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Introduction
[bookmark: _GoBack]In RAN1#88bis meeting, the following options were captured in [1] to be considered for deciding channel modelling of aerial UTs:

Option 1: 
· Modify the existing channel models in TR 38.901/36.873 to support aerial UT with the UT height range of at least above 10m for RMa, and above 22.5m for UMa/UMi.
· Define UE height dependent path loss, shadowing and LOS probability for aerial UT.
· Modify the pathloss models to include UE height dependent path loss and shadowing for aerial UT in RMa/UMa/UMi scenarios. The details are FFS. 
· Modify the LOS probability to include UE height dependent LOS probability for aerial UT in RMa, UMa and UMi scenarios. The details are FFS.
· Extend the validity range of 2D distance in RMa scenario to m
· If found necessary, extend the validity range of 2D distance in UMa/UMi scenario.
· Companies are encouraged to use measurement data and/or simulated data based on ray-tracing to derive channel models.
· FFS reuse existing channel models for UT height up to 10m in RMa and up to 22.5m in UMa/UMi.
Option 2:
· For aerial UT above [30]m in RMa 
· Only LOS 
· Pathloss formula according to TR 38.901 
· FFS details (e.g., by modifying breakpoint distance)
· 0dB shadowing
· For aerial UT above [30]m in UMa 
· Only LOS 
· Pathloss formula according to TR 38.901 
· FFS details (e.g., by modifying breakpoint distance)
· 0dB shadowing
· For aerial UT above [30]m in UMi 
· LOS and NLOS 
· NLOS probability according to TR 38.901 with possible modifications
· Pathloss formulas according to TR 38.901
· FFS details (e.g., by modifying breakpoint distance)
· 0dB shadowing for LOS; 7.82dB shadowing for NLOS
· FFS channel models for aerial UT below 30m in RMa/UMa/UMi
Option 3:
· For aerial UT above 10m in RMa, 
· Only LOS 
· Free-space propagation model
· 0dB shadowing
· For aerial UT above 25m in UMa, 
· Only LOS 
· Free-space propagation model
· 0dB shadowing
· For aerial UT above 25m in UMi, 
· FFS
· FFS: reusing existing models for aerial UT below 10m in RMa and 25m in UMa/UMi
Option 4:
· For RMa, 
· For UT height < BS height , according to TR38.901 with potential revised parameters for breakpoint, shadowing and LOS probability. 
· For UT height >= BS height, free-space model with necessary update.
· For UMa, 
· For UT height < BS height, according to TR36.873 with potential revised parameters for breakpoint, shadowing and LOS probability. 
· For UT height >= BS height, free-space model with necessary update.
· For UMi, 
· For UT height < Building height, according to TR36.873 with potential revised parameters for breakpoint, shadowing and LOS probability. 
· For UT height >= Building height, according to TR36.873 with potential revised parameters for breakpoint, shadowing and LOS probability.

In this contribution, we discuss LOS probability for the 3 agreed scenarios to be used in the study.
[bookmark: _Ref178064866]Discussion
LOS probability for RMa-AV
For RMa-AV scenario, we derive the LOS probability using a high-resolution digital terrain map of a rural area near Stockholm, Sweden shown in Figure 1.  Note that the figure only shows the area within which the base station is dropped while the UE can be dropped at a 2D distance of up to 10km which extends beyond the area shown in the figure.  The map is based on aerial 3D laser-scanned data and represents the terrain+building height with a resolution of 5 m in xy and 0.15 m in z. In the rural area map, the base stations (BSs) are randomly dropped at 100 different locations without buildings.  For each random BS drop the antenna orientation is chosen uniformly between 0 and 360 degrees, and the BS height is 35 m above the terrain.  The UEs are dropped at 2D distance of up to 10km at different heights.  Whether a UE is in LOS or NLOS is determined as illustrated in Figure 2.
[image: ]
[bookmark: _Ref480895395]Figure 1.  Map of a rural area near Stockholm, Sweden used for deriving LOS probability of RMa AV;  the xy coordinates are in units of meters and the colormap shows the height (including height of buildings) in units of meters.
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[bookmark: _Ref480896932]Figure 2.  LOS probability determination methodology.
Figure 3a shows the LOS probabilities obtained from the rural area map data where the RMA  formula from TR 38.901 is also shown for comparison.  From the figure, it is evident that even for heights above the BS height of 35m, the LOS probability can be less than 1.  For instance, at a 2D distance of 10km and a UT height of 50m, the LOS probability is only 65%.  In Figure 3b, we curve fitted the following PLOS probability expression:
	

	(1)



It should be noted from Figure 3b that the curve fitted expression of Equation (1) is reasonably accurate for UT heights greater than 10m.  Since the RMa pathloss model of TR 38.901 is valid for the UT height range , the existing RMa  expression of TR38.901 can be reused for UT heights below 10m.
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	(a)
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[bookmark: _Ref480906622]Figure 3.  LOS probability for RMa-AV scenario: (a) LOS probabilities obtained from rural area map data, (b) comparison with curve fitted LOS probability.

