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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

In the 3GPP TSG RAN #75 meeting, a new SI “Study on Enhanced Support for Aerial Vehicles” was agreed for Release 15 [2].  The study is to investigate the ability for aerial vehicles to be served using LTE network deployments with Base Station antennas targeting terrestrial coverage, supporting Release 14 functionality (i.e. including active antennas and FD-MIMO). The objectives of the study are as captured in [2].
1
Scope

The present document contains the results and findings from the study item “Study on Enhanced Support for Aerial Vehicles” [2]. The purpose of this TR is to capture TSG RAN WG1 and WG2 understanding of the performance of Release-14 LTE networks when used to serve aerial vehicles like drones and to document the identified further performance enhancing solutions to optimize the LTE connectivity for aerial vehicles.

This activity involves the Radio Access work area of the 3GPP studies and has impacts both on the Mobile Equipment and Access Network of the 3GPP systems.
This document is a ‘living’ document, i.e. it is permanently updated and presented to TSG-RAN meetings.
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3
Definitions, symbols and abbreviations
3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>
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Number of indoor terrestrial UTs per sector
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Number of outdoor terrestrial UTs per sector
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Number of aerial UTs per sector

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

AGL
Above Ground Level

C&C
Command & Control
UAV
Unmanned Aerial Vehicle
4
Deployment scenarios for aerial vehicles

4.1
Deployment scenarios and assumptions

Editor’s note:
To capture the heights, speeds and densities of lower altitude aerial vehicles that could be catered for, taking into account the regulation viewpoints.
The maximum target height and the maximum horizontal speed requirement for aerial vehicles are 300 m AGL and 160 km/h, respectively. The maximum horizontal speed requirement is applicable to both urban and rural scenarios.
4.2
Channel model

Editor’s note: This section will capture the channel model to be used in the study.
5
Performance requirements and metrics

5.1
Performance requirements

Editor’s note: This section will capture the performance requirements for connectivity services for low altitude aerial vehicles.
Table 5.1-1 captures the connectivity service requirements for aerial vehicles.

Table 5.1-1: Requirements for aerial vehicles connectivity services

	Items
	Value

	Data type
	1. C&C: 
this includes telemetry, waypoint update for autonomous UAV operation, real time piloting, identity, flight authorization, navigation database update, etc.

2. Application Data:
this includes video (streaming), images, other sensors data, etc.

	Latency (NOTE)
	1. C&C:  50ms (one way from eNB to UAV) 
2. Application data: similar to LTE UE (terrestrial user)

	DL/UL data rate
	1. C&C: [60-100] kbps for UL/DL

2. Application data: up to 50 Mbps for UL

	C&C Reliability
	Up to 10-3 Packet Error Loss Rate


NOTE: The definition of Latency is given in TR 38.913 [12, Section 7.5].
5.2
Key performance indicator

Editor’s note:
To capture 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:

· Packet throughput 
· UL and DL packet throughput statistics of all UEs Data traffic
· UL and DL packet throughput statistics of aerial UEs Data traffic
· UL and DL packet throughput statistics of terrestrial UEs Data traffic
· Interference
· UL IoT (interference over thermal) and DL wideband SINR statistics for reference
· NOTE: UL IoT above refers to effective IoT defined in clause A.2.1.8 of [6]
· Reliability as defined in [11] for evaluation of C&C traffic for aerial UEs with X = 1250 bytes and L = 50 ms, wherein X and L are defined in [11] 

· Other metrics are not precluded

For the mobility evaluation purposes, the following performance metrics are considered:

Table 5.2-1 Performance metrics for HO and RLF simulations

	KPI
	Unit
	Description

	Handover rate
	HO/UE/sec
	Number of HO attempts over time (including HOF)

	HOF rate
	%
	Number of HO failures/Total number of HO attempts (including HOF)

	Radio Link Failure (RLF) rate
	RLF/UE/sec
	Number of RLFs over time

	Time in handoff
	%
	Fraction of time a UE is in HO procedure including time for successful HO (HO execution delay) and HOF (reestablishment delay)

	Time in Qout
	%
	Fraction of time a UE is in Qout state

	Ping pong rate

(NOTE)
	%
	Number of ping-pongs/Total number of successful handovers (excluding handover failures)


NOTE:
The definition of Ping-pong and examples of counting method are given in TR 36.839 [7, Section 5.2.2].

6
Identified problem 

Editor’s note:
Potential issues to cater for aerial vehicles using the existing LTE network are to be captured will be captured in this section.

6.1 General observations on UL/DL interference problem involving aerial UEs
The following are general observations on UL/DL interference problem in scenarios involving aerial UEs:
1. In the DL, the percentage of aerial UEs experiencing cell-edge like radio conditions (i.e. poor DL SINR) is much higher as compared to terrestrial UEs.  This is because aerial UEs, due to their high line-of-sight propagation probability, receive DL interference from a larger number of cells than a typical terrestrial UE does. In the DL, there is higher probability that number of neighbouring cells causing high level of DL interference at the aerial UEs is higher than in the case of terrestrial UEs.  
Editor’s note: Based on RAN1 agreement on RSRP statistics, the following sentence may be added: “For example, RSRP statistics presented in Section [x.x] show that up to [y] cells causing high level of DL interference can be observed by an aerial UE at heights of [zm] or above.”
2. If the eNB antennas are down tilted, an aerial UE whose height is above eNB antenna boresight is likely to be served by side lobes of the antennas. Due to the presence of possible nulls in the sidelobes, an aerial UE may possibly see a stronger signal from a faraway eNB than the one that is geographically closest. Hence, an aerial UE may be served by a faraway base station instead of the closest one. DL pathloss and UL pathloss for an aerial UE may differ in some scenarios where reciprocity does not hold e.g. due to different side lobe orientations in UL and DL, or different channel characteristics in an FDD deployment.
3. Measurement report as defined in the existing LTE specification may not contain measurement results (e.g., RSRP) for all cells significantly interfered by aerial UEs due to limit on the number of reported cells. When the measurement results are ranked at the aerial UE by RSRP without considering eNB transmission power, the aerial UE may report the results corresponding the cells with the highest RSRP. 
4. The RSRP and RSSI characteristics of aerial UEs in the air are different from those associated with terrestrial UEs.
6.2 Downlink interference on aerial UEs 

Based on results from [3] sources presented in Table C.2-1 and results from [2] sources presented in Table C.2-2, it is observed that for aerial UEs uniformly distributed between 1.5 m and 300 m AGL in UMa-AV and RMa-AV, the five percentile downlink geometry experienced by the aerial UEs is statistically worse than the five percentile downlink geometry experienced by the terrestrial UEs.  Since the aerial UEs experience line-of-sight propagation conditions to more cells with higher probability than terrestrial UEs, the aerial UEs will receive interference from more cells in the downlink than a typical terrestrial UE could.  Hence, the degraded five percentile downlink geometry experienced by the aerial UEs with respect to terrestrial UEs is due to aerial UEs receiving downlink inter-cell interference from multiple cells. 
Due to downlink interference from multiple cells received at aerial UEs, increasing the ratio of aerial UEs requires higher resource utilization level to deliver the same offered cell data traffic. The increase in resource utilization level further decreases the spectral efficiency in the network, which in turn degrades downlink throughput performance of both aerial UEs and terrestrial UEs. This degradation in downlink throughput performance of both aerial and terrestrial UEs is evident from results based on [2] sources presented in Sections D.1.1 and D.1.2.  These results demonstrate that the degradation of downlink throughputs is more at higher offered traffic loads.  Furthermore, it is also concluded from these results that the downlink throughput degradation for aerial UEs is more significant than the downlink throughput degradation for terrestrial UEs.
6.3 Uplink interference caused by aerial UEs

Based on results from 2 sources presented in Section D.3, it is observed that for aerial UEs uniformly distributed between 1.5 m and 300 m AGL in UMa-AV, the presence of aerial UEs increases the UL IoT of both aerial and terrestrial UEs.  Since the aerial UEs experience line-of-sight propagation conditions to more cells with higher probability than terrestrial UEs, the aerial UEs would cause more interference to more cells in the uplink than a typical terrestrial UE could.  Hence, the increase in UL IoT with increasing ratio of aerial UEs is due to aerial UEs causing more uplink interference to multiple cells.

Due to uplink interference caused by aerial UEs, increasing the ratio of aerial UEs requires higher resource utilization level to deliver the same offered cell data traffic.  The uplink interference caused by aerial UEs degrades throughput performance of terrestrial UEs.  The increase in resource utilization level further increases interference in the network, which in turn degrades uplink throughput performance of both aerial UEs and terrestrial UEs.  This degradation in uplink throughput performance of both aerial and terrestrial UEs is evident from results based on [2] sources presented in Sections D.2.1 and D.2.2.  These results demonstrate that the degradation of uplink throughputs is more at higher offered traffic loads.
7
Potential enhancements for supporting aerial vehicles

Editor’s note: This section will capture potential enhancements, including: enhancement of current LTE mobility, enhancements of measurements report mechanism and enhancements of identifying air-borne UE causing interference. 
7.1
Potential enhancements for interference detection

In this section, potential solutions for interference detection are presented. These solutions allow for detection of potentially air-borne UEs causing excessive interference, including UEs non-certified for aerial usage and UEs not implementing Rel-15 UAV functions.
7.1.1 UE-based solutions

DL interference detection can be performed based on measurements reported by the UE, including the following measurements: RSRP/CSI-RSRP/RSRQ/RS-SINR/CSI.
UL interference detection can be performed based on measurements at the eNB or estimated based on measurements reported by the UE. RSRP, CSI-RSRP, RSRQ, power headroom, maximum output power and used PRBs may be used as the metrics for UL interference estimation in certain scenarios.
Existing measurement reporting mechanism can be enhanced to better enable interference detection, e.g., by defining new events, enhancing triggering condition and including further measurement results in the report.

Other UE based information, e.g., mobility history report, speed estimation, timing advance adjustment values and location information can be used by the network to assist interference detection.
7.1.2 Network-based solutions
Detection or identification of an aerial UE causing interference in UL may be performed by exchanging information between eNBs. Example of information exchanged between eNBs that can be used for interference detection are as follows:
· uplink scheduling information or uplink reference signal (e.g., SRS) configuration of aerial UE may be exchanged.

· target neighbour DL transmission power exchanged with serving eNB and the serving eNB can use the difference between the aerial UE’s transmission power and the UL pathloss between the aerial UE and the specific neighbor eNB.
· eNBs may exchange any quantities reported by the UE, like RSRP/CSI-RSRP/RSRQ/RS-SINR/CSI.

7.2 Potential enhancements for downlink interference mitigation

7.2.1 FD-MIMO
In this solution, FD-MIMO with multiple antennas at the eNB transmitter are used to mitigate the interference in the downlink to aerial UEs.

The evaluation results for this solution are given in Section F.2.

7.3 Potential enhancements for uplink interference mitigation

7.3.1 Power control-based mechanisms
The following power control-based mechanisms were studied for uplink interference mitigation:

7.3.1.1 UE specific fractional pathloss compensation factor

In this solution, an enhancement to the existing open loop power control mechanism is considered where a UE specific fractional pathloss compensation factor 
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 is introduced.  With the introduction of UE specific fractional pathloss compensation factor 
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, it is possible to configure the aerial UEs with a different 
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 compared to the fractional pathloss compensation factor configured to the terrestrial UEs.  This solution requires standard enhancement to the existing open loop power control mechanism in order to introduce the possibility to configure fractional pathloss compensation factor in a UE specific manner.

The evaluation results for this solution are given in Section F.1.1.

7.3.1.2 UE specific P0 parameter

In this solution, the aerial UEs are configured with a different 
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 when compared to the 
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 configured to the terrestrial UEs.  Since UE specific 
[image: image11.wmf]0

P

 is already supported in the existing open loop power control mechanism, enhancements to the existing power control mechanism are not needed.

The evaluation results for this solution are given in Section F.1.2.
7.3.1.3 Closed loop power control

In this solution, the target received powers for the aerial UEs are adjusted taking into account both serving and neighbour cell measurement reports.  In this solution, the closed loop power control for aerial UEs also needs to cope with potential fast signal change in the sky since aerial UEs may be served by the sidelobes of base station antennas.  Hence, this solution may require specification enhancements for increased step size of [image: image12.wmf]c

PUSCH,
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.
The evaluation results for this solution are given in Section F.1.3.
7.3.2 FD-MIMO
In this solution, FD-MIMO with multiple antennas at the eNB receiver are used to mitigate the interference in the uplink.

The evaluation results for this solution are given in Section F.2.

