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Summary 

In the 2004 Pre-Budget Report, the Chancellor of the Exchequer commissioned an Independent Audit 
of Spectrum Holdings1 by government agencies. This audit was carried out under the supervision of 
Professor Martin Cave and was published in December 2005. Following the publication of this 
document the Government response, on the whole accepting the findings of the audit, was published 
in March 2006. The Cave Audit outlined the potential for new technologies to share with some areas 
of public spectrum but only once rigorous testing had been completed. 

The Public Spectrum Safety Test Group (PSSTG) was formed in 2005 by Ofcom. This group has 
representation from three public spectrum holders, the Ministry of Defence (MoD), the Civil Aviation 
Authority (CAA) and the Maritime and Coastguard Agency (MCA), who currently control more than 
40% of the radio spectrum, operating safety-of-life services. In addition, the group has representation 
from industry experts in areas of communications and in particular radar.  

The UKSSC Bandsharing Group was formed in July 2006, as one of the requests from the Cave 
Audit. Ofcom have set up the Cave Implementation Team to handle the policy side of bandsharing 
and the PSSTG to handle the testing side of bandsharing. The Cave Implementation Teams and 
PSSTG output is reported to the UKSSC Bandsharing Group. The UKSSC Radar Group may also 
provide a significant input to the bandsharing work. An industry body, the Bandsharing Forum, are 
providing a single point of contact for the communications industry to the PSSTG.  

The PSSTG provides the following: 

·  Define the sharing criteria to be used for testing 

·  Oversee the development of a safety-based test methodology for carrying out the testing 

·  Peer review of test plans and test reports 

·  Ensure independence in the preparation, execution and reporting of bandsharing tests 

 

The PSSTG will report on measurement trials and related issues. 

 

                                                      

1 “Independent Audit of Spectrum Holdings”, Professor Martin Cave for Her Majesty’s Treasury, Dec 2005 
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1. Introduction 

In the 2004 Pre-Budget Report, the Chancellor of the Exchequer commissioned an Independent Audit 
of Spectrum Holdings2 by government agencies. This audit was carried out under the supervision of 
Professor Martin Cave and was published in December 2005. Following the publication of this 
document the Government response, on the whole accepting the findings of the audit, was published 
in March 2006. The Cave Audit outlined the potential for new technologies to share with some areas 
of public spectrum but only once rigorous testing had been completed. 

The UKSSC Bandsharing Group was formed in July 2006, as one of the requests from the Cave 
Audit. The UKSSC groups are shown below.  

 

Ofcom have set up the Cave Implementation Team to handle the policy side of bandsharing and the 
PSSTG (see below)  to handle the testing side of bandsharing. The Cave Implementation Teams and 
PSSTG output is reported to the UKSSC Bandsharing Group. The UKSSC Radar Group may also 
provide a significant input to the bandsharing work. 

The Public Spectrum Safety Test Group (PSSTG) was formed in 2005 by Ofcom. This group has 
representation from three public spectrum holders, the Ministry of Defence (MoD), the Civil Aviation 
Authority (CAA) and the Maritime and Coastguard Agency (MCA), who currently control more than 
40% of the radio spectrum, operating safety-of-life services. In addition, the group has representation 
from industry experts in areas of communications and in particular radar.  

                                                      

2 “Independent Audit of Spectrum Holdings”, Professor Martin Cave for Her Majesty’s Treasury, Dec 2005 
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An industry body, the Bandsharing Forum, are providing a single point of contact for the 
communications industry to the PSSTG. The Bandsharing Forum may provide part funding for some 
bandsharing trials. However, in order for independence to be shown in such work, Ofcom will provide 
funding for the management of the process and all test criteria, methodologies and peer reviewing will 
be provided by the PSSTG. This will provide a leveraging of industry resources without 
compromising the integrity and independence of the process. 

The Cave Audit used a traffic light classification to highlight a number of public bands as either red 
(currently little clear scope for making wider use of the band for the next five years), amber (possibly 
some scope for enhanced use of the band but further work is needed), or green (scope in the short 
term for making alternative use of the band). S-band radar spectrum represents both a highly desirable 
band for communications and also a challenging one for testing. For this reason, the frequency band 
from 2.7 GHz to 3.4 GHz was chosen by the PSSTG as a high priority band to address. 

