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EVALUATION OF 5G NETWORK AND MMWAVE RADAR SENSORS TO ENHANCE 
SURVEILLANCE OF THE AIRPORT SURFACE 

 

This D2.1 deliverable is part of a project that has received funding from the SESAR Joint Undertaking 
under grant agreement No 893917 under European Union’s Horizon 2020 research and innovation 
programme. 

 

 

Abstract  

This document is the deliverable 2.1 related to the Work Package 2 (WP2) planned by the NewSense 
project to define the common scenarios that we will target to evaluate the 5G based Surveillance 
solution. This document provides detailed information on the targeted scenarios. 

To define the targeted scenarios, the deliverable 2.1 develops the technical context of the project. The 
context addresses 5G signal mechanisms, presents available airfields and introduces electromagnetic 
simulations. 

From this technical context, two scenarios are proposed: the uplink and downlink scenarios. These 
scenarios are defined to represent as much as possible the different phases of a real flight. In a first 
place, only digital simulations are considered through Muret airfield.  

This model has several parameters. Some parameters are pre-set to settle a base for the simulations, 
other parameters must be estimated during the study. 
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1 Introduction 

1.1 Preamble 

NewSense is a research and development project that aims at improving safety and efficiency of 
operations primarily in secondary airports with innovative low-cost surface surveillance solutions 
allowing the implementation of affordable Advanced-Surface Movement Guidance and Control 
Systems (A-SMGCS). 

It also aims at developing gap-filler solutions that could be deployed at larger airports to cover up 
current system limitations such as coverage issues, to extend ATCo’s situational awareness in the 
parking and apron areas, and to enable increase in automation levels through, for example, automated 
detection of A-CDM milestones events. 

The D2.1 deliverable is organized in 2 parts. The Chapter 2 “Technical ” describes the context of the 
project and the Chapter 3 “Scenarios” selects common scenarios that complies with the below 
mentioned objectives. 

1.2 Objectives 

The NewSense project aims to assess the use of 5G-signal-based surveillance solution and low-cost 
mmWave radar for use in A-SMGCS. Project objectives are detailed in [1]. This deliverable focuses 
mainly on the following objective: 

•  Design a 5G-signal-based surveillance function for use in A-SMGCS including: 

✓ 3D vector antenna: source of Angle of Arrival (AOA) estimation 

✓ A 5G positioning function identifying and calculating cooperative targets position using 
AOA and estimating Time of Arrival (TOA) from their transmitted 5G RF signals. 

✓ A radar-like system relying on 5G signals to calculate all targets position from AOA and 
TOA of reflected 5G Base Station (BS) RF signals 
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2 Technical context 

To describe the context of the project in compliance with objectives listed above this chapter is 
organized in five phases: in the first and second phase an overview and some definitions are exposed, 
in a third phase a description of the 5G signals is done, the fourth phase describes available airfields 
and the fifth is about electromagnetic simulations possibilities. 

2.1 Overview 

The project will explore a long-term opportunity to position objects on the airport surface by 
monitoring 5G signals, assuming a large-scale 5G deployment in the next decades, with independent 
private 5G networks available at airports and 5G equipment onboard aircrafts. As such, the NewSense 
concept generates an opportunity for technological convergence with future datalink communications 
systems (c.f. SESAR 2020 project for use of 5G in CNS and mainly communication [2] and [3]). 

NewSense aims therefore to evaluate a surveillance solution that aims to cover cooperative targets 
with 5G based signals. 

Innovative tracking and data fusion functions will be developed in NewSense to process information 
coming from the 5G surveillance solution.  

The NewSense 5G Signal Surveillance Solution relies on the combination of information essential to 
build a consolidated position information for each target operating on the airport surface. The 
concept implies calculation of the targets’ positions by combining the Angle of Arrival (AOA) 
information obtained from an innovative 3D vector antenna together with Time of Arrival (TOA) 
information computed from the transmitted or reflected 5G signals. 

 

Figure 1 - Hybrid 5G signal TOA / AOA function. 
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The objective will be to design and study the performances of an RF device based on 3D direction 
finding with a vector antenna. This technology will be applied in the context of surveillance of 
cooperative targets by monitoring of 5G signals. The interest of this technology is to use the 
polarization diversity to resolve the 2D angle of arrival of incoming electromagnetic fields. 
Consequently, the antenna size can be reduced while covering a 3D half-space.  

2.2 Definitions 

This section aims to define the main terms used in this project. 

2.2.1 Actors 

There are two main actors defined as [4]: 

Base Station (BS) is a land station in the land mobile service. In 5G terminology, the Base Station is 
called gNodeBs or gNB. 

Mobile Station (MS) is a station in the mobile service intended to be used while in motion or during 
halts at unspecified points. In 5G terminology, the Mobile Station is called User Equipment or UE. 

2.2.2 Channels 

In a telecommunication network, a link is a communication channel that connects two or more devices 
for the purpose of data transmission. This section defines the uplink and the downlink process.  

The Uplink (UL) is defined as the link from the User Equipment to the Base Station. 

 

The Downlink (DL) is defined as the link from the Base Station to the Mobile Station. 

 

Figure 2 - Uplink illustration. 

Figure 3 - Downlink illustration. 
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2.2.3 Signals 

A cooperative signal can exchange data from a system to another system. This flow of information can 
be simplex, half duplex or full duplex. 

A cooperative target is defined in ED-87 [5] as “a target which is equipped with systems capable of 
automatically and continuously providing information including its identity to the A-SMGCS”. 

A non-cooperative target is defined in ED-87 [5] as” a target which is not equipped with systems 
capable of automatically and continuously providing information including its identity to the A-
SMGCS”. 

In an operational context several signals can be differentiated: 

• The Targeted Signal (TS) coming from a specific user (or UE).  

• Some scattered signals (called multipath signals) coming from the targeted signal scattered on 
building and ground. 

• Spurious signals coming from other mobile stations and base-stations. 

Only the targeted signal is necessary to localize the source. The other ones need to be rejected to allow 
good angle and distance estimation. 