7.X
Potential enhancements for aerial UE Identification

Editor’s note: This chapter is to capture potential solutions for identifying aerial UE in airborne condition and for identification of certification/license of aerial UE.
7.X.1
Airborne UE Identification

In this section, potential solutions to identify airborne UE (i.e., UE which is in a condition of flying) are presented.

7.X.1.1
UE-based solutions

The UE can indicate that it is airborne:

· explicitly, e.g., by using an in-flight mode indication, altitude information or location information, or

· implicitly by utilizing enhanced measurement reporting mechanism, e.g., introduction of new events as described in section 7.1.1.  

7.X.1.2
Network-based solutions

Network may be able to detect an air-borne UE based on mobility history report/pattern. A flying UE may have different handover characteristics, e.g., less frequent handover, handover target is faraway cell, etc.
8
Conclusions

Editor’s note: This section will capture the conclusions from RAN2 and RAN1.

Annex A:  Evaluation assumptions
Editor’s note: This section will capture details of evaluation assumptions.
A.1

System Level Evaluation
Table A.1-1: System Level Evaluation Assumptions

	
	UMi-AV
	UMa-AV
	RMa-AV

	Cell layout
	· Hexagonal grid, 19 micro sites, 3 sectors per site (ISD = 200m)
· Hexagonal grid, 37 micro sites, 3 sectors per site (ISD = 200m)

· Hexagonal grids with more than 37 micro sites and 3 sectors per site (ISD = 200m) are not precluded
	· Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m)
· Hexagonal grid, 37 macro sites, 3 sectors per site (ISD = 500m)
	· Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 1732m; optionally ISD = 5000m)
· Hexagonal grid, 37 macro sites, 3 sectors per site (ISD = 1732m)

	BS antenna height 
	10m
	25m
	35m

	Carrier frequency
	2GHz
	2 GHz
	700 MHz; optionally 800 MHz

	System bandwidth
	10 MHz
	10 MHz
	10 MHz

	Total BS Tx power
	41/44 dBm for 10/20MHz
	46/49 dBm for 10/20MHz
	46/49 dBm for 10/20MHz

	BS antenna configuration
	· 2Tx/2Rx cross polarized

· Optionally, (M, N, P) = (8, 4, 2) according to [3] with 32 Tx ports and 32 Rx
· Other antenna configurations are not precluded
	· 2Tx/2Rx cross polarized

· Optionally, 8Tx/8Rx cross polarized

· Optionally, (M, N, P) = (8, 4, 2) according to [3] with 32 Tx ports and 32 Rx
· Other antenna configurations are not precluded
	· 2Tx/2Rx cross polarized

· Other antenna configurations are not precluded

	BS antenna pattern
	· For non FD-MIMO, the following assumptions are used to generate the BS antenna pattern:

· (M,N,P) = (8,1,2) according to [3]

· antenna element pattern according to [3]

· a vertical element spacing of 0.8λ
· vertical virtualization performed with down tilt angle ϑ
· Companies to provide down tilt angle ϑ used in their evaluations

· Additional simulation results with realistic antenna patterns are not precluded



	BS antenna element pattern and gain (including connector loss)
	For FD-MIMO, according to [4] 
	For FD-MIMO, according to [4] 
	For FD-MIMO, according to [4] 

	UT location 
	Outdoor terrestrial/indoor terrestrial/aerial
	Outdoor terrestrial and indoor terrestrial (same as UMi/UMa in [4]), and aerial UTs
	Outdoor terrestrial and indoor terrestrial (same as RMa in [4]), and aerial UTs

	
	LOS/NLOS (terrestrial)
	LOS and NLOS

	
	LOS/NLOS (aerial)
	Modelled according to Annex B

	
	Height 
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 (terrestrial)
	Same as UMi in [4]
	Same as UMa in [4]
	Same as RMa in [4]

	
	Height 
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 (aerial)
	· Uniformly distributed between 1.5m and 300m
· Optionally, fixed height value chosen from {50, 100, 200, 300} m.  
· Other optional fixed height values are not precluded.

	  Indoor terrestrial UT ratio = 
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	  Outdoor terrestrial UT ratio = 
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	  Aerial UT ratio =
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	· Case 1: 0% (corresponding to 
[image: image18.wmf]0

=

aerial

N

) used as baseline

· Case 2: 0.67% (corresponding to 
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· Case 3: 7.1% (corresponding to 
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· Case 4: 25% (corresponding to 
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	Number of total UTs per sector
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	15
	15

	Traffic model
	· For terrestrial UTs, data traffic is assumed in both UL/DL where FTP model 3 as in [5] is used with packet size 0.5 MB
· For aerial UTs, data traffic is assumed in UL where FTP model 3 as in [5] is used with packet size 0.5 MB
· For aerial UTs, command and control traffic is assumed in both UL/DL, where packets arrive periodically with packet size 1250 bytes and period 100 ms. See Note 1.
· Packet arrival rates are chosen to achieve resource utilization values of 20% and 50% (note: these values should take into account the resource utilization of aerial UTs)

	Scheduler assumptions
	· For baseline evaluations, QoS is not assumed at the scheduler

· Evaluations including QoS in the scheduler are not precluded

	UT mobility (horizontal plane only)
	· 30 km/h for outdoor terrestrial UEs
· 3 km/h for indoor terrestrial UEs
· 160 km/h for aerial UTs
	· 30 km/h for outdoor terrestrial UEs
· 3 km/h for indoor terrestrial UEs
· 160 km/h for aerial UTs
	· 30 km/h for outdoor terrestrial UEs
· 3 km/h for indoor terrestrial UEs
· 160 km/h for aerial UTs

	Min. BS – Terrestrial UT distance (2D)
	10m
	35m
	35m

	Min. BS – Aerial UT distance (3D)
	10m
	10m
	10m

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

	Channel models for terrestrial UT
	According to [3] or [4]
	According to [4]
	According to [4]

	Channel models for aerial UT
	According to Annex B

	Penetration loss for outdoor terrestrial UT
	According to clause 7.4.3.2 of [4]
	According to clause 7.4.3.2 of [4]
	Penetration loss for outdoor terrestrial UT

	Penetration loss for indoor terrestrial UT
	According to Table 7.4.3-3 of [4]
	According to Table 7.4.3-3 of [4]
	According to Table 7.4.3-2 of [4]

	Penetration loss for aerial UT
	No penetration loss added

	Terrestrial UT Tx Power
	23dBm
	23dBm
	23dBm

	Aerial UT Tx Power
	23dBm
	23dBm
	23dBm

	Power control
	· Baseline: open loop power control
· Companies to provide the power control parameter settings (including 
[image: image24.wmf]CMAX
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) used in their evaluations
	· Baseline: open loop power control
· Companies to provide the power control parameter settings (including 
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	· Baseline: open loop power control.
· Companies to provide the power control parameter settings (including 
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	Terrestrial or aerial UT antenna element pattern 
	Omnidirectional/isotropic
	Omnidirectional/isotropic
	Omnidirectional/isotropic

	Terrestrial or aerial UT antenna element gain
	0dBi
	0dBi
	0dBi

	Number of terrestrial or aerial UT antennas 
	· 1 or 2 Tx cross polarized, 2 Rx cross polarized

· Other antenna configurations are not precluded 
	· 1 or 2 Tx cross polarized, 2 Rx cross polarized

· Other antenna configurations are not precluded
	· 1 or 2 Tx cross polarized, 2 Rx cross polarized

· Other antenna configurations are not precluded

	BS receiver noise figure
	5dB
	5dB
	5dB

	Terrestrial/aerial UT receiver noise figure
	9dB
	9dB
	9dB

	Handover margin
	Companies to provide assumption on handover margin.

	Baseline receiver for terrestrial/aerial UT
	MMSE-IRC; non-ideal interference estimation

	Feedback assumption
	Non-ideal CSI feedback and non-ideal CSI-RS channel estimation

	Channel estimation
	Non-ideal. Optionally, ideal channel estimation for demodulation purpose

	Backhaul delay
	Companies to provide assumptions on backhaul delay when evaluating interference coordination schemes

	Note 1: Performance of command and control traffic and data type traffic for aerial UT is separately evaluated.


A.2

Mobility Evaluation
A.2.1


Mobility Parameters
For mobility evaluations, the assumptions listed in A.1 and Annex B are applicable unless stated otherwise in this section.

Following values are agreed as baseline for mobility evaluations. Other values are not precluded if companies are interested to study and submit more evaluation results.

Table A.2.1-1: Mobility Evaluation Parameters

	Parameter
	Description
	Agreed value(s)

	
	
	

	Cell layout and scenario
	
	Hexagonal grid, 19 macro sites, 3 sectors per site (ISD = 500m)

(NOTE 1)

	TimeToTrigger
	Time to trigger a measurement report
	160 ms

	A3Offset
	Offset between signal strength of serving and neighboring cells

	2 dB

	MeasurementInterval
	Physical layer measurement interval
	10 ms

	TMeasurement_Period, Intra 
	L1 filtering time in TS 36.133
	200 ms

	L3RRMCoefficient
	Filtering coefficient for layer 3 measurements
	1

	Qin
	Qin Threshold
	-6 dB

	Qout
	Qout Threshold
	-8 dB

	TEvaluate_Qout
	Qout evaluation period
	L1 samples filtered linearly over a sliding window of 200 ms

	TEvaluate_Qin
	Qin evaluation period
	L1 samples filtered linearly over a sliding window of 100 ms

	T310
	Timer to trigger radio link failure
	1 s

	N310
	Maximum number of consecutive "out-of-sync" indications from lower layers
	1

	T311
	Not used (RLF recover not simulated)
	Not used (RLF recover not simulated)

	N311
	Maximum number of consecutive "in-sync" indications from lower layers
	1

	HOPreparationDelay
	Handover preparation delay
	50 ms

	HOExecutionDelay
	Handover execution delay

	40 ms

	RSRPError
	Standard deviation of RSRP measurement error
	1.22 dB

	MTS
	Minimum time to stay for ping-pong metric
	1 s

	UE height

(NOTE 2, NOTE 3)
	Height in meter above ground level
	0 m, 50 m, 

100 m, 300 m (AGL) 

	UE speed
	Horizontal speed for terrestrial and aerial UTs
	3 km/h, 30 km/h, 

60 km/h, 160 km/h

	Outdoor terrestrial UE ratio
	
	100% 

(NOTE 4)

	Aerial UT ratio
	Ratio of number of Aerial UTs to total UTs per sector
	0% (i.e., all terrestrial UTs)

100% (i.e., all Aerial UTs)

	Traffic model
	Traffic model for terrestrial and aerial UTs
	1st priority: Full buffer 

2nd priority: FTP model 3 (as described in A.1)


NOTE 1: 
For mobility evaluations, UMa-AV scenario as described in Table A.1-1 is baseline and RMa is second priority.
NOTE 2:
0 m AGL corresponds to ground UEs.

NOTE 3:
Aerial UE height is constant throughout the simulation. 

NOTE 4:
Total number of UEs and ratio of Aerial UEs are same as in A.1. However, for mobility evaluations, all UEs are assumed to be outdoor.

A.2.2


UE Placement and Trajectories
For mobility evaluations, each modelled UE starts at a randomly selected location in the network. The UE then moves at the assigned constant speed at the constant height in a straight line for the entire duration of the simulation. The initial horizontal direction (bearing angle) is selected randomly and uniformly. When the UE hits the simulation border (the wrap-around contour), it wraps around and enters the simulation area from a different point on the wrap-around contour. 
A.2.3


LOS/NLOS modelling
LOS or NLOS for an Aerial UE is fixed throughout the simulation based on initial determination of LOS/NLOS. 
A.2.4


Time varying shadow fading
Time varying shadow fading for a moving UE is modelled by recalculating shadow fading value based on standard deviation given in Table B-3 after the UE has travelled distance of 25 m (based on its speed). 
Annex B:  Channel modelling details

Editor’s note: This section will capture details of channel modelling for aerial UTs in UMi-AV, UMa-AV, and RMa-AV scenarios.

The line of sight (LOS) probability for aerial UTs is given by Table B-1.  Table B-2 shows a summary of the pathloss models for aerial UTs.   Note that the distribution of the shadow fading is log-normal, and its standard deviation for each scenario is given in Table B-3.  Fast fading models for aerial UTs in each scenario is given by Table B-4.  The distance definitions used in the channel modelling of aerial UTs are given in Figure B-1.

