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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 objective 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]
RAN1#90bis meeting discussed the RSRP statistics results from interested companies and agreed to capture these RSRP statistics results to TR [2]. The further update could be provided in RAN1#91 meeting [3]. In this contribution, we summarized our RSRP statistics results and corresponding downlink and uplink interference analysis.
2. RSRP Statistics for Downlink Interference Analysis
Downlink interference detection 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 needs the pre-knowledge of the strong interference TPs of this UE for complexity and overhead reduction, 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 detection and following interference mitigation. In the long-term channel information above, only RSRP/CSI-RSRP can be used to identify the signal strength of each TP to one UE. However, 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. While 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 1: It is valuable to study if the report of RSRP/CSI-RSRP with more TPs is needed for aerial UEs.
The RSRP/CSI-RSRP statistics to support the study of downlink interference detection could be based on CDF of RSRP gap between the serving TP and each strong interference TP of all same-type UEs at fixed UE height as shown in Annex B, where RSRP gap = RSRP of serving TP – RSRP of Nth strongest interference TP and N is up to 16. Based on the data provided in Annex B, it is easy to observe the percentage of UEs with at least N strong interfering TPs with any given threshold at given height corresponding to all same-type UEs. This data could be used for general downlink interference detection analysis in Aerial Vehicles. It can be seen that RSRP/CSI-RSRP reporting with up to 16 TPs might be expected for aerial UEs at the UE height of up to 300m.
Observation 2: CDF of RSRP gap for all same-type UEs at same height with uniform UE distribution could be used for general downlink interference detection analysis in Aerial Vehicles, where RSRP gap is the RSRP difference between the serving cell and the Nth strongest interfering TP and N could be up to 16.  
Observation 3: RSRP/CSI-RSRP reporting with up to 16 TPs might be expected for aerial UEs at the UE height of up to 300m.
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Fig. 1: Percentage of UEs with at least N strong interfering cells compared to all UEs with same type at same height
Proposal 1: Capture CDF of RSRP gap between the serving cell and the Nth strongest interfering TP for all same-type UEs at same height with uniform UE distribution into TR, where N is up to 16.  
Annex C and Fig. 1 provide the percentage of UEs with at least N strong interfering TPs compared to all same-type UEs at same UE height within an RSRP gap of 6dB, which is a typical value used for downlink interference detection of one territorial UE. Since most of mechanisms for LTE supporting territorial UEs would be inherited by LTE supporting aerial UEs, the RSRP gap of 6dB could be used as a typical RSRP gap threshold for downlink interference detection of one aerial UE too. Based on the data provided in Annex C and Fig. 1, it could be observed that interference coordination within up to 11 TPs for one UE has the potential to get most of performance gain for the aerial UEs at height of up to 300m in typical UMi-AV and UMa-AV scenarios of this Study Item. To provide more flexibility for interference detection, RSRP/CSI-RSRP reporting with up to 16 (neighbouring) TPs might be expected for one aerial UE at height of up to 300m.
Observation 4: Interference coordination within up to 11 TPs for one UE has the potential to get most of performance gain for the aerial UEs at height of up to 300m in typical UMi-AV and UMa-AV scenarios.
Proposal 2: Capture the percentages of UEs with at least N strong interference cells compared to all same-type UEs at same height in UMi-AV and UMa-AV scenarios into TR, where N is up to 16.
3. RSRP Statistics for Uplink Interference Analysis
As analysed in [4][6], RSRP/CSI-RSRP is also a basic information to support uplink interference detection in the existing uplink interference mitigation solutions. Channel reciprocity is normally used in TDD to estimate downlink CSI by using uplink CSI. The principle of channel reciprocity is that the electromagnetic waves in both downlink and uplink directions experience the same physical perturbation (i.e. reflection, refraction, diffraction and so on). If the link operates on the same frequency band in both directions, the impulse response of the channel observed between any two antennas should be the same regardless of the direction [7]. However, RSRP/CSI-RSRP are long-term information and are related to large-scale channel information.
Observation 5: RSRP/CSI-RSRP is a basic information to support uplink interference detection in the existing uplink interference mitigation solutions.
Based on the parameters of RSRP/CSI-RSRP, power headroom, maximum output power and used PRBs, the serving eNB can estimate the amount of power a UE is causing in neighbouring cells on certain PRBs, and then uses UL High Interference Indication (HII) specified in TS 36.423 [8] to indicate which PRBs are used for UE and likely caused relatively high interference, or the UL Interference Overload Indicator (IOI) also specified in TS 36.423 [8], to inform the neighbouring cells of high interference experienced on certain PRBs. 
Proposal 3: Support UL interference detection for aerial UEs by RSRP/CSI-RSRP, power headroom, maximum output power and used PRBs.
The RSRP/CSI-RSRP statistics to support the study of uplink interference detection could be based on CDF of RSRP as shown in Annex D. Based on the data provided in Annex D, it is easy to observe that
· Uplink signal power from the aerial UE at height of 50m to the serving cell is stronger than the terrestrial UE at height of 1.5m mostly, but the uplink signal power would be reduced at heights of 100m, 200m and 300m;
· Uplink interference from the aerial UE to the neighbour cells becomes stronger when the UE height is higher.   
Further analysis with uplink transmission power reduction is provided in Fig. 2, where the uplink transmission power is reduced so that the interference distributions of the second strongest victim cells of aerial UEs at heights of 50m, 100m, 200m and 300m are same as the interference distribution of the second strongest victim cell of terrestrial UEs at height of 1.5m. As shown in Fig. 2,
· Regarding scenario, the order of interference strength of aerial UEs (to the second strongest victim cell) from strong to weak is UMa-AV, UMi-AV and RMa-AV.
· Regarding UE height, the order of interference strength of aerial UEs (to the second strongest victim cell) from strong to weak is 50m, 100m, 200m and 300m in UMa-AV and UMi-AV; the interference strength of aerial UEs (to the second strongest victim cell) is strongest at height of 50m in RMa-AV too.
· If the interference distributions of the second strongest victim cells of aerial UEs at heights of 50m, 100m, 200m and 300m are same as that of terrestrial UEs at height of 1.5m by reducing the uplink transmission power of aerial UEs, then the receive signal power distributions from aerial UEs to serving cells are same for each considered UE height in UMi-AV and UMa-AV.  
· The receive signal power from aerial UEs to serving cells is acceptable after uplink transmission power reduction compared to the receive signal power from terrestrial UEs to serving cells. 
· The uplink interference from aerial UEs to terrestrial network could be reduced in the acceptable range by uplink interference mitigation, for example uplink power control. 
· Besides uplink power control, other solutions might be expected for further uplink performance improvement. 
Observation 6: CDF of RSRP of serving cell and each neighbour cell for all same-type UEs at same height with uniform UE distribution could be used for general uplink interference analysis in Aerial Vehicles.
Observation 7: Uplink power control is one potential solution for uplink interference mitigation in Aerial Vehicles. 
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              (a) Transmission power reduction in UMi-AV             (b) Serving cell RSRP with power reduction in UMi-AV