In addition to bandsharing, the PSSTG is looking at the protection required for S-band and X-band 
radar from Ultra-Wideband (UWB) devices as the ECC is finalising a process for the recommendation 
of European UWB limits. 

Spectrum can only be made available after the completion of rigorous Ofcom supported test 
programmes, based on sharing criteria agreed by the PSSTG, to ensure that existing and planned 
public services are not compromised or affected, particularly as many of them are mission critical or 
safety-of-life services.  

Ofcom, on behalf of the PSSTG, is carrying out initial assessments of opportunities for commercial 
applications to share spectrum currently used for civil and military radars in the 2.7 to 3.4 GHz band. 
The PSSTG provides the following 

·  Define the sharing criteria to be used 

·  Oversee the development of a safety-based test methodology for carrying out the testing 

·  Peer review of test plans and test reports 

·  Ensure independence in the preparation, execution and reporting of bandsharing tests 

The initial testing will help with the initial development of the test methodology and the provisional 
sharing criteria. However, it should be noted that this initial work will not provide conclusive results 
due to the complexity of the parameters involved. The following key aspects of the criteria and test 
methodology, which are common to all of the testing, will be investigated further and reported as 
separate PSSTG reports: 

·  Sharing criteria (e.g. Pd, I/N, monitoring methods, etc) 
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·  Crown RSA (CRSA) and spectrum quality benchmarks – for instance with respect to radar 
spurious emissions 

·  Test methodology (Radar configuration, test site set up, test specifications etc) 

·  Propagation and aggregation models (for extrapolation of data for distance and multiple threat 
devices) 

·  Extrapolation of results from tests on small numbers of radars to produce generic results 

·  Addressing technology and application neutralilty 

There are a large number of radar types and technologies, and each radar can be configured differently 
depending on the specifics of the environment. In addition, there is an element of subjectivity in terms 
of how individual radar operators configure and make judgements on data. It is not practical to test 
every radar variation and therefore any test data obtained on any particular radar must be able to be 
extrapolated to give generic data for at least of range of radars. In this way, in order to provide 
credible test data for all radars in a given band, testing might just need to be restricted to a limited 
number of radars. This would provide a practical way forward in terms of timescales and costs. 

In addition, the MoD, CAA and MCA are hoping to contribute resources to the test programmes, 
potentially providing radars, expert radar operators, and frequency assignments for testing work. 

The work reported in this PSSTG series may be quite heavily caveated initially. This is so that some 
information can be released to aid discussion and development of the work without the requirement to 
provid conclusive answers for what will be difficult work carried out to criteria that is still under 
development. This should be borne in mind with all test work reported in this series. 

2. Scope of PSSTG Work 

The immediate scope of work for the PSSTG will concentrate on  

·  UWB interference to S and X-band radars 

·  Bandsharing between S and X-band radars and a range of demonstration communications 
systems 

This scope of work is under continual review and changes will be reported. 
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3. Crown RSA and Spectrum User Rights 

Ofcom’s strategy of spectrum liberalisation as defined in the Spectrum Framework Review (SFR)3 
is based on allowing market forces to drive improved efficiency of this scarce resource. Spectrum 
will change hands through spectrum trading, bandsharing, spectrum clearance programmes and 
auctions. Efficiency will be driven by pricing. In turn, spectrum users will be protected from 
increases in interference through the use of spectrum rights.  

The commercial sector spectrum usage, and some public spectrum holders spectrum, is defined by 
WT Act Licences which cover transmit rights only. In order to allow efficient trading, more 
consistent parameters are required to define spectrum rights as presently many different parameter 
sets and interference modelling tools are used for different types of service. In addition, liberalisation 
requires spectrum usage to be technology and application neutral as far as possible. This has led to 
the requirement for transmit rights to be defined by Spectrum Usage Rights (SURs) that take account 
of these issues4.  

Although some form of receive characteristics (e.g. Indicative Interference Levels – ILLs) will be 
considered during spectrum auction assessments, Spectrum Quality issues will largely be the 
responsibility of the licensee. 