2.2.4 Scenario 

In order to locate a UE, there are two main possible scenarios: 

The positioning scenario is defined by a targeted signal emitted by the base stations (Figure 4) and 
from this configuration, the position is estimated at the User Equipment. 

The surveillance scenario is defined by a targeted signal emitted by the UE (Figure 5). From this 
scenario, the position is estimated at the base station. 

Figure 4 - Illustration of the positioning scenario. 
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2.2.5 AOA and TOA 

From TOA and AOA it is possible to know where is a target. They are defined as: 

Angle of Arrival (AOA) (also named Direction of Arrival (DOA) in the literature) is the angle from where 
a signal is received. 

Time Of Arrival (TOA) is the time that a signal needs to go from a station to another station. 

2.3 5G Signals 

This section gives a brief overview of 5G signals and 5G physical layers, with a focus on how 5G signals 
can be used for positioning. 

5G [6] [7] is the fifth-generation technology standard for broadband cellular networks, which is 
providing high speed, low error rate, and low latency network not only for mobile-phone-based 
applications, but also for other applications such as laptops, vehicles, aircraft, IoT devices, etc1.  5G 
New Radio (NR) is a new Radio Access Technology (RAT) developed by 3GPP and it was designed to be 
the global standard for the air interface of 5G networks. Two main frequency bands have been 
currently chosen for 5G-NR, namely 

1) lower frequencies (also known as Frequency Range FR1), below 6 GHz, and  

2) higher frequencies (or FR2), referring to carrier frequencies above 24 GHz.  

The 5G network uses both in uplink (UL) and downlink (DL) transmissions Orthogonal Frequency 
Division Multiplexing (OFDM) signal. The subcarrier spacings used for FR1 are 15kHz, 30kHz and 60kHz. 

 

 

1   https://en.wikipedia.org/wiki/5G_NR 

Figure 5 - Illustration of the surveillance scenario. 
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For FR2, the subcarrier spacing can be 60kHz, 120kHz and 240kHz, where 240kHz is only used for search 
and measurement purposes, using the Synchronization Signal Block (SSB)2.  

The base stations on 5G are called gNodeBs or gNBs. A gNB in 5G network has the following main 
functions:  

- Radio Resource Management/ Radio Bearer Control,  

- Radio Admission Control,  

- Connection Mobility Control,  

- Dynamic allocation of resources to UEs in both uplink and downlink (scheduling).  

The 5G signal resource controlling parameters are handled by gNB. The next subsections give more 
details on the types of signals encountered in 5G. 

2.3.1 Description of a generic 5G signal 

The 5G signals are organized into time intervals called frames, subframes, and slots. The lengths of the 
frame and subframe in 5G are fixed to 10ms and 1ms, respectively (i.e., 10 subframes form a 5G frame).  
The number of slots within one subframe is varying, according to the subcarrier spacing and to the 
cyclic prefix (CP) length. More details are listed in Table 1 and depicted in Figure 6. 

 

Configuration 
index 

Subcarrier 
Spacing (µ) 

Number of OFDM Symbols 

per Slot (
symbol

slotN ) 

Number of Slots per Subframe 

(
,subframe

slotN 
 ) 

Number of Slots per 

Frame (
,frame

slotN 
) 

0 15 kHz 14 in 1ms slot 1 (here: 1slot x 1ms = 1ms 
subframe) 

10  in 10ms frame  

1 30 kHz 14 in 500µs slot 2 (here, 2slots x 500µs = 1ms 
subframe) 

20  in 10ms frame 

 

 

2   https://en.wikipedia.org/wiki/5G#5G_NR 

Figure 6 - 5G Frame Structure. 
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2 60 kHz 14(normal CP)/12(Extend Cp) 
in 250µs slot 

4 (here, 4slots x 250µs = 1ms 
sub-frame) 

40 in 10ms frame 

3 120 kHz 14 in 125µs slot 8 (here 8slots x 125µs = 1ms 
subframe) 

80 in 10ms frame 

4 240 kHz 14 in 62.5µs slot 16 (here 16slots x 62.5µs = 
1ms subframe) 

160  in 10ms frame 

Table 1 - 5G Numerology. 

5G signals are arranged in a so-called resource grid containing several Physical Resource Blocks (PRB). 
Each PRB contain (12) OFDM subcarriers and one slot, as shown in Figure 7.  The example in Figure 7 
shows the allocated PRB is located at k-th subcarrier and l-th symbol. 

To understand the 5G signal structure and its properties related with positioning functions, the 
following sections are focusing on 5G reference signals and reference-signal controlling parameters. 
The four main reference signals used in 5G network are (two in DL and two in UL) [7]:  

1. Demodulation Reference Signal (DMRS), used in downlink 

2. Channel State Information Reference Signal (CSI-RS), used in downlink 

3. Phase Tracking Reference Signal (PT-RS), used in uplink  

4. Sounding Reference Signal (SRS), used in uplink 

Figure 7 - Example of 5G PRB Allocation. 



COMMON SCENARIOS DEFINITION  
 

  

 

 

 15 
 

 

 

The mapping of the 5G reference signals with different physical channels is depicted in Figure 8. In 
Figure 8 there are also additional 5G reference signals depicted, such as Broadcasting Channel (BCH), 
Paging Channel (PCH), Uplink Synchronization Channel (UL-SCH), but since they are not relevant for 5G 
positioning studies, they are not detailed here. Good description of all these 5G reference signals and 
their mapping to physical channels can be found for example in [8] (all channels) or [9] (DL channels). 
Next two sub-sections address a bit in more detail some of the UL and DL signals that relate to the 
synchronization and positioning processes. 

 

2.3.1.1 UL UL  

An uplink physical channel corresponds to a set of resource elements carrying information originating 
from higher layers. The following uplink physical channels are defined [10]: 

•  Physical Uplink Shared Channel (PUSCH). 

•  Physical Uplink Control Channel (PUCCH). 