[image: image27.png]



Figure B-1: the definition of 2D and 3D distances for aerial UTs.  Note that 
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 can be larger, equal, or smaller than 
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Table B-1: LOS probability
	Scenario
	LOS probability (distance is in meters)
	Applicability range in terms of aerial UT height

	RMa-AV
	According to Table 7.4.2-1 of [4] using the 
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	UMa-AV
	According to Table 7.4.2-1 of [4] using the
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	UMi-AV
	According to Table 7.4.2-1 of [4] using the 
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	Note 1:
The LOS probability is derived assuming antenna heights of 35m for RMa-AV, 25m for UMa-AV, and 10m for UMi-AV.
Note 2: 
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 is given in units of meters.


Table B-2: Pathloss models

	Scenario and LOS/NLOS condition
	Pathloss [dB] (fc is in GHz and distance is in meters)
	Applicability range

	RMa-AV LOS
	According to Table 7.4.1-1 of [4] using the 
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	RMa-AV NLOS
	According to Table 7.4.1-1 of [4] using the 
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see Note 2
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	UMa-AV LOS
	According to Table 7.4.1-1 of [4] using the 
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	UMa-AV NLOS
	According to Table 7.4.1-1 of [4] using the 
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	UMi-AV LOS
	According to Table 7.4.1-1 of [4] using the 
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	UMi-AV NLOS
	According to Table 7.4.1-1 of [4] using the 
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	Note 1:   For UMa-AV LOS, breakpoint distance is not observed for the aerial UT height range 
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Note 2:   In this expression, 
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Note 3:   In this expression, 
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Note 4:   In this expression, 
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 is the UMi-AV LOS pathloss of aerial UTs with height range 
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Table B-3: Shadow fading standard deviation

	Scenario and LOS/NLOS condition
	Shadow fading std [dB]
	Applicability range

	RMa-AV LOS
	According to Table 7.4.1-1 of [4]
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	RMa-AV NLOS
	According to Table 7.4.1-1 of [4]
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	UMa-AV LOS
	 According to Table 7.4.1-1 of [4] 
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	UMa-AV NLOS
	According to Table 7.4.1-1 of [4]
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	UMi-AV LOS
	According to Table 7.4.1-1 of [4]
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	UMi-AV NLOS
	According to Table 7.4.1-1 of [4]
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Table B-4: Fast fading model

	Scenario
	Fast fading model
	Applicability range

	RMa-AV
	According to clause 7.5 of [4]
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	According to Annex B.1
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	UMa-AV
	According to clause 7.5 of [4]
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	According to clause 7.5 of [4]
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B.1 Fast fading models for Aerial UTs

For fast fading modeling for RMa-AV aerial UTs between 10m and 300m heights and for UMa-AV/UMi-AV aerial UTs between 22.5m and 300m heights, one of the three alternatives in Sections B.1.1, B.1.2, and B.1.3 can be used for evaluating the scenarios with 2Tx-2Rx at the base station and 1/2Tx-2Rx at the user terminal.

B.1.1
Alternative 1
For RMa-AV aerial UTs and for UMa-AV aerial UTs, the following procedures are used when evaluating with a CDL-D based fast fading model:
Step 1: Follow steps 1-3 in Section 7.5 of [4] for UT dropping, LOS/NLOS assignment and pathloss calculation; for LOS/NLOS assignment and pathloss, Tables B-1, B-2, and B-3 are used.

Step 2: Continue with steps 1-4 in Section 7.7.1 of [4] with parameters defined in Table 7.7.1-4 of [4] for channel coefficient generation.
Step 3: The angle values are further scaled according to Section 7.7.5.1 of [4] with the actual LOS AOA, LOS AOD, LOS ZOA and LOS ZOD of a dropped aerial UT as the desired mean AOA, AOD, ZOA and ZOD, respectively; the desired angular spreads (i.e., 
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 in Equation 7.7-5 of [4]) to be used for scaling for RMa-AV and UMa-AV are given in Table B.1.1-1 and Table B.1.1-2, respectively.  Note that angular scaling is applied to ray angles (i.e., 
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 etc.) as indicated in Step 1 of Section 7.7.1 in [4].

Step 4: The K-factor of the CDL-D model is scaled to a desired K-factor according to Section 7.7.6 of [4].  The delay spread of the CDL-D model is scaled according to Section 7.7.3 of [4] with a desired delay spread value.  The desired K-factor and the desired delay spread values for RMa-AV and UMa-AV are given in Table B.1.1-1 and Table B.1.1-2, respectively.

Step 5:For ZOD in LOS conditions, an offset angle is added only to the non-direct paths (i.e., to all the Laplacian clusters in CDL-D) after the scaling of the angle values.  This offset angle is determined from geometry assuming specular reflection on the ground for RMa-AV and assuming specular reflection on the building roof for UMa-AV.  The offset angle determination for RMa-AV and UMa-AV are illustrated in Figure B1.1-1 and Figure B.1.1-2, respectively.  The determined offset angles for RMa-AV and UMa-AV are given in (B.1.1-1) and (B.1.1-2), respectively.


[image: image116.wmf].

arctan

arctan

2

2

2

1

,

÷

÷

ø

ö

ç

ç

è

æ

-

+

÷

÷

ø

ö

ç

ç

è

æ

+

=

+

=

D

BS

UT

D

UT

BS

offset

ZOD

d

h

h

d

h

h

q

q

m

 






(B.1.1-1)


[image: image117.wmf].

arctan

2

arctan

2

2

2

1

,

÷

÷

ø

ö

ç

ç

è

æ

-

+

÷

÷

ø

ö

ç

ç

è

æ

-

+

=

+

=

D

BS

UT

D

UT

BS

offset

ZOD

d

h

h

d

h

h

h

q

q

m







(B.1.1-2)
Step 6:  For ZOD in NLOS conditions, 
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 for both RMa-AV and UMa-AV.

Table B.1.1-1: Desired angular spreads, desired delay spreads, and desired K-factor for RMa-AV
	Scenario
	
[image: image119.wmf]desired

AS


	Desired K
	Desired DS

	
	ASA
	ASD
	ZSA
	ZSD
	
	

	RMa-AV LOS
	0.2º
	0.2º
	0.1º
	0.1º
	20 dB
	10 ns

	RMa-AV NLOS
	0.5º
	0.5º
	0.2º
	0.2º
	10 dB
	30 ns


Table B.1.1.-2: Desired angular spreads, desired delay spreads, and desired K-factor for UMa-AV
	Scenario
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	Desired K
	Desired DS

	
	ASA
	ASD
	ZSA
	ZSD
	
	

	UMa-AV LOS
	0.5º
	0.5º
	0.1º
	0.1º
	20 dB
	10 ns

	UMa-AV NLOS
	1º
	1º
	0.3º
	0.3º
	10 dB
	30 ns
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Figure B.1.1-1: Geometry based ZOD offset angle determination for RMa-AV.
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Figure B.1.1-2: Geometry based ZOD offset angle determination for UMa-AV.

For UMi-AV aerial UTs, a fast fading model based on the ‘reverse’ UMa scenario is used where the base station is below the average rooftop height and the UT is well above rooftop.  In this alternative, the fast fading model in Section 7.5 of [4] is reused with the angular spreads at the base station and UT interchanged.

B.1.2
Alternative 2
For RMa-AV aerial UTs and for UMa-AV aerial UTs, the fast fading model in Section 7.5 of [4] is used with the DS, ASA, ASD, ZSA, ZSD, and K parameters modified.  The modified parameters for RMa-AV and UMa-AV are given in Table B.1.2-1 and Table B.1.2-2, respectively.  For UMi-AV aerial UTs, the fast fading model in Section 7.5 of [4] is used with the DS, ASA, ASD, ZSA, ZSD, and K parameters modified according to [9].  In this alternative, all the remaining parameters are reused from [4], including the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances.  The number of clusters is modelled as in [9].

Table B.1.2.-1: Modified DS, ASA, ZSA, ZSD and K parameters for RMa-AV
	Parameter
	Scenario
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Table B.1.2-2: Modified DS, ASA, ZSA, ZSD and K parameters for UMa-AV
	Parameter
	Scenario
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	UMa-AV NLOS
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B.1.3
Alternative 3
In this alternative, for RMa-AV aerial UTs, UMa-AV aerial UTs, and UMi-AV aerial UTs , the fast fading model in Section 7.5 of [4] is used with K=15 dB.  In this alternative, all the remaining parameters are reused from [4], including the delay and angular spreads, the cross-correlations among the LSPs, the delay scaling factor, the XPR, the number of clusters, the cluster delay and angular spreads, the per-cluster shadowing, and the LSP autocorrelation distances. 

Annex C:  Calibration results and RSRP Statistics
Editor’s note: This section will capture details of evaluation results.
C.1 Calibration results 

Large scale calibration results without fast fading are presented in this section.  The assumptions used for generating the calibration results are given in Table C.1-1.  Calibration results are given in Figures C.1-1 to C.1-6 for UMi-AV, UMa-AV, and RMa-AV.  The coupling loss and geometry results presented in this section include statistics of all UTs including both terrestrial and aerial UTs.

Table C.1-1: Simulation assumption for large scale calibration
	Parameter
	Values

	Scenarios 
	UMi-AV, UMa-AV, RMa-AV 

	Cell layout and Sectorization
	Hexagonal grid, 19 macro/micro sites

3 sectors per cell site: 30, 150 and 270 degrees
	[image: image171.png]90°





	BS antenna configuration
	2Tx/2Rx cross polarized with BS antenna pattern for non FD-MIMO defined in Annex A

	BS antenna port mapping
	All elements of each polarization on each column are mapped to a single CRS port

	Antenna virtualization and BS antenna down tilt angles
	DFT precoding according to [3] with application of down tilt angles given below:

ϑ = 104 degrees for UMi-AV

ϑ = 100 degrees for UMa-AV

ϑ = 96 degrees for RMa-AV

	BS Tx power
	41 dBm for UMi-AV

46 dBm for UMa-AV and RMa-AV

	Bandwidth
	According to Appendix A

	UT antenna configurations
	2 Tx/2 Rx cross polarized; Isotropic antenna gain pattern

	Handover margin
	0dB

	Aerial UT ratio cases
	Case 1: 0 aerial UTs and 15 terrestrial UTs per sector

Case 5: 5 aerial UTs and 10 terrestrial UTs per sector

	Terrestrial UT distribution 
	According to [4]

	Aerial UT height distribution
	Uniformly distributed between 1.5m and 300m

	Cell association
	Based on RSRP (according to Section 8.1 of [3]) from CRS port 0
Note: Fast fading is not taken into account.

	UT receiver noise figure
	According to Appendix A

	Fast fading channel
	not modelled

	O2I penetration loss
	According to Appendix A

	Carrier frequency
	2GHz for UMi-AV and UMa-AV, 700MHz for RMa-AV

	Wrapping method
	Geographical distance based wrapping

	Metrics
	 Coupling loss - serving cell

	
	 Geometry
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	Figure C.1-1: Coupling loss for UMi-AV averaged over 4 sources (see R1-1714857 [8])
	Figure C.1-2: Geometry for UMi-AV averaged over 4 sources (see R1-1714857 [8])
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	Figure C.1-3: Coupling loss for UMa-AV averaged over 5 sources (see R1-1714857 [8])
	Figure C.1-4: Geometry for UMa-AV averaged over 5 sources (see R1-1714857 [8])
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	Figure C.1-5: Coupling loss for RMa-AV averaged over 5 sources (see R1-1714857 [8])
	Figure C.1-6: Geometry for RMa-AV averaged over 5 sources (see R1-1714857 [8])


C.2 Five percentile geometry results 

In this section, five percentile geometry results are presented based on the evaluation assumptions in Annex A and Annex C.1 except that fast fading is taken into account.  The five percentile geometry results are given for different aerial UT ratio cases and UT types in Table C.2-1 (for UMa-AV), Table C.2-2 (RMa-AV) and Table C.2-3 (UMi-AV).
Table C.2-1: Five percentile geometry results for UMa-AV 
	Aerial UE Ratio Case
	UE Type
	Five Percentile Geometry [dB]

	
	
	Source 1
	Source 2

	
	
	Listed as Source 1 in R1-1714675 [9]
	Results presented in R1-1718019 [13]

	Case 1
	All UEs
	-2.21
	-5.08

	Case 2
	All UEs
	-2.37
	-5.20

	Case 3
	All UEs
	-5.03
	-5.01

	Case 4
	All UEs
	-8.15
	-5.82

	Case 5
	All UEs
	-8.67
	-5.92

	Case 5
	Terrestrial UEs
	-2.22
	-4.98

	Case 5
	Aerial UEs
	-9.30
	-6.88


Table C.2-2: Five percentile geometry results for RMa-AV
	Aerial UE Ratio Case
	UE Type
	Five Percentile Geometry [dB]

	
	