Whereas some Public Spectrum Holders (CAA, MCA) have licenses defining their transmit rights, 
due to issues of Crown Immunity, WT ACT licences cannot be granted for MoD spectrum use 
without a change in legislation. Therefore a complimentary and parallel definition of spectrum rights 
is required. The Spectrum Framework Review and subsequent Cave Audit5 identified Crown 
Recognised Spectrum Access (CRSA) as an appropriate tool for achieving this. In addition, CRSA 
can provide a solution for receive only systems that currently are not protected from interference from 
outside the UK such as Radio Astronomy6. The pricing of spectrum as defined by RSA will be 
achieved through applying Administrative Incentive Pricing (AIP) which will be based on 
opportunity cost algorithms. There are subtle differences between licensing and CRSA, as CRSA 
does actually try to define rights for the spectrum. 

Spectrum Rights (both SURs and CRSAs) allow the definition of transmit rights, security of tenure, 
and consideration in spectrum planning. In addition, SURs and CRSAs should be both convertible 
                                                      

3 “Spectrum Framework Review”, Ofcom, 23rd November 2004 

4 “Technology-neutral spectrum usage rights”, Ofcom Report 1721/TNR/FR/1, Aegis Spectrum Engineering, 
10th Feb 2006 

5 “Independent Audit of Spectrum Holdings”, Professor Martin Cave for Her Majesty’s Treasury, Dec 2005. 

6 “Recognised Spectrum Access as applied to Radio Astronomy”, Ofcom, 17th Oct 2005. 
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and tradable. The definition of rights will facilitate spectrum liberalisation and provide a common 
format for the communication of rights between the Ofcom, Public Spectrum Holders, Band 
Managers, and Industry. 

3.1 Technology and Application Neutrality 

Spectrum liberalisation requires any given frequency band to potentially allow entry of a new system 
irrespective of its technology or application. In terms of performing compatibility studies or 
determining a measure of spectrum quality, the potential range of technologies and applications 
however cannot be ignored. The range of potential systems needs to be considered, possibly based on 
likely candidates from current technologies. Additionally, it may be that a small number of parameters 
can be used to describe all potential future systems. 

For example, for the bandsharing testing to be carried out, a range of technologies such as Wi-Fi, 
WiMax, 3G, GSM etc will be used which represents a range of receiver bandwidths and modulations 
schemes. 

3.2 Spectrum Quality  

Although some form of receive characteristics (e.g. Indicative Interference Levels – ILLs) will be 
considered during spectrum auction assessments, Spectrum Quality issues will largely be the 
responsibility of the licensee. 

Spectrum quality is defined by the total amount of unwanted noise in a given band, from a number of 
sources. The contributions to the total noise can be divided up into two main categories: 

·  Interference from intentional radiocommunications: co-channel geographic spillover, adjacent 
channel spillover, spurious emissions, UWB 

·  Background noise levels from unintentional emissions: thermal noise, EMC 

Figure 1 shows a summary of the various interference sources that contribute to the noise level for any 
given band. Spurious emissions from high power transmitters such as broadcast transmitters or radars 
can be quite significant. 
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Figure 1: Summary of sources of interference. 

 

Due to the fact that receiver systems will be dependent on technology type, it may not be practical to 
have a single absolute measure of spectrum quality (or permitted noise). The spectrum quality 
benchmark might instead be based on a simple set of parameters such as: 

·  the probability of any given interference power level; 

·  for a specified group of frequency ranges (e.g. 1 to 2 GHz, 2 to 4 GHz etc); 

·  for a range of specified bandwidths; 

·  aggregated over all noise sources.  

An example of a measure of spectrum quality, just considering thermal noise, EMC and UWB as 
contributors to the noise in the band, is shown in Figure 2 [1]. 
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Figure 2: Example of potential Spectrum Quality/Permitted Noise Metric measure. 

 

4. Potential Opportunities for Sharing 

The Cave Audit used a traffic light classification to highlight a number of public bands as: 

·  red (currently little clear scope for making wider use of the band for the next five years); 

·  amber (possibly some scope for enhanced use of the band but further work is needed); 

·  green (scope in the short term for making alternative use of the band).  

S-band radar spectrum represents both a highly desirable band for communications and also a 
challenging one for testing. For this reason, the frequency band from 2.7 GHz to 3.4 GHz was chosen 
by the PSSTG as a high priority band to address. In addition, X-band radar is seen as a high priority 
band to address. 

