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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]. The following RAN1#88bis meeting discussed the channel models for low-altitude aerial vehicles with the agreement below, and encouraged the companies to provide the measurement/simulation/evaluation results for deciding the channel modelling of low-altitude aerial vehicles in RAN1#89 meeting by considering the options provided in [2].
· For channel modelling of Aerial UEs, at least the following can be different from the terrestrial UEs
· Pathloss, shadowing, LOS probability and fast fading
In this contribution, we share our views regarding the channel modelling for low-altitude aerial vehicles in rural macro (RMa) scenario for this SI.
2. Motivation
In TR 38.901 [4], the RMa channel model is effective in the given scenarios with the limitation below so that this channel model needs to be reconsidered for low-altitude aerial vehicles. 
· The valid 2D distance is up to 10km;
· The valid user terminal (UT) height is up to 10m;
· The pathloss exponent (index) is independent on UT height;
· The LOS probability model is independent on UT height;
· The shadow fading standard deviation (STD) is independent on UT height;
· The fast fading model is Rayleigh model, assuming rich radio multipath scattering around the UT.
As agreed in RAN1#88bis meeting, for channel modelling of aerial UTs, at least pathloss, shadowing, LOS probability and fast fading can be different from the terrestrial UTs. The solutions recommended in RAN1#88bis meeting for the further discussion of channel modeling in RMa scenario are listed in Table 1 [2]. 
RMa-AV Pathloss Model
It has been identified in [3] that the RMa LOS model in TR 38.901 [4] is not a good fit to the radio measurements performed at the typical aerial-UT heights of 15m to 120m. The comparison between the RMa LOS model in TR 38.901 and the best fit pathloss to the rural measurements [3] is provided in Annex A Figure A.1, where the proposed RMa-AV pathloss model is described in Section 3. 
When using the existing RMa LOS model in TR 38.901 [4] for all aerial-UT locations (Option 2 in Table 1), the predicted pathloss values at location heights between 15m and 120m, are significantly underestimated compared to the measurement results, and thus the RMa LOS predictions would result in lower downlink SINR values and consequently lower radio system performance. At aerial-UT heights around 120m, the pathloss slope is close to free-space (=2). Assuming a uniform height distribution for the aerial UTs, the system-level results would be significantly biased due to the lower performance of approximately 50% of the aerial UTs (at heights between 10m and 60m). Therefore Option 2 is not suitable as the RMa-AV pathloss model.
	Table 1 Summary of candidate solutions in RAN1#88bis for channel modeling in RMa-AV scenario

	Channel model
	Solutions
	Details

	Pathloss model

	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
· 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
· Modify the LOS probability to include UE height dependent LOS probability for aerial UT
· Extend the validity range of 2D distance to m
· FFS reuse existing channel models for UT height up to 10m in RMa

	
	Option 2
	· For aerial UT above [30]m
· Only LOS 
· Pathloss formula according to TR 38.901 
· FFS details (e.g., by modifying breakpoint distance)
· 0dB shadowing
· FFS channel models for aerial UT below 30m

	
	Option 3
	· For aerial UT above 10m in RMa, 
· Only LOS 
· Free-space propagation model
· 0dB shadowing
· FFS: reusing existing models for aerial UT below 10m in RMa

	
	Option 4
	· 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.

	Fast fading model
	Approach 1
	· To modify the existing geometry-based model in TR36.873 or TR 38.901

	
	Approach 2
	· To use CDL-D or CDL-E channel models above certain height in LOS. The ASD, ASA, ZSD, ZSA, DS and k-factor may be further scaled. FFS NLOS details

	
	Approach 3
	· To use AWGN channel

	Note that other options and approaches for pathloss modelling and fast fading modelling are not precluded.



