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ATC Air Traffic Control 
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MoD Ministry of Defence (UK) 
NATS National Air Traffic Services 
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Tx or TX Transmitter(s) 
UK United Kingdom 
WiFi Wireless Fidelity 
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1 Introduction 

In the L and S bands civil radar is extensively used in the UK for aeronautical, maritime and 
weather surveillance on both fixed and mobile platforms. In addition there is extensive 
military radar use in these bands. The military uses of radar fall into two types: those that 
replicate the civil use and those that are exclusively military and have no civil application. 

The L and S bands have traditionally been used for radar due to their favourable 
propagation properties allowing good range performance coupled with the ability to achieve 
reasonable angular resolution with practical antenna scales and the relative economy of 
equipment costs compared to using alternative, higher frequency bands. For similar 
reasons, there is a desire within the communications industry to use the radar L and S 
bands. This tendency will certainly continue in the future under pressure from the (civil) 
communication market. This trend implies an increasing demand for additional use of the 
spectrum by communication equipment.  

In these commercially important bands, however, 31% of the spectrum is primarily allocated 
to radar systems and is currently largely unavailable to other users of the spectrum. 
Potentially large amounts of spectrum could be freed up for commercial purposes if radar 
systems could: 

 Be moved to a different frequency band in lower demand (SHIFT) 

 Be improved in terms of their spectral efficiency (SQUASH) and their allocations re-
planned to take advantage of this 

 Share the spectrum with commercial users (SHARE) 

The purpose of this study is to investigate some of the challenges related to these 
approaches and a number of avenues are explored, from incremental improvements to 
current and developing radar technology through to entire system concept changes. 
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2 Consortium background 

This study has been carried out by a consortium of both industrial and academic partners 
as illustrated below: 

 

 

Lead Contractor
INTEGRATED SYSTEM TECHNOLOGIES 

(Insyte) 

Advanced Technology Centre 

Sub Contractors

Consulting & Demo
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2.1 BAE Systems, Integrated System Technologies (Insyte) 
Integrated System Technologies (Insyte) has been formed through the combination of two 
strategic business units, AMS UK and BAE Systems NS&S. 

As a part of BAE Systems, Insyte focus on delivering complete capability solutions in the 
electronic systems sector, meeting our customers' desire for high reliability, time critical 
decision-making systems. Insyte has developed leading edge products, value added 
systems integration skills and through-life support capability and can offer a complete 
range, from high tech sensors, to highly sophisticated command systems capable of 
integrating complex information and making mission critical decisions. 

Insyte has one of the world's highest concentrations of system integration skills and a track 
record of providing proven systems that offer an unmatched presence in every aspect of 
the system solution.  

2.2 BAE Systems, ATC Baddow (ATC) 
The BAE SYSTEMS Advanced Technology Centre, together with individual BAE 
SYSTEMS business units and joint venture companies have been involved in the field of 
radio propagation research and spectrum management for many years. The corporate 
commercial interests span the design, manufacture and support of communication and 
radar systems for military and civil, maritime, airborne, land and space applications. The 
Advanced Technology Centre (ATC) has been at the forefront of radio propagation 
research, propagation planning and frequency management developments for many years, 
and has produced a number of proprietary radio and frequency planning tools that are used 
by a number of government departments and regulatory agencies. 

2.3 Cranfield University, Defence College of Management and 
Technology (DCMT) 
Cranfield University is one of Western Europe’s largest academic centres for strategic and 
applied research, development and design. It is unique in its almost entirely postgraduate 
focus. The university is made up of three campuses Cranfield, Silsoe and Shrivenham (The 
Defence College of Management and Technology). 

The Communications and Wireless Networks Group provides a focus for the teaching and 
research activities of the Department of Aerospace Power and Sensors (DAPS) with regard 
to commercial and military communication systems and wireless networks. 

The Radar Group specialises in research on multi-platform, direction-finding, algorithms as 
well as multi-agent systems for radar arrays in extreme noise environments. The emphasis 
is on developing new techniques for very difficult problems that current techniques are not 
able to solve. 
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2.4 University College London (UCL) 
The Electronic and Electrical Engineering Department at UCL is one of six departments in 
the faculty of Engineering.  

The departments’ research activities are based around four main themes: 

 Microwave, Radar and Optics 

 Electronic materials and devices 

 Optoelectronics and Optical networks 

 Telecommunications, Networks, Circuits and Systems 

The department has long a proud history of radar and related research and has published 
widely on various aspects of SAR, GMTI, Bistatics, netted radar. The department has a 
comprehensive coherent radar simulator, SAR processor, SAR simulator, a GMTI 
processor, a GMTI simulator and has a working and characterized low-cost, miniature 
coherent radar. 