[image: ]     [image: ]
              (c) Transmission power reduction in UMa-AV           (d) Serving cell RSRP with power reduction in UMa-AV
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              (e) Transmission power reduction in RMa-AV            (f) Serving cell RSRP with power reduction in RMa-AV
Fig. 2: Uplink transmission power reduction for uplink interference mitigation in aerial vehicles

Observation 8: Besides uplink power control, other solutions might be expected for further uplink performance improvement. 
Proposal 4: Capture CDF of RSRP of serving cell and each neighbour TP for all same-type UEs at same height with uniform UE distribution into TR.  
Proposal 5: Capture CDF of RSRP of serving cell for all same-type UEs at same height with uniform UE distribution and reduced uplink transmission power into TR.  
4. Conclusions
In this contribution, we give our views on RSRP statistics for uplink and downlink interference analysis with the following observations and proposals.
Observation 1: It is valuable to study if the report of RSRP/CSI-RSRP with more TPs is needed for aerial UEs.
Observation 2: CDF of RSRP gap for all same-type UEs at same height with uniform UE distribution could be used for general downlink interference detection analysis in Aerial Vehicles, where RSRP gap is the RSRP difference between the serving cell and the Nth strongest interfering TP and N could be up to 16.  
Observation 3: RSRP/CSI-RSRP reporting with up to 16 TPs might be expected for aerial UEs at the UE height of up to 300m.
Proposal 1: Capture CDF of RSRP gap between the serving cell and the Nth strongest interfering TP for all same-type UEs at same height with uniform UE distribution into TR, where N is up to 16.
Observation 4: Interference coordination within up to 11 TPs for one UE has the potential to get most of performance gain for the aerial UEs at height of up to 300m in typical UMi-AV and UMa-AV scenarios.
Proposal 2: Capture the percentages of UEs with at least N strong interference cells compared to all same-type UEs at same height in UMi-AV and UMa-AV scenarios into TR, where N is up to 16.
Observation 5: RSRP/CSI-RSRP is a basic information to support uplink interference detection in the existing uplink interference mitigation solutions.
Proposal 3: Support UL interference detection for aerial UEs by RSRP/CSI-RSRP, power headroom, maximum output power and used PRBs.
Observation 6: CDF of RSRP of serving cell and each neighbour cell for all same-type UEs at same height with uniform UE distribution could be used for general uplink interference analysis in Aerial Vehicles. 
Observation 7: Uplink power control is one potential solution for uplink interference mitigation in Aerial Vehicles. 
Observation 8: Besides uplink power control, other solutions might be expected for further uplink performance improvement. 
Proposal 4: Capture CDF of RSRP of serving cell and each neighbour TP for all same-type UEs at same height with uniform UE distribution into TR.  
Proposal 5: Capture CDF of RSRP of serving cell for all same-type UEs at same height with uniform UE distribution and reduced uplink transmission power into TR.  
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Annex A: Simulation Assumptions
The simulation assumptions in this contribution are provided in Table A-1.
Table A-1 Simulation assumptions
	Parameter
	Value