•  Physical Random-Access Channel (PRACH). 

An uplink physical signal is used by the physical layer but does not carry information originating from 
higher layers. 

The following uplink physical signals are defined [10]: 

•  Demodulation reference signals (DM-RS). 

•  Phase-tracking reference signals (PT-RS). 

•  Sounding reference signal (SRS). 

The UL-based positioning systems so far in the literature are using SRS signals. As a UL reference 
signal, the SRS is transmitted by the UE to help the gNB obtain the channel properties such as 

Figure 8 - 5G Channel and Reference Signal Mapping. 



COMMON SCENARIOS DEFINITION  
 

  

 

 

 16 
 

 

 

scattering/shadowing, fading, and path loss. The physical resource allocation pattern of SRS and 
controlling parameters are briefly described in the following part.  

As described in Figure 9, SRS signal can be allocated with 1/2/4 OFDM contiguous symbols in the time 
domain. The start index 𝑘0 defined in the last six symbols of 1 slot. For the frequency domain, 𝑚𝑆𝑅𝑆 
controls the number of RBs allocated to the UE and each RB contains twelve subcarriers. In order to 
separate SRS signals from several users in frequency domain, the SRS signal is arranged with a comb 
structure according to 𝐾𝑇𝐶(2 𝑜𝑟 4).  In the example of Figure 9, there are two users (UE1 and UE2) 
who are using a comb-2 structure and the span between two contiguous subcarriers is equal to two 
subcarriers spacing. Figure 10 shows a Matlab-based example of the SRS Resource Allocation Pattern 
within a full band and within a PRB.  

Figure 10 - Example of a SRS Resource Allocation Pattern: Pattern in Full Band (Left) and Pattern in One PRB 
(Right). 

2.3.1.2 DL Structure 

A downlink physical channel corresponds to a set of resource elements carrying information originating 
from higher layers. The following downlink physical channels are defined in 5G: 

•  Physical Downlink Shared Channel (PDSCH). 

•  Physical Broadcast Channel (PBCH). 

•  Physical Downlink Control Channel, PDCCH. 

A downlink physical signal corresponds to a set of resource elements used by the physical layer but 
does not carry information originating from higher layers. 

The following downlink physical signals are defined: 

Figure 9 - Example of a Physical Resource Block allocation with two users (UE1 and UE2). 
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•  Demodulation reference signals (DM-RS). 

•  Phase-tracking reference signals (PT-RS). 

• Positioning reference signal, PRS-DL or simply PRS. 

•  Channel-state information reference signal (CSI-RS). 

•  Primary synchronization signal (PSS). 

•  Secondary synchronization signal (SSS). 

The PRS has been defined for 5G NR downlink in release 16 [11] to support positioning applications. 
By covering the NR bandwidth and symbols allocated to UEs, positioning methods achieve high 
accuracy. 

According to the 3GPP standards [11] the PRS is generated based on the 31-length Gold sequence and 
the resource mapping is following the equations below: 

𝒂𝒌,𝒍
(𝒑,𝒖)

= 𝛃
𝑷𝑹𝑺

𝒓(𝒎) 

𝒎 = 𝟎, 𝟏, …. 

𝒌 = 𝒎𝑲𝒄𝒐𝒎𝒃
𝑷𝑹𝑺 + ((𝒌𝒐𝒇𝒇𝒔𝒆𝒕

𝑷𝑹𝑺 + 𝒌′)𝒎𝒐𝒅𝑲𝒄𝒐𝒎𝒃
𝑷𝑹𝑺 ) 

𝒍 =  𝒍𝒔𝒕𝒂𝒓𝒕
𝑷𝑹𝑺 ,  𝒍𝒔𝒕𝒂𝒓𝒕

𝑷𝑹𝑺 + 𝟏, … , 𝒍𝒔𝒕𝒂𝒓𝒕
𝑷𝑹𝑺 + 𝑳𝑷𝑹𝑺 − 𝟏 

 

The subcarrier index k and symbol index l are defined by PRS configuration parameters 

(𝐾𝑐𝑜𝑚𝑏
𝑃𝑅𝑆 , 𝐾𝑜𝑓𝑓𝑠𝑒𝑡

𝑃𝑅𝑆 , 𝑙𝑠𝑡𝑎𝑟𝑡
𝑃𝑅𝑆 , 𝐿𝑃𝑅𝑆). 𝐾𝑐𝑜𝑚𝑏

𝑃𝑅𝑆  indicates the comb structure or density of PRS and 𝐾𝑜𝑓𝑓𝑠𝑒𝑡
𝑃𝑅𝑆  used 

to shift the subcarrier index to avoid overlapping of PRSs in the frequency domain. 𝑙𝑠𝑡𝑎𝑟𝑡
𝑃𝑅𝑆  and 𝐿𝑃𝑅𝑆 

defines the PRS symbol start location and the length. The k’ is selected based on the table 7.4.1.7.3-1 
in 7.4.1.7.3 of [7]. The table is given below. 

The example allocation pattern of PRS in one physical resource block is shown in Figure 11. The total 
PRS bandwidth or the number of the resource blocks should be no larger than BWP (band-width part) 
of UE, but the details of this are not specifically defined yet in the standards.   

Table 2 - The frequency offset value selection table. 
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Figure 11 - 5G NR PRS Allocation Pattern. 

The DL-based positioning systems in current literature use the CSI-RS signal. A brief description of 
CSI-RS is given below. 

Channel State Information Reference Signal (CSI-RS) is a DL-only signal, it is measured by UE to gain 
the channel quality. The CSI-RS physical resource mapping pattern is controlled by the following five 
parameters (examples are shown in Figure 12 and Figure 13):  

• Density ρ: this parameter represents the number of CSI-RS OFDM symbols within one PRB. 
The value of ρ is defined by the higher-layer parameter density in the CSI-RS-ResourceMapping 
IE 

• nrofPorts X: The number of ports X is given by the higher-layer parameter nrofPorts. According 
to the 3GPP standards [10] the port conception used in the document means a logical port and 
the symbols transmitted through this port are predictable by observing any one of those 
symbols. The logical port mapping with physical antenna elements is not strictly defined and 
one logical port can be mapped with one antenna element (no beamforming) or multiple 
antenna elements (beamforming). Also, different logical ports are probably sharing some 
physical antenna elements. In the CSI-RS configuration state, the port number X indicates the 
number of quasi co-located ports, which means the symbols sending from different ports are 
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inferable. In other words, the UE can assume the symbols sending via the same ports 
experienced the same radio channel. 