[bookmark: _Toc480929629][bookmark: _Toc480935996][bookmark: _Toc480963295][bookmark: _Toc480993945][bookmark: _Toc481014200][bookmark: _Toc481018286][bookmark: _Toc481018366][bookmark: _Toc481018519][bookmark: _Toc481018528][bookmark: _Toc481806283]For the RMa-AV scenario, reuse the existing RMa LOS probability in TR38.901 when UT height is below 10m, and use the RMa-AV LOS probability expression of Equation (1) when the UT height is above 10m.

LOS probability for UMa-AV
For UMa-AV scenario, we derive the LOS probability using a real map of an urban area near Stockholm, Sweden shown in Figure 4.  In the urban area map, the map area is divided into 10x10 blocks with each block having a 100m × 100m area.  Within each such block, a BS is dropped on top of a building location along a street and the BS antenna orientation is facing the street.   The average BS height is 29m above the terrain.  The UEs are dropped at 2D distance of up to 4km at different heights, and whether a UE is in LOS or NLOS is determined as illustrated in Figure 2.
[image: ]
[bookmark: _Ref481418999]Figure 4.  Map of an urban area near Stockholm, Sweden used for deriving LOS probability of UMa AV;  the xy coordinates are in units of meters and the colormap shows the height (including height of buildings) in units of meters.
Figure 5a shows the LOS probabilities obtained from the urban area map data where the UMa  formula corresponding to 23m from TR 38.901 is also shown for comparison.  From the figure, it is evident that even for heights above 25m (i.e., the agreed BS height for UMa-AV), the LOS probability can be less than 1.  For instance, at a 2D distance of 1km and a UT height of 50m, the LOS probability is only 60%.  In Figure 5b, we curve fitted the following PLOS probability expression:
	

	(2)



From Figure 5b it is evident that the curve fitted expression of Equation (2) is reasonably accurate for UT heights greater than 22.5m.  Since the UMa pathloss model of TR 38.901 is valid for the UT height range , the existing UMa  expression from TR 38.901 can be reused for UT heights below 22.5m. 
[bookmark: _Toc480993946][bookmark: _Toc481014201][bookmark: _Toc481018287][bookmark: _Toc481018367][bookmark: _Toc481018520][bookmark: _Toc481018529][bookmark: _Toc481806284]For the UMa-AV scenario, reuse the existing UMa LOS probability in TR38.901 when UT height is below 22.5m, and use the UMa-AV LOS probability expression of Equation (2) when UT height is above 22.5m. 
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[bookmark: _Ref480984457]Figure 5.  LOS probability for UMa-AV scenario: (a) LOS probabilities obtained from urban area map data, (b) comparison with curve fitted LOS probability.

LOS probability for UMi-AV
For UMi-AV scenario, we derive the LOS probability using the real map shown in Figure 4.  In the urban area map, the map area is divided in to 10x10 blocks with each block having a 100m × 100m area.  Within each such block, a BS is dropped on a location without any buildings along a street and the BS antenna orientation is facing the street.  The BS height is 10m above the terrain.  The UEs are dropped at 2D distance of up to 4km at different heights, and whether a UE is in LOS or NLOS is determined as illustrated in Figure 2.
Figure 6a shows the LOS probabilities obtained from the urban area map data where the UMi  formula from TR 38.901 is also shown for comparison.  From the figure, it is evident that even for heights above the BS height of 10m, the LOS probability can be less than 1 in most height values considered.  For instance, at a 2D distance of 500m and a UT height of 120m, the LOS probability is only 50%.  In Figure 6b, we curve fitted the following PLOS probability expression:
	

	(3)



It should be noted from Figure 6b that the curve fitted expression of Equation (3) is reasonably accurate for UT heights greater than 22.5m.  Since the UMi pathloss model of TR 38.901 is valid for the UT height range , the existing UMi  expression of TR 38.901 can be reused for UT heights below 22.5m.
[bookmark: _Toc481018521][bookmark: _Toc481018530][bookmark: _Toc481806285]For the UMi-AV scenario, reuse the existing UMi LOS probability in TR38.901 when UT height is below 22.5m, and use the UMi-AV LOS probability expression of Equation (3) when UT height is above 22.5m.
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[bookmark: _Ref481015957]Figure 6.  LOS probability for UMi-AV scenario: (a) LOS probabilities obtained from urban area map data, (b) comparison with curve fitted LOS probability.
Conclusions
In this contribution, we derive the LOS probability using a real map data for RMa-AV, UMa-AV, and UMi-AV scenarios.  Based on the discussion in Section 2, we propose the following:
Proposal 1	For the RMa-AV scenario, reuse the existing RMa LOS probability in TR38.901 when UT height is below 10m, and use the RMa-AV LOS probability expression of Equation (1) when the UT height is above 10m.
Proposal 2	For the UMa-AV scenario, reuse the existing UMa LOS probability in TR38.901 when UT height is below 22.5m, and use the UMa-AV LOS probability expression of Equation (2) when UT height is above 22.5m.
Proposal 3	For the UMi-AV scenario, reuse the existing UMi LOS probability in TR38.901 when UT height is below 22.5m, and use the UMi-AV LOS probability expression of Equation (3) when UT height is above 22.5m.
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[bookmark: _Ref477982349][bookmark: _Ref476921348]RAN1 Chairman’s Notes, RAN1#88bis.
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