If using the free-space propagation model for all aerial-UT locations at height above 10m (Option 3 in Table 1), the predicted pathloss values are still significantly underestimated and will yield a similar bias in the results as discussed above and shown in Annex A, Figure A.2 and Figure A.3. So Option 3 is not suitable as the RMa-AV pathloss model.
Option 4 considers to reuse the existing RMa LOS model in TR 38.901 with potential revised parameters for breakpoint, shadowing and LOS probability if UT height < BS height; and use free-space model with necessary update if UT height >= BS height. However, as analyzed above, using free-space model for pathloss prediction if UT height >= BS height might result in significant underestimation in pathloss value and consequently incorrect radio system performance. Hence using Option 4 for pathloss modelling in this scenario is infeasible.    
In addition, applying RMa LOS shadow in TR38.901 for all aerial-UT heights, would lead to further bias in the simulated system performance, because of the worst propagation conditions simulated for the aerial UTs at heights below 60m, where free-space conditions dominate in practice.
Therefore, for aerial UTs in 3GPP RMa scenarios, we propose to modify the existing channel model in TR38.901 for RMa scenario (i.e. Table 7.4.1-1 [4]) according to Option 1 in Table 1. These modifications are needed to accommodate the typical flight patterns and heights of aerial UTs and must maintain the ‘low complexity’ characteristics of (RMa) propagation models in TR38.901.
Observation 1: It is feasible to use Option 1 for pathloss modeling of aerial UTs with the considerations of typical aerial-UT flight patterns and height as well as the modeling complexity.

RMa-AV Fast Fading Model
For simplicity, we propose using TR38.901 TDL or CDL LOS models (D or E) [4] for fast fading similar to Approach 2 in Table 1. The K-factor for TDL/CDL-D and TDL/CDL-E are respectively 13.3 dB and 22 dB. We expect the K-factor to increase with the UT height since the LoS component becomes more dominant as the UT is further removed from the ground. A simple UT height based two-tier model is to use TDL/CDL-D for lower altitude (UT height < 60m) and TDL/CDL-E for higher altitude (UT height >= 60m).
TDL-D or TDL-E can be used if the aerial UT has two cross-polarized antennas with omni-directional gain pattern. CDL-D or CDL-E should be used if the aerial UT is equipped with beamforming capable antenna array. In that case, the proper angular spreads for AOD, AOA, ZOD, ZOA need to be determined for ray angle scaling in the CDL models.
Cluster delays need to be scaled in TDL/CDL models. The aerial UT should experience a larger delay spread than in terrestrial RMa environment because its enlarged horizon range encompasses farther-away scatters. Again we propose a height based two-tier model where delay spread is set to 5μs (equivalent to a distance of 1.5km with the speed of light) for UT height < 60m and 10μs (equivalent to 3km) for UT height >= 60m.
Observation 2: It is feasible to use TDL/CDL models (D or E) for fast fading modeling of aerial UTs with the consideration of UT-height’s impact. 
3. RMa-AV Channel Model 
For aerial UT, we propose to add the pathloss model in Table 2 as a new (child) scenario into Table 7.4.1-1 of TR 38.901 [4].
	Table 2 RMa-AV pathloss model

	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters
	Shadow 
fading std [dB]
	Applicability range, 
antenna height default values 

	RMa-AV
	N/A
	




	

	



The applicability ranges: 





	[bookmark: _GoBack]Note: The parameters for the pathloss exponent and shadow fading model vs. UT height are to be revised when more measurement data is available to RAN1.