2.5 THALES Air Systems U.K. (TAS) 
Thales Airborne Systems U.K. is based in Crawley, U.K., with additional sites at 
Chessington and Leicester. The organization is a part of Thales Defence Ltd, which is part 
of Thales U.K.  

Thales Airborne Systems U.K. has a wide range of experience of research, development 
and manufacture of advanced radar systems. The radar product line of Thales sensors 
includes the Searchwater 2000 family, including the Maritime Reconnaissance variant for 
the Nimrod MRA4 for the Royal Air Force, the AEW variant for the Sea King Mk7 for the 
Royal Navy and export variants.  

The company also manufactures the MSTAR battlefield radar, and are researching an 
active phased array successor to its vehicle mounted variant. A prototype of the phased 
array battlefield radar using FMCW modulation has been successfully built and 
demonstrated. The organization is therefore well-placed to study the opportunities and 
limitations of CW radars in practical applications as well as methods of minimising their 
susceptibility to interference. 
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3 Overview 

The work carried out by the industrial and academic partners in this study was divided into 
nine work packages.  

Work 
Package 

Title Lead 
Partner 

4.1 A review of the spectrum utilised by radar in the L & S 
bands and recommendations on which (if any) could be 
moved to lightly-used higher frequency bands 

ATC 

4.2 Assessment of the economies of introducing new 
spectrally efficient radar technologies 

Insyte 

4.3 A study into the practical problems of generating high 
power coded waveforms using travelling wave tube or 
alternative devices 

Insyte 

4.4 A review of the degree to which frequency and time agile 
applications can co-exist with radar in the same band 
without causing interference and the effect of secondary 
users. 

DCMT 

4.5 Identification of boundary field strengths that could be 
realistically set as part of radar licences that would 
encourage development of a spectrum market in radar 
bands 

ATC 

4.6 Analysis of deliberate or accidental jamming of CW radar 
systems and methods for avoidance 

Insyte / 
Thales / 
UCL 

4.7 Analysis of the deployment of a multi-static CW radar 
system for Air Traffic Control 

UCL 

4.8 Range information from reduced bandwidth radar UCL 

4.9 Review of passive sensor systems potential ATC 
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Each work package was focused on the technical issues surrounding one of four central 
themes: 

SHIFT SQUASH SHARE 
Pulse radar 

WP 4.3 & 4.8
Adaptive techniques 

WP 4.4 

 Re-locate radar 
WP 4.1

CW radar 
WP 4.6 & 4.7

Passive radar 
WP 4.9

Effect on radar 
WP 4.5 

Economics and Development timescales 
WP 4.2 

 

Figure 3-1 Work package mapping 

3.1 Re-locate radar to a different frequency band in lower demand 
(SHIFT) 
Radar frequency band re-location is addressed in Work package 4.1. 

Analysis is this work package focuses on ATC requirements for radar and the practicalities 
of attempting to meet these requirements higher frequency bands. 

The choice of frequency for a radar system such as an ATC radar system is primarily driven 
by detection performance, angular accuracy and cost. The L and S bands have traditionally 
been used for radar due to their favourable propagation properties allowing good detection 
range performance, coupled with the ability to achieve reasonable angular resolution with 
practical antenna scales and the relative economy of equipment costs compared to using 
alternative, higher frequency bands. In general the higher the operating frequency the 
higher the required transmitted power becomes. Also due to lower power conversion 
efficiencies at the higher frequencies the prime input power, and thus operating cost, is 
significantly higher at the higher frequencies with existing technologies. Additionally, there 
are increased RF radiation hazards associated with such high power systems operating at 
higher frequencies. 

3.2 Improve the spectral efficiency of radar (SQUASH) and re-plan 
their allocations to take advantage of this 
A number of avenues for improving radar spectral efficiency are explored; these vary from 
changes and improvements to current and developing radar technology through to entire 
system concept changes. 

 
  

UNRESTRICTED 
Use, duplication or disclosure of data contained on this sheet is subject to the restrictions on the title page of this document 



UNRESTRICTED 
  

Study into Spectrally Efficient Radar Systems in the L and S Bands - Short Report
Ofcom Spectral Efficiency Scheme 2004 - 2005 (SES-2004-2) 9

 

3.2.1 Changes and improvements to current and developing pulsed radar 
technology 
The options for incrementally changing or significantly improving the spectral efficiency of 
conventional pulsed radar designs are examined in work package 4.3, these focus primarily 
on the capabilities and limits of radar transmitters to generate more spectrally efficient 
waveforms and the technological changes that could be made to improve these capabilities. 
A review of candidate waveforms is carried out to find the most appropriate for application 
in spectrally efficient pulsed radar.  

Work package 4.8 investigates the possibilities of using superresolution algorithms to 
recover resolution performance in radar with reduced bandwidth. 