The frequency band 2.7 to 3.4 GHz covers many radar systems, the main systems being air traffic 
control (ATC) radars at 2.7 to 2.9 GHz and 2.9 to 3.1 GHz and civil maritime navigation radars 
(CMRs) in the band 2.9 to 3.1 GHz (principally centred around 3.05 GHz). Other major primary users 
of these frequency bands are military radars operating over the entire 2.7 to 3.4 GHz band. 
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5. Radar Usage in the UK 

5.1 Radar Applications 

Radars can be classified in three different families: 

·  Bistatic: the transmit and receive antennas are at different locations as viewed from the target 

·  Monostatic: the transmitter and receiver are collocated as viewed from the target 

·  Quasi-monostatic: the transmit and receive antennas are slightly separated but still appear to 
be at the same location as viewed from the target  

The radars of main interest for the PSSTG work are mono-static radars. 

Radar operators include: 

·  CAA/NATS for civil aircraft 

·  Maritime 

·  Met Office for weather assessment 

·  Military (all services) 

·  Police 

The use of civil radar in the UK was identified in a report by Alenia Marconi Systems (AMS) Ltd for 
the Radiocommunications Agency in 2001  [2]: 

·  Secondary surveillance radar 

·  Radar altimeters 

·  Airport Surface Detection Equipment (ASDE) 

·  Airborne weather radar 

·  Maritime Vessel Traffic Systems  

·  Air Traffic Control primary radar  

·  Maritime navigation radar 

·  Maritime RAdar beaCONs (RACONs), Search and Rescue 

·  Transponders (SARTs) and Target Enhancers 

·  Ground based meteorological radar 

·  Police vehicle speed measurement radar 
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·  Ground Probing Radar  

·  Precision Approach Radar (PAR) 

·  Microwave Landing Systems (MLS) 

·  Distance Measuring Equipment (DME) 

·  Radars used for experimental purposes. 

5.2 Frequency Band Designation 

Table 1 gives the IEEE designations of the frequency bands used for radar. These designations are not 
adopted by the ITU, but are generally used in the radar industry. 

Table 1: IEEE frequency band designation for systems 

 
Band Designation 

 
Frequency Range Applications 

HF 3-30 MHz Over-the horizon (OTH) Surveillance 
 

VHF 30-300 MHz Wind Profiler (50 MHz); very long range 
surveillance 

UHF 300-1000 MHz Wind Profiler (400, 1000 MHz); very long range 
surveillance 

L 1-2 GHz 

Secondary Surveillance Radar (SSR)/Airborne 
Collision Avoidance System (ACAS) (1030/1090 
MHz), Long Range ATC Primary Surveillance Radar 
(1215 – 1365 MHz) 

S 2-4 GHz Short/Medium Range ATC Primary Surveillance 
Radar (2.7 – 2.9 GHz), Maritime (2.9 – 3.1 MHz) 

C 4-8 GHz 
Microwave Landing System (MLS) (5000 – 5250 
MHz), Airborne Weather Radar (5350 – 5470 MHz), 
Ground-based Weather Radar 

X 8-12 GHz 
Airborne Doppler Radar (8750 – 8850 MHz), Airport 
Surface Movement Detection (9.3 – 9.5 GHz) 
Maritime  

Ku 12-18 GHz 
Airborne Doppler Radar (13.25 – 13.4 GHz), Airport 
Surface Detection Equipment (15.4  – 15.7 GHz) 
Maritime 

K 18-27 GHz Airport Surface Detection Equipment 
 

Ka 27-40 GHz Airport Surface Detection Equipment 
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5.3 Geographical Distribution of Radars in the UK 

The geographical distribution of radars throughout the UK was detailed in the AMS Report [2]. The 
following types of environments have been defined: 

�  Airports, Airfields (civil and military) and ATC Activity – using Primary Surveillance Radar 
(PSR), Airport Surface Detection Equipment, Secondary Surveillance Radar), Precision 
Approach Radar (PAR). 

�  16 Meteorological radars spread evenly throughout the country. 

�  UK Ports and harbours and shipping lanes operated by Her Majesty’s Coast Guard (Maritime and 
Coastguard Agency) MHCG (MCA) e.g. Southampton Water, Dover, London, Liverpool, 
Milford Haven, Felixstowe, etc. Radars used at these locations include Reflector Systems, Open 
Array Scanners, VTS Marine Systems, and Range Safety Radars.  

�  Marine Navigational Radars on Vessels 

o Deep Sea (SOLAS) – estimated to be about 1000 SOLAS type ships operating every 
day in UK waters with about 80% of these being in the Dover Straits at any one time. 

o Fishing Vessels. Unlike Europe, the UK has very little inland shipping traffic. 

o Pleasure Craft. It is estimated that the UK has between 50,000 and 100,000 pleasure 
craft fitted with radar. 

