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ABSTRACT

This paper mainly describes a preliminary trial implementation of a bidirectional network commu-

nication link for aircraft range flight test application based on modified LTE Air-to-Ground sys-

tems. The theoretical feasibility of this trial which integrated the existing on-board network-based

acquisition system installed on our regional jet and a newly designed modified LTE Air-to-Ground

communication system was carefully analysed and validated before system level ground experi-

ments. Finally, several test flights were performed within a specific airspace with two eNodeBs,

which configured as an independent LTE network and covered most of the designed flight path,

and the test results give us the conclusion that under the promise of deploying reliable ground base

stations, LTE system has the potential capability to provide acceptable bandwidth and time delay

performance for range flight test application.

INTRODUCTION

Nowadays, range flight tests for the purpose of development, evaluation and/or certification for a

certain type of aircraft are representative applications of Aeronautical Mobile Telemetry (AMT),

which are usually handled by transmitting a traditional RF signal from the Test Article (TA) and

receiving it by auto-track high gain ground antenna pointing to the aircraft all the time. Indeed,

this is the most convenient and efficient way to deal with one TA and one ground antenna with

enough gain and tracking accuracy, which can cover the radius of up to more than 300km. But,

as the number of TA increases, there has to be at least one ground antenna for one TA at the

same time, and therefore, one operator to monitor and control the ground receiving system, which

increases the complexity of this system rapidly. Another difficult problem is frequency reuse,

because traditional AMT will occupy fixed RF spectrum bandwidth during the entire flight for one

TA, and others have to avoid frequency interference if they are in the same airspace at the same

time.
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Figure 1: Basic LTE System structures.

LTE based range telemetry has been studied in [1], which introduces a novel approach for AMT

that take advantage of LTE’s robustness to wireless RF channel and excellent mobility manage-

ment ability. Computer simulation in [2] demonstrates typical IRIG-106 S-band and C-band Cel-

lular Range Telemetry performance. Latter in 2018, more studies about LTE based AMT were

published, for example, high speed handover[3] and doppler estimation and compensation[4]. The

biggest advantage of LTE based telemetry is that it allows more TAs inside one test range with-

out worrying frequency conflicting, and furthermore, there is no need for complex and expensive

tracking antenna. LTE based AMT system, or so called Cellular Range Telemetry could be an

alternative solution for a newly-built test range.

FUNDAMENTALS OF LTE AIR-TO-GROUND SYSTEM

Basic structure of the LTE communication system[5] can be divided into three layers as shown in

Figure 1, which are User Equipment (UE),Long Term Evolution (LTE) and System Architecture

Evolution (SAE). The purpose of designing and implementing LTE communication systems is to

provide broadband wireless IP connection and service for the UE. Generally speaking, LTE Air-To-

Ground system is a self-contained modified LTE communication system which deploys multiple

LTE eNodeBs with antennas that cover the air route and provide IP connection for the aircraft.

• Airborne device

A critical device called Customer Premises Equipment (CPE) is installed with LTE antennas out-

side the fuselage to achieve Air-to-Ground communication and it will provide cabin network inter-

face wired and wireless.The CPE is a small airborne system that should meet the criterion defined

in ARINC 600 and RTCA DO-160G, etc.

• eNodeB

An eNodeB in Figure 1 usually comprises Baseband Unit (BBU), Remote radio unit (RRU) and

related LTE antennas. BBU handles baseband control, external communication and environment

control, which is usually installed inside the communication equipment room where RRU is re-

sponsible for RF signal transmitting and receiving, power amplify, and installed near the antenna
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mounting position due to the limitation of RF cable length. BBU and RRU are connected via single

mode fibre running Common Public Radio Interface (CPRI).

• SAE

In general, SAE is usually considered as the Core Network, which separates user plane and control

plane and provides total control to all of the UE and manages all of the connection between all of

the Logical NE such as MME, S-GW, P-GW, etc. In large scale civil mobile communication system,

SAE is very complex and has to be merged with the backbone network across the state, but smaller

private LTE network can work with all SAE functions inside one device mounted on the rack and

this is the situation in this paper where a small test LTE network is deployed independently with

customized frequency and small coverage area.

