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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.
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.

[1]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications"
[2]
RP-170779, "New SID on Enhanced Support for Aerial Vehicles"
[3]
3GPP TR 36.873: "Study on 3D channel model for LTE", V12.4.0
[4]
3GPP TR 38.901: "Study on channel model for frequencies from 0.5 to 100 GHz", V14.0.0
[5]
3GPP TR 36.872: "Small cell enhancements for E-UTRA and E-UTRAN - Physical layer aspects", V12.1.0
[6]
3GPP TR 36.814: "Further advancements for E-UTRA physical layer aspects", V9.0.0
[7]
3GPP TR 36.839: "Mobility enhancements in heterogeneous networks", V11.1.0
…
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
	1. FFS: 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


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 aerial UEs Data traffic
· UL and DL packet throughput statistics of all 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]
· 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

	HOF rate
	HOF/UE/sec
	Number of HO failures over time (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 a HO procedure

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

	Pingpong rate

(NOTE)
	
	CDF of (number of ping-pongs)/(total number of successful handovers excl. 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.

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. 
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 patternand 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

	  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 
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· 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 
[image: image14.wmf]3

=

aerial

N

)
· Case 5: 50% (corresponding to 
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	15
	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 DL
· 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
	· 30 km/h for outdoor terrestrial UEs
· 3 km/h for indoor terrestrial UEs
	· 30 km/h for outdoor terrestrial UEs
· 3 km/h for indoor terrestrial UEs

	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

	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 
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	· 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

	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


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)

	
	
	

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

100 m, 300 m (AGL) 

	UE speed
	Horizontal speed
	3 km/h, 30 km/h, 

60 km/h, 160 km/h

	Outdoor terrestrial UE ratio
	
	100% 

(NOTE 3)


NOTE 1:
0 m AGL corresponds to ground UEs.

NOTE 2:
Aerial UE height is constant throughout the simulation. 

Editor’s Note: FFS whether and how to model variable height, e.g. for take-off and landing scenarios. 

NOTE 3:
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


UE Placement and Trajectories
LOS or NLOS for an Aerial UE is fixed throughout the simulation based on initial determination of LOS/NLOS. 
Editor’s Note: FFS whether and how to model LOS/NLOS switching.

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.
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Figure B-1: the definition of 2D and 3D distances for aerial UTs.  Note that 
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[image: image22.wmf]BS

h

.

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


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
	
	

	
	
	

	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
	
	

	
	
	

	UMi-AV NLOS
	
	

	
	
	

	Note 1:   For UMa-AV LOS, breakpoint distance is not observed for the ariel UE height range 
[image: image42.wmf]m

300

2.5m

2

£

£

UT

h

 and 2D distance range 
[image: image43.wmf]km

4

2

£

D

d

.


Table B-3: Shadow fading standard deviation

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

	RMa-AV LOS
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	RMa-AV NLOS
	
	

	
	
	

	UMa-AV LOS
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	UMa-AV NLOS
	
	

	
	
	

	UMi-AV LOS
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	UMi-AV NLOS
	
	

	
	
	

	


Table B-4: Fast fading model

	Scenario
	Fast fading model
	Applicability range

	RMa-AV
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	UMa-AV
	According to [4]
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	UMa-AV
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Annex C:  Evaluation results
Editor’s note: This section will capture details of evaluation results.
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