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	SUMMARY

	This paper provides an update on the current situation with respect to the Implementation of wireless microphones in the 960-1164 MHz frequency band within the UK. 


1. INTRODUCTION

1.1 In November 2014 Ofcom, the UK radio regulator, announced their decision to make the 700 MHz frequency band available for mobile data within the UK.  Systems current operating within the 470-790 MHz frequency band provided their spectrum use continued to be justified would therefore have to be relocated.  Two programme making and special event (PMSE) applications (Wireless microphones and in-ear monitors) were two such systems and whilst they still had access to some spectrum it was agreed that additional spectrum would be required especially to cater for peaks in demand that occur at events such as Glastonbury music festival.
2. DISCUSSION

2.1 Having carried out some intial studies and identified two potential candidate bands below 2 GHz in which to relocate the displaced PMSE systems Ofcom approached the UK Civil Aviation Authority (CAA) late 2014/early 2015 to seek our assistance and co-operation to further study the option of 960-1164 MHz. 
2.2 The CAA agreed to co-operate and intial theoretical studies were carried out.  Those studies indicated that in order to achieve compatibility between PMSE and the incumbent aeronautical services taking into account JTIDS operation planning criteria would be required with DME and guard bands around 1030 & 1090 MHz but could deliver the capacity required by audio PMSE. That capacity being delivered without affecting the deployment of aeronautical systems already operating within the frequency band. It was therefore agreed to progress to practical testing which should mirror that undertaken for JTIDS. 
2.3 JCSys, who carry out JTIDS testing in the UK, were therefore contracted to undertake the testing which was undertaken in the presence of the maximum JTIDS loading allowed under the UK frequency clearance agreement and completed in September 2015 (See Annex 1). Using ground and airborne DME sensitivity masks derived from the envelope of the measured results, applying guard bands of ±15 MHz around 1030 & 1090 MHz and taking the original assumptions from the theoretical study then sufficient frequency could be accessed to address audio PMSE needs.  One omission from the testing was a scanning DME and it was agreed that further testing would ttake place once a scanning DME had been sourced
2.4 In October 2015 Ofcom released it’s consultation on “New Spectrum for Audio PMSE” that proposed allowing access to spectrum in the 960-1164 MHz (see Annex 2).  As a result of the consultation which was extended to allow comments on additional materal about the approach to modelling and sharing in the frequency band 960-1164 MHz (see Annex 3), Ofcom announced, in January 2016, its decision to allow audio PMSE uses to share access to the 960-1164 MHz frequency band subject to spectrum management rules agreed with the CAA.
2.5 Since that statement work has focused on completing the testing, finalisation of the spectrum management rules and the development of a safety support case for the operation of audio PMSE in the 960-1164 MHz frequency band.

2.6 In order to address the outstanding testing two further studies were undertaken.  The first addressed the outstanding issue of the impact of PMSE on scanning DMEs and the second looked at the impact of a proposed digital implementation of audio PMSE on aeronautical service in the 960-1164 MHz frequency band (see Annex 4).  Whilst these reports did not throw up any show stoppers it is interesting to note that the DME were more susceptible especially at great frequency offsets than with analogue equipment and the spectrum management rules will if they haven’t already been modified to take this into account.
2.7 With respect to the safety support case, that has been presented to the CAA by Ofcom and the CAA have made a number of observations on the content of the document which are currently being discussed between the two parties.  The CAA have not yet signed off the safety support case/safety case as part of the State safety risk within the UK’s State Safety Programme. 
2.8 It should be noted that todate the CAA have only received 7 applications for the operation of audio PMSE in the 960-1164 MHz frequency band and all of these have been addressed through the test and development process with additional safe guards put in place such as cease transmission numbers.

3. CONCLUSION
3.1 In order to for audio PMSE to share the 960-1164 MHz frequency band with aeronautical systems spectrum management rules are required including guard bands around 1030 & 1090 MHz

3.2 Assuming that audio PMSE operators abide by those spectrum management rules then there is sufficient capacity in the “white spaces” within the 960-1164 MHz to make it viable.

3.3 As demonstrated by this document the CAA has used a robust process which is in line with the required steps contained in the ICAO contribution to CEPT FM51. 
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Further details on approach to modelling and sharing 
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About this document

The Programme Making and Special Events (PMSE) sector relies on radio spectrum for
wireless applications that are used in the production and staging of a wide range of live and
broadcast entertainment events.