IMPLEMENTATION AND FLIGHT TEST RESULTS

In December 2018, five flights were scheduled and executed in Dongying Shengli Airport specifi-

cally for the verification of one new designed LTE Air-To-Ground system using one of the ARJ21-

700 regional jets. This test aircraft was equipped with a full set of network based Flight Test Instru-

mentation(FTI) systems including a master switch, Data Acquisition Units (DAUs), on-board data

processing, real time display and on-board storage, etc. This aircraft was considered as a universal

test platform and the LTE based ATG communication system was installed on-board as additional

special-purpose equipments after finishing ground qualification acceptance tests. The on-board

LTE antenna was a double oscillator linear polarization antenna and had to be attached outside

the fuselage to realize line-of-sight RF link and this antenna was designed to be able to reuse the

FTI telemetry antenna mounting hole. The FTI power control system provided DC supply for the

independent ATG rack.

The on-board CPE handled LTE communication between the aircraft and the two eNodeBs, mean-

while, it provided cabin network connectivity and internet access to passengers, which was one

part of this flight test project. When disconnecting P-GW from the internet, the whole test system

became a private LTE network and FTI system was able to connect to this system and implement

bidirectional network communication to the ground facility. System structure in Figure 2 shows

that two ATG terminals are defined as the key nodes and only these two devices are allowed to use

the LTE network to establish bidirectional communication link due to this experimental system

configuration is not specially designed for AMT applications and is considered more reliable to

reduce cross-linking between two systems. DAUs could acquire different type of parameters and

packaged into specific network stream format for on-board storage and data processing, and the

on-board ATG terminal received the network data and transmitted it to the ground ATG terminal

using UDP unicast, where the date could be adjusted to become suitable for ground data processing

and real time display using the identical hardware and software as the on-board ones. The tricky

part was the CPE, which was basically a router and all on-board network was an inner net and able

to access the extranet using Network Address Translation (NAT) protocol. In this trial, a simple

DMZ configuration was set inside the CPE to allow external access to the on-board ATG terminal

only and the FTI system remote monitoring and control was feasible via this terminal.

The distance between two prototype eNodeBs were about 60 km in order to cover single station

validation and inter-cell handover tasks. The base station antenna was modified and applicable
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Figure 2: Schematic diagram of Air-to-Ground system structure.

for air route communication due to its flat wide beam antenna pattern as shown in Figure 3. The

test aircraft was able to connect to LTE network when cruising inside the signal coverage area,

in this case, the air route between two eNodeBs. In order to avoid affecting nearby commercial

LTE system, this flight test project was designed to running as a private FDD-LTE system and

modified the LTE radio frequency front end and utilized IRIG-106 lower S-band with 20MHz

uplink and 20MHz downlink each. Intuitively, theoretical data rate for FDD-LTE working with

these bandwidth are about 150Mbps downlink and 50Mbps uplink, which are just the reverse of

AMT communication that usually considers uplink as from ground control to TA. In fact, real

aviation wireless channel is more worse than ideal mobile communication scenario due to the

distance, the flight speed and the reflection caused by metal structure of the aircraft.

In the test flights, three typical flight altitude with variety of cruising speed were verified and the

minimum uplink and downlink bit rate were 30Mbps and 45Mbps separately for 10000, 14000 and

25000 ft. During all LTE connected interval, on-board video call, FTP file transmitting function
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Figure 3: Ground LTE antenna beamforming example.

were sharp and clear and after that, a great opportunity was given to the FTI team to test the LTE

based AMT application. It was feasible to receive and display in real time for all of the 312 pa-

rameters within the original telemetry network package that should be converted to serial stream

and transmitted using PCM/FM. Compared with the GPS time decoded from the LTE based Air-

to-Ground communication link and the ground local GPS time, the average application layer delay

was around 100 to 200 ms based on different flight conditions. Because this was only a prelimi-

nary trial implementation and there were no additional measures to improve the LTE transmitting

capacity and reliability, there was about 3.8% package loss probability which could cause display

parameter loss. It still needs further research on solving this problem.

A remote telnet connecting was able to be established between the on-board and ground ATG

terminals because of the DMZ setup, the LTE system became the bidirectional network that on-

board FTI system and data processing system could be monitored and controlled from the ground

ATG terminal.

CONCLUSIONS

In this paper, a new topic which considers AMT applications in a different perspective using well

developed civil mobile communication technical solutions is discussed and the trial implementa-

tion carried out by COMAC last year demonstrates the potential that a well designed LTE network

with good coverage could be a satisfactory technological path to solve multiple TAs and lack of

spectrum problems. Furthermore, the fifth generation mobile communication is rapidly expanding

and may lead to another industrial revolution and the LTE based AMT system may become one of

the application scenarios and evolve along with it.
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