	Source 1
	Source 2

	
	
	Listed as Source 1 in R1-1714675 [9]
	Results presented in R1-1718019 [13]

	Case 1
	All UEs
	-2.21
	-5.08

	Case 2
	All UEs
	-2.37
	-5.20

	Case 3
	All UEs
	-5.03
	-5.01

	Case 4
	All UEs
	-8.15
	-5.82

	Case 5
	All UEs
	-8.67
	-5.92

	Case 5
	Terrestrial UEs
	-2.22
	-4.98

	Case 5
	Aerial UEs
	-9.30
	-6.88


Table C.2-3: Five percentile geometry results for UMi-AV 
	Aerial UE Ratio Case
	UE Type
	Five Percentile Geometry [dB]

	
	
	Source 1

	
	
	Results presented in R1-1718019 [13]

	Case 1
	All UEs
	-2.71

	Case 2
	All UEs
	-2.86

	Case 3
	All UEs
	-2.84

	Case 4
	All UEs
	-4.41

	Case 5
	All UEs
	-4.99

	Case 5
	Terrestrial UEs
	-2.38

	Case 5
	Aerial UEs
	-6.05


Annex D:  Evaluation results with baseline assumptions
Editor’s note: This section will capture evaluation results such as DL/UL throughput and UL IoT with baseline assumptions.
D.1 DL throughput results with baseline assumptions 

D.1.1 DL Throughput results for terrestrial UEs

In this section, the downlink throughput results with baseline assumptions for terrestrial UEs are presented for UMa-AV.  The results from 2 sources are given in Tables D.1.1-1 and D.1.1-2.  From these results, the following can be observed:

· Increasing the ratio of aerial UEs in general leads to decreased downlink throughputs for terrestrial UEs:

· At 20% resource utilization, when compared to aerial UE ratio case 1, Sources 1 and 2 show the following terrestrial UE performance for aerial UE ratio case 5:

· Source 1 shows 6.04% mean throughput loss, 6.43% fifty percentile throughput loss, and 14.82% five percentile throughput loss.

· Source 2 shows 4% fifty percentile throughput gain.

· At 50% resource utilization, when compared to aerial UE ratio case 1, Sources 1 and 2 show the following terrestrial UE performance for aerial UE ratio case 5:

· Source 1 shows 30.89% mean throughput loss, 42.57% fifty percentile throughput loss, and 57.98% five percentile throughput loss.

· Source 2 shows 20.28% fifty percentile throughput loss, and 28.89% five percentile throughput loss.

· With increasing ratio of aerial UEs, the degradation of downlink terrestrial UE throughput is more at higher resource utilization values.

Table D.1.1-1: Downlink terrestrial throughput results with baseline assumptions for UMa-AV from Source 1 (Listed as Source 1 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	3.12
	4.76

	Aerial UE Ratio Case
	Case 1
	Case 3
	Case 4
	Case 5
	Case 1
	Case 3
	Case 4
	Case 5

	RU [%]
	20.00
	21.56
	24.95
	28.89
	50.00
	57.39
	69.40
	71.58

	5% user throughput [Mbps]
	4.76
	4.65
	4.34
	4.05
	1.39
	0.96
	0.80
	0.58

	5% user throughput gain [%]
	0.00
	-2.17
	-8.69
	-14.82
	0.00
	-30.79
	-42.35
	-57.98

	50% user throughput [Mbps]
	17.20
	17.02
	16.60
	16.09
	9.02
	7.49
	6.22
	5.18

	50% user throughput gain [%]
	0.00
	-1.06
	-3.50
	-6.43
	0.00
	-16.96
	-31.07
	-42.57

	Mean throughput [Mbps]
	20.47
	20.30
	19.89
	19.23
	12.68
	11.19
	9.78
	8.76

	Mean throughput gain [%]
	0.00
	-0.84
	-2.85
	-6.04
	0.00
	-11.79
	-22.90
	-30.89

	95% user throughput [Mbps]
	47.32
	47.32
	46.63
	46.55
	38.48
	35.96
	30.99
	30.36

	95% user throughput gain [%]
	0.00
	0.00
	-1.46
	-1.62
	0.00
	-6.53
	-19.45
	-21.09

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading modelled.


Table D.1.1-2: Downlink terrestrial throughput results with baseline assumptions for UMa-AV from Source 2 (Listed as Source 2 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	
	

	Aerial UE Ratio Case
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	RU [%]
	20.00
	
	
	
	
	50.00
	
	
	
	

	5% user throughput [Mbps]
	2.29
	3.04
	3.03
	2.78
	2.93
	2.25
	2.08
	2.08
	2.35
	1.60

	5% user throughput gain [%]
	0.00
	32.75
	32.31
	21.40
	27.95
	0.00
	-7.56
	-7.56
	4.44
	-28.89

	50% user throughput [Mbps]
	16.00
	19.78
	20.93
	21.39
	16.64
	15.88
	16.88
	13.79
	14.13
	12.66

	50% user throughput gain [%]
	0.00
	23.63
	30.81
	33.69
	4.00
	0.00
	6.30
	-13.16
	-11.02
	-20.28

	Mean throughput [Mbps]
	
	
	
	
	
	
	
	
	
	

	Mean throughput gain [%]
	
	
	
	
	
	
	
	
	
	

	95% user throughput [Mbps]
	56.34
	56.34
	56.34
	56.34
	56.34
	56.34
	55.56
	52.41
	54.79
	54.02

	95% user throughput gain [%]
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	-1.38
	-6.98
	-2.75
	-4.12

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading modelled.


D.1.2 Throughput results for aerial UEs

In this section, the downlink throughput results with baseline assumptions for aerial UEs are presented for UMa-AV.  The results from 2 sources are given in Tables D.1.2-1 and D.1.2-2.  From these results, the following can be observed:

· Increasing the ratio of aerial UEs in general leads to decreased downlink throughputs for aerial UEs:

· At 20% resource utilization, when compared to aerial UE ratio case 3, Sources 1 and 2 show the following aerial UE performance for aerial UE ratio case 5:

· Source 1 shows 15.67% mean throughput loss, 16.35% fifty percentile throughput loss, and 25.28% five percentile throughput loss.

· Source 2 shows 39.88% fifty percentile throughput loss, and 58.98% five percentile throughput gain.

· At 50% resource utilization, when compared to aerial UE ratio case 3, Sources 1 and 2 show the following aerial UE performance for aerial UE ratio case 5:

· Source 1 shows 33.90% mean throughput loss, 50.51% fifty percentile throughput loss, and 74.81% five percentile throughput loss.

· Source 2 shows 46.87% fifty percentile throughput loss.

· With increasing ratio of aerial UEs, the degradation of downlink aerial UE throughput is more at higher resource utilization values.

Table D.1.2-1: Downlink aerial throughput results with baseline assumptions for UMa-AV from Source 1 (Listed as Source 1 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	3.12
	4.76

	Aerial UE Ratio Case
	Case 3
	Case 4
	Case 5
	Case 3
	Case 4
	Case 5

	RU [%]
	
	
	
	
	
	

	5% user throughput [Mbps]
	2.60
	2.26
	1.95
	0.70
	0.33
	0.18

	5% user throughput gain [%]
	0.00
	-13.16
	-25.28
	0.00
	-52.98
	-74.81

	50% user throughput [Mbps]
	7.12
	6.41
	5.96
	3.31
	2.25
	1.64

	50% user throughput gain [%]
	0.00
	-9.97
	-16.35
	0.00
	-32.05
	-50.51

	Mean throughput [Mbps]
	8.50
	7.56
	7.17
	4.81
	3.43
	3.18

	Mean throughput gain [%]
	0.00
	-11.02
	-15.67
	0.00
	-28.72
	-33.90

	95% user throughput [Mbps]
	19.61
	17.59
	16.92
	11.76
	9.33
	8.54

	95% user throughput gain [%]
	0.00
	-10.29
	-13.74
	0.00
	-20.65
	-27.35

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.1 is used.


Table D.1.2-2: Downlink aerial throughput results with baseline assumptions for UMa-AV from Source 2 (Listed as Source 2 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	
	

	Aerial UE Ratio Case
	Case 3
	Case 4
	Case 5
	Case 3
	Case 4
	Case 5

	RU [%]
	
	
	
	
	
	

	5% user throughput [Mbps]
	3.34
	2.15
	1.37
	1.74
	1.1
	1.86

	5% user throughput gain [%]
	0.00
	-35.63
	-58.98
	0.00
	-36.78
	6.90

	50% user throughput [Mbps]
	8.35
	5.72
	5.02
	8.62
	4.29
	4.58

	50% user throughput gain [%]
	0.00
	-31.50
	-39.88
	0.00
	-50.23
	-46.87

	Mean throughput [Mbps]
	
	
	
	
	
	

	Mean throughput gain [%]
	
	
	
	
	
	

	95% user throughput [Mbps]
	29.4
	27.39
	18.17
	44.95
	23.98
	31.55

	95% user throughput gain [%]
	0.00
	-6.84
	-38.20
	0.00
	-46.65
	-29.81

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.2 is used.


D.1.3 Throughput results for all UEs

In this section, the downlink throughput results with baseline assumptions for all UEs are presented for UMa-AV.  The results from 1 source are given in Table D.1.3-1.

Table D.1.3-1: Downlink throughput results for all UEs with baseline assumptions for UMa-AV from Source 3 (Listed as Source 3 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	2.40
	4.20

	Aerial UE Ratio Case
	Case 1
	Case 5
	Case 1
	Case 5

	RU [%]
	22.53
	44.90
	54.43
	81.42

	5% user throughput [Mbps]
	2.33
	0.88
	0.63
	0.00

	5% user throughput gain [%]
	0.00
	-62.23
	0.00
	-100.00

	50% user throughput [Mbps]
	17.83
	6.45
	8.21
	1.98

	50% user throughput gain [%]
	0.00
	-63.83
	0.00
	-75.88

	Mean throughput [Mbps]
	22.06
	12.03
	12.11
	4.98

	Mean throughput gain [%]
	0.00
	-45.47
	0.00
	-58.88

	95% user throughput [Mbps]
	55.26
	41.20
	36.73
	20.03

	95% user throughput gain [%]
	0.00
	-25.44
	0.00
	-45.47

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.3 is used for aerial UEs.

· Handover margin of 3dB assumed.


D.2 UL throughput results with baseline assumptions 

D.2.1 Throughput results for terrestrial UEs

In this section, the uplink throughput results with baseline assumptions for terrestrial UEs are presented for UMa-AV.  The results from [2] sources are given in Tables D.2.1-1 and D.2.1-2.  From these results, the following can be observed:

· Increasing the ratio of aerial UEs in general leads to decreased uplink throughputs for terrestrial UEs:

· At 20% resource utilization, when compared to aerial UE ratio case 1, Sources 1 and 2 show the following terrestrial UE performance for aerial UE ratio case 5:

· Source 1 shows 8.14% mean throughput loss, 10.51% fifty percentile throughput loss, and 15.18% five percentile throughput loss.

· Source 2 shows 56.17% fifty percentile throughput loss and 45.30% five percentile throughput loss.

· At 50% resource utilization, when compared to aerial UE ratio case 1, Sources 1 and 2 show the following terrestrial UE performance for aerial UE ratio case 5:
· Source 1 shows 22.27% mean throughput loss, 29.53% fifty percentile throughput loss, and 42.40% five percentile throughput loss.

· Source 2 shows 32.30% fifty percentile throughput loss, and 19.89% five percentile throughput loss.
Table D.2.1-1: Uplink terrestrial throughput results with baseline assumptions for UMa-AV from Source 1 (Listed as Source 1 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	1.97
	4.15

	Aerial UE Ratio Case
	Case 1
	Case 3
	Case 4
	Case 5
	Case 1
	Case 3
	Case 4
	Case 5

	RU [%]
	20.00
	19.70
	19.59
	19.40
	50.00
	51.97
	54.78
	58.05

	5% user throughput [Mbps]
	2.12
	2.15
	2.04
	1.80
	1.07
	0.99
	0.78
	0.62

	5% user throughput gain [%]
	0.00
	1.27
	-3.94
	-15.18
	0.00
	-7.92
	-26.72
	-42.40

	50% user throughput [Mbps]
	13.37
	13.24
	12.59
	11.96
	8.68
	8.07
	7.11
	6.12

	50% user throughput gain [%]
	0.00
	-0.95
	-5.77
	-10.51
	0.00
	-6.99
	-18.06
	-29.53

	Mean throughput [Mbps]
	12.78
	12.67
	12.23
	11.74
	9.17
	8.70
	7.95
	7.13

	Mean throughput gain [%]
	0.00
	-0.89
	-4.28
	-8.14
	0.00
	-5.15
	-13.32
	-22.27

	95% user throughput [Mbps]
	21.82
	21.67
	21.50
	21.25
	19.60
	19.10
	18.39
	17.44

	95% user throughput gain [%]
	0.00
	-0.71
	-1.46
	-2.61
	0.00
	-2.56
	-6.17
	-11.02

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading modelled.