3.2.2 Entire system concept changes 
Alternative system concepts are explored in work packages 4.7 and 4.9. These fall into two 
categories: 

3.2.2.1 Narrowband Continuous Wave (CW) radar 
Concept CW radar architectures and their potential detection and location performance are 
examined in work package 4.7, while their susceptibility to accidental and deliberate 
jamming is detailed in work package 4.6. 

3.2.2.2 Passive radar 
The potential of passive radar systems is examined in work package 4.9. Various candidate 
signal sources are explored and the performance of possible passive systems is compared 
with the requirements for ATC radar. Example performance has been estimated for a 
passive radar receiver system located at Heathrow airport, using local signals. 

3.3 Share the spectrum with other users (SHARE) 
The degree to which other applications could share the existing radar bands is investigated 
in work packages 4.4 and 4.5. 

In work package 4.4 methods by which frequency and time agile applications could 
potentially co-exist with radar in the same band without causing interference, using 
adaptive techniques, are examined.  

Meanwhile, work package 4.5 investigates the effect that co-channel transmissions of other 
services, such as WiFi, could have on the performance of radar. The limits that could be 
placed on their design, deployment and use to ensure radar performance is maintained are 
examined. 
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3.4 Economics and development timescales 
In work package 4.2 the economics of introducing selected candidate technologies from 
those discussed in the rest of this study are assessed in the context of the provision of Air 
Traffic Control radar services in both the L and S bands. 

Development costs are estimated along with timescales for development and deployment. 
This information, along with the known timescales of ATC capability procurement in both 
the civil and military markets, is used to make recommendations on the best way forward to 
ensure improved radar spectral efficiency in the future. 
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4 Study summary 

In the commercially important L and S bands 31% of the spectrum is primarily allocated to 
radar systems and is unavailable to other users of the spectrum. Potentially large amounts 
of spectrum could be freed up for commercial purposes if radar systems could: 

 Be moved to a different frequency band in lower demand (SHIFT) 

 Be improved in terms of their spectral efficiency (SQUASH) and their allocations re-
planned to take advantage of this 

 Share the spectrum with commercial users (SHARE) 

The purpose of this study is to investigate some of the challenges related to these 
approaches; a number of avenues are explored, from incremental improvements to current 
and developing radar technology through to entire system concept changes.  

4.1 Re-locate radar to a different frequency band in lower demand 
(SHIFT) 
This analysis was focused on the technical implications on pulsed radar of meeting Air 
Traffic Services (ATS) Safety Requirements radar in higher frequency bands. These 
requirements specify the ranges at which targets of a certain size must be detectable and 
distinguishable from neighbouring targets and have an impact on antenna beamwidth and 
transmitted power. 

Certain radio propagation effects must be accounted for when considering re-locating 
frequency bands. Atmospheric weather effects vary with operating frequency and in general 
are more severe at higher frequencies. In particular even modest levels of rainfall can 
significantly affect radar performance, thereby requiring much higher transmitted powers, 
with implications for RF power generation and safety, in higher frequency operating bands. 
In addition, clutter effects are also more severe at higher frequencies so that detection 
performance reduces with increasing frequency in the presence of clutter. 

Based on device power and radiation hazard safety considerations it is concluded that, of 
the currently designated radar bands, the only frequency bands to which ATC radars could 
possibly be moved would be C-band (5 GHz) and X-band (10 GHz).  

Spectral utilisation 

In principle, re-locating these radar services to a different frequency band would release all 
of their previous allocations in the L- or S-bands. However, sufficient un-interfered spectral 
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allocations (of the same bandwidth – in order to maintain range resolution) would be 
required in the new bands. These new bands are themselves already relatively congested, 
and so may not offer significant opportunities for re-location of L-band or S-band radars. 

Economic / Timescale factors 

There are a number of other important factors when considering the development of such 
new radar systems: 

Timescales to 
achieve 

~ 6 years In addition to timescales required to change both radar 
regulations and ATC specifications to allow operation in 
higher frequency bands 

Cost ~£14M to 
develop 

~£2.5M to 
purchase 

Development costs could be amortised across multiple 
systems provided a first customer purchased sufficient 
numbers of such a system. 

Probability of 
success 

Low Considering power and performance issues, development 
timescales, development and procurement costs and 
congestion in the candidate C- and X-bands. 

4.2 Improve the spectral efficiency of radar (SQUASH) and re-plan 
their allocations to take advantage of this 
The major benefits of improving radar spectral efficiency will come from widespread 
deployment (whichever approach is chosen), followed by re-planning of the radar frequency 
allocations to take advantage of the spectrum savings. Re-planning could be used to re-
position radars into a smaller total bandwidth, thus freeing up a block of spectrum. Such a 
block of contiguous free spectrum will be much more useful to other systems than isolated 
pockets of frequencies perched upon the side-lobes of high-power radar transmissions. 