�  Oil Rigs and Navigation Buoys using Radio Beacons (RACONS). There are about 100 RACONS 
situated around the UK. 

�  Airborne weather radars and altimeters. The maximum number of aircraft in controlled airspace 
at a given time is about 700. 

The number of fixed and mobile radars operating in the UK are summarised in the following tables 
[2]. It should be noted that these values are just indicative and that this table does require updating. 
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Table 2: Summary of Fixed Civil Radars Operating in the UK 

Radar Type 
 

Radar Band 
 

Number 

SSR L 31 

ATC L >20 

ATC S 120 

ATC X 9 

ASDE X 5 

ASDE Ku 3 

Weather C 13 

MLS C 1 

PAR X NDA 

VTS S >2 ports 

VTS X >11 ports 

VTS Unknown 13 ports 

 

Table 3: Summary of Mobile Radars Operating in the UK 

Radar Type 
 

Radar Band 
 

Number 

Airborne Weather X 700 

Altimeters C 700 

Pleasure X 50-60,000 

SOLAS X & S 1200 

Fishing X 6625 
 

5.4 Civil Aviation Radar 

Civil Aviation radar in UK can be decomposed into several categories: 

·  ATC primary radar 

·  Airport Surface Detection Equipment  

·  Secondary Surveillance Radar 

·  Meteorological radar (airborne and ground based). 

This also covers both local aerodrome radars and en-route radars (operated by NATS). 
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5.4.1 ATC Primary Radar 

The ATC primary radar detects targets based on the reflection of a portion of the incident energy by 
the target. This type of radar has played an important role in the safety of air traffic around airport. 
This type of radar can also work in conjunction with data from SSR equipment. 

L-Band (1215 to 1365 MHz) and S-Band (2700 to 2900 MHz) are commonly used for ATC radar in 
UK.  Long-range radars in civil application typically use frequencies in the L-band. Short to medium 
range radars use frequencies in the S-band.  

5.4.2 Secondary Surveillance Radar 

SSR consists of a ground system and an airborne transceiver. Whereas, primary ATC radar provides 
surveillance on all targets through the target reflecting the incident energy, SSR relies on the 
cooperation from the target in the form of an equipage with a suitable transponder. SSR provides 
additional data compared with primary radar (including altitude and identity). The surveillance radar 
provides the principal means by which air traffic controllers obtain a picture of the location of aircraft 
under their control.  It is therefore an essential safety critical service for air traffic control. 

The SSR antennas on the ground are generally mounted on the top of the primary radar antennas. All 
SSR operations operate at 1030 MHz for ground-air interrogations (known as the uplink) and 1090 
MHz for the air-ground reply (known as the downlink). 

5.4.3 Airport Surface Detection Equipment 

Airport surface movement radar, operating at very short ranges (less than 5nm), uses a higher 
frequency to achieve a high resolution of detection from a small antenna with a high rotation speed.  
Therefore, most of the surface movement radars use X-band (9.3 to 9.5 GHz) or Ku-band (15.7 to 
16.2 GHz). 

5.4.4 Meteorological Radar 

Two categories of weather radar are designed for meteorological use in the UK by the Met Office, 
these being: 

·  Ground based weather radar – Ground based weather radars operate in the C-band and can 
detect precipitation within a range limited by the radar horizon. Some of weather radars have 
a Doppler mode.  This type of radar generally employs a large diameter parabolic antenna 
giving a narrow beam i.e. 1° with a high gain. 

·  Wind profiler radars – This type of radar operates around 50 MHz, 400 MHz, and 1000 MHz. 
Sequences of high power pulses are radiated in both vertical and oblique directions. The 
velocity and the intensity of the wind are computed by analysing the received echoes from the 
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radar. Observations from at least three directions are necessary for determining the direction 
and the speed of the wind. 

Also, airborne weather radars operating in the X-Band are used to detect wind shears and microburst 
that can present a potential danger to an aircraft. The antenna of the radar is fitted into a radome on 
the nose of the aircraft, and moves from side to side continuously. The pilot can adjust the elevation 
of the antenna. 