The planned release of the 700 MHz band for mobile services will reduce the amount of
spectrum available for audio PMSE use — such as wireless microphones and in-ear
monitors.

Ofcom intends to mitigate the effect of this reduction in spectrum access, with a focus on
finding appropriate, alternative spectrum for PMSE users.

Today’s consultation looks at a technical sharing analysis of the 960-1164 MHz and 1525-
1559 MHz bands, and a proposal to allow access to spectrum in the 960-1164 MHz band.
Audio PMSE users would share access to this band with aeronautical radio navigation
services.

The document also sets out an assessment of spectrum demand and supply for audio links,
talkback, telemetry and telecommand.

We invite stakeholders to comment on our provisional conclusions.

The closing date for responses is 18 December 2015.
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Section 1

Executive Summary

We propose to make new spectrum available for audio PMSE

11

1.2

13

1.4

1.5

1.6

1.7

1.8

This document sets out our proposals for ensuring that users of wireless audio PMSE
equipment such as talkback, wireless microphones and in-ear monitors (IEMs) in the
Program Making and Special Events (PMSE) sector continue to have access to
sufficient spectrum to support their activities.

We have assessed the impact of future spectrum supply and demand on audio
PMSE considering future growth in use and reduction in spectrum availability.

For telemetry and telecommand, audio links and talkback our analysis shows there is
minimal growth in demand with no changes in spectrum supply. Therefore, for these
applications the current arrangements are sufficient and we do not need to
implement any changes.

However, some PMSE applications, specifically microphones and in ear monitors
(IEM) used at live music, theatre and TV events, will be impacted by a reduction in
the amount of spectrum available given the withdrawal of access to the 700 MHz
band (694 — 790 MHz ) as a result of our decision to release the band for mobile
wireless broadband use and an identified increase in spectrum use by PMSE.

In order to try to mitigate this loss of spectrum it is possible for the PMSE sector to
make some changes to improve the efficiency of their spectrum use. However, we
recognise that in many cases of peak spectrum demand these actions (eg better
planning and using new more spectrally efficient technologies) alone may not be
sufficient to meet the requirement. We have, therefore, following a detailed analysis
of alternative spectrum sharing options, identified a viable candidate band for low
power audio PMSE applications.

Our proposal is to make the 960 — 1164 MHz band available to the PMSE sector for
low power (an EIRP of less than 17 dBm/200 kHz) wireless microphones and in ear
monitors. Access would be on a coordinated basis with aeronautical navigation and
communication systems, similar to the current arrangement in the TV broadcasting
band where PMSE shares with digital terrestrial television.

We believe this band offers long term stability for the sector. The nature of its current
allocation is extremely unlikely to change meaning that the risk of competition for
access is likewise low. Current use is generally the same internationally affording the
potential for a harmonised approach to sharing with PMSE.

We invite comments on our provisional conclusions by 18 December 2015.
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Section 2

Introduction

Purpose

2.1

2.2

2.3

24

2.5

2.6

The Programme Making and Special Events (PMSE) sector requires access to
spectrum to support a variety of wireless applications that are integral to the
production and staging of live entertainment and for broadcast coverage of sporting
and other events. The concerts and performances which rely on audio PMSE devices
make an important contribution to the creative economy and cultural life of the UK.

In 2013 we initiated a strategic review of the PMSE sector with the aim of ensuring it
continues to have access to sufficient spectrum to deliver these benefits. Important
issues for the review were the impact of the likely on-going increase in PMSE use
and anticipated reductions in spectrum availability due to the planned repurposing of
bands currently used by PMSE. The work programme was outlined in our 2013/14
annual plan® as a strategic priority

Our initial work addressed the spectrum requirement for video PMSE applications
(wireless cameras, video links etc.) and concluded with a Statement on 28 October
20147 detailing our strategy for video PMSE.

In this document we examine the spectrum requirements for audio PMSE
applications such as wireless microphones, in-ear monitors (IEMs) and talkback
communications. In particular, we have looked at the impact of the planned change
of use of the 700 MHz band as confirmed in our “Decision to make the 700 MHz
band available for mobile data” published in November 20143, We set out our
analysis of the options considered to address the future spectrum requirements of
audio PMSE applications and assess the likely impact on the users of those
applications.