A number of avenues for improving radar spectral efficiency were explored; these varied 
from changes and improvements to current and developing radar technology through to 
entire system concept changes. 

Current ATC radar and procedures have been achieved through evolution rather then 
revolution. This means that it is relatively straightforward to achieve regulatory acceptance 
for developments of this technology. Revolutionary concepts such as CW and Passive 
radar, however, would require huge effort in order to achieve regulatory acceptance 

Since it would not require a change of the current ATC radar system concept and therefore 
would have more straightforward regulatory acceptance, options for changing and 
improving high power pulsed radar designs are attractive. The benefits of this approach 
also include much shorter development timescales, lower costs and easier integration into 
the current infrastructure. 

Approaches that require a change of system concept were also examined; these include 
narrowband Continuous Wave (CW) radar concepts and Passive radar (which does not 
transmit any energy but processes target echoes from the emissions of other systems) 
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4.2.1 Pulsed radar 
Analysis focused on the practical problems of generating high power spectrally efficient 
waveforms for pulsed radar. The key component of the radar system is thus the transmitter. 
In nearly all developed radar systems, including the current state of the art, the transmitter 
is operated in class-C (saturated non-linear). This limits the types of waveforms they can 
transmit and the amount of spectral control that can be exercised. 

Many candidate spectrally efficient waveforms rely on transmitter linearity and are thus not 
suitable for use in these radar. In addition, their performance can significantly degrade 
when used with fast moving Doppler shifted targets. It was found that long pulse Non 
Linearly Frequency Modulated (NLFM) chirp waveforms offer the best combination of 
spectral efficiency and Doppler tolerance, while being suitable for class-C transmitters. 

Spectral efficiency improvement was assessed based on techniques which allow radars to 
operate in a way that minimises the interference to radars of a like type, thus improving 
overall spectral efficiency by reducing the spatial or spectral distance between neighbouring 
radar. With appropriate planning, this would allow a network of radars to operate over a 
narrower range of frequency allocations. 

It should be noted, that much of this analysis is based on theoretical transmitted spectra. 
Real world effects in practical transmitter systems would result in less spectrally efficient 
transmissions than predicted by this theoretical analysis. 

As a result of these considerations a number of conclusions and recommendation for 
currently deployed technologies can be made: 

4.2.1.1 Magnetron radar 
The spectrum spread from a coaxial magnetron is much narrower than from a conventional 
magnetron. There are also fewer large spurious emissions generated at high frequencies. 
Changing to co-axial magnetrons should thus be considered when maintenance / upgrade 
intervals allow. Such upgrades have been applied to older ATC and non-ATC radar designs 
in the past, although some re-design effort would be required for this option.  

4.2.1.2 Watchman radar  
There is scope within the NATS criteria for the widely deployed TWT based Watchman 
radar to operate with a lower pulse bandwidth and still meet civil ATC range resolution and 
range accuracy requirements. 

Spectral utilisation 

Some improvements are possible with this approach; however, they are limited by the very 
rapid rise and fall times of TWT transmitters. At 45km separation, using a 1µs pulse instead 
of the standard 0.4µs pulse reduces the required spectral separation from ~19.2MHz to 
~18.5MHz, an improvement of 0.7MHz. In addition, over all ranges the average spectral 
spacing between adjacent Watchman radar is also reduced by approximately 1.2MHz. 
Using this technique could result in useful savings if this modest improvement were rolled 
out over the network of around 80 installed Watchman radar and the frequency allocations 
re-planned. 
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Economic / Timescale factors 

Timescales to 
achieve 

~ 3 years Including development, procurement, setting to work and 
acceptance. 

Cost ~£2.8M to 
develop 

~£720K to 
purchase 

Includes other upgrades to extend the useful life of the 
modified radar. 

Probability of 
success 

Medium The relative age of the existing Watchman radar and the 
modest spectral efficiency improvements may make 
replacement more attractive than these changes. In 
addition, degrading the range resolution in this way may 
not be consistent with military requirements and thereby 
not be applicable to a large number of the deployed 
systems. 

4.2.1.3 Modern solid state radar 
The spectral efficiency of modern solid state radar transmitters utilising long NLFM pulse 
waveforms and having longer rise and fall times is close to the best spectral efficiency of 
current radar technologies. The move towards solid state transmitters utilising long 
modulated pulses in ATC radar is thus consistent with improved spectral efficiency.  