5.5 Maritime Radar 

Maritime radionavigation radars provide a safety-of-life service that assists in safe navigation for the 
vessels. The marine radars are used both on small and large vessels. For small vessels, the radars are 
used in bad weather and poor visibility and can detect other vessels and navigational hazards. Large 
vessels also use their radar in good weather conditions for tracking surrounding vessels and displaying 
the track history of these vessels in order to assist the vessel in navigation and collision avoidance. 

The transmitter devices are generally magnetrons. Two frequency bands are commonly used for 
marine radar. The 3 cm radar systems typically operate in the band 9.3 to 9.5 GHz, and 10 cm radars 
are allocated the 2.9 to 3.1 GHz band. The majority of these S-band radars operate at between about 
3035 and 3065 MHz. Due to the characteristics of the transmitters, techniques such as coherent pulse 
integration and pulse compression are not used. Large vessels are equipped with complex systems 
having sophisticated signal processing, whereas in general, radars for small vessels are considerable 
simpler in design. 

5.6 Military Radar in the UK 

A study performed by AMS for the Radiocommunications Agency in 2001 [2], gives a list of military 
radar use in UK. This study divides the radar use in the UK into three services.  

·  The Army has several radars type, which are generally related to Weapon location, Missile or 
Gun Control. 

·  The Royal Air Force use both ground and airborne radars. 

o Ground radar – The Aeronautical Radionavigation Systems and ATC radars used are 
similar to that of the civil authority, and are used as local aerodrome radars. En-route 
surveillance is provide by the civilian NATS service. However, these radars have 
extra facilities that are not used in peacetime. The RAF also operates the UK’s Air 
Defence radars in the L or S-Band. These are much larger and more powerful than 
typical ATC radar types. There are also radars associated with short-range air-defence 
missiles. These types of radar are generally used within the UK only for training and 
trials. 
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o Airborne radar – Used for airborne interception of targets, terrain following, early 
warning systems, maritime surveillance, battlefield surveillance, weather and missile 
approach warning systems. 

·  The Royal Navy radars are present on ships, aircraft and on-shore establishments. 

o Ship borne radar – These radars operate with both L and S-Band surveillance radar. 
There are also tracking radars which operate in X, Ku or Ka-Band as well as maritime 
surveillance radars for surface search and navigation. 

o Airborne radar – Used for airborne interception, early warning detection, missile 
approach warning system, maritime surveillance and as helicopter beacons 

The UK MoD own or operate several radars. Typical MoD radar systems consist of experimental 
radars, range safety radars, range tracking radars and measurement radars. The military also operate 
Identification Friend or Foe and SSR systems. 

6. Bandsharing Criteria for Radar 

The immediate focus of the PSSTG work is on S and X-band radars. Bandsharing criteria needs to be 
defined in order to define appropriate protection criteria required for radars, and will need to address 
issues such as: 

·  Radar parameters used for defining the criteria e.g. Pd, I/N 

·  Representative radar sets 

·  Test methodology (Radar configuration, test site set up, monitoring methods, test 
specifications etc) 

·  Propagation and aggregation models (for extrapolation of data for distance and multiple threat 
devices) 

·  Extrapolation of results from tests on small numbers of radars to produce generic results 

·  Safety margins 

It should be noted that whereas a commercial operator may be able to trade between quality of service 
and the cost of AIP being charged, there is likely to be less scope for such trade-offs with safety-of-
life (SOL) services. 

6.1 Representative Radar Sets 

There are a large number of radar types and technologies, and each radar can be configured differently 
depending on the specifics of the environment or the application. In addition, there is an element of 
subjectivity in terms of how individual radar operators configure and make judgements on data. It is 
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not practical to test every radar variation and therefore any test data obtained on any particular radar 
must be able to be extrapolated to give generic data for at least of range of radars.  

In this way, in order to provide credible test data for all radars in a given band, testing might just need 
to be restricted to a limited number of radars. This would provide a practical way forward in terms of 
timescales and costs for testing. Ideally a range of radars would be used, operating as far as possible 
under a range of configurations (typical configuration, worst-case), which covers the range of 
potential variations sufficiently. Many of the details of the radar designs are likely to be commercially 
sensitive. However, it is hoped that discussions with the radar engineers/manufacturers will ensure 
that all critical variations in radar characteristics and operating configurations will be ensured.  