· Open loop power control with 
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Table D.2.1-2: Uplink terrestrial throughput results with baseline assumptions for UMa-AV from Source 2 (Listed as Source 2 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	
	

	Aerial UE Ratio Case
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	RU [%]
	20.00
	
	
	
	
	50.00
	
	
	
	

	5% user throughput [Mbps]
	2.98
	4.18
	2.97
	2.53
	1.63
	1.86
	2.04
	1.92
	1.30
	1.49

	5% user throughput gain [%]
	0.00
	40.27
	-0.34
	-15.10
	-45.30
	0.00
	9.68
	3.23
	-30.11
	-19.89

	50% user throughput [Mbps]
	14.76
	14.49
	12.76
	9.45
	6.47
	6.78
	6.18
	5.77
	3.68
	4.59

	50% user throughput gain [%]
	0.00
	-1.83
	-13.55
	-35.98
	-56.17
	0.00
	-8.85
	-14.90
	-45.72
	-32.30

	Mean throughput [Mbps]
	
	
	
	
	
	
	
	
	
	

	Mean throughput gain [%]
	
	
	
	
	
	
	
	
	
	

	95% user throughput [Mbps]
	29.17
	24.97
	27.74
	28.96
	22.99
	18.70
	20.25
	22.03
	15.80
	15.52

	95% user throughput gain [%]
	0.00
	-14.40
	-4.90
	-0.72
	-21.19
	0.00
	8.29
	17.81
	-15.51
	-17.01

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading modelled.

· Open loop power control with 
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Table D.2.1-3: Uplink terrestrial throughput results with baseline assumptions for UMa-AV from Source 4 (Listed as Source 4 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	
	

	Aerial UE Ratio Case
	Case 1
	Case 3
	Case 5
	Case 1
	Case 3
	Case 5

	RU [%]
	[18.00]
	[19.00]
	[37.00]
	
	
	

	5% user throughput [Mbps]
	[0.74]
	[0.73]
	[0.60]
	
	
	

	5% user throughput gain [%]
	[0.00]
	[-1.48]
	[-19.68]
	
	
	

	50% user throughput [Mbps]
	[7.60]
	[6.97]
	[5.66]
	
	
	

	50% user throughput gain [%]
	[0.00]
	[-8.30]
	[-25.51]
	
	
	

	Mean throughput [Mbps]
	[9.38]
	[8.87]
	[7.70]
	
	
	

	Mean throughput gain [%]
	[0.00]
	[-5.41]
	[-17.94]
	
	
	

	95% user throughput [Mbps]
	[26.21]
	[24.67]
	[21.96]
	
	
	

	95% user throughput gain [%]
	[0.00]
	[-5.88]
	[-16.23]
	
	
	

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading modelled.

· Open loop power control with 
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D.2.2 Throughput results for aerial UEs

In this section, the uplink throughput results with baseline assumptions for aerial UEs are presented for UMa-AV.  The results from [2] sources are given in Tables D.2.2-1 and D.2.2-2.  From these results, the following can be observed:

· Increasing the ratio of aerial UEs in general leads to decreased downlink throughputs for aerial UEs:

· At 20% resource utilization, when compared to aerial UE ratio case 3, Sources 1 and 2 show the following aerial UE performance for aerial UE ratio case 5:

· Source 1 shows 7.37% mean throughput loss, 6.19% fifty percentile throughput loss, and 24.28% five percentile throughput loss.

· Source 2 shows 67.63% fifty percentile throughput loss, and 71.38% five percentile throughput loss.

· At 50% resource utilization, when compared to aerial UE ratio case 3, Sources 1 and 2 show the following aerial UE performance for aerial UE ratio case 5:

· Source 1 shows 16.85% mean throughput loss, 20.23% fifty percentile throughput loss, and 38.15% five percentile throughput loss.

· Source 2 shows 82.95% fifty percentile throughput loss, and 75.50% five percentile throughput loss.

Table D.2.2-1: Uplink aerial throughput results with baseline assumptions for UMa-AV from Source 1 (Listed as Source 1 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	1.97
	4.15

	Aerial UE Ratio Case
	Case 3
	Case 4
	Case 5
	Case 3
	Case 4
	Case 5

	RU [%]
	19.70
	19.59
	19.40
	51.97
	54.78
	58.05

	5% user throughput [Mbps]
	18.33
	16.02
	13.88
	12.93
	10.77
	8.00

	5% user throughput gain [%]
	0.00
	-12.64
	-24.28
	0.00
	-16.68
	-38.15

	50% user throughput [Mbps]
	22.32
	21.81
	20.94
	21.06
	19.21
	16.80

	50% user throughput gain [%]
	0.00
	-2.26
	-6.19
	0.00
	-8.81
	-20.23

	Mean throughput [Mbps]
	21.63
	20.85
	20.04
	19.82
	18.42
	16.48

	Mean throughput gain [%]
	0.00
	-3.63
	-7.37
	0.00
	-7.06
	-16.85

	95% user throughput [Mbps]
	23.16
	23.11
	23.04
	23.06
	22.94
	22.67

	95% user throughput gain [%]
	0.00
	-0.22
	-0.50
	0.00
	-0.54
	-1.69

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.1 is used.

· Open loop power control with 
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Table D.2.2-2: Uplink aerial throughput results with baseline assumptions for UMa-AV from Source 2 (Listed as Source 2 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	
	

	Aerial UE Ratio Case
	Case 3
	Case 4
	Case 5
	Case 3
	Case 4
	Case 5

	RU [%]
	
	
	
	
	
	

	5% user throughput [Mbps]
	13.45
	7.97
	3.85
	9.31
	2.05
	1.47

	5% user throughput gain [%]
	0.00
	-40.74
	-71.38
	0.00
	-77.98
	-84.21

	50% user throughput [Mbps]
	31.45
	21.24
	10.18
	15.46
	8.79
	2.09

	50% user throughput gain [%]
	0.00
	-32.46
	-67.63
	0.00
	-43.14
	-86.48

	Mean throughput [Mbps]
	
	
	
	
	
	

	Mean throughput gain [%]
	
	
	
	
	
	

	95% user throughput [Mbps]
	31.70
	32.27
	23.76
	25.62
	29.06
	21.39

	95% user throughput gain [%]
	0.00
	1.80
	-25.05
	0.00
	13.43
	-16.51

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.2 is used.

· Open loop power control with 
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Table D.2.2-3: Uplink aerial throughput results with baseline assumptions for UMa-AV from Source 4 (Listed as Source 4 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	
	

	Aerial UE Ratio Case
	Case 3
	Case 5
	Case 3
	Case 5

	RU [%]
	[19.00]
	[37.00]
	
	

	5% user throughput [Mbps]
	[4.42]
	[0.55]
	
	

	5% user throughput gain [%]
	[0.00]
	[-87.50]
	
	

	50% user throughput [Mbps]
	[10.36]
	[1.38]
	
	

	50% user throughput gain [%]
	[0.00]
	[-86.71]
	
	

	Mean throughput [Mbps]
	[11.96]
	[2.30]
	
	

	Mean throughput gain [%]
	[0.00]
	[-80.77]
	
	

	95% user throughput [Mbps]
	[24.39]
	[7.72]
	
	

	95% user throughput gain [%]
	[0.00]
	[-68.32]
	
	

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.1 is used.

· Open loop power control with 
[image: image188.wmf]dBm

P

0

85

-

=

 and 
[image: image189.wmf]8

.

0

=

a




D.2.3 Throughput results for all UEs

In this section, the uplink throughput results with baseline assumptions for all UEs are presented for UMa-AV.  The results from 2 source are given in Tables D.2.3-1 and D.2.3-2.

Table D.2.3-1: Uplink throughput results for all UEs with baseline assumptions for UMa-AV from Source 3 (Listed as Source 3 in R1-1718872 [14])
	Offered Traffic Per Cell [Mbps]
	1.50
	3.90

	Aerial UE Ratio Case
	Case 1
	Case 5
	Case 1
	Case 5

	RU [%]
	26.78
	24.21
	63.93
	81.16

	5% user throughput [Mbps]
	1.00
	1.35
	0.00
	0.00

	5% user throughput gain [%]
	0.00
	35.00
	0.00
	-

	50% user throughput [Mbps]
	12.52
	10.92
	6.59
	2.04

	50% user throughput gain [%]
	0.00
	-12.78
	0.00
	-69.04

	Mean throughput [Mbps]
	13.02
	11.34
	8.17
	3.28

	Mean throughput gain [%]
	0.00
	-12.90
	0.00
	-59.85

	95% user throughput [Mbps]
	28.57
	23.22
	21.30
	10.81

	95% user throughput gain [%]
	0.00
	-18.73
	0.00
	-49.25

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.3 is used for aerial UEs.

· Open loop power control with 
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· Handover margin of 3dB assumed.


Table D.2.3-2: Uplink throughput results for all UEs with baseline assumptions for UMa-AV from Source 4 (Listed as Source 4 in R1-1718872 [14])

	Offered Traffic Per Cell [Mbps]
	
	

	Aerial UE Ratio Case
	Case 1
	Case 3
	Case 5
	Case 1
	Case 3
	Case 5

	RU [%]
	18.00
	19.00
	37.00
	
	
	

	5% user throughput [Mbps]
	0.74
	0.73
	0.60
	
	
	

	5% user throughput gain [%]
	0.00
	-83.44
	-86.50
	
	
	

	50% user throughput [Mbps]
	7.60
	6.97
	5.66
	
	
	

	50% user throughput gain [%]
	0.00
	-32.72
	-45.35
	
	
	

	Mean throughput [Mbps]
	9.38
	8.87
	7.70
	
	
	

	Mean throughput gain [%]
	0.00
	-25.80
	-35.63
	
	
	

	95% user throughput [Mbps]
	26.21
	24.67
	21.96
	
	
	

	95% user throughput gain [%]
	0.00
	1.18
	-9.94
	
	
	

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.1 is used for aerial UEs.

· Open loop power control with 
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D.3 UL IoT results with baseline assumptions

D.3.1 IoT results for terrestrial UEs

In this section, the uplink IoT results with baseline assumptions for terrestrial UEs are presented for UMa-AV.  The results from 2 sources are given in Tables D.3.1-1 and D.3.1-2.  From these results, the following can be observed:

· The presence of aerial UEs increases the UL IoT of terrestrial UEs.

· Increasing the ratio of aerial UEs in general leads to increased UL IoT for terrestrial UEs:

· At 20% resource utilization, when compared to aerial UE ratio case 1, Sources 1 and 2 show the following terrestrial UE UL IoT for aerial UE ratio case 5:

· Source 1 shows 8.99dB fifty percentile UL IoT increase and 1.25dB five percentile effective IoT increase.

· Source 2 shows 2.22dB fifty percentile UL IoT increase and 0.36dB five percentile effective IoT increase.

· At 50% resource utilization, when compared to aerial UE ratio case 1, Sources 1 and 2 show the following terrestrial UE UL IoT for aerial UE ratio case 5:

· Source 1 shows 14.95dB fifty percentile UL IoT increase and 10.5dB five percentile effective IoT increase.

· Source 2 shows 3.80dB fifty percentile UL IoT increase and 1.36dB five percentile effective IoT increase.

Table D.3.1-1: Uplink terrestrial IoT results with baseline assumptions for UMa-AV from Source 1 (Listed as Source 3 in R1-1718904 [15])
	Aerial UE Ratio Case
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	RU [%]
	20.00
	50.00

	5 percentile IoT  [dB]
	0.14
	0.08
	0.05
	0.28
	1.39
	1.65
	1.66
	1.68
	7.21
	12.15

	50 percentile IoT [dB]
	2.20
	2.10
	2.03
	4.92
	11.19
	5.36
	5.76
	6.58
	16.18
	20.31

	95 percentile IoT [dB]
	8.10
	8.41
	9.41
	17.22
	21.59
	10.13
	12.37
	18.78
	23.39
	26.33

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading modelled.