The first proposed modifications are required based on the targeted AV specific flight paths and use cases. In the rural area radio propagation investigations [3] it has been identified that cells at distances up to 20km can be detected by an airborne UE in the 800MHz frequency band.
The second proposed modification relates to the path loss exponent (index) modeling. The current TR38.901 RMa model include separate LOS and NLOS pathloss models along with a LOS probability model to be used to selected between them. For the RMa-AV model we propose to simplify this approach and use one single pathloss model where the exponent depends on the UT height. This approach has several advantages: 
· Provide a good approximation of the AV-specific radio propagation conditions as disclosed by measurements [3] and the observation summarized in [2];
· Avoid the need to build LOS and NLOS path loss models which are UT height dependent (this type of model would require much larger set of empirical data to be used);
· Avoid the need to build a LOS probability model which is UT height dependent (this type of model would require much larger set of empirical data to be used).
The third proposed modification relates to the shadow fading model. Due to the gradually changing propagation conditions versus UT height, the proposal is to introduce a UT height dependent shadow fading STD, which defaults to a NLOS condition value for low UT heights and gradually decreases to a LOS condition value at higher UT-heights. This modeling approach is aligned with UT-height-dependent pathloss exponent.
Proposal 1: Add the pathloss model in Table 2 into Table 7.4.1-1 of TR 38.901 as RMa-AV pathloss model with the features below
· The maximal valid 2D distance is at least 20km;
· The maximal UT height is at least 150m;
· The pathloss exponent (index) is dependent on UT height;
· The shadow (slow) fading STD is dependent on UT height.
The fourth proposed modification is for the fast fading model. Based on the same rationale as described for Proposal 1, the fast fading model is proposed to be modelled as UT height dependent. To simplify (and further avoid the need for dedicated radio channel measurements) we propose to use two models: TDL/CDL-D with a 5μs delay spread for UT heights below 60m, and TDL/CDL-E with a 10μs delay spread for UT heights above 60m. TDL models are used for omni-directional one antenna or cross-polarized two antenna UTs, and CDL models for UTs equipped with multi-antenna array.
Proposal 2: For fast fading modeling, TDL models in TR38.901 are used for omni-directional one antenna or cross-polarized two antenna UTs, and CDL models in TR38.901 for UTs equipped with multi-antenna array. For UT height < 60m, TDL/CDL-D with 5μs delay spread is used. For UT height >= 60m, TDL/CDL-E with 10μs is used.
4. Conclusions
In this contribution, we give our views on channel modelling for low-altitude aerial vehicles in RMa scenario with following observations and proposals.
Observation 1: It is feasible to use Option 1 for pathloss modeling of aerial UTs with the considerations of typical aerial-UT flight patterns and height as well as the modeling complexity.
Observation 2: It is feasible to use TDL/CDL models (D or E) for fast fading modeling of aerial UTs with the consideration of UT-height’s impact.
Proposal 1: Add the pathloss model in the Table below into Table 7.4.1-1 of TR 38.901 as RMa-AV pathloss model with the features below
· The maximal valid 2D distance is at least 20km;
· The maximal UT height is at least 150m;
· The pathloss exponent (index) is dependent on UT height;
· The shadow (slow) fading STD is dependent on UT height.
	Scenario
	LOS/NLOS
	Pathloss [dB], fc is in GHz and d is in meters
	Shadow 
fading std [dB]
	Applicability range, 
antenna height default values 

	RMa-AV
	N/A
	




	

	



The applicability ranges: 







Proposal 2: For fast fading modeling, TDL models in TR38.901 are used for omni-directional one antenna or cross-polarized two antenna UTs, and CDL models in TR38.901 for UTs equipped with multi-antenna array. For UT height < 60m, TDL/CDL-D with 5μs delay spread is used. For UT height >= 60m, TDL/CDL-E with 10μs is used.
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Annex A
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Figure A.1 - The RMa-AV pathloss model versus the existing 3GPP RMa LOS pathloss model, and the best fit pathloss curve to the rural measurements [3]. Note: The parameters for the RMa-AV pathloss exponent vs. UT height are to be revised when more measurement data is available to RAN1.
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Figure A.2 – The total link loss towards best serving cell when using AV-UT height dependent pathloss model (solid lines) versus when using the free-space path loss model for all AV-UT heights. The simulated rural scenario and cell locations is the one described in [3].
[image: ]
Figure A.3 – Downlink SINR (full load) when using AV-UT height dependent pathloss model (solid lines) versus when using the free-space path loss model for all AV-UT heights. The simulated rural scenario and cell locations is the one described in [3].
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