We are seeking the views of stakeholders on this analysis and our proposal to allow
audio PMSE access to the 960-1164 MHz band on a coordinated basis sharing with
aeronautical radio navigation services.

The closing date for the consultation is 18 December 2015.

Background

Audio PMSE involves a diverse set of activities and applications

2.7

Within the PMSE sector, examples of a production include:

e Television and radio coverage of day-to-day sports such as horse racing, football,
rugby, motor racing, golf, cricket

o Entertainment programmes such as Great British Bake Off, X Factor, Big Brother

! See link: http://www.ofcom.org.uk/files/2013/03/annplan1314.pdf
2 see link: http://stakeholders.ofcom.org.uk/binaries/consultations/pssr-
2014/statement/Statement_on _camera_strateqy.pdf

* See link: http://stakeholders.ofcom.org.uk/binaries/consultations/700MHz/statement/700-mhz-
statement.pdf
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2.9

2.10
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2.12

2.13
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¢ News and topical affairs
e Musical theatre

e Rock and pop tours
Examples of special events include:

¢ Music festivals such as Glastonbury and V Festival

e Annual sporting events such as: F1 Grand Prix, Wimbledon, The Open
Championship, FA Cup Final

o Exceptional events such as: The London 2012 Olympic & Paralympic Games;
The Glasgow Commonwealth Games 2014

Audio PMSE applications enable wireless mobility for performers and presenters to
support dynamic, creative and engaging entertainment. They also facilitate ‘closer to
the action’ coverage of sports, events and news.

Wireless microphones provide high quality audio feeds of voice, musical instruments
or background sounds for live performance and/or for broadcast.

There is also a requirement for wireless audio communications between the director,
the production crew, presenters and performers. In broadcasting, these
communications requirements are generally referred to as Talkback. In live music
and theatre, performers may require a personal IEM as an alternative to stage
monitors and the communications requirements for the stage crew are generally
referred to as Intercom.

Other wireless PMSE applications include:

¢ Remote control of broadcast equipment
¢ Remote monitoring of systems
e Broadcast quality audio links

¢ Event enhancement services including audio description

A musical stage production will often need more than 50 channels for microphones,
IEMs and intercom. Live concerts may require up to around 80 channels of audio
and large festivals such as Glastonbury and the V Festival have very high demand
for multiple artists across multiple stages with a peak demand of around 100
channels. Major TV productions such as the X Factor and Children in Need also
require around 100 channels.

Audio PMSE faces challenges in its access to spectrum

2.14

2.15

The requirements of many PMSE users are growing as the number and complexity of
productions increase.

PMSE users typically access spectrum on a shared rather than exclusive basis. Low
power, short range PMSE applications have been able to successfully exploit sharing
opportunities with other services such as digital terrestrial television broadcasting
(DTT) and with military users. But opportunities to share spectrum reduce when
bands are repurposed to new users that have a higher density of use such as wide-
area mobile broadband.
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The key spectrum to which audio PMSE has access is set to change

2.16

2.17

2.18

2.19

The 470-790 MHz band has been the preferred band for wireless microphones, IEMs
and stage intercoms. PMSE access is on a geographically interleaved basis with
DTT with the exception of Ch38 (606 to 614 MHz) which is currently available on an
exclusive basis for PMSE.

Our decision to make the 700 MHz band available for mobile data* means PMSE will
not be able to access the spectrum released for mobile services in the 694 — 790
MHz band. This reduces the amount of available spectrum by around 30% with
some locations experiencing greater loss of access due to the re-plan of the DTT
network® and consequential changes to the amount and configuration of available
interleaved spectrum.

Our analysis® has concluded that, for the majority of events the spectrum supply
following the reallocation of the 700 MHz band would be sufficient to meet the needs
for wireless microphones, IEMs and stage intercoms.

However, for those events with the greatest spectrum demand, we anticipate there
may be a shortfall in spectrum which would cause a significant negative impact to a
broad range of audio PMSE users.

Addressing the challenge

2.20

2.21

2.22

Our analysis suggests that there is scope for PMSE users to improve the efficiency of
their spectrum use. Potential improvements include:

using existing equipment in a more efficient manner;
planning centrally for large events;

managing use more precisely on the ground; and
adopting new technologies e.g. digital microphones.

