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1 Introduction

According to the SID for “enhanced support for aerial vehicles” [1], the reliability and latency should be verified: 
· Verify the level of performance in terms of latency, reliability, delay jitter, coverage, data rate, and UE density, positioning accuracy, etc.
For system level evaluation purposes, the following performance metrics are considered in [2]:
· Reliability as defined in TR 38.802 for evaluation of C&C traffic for aerial UTs with X = 1250 bytes and L = 50 ms, wherein X and L are defined in TR 38.802
Corresponding requirement for C&C reliability is descripted in TR 36.777 [3] as:

C&C Reliability: Up to 10-3 Packet Error Loss Rate
In this contribution, we provide our evaluation results for reliability for drones.
2 Reliability results for C&C traffic
For C&C traffic, the traffic model for drones is defined as periodic traffic with fixed packet size:
· Inter-packet arrival time interval of D = 100ms
· Packet size X = 1250 bytes
The traffic model for ground UE is FTP model 3 with packet size of 0.5 MB in our evaluation and the height for drones is uniformly distributed from 1.5 m to 300 m.
In our evaluations, the following scenarios are considered:
· 5 drones per cell without ground UE
· Case 5 without PDCCH error
· Case 5 with PDCCH error
· Case 5 with network coordination and non-enhanced PDCCH, considering PDCCH error
· Case 5 with network coordination and enhanced PDCCH, considering PDCCH error
For PDCCH error, the BLER is considered and the SINR-BLER curve is obtained according to link level simulation. We also take such errors into consideration in system level simulation to find out the impact for PDCCH error to latency or reliability. In the evaluation, if one PDCCH is wrongly decoded, then at least 5 ms latency is added for the next scheduling from eNB. For network coordination, the detailed description can be found in [4]. The evaluation results for these scenarios are shown in Figures 1-5 respectively. For the scenario without ground UEs, the latency performance means all of the drones can satisfy the latency of 50 ms. However, when there are low and high traffic loads from ground UEs, only 98.02% and 93.26% of drones satisfy the 50ms latency without considering the PDCCH error. If PDCCH error is considered, then the percentage further declines, and cannot satisfy the requirement.
Observation 1: If there are no ground UEs, the reliability requirement for drones is easily satisfied.
Observation 2: C&C service does not satisfy the DL reliability requirement without network coordination.
For the network coordination for both data channel and control channel, 99.93% and 99.12% of the drones can satisfy the 50 ms latency at low and high traffic. However, if the control channel is not enhanced, only 97.27% and 92.13% of drone can satisfy the requirement of 50 ms, which does not satisfy the requirements.
Observation 3: DL reliability for C&C service can be improved to satisfy the requirement with network coordination with enhanced PDCCH, while it cannot satisfy the requirement without PDCCH enhancement.
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Figure 1: Reliability results for C&C traffic without ground UE
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Figure 2: Reliability results for C&C traffic without PDCCH error in low/high traffic from ground UE
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Figure 3: Reliability results for C&C traffic with PDCCH error in low/high traffic from ground UE
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Figure 4: Reliability results for C&C traffic with PDCCH error in low/high traffic from ground UE with network coordination and non-enhanced PDCCH
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Figure 5: Reliability results for C&C traffic with PDCCH error in low/high traffic from ground UE with network coordination and enhanced PDCCH
3 Conclusions

In this contribution, we present baseline evaluation results for DL and UL and have following observations:
Observation 1: If there are no ground UEs, the reliability requirement for drones is easily satisfied.
Observation 2: C&C service does not satisfy the DL reliability requirement without network coordination.

Observation 3: DL reliability for C&C service can be improved to satisfy the requirement with network coordination with enhanced PDCCH, while it cannot satisfy the requirement without PDCCH enhancement.
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Appendix: Simulation assumptions
	Parameter
	Value

	Scenario
	UMa-AV

	Cell layout
	Hexagonal grid, 19 macro/micro sites

3 sectors per cell site: 30, 150 and 270 degrees

	Handover margin
	0 dB

	Fast fading models for aerial UEs
	Alternative 2

	System bandwidth
	10 MHz

	Traffic model
	High load: 50% resource utilization

Low load: 20% resource utilization

Aerial UE:

· Packet size: 1250 bytes

· Period: 100 ms

· Arrival time of the first packet: uniformly distributed between 0 ms and 100 ms

Ground UE:
· FTP model 3
· Packet size: 0.5M bytes

	Aerial UE height distribution
	Uniformly distributed from 1.5m to 300m

	Cell association
	Based on RSRP from CRS port 0

	Wrapping method
	Geographical distance based wrapping