• cdm-Type: The CDM groups are numbered in order of increasing frequency domain allocation 
first and then increasing time domain allocation. Values can be: 'noCDM', 'FD-CDM2', 'CDM4', 
'CDM8', by using this CDM groups. More logical ports can send the symbols with the same 
resource elements but orthogonal codes.  

• frequencyDomainAllocation:  The frequency-domain location is given by a bitmap provided 
by the higher-layer parameter frequencyDomainAllocation in the CSI-RS-ResourceMapping IE 
with the bitmap and value of 𝑘𝑖 in the table 7.4.1.5.3-1 of [10]. 

• firstOFDMSymbolinTimeDomain: The time domain locations 𝑙0 and 𝑙1 are defined relative to 
the start of a slot and are provided by the higher-layer parameters called 
firstOFDMSymbolinTimeDomain and the firstOFDMSymbolInTimeDomain2, respectively, in 
the CSI-RSResourceMapping IE. 

Figure 12 shows a concrete example of CSI-RS allocation based on 5G specs; it is to be noted that some 
of the k0 and l0 parameters are not defined in clear in the standards.  

 

Figure 13 shows a Matlab- based example of CSI-RS RB Allocation Pattern in full band and in one PRB, 
respectively. 

Figure 12 - CSI-RS RB Allocation Pattern 
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Figure 13 - An example of CSI-RS RB Allocation Pattern: Pattern in Full Band (Left) and Pattern in one PRB 
(Right). 

2.3.1.3 Synchronization process for cooperative signals 

Similarly, with 4G networks, the primary and secondary synchronization signals (PSS and SSS) are used 
in 5G NR systems to help the UEs to get radio frame boundary and to detect the cell identity (ID). The 
5G NR PSS consists of one of three 127-symbols m-sequences and is allocated on the first symbol of 
each SSB, and on 127 subcarriers [12] [13].  

The 5G NR PSS consists of one of 336 127-symbols Gold sequences and it is allocated on the third 
symbol of each SSB, and on 127 subcarriers [12] [13].  

2.3.2 Signal characteristics 

The typical parameters of interest in 5G positioning are 

- the carrier frequency (e.g., in FR1 or FR2 ranges) 

- the channel bandwidth (e.g., 100MHz); typically, the higher, the better for positioning 
purposes 

- the signal waveform: currently several proposals are supported by 5G standards and research 
papers, and in particular 

o DL waveform: CP-OFDM 

o UL waveforms: DFT-s-OFDM (targeted at power-limited scenarios) or also a CP-OFDM, 
as in DL (targeted at high throughput scenarios) 

- The signal transmission power: this is not defined with exact values in 3GPP standards, but the 
powers of received signal can be measured via Synchronization Signal (SS) and Channel State 
Information (CSI) [12] [13] signal, through one of below four indicators:  

- Reference Signal Received Power (RSRP): this is the RSSI of reference signal 

- Received Signal Strength Indicator (RSSI): this is the average power of OFDM signal received 
by UE in the measured bandwidth and blocks. 
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- Reference Signal Received Quality (RSRQ): it is equal to resource block number(N) multiplied 
by RSRP and divided by RSSI. 

- Signal to Interference and Noise Ratio (SINR): it measures the signal power related with 
interference and noise power. 

2.3.3 AOA and TOA metrics 

Hereafter are described the metrics associated with the concept of AOA and TOA.  

2.3.3.1 Robustness against angular ambiguity 

For a given array antenna, the estimation accuracy of a direction finder can be degraded by the 
appearance of angular ambiguity. The angular ambiguity is directly linked to AOA estimation methods 
[14]. 

There are two types of angular ambiguity for volume arrays: 

1. Angular ambiguity Type I: appears due to antenna geometry [15], 

2. Angular ambiguity Type II: appears for multiple incident signal scenarios [16]. 

Only angular ambiguity Type I is developed here.  

The Type I ambiguity properties of antenna array are fundamentally related to the geometry of the 
antenna array. The idea is to characterize it for any antenna design. A metric for angular ambiguity 
could be [17]: 

𝛼(𝜃𝑖, 𝜑𝑖 , 𝜃𝑗, 𝜑𝑗) =  cos−1 (
|𝒅𝐻(𝜃𝑖, 𝜑𝑖). 𝒅(𝜃𝑗, 𝜑𝑗)|

‖𝒅𝐻(𝜃𝑖, 𝜑𝑖)‖. ‖𝒅(𝜃𝑗, 𝜑𝑗)‖
) 

where 𝒅𝐻 denotes the Hermitian conjugate (conjugate transpose) of the steering vector 𝒅 and 𝜃𝑖, 𝜑𝑖 
are respectively the azimuth and the elevation. 

From this metric, α = 0° implies a high ambiguity and α = 90° (orthogonal steering vectors) implies a 
low ambiguity. 

This equation doesn’t show all the dependencies, it could be noted that it exists several other 
dependencies like: 

1. frequency 

2. antenna directivity 

3. polarization 

This metric could be theoretically evaluated under certain conditions but is usually measured by 
calibration procedures because of nonlinearity problems for non-ideal antennas. 
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2.3.3.2 Cramer-Rao lower Bound (CRB) 

The Cramer-Rao lower bound (CRB) gives a lower bound on the variance of any unbiased estimators 
of a deterministic parameter [18]. 

