1: The maximal number for the strong interfering TPs of one aerial UE
· Information #2: The probability distribution of the number of the strong interfering TPs of one aerial UE
The interference detection and interference cell identification could be based on RSRP gap, where 

This contribution provides following statistics for interference detection analysis in Aerial Vehicle
· Annex A: CDF of RSRP gap in UMa-AV for territorial UEs at height of 1.5m and aerial UEs at height of {50m, 100m, 200m, 300m} for up to 16 strongest interfering TPs.
· According the figures in Annex A, it is easy to observe the percentage of UEs with at least N stronger interfering TPs with any threshold at given height. It could be observed that RSRP/CSI-RSRP reporting with 16 TPs might be expected for aerial UEs. 
· Annex B: Percentage of UEs with at least N strong interfering TPs at height of {50m, 100m, 200m, 300m} in UMa-AV, where N is up to 16 and the strong interfering cell selection is based on the condition of RSRP gap ≥ -6dB. 
· According to the data in Annex B for UMa-AV scenario, it could be observed that 
· When UE height is 1.5m, about 31% UEs have at least one strong interfering TP, about 8% UEs have at least 2 strong interfering TPs, about 1% UEs have at least 3 strong interfering TPs and about 0.1%-0.3% UEs have at least 4 strong interfering TPs. It could be concluded that interference coordination with 3 TPs are enough for territorial/aerial UEs at height of 1.5m. It is aligned with previous observation in 3GPP.
· When UE height is 50m, about 83% UEs have at least one strong interfering TP, 30% UEs have at least 4 strong interfering TPs, about 5% UEs have at least 7 strong interfering TPs, and about 1% UEs have at least 9 strong interfering TPs. It could be concluded that interference coordination with 8 TPs might be OK for aerial UEs at height of 50m.
· When UE height is 300m, about 99% UEs have at least one strong interfering TP, about 13% UEs have 9 strong interfering TPs, and about 6% UEs have 10 strong interfering TPs. It could be concluded that interference coordination with 11 TPs might be needed for aerial UEs at height of 300m. 
· Fig. 1: Percentage of at least N stronger interfering TPs of one UE corresponding to Annex B
· According to Fig. 1, it could be observed that one aerial UE will have more strong interfering TPs with increased height. So, the UE should have the ability to support RSRP/CSI-RSRP reporting with enough TPs, which could be used to identify at least 10 strong interfering TPs.  
· Fig. 2: Percentage of total N stronger interfering TPs of one UE corresponding to Annex B
· According to Fig. 2, it is easy to observe the trend of total number of strong interfering TPs of one aerial UE with increased height as well as the similar conclusion from Fig. 1.
Observation 4: RSRP/CSI-RSRP reporting with 16 TPs might be expected for one aerial UE.
Observation 5: About 6% aerial UEs have 10 strong interfering TPs when the UE height is 300m and consequently needs interference coordination within 11 TPs.
Proposal 1: Study RSRP/CSI-RSRP reporting enhancement for RSRP/CSI-RSRP measurement report with more TPs, for example 16 (neighbouring) TPs.
RAN1#90 meeting discussed the solutions of 2D-distance-based RSRP statistics with the features below
· RSRP gap between the serving cell and the Nth strongest interfering cells, where N is up to 9. 
· RSRP gap is average RSRP gap of all UEs with fixed 2D-distance to its serving cell and within the geographical coverage of this serving cell. 
This 2D-distance-based RSRP statistics only consider up to 9 strongest interfering TPs, the provided RSRP gap information is RSRP gap between the serving cell and one of the strongest interfering TPs and moreover the RSRP gap is average RSRP gap of all UEs with fixed 2D-distance to its serving cell and within the geographical coverage of this serving cell. So, in our understanding, this 2D-distance-based RSRP statistics is unable to provide Information #1 and Information #2 to support the study of downlink interference detection enhancement of aerial UEs as analysed in Section 3.1.   
Observation 6: 2D-distance-based RSRP statistics is unable to provide the enough information to support the study of downlink interference detection enhancement of aerial UEs.
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Fig. 1: Percentage of at least N stronger interfering TPs of one UE
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Fig. 2: Percentage of total N stronger interfering TPs of one UE
[bookmark: _GoBack]3 Measurement Statistics for AV Identification
As shown in Fig. 3, the aerial UE could be identified by RSSI plus RSRP gap between the serving cell and the strongest neighbouring cell when this aerial UE height is above 15m. However, the RSRP gap between the serving cell and each neighbouring cell is unable as shown in Fig. 4, which provides the CDF of the RSRP gap between the serving cell and individual first, third and sixed neighbouring TPs. From Fig. 4, it can be concluded that even though the average gap decreases with height, a single or a few samples of the height itself is not enough to determine the height or even whether a UE is in the air or not, as the values have a large overlap. It can also be seen that especially on the ground there are only in 70% of the cases 6 neighbours present, even though a scanner with high sensitivity was used.
Observation 7: Existing RSRP and RSSI/RSRQ measurements can be used to separate airborne UEs from terrestrial UEs.
Observation 8: RSRP gap statistics are not enough to determine whether a UE is in the air or not.
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Fig. 3 RSSI + ∆RSRP for AV identification
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(a) CDF of ∆RSRP between the serving cell and the 1st strongest neighboring cell
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(b) CDF of ∆RSRP between the serving cell and the 3rd strongest neighboring cell
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(c) CDF of ∆RSRP between the serving cell and the 6th strongest neighboring cell
Fig. 4 ∆RSRP + RSSI for AV identification