But we recognise that in many cases of peak spectrum demand, efficiency
improvements alone may not be sufficient to meet the requirement. We have,
therefore, also carried out a detailed analysis of alternative spectrum sharing options,
identifying a viable candidate band for low power audio PMSE applications.

Our proposal, as set out in Section 5, is to make the 960-1164 MHz band available to
the PMSE sector for low power (an EIRP of less than 17 dBm/200 kHz) audio PMSE
applications such as wireless microphones and in ear monitors. This would be on a
coordinated basis with aeronautical navigation and communication systems; similar
to the current arrangement in the TV broadcasting band where PMSE shares with
digital terrestrial television.

* See link: http://stakeholders.ofcom.org.uk/binaries/consultations/700MHz/statement/700-mhz-
statement.pdf

> DTT will also need to be cleared from the 700 MHz band to allow for new mobile broadband services
meaning greater use of spectrum between 470 to 694 MHz for TV broadcasting.

® See Annex 11: http://stakeholders.ofcom.org.uk/binaries/consultations/700MHz/summary/main.pdf
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Legal context

Ofcom’s specific duties and powers related to spectrum management

2.23  The European Common Regulatory Framework for electronic communications’ (in
particular, the Framework Directive and the Authorisation Directive) sets the broad
legal framework for how spectrum use should be authorised and managed in the UK
and aims to harmonise the regulation of electronic communications networks and
services throughout the European Union.

2.24 The UK's responsibilities for spectrum management under these Directives are given
effect in UK law primarily through two Acts of Parliament which confer on Ofcom
specific duties and powers in respect of spectrum (and the other sectors we
regulate): the Communications Act 2003 (the ‘2003 Act’) and the Wireless
Telegraphy Act 2006 (the ‘WT Act).

2.25 Our principal duties under the 2003 Act are to further the interests of citizens and
consumers, where appropriate by promoting competition. In doing so, we are also
required (among other things) to secure the optimal use of spectrum.

2.26 In carrying out our spectrum functions, we have a duty under section 3 of the WT Act
to have regard in particular to: (i) the extent to which the spectrum is available for use
or further use for wireless telegraphy, (ii) the demand for use of that spectrum for
wireless telegraphy and (iii) the demand that is likely to arise in future for the use of
that spectrum for wireless telegraphy. We also have a duty to have regard, in
particular, to the desirability of promoting: (i) the efficient management and use of the
spectrum for wireless telegraphy, (ii) the economic and other benefits that may arise
from the use of wireless telegraphy, (iii) the development of innovative services and
(iv) competition in the provision of electronic communications services.

Our spectrum management strategy and the role of regulatory intervention

2.27 In exercising our discretion on how we can best fulfil our duties as they relate to
spectrum, it is important that we take a strategic approach to managing this scarce
and valuable resource. Ofcom’s Spectrum Management Strategy statement® sets out
our strategic approach, which is, in summary: to rely on market mechanisms where
possible and effective, but also take regulatory action where necessary.

2.28 The authorisation of spectrum use in the UK is regulated through the application of
the WT Act and licences granted under that legislation. These licences confer and
define rights of use of spectrum, but generally do not provide exclusivity of use. For
example, Ofcom introduced Ultra-Wide Band use in a range of bands including the
2.1 GHz band some years after the 2000 “3G auction”, which had allocated rights to
use spectrum in this band. Therefore, subject to not causing undue interference, new
sharing uses may be allowed access to spectrum which has otherwise already been
licensed for other use.

" The Common Regulatory Framework comprises the Framework Directive (Directive 2002/21/EC),
the Authorisation Directive (Directive 2002/20/EC), the Access Directive (Directive 2002/19/EC), the
Universal Service Directive (Directive 2002/22/EC) and the Directive on privacy and electronic
communications (Directive 2002/58/EC), as amended by the Better Regulation Directive (Directive
2009/140/EC). See http://ec.europa.eu/digital-agenda/en/telecoms-rules.