The stages of radar processing are shown in a simplified block diagram in Figure 3. Examples of the 
types of radar parameters that need considering are detailed in Figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Simplified block diagram of radar receiver processing. 
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Table 4: Radar parameters that need to be considered for the trials 

Radar Characteristics 

Typical Environment ·  Urban, suburban, rural 
·  Airport, shipborne, port, airborne etc 

Radar type 

·  Maritime vessel traffic systems (VTS) 

·  Air Traffic Control primary radar (ATC) 

·  Maritime navigation radar 

Frequency ·  Band (S, X) 

Main radar 
characteristics 

·  Pulse Power (kW ) 
·  Pulse Width � S 
·  Pulse Repetition Frequency (Hz) 
·  Scan Rate (rpm) 

Radar operating 
mode 

·  Short Range/Moving Target Indication (MTI) 
·  Long Range/Early Warning (EW) 

Antenna  

·  Gain and horizontal/vertical polar distribution/beamwidth (with 
frequency) 

·  Tilt angles  
·  Antenna height 
·  Polarisation 

Transmitter 
technology 

·  Magnetron  
·  Klystron 
·  Driven Tube Transmitters 
·  Solid State  
·  Others 

RF receiver 
characteristics 

·  Filters 
·  Amplifiers and Mixers 

IF Receiver 
characteristics 

·  IF Gain 
·  3 dB Bandwidth (MHz) 
·  1 dB compression level 
·  Noise Factor (dB) 
·  Others 

Data and signal 
processing 

·  Gain settings  
·  Clutter settings 
·  Pulse Compression and Integration 
·  Constant False Alarm Rate (CFAR) settings 
·  Frequency agility 
·  Moving Target Indication processing 
·  Additional anti-jamming capability 
·  Staggering of pulse repetition frequency 
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6.2 Radar Parameters used to Define the Protection Criteria 

Radars performance can be characterised by a number of parameters including: 

·  Range reduction 

·  Azimuth accuracy 

·  Variations in the probability of detection, Pd 

·  Variations in probability of false alarm, Pfa  

·  Saturation of receiver front-end 

The most important parameter appears to be the Probability of Detection (Pd). This may be measured 
by observing the targets on the plan position indicator (PPI) display over a given period of time. 
Alternatively, it may be possible to reliably relate the radar Pd to the Interference-to-Noise (I/N) ratio, 
as discussed below.  

False alarms would require higher levels of interference than that required to cause the disappearance 
of targets (as measured by probability of detection, Pd). Therefore targets would tend to start to be lost 
before there is breakthrough of interference and the appearance of false targets. The loss of Pd of real 
targets is seen as more critical than the appearance of false alarms, as the loss of Pd effect occurs at 
lower levels of interference. 

6.2.1 Probabilty of Detection (Pd) 

Radar clearance procedures exist for the procurement and installation of radars but there is some 
variation in the set-up and measurements for different radar operators and regulators e.g. CAA, 
NATS, MOD and MCA. 

As far as possible, the measurements should be objective and should take into account the practical 
experience and real operating conditions used, and the resulting variations. A practical worst-case 
measure should be used which reflects the safety-of-life requirements of the radar operation. 

A provisional value of Pd has been agreed for the initial testing phases. This is a non-interference 
probability of target detection (Pd) level of 90% and assessing where the onset of interference occurrs.  

The measurement uncertainty needs to be carefully considered in order to determine what level below 
90% is considered a reduction in performance, i.e. it might be difficult in practice to accurately 
determine a reduction any more accurate than 5% for example. 

The potential problem with using a fixed value of 90% Pd is that it might not be the best measure for 
all radar applications. For example, for aeronautical scenarios, the target is generally likely to be 
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further away from the radar than the interferer, Figure 4, whereas for a maritime port scenario, Figure 
5, the target has to be nearer to the radar than the interference source. 

 

Figure 4: Typically for aeronautical scenarios, the target is much closer to the radar than the 
target. 

 

Figure 5: Typically for maritime scenarios, the target is further from the radar than the target. 

Therefore, whereas for the aeronautical scenario the Pd could easily be about 90% when there is a 
possibility of interference from some communications device, the Pd in the maritime scenario may 
tend to be significantly stronger and possibly always greater than 100%. 

Radar to interference distance DI 

Radar to target interference distance, DT 

Typically DT>> DI 

Radar to interference distance DI 

Radar to target interference distance, DT 

Typically DT < DI 
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For this reason, the actual target levels likely to be experienced in real scenarios need to be considered 
in addition to Pd levels typically used to test the radar system functionally during installation.  