5 Conclusions
In this contribution, we give our views on interference detection for this SI with the following observations.
Observation 1: The downlink interference could be detected by RSRP/CSI-RSRP/RSSI/RSRQ/RS-SINR/CSI from UE to eNB.
Observation 2: Interference detection based on long-term channel information is very important for interference mitigation.
Observation 3: It is valuable to study if the report of RSRP/CSI-RSRP with more TPs is needed for aerial UEs.
Observation 4: RSRP/CSI-RSRP reporting with 16 TPs might be expected for one aerial UE.
Observation 5: About 6% aerial UEs have 10 strong interfering TPs when the UE height is 300m and consequently needs interference coordination within 11 TPs.
Proposal 1: Study RSRP/CSI-RSRP reporting enhancement for RSRP/CSI-RSRP measurement report with more TPs, for example 16 (neighbouring) TPs.
Observation 6: 2D-distance-based RSRP statistics is unable to provide the enough information to support the study of downlink interference detection enhancement of aerial UEs.
Observation 7: Existing RSRP and RSSI/RSRQ measurements can be used to separate airborne UEs from terrestrial UEs.
Observation 8: RSRP gap statistics are not enough to determine whether a UE is in the air or not.
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Annex A: CDF Curves of RSRP Gap
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(a) TU@1.5m                                                                      
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(b) AV@50m                                                                       (c) AV@100m
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(d) AV@200m                                                                       (e) AV@300m

Fig. A-1 CDF of RSRP gap of UEs for up to 16 strongest interfering cells in UMa-AV, UE height {1.5m, 50m, 100m, 200m, 300m}, threshold = -6dB.



Annex B: Percentage of UEs with at least given number of strong interfering cells
Table B-1 Percentage of UEs with at least given N of strong interfering cells corresponding to all UEs at same height
	N
	TU@1.5m
	AV@50m
	AV@100m
	AV@200m
	AV@300m

	1
	31.2%
	83.3%
	82.1%
	96.8%
	99.1%

	2
	7.9%
	64.2%
	67.0%
	89.7%
	92.2%

	3
	1.4%
	45.8%
	53.8%
	80.3%
	82.1%

	4
	0.3%
	29.8%
	42.1%
	67.4%
	68.0%

	5
	0.0%
	17.8%
	31.4%
	52.8%
	55.0%

	6
	0.0%
	9.6%
	21.8%
	37.8%
	42.6%

	7
	0.0%
	4.8%
	14.1%
	25.2%
	30.1%

	8
	0.0%
	2.1%
	8.3%
	14.4%
	19.9%

	9
	0.0%
	0.8%
	4.2%
	6.6%
	12.8%

	10
	0.0%
	0.3%
	1.9%
	2.0%
	5.8%

	11
	0.0%
	0.1%
	0.7%
	0.7%
	0.7%

	12
	0.0%
	0.0%
	0.3%
	0.3%
	0.1%

	13
	0.0%
	0.0%
	0.1%
	0.1%
	0.0%

	14
	0.0%
	0.0%
	0.0%
	0.1%
	0.0%

	15
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	16
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
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