	Scenario
	· UMi-AV, UMa-AV, RMa-AV

	UE height
	· Terrestrial UE: 1.5m
· Aerial UE: {50m, 100m, 200m, 300m}

	UT distribution (horizontal) – for outdoor terrestrial/indoor terrestrial/aerial
	· Uniform

	Handover margin
	· 0dB
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Annex B: CDF of RSRP Gap
The CDF of RSRP gap of UEs for 16 strongest interference cells in UMi-AV, UMa-AV and RMa-AV are provided in Fig. B-1, Fig. B-2 and Fig. B-3.  
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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. B-1 CDF of RSRP gap of UEs for 16 strongest interfering cells in UMi-AV, UE height {1.5m, 50m, 100m, 200m, 300m}.
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(a) TU@1.5m                                                                      

[image: ]   [image: ]
(b) AV@50m                                                                       (c) AV@100m
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(d) AV@200m                                                                       (e) AV@300m

Fig. B-2 CDF of RSRP gap of UEs for 16 strongest interfering cells in UMa-AV, UE height {1.5m, 50m, 100m, 200m, 300m}.
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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. B-3 CDF of RSRP gap of UEs for 16 strongest interfering cells in RMa-AV, UE height {1.5m, 50m, 100m, 200m, 300m}.


Annex C: Percentage of UEs with at least given number of strong interference TPs
The percentage of UEs with at least given number of strong interference TPs corresponding to all same-type UEs at same height are provided in Table C-1 and Table C-2.
Table C-1 Percentage of UEs with at least N strong interference TPs corresponding to all same-type UEs at same height (UMi-AV)
	N
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	TU@1.5m
	40.3%
	16.9%
	7.7%
	3.5%
	1.5%
	0.6%
	0.3%
	0.1%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	AV@50m
	77.3%
	58.4%
	39.9%
	24.1%
	12.8%
	5.6%
	2.1%
	0.7%
	0.2%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	AV@100m
	82.6%
	66.1%
	50.7%
	35.0%
	21.3%
	11.2%
	5.1%
	2.0%
	0.6%
	0.2%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	AV@200m
	82.9%
	65.3%
	51.5%
	38.6%
	26.7%
	16.2%
	8.7%
	4.3%
	2.3%
	1.3%
	0.7%
	0.4%
	0.1%
	0.0%
	0.0%
	0.0%

	AV@300m
	82.5%
	65.7%
	48.8%
	33.5%
	20.8%
	12.0%
	6.9%
	3.9%
	2.2%
	1.3%
	0.7%
	0.4%
	0.2%
	0.1%
	0.0%
	0.0%



Table C-2 Percentage of UEs with at least N strong interference TPs corresponding to all same-type UEs at same height (UMa-AV)
	N
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14
	15
	16

	TU@1.5m
	31.2%
	7.9%
	1.4%
	0.3%
	0.04%
	0.005%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	AV@50m
	83.3%
	64.2%
	45.8%
	29.8%
	17.8%
	9.6%
	4.8%
	2.1%
	0.8%
	0.3%
	0.1%
	0.0%
	0.0%
	0.0%
	0.0%
	0.0%

	AV@100m
	82.1%
	67.0%
	53.8%
	42.1%
	31.4%
	21.8%
	14.1%
	8.3%
	4.2%
	1.9%
	0.7%
	0.3%
	0.1%
	0.0%
	0.0%
	0.0%

	AV@200m
	96.8%
	89.7%
	80.3%
	67.4%
	52.8%
	37.8%
	25.2%
	14.4%
	6.6%
	2.0%
	0.7%
	0.3%
	0.1%
	0.1%
	0.0%
	0.0%

	AV@300m
	99.1%
	92.2%
	82.1%
	68.0%
	55.0%
	42.6%
	30.1%
	19.9%
	12.8%
	5.8%
	0.7%
	0.1%
	0.0%
	0.0%
	0.0%
	0.0%





Annex D: CDF of RSRP
The CDF of RSRP of UEs for 16 strongest interference cells in UMi-AV, UMa-AV and RMa-AV are provided in Fig. D-1, Fig. D-2 and Fig. D-3.  
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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. D-1 CDF of RSRP of UEs for 16 strongest interfering cells in UMi-AV, UE height {1.5m, 50m, 100m, 200m, 300m}.
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(b) AV@50m                                                                       (c) AV@100m
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(d) AV@200m                                                                       (e) AV@300m

Fig. D-2 CDF of RSRP of UEs for 16 strongest interfering cells in UMa-AV, UE height {1.5m, 50m, 100m, 200m, 300m}.
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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. D-3 CDF of RSRP of UEs for 16 strongest interfering cells in RMa-AV, UE height {1.5m, 50m, 100m, 200m, 300m}.
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