· Open loop power control with 
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Table D.3.1-2: Uplink terrestrial IoT results with baseline assumptions for UMa-AV from Source 2 (Listed as Source 4 in R1-1718904 [15])
	Aerial UE Ratio Case
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	RU [%]
	20.00
	50.00

	5 percentile IoT  [dB]
	0.10
	0.10
	0.15
	0.29
	0.46
	0.50
	0.53
	0.76
	1.28
	1.86

	50 percentile IoT [dB]
	2.09
	2.09
	2.51
	3.44
	4.31
	5.42
	5.58
	6.31
	7.82
	9.22

	95 percentile IoT [dB]
	8.32
	8.41
	8.99
	9.54
	10.31
	11.92
	12.07
	12.38
	13.44
	14.41

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading modelled.

· Open loop power control with 
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D.3.2 IoT results for aerial UEs

In this section, the uplink IoT results with baseline assumptions for aerial UEs are presented for UMa-AV.  The results from 2 sources are given in Tables D.3.2-1 and D.3.2-2.  From these results, the following can be observed:

· The presence of aerial UEs increases the UL IoT of other aerial UEs.

· Increasing the ratio of aerial UEs in general leads to increased UL IoT for aerial UEs:

· At 20% resource utilization, when compared to aerial UE ratio case 3, Sources 1 and 2 show the following aerial UE UL IoT for aerial UE ratio case 5:

· Source 1 shows 8.64dB fifty percentile UL IoT increase and 1.17dB five percentile effective IoT increase.

· Source 2 shows 2.68dB fifty percentile UL IoT increase and 0.12dB five percentile effective IoT increase.

· At 50% resource utilization, when compared to aerial UE ratio case 3, Sources 1 and 2 show the following terrestrial UE UL IoT for aerial UE ratio case 5:

· Source 1 shows 12.81dB fifty percentile UL IoT increase and 10.24dB five percentile effective IoT increase.

· Source 2 shows 5.37dB fifty percentile UL IoT increase and 0.55dB five percentile effective IoT increase.

Table D.3.2-1: Uplink aerial IoT results with baseline assumptions for UMa-AV from Source 1 (Listed as Source 3 in R1-1718904 [15])
	Aerial UE Ratio Case
	Case 3

Case 2
	Case 4
	Case 5

Case 5
	Case 3

Case 2
	Case 4

Case 4
	Case 5

	RU [%]
	20.00
	50.00

	5 percentile IoT  [dB]
	0.01
	0.05
	1.18
	0.38
	4.29
	10.62

	50 percentile IoT [dB]
	1.84
	1.69
	10.48
	5.52
	14.56
	18.33

	95 percentile IoT [dB]
	12.25
	15.66
	21.03
	14.64
	22.99
	24.89

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.2 is used.

· Open loop power control with 
[image: image198.wmf]dBm

P

0

80

-

=

 and 
[image: image199.wmf]8

.

0

=

a




Table D.3.2-2: Uplink aerial IoT results with baseline assumptions for UMa-AV from Source 2 (Listed as Source 4 in R1-1718904 [15])
	Aerial UE Ratio Case
	Case 3

Case 2
	Case 4
	Case 5

Case 5
	Case 3

Case 2
	Case 4

Case 4
	Case 5

	RU [%]
	20.00
	50.00

	5 percentile IoT  [dB]
	0.02
	0.06
	0.14
	0.14
	0.33
	0.69

	50 percentile IoT [dB]
	0.66
	1.97
	3.34
	2.51
	5.53
	7.88

	95 percentile IoT [dB]
	7.38
	8.98
	10.00
	10.70
	12.27
	13.51

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.1 is used.

· Open loop power control with 
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Annex E:  Evaluation results with potential enhancements in Downlink
Editor’s note: This section will capture evaluation results with potential enhancements in DL.
E.1 Evaluation results for FD-MIMO

In this section, the downlink throughput results for all UEs with FD-MIMO are presented for UMa-AV.  The results from 1 source are given in Table E.1-1.  From these results, the following can be observed:

· Source 1 in their corresponding baseline results presented in Table D.1.3-1 showed that with an offered traffic per cell of 2.4 Mbps, the mean UE throughput in aerial UE ratio case 5 is decreased by 45.47% when compared to aerial UE ratio case 1.
· With the FD-MIMO results in Table E.2-1, Source 1 shows that with an offered traffic per cell of 5.1 Mbps, the mean UE throughput loss in aerial UE ratio case 5 can be limited to 11% when compared to aerial UE ratio case 1.
Table E.2-1: Downlink throughput results for all UEs with FD-MIMO for UMa-AV from Source 1 (R1-1717351 [17])
	Offered Traffic Per Cell [Mbps]
	5.10
	7.8

	Aerial UE Ratio Case
	Case 1
	Case 5
	Case 1
	Case 5

	RU [%]
	26.04
	26.22
	40.5
	51.64

	5% user throughput [Mbps]
	5.69
	6.12
	3.64
	2.63

	5% user throughput gain [%]
	0
	8
	0
	-28

	50% user throughput [Mbps]
	30.19
	24.61
	22.54
	13.5

	50% user throughput gain [%]
	0
	-18
	0
	-40

	Mean throughput [Mbps]
	30.24
	27.05
	24.29
	17.79

	Mean throughput gain [%]
	0
	-11
	0
	-27

	95% user throughput [Mbps]
	55.48
	55.41
	51.19
	46.04

	95% user throughput gain [%]
	0
	0
	0
	-10

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.3 is used for aerial UEs.

· Handover margin of 3dB assumed.

· BS antenna with (M, N, P) = (8, 4, 2) according to [3] with 16 Tx is assumed for evaluations.


Annex F:  Evaluation results with potential enhancements in Uplink
Editor’s note: This section will capture evaluation results with potential enhancements in UL.
F.1 Evaluation results for power control based mechanisms

F.1.1
Results on UE specific fractional pathloss compensation factor
In this section, the uplink throughput results with UE specific fractional pathloss compensation factor are presented for UMa-AV.  The results from 1 source are given in Tables F.1.1-1.  From these results, the following can be observed:

· Source 1 shows that in the uplink of UMa-AV in aerial UE ratio case 5, compared to the case where the same 
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) is used for both aerial UEs and terrestrial UEs, the following throughput improvements can observed in the case where 
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· 93.96% five percentile uplink UE throughput gain for terrestrial UEs
· 42.48% fifty percentile uplink UE throughput gain for terrestrial UE
· Source 1 shows that ninety-five percentile aerial UE uplink throughput is decreased by 82.51% and equals 3.74 Mbps, which is much lower than the ninety-five percentile terrestrial UE uplink throughput of 19.88 Mbps
Table F.1.1-1: Uplink throughput results with UE specific fractional pathloss compensation factor for UMa-AV from Source 1 (Listed as Source 1 in R1-1719031 [16])
	UE Type
	Terrestrial UEs
	Aerial UEs

	
	Baseline
	UE specific 
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 combination 1
	UE specific 
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 combination 2
	Baseline
	UE specific 
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 combination 1
	UE specific 
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 combination 2

	RU [%]
	
	
	
	
	
	

	5% user throughput [Mbps]
	1.49
	1.26
	2.89
	1.47
	1.26
	1.53

	5% user throughput gain [%]
	0.00
	-15.44
	93.96
	0.00
	-14.29
	4.08

	50% user throughput [Mbps]
	4.59
	3.64
	6.54
	2.09
	2.04
	2.18

	50% user throughput gain [%]
	0.00
	-20.70
	42.48
	0.00
	-2.39
	4.31

	Mean throughput [Mbps]
	
	
	
	
	
	

	Mean throughput gain [%]
	
	
	
	
	
	

	95% user throughput [Mbps]
	15.52
	19.53
	19.88
	21.39
	4.92
	3.74

	95% user throughput gain [%]
	0.00
	25.84
	28.09
	0.00
	-77.00
	-82.52

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.2 is used for aerial UEs.

· For baseline, aerial UE ratio case 5 is assumed with 
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· For UE specific 
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· For UE specific 
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F.1.2
Results on UE specific P0 parameter
In this section, the uplink throughput results with UE specific P0 parameter are presented for UMa-AV.  The results from 1 source are given in Tables F.1.2-1 and F.1.2-2.  From these results, the following can be observed:

· Source 2 shows that configuring a lower P0 for aerial UEs improves terrestrial uplink UE throughput performance at the cost of aerial uplink UE throughput
· In aerial UE ratio case 5, with 
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 is used for all UEs to UE specific P0 combination 3 (where 
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 is used for aerial UEs), it is observed that
· mean terrestrial UE uplink throughput is improved by 13.44%.
· mean aerial UE uplink throughput is decreased by 18.11%
· with UE specific P0 combination 3, mean aerial UE uplink throughput is 15.02 Mbps, which is still higher than the mean terrestrial UE uplink throughput of [9.03 Mbps]
Table F.1.2-1: Uplink terrestrial throughput results with UE specific P0 for UMa-AV from Source 2 (Listed as Source 2 in R1-1719031 [16])
	Offered Traffic Per Cell [Mbps]
	3.77

	
	Baseline
	UE specific P0 combination 1
	UE specific P0 combination 2
	UE specific P0 combination 3
	UE specific P0 combination 4
	UE specific P0 combination 5

	RU [%]
	50.00
	48.59
	46.91
	44.97
	45.45
	45.44

	5% user throughput [Mbps]
	0.76
	0.82
	0.88
	0.99
	0.98
	1.02

	5% user throughput gain [%]
	0.00
	7.89
	15.79
	30.26
	28.95
	34.21

	50% user throughput [Mbps]
	7.14
	7.45
	7.92
	8.38
	8.40
	8.75

	50% user throughput gain [%]
	0.00
	4.34
	10.92
	17.37
	17.65
	22.55

	Mean throughput [Mbps]
	7.96
	8.24
	8.64
	9.03
	9.03
	9.27

	Mean throughput gain [%]
	0.00
	3.52
	8.54
	13.44
	13.44
	16.46

	95% user throughput [Mbps]
	18.44
	18.72
	19.54
	19.66
	19.64
	20.10

	95% user throughput gain [%]
	0.00
	1.52
	5.97
	6.62
	6.51
	9.00

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading is modelled.

· For baseline, aerial UE ratio case 5 is assumed 
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· For UE specific P0 combination 1, 
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· For UE specific P0 combination 2, 
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· For UE specific P0 combination 3, 
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· For UE specific P0 combination 4, 
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· For UE specific P0 combination 1, 
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Table F.1.2-2: Uplink aerial throughput results with UE specific P0 for UMa-AV from Source 2 (Listed as Source 2 in R1-1719031 [16])
	Offered Traffic Per Cell [Mbps]
	3.77

	
	Baseline
	UE specific P0 combination 1
	UE specific P0 combination 2
	UE specific P0 combination 3
	UE specific P0 combination 4
	UE specific P0 combination 5

	RU [%]
	50
	48.59
	46.91
	44.97
	45.45
	45.44

	5% user throughput [Mbps]
	8.81
	8.53
	7.91
	7.38
	6.74
	5.88

	5% user throughput gain [%]
	0.00
	-3.18
	-10.22
	-16.23
	-23.50
	-33.26

	50% user throughput [Mbps]
	17.66
	17.34
	16.12
	15.48
	14.45
	13.00

	50% user throughput gain [%]
	0.00
	-1.81
	-8.72
	-12.34
	-18.18
	-26.39

	Mean throughput [Mbps]
	17.12
	16.68
	15.70
	15.02
	14.02
	12.72

	Mean throughput gain [%]
	0.00
	-2.57
	-8.29
	-12.27
	-18.11
	-25.70

	95% user throughput [Mbps]
	22.72
	22.28
	21.48
	20.70
	19.73
	18.19

	95% user throughput gain [%]
	0.00
	-1.94
	-5.46
	-8.89
	-13.16
	-19.94

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.1 is used for aerial UEs.

· For baseline, aerial UE ratio case 5 is assumed 
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· For UE specific P0 combination 1, 
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· For UE specific P0 combination 2, 
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· For UE specific P0 combination 3, 
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· For UE specific P0 combination 4, 
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· For UE specific P0 combination 1, 
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F.1.3
Results on closed loop power control
In this section, the uplink throughput results with closed loop power control are presented for UMa-AV.  The results from 1 source are given in Table F.1.3-1.  From these results, the following can be observed:

· Source 2 shows that using closed loop power control solution, the uplink UE throughput performance can be further improved
· In aerial UE ratio case 5, with 
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 is used for all UEs to the case where closed loop power control (with a target received power of -94dBm for terrestrial UEs), it is observed that
· mean terrestrial UE uplink throughput is improved by 39.22% and the five percentile terrestrial UE uplink throughput is decreased by 24%.
· with closed loop power control, mean aerial UE uplink throughput is increased by 6.33% and equals to 18.20Mbps.