𝐶(�̂�) ≥ 𝐶𝑅𝐵(𝛀) = 𝑱−1 

Ω is the parameter vector  

J is the Fischer information’s matrix 

X the observation of a known probability density function stacked through N snapshots  

The density function 𝑓𝑋(𝑥|𝛀) and logarithm likelihood function are defined as follows  

𝑙(𝒙|𝜴) =  ∑ ln (𝑓𝑿(𝒙|𝜴))

𝑁

𝑛=1

 

The Fischer information’s matrix is defined as: 

𝐽𝑖,𝑗 = −𝐸 [
𝜕2

𝜕Ω𝑖𝛺𝑗
𝑙(𝒙|𝜴)] 

And 𝐶(�̂�) = 𝐸[(�̂� − 𝛀)(�̂� − 𝛀)𝑇]  

2.3.3.3 Accuracy 

Accuracy corresponds to the angular error between the estimated angles of arrival and the exact 
angles. 

Usually, the accuracy of the direction finder is characterized by the Root-Mean-Square (RMS) value of 
the angular error [19]. This accuracy may be given either as a function of the azimuth or elevation 
angles or as a function of the angular distance. 

1. Function of the azimuth or elevation angles: 

𝐸𝑅𝑀𝑆(𝛀) =  √
1

𝐿
∑|𝛀 − �̂�|

2
𝐿

𝑖

 

Where 𝛀 is the true angle (azimuth angle φ or elevation angle θ), �̂� is the angle estimated by the 
direction finder and L denotes the number of Monte-Carlo trials. 

2. Function of the angular distance: 

Δ𝑎𝑅𝑀𝑆(φ, θ) =  √
1

𝐿
∑|Δ𝑎(φ, θ)|2

𝐿

𝑖
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Where Δ𝑎(φ, θ) =  cos−1(cos θ cos θ̂ + sin θ sin θ̂ cos(φ − φ̂)). This angle is illustrated Figure 

14. 

 

The estimation accuracy achieved by the antenna over a given angular coverage can be evaluated by 
analysing either the maximum value or the 95th percentile of Δ𝑎𝑅𝑀𝑆 of all estimated AOA. 

2.3.3.4 Frequency coverage 

The frequency coverage specifies the frequency band in which a direction finder is able to estimate 
the AOA of an incident EM-wave in compliance with an accuracy specification. 

The frequency coverage depends essentially on the impedance matching and RPs (Radiation Patterns) 
of the antenna elements constituting the direction finder. The antenna metric for frequency 
bandwidth is the VSWR (Voltage Standing Wave Ratio) [20]: 

𝑉𝑆𝑊𝑅 =  
1 +  |Γ|

1 −  |Γ|
 

Where Γ is the reflection coefficient. 

2.3.3.5 Sensitivity 

The sensitivity designates the minimum power density Psensi, expressed in dBW.m−2, required to 
estimate the AOA of an incoming EM-wave with an error which does not exceed a prescribed 
threshold. 

A usual metric linked to the sensibility is the SNR (Signal to Noise Ratio): 

𝑆𝑁𝑅 = 10 log10

𝑃𝑎

𝑃𝑛
 

Where 𝑃𝑎 is the measured signal power and 𝑃𝑛 is the noise power. 

Figure 14 - Definition of the angular distance. 
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2.3.3.6 Angular coverage  

The angular coverage corresponds to an angular area in which a direction finder can estimate the AOA 
of an incident EM-wave in compliance with an accuracy specification. The angular coverage is 
essentially subject to the radiation patterns (RP) of the antenna elements constituting the direction 
finder. 

The RP describes the spatial distribution of the EM-field radiated or received by an antenna. In other 
words, it corresponds to the field of view of an antenna. A usual way to describe RPs is to plot the 
normalized far-field pattern given by: 

𝑓(𝜃, 𝜑) =  
‖𝐸(𝜃, 𝜑)‖

‖𝐸‖𝑚𝑎𝑥
 

Where E is the EM-field (Electromagnetic-Field) in V.m-1 

2.3.3.7 Robustness against multipath propagation 

A phenomenon wherein the incoming EM-wave takes different paths towards the direction finder. 
Multipath propagation is commonly due to interactions like specular and diffuse reflection, scattering, 
and refraction from nearby objects such as obstacles, buildings or even trees. 

Most subspace decomposition techniques are able to discriminate non-correlated signals, but 
multipath propagation signals are highly correlated [21] and can cause some issues. To quantify the 
multipath propagation, the EM-field is usually decomposed into two parts: 

1. The incident EM-field 

2. The scattered EM-field 

The EM-field is the summation of these two terms and are often calculated by EM simulators. 

𝐸𝑡𝑜𝑡 = 𝐸𝑖𝑛𝑐 + 𝐸𝑠𝑐𝑎𝑡   

2.3.3.8 Robustness against polarization mismatch 

Polarization mismatch happens when an antenna is not able to radiate in only one polarization. This 
polarization is named co-polarization, the other polarization emitted is called cross-polarization. 

A metric to quantify the polarization mismatch can be the cross polar discrimination. The cross-polar 
discrimination is defined as a ratio of the co-polar component of the specified polarization compared 
to the orthogonal cross-polar component: 

𝑋𝑃𝐷 =  20 log
𝐸𝑐𝑜

𝐸𝑐𝑟𝑜𝑠𝑠
 

2.4 Airfields 

This section aims to describe classicals airfields. 

Even if measurement campaigns are not planned in this project, the knowledge of these airfields can 
allow us to extract a realistic airfield model in order to perform electromagnetic modelling. This 
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modelling should allow us to define one or more scenarios and to extract the main multipath 
parameters. 

Note that, if all conditions are met (available 5G signals, functional antenna and receivers, signal 
processing), measurements on these platforms could be considered at the end of the project.  

2.4.1 Descriptions 

The two available airfields are described hereafter. 

2.4.1.1 Carcassonne airfield 

Carcassonne Airport (French: Aéroport de Carcassonne, IATA: CCF, ICAO: LFMK) is in France, 3km (2 
nautical miles) from the city centre of Carcassonne. The airport handles commercial national and 
international flights as well as pilot training and private, non-regular air traffic. 