The longer rise and fall times lead to a theoretical required spectral separation between 
neighbouring radar at 45km to 6.7MHz, a improvement of 11.8MHz compared to the 
spectral separation of 18.5MHz required by TWT based radar. On average, over all ranges, 
the improvement is 6.0MHz. These benefits should already be in place for NATS new solid 
state ATC radar systems. 

However, the silicon bipolar solid state technology utilised in these transmitters is limited in 
its maximum achievable rise time to less than 200ns. Since rise (and fall) time to a large 
extent control the transmitted spectrum, this limits the achievable spectral efficiency of this 
type of transmitter. If further spectrum efficiency, beyond that achievable using current solid 
state transmitter technology, needs to be realised a change in transmitter technology would 
be required. 

4.2.1.4 Next generation solid state transmitter technology (LDMOS) 
Looking to the future and the next generation of pulsed radar transmitters, recent 
technology advances have lead to the availability of high power solid state LDMOS 
technology in L-band and its emergence in S-band. This means that near linear transmitters 
could become a possibility for pulsed radar.  

Spectral utilisation 

With the possibility of near linear radar transmitters and an understanding that waveform 
spectral efficiency is largely controlled by pulse rise (and fall) time an analysis of different 
pulse rise and fall times was carried out. This indicated that significant improvements in 
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spectral efficiency can be achieved through either trapezoidal or cosine shaped pulse 
edges, with longer rise times giving the best improvements. If spectral efficiency becomes a 
requirement of future radar systems, linear transmitters using such pulse shapes are likely 
to be the best approach. 

The required spectral separation between radar utilising linear transmitters and shaped 
pulses could be as small as 1.5MHz at 45km, however, the spectral separation of 3.8MHz 
for a shaped 1µs short range pulse is likely to be the limiting case. On average, over all 
range separations, improvements of between 1 – 3MHz over traditional class-C solid state 
systems are predicted to be achievable. 

Economic / Timescale factors 

Timescales to 
achieve 

~ 4 years Including development, procurement, setting to work and 
acceptance. 

Cost ~£2.3M to 
develop 

~£1.3M to 
purchase 

Designed to be a functional replacement for Tx currently 
used in a specific radar. Includes High power sub-system 
(Tx, modulator, RF components) and Low power 
subsystem (timing & control, I/F to waveform generation) 

Probability of 
success 

High Providing there is sufficient incentive towards spectral 
efficiency, this is the most likely and low risk direction for 
the development of the next generation of radar 
transmitters. 

While these estimates are for the replacement of a current radar transmitter system, 
complete new radar systems could also be designed around this new transmitter 
technology. 

LDMOS based solid state technology is the most likely and low risk direction for the 
development of the next generation of radar transmitters and will allow much 
improved radar system spectral efficiency. 

4.2.2 Continuous Wave (CW) radar 
CW radar has been proposed in previous studies as offering potential to significantly 
reduce required radar bandwidth. More detailed analysis was carried out in this study to 
quantify the limits of performance and any vulnerabilities. 

Performance 

It was shown that while in principle CW radar could have the same detection performance 
as conventional pulsed radar at the same frequency; in practice self interference (direct 
from transmitter into receiver) limits the transmitter power of a CW system and long range 
detection with CW radar is reduced compared to similar power pulsed systems. Mitigation 
options are available; however none provide a complete solution. 

One of the key limitations of standard CW radar is the inability to measure target range. 
Two methods for overcoming this lack of range information available from CW systems 
were explored: 
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 The first requires multiple receive sites to track targets and calculate their position using 
Doppler shift and/or angle of arrival – these multiple sites could, in principle, all be 
contained within a single airfield / airport or more widely scattered depending on the 
availability and cost of land for siting equipment. The analysis covered the case of a 
single target; for multiple targets the performance will be limited by the system’s multi-
static geometry and Doppler resolution. In the worst case scenario (e.g. multiple aircraft 
at low speed coming in to land) such a system may not be able to resolve the aircraft.  

 The second method requires a Frequency Modulated CW (FMCW) system, which can 
provide range resolution at the expense of transmitted bandwidth. Superresolution 
algorithms were found to improve such a systems resolution in good signal to noise 
(SNR) conditions but would fail at low SNR. 

Target Doppler frequency has been proposed as a means of discriminating and resolving 
closely spaced targets. However, analysis to date has only dealt with a single target. In 
addition, as a result of the impact of update rate requirements on target illumination time, 
the Doppler resolution of a CW system for ATC services may be insufficient to allow 
resolution of multiple slow moving targets (e.g. those on the glide path to landing) 

Vulnerabilities 

In terms of vulnerabilities; CW radar are vulnerable to external jamming. A practical 
demonstration of a CW radar receiver and the effects of jamming was given where 
interference from both a pulsed radar in the vicinity and a commercial WiFi router very 
nearby were seen. Although it was not demonstrated, deliberate jamming is the worst case. 
This is also true of pulsed radar.  