Table F.1.3-1: Uplink throughput results with closed loop power control for UMa-AV from Source 2 (Listed as Source 2 in R1-1719031 [16])
	UE Type
	Terrestrial UEs
	Aerial UEs

	Aerial UE Ratio Case
	Baseline
	Closed loop power control
	Baseline
	Closed loop power control

	RU [%]
	50.00
	50.11
	50
	50.11

	5% user throughput [Mbps]
	0.76
	0.58
	8.81
	10.04

	5% user throughput gain [%]
	0.00
	-24.34
	0.00
	13.98

	50% user throughput [Mbps]
	7.14
	11.11
	17.66
	18.96

	50% user throughput gain [%]
	0.00
	55.61
	0.00
	7.39

	Mean throughput [Mbps]
	7.96
	11.08
	17.12
	18.20

	Mean throughput gain [%]
	0.00
	39.22
	0.00
	6.33

	95% user throughput [Mbps]
	18.44
	23.19
	22.72
	23.27

	95% user throughput gain [%]
	0.00
	25.75
	0.00
	2.40

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.1 is used for aerial UEs.

· For baseline, aerial UE ratio case 5 is assumed 
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 for all UEs.
· For closed loop power control, a target received power of -94 dBm is assumed for terrestrial UEs.


F.2 Evaluation results for FD-MIMO

In this section, the uplink throughput results for all UEs with FD-MIMO are presented for UMa-AV.  The results from 1 source are given in Table F.2-1.  From these results, the following can be observed:

· Source 1 in their corresponding baseline results presented in Table D.2.3-1 showed that with an offered traffic per cell of 1.5 Mbps, the mean UE throughput in aerial UE ratio case 5 is decreased by 12.90% when compared to aerial UE ratio case 1.
· With the FD-MIMO results in Table F.2-1, Source 1 show that with an offered traffic per cell of 5.4 Mbps, the mean UE throughput in aerial UE ratio case 5 is improved by 14% when compared to aerial UE ratio case 1.
Table F.2-1: Uplink throughput results for all UEs with FD-MIMO for UMa-AV from Source 1 (Listed as Source 1 in R1-1719031 [16])
	Offered Traffic Per Cell [Mbps]
	5.40
	7.8

	Aerial UE Ratio Case
	Case 1
	Case 5
	Case 1
	Case 5

	RU [%]
	25.75
	26.76
	37.39
	40.91

	5% user throughput [Mbps]
	1.66
	1.78
	1.52
	1.39

	5% user throughput gain [%]
	0
	7
	0
	-9

	50% user throughput [Mbps]
	13.93
	21.3
	12.6
	16.57

	50% user throughput gain [%]
	0
	53
	0
	32

	Mean throughput [Mbps]
	16.64
	18.91
	15.05
	15.85

	Mean throughput gain [%]
	0
	14
	0
	5

	95% user throughput [Mbps]
	36.89
	36
	34.11
	32.03

	95% user throughput gain [%]
	0
	-2
	0
	-6

	The evaluation assumptions in Table A.1-1 and Table C.1-1 are considered in these results except the following assumptions:

· Fast fading model in Section B.1.3 is used for aerial UEs.

· Handover margin of 3dB assumed.

· BS antenna with (M, N, P) = (8, 4, 2) according to [3] with 16 Rx is assumed for evaluations.


Annex G:  Evaluation results on reliability
Editor’s note: This section will capture evaluation results on reliability of command and control traffic.
In this section, the reliability results for command and control traffic are presented in UMa-AV.  The results from 1 source are given in Table G-1.  From these results, the following can be observed:

· Under the same aerial command and control traffic load in the downlink and without further interference mitigation techniques except using dedicated radio resources, Source 1 shows that in aerial UE ratio case 5
· Using 6 PRBs to serve the aerial traffic cannot provide greater than 90% reliability at the height of 1.5 m, 30 m, 50 m, 100 m, or 300 m

· Using 15 PRBs to serve the aerial traffic can provide [99%] reliability at the height of 1.5 m, 30 m, 50 m, or 100 m

· To achieve the same reliability performance with the same number of PRBs for aerial command and control traffic, resource utilization is generally higher at a higher height
· In aerial UE ratio case 5, without further interference mitigation except using dedicated radio resources, Source 1 shows that to achieve 99% reliability requirement with 15 dedicated PRBs for aerial traffic, resource utilization at 30 m height is 11.26% and at 100 m height is 29.77%
Table G-1: Reliability results for command and control traffic for aerial UEs in UMa-AV from Source 1 (R1-1717874 [18])
	Number of PRBs used to serve C&C traffic
	Height (m)
	1.5
	30
	50
	100
	300

	6
	Reliability (%)
	86.81
	76.66
	16.85
	8.49
	4.22

	
	RU (%)
	40.91
	56.71
	89.92
	94.97
	96.23

	15
	Reliability (%)
	98.86
	99.79
	99.64
	99.15
	91.91

	
	RU (%)
	11.05
	11.26
	22.54
	29.77
	47.27

	25
	Reliability (%)
	99.35
	99.91
	99.98
	99.89
	99.9

	
	RU (%)
	6.21
	5.36
	7.51
	8.98
	11.43

	50
	Reliability (%)
	99.62
	99.95
	99.98
	99.99
	99.99

	
	RU (%)
	2.74
	2.41
	2.65
	2.78
	2.92

	NOTE 1:  Aerial UE ratio case 5 is assumed in the evaluations.

NOTE 2:  The requirement on reliability is 99.9% which is achieved with 25 PRBs case for heights of 30m, 50m, 100m, and300m.


Annex H:
Field Trials Results on Mobility

Field trials were performed by various companies to analyze handover performance of an aerial UE in a commercial LTE network, and to compare handover and link reliability between ground and airborne UEs. 

H.1

Field Trial 1 [20]

H.1.1
Setup
For this trial, data was collected as indicated in Table H.1.1-1. Connectivity was provided and tested using a commercial cellular network during all flights.
Table H.1.1-1: Trial Setup

	Data
	Description

	Location
	Qualcomm UAS Flight Center, San Diego, California

	Environment
	Mixed suburban

	Altitudes
	Ground, 30, 60, 90, 120 meters AGL

	Test types
	Mobility route at 5 m/s with 0.5 Mbps UDP UL throughput requested

Mobility route at 5 m/s and periodic RACH every 15 seconds 

Stop/Start route with 0.5 Mbps UDP UL throughput requested

	LTE bands (locked to one band per flight)
	· PCS

· AWS

· 700MHz

	Data collection
	· On device logging 

· IPerf logs


The results are derived from a single aerial UE performing a 2.5 km loop at different altitudes at a time, co-existing with other subscribers of the live commercial network. Each altitude was flown multiple times for data collection in each band, and to provide sufficient data for each case (at least 2 loops). 

Table H.1.1-2 lists the band and altitude permutations and the total duration for each case.
Table H.1.1-2 Band, Altitude, and Duration

	Band
	Altitude

(m AGL)
	Total Time
(min:sec)

	PCS
	0
	21:36

	
	30
	12:36

	
	60
	12:33

	
	90
	32:21

	
	120
	33:12

	AWS
	0
	27:44

	
	30
	12:31

	
	60
	12:34

	
	90
	22:52

	
	120
	15:49

	700 MHz
	0
	34:50

	
	30
	18:44

	
	60
	12:36

	
	90
	16:50

	
	120
	15:47


The ground data was collected by mounting the drone to a car and driving the route on surface streets (the duration of these tests tended to be a bit longer than flying due to some stoplights and traffic.)

Each dataset was trimmed so the final data for analysis only includes samples where the drone is at its desired altitude and underway (i.e., excluding takeoff and landing). This prevents takeoff and landing transition data, as well as data when the drone is stationary on the landing pad, from impacting the analysis results. 

H.1.2
Number of detected cells 

[image: image262]
Figure H.1.2-1: Number of detected cells
Figure H.1.2-1 shows the histograms of number of number of detected cells for different bands and heights. The bars represent the number of measurement samples for each value of number of detected cells. The figure shows that aerial UEs detect a higher number of cells than the ground UEs. For example, it was observed that while ground UE detects up to only 3 cells in band AWS, the aerial UE detected 5 or more with higher probability. The number of detected cells may be impacted by down-tilting and antenna pattern at the base station. 

H.1.3
Distance to detected and serving cells
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Figure H.1.3-1: Distance to detected and serving cells
Figure H.1.3-1 shows that for PCS band, all ground UEs are served by cell within less than 1km distance, while the aerial UEs are served by base stations as far as 6km. Similar trend was observed for 700MHz band but with less exaggeration. This can possibility be due to down-tilt or radiation pattern. 

Similar trend was observed for neighbour cells: for example, for AWS band, up to 8km distances are observed for aerial UEs whereas ground UEs are limited to 1.8km. 
H.1.4
Handover interruption time
Figure H.1.4-1 shows distributions of the total interruption time during handovers. The handover delay presented here is the time from last packet before handover till the first packet from the new cell.
[image: image264.emf]
Figure H.1.4-1: Handover events and distributions of delay in handover completion

The figures show that majority of these handover interruptions are between 20-40 ms, but there are some outliers present as high as 800 ms. While these are not large interruption times, it is notable that the outliers are more likely in this data at altitudes 60 meters and higher. 

This result particularly demonstrated that for the considered trial setup, a commercially available LTE network could handle the handovers for the aerial devices. However, some HO enhancements would be beneficial to keep the interruption lower to guarantee the C&C communication. 
H.2

Field Trial 2 [21]

H.2.1
Setup
The following table shows the parameters used during the field test.
Table H.2.1-1: Trial Setup

	Parameters
	Values

	Frequency
	800MHz, 2GHz

	Heights
	30m, 50m, 100m, 150m

	Environment
	Rural area, Suburban area


The drone fly vertically from the ground to a certain height (i.e., 30m, 50m, 100m, 150m) until the maximum of 150m above the ground. While drone hovers in certain heights, measurements log was taken for 2 minutes. Note that the drone does not hover in horizontal route.
From each measurement log, the PCI changes characteristics were analysed and shown in the following figures.
H.2.2
Vertical hovering and corresponding PCI changes in rural area
Figures H.2.2-1a and H.2.2-1b show the hovering condition in each height and the corresponding PCI changes at different frequencies, respectively.
[image: image265.png]Height [m]

50

/

\

/ 800 MHz
7 —=--26M
- : : : : : : :
100 200 300 400 500 600 700 800

Time [s]





Figure H.2.2-1a: Hovering condition in different height
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Figure H.2.2-1b: PCI change in different heights
From the above figures, we can see that also the frequency of changes of PCI is moderate irrespective of different heights.
H.2.3
Vertical hovering and corresponding PCI changes in suburban area 
Figures H.2.3-2a, H.2.3-2b show the hovering condition in each height and the corresponding PCI changes at different frequencies, respectively.
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Figure H.2.3-2a: Hovering condition in different height
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Figure H.2.3-2b: PCI change in different heights
In this suburban scenario, we can observe that the serving cell (PCI) changes relatively often in higher altitude (i.e., 100m, 150m). 
H.3

Field Trial 3 [22]

H.3.1
Setup
In order to understand the effects of UEs being elevated from the ground, a set of measurements were performed by using a drone and an existing LTE network operating at 800MHz carrier frequency. The measurement setup is summarized in Table H.3.1-1. 
Table H.3.1-1: Drone radio channel measurement setup
	Setup information
	Value

	Radio scanner equipment
	R&S TSMA

	Technology
	LTE

	Frequency Band (MHz)
	800

	Drone Height (m)
	1.3
	15
	30
	60
	120

	Sampling Rate (Hz)
	8.9
	9.3
	6.1
	6.1
	3.7

	RSRP Sensitivity (dBm)
	-137
	-110
	-102.7
	-100.2
	-98.1
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Figure H.3.1-1 Example for rural network layout (deployment) with typical large 1.8 to 2.8km ISD. The black circles indicate the locations where drone channel measurements have been performed

The measurement area for results presented in section H.3.2 and Y.3.3 is depicted in Figure H.3.1-1. There were over 30 base stations in the measurement area with antenna heights ranging from 19m to 50m and antenna down-tilting angles from 0 to 9 degrees. 
The measurements in section H.3.2 and Y.3.3 were performed using a smartphone while for the ones in section Y.3.2 a radio scanner was used. The airborne data was collected by attaching the measurement device underneath a commercial UAV. The UAV is flown in 4 different rectangular routes, each with the long edge ranging from 0.45 to 0.75 km. The four routes form a line of 3.5 km in length, and the distance between routes is around 300m. In order to sample the height dimension and analyze how it affects the results, the routes were repeated in four different heights: 10m, 25m, 50m and 100m, measured from ground level (1.5m) at the take-off point. The ground data was collected by performing a drive-test with the phone in the roads surrounding the areas of the selected routes. The ground UE and UAV moving speed was around 15km/h.
H.3.2
Number of detected cell and cell changes
Figure H.3.2-1 shows the average number of detected cells per sample the network scanner used in the measurements delivered. The scanner can report up to 32 cells per sample and the sampling frequency is between 4 and 9 Hz. As can be seen at ground level the number of detectable cells is around 5, which fits with the fact that a measurement report can report the measurement of up to 8 neighbours. For increasing height, the number of detectable cells increases, so reports containing values of more than 8 cells can be considered. The Figure also shows the range of the detected cells in kilometres. The range is defined as the 90% of the distance distribution over all detected cells. As can be seen the range almost doubles from ground level up to 120 m. As the number of neighbours as well as the range of the detected cells increases, the risk of detecting cells with the same PCI value (PCI confusion) increases
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Figure H.3.2-1 Average number of detectable cells (represented by orange bars) and range of detected cells (represented by grey line) per height.
Data considering changes of the strongest cell was also collected. Figure H.3.2-2 shows the average number of cell changes per second for the different heights from two measurement locations. The numbers for two commercial LTE networks are shown. Operator 1 corresponds to the network shown in Figure H.3.1-1, while operator 2 has a sparser network. The locations selected here have a relatively low SINR and one can see that the number of strongest cell changes is relatively high. The highest values are seen at ground level, whereas the number drops when being in the air. Thus, a first observation can be made that being airborne may not lead to a higher number of mobility events. However, these measurements are just two observations, where for instance the movement was kept on the horizontal plane (at fixed height), so it may not hold for vertical movement, which was not tested during this trial.
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Figure H.3.2-2 Number of strongest cell change vs height for 2 measurement location and two different commercial networks.