® See http://stakeholders.ofcom.org.uk/binaries/consultations/spectrum-management-
strategy/statement/statement.pdf
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Impact assessment

2.29

2.30

2.31

Section 7 of the Communications Act 2003 (the “2003 Act”) provides that where we
are proposing to do anything for the purposes of or in connection with the carrying
out of our functions, and it appears to us that the proposal is important, then we are
required to carry out and publish an assessment of the likely impact of implementing
the proposal, or a statement setting out our reasons for thinking that it is unnecessary
to carry out such an assessment. Where we publish such an assessment,
stakeholders must have an opportunity to make representations to us about the
proposal to which the assessment relates.

The analysis presented in this document constitutes an impact assessment as
defined in section 7 of the 2003 Act.

Impact assessments provide a valuable way of assessing different options for
regulation and showing why the preferred option was chosen. They form part of best
practice policy-making. As a matter of policy Ofcom is committed to carrying out
impact assessments in relation to the great majority of our policy decisions. For
further information about our approach to impact assessments, see the guidelines,
“Better policy-making: Ofcom's approach to impact assessment”, which are on our
website.

Equality Impact Assessment

2.32

2.33

2.34

Ofcom is separately required by statute to assess the potential impact of all our
functions, policies, projects and practices on race, disability and gender equality.
Equality Impact Assessments (EIAs) also assist us in making sure that we are
meeting our principal duty of furthering the interests of citizens and consumers
regardless of their background or identity.

We do not consider that our proposals in respect to audio PMSE spectrum access
are likely to have a particular impact on one group of stakeholders as opposed to
another.

Additionally, we do not believe any aspect of the question of whether or not to allow
access to alternative spectrum raises issues requiring separate EIAs in relation to
race or gender equality or equality schemes under the Northern Ireland and Disability
Equality Schemes.

The structure of this document

2.35

The remainder of this document is set out as follows:
e Section 3 explains our approach;

e Section 4 sets out our sharing analysis of the 960-1164 MHz and 1525-1599 MHz
bands;

e annex 1 contains information on how to respond to this consultation;
e annex 2 contains Ofcom’s consultation principles;
e annex 3 contains a consultation response cover sheet;

e annex 4 contains a list of consultation questions;
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e annex 5 contains a review of spectrum for production communications;
e annex 6 contains information on the 960-1164 MHz band; and

e annex 7 contains information on the 1525-1599 MHz band.
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Section 3

Our approach

Assessing the spectrum demands of audio PMSE

3.1

3.2

3.3

3.4

3.5

Our licensing records show a steady growth in both the number of events and the
number of wireless channels used for audio PMSE, principally around events
employing wireless microphones and IEMs.

We asked Cambridge Consultants to look at future technology evolution in the PMSE
sector both in terms of production technologies likely to drive an increase in spectrum
demand and PMSE technologies likely to help meet that demand.

As well as considering technology changes Cambridge Consultants also looked at
how demand might increase due to trends in production such as bigger shows, more
cameras and microphones etc.

For audio PMSE, their report® noted that there is:

o No demand for higher audio quality than is presently available because current
sound quality is regarded as being as good as necessary;

e Steady but modest growth in number of channels per event; and

e Atrend to provide an in-ear monitor and wireless microphone to each performer

Given our analysis of historical spectrum demand and the study by Cambridge
Consultants it is clear that this demand for wireless microphones and IEMs will
continue to increase steadily for the foreseeable future. However, for production
communications (talkback, audio links and telemetry & telecommand applications),
our analysis shows there is likely to be only marginal growth in the requirement for
talkback and little or no growth in demand for the other applications.

We don’t need to take action to meet spectrum demand for most
production communications

3.6

3.7

Audio PMSE production communications applications including talkback, audio links
and telemetry & telecommand primarily operate at UHF between 400 MHz and 470
MHz and at VHF between 48 MHz and 215 MHz. Talkback, and similar voice
communications applications, makes up the majority of PMSE spectrum usage in
these bands. The frequency band most heavily utilised is 450- 470 MHz which
contains around 70 per cent of the frequency assignments.