Unfortunately jammer mitigation options significantly increase system complexity and cost 
so that they are typically only used in expensive military systems.  

Future direction 

It is clear that there are still significant technological hurdles before CW systems can be 
accepted as feasible for the provision of safety of life ATC services. Further concept 
analysis work in the academic and radar research communities are required before a 
manufacturer commits to embarking on the long development process from concept design 
to a product. 

Economic / Timescale factors 

Timescales to 
achieve 

> 15 
years 

Significant further concept analysis is required to determine 
the feasibility of CW radar for ATC application even before 
industry begins a research and development cycle. 

Cost - Since the maturity of this technology for ATC application is low 
it is not possible to advise meaningful development and 
production prices. 
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Probability of 
success 

Low As a result of the significant further analysis, research and 
development required to even determine feasibility coupled 
with the changes that would be required to regulations and 
ATC specifications to allow CW radar use. 

 

It is clear that significant time and effort would be required to develop CW radar from 
the current concept stage through to a fully developed system; it is therefore unlikely 
that any CW radar product for ATC purposes will be available to the market within 
the next 15 years.  

4.2.3 Passive radar 
Passive radar systems do not have their own transmitters but receive and process energy 
reflected off targets from other system’s transmitters. These other systems may be 
broadcast (such as terrestrial TV and radio) or communications (such as mobile phone 
networks). Such a system would utilise multi-static geometry of multiple transmitter / 
receiver sites to allow target location in 2 or 3 dimensions. 

Performance 

At a technical level, ideal passive radar systems could provide reasonable detection 
performance of civil aircraft within several tens of kilometres of powerful broadcast 
transmitters. This detection performance could be comprehensive at low level but would 
reduce as the altitude of the aircraft increases due to the reduced vertical coverage of 
terrestrial broadcast transmitters. Location accuracy is dependent upon transmitter-receiver 
geometry, the broadcast waveforms being used, and the type of passive radar system 
processing proposed. 

Vulnerabilities 

There are signal availability, reliability and redundancy issues affecting safety that need to 
be examined for ATC applications of passive radar systems. These aspects need to be 
considered in the context of other international developments in air traffic management. 

Economics / Timescale factors 

It is unlikely that practical passive radar systems, using terrestrial broadcast transmissions, 
on their own could replace ATC radars in the near future. However, there may be 
opportunities to provide support to other systems. Similarly to the proposed CW radar 
options, further analysis work and long timescales are required to develop passive radar 
from concept to product and it is not a near or mid term prospect. 

4.3 Share the spectrum with other users (SHARE) 
This section of the report has considered the benefits of sharing the spectrum of the L- and 
S- band radars with other potential users. 
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In the context of this report, bandsharing is assumed to refer to the situation where a 
secondary user occupies bandwidth that is licensed to a primary user within the same 
general geographic area as the primary user on a mutual non-interference basis. 

One possible solution to the problem is to consider how the waveforms of the radar and the 
secondary systems could be designed in an integrated way to maximise the performance of 
both. However, it was felt that such an approach would lead to a stove-piped design that 
could not be fully exploited in the wider markets. A more ad hoc approach to bandsharing 
would result in greater flexibility in the use of the spectrum. 

There are two approaches to this type of bandsharing; ‘Underlay’, where secondary users 
transmissions are wideband, noise-like and operate at low power compared to the radar 
and ‘Overlay’ based on spectrum monitoring and dynamic allocation of narrowband 
sections of spectrum. 

Because of radar receiver sensitivity and co-channel operation, the underlay method has 
been found to be suitable only where the individual ERP of sharing transmitters is low, i.e. 
1mW. The situation can be improved by defining an exclusion zone around the radar inside 
which co-channel transmissions are prohibited. 

The overlay method promises better bandsharing performance for the case of narrowband 
CW radar with good mutual protection both to the radar receiver and to the bandsharing 
secondary users. Cognitive radio designs could exploit this method by sensing the RF 
environment and optimally adapting their operation. Pulsed radar are not so amenable to 
this analysis due to their wider transmitted spectrum and low duty (off for ~90% of the time), 
which would make operation of a sensing cognitive radio much more difficult.  

Thus it is unlikely that this type of sharing will be possible until the possible development of 
CW radar, at the earliest in 15 years time. 

4.4 Economics and development timescales 
Air Traffic Control radar need to meet Safety of Life requirements, putting new radar 
technology into service can thus be both expensive and time consuming. 