H.4
Field Trial 4 [hh]
H.4.1
Setup
A LTE UE with a test program was set in a drone. The drone was controlled through Wi-Fi link to fly at different altitudes. The data associated with the testing parameters were transmitted to a server, and the data was analyzed offline afterwards.

The configurations of drone trial scenario are listed as follows. 
Table H.4.1-1: Drone trial scenario
	Data
	Description

	Location
	An office area in the city of Shenzhen, China, unless stated otherwise

	BS deployment
	ISD 400m, less densely distributed, unless stated otherwise

	Surrounding environments
	Low and less dense buildings 

	LTE bands
	TDD 2600MHz

	Test types
	5m/s UAV mobility speed at 5m/s

	Data collection
	On device logging

IPerf logs


H.4.2
Number of detected cells for UMa scenario 
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Figure H.4.2-1: Number of detected cells
As shown in the figure, the number of detected neighbor cells increases with the drones’ altitude since there are no or few obstacles at high altitude.

H.4.3
Distance to serving cell
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Figure H.4.3-1: Distance to serving cell
The distance to serving cell is further when aerial UE is above ground.  

H.4.4
Average SNR values and PCI change
These results were gathered using same setup as other results above except the location was an amusement park in the city of Shenzhen, China where BS deployment is densely distributed with ISD of 300m.
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Figure H.4.4-1  Average SNR values of different cells and PCI change for a moving drone UE
H.5
Field Trial 5 [19]

H.5.1
Setup
Table H.5.1-1 shows the setup of the trial. Aerial UE was controlled over Wi-Fi, and LTE was only used for data transmission for the UE and data reception from the eNB. Network parameters are same as in commercial operation. UE isn’t changed from commercial module either (i.e., no special customization for both eNB and UE).

Table H.5.1.-1: Setup   
	Trial Location
	An airfield near a marine port (Japan)

	Aerial UE
	Controlled over Wi-Fi (LTE is only used for data transmission/reception)

	LTE Frequency
	800MHz

	Flight route
	a square about 100 m on a side (Figure H.5.1-1)

	Drone Altitude
	0m, 25m, 50m, 75m, 100m (Figure H.5.1-2)
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Figure H.5.1-1: Flight route                          Figure H.5.1-2: Drone altitude
H.5.2
Number of handover success/ Failure 
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Figure H.5.2-1: Handover success/failure
The figure shows the following:

· Near the ground (0m, 25m), thanks to good deployment design and parameter tuning, handover failure did not occur. 

· Above altitude 50m, some handover failure occurred. This is likely because of the interference from many neighbour cells.

H.5.3
Number of detected neighbour cells and PCI changes
Figure H.5.3-1 shows the number of PCIs the aerial UE connects to depending on the altitude. A general observation is more PCU changes for higher altitude. As shown in Figure H.5.3-2, at altitude 50m, UE can detect maximum 45 neighbour cells, and UE selects 5 different cells as serving cell over the trial duration as shown in Figure H.5.3-2. Above altitude 75m, the number of neighbour cells which UE detected decrease, because UE receives many synchronization signals from many eNBs, which lead to difficulty of correlation detection of the signals.
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Figure H.5.3-1: Number of Detected Cells/Serving Cells                      Figure H.5.3-2: Serving cells
H.6
Observations from field trials on mobility
Editor’s note: It is FFS whether to capture some or all of these observations in the main text of TR (in Section 6 and/or in Conclusion).

The number of detectable cells and the range of the detected cells increases with height. This also causes the risk of PCI confusion to increase with height. The number of strongest cell changes per second does decrease when the UE gets airborne.  

For rural area, in both lower and higher frequency, the serving cell change is moderate irrespective of different altitude. For suburban area, in both lower and higher frequency, the serving cell changes very frequently in higher altitude (100m, 150m).

Majority of the handover are completed within 20-40 ms, however, some handover interruption can be as high as 800ms. Current LTE networks can handle the handover for the aerial devices to some extent, however, some HO enhancements are beneficial to keep the interruption lower.  

The distribution of distance to serving cell demonstrated that aerial UE can be served by a geographically faraway cell compared to ground UE.  

Annex I:
Field Trials Results on RSRP/RSRQ and other measurements

Field trials were performed by various companies to analyze characteristics of RSRP/RSRQ and other measurements for an aerial UE in a commercial LTE network, and to compare the characteristics between ground and airborne UEs. 

I.1
Field Trial 1 [20]

I.1.1
Setup
The field trial setup is explained in X.1.1.

I.1.2
RSRP/RSRQ distribution for serving cell
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	Figure I.1.2-1: RSRP distribution for serving cell
	Figure I.1.2-2: RSRQ distribution for serving cell


It is seen that aerial UE observe higher RSRP than ground UEs. As a general trend, both RSRP and RSRQ decrease with altitude, but exact impact depends on antenna/frequency band. However, despite lower RSRQ, coverage for drone UE is not impacted.
I.2
Field Trial 2 [21]

I.2.1
Setup
The field trial setup is given in X.2.1.

From each measurement log, the RSRP, RSRQ and SINR characteristics were analysed and shown in the following figures.
I.2.2
RSRP, RSRQ and SINR characteristics in rural area
Figures I.2.2-1a, I.2.2-1b and I.2.2-1c show the RSRP, RSRQ and SINR respectively for rural area at 800 MHz.
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	Figure I.2.2-1a: RSRP – Rural – 800 MHz
	Figure I.2.2-1b: RSRQ – Rural -800MHz
	Figure I.2.2-1c: SINR – Rural – 800MHz


In this scenario, the RSRP in the ground level and 30m height are comparable due to LOS probability in rural area. From the RSRQ and SINR characterisitcs, with the increase of the height the interference also increases.
Figures I.2.2-2a, I.2.2-2b and I.2.2-2c show the RSRP, RSRQ and SINR respectively for rural area at 2 GHz.
	[image: image285.png]CDF

—~]

-80
RSRP (dB)





	[image: image286.png]CDF

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

om
30m

——50m
——100m
———150m

‘ -\ht\





	[image: image287.png]CDF

0.9
0.8
0.7
0.6

0.5
0.4
0.3
0.2 +

0.1

17
1/
[/
Il
i — I
| e 1T
A
7/

SINR (dB)

20






	Figure I.2.2-2a: RSRP – Rural – 2 GHz
	Figure I.2.2-2b: RSRQ – Rural -2GHz
	Figure I.2.2-2c: SINR – Rural – 2GHz


In this scenario, the RSRP quality in ground level is worse than 30m, 50m heights because of the NLOS environment. The LOS probability increases when the UE height increases to 30m and 50m. From the RSRQ and SINR figure, the interference also increases with the increase of heights and this cause worse RSRP quality in higher altitudes.
I.2.3
RSRP, RSRQ and SINR characteristics in suburban area 
Figures I.2.3-1a, I.2.3-1b and I.2.3-1c show the RSRP, RSRQ and SINR respectively for suburban area at 800 MHz.
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	Figure I.2.3-1a: RSRP – Suburban – 800 MHz
	Figure I.2.3-1b: RSRQ – Suburban – 800 MHz
	Figure I.2.3-1c: SINR – Suburban – 800 MHz


In this scenario, the RSRP quality in ground level is worse than 30m, 50m heights because of the NLOS environment. The LOS probability increases when the UE height increases to 30m and 50m. From the RSRQ and SINR figure, the level of interference also increases with the increase of heights and this causes worse RSRP quality in higher altitudes.  
Figures I.2.3-2a, I.2.3-2b and I.2.3-2c show the RSRP, RSRQ and SINR respectively for suburban area at 2 GHz.
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	Figure I.2.3-2a: RSRP – Suburban – 800 MHz
	Figure I.2.3-2b: RSRQ – Suburban – 800 MHz
	Figure I.2.3-2c: SINR – Suburban – 800 MHz


I.3
Field Trial 3 [23-24]

I.3.1
Setup
The trial setup is described in X.3.1, except the results presented in section I.3.2 were performed in another rural location in Northern Denmark where the surrounding area was relatively-flat, with terrain profile variation from 15 to 35 meters, with small hills up to 80 meters of altitude.
I.3.2
RSRP and RSSI characteristics
Figure I.3.2-1 provides the CDF of the measured RSRP of the serving cell and the reported neighbor cells as well as the CDF of the measured RSSI. As shown in the figures, the RSRP of the serving cell increases significantly (> 20 dB), but also the received level from the potential interferers increases, as the RSRP of the neighboring cells also rises a large amount. Overall this leads to an increase in the RSSI as shown in I.3.2-2.
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	(a) Ground UE
	(b) aerial UE at 100m


Figure I.3.2-1: RSRP in rural scenario
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Figure I.3.2-2: RSSI in rural scenario
I.3.3
RSSI vs ΔRSRP
Figure I.3.3-1 shows the RSSI vs the difference between the RSRP of the serving cell and the strongest neighbor cell, referred to as ΔRSRP. Black dots corresponding to 1.5 m are terrestrial UEs whereas the other heights are airborne UEs. The four cases represent two different rural measurement locations and two different LTE network operators as summarized in Table I.3.3-1. 
Table I.3.3-1: Measurement case overview
	
	Operator 1
	Operator 2

	Measurement location 1
	Case 1
	Case 2

	Measurement location 2
	Case 3
	Case 4


The term ΔRSRP is a representation of the location in the cell, i.e. how close to the cell center the UE is located. The results are based on the measurements performed in real commercial LTE networks with drones at different heights for the 4 different cases.
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Figure I.3.3-1: RSSI vs ΔRSRP for different heights

I.4
Field Trial 4 [hh]
I.4.1
Setup
The trial setup is described in X.4.1.
I.4.2
RSRP characteristics
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	Figure I.4.2-1 Serving cell RSRP
	Figure I.4.2-2 Neighbor cell RSRP


Figure I.4.2-1 shows that the strength of RSRP above the ground is much more than that at ground, and reaches the maximal at the altitude of nearly BS antenna height. Moreover, the variation of RSRP above the ground is small. 

Figure I.4.2-2 shows the strength of the sum of RSRP is larger when the aerial vehicle flies at higher altitude. This observation is consistent with that the number of detected neighbor cells increases with aerial vehicle’s altitude. Thus, the downlink interference may be much more severe at high altitude. 

I.5
Observations from field trials on RSRP/RSRQ and other measurements
Editor’s note: It is FFS whether to capture some or all of these observations in the main text of TR (in Section 6 and/or in Conclusion).

The radio environment including the RSRP, RSRQ and RSSI characteristics of aerial UE in the air are different from terrestrial UEs at ground level. 
RSRQ in general decreases for airborne UEs with increase in altitude compared to terrestrial UEs. RSSI is in general higher for airborne UEs compared to terrestrial UEs and the average RSSI increases with altitude. 
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	0.4.0
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