We have assessed the likely future demand for PMSE applications in these bands
considering trends in growth of PMSE use and adoption of new technologies. We
have also examined the risk of a reduction in future spectrum availability for PMSE
resulting from potential decisions to reallocate spectrum to other non-PMSE services.

o Cambridge Consultants, Technology Evolution in the PMSE Sector, p. 11. See link:
http://stakeholders.ofcom.org.uk/binaries/consultations/pssr-2014/statement/cambridge-main-

report.pdf
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3.8 Our analysis, set out in Annex 5, focussed on the PMSE bands below 470 MHz and
in the 1.5 GHz band but we recognised that PMSE often calls on spectrum
“loans”(use of spectrum not designated for PMSE) from other sectors such as
Business Radio, Emergency Services, Ministry of Defence and other government
users. For example, we noted a large number of requests to loan spectrum from
bands not designated for PMSE use in the range 137-173 MHz which is generally for
international motor racing events. This is because there is little suitable PMSE
spectrum available in the VHF band to meet these users’ particular requirement.

3.9 Similarly, for peak demand events such as the Tour de France or Formula 1 Grand
Prix, loan spectrum is vital to top-up the spectrum resource available for day-to-day
PMSE use and to meet the particular needs of international competitors and
broadcasters. So, in addition to those bands designated for day-to-day PMSE use
we included these non-PMSE bands in our review of future spectrum availability.

3.10 We do not anticipate changes in spectrum supply affecting designated PMSE bands
below 470 MHz and at 1.5 GHz. Similarly, we found no significant risks to the
adequate future access to bands that are not designated for PMSE but are frequently
used by PMSE.

Question 1: Do you agree with our assessment that minimal growth in demand and
stability in spectrum supply means that we do not need to implement any changes to
meet the ongoing spectrum requirements for talkback, audio links and telemetry and
tele-command applications?

Clearing the 700 MHz band impacts spectrum available for wireless
microphones, IEMs and stage intercoms

3.11 The 470-790 MHz band is currently the primary spectrum resource for low power
audio PMSE devices such as wireless microphones and IEMs which geographically
interleave with DTT broadcast frequencies.

3.12  Our decision to make the 700 MHz band available for mobile data®® means PMSE
will not be able to access the spectrum released for mobile services between 694-
790 MHz. This reduces the available spectrum by around 30% with some locations
experiencing greater loss of access due to the re-plan of the DTT network! and
consequential changes to the amount and configuration of available interleaved
spectrum.

3.13 Figure 1 shows how spectrum availability will change in the 470-790 MHz band
following the award of the 700 MHz band. The full configuration of available spectrum
post award will not be known for all locations until the final DTT transmission plan is
agreed.

10 See link: http://stakeholders.ofcom.org.uk/binaries/consultations/700MHz/statement/700-mhz-
statement.pdf

" DTT will also need to be cleared from the 700 MHz band to allow for new mobile broadband
services meaning greater use of spectrum between 470 to 694 MHz for TV broadcasting.
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Figure 1: Spectrum allocations 470 — 862 MHz (UHF Bands IV and V)

Spectrum allocations prior to change of use of 700 MHz

DTT
Interleaved spectrum

DTT
Interleaved spectrum

Mobile

also used by Broadband

PMSE/local TV/white
space technology

also used by
PMSE/local TV/white
space technology

800 MHz award

470 MHz 550 MHz 606-614 MHZ 69411 MHz 790 M.Hz 862 MHz

700 MHz band

Spectrum allocations following change of use of 700 MHz

DTT
Interleaved spectrum
also used by

Future Use of 700 Mobile
MHz Band Broadband

PMSE/local TV/white

space technology 800 MHz award

470 MHz 550 MHz 606-614 MHZ 694 MHz 790 MHz 862 MHz

3.14 Our analysis of the impact of this reduction in spectrum availability is set out in our
consultation on the future use of the 700 MHz band published in May 20142 In order
to assess the impact the loss of the 700 MHz band would have on PMSE we took the
following steps:

o We estimated how much spectrum would be available for PMSE across the
country if we made the 700 MHz band available for mobile by assuming an
indicative TV broadcasting plan and applying the same rationale for deriving
spectrum availability and quality as we currently do; and

o We identified a sample of events with a high demand for spectrum at a variety of
locations across the UK using licensing data and engagement with stakeholders.

3.15 We sought to re-plan these events against the expected future spectrum
configuration (based on the indicative DTT plan) in that location. We assessed any
shortfall in satisfied requirements qualitatively and graded the impact on a five point
scale, ranging from minimal (no impact on the production of the event) to critical
(even with action taken the event would not be viable in any recognisable form).