The process of replacing or upgrading a radar can be roughly divided into three stages. If 
significant technology development is required, as would most likely be the case for 
spectrally efficient radar technology, the timescales and costs could be quite large: 

Specification & Procurement 
Development, production and 

installation 
Acceptance, Hand over 

& Qualification 

12 - 15 months 18 – 60 months 11 - 12 months 

As a manufacturer of radar systems, BAE Systems Insyte is able to give an indication of 
price and timescales for the development and production of these technologies. These are 
based on historical bids, current bids and expert knowledge. The production prices assume 
one off production. It is understood in the context of this report, these prices are not 
capable of acceptance by any potential customers; who would need to define specific 
requirements and undertake a formal bid process. 
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The prices presented are an indication of typical development and production prices that 
could be expected from a European supplier of surveillance radar. 

Table 4.4-1 Typical development and production prices of spectrally efficient radar technology 

 Description Timescales 
(Develop – 
Deploy) 

Development Production 

1 
Receiver/signal processor modification for reduced 
transmitted spectrum (SQUASH) 

30 months £ 2.80 M £ 0.72 M 

2 Transmitter based modification (SQUASH) 38 months £ 2.30 M £ 1.30 M 

3 
New design ATC radar using conventional technology 
in another band (SHIFT) 

78 months £ 14.00 M £ 2.50 M 

4 New design ATC radar (CW) technology (SQUASH) - - - 

Due to the immaturity of CW technology, solution 4, Insyte are unable to advise meaningful 
development and production prices and have therefore been unable to price against this 
solution. 

Figure 4.4-1 summarises both civil and military timescales for procurement and upgrade / 
life extension of their ATC radar capability, along with indications of the likely opportunities 
for insertion of new spectrally efficient radar technologies. 

 
Linear SS Tx 

available  
Possible availability 
of CW, Passive or 

Sharing radar 
 

NATS buying class C 
Tx, ASR 10-SS 

 Mid-life upgrade 
opportunity 

 Phased 
replacement / life 
ext of ASR 10-SS

Civil ATC     

 0 – 5 years 5 – 10 years 10 – 15 years 15+ years 

Military 
ATC 

    

        
  Replace / life ext 

Military ATC required
     

Figure 4.4-1 Timescales of likely radar procurement and technology availability in the UK 

NATS are currently replacing their systems with state-of-the-art solid state radar with a 
nominal lifetime of around 15 – 20 years. Meanwhile, the UK MoD has a large number of 
radar approaching the end of their useful life over the next 3 – 7 years. 

The potential spectrally efficient technologies such as Passive, CW or Shared systems will 
not be near to maturity for ATC radar application within the next 3 - 7 years and thus would 
not be considered as part of military ATC capability provision at that time. Further, 
considering civil ATC radar: 
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 the current programme of NATS radar procurement of Raytheon ASR 10-SS class C 
transmitter based systems, which provide close to the best spectral efficiency of current 
radar technologies,  

 the nominal 15 – 20 year lifetime of these radar and  

 the considerable expense of radar replacement before the end-of-life. 

It is clear that the first opportunity for deployment of alternative spectrally efficient radar 
technologies such as CW, Passive or Shared systems is unlikely to before 15 – 20 years 
hence. 

However, new high power linear S-band pulsed radar transmitters could be developed and 
deployed (as part of a life extension upgrade to an existing radar or in a new pulsed radar 
design) within approximately 5 years. This timescale is consistent with both the 
procurement of new military ATC capability and mid-life upgrade opportunities in civil ATC 
radar. 

It is clear that the significant spectral efficiency improvements available through the 
adoption of linear solid state transmitter systems, their relatively low technological 
risk, the predicted development timescales and the expected costs mean that should 
spectral efficiency become requirements of ATC radar, then this technology is by far 
the best candidate for procurement into both Civil and Military ATC capability. 
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5 Conclusions and recommendations 

This study has investigated some of the challenges related to improving the spectral 
efficiency of ATC radar systems. A number of avenues have been explored, from 
incremental improvements to current and developing radar technology through to entire 
system concept changes.  

Since it would not require a change of system concept, options for changing and improving 
high power pulsed radar designs are attractive. The benefits of this approach include much 
shorter development timescales, lower costs and easier integration into the current 
infrastructure. In addition, it would not need as complex and rigorous certification and 
adoption of new regulations that alternative approaches would require. 

Approaches that require a change of system concept were also examined; these include 
narrowband Continuous Wave (CW) radar concepts and Passive radar (which does not 
transmit any energy but processes target echoes from the emissions of other systems) 

The conceptual approaches have been categorised in three ways. Conclusions about the 
various technical options for each approach are outlined below: 

 Re-locate radar to a different frequency band in lower demand (SHIFT) 

 It is technically feasible to SHIFT ATC radar to a different band, product development 
timescales would be of the order of 6 years. However, considering the much higher 
power required, performance issues, development timescales, development and 
procurement costs and congestion in the candidate C- and X-bands this option has a 
low probability of actually occurring. 

