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Introduction
The new study item on enhanced support for aerial vehicles was approved at the 3GPP RAN#75 meeting [1]. In 3GPP RAN1#88bis meeting three evaluation scenarios was agreed for evaluation of LTE networks serving aerial vehicles: RMa AV, UMa AV and UMi AV. The most of evaluation assumptions related to terrestrial networks and aerial UEs was agreed by RAN1 with several open items. 
In this contribution we provide our view on remaining details of evaluation assumptions for evaluation of LTE networks serving aerial vehicles.
Discussion	
Evaluation assumptions for terrestrial network
Cell layout 
First unresolved issue that is related to evaluation assumptions for terrestrial network deployment is whether cell layout with 37 sites corresponding to hexagonal layout with 3 tiers needs to be considered. The intention of introducing cell layout with 3 tiers in evaluation assumptions is to increase accuracy of interference calculation by considering larger number of the interferer eNBs. Basically, hexagonal layout with 2 tiers is sufficient for the evaluations with terrestrial UEs only, however for aerial UEs, due to higher probability of line-of-sight radio propagation, 2 tiers could be insufficient. This mainly refers to UMa AV scenario, since in RMa AV scenario the inter site distance is sufficiently large and interference from far located base stations is low due to high path losses, for UMi AV scenario the LOS probability for far located base stations is comparable to LOS probability for terrestrial UEs since LOS path can be blocked by buildings which are higher compared to BS height. 
To make a conclusion regarding the need of introducing hexagonal layout with 3 tiers in evaluation assumptions, evaluations of wideband SINR for aerial UEs with 2 and 3 tiers layouts was conducted in UMa AV scenario with 8 vertical physical antenna elements virtualized to one port antenna at the BS by using vertical beamforming with tilt of 1000 targeting terrestrial coverage. Altitude of aerial vehicles was fixed at 100 m in the evaluations. Since air-to-ground channel model is not finalized by RAN1, simplified channel model was used in evaluations with 100% LOS probability. 
[image: ]
[bookmark: _Ref458412312]	Figure 1: CDF of wideband SINR for different cell layouts
It can be observed from the Fig. 1 that difference of wideband SINR for hexagonal cell layouts with 2 and 3 tiers is approximately 1 dB. Such difference of wideband SINR is high enough to influence on the performance of the network.
Observation: Difference of wideband SINR for hexagonal cell layouts with 2 and 3 tiers is approximately 1 dB
Proposal 1: Consider hexagonal cell layout with 37 sites in evaluation assumptions for UMa AV scenario
Antenna at the BS
	 The assumption on antenna radiation pattern in elevation domain is very important for evaluations of LTE networks serving aerial vehicles, such features of antenna pattern as nulls and sidelobs significantly influence on cell association of aerial UEs and on the performance of the network. For the evaluations with FD-MIMO RAN1 agreed to use methodology defined in [2], where the final antenna pattern of given antenna port is defined by the following components: antenna element pattern, physical antenna elements to antenna port mapping and weighting. In order to make modelling of antenna port pattern for evaluations without FD-MIMO more realistic, same methodology as for evaluations with FD-MIMO can be reused. 
	  Proposal 2: Use eNB antenna element pattern defined in TR36.873 for all evaluations including non FD-MIMO, define (M, N, P) = (8, N, 2) according to TR36.873 for non-FD-MIMO evaluations where N = 1 for UMa AV, UMi AV and RMa AV scenarios, optionally N = 4 for UMi AV scenario
[bookmark: _GoBack]	Another open issue is port layout at the eNB for FD-MIMO evaluations. At the last meeting antenna configuration with (M, N, P) = (8, 4, 2) was agreed for the FD-MIMO evaluations. Hence, two port layouts corresponding to 16 and 32 antenna ports are possible (Fig. 2).


Figure 2: Antenna port layouts corresponding to (M, N, P) = (8, 4, 2)
The main objective of the study item is to investigate the ability for aerial vehicles to be served using LTE network deployments with Base Station antennas targeting terrestrial coverage [1]. Hence, antenna port layouts should be optimized for terrestrial coverage. To see how the performance of terrestrial network differs for two considered antenna port layouts, system level evaluations were conducted in UMa (Table 1) and UMi (Table 2) scenarios.
Table 1: Comparison of (2,4,2) and (4,4,2) port layouts performance in UMa scenario
	Traffic load (λ)
	low (1.8)
	medium (2.6)
	high (3.5)

	Port layout
	2x4 (16)
	4x4 (32)
	2x4 (16)
	4x4 (32)
	2x4 (16)
	4x4 (32)

	UE average packet throughput, Mbps
	Average
	33.09 (0%)
	33.28 (1%)
	25.22 (0%)
	25.14 (0%)
	15.87 (0%)
	15.4 (-3%)