3.16 In summary we found that for the majority of events, the spectrum supply following
the reallocation of the 700 MHz band would be sufficient (93% of events require
fewer than 24 audio channels which could be accommodated in 24 MHz). However,
for peak demand events the reduced spectrum available would not accommodate
current usage levels of a range of audio PMSE applications. It noted that:

e There is a class of very high PMSE demand events, representing around 10 to 20
sporting, theatre and live music events a year for which the supply of interleaved
spectrum following change of use of the 700 MHz band would not be adequate;

12 http://stakeholders.ofcom.org.uk/binaries/consultations/700MHz/summary/main. pdf
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e There is a larger set of events — representing a majority of those cases studied —
for which, in order for the supply of spectrum to be adequate, significant changes
to equipment and working practices would be needed; and

¢ The availability of interleaved spectrum varies greatly by region. There is a risk
that this variation could lead to certain locations becoming unattractive for hosting
high PMSE demand events.

Our analysis concluded that without measures to mitigate the effects of the loss of
access to the 700 MHz spectrum audio PMSE, particularly microphones and IEMs,
may face a shortfall in the amount of spectrum available to support its activities.

What can be done to mitigate the impact?

3.18

3.19

To support the spectrum needs for wireless microphones and IEMs, we have
identified two options for mitigating actions to enable events to meet their production
requirements. These are:

o making more efficient use of remaining existing spectrum resource by audio
PMSE, including the adoption of more efficient technology; and

e opening an additional allocation of shared spectrum for audio PMSE.

In addition to the actions outlined above the European Commission has mandated
EU Member States to make available the 800 MHz and 1800 MHz duplex gaps under
its PMSE Implementing Decision 2014/641/EU. The Decision instructs Member
States to make available the bands 823-832 MHz and 1785-1805 MHz for wireless
audio PMSE equipment and therefore provides long-term certainty of access to this
spectrum. We made this spectrum available in March 2015 and PMSE users are
encouraged to make full use of these bands to help offset the loss of access to the
700 MHz band.

Make more efficient use of remaining interleaved spectrum

3.20

3.21

3.22

In our 700 MHz consultation we noted considerable variation in the spectral efficiency
achieved between PMSE deployments.™® This suggests there is scope for PMSE
users to improve the efficiency of their spectrum use.

We have identified a number of actions that audio PMSE users could take in light of
the reduction in available spectrum following the loss of the 700 MHz band. These
include using:

e existing equipment in a more efficient manner, including planning centrally for
large events and closely managing operational use on-site; and

e new technologies e.g. digital microphones.

With regard to closer operational management on-site, we found from interviews
with stakeholders, that there is a diversity of practice in the level of on-site
coordination performed and that not all equipment licensed for an event is required to
be in use at all times. There is an opportunity to improve assignment density at high

13 Paragraph 7.26, Consultation on future use of the 700 MHz band: Cost-benefit analysis of changing
its use to mobile services. See link:
http://stakeholders.ofcom.org.uk/binaries/consultations/700MHz/summary/main.pdf
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3.23

3.24

3.25

3.26

3.27

demand events given improved temporal coordination, though this requires greater
planning and operational overhead.

Improved working practices can be supplemented by the adoption of new
technologies that will enable existing spectrum resources to be used more efficiently.
This might involve a greater inventory of equipment operating over more frequency
ranges and moving to digitally modulated systems that, when compared to analogue,
will go towards mitigating future demand for some PMSE use cases.

Analogue equipment is already improving. Digital microphones are also now in use,
but IEMs remain analogue due to latency issues. It is important to note that
digital/analogue mixed environments, (e.g. digital microphones with analogue IEMs)
reduce the benefits that digital equipment offers in a spectrum plan.**

The report by Cambridge Consultants on technology evolution in the PMSE sector
notes that wireless microphones and IEM equipment is now available that can use
spectrum around two and a half times as efficiently as current practice for analogue
transmission and three times as efficiently for digital transmission (up to eight times
in restricted cases).'® Presently, this performance is offered only by top of the range
equipment, but it could reasonably be expected to be available at lower cost in the
next five years.

However, we think improvements that come from increased efficiency will be less
significant at larger events. These events tend to be the most socially and culturally
important and tend to have the greatest economic benefits so typically already use
the best equipment and personnel to produce the show.