Improve radar in terms of their spectral efficiency (SQUASH) and re-plan their 
allocations to take advantage of this 

A number of options for achieving this were explored. The conclusions reached for pulsed 
radar designs included: 

 Reducing the transmitted bandwidth of TWT based Watchman ATC radar is feasible. 
This would yield some modest reductions in required radar spectral separations but 
may not be consistent with military radar requirements. 

 Since modern solid state radar have close to the best spectral efficiency of current 
radar technologies. The move towards solid state transmitters in ATC radar is 
consistent with improved spectral efficiency. 

 
  

UNRESTRICTED 
Use, duplication or disclosure of data contained on this sheet is subject to the restrictions on the title page of this document 



UNRESTRICTED 
  

 Study into Spectrally Efficient Radar Systems in the L and S Bands - Short Report 
22 Ofcom Spectral Efficiency Scheme 2004 - 2005 (SES-2004-2) 
 

 The silicon bipolar solid state technology utilised in these transmitters is limited in its 
achievable spectral efficiency. If further spectrum efficiency needs to be realised a 
change in transmitter technology is required. 

 LDMOS based solid state technology is the most likely and low risk direction for the 
development of the next generation of radar transmitters and will allow much improved 
radar system spectral efficiency. 

In terms of alternative radar technologies: 

 While in principle CW radar systems may have the potential to reduce radar spectral 
requirements, there are a number of limitations including their susceptibility to 
interference and their inability to directly measure range. Solutions for these limitations 
are as yet immature. This means that there are a number of significant technological 
hurdles before CW systems can be accepted as feasible for the provision of ATC 
services 

 It is clear that significant time and effort would be required to develop CW radar from 
the current concept stage through to a fully developed system; it is therefore unlikely 
that any CW radar product for ATC purposes will be available to the market within the 
next 15 years. 

 At a technical level, ideal passive radar systems could provide reasonable detection 
performance of civil aircraft, however, elevation cover is limited by transmitter antenna 
patterns. There are also signal availability, reliability and redundancy issues affecting 
safety that need to be examined for ATC applications of passive radar systems. 

 It is unlikely that practical passive radar systems, using terrestrial broadcast 
transmissions, on their own could replace ATC radars in the near future. However, 
there may be opportunities to provide support to other systems. 

Allow radar to share the spectrum with commercial users (SHARE) 

There are two conceptual approaches to sharing radar bands with other users 

 Underlay – where secondary users transmissions are wideband, noise-like and operate 
at low power compared to the radar. This method has been found to be suitable only 
where the individual ERP of sharing transmitters is low, i.e. 1mW. The situation can be 
improved by defining an exclusion zone around the radar inside which co-channel 
transmissions are prohibited. 

 Overlay – requires ‘Coginitive radio’ capabilities in both radar and other users. This 
approach is more amenable to sharing with CW type radar rather than pulsed and is 
thus unlikely to be feasible until the possible development of CW radar, at the earliest in 
15 years time.  

Economic / Timescale factors 

In addition to technological issues, this study has considered economic and timescale 
issues for radar technology development. The main conclusions are: 
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 CW, Passive and Sharing techniques for ATC radar applications are still in the concept 
stage and not yet mature enough to begin industrial research and development towards 
possible future products. It is thus unlikely that these technologies will be available in 
developed products within the next 15 years. 

 A number of options are available for significantly improving the spectral efficiency of 
pulsed radar. Of these LDMOS based solid state transmitter technology, capable of 
near linear operation, is likely to be the most effective at reducing required radar 
spectral separations and thus allowing more efficient planning and allocation of radar 
spectrum. This is the most likely and low risk direction for the development of the next 
generation of radar transmitters and could potentially be available to the market within 6 
years. This timescale is consistent with both the procurement of new military ATC 
capability and mid-life upgrade opportunities in civil ATC radar. 

5.1 Recommendations 
Whle CW radar concepts are, as yet, not mature enough to demonstrate their feasibility for 
meeting ATC requirements, further academic research into target location and 
discrimination techniques for CW radar is recommended and should be assessed against 
both ATC requirements and other radar application areas. 

Currently available broadcast transmitters limit the elevation coverage of potential passive 
radar systems, however, anlaysis of the potential of any future transmitters of opportunity 
should be continued. At the same time, the issues of signal availability, reliability and 
redundancy affecting safety need to be examined for passive radar systems. 

Should there be sufficient incentives to improve the spectral efficiency of radar systems, 
industrial research and development of linear transmitter technology such as LDMOS 
devices is highly recommended. This should include transmitter replacement options for 
current ATC radar systems, consideration of new ATC radar designs and alternative radar 
application areas. 
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