Carcassonne airport has one principal runway (Figure 15) and one grass runway. There are 7 taxiway 
connections. The commercial programme of the airport shows between 3 and 5 flights per day, or up 
to 27 flights (27 arrival + 27 departure) per week during summer. 

The airport also hosts the ENAC pilot school, training aircrafts (General Aviation) represent most of the 
daily traffic. 

2.4.1.1.1 Dimensions 

The height of the main buildings around the possible antenna locations is roughly: 

- Tower (TWR): 14m 

- Aircraft hangars (on the edge of ENAC parking): 7m, top of the roof 10m 

- ENAC building: 8m 

Additional measures are available in Figure 16. 

Figure 15 - Carcassonne satellite view. 



COMMON SCENARIOS DEFINITION  
 

  

 

 

 26 
 

 

 

 

Figure 16 - Carcassonne simplified map. 

2.4.1.1.2 Sensor location 

The possible antenna locations are identified with green circles on the Figure 16. 

The tower will provide a high viewpoint, so emitters on the ground will be below the horizon. Access 
to the tower will require to get the permission. 

The second location, on the right in the picture, is two levels building. The antenna can be placed at 
the open window of an office. 

Others base station locations would be envisaged according to the requirements defined in REQ. 15 of 
the NewSense deliverable  D1.1 [1]. 

2.4.1.2 Muret airfield 

The Muret Airfield (ICAO Code: LFBR), located near Toulouse, France, is a small airfield, mainly used 
for recreational flying and pilot training. 

The structure of the Muret airfield is relatively simple: it consists of one Grass Runway, one parallel 
concrete Runway with five taxiways connecting to the parking zone (Figure 17). The parking zone is 
adjacent to the runway around a small ATC building or tower. 
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There are no commercial flights in this airport. Therefore, most aircraft are not ADS-B equipped. 

2.4.1.2.1 Dimensions 

Aircraft hangars (along the parking area): about 4m height on the low side and 6m at the roof top. 

Additional measures are available in Figure 18. 

Figure 18 - Muret simplified map. 

 

Figure 17 - Muret satellite view. 
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2.4.1.2.2 Sensor location 

The sensor will be placed on a mast located at the green circle on the drawing. 

This mast has a platform that can be raised and lowered. This way, it is very convenient to add or adjust 
experimental sensors. When raised, the platform is at about 7m height, that is the same height as 
controller’s viewpoint. 

2.4.2 Constraints 

Airfields are very sensitive platforms with a lot of regulations. 

2.4.2.1 Emission constraints 

Airfields are protected by radio restriction areas to not disturb operational radiofrequency equipment. 

Some scenarios (Section 2.2.4) may require an authorization from the “Direction des Services de la 
Navigation Aérienne” (DSNA) to emit any frequency on the airfield. What’s more, 5G frequencies are 
allocated to mobile network operators (Figure 19), it could be complicated to have permissions to emit 
on 5G frequencies. 

 

 

2.4.2.2 Reception constraints 

On the other hand, reception scenario doesn’t need DSNA authorizations, but it requires available base 
stations near the airfields and authorizations from French operator to use them. 

The National Frequency Agency (ANFR) [22] gives a map of the 5G base stations in France (Figure 25 
and Figure 26 in Appendix B). As shown in Appendix B, different 5G frequencies from 700 MHz to 
3.7GHz are deployed around Muret and Carcassonne airfields. 

2.5 Electromagnetic simulations 

The available airfields are described in section 2.4.1, these airfields are used to simulate a realistic 
model. From this description, it is possible to model the environment and to simulate the EM field 
properties. 

From an EM point of view, one of the most sensitive parameters to the environment is multipath 
(Section 2.3.3.7) and in order to evaluate multipath effects, electromagnetic simulations can be 
performed. 

Figure 19 - French mobile network operators and frequency allocation. 
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2.5.1 Objectives  

The objective is to simulate the airfield environment and to estimate the environment properties. To 
do it, it is needed to: 

1. model/simplify the airfield, 

2. chose the appropriate method (for this model),  

3. compute the EM fields. 

The detail level for describing the airfield will strongly impact the EM simulation method and the 
accuracy of the simulations.  

2.5.2 Electromagnetic methods 

If an initial problem has an analytical solution, most of the time it should be used. For other 
problems, there are different EM simulation techniques. There are two main groups of 
electromagnetic simulations: 

1. asymptotic methods [23], 

2. rigorous methods [24] , [25]. 

Rigorous methods solve Maxwell Equations accurately and provide reliable results provided a good 
model and mesh is available for problem dimension of the wavelength.  

Asymptotic methods also solve Maxwell Equations, but with appropriate assumptions and 
approximations. They also can provide reasonably accurate results, provided the approximations and 
assumptions are properly considered during the simulation process. 

Usually, asymptotic methods are used to model environment of size far greater than λ (λ is the 
wavelength) when rigorous methods can’t be used. 

Figure 20 - Methods to solve an EM problem 
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A brief summary of the different methods is done in Table 3: 

Method Brief description Type 

Geometrical Optics (GO) 
and UTD 

Uses rays to approximate the EM field Asymptotic 

Physical Optics (PO) 
Uses rays to estimate the field on a surface 

and next integrate it to compute transmitted 
and scattered field 

Asymptotic 

Finite Element Method 
(FEM) 

Solves Maxwell’s equations in the frequency 
domain 

Rigorous 

Finite-Differences Time-
Domain (FDTD) 

Solves Maxwell’s equations in the time domain Rigorous 

Integral Equations or 
Method of Moments 

(MoM) 

Solves currents by integral equation in the 
frequency domain 

Rigorous 

Table 3 - Summary EM techniques 
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Different methods can be used together, it is called hybrid methods. Some of those hybrid methods 
are shown in Figure 21 [26]. 

In Figure 21 it is possible to see a classification in function of complexity of the material and the 
electrical size. 