To determine the radar performance and detection range, the radar industry defines two parameters; 
probability of detection Pd and a defined probability of false alarm Pfa. The probability of false alarm 
can be expressed as the fraction time that the threshold is crossed divided by the total observation 
time. For large values of SNR, Pd and Pfa can be directly related to the signal-to-noise ratio. Indeed, 
SNR can be approximate by: 

BABASNR 7.112.0 ++»  

Eq. 1 

Where )
62.0

ln(
faP

A =  and 
( )d

d

P
P

B
-

=
1

ln( . This is referred to as Albertsheim’s approximation and it 

is good for the range 37 1010 -- ££ faP  and 9.01.0 ££ dP . This equation produces results shown in 

Figure 6. 
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Figure 6: Graph displaying the relationship between S/N, Pd and Pfa 

This figure shows that the signal-to-noise ratio has a direct impact on the probability of detection. An 
analysis performed by Eurocontrol et al.  “Preliminary study into the effects of interference on a 
ARNS Radar System” shows that the impact of the noise on the loss of sensitivity of the radar can be 
calculated as [3]: 
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Using Equation 2 the reduction of the signal to noise ratio S/N and the interference I can be expressed 
as: 

N
I

N
S

+=�
�

�
�
�

�D 1  

Eq. 3 

Theoretically therefore, the level of interference needs only to be defined with respect to noise. The 
relation shows that the interference can be readily related to the signal-to-noise ratio and therefore the 
probability of detection Pd. 

6.2.2 Interference-to-Noise (I/N) 

The desensitization effect on radars from other services that generate interference is related to the 
intensity of the interference. It is often assumed that in any azimuth sectors in which such interference 
arrives, its PSD can simply be added to the PSD of the radar receiver thermal noise, within a 
reasonable approximation. If the noise power of the radar receiver is denoted by N and the noise-like 
interference is represented by I, the resultant effective noise power is I + N. An increase of 1 dB in the 
effective noise power would constitute a desensitization of the radar’s receiver. Such an increase 
corresponds to an (I+N)/N ratio of 1.26, or an I/N ratio of about -6 dB. 

Protection criteria from UWB devices has been defined in ITU-R documentation for the following 
situations: 

1. Maritime radar requires an I/N ratio of -10 dB for aggregate interference and for a single 
interferer. The I/N ratio of -10 dB is contained in a proposed revision to ITU-R M.1313-1 
under consideration by ITU-R Study Group 8 titled, ”Technical Characteristics of Maritime 
Radionavigation Radars.” [4]. 

2. Meteorological radar in the 2700 to 2900 MHz frequency band requires an I/N ratio of -6 dB 
for aggregate interference and for a single interferer. This criterion is based in ITU-R. 
Recommendation M.1464 [5]. 

3. Radionavigation radar requires an I/N ratio of -10 dB for aggregate interference and for a 
single interferer. The I/N ratio of -10 dB is contained in a proposed revision to ITU-R. 
Recommendation M.1464 [4]. 
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6.2.3 Probability of Detection versus I/N Measureme nts 

There are advantages in measuring both I/N and Pd and both should be measured where possible. In 
addition to measurements being used to provide required radar exclusion zones for given 
communications systems, they should also be used to validate radar theory. In this way, theory can 
then used be used to model large numbers of scenarios. 

The advantage of I/N measurements are that they can be done in the absence of targets and can be a 
much simpler and potentially more reliable measure. However, this would require a good knowledge 
of the relationship between SNR values and the resulting probability of detection (Pd) values for all 
systems under consideration. 

6.3 Test Methodology 

The test methodology will be developed through the subsequesnt tests carried out on behalf of the 
PSSTG and will be reported in future PSSTG Reports. 

6.4 Propagation, Aggregation and Apportionment 

In order to extrapolate the results from the measured data the following need to be considered: 

·  Appropriate ITU propagation models 

·  Aggregation interference from multiple devices of the same network/technology 

·  Aggregate interference from a number of different interference types, e.g. a new bandsharing 
communications technology and UWB. Apportionment of the allowable increase in noise 
floor would need to be considered. 

For UWB, there have been many studies looking into aggregate effects. However, it is thought that 
this work does not sufficiently answer the aggregate issues and further work will be produced as part 
of the PSSTG Report Series. 
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