	
	5% of CDF
	10.96 (0%)
	11.31 (3%)
	6.83 (0%)
	6.88 (1%)
	2.89 (0%)
	3.06 (6%)

	
	50% of CDF
	31.37 (0%)
	31.9 (2%)
	21.57 (0%)
	21.26 (-1%)
	11.73 (0%)
	11.24 (-4%)

	
	95% of CDF
	55.7 (0%)
	55.69 (0%)
	55.47 (0%)
	55.47 (0%)
	43.94 (0%)
	43.74 (0%)

	Resource utilization
	22%
	24%
	40%
	41%
	66%
	67%



Table 2: Comparison of (2,4,2) and (4,4,2) port layouts performance in UMi scenario
	Traffic load (λ)
	low (1.9)
	medium (3.0)
	high (4.0)

	Port layout
	2x4 (16)
	4x4 (32)
	2x4 (16)
	4x4 (32)
	2x4 (16)
	4x4 (32)

	UE average packet throughput, Mbps
	Average
	36.56 (0%)
	39.82 (9%)
	27.83 (0%)
	31.34 (13%)
	17.98 (0%)
	22.2 (23%)

	
	5% of CDF
	12.97 (0%)
	15.91 (23%)
	7.26 (0%)
	9.64 (33%)
	3.21 (0%)
	4.81 (50%)

	
	50% of CDF
	35.62 (0%)
	41.1 (15%)
	24.72 (0%)
	28.79 (16%)
	13.53 (0%)
	18.37 (36%)

	
	95% of CDF
	55.77 (0%)
	55.8 (0%)
	55.58 (0%)
	55.67 (0%)
	49.94 (0%)
	55.25 (11%)

	Resource utilization
	21%
	19%
	39%
	34%
	65%
	56%



From the above evaluation results it can be observed that port layout with 32 antenna ports doesn’t provide sufficient gains over port layout with 16 ports for terrestrial network in UMa scenario, however in UMi scenario port layout with 32 antenna ports provides considerable gains over port layout with 16 ports.
Observation: Port layout with 32 antenna ports doesn’t provide sufficient gains over port layout with 16 ports for terrestrial network in UMa scenario
Proposal 3: Use antenna configuration with 16 ports at the base station for evaluations with FD-MIMO at least for UMa AV scenario
Evaluation assumptions for aerial vehicles
	Several items on evaluation assumptions for aerial UEs are still open, among them are maximum altitudes and speeds of aerial vehicles. Generally, maximum altitude and speed of an aerial vehicle depends on the scenario and corresponding use case. We are not envision any use cases of drones flying above 100 m in the cities. Moreover, flying at the high altitude in the cities can be restricted by regulators. Regarding assumption on speed of an aerial vehicle, to guarantee robust cell selection and handover operations for aerial UEs it is important to select speed closer to the reasonable maximum, however for evaluations of network performance it is more preferable to assume average speed.
Proposal 4: Maximum altitude of aerial UEs is 150 m for RMa AV scenario and 100 m for UMa and UMi scenarios
	 Proposal 5: Consider two values of speed of aerial UEs for the evaluations: 30 km/h and 120 km/h mainly for mobility evaluations
Summary 
 	In present contribution we discussed evaluation scenarios and channel models for system level simulations of LTE networks serving aerial vehicles. We made following proposals:
Proposal 1: Consider hexagonal cell layout with 37 sites in evaluation assumptions for UMa AV scenario
Proposal 2: Use eNB antenna element pattern defined in TR36.873 for all evaluations including non FD-MIMO, define (M, N, P) = (8, N, 2) according to TR36.873 for non-FD-MIMO evaluations where N = 1 for UMa AV, UMi AV and RMa AV scenarios, optionally N = 4 for UMi AV scenario
	Proposal 3: Use antenna configuration with 16 ports at the base station for evaluations with FD-MIMO at least for UMa AV scenario
Proposal 4: Maximum altitude of aerial UEs is 150 m for RMa AV scenario and 100 m for UMa and UMi scenarios
	 Proposal 5: Consider two values of speed of aerial UEs for the evaluations: 30 km/h and 120 km/h mainly for mobility evaluations
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Appendix
	Parameter
	Value

	Scenario
	3D-UMa

	Layout
	Single layer: Macro layer: Hex. Grid
3 Tiers

	Channel model
	3D UMa, ISD = 500 m
LOS probability = 1 for air-borne UEs

	Carrier frequency
	2 GHz

	Simulation bandwidth
	10 MHz

	UE distribution
	Uniform 20% outdoor (30 km/h), 80% indoor (3 km/h) for indoor and ground UEs
Uniform 100% outdoor (30 km/h), fixed altitude for air-borne UEs

	UE antenna configuration
	2 Rx X-pol, slant 0/90 degrees 

	TRP association
	RSRP based
Handover margin = 3dB

	Elevation beamforming
	One vertical beam per TXRU electrically down-tilted to 100 degrees
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