2.5.3 Results 

From airfield descriptions, it is possible to model the environment. This environment model will impose 
the electrical size and the complexity of material. From these constraints, one (or more) technique 
must be chosen. The choice of the method will be a trade of between computation (and time) 
resources and the simulation accuracy. 

One of the attended results is a map of the multipath contribution. This map will help to assess the 
average, minimum and maximum level of multipath signals. Another result could be the radiation 
pattern of the antenna in its environment in addition to the antenna characterization. 

 

Figure 21 - ALTAIR methods 
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3 Scenarios 

From the objectives (Section 1.2) and the technical context of this project (Chapter 2), it is possible to 
define realistic scenarios. The below-mentioned scenarios are selected to comply with the main 
operational constrains such as antenna location, airplane trajectories, signal levels, … 

3.1 Scenario: Uplink and Downlink communications on Muret 
airfield 

3.1.1 Description 

The scenarios aim to model a realistic situation to evaluate performances of the 5G-signal-based 
surveillance/positioning system on an airfield for an uplink and downlink case.  

The first objective is to evaluate the 5G-signal-based surveillance system on realistic scenarios 
through digital simulations and, depending on time and resources, measures could be done to 
corroborate the simulation results.  

3.1.1.1 Signals 

The targeted 5G frequency band starts at 1.9GHz and ends at 4GHz in order to cover the real 
environment of Muret airfield (Appendix B). It is important to note that the 700MHz 5G band is not 
targeted for antenna design issues. 

Signal characteristics (EM field magnitude, multipaths influence, RSRP, RSSI, RSRQ, SINR, …) should be 
evaluated through simulations. 

3.1.1.1.1 Uplink 

The surveillance scenario model an uplink channel, in other words, one (or more) UE is emitting signals 
to one (or more) base station. 5G base stations model is inaccessible (operators’ property), to simulate 
a base station, a vector antenna is proposed.   

The uplink channel choice implies a signal model, SRS signals are used to model the uplink 
communications.   

 

Figure 22 - Uplink scenario with Vector Antenna base stations. 
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3.1.1.1.2 Downlink 

The positioning scenario model a downlink channel, in other words, one (or more) base station is 
emitting signals to one (or more) UE. As 5G base stations model is inaccessible (operators’ property), 
to simulate a mobile receiver (UE), a vector antenna is proposed to receive 5G signals from base 
stations.   

The downlink channel choice implies a signal model, PRS signals are used to model the downlink 
communications.   

3.1.2 Propagation channel 

 In order to define a realistic scenario, an airfield must be selected as a model for the electromagnetic 
simulations. Muret airfield is chosen for its availability in case of experimental tests. Experimental tests 
are not planned for the 5G-signal-based surveillance study, but in case of time and resources 
availability, Muret airfield is the most suitable airfield for experimental tests. From Muret modelling, 
global performances will be extracted to characterize an airfield environment. 

Figure 24 - Muret airfield map. 

Figure 23 -  Downlink scenario with Vector Antenna base stations. 
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The environment could be modelled through full wave software based on 2D Muret maps (Figure 24). 
Due to simulation constraints, asymptotic methods will be chosen. To simplify the ground and walls 
will be supposed to be perfect conductor. A realistic sensor/emitter location is indicated with the green 
circle on an adjustable mast (which reaches about 7 meters height). Other sensor locations could be 
investigated through simulations. 

3.1.3 Location of the User Equipment 

This scenario allows the characterization of a surveillance/positioning scenario through different cases: 

1. Parked case: the user is stationary on the airfield. 

2. Approach case: the user/aircraft is landing or taking off. 

3. Taxiing case: the user is moving on the ground. 

These cases allow to characterize the system through different phases of real flight. 

3.2 Experimental plan 

The above-mentioned scenario frames the project. From this scenario, it is possible to define an 
experimental plan. To initiate the model, pre-set parameters are selected as a start point of the study. 
These parameters could evolve during the project. 

3.2.1 Objective 

Due to airfield, resources, and frequency constrains, operational tests are not expected. The objective 
is to evaluate through digital simulations the global performances concerning AoA and ToA in an 
airfield context.  

3.2.2 Requirements 

Requirements can be divided into two categories: 

1. algorithm performances requirements, 

2. and antenna performances requirements. 

The global performances of the system are influenced by each category. 

3.2.2.1 Algorithm performance requirements 

Algorithm performances are very sensitive to numerous parameters such as: data availability, 
multipath signal strength and the algorithm itself. ToA performance requirements have been already 
listed in deliverable D1.1 [1].    

3.2.2.2 Antenna performance requirements 

In a first time, some antenna performance requirements can be defined regardless of the algorithm 
because they are intrinsic to antenna properties (for instance polarization mismatch, frequency 
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coverage and angular coverage). In a second time, algorithm limitations are added to the antenna 
limitations. 

Antenna success criteria are chosen according to reference [17]. 

 

 

Parameter Objective Metric Success criterion 

AOA estimation 
accuracy 

minimum Δ𝑎𝑅𝑀𝑆(φ, θ)  Δ𝑎𝑅𝑀𝑆(φ, θ) < 5° 

Frequency coverage [1.9, 4] GHz VSWR  VSWR < 2 

Polarization 
mismatch 

minimum XPD XPD < -20 dB 

Angular coverage 

half sphere 

(𝜑 ∈ [0,360°] 

𝜃 ∈ [0,180°]) 

𝐶𝑅𝐵, 𝛼 

CRB < -15 dB  

And  

𝛼 < 20° 

Table 4: Antenna success criteria 

3.2.3 Pre-set parameters 

Parameter Value Range Unit Value comment 

Number of MS (UE in 5G 
terminology) 

1 1 or more / 
1 MS to begin with a simplified 

model 

Number of BS (gNodeB) 1 
1 and 
more 

/ 
1 BS to begin with a simplified 

model 

5G carrier frequency band 3.5 [1.9,4] GHz / 

BS height 7 [0,7] Meters Max mast height 

MS to BS distance 0.5 [0,10] Km 
Distance of the farthest parking 

from sensor 

Channel bandwidth 100 [10,200] MHz / 

Table 5 - Pre-set parameters 
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3.2.4 Parameters to be evaluated 

Parameter Unit Metric 

ToA estimation accuracy seconds Δt 

range&angle joint 
accuracy 

meters 
Δposition= c*Δt* 

ΔaRMSφ, θ 

Angular coverage Degrees 𝐶𝑅𝐵, 𝛼 

Signal level (Line of 
Sight) 

dB 𝐸𝑖𝑛𝑐  or RSSI 

Noise (white noise) dB SNR 

Multipath propagation 
level (scattered signals) 

dB 𝐸𝑠𝑐𝑎𝑡 

Interferences (spurious 
signals) 

dB SINR 

Table 6 – Parameters to evaluate 

The above scenarios based on realistic airfields like Muret or Carcassonne will allow to extract the main 
parameters of the propagation channel. These parameters will be used for simulations and laboratory 
measurements from 5G sensing for 5G based surveillance solution (TOA and AOA) including real vector 
antenna parameters. 
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Appendix A Acronyms 
 

A-CDM  Airport Collaborative Decision Making  

ANFR  Agence Nationale des Fréquences  

A-SMGCS  Advanced-Surface Movement Guidance and Control Systems  

ATC  Air Traffic Control  

BCH  Broadcasting Channel  

CP  Cyclic prefix  

CSI-RS  Channel State Information Reference Signal  

DL  Downlink  

DMRS  Demodulation Reference Signal  

DM-RS  Demodulation reference signals  

DSNA  Direction des Services de la Navigation Aérienne  

EM  Electromagnetic  

FDTD  Finite-Differences Time-Domain  

FEM  Finite Element Method  

gNB  Ground Node Base Station  

gNodeBs  Ground Node Base Station  

GO  Geometrical Optics 

IATA  International Air Transport Association  

ICAO  International Civil Aviation Organization  

NR  New Radio  

PBCH  Physical Broadcast Channel  

PCH  Paging Channel  

PDCCH  Physical Downlink Control Channel  

PDSCH  Physical Downlink Shared Channel  

PO  Physical Optics  

PRACH  Physical Random-Access Channel  

PRB  Physical Resource Blocks  

PSS  Primary synchronization signal  

PT-RS  Phase Tracking Reference Signal  

PUCCH  Physical Uplink Control Channel  

PUSCH  Physical Uplink Shared Channel  
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RAT  Radio Access Technology  

RMS  Root-Mean-Square  

RP  Radiation Pattern  

SNR  Signal to Noise Ratio  

SRS  Sounding Reference Signal  

SSB  Synchronization Signal Block  

SSS  Secondary synchronization signal  

TS  Targeted Signal  

TWR  Tower  

UE  User Equipment 

UL  Uplink  

UL-SCH  Uplink Synchronization Channel  

VSWR  Voltage Standing Wave Ratio  

WP  Work Package 
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Appendix B French mobile network operators and 
frequencies near Muret and Carcassonne airfields 

Name Frequency Operator Distance 

BS1 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 
3.6 km 

 

BS2 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 5.7 km 

BS3 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 2.2 km 

BS4 
1935.3 - 1950.1MHz 
2125.3 - 2140.1MHz 

Bouygues 5 km 

BS5 

1935.3 - 1950.1MHz 
2125.3 - 2140.1MHz 
3710.0 - 3800.0MHz 
1950.1 - 1954.9MHz 
1964.9 - 1979.7MHz 
2140.1 - 2144.9MHz 
2154.9 - 2169.7MHz 

Bouygues - Orange 7.3 km 

BS6 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 5.2 km 

BS7 

1950.1 - 1954.9MHz 
1964.9 - 1979.7MHz 
2140.1 - 2144.9MHz 
2154.9 - 2169.7MHz 

Orange 5.6 km 

BS8 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

3640.0 - 3710.0MHz 
Free 5.2 km 

BS9 

1950.1 - 1954.9MHz 
1964.9 - 1979.7MHz 
2140.1 - 2144.9MHz 
2154.9 - 2169.7MHz 

Orange 4 km 

BS10 

1950.1 - 1954.9MHz 
1964.9 - 1979.7MHz 
2140.1 - 2144.9MHz 
2154.9 - 2169.7MHz 

Orange 4.3 km 

BS11 

723.0 - 733.0MHz 
778.0 - 788.0MHz 

1935.3 - 1950.1MHz 
2125.3 - 2140.1MHz 
1920.5 - 1935.3MHz 
1959.9 - 1964.9MHz 
2110.5 - 2125.3MHz 
2149.9 - 2154.9MHz 

Free- Bouygues - SFR 5 km 

BS12 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 3.4 km 

BS13 723.0 - 733.0MHz Free 4.3 km 
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778.0 - 788.0MHz 

BS14 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 3.5 km 

Table 7 - 5G base stations around Muret airfield 

 

Figure 25 -  Muret 5G Base Stations 

Name Frequency Operator Distance 

BS1 
3640.0 - 3710.0MHz 

723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 0.8 km 

BS2 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 5.5 km 

BS3 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 7.1 km 

BS4 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 4.2 km 

BS5 
3640.0 - 3710.0MHz 

723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 2.5 km 

BS6 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 5 km 

BS7 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 4.5 km 

BS8 3640.0 - 3710.0MHz Free 6 km 
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723.0 - 733.0MHz 
778.0 - 788.0MHz 

BS9 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 4.6 km 

BS10 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 3 km 

BS11 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 3.3 km 

BS12 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 3.9 km 

BS13 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

Free 1.4 km 

BS14 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

3640.0 - 3710.0MHz 
Free 1.6 km 

BS15 
723.0 - 733.0MHz 
778.0 - 788.0MHz 

3640.0 - 3710.0MHz 
Free 4.6 km 

Table 8 - 5G base stations around Carcassonne airfield 
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Figure 26 - Carcassonne 5G Base Stations 
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