Although important, we believe increased efficiency would not fully address the
impact of the loss of access to the 700 MHz band for audio PMSE.

Secure access to alternative spectrum

3.28

3.29

In assessing likely candidate bands we identified criteria to determine whether
spectrum is both viable for and meets the needs of the sector. Importantly, this
includes long term stability in terms of access and the possibility of harmonisation
internationally. We recognize the importance of both these issues to the sector when
considering the development of new equipment.

In Table 1 we define those criteria.

* page 66 and 69 Consultation on future use of the 700 MHz band: Cost-benefit analysis of changing
its use to mobile services.
http://stakeholders.ofcom.org.uk/binaries/consultations/700MHz/summary/main.pdf

B Cambridge Consultants, Technology Evolution in the PMSE Sector, p. 3. See link:
http://stakeholders.ofcom.org.uk/binaries/consultations/pssr-2014/statement/cambridge-main-

report.pdf
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Table 1 Selection criteria for new candidate spectrum opportunities for audio PMSE

Criteria

Rationale

Not already allocated to
mobile

Due to the typical pattern of spectrum use and deployment by mobile
networks, sharing with such networks would be challenging. On this basis,
we did not consider a sharing scenario with mobile services in our analysis.

Not already identified as
a candidate mobile
band and unlikely to be
so in the medium to
long term

Any spectrum identified as a candidate mobile band is at risk of
reallocation at some future time. While reallocation may be many years
away, the associated uncertainty around long term access undermines
incentives to invest in new equipment.

The existing use the
same in other major
markets

This would provide the opportunity for PMSE use to be adopted in other
territories where existing use is the same as the UK, leading to economies
of scale for manufacturers, both in terms of equipment production and of
distribution.

Provides a substantial
block of contiguous
spectrum (ie a range of
spectrum that could be
realistically
accommodated in the
tuning range of
equipment)

We consider that a fragmented spectrum supply would not be viable for
PMSE users.

Below 2 GHz

The current industry consensus is that higher frequencies are inappropriate
for PMSE applications due to their propagation characteristics.

3.30 We examined several frequency bands, which most closely satisfied these criteria, to
determine their theoretical suitability for sharing with audio PMSE. Our initial analysis
of the suitability of these bands is detailed in Tables 2, 3 and 4 below.

Table 2 Assessment of the 960-1350 MHz band’s suitability for audio PMSE

Band

Current use Suitable for PMSE use

960-1164 MHz

Aeronautical — Distance
Measuring Equipment (DME)
and Joint Tactical Information
Distribution System (JTIDS)
assignments.

Yes, subject to successful co-existence
analysis.

1164-1214 MHz

Aeronautical — DME and JTDIS
and radionavigation satellite
service (RNSS) devices

No. Ubiquitous use of RNSS receiving
devices (e.g. GPS terminals) makes
sharing in this band not viable.

1215-1300 MHz

Aeronautical — RNSS devices
and military and civil radar

No. Incompatibility with the ubiquitous
use of RNSS receiving devices and
difficulty of sharing with wide-bandwidth
radar systems makes this band
unsuitable.
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1300-1350 MHz

Civil and military radars

No. The difficulty of sharing with radar
systems which have stringent protection
criteria and operate at high powers
makes this band unsuitable for PMSE
use.

Table 3 Assessment of the 1427-1517 MHz band’s suitability for audio PMSE

Band

Current use

Suitable for PMSE use

1427-1452 MHz

Lightly used at present;
managed by the MOD and
identified as a candidate for
sharing with commercial users

No. The band is being proposed by
CEPT for consideration as a candidate
band for IMT at the World Radio
Conference. Therefore the long-term
availability of this band for PMSE and the
potential for international harmonisation
are both uncertain.

1452-1492 MHz

The band from 1452-1492 MHz
was awarded to Qualcomm via
auction by Ofcom in 2006

Following a variation to support
Supplementary Downlink (SDL),
the spectrum was traded in
October 2015:

- 1452-1472 MHz to Vodafone

- 1472-1492 MHz to Three

No. The CEPT ECC Decision (Decision
(13)03) was adopted in November 2013
harmonises the band for mobile/fixed
communications networks supplemental
downlinks. The band has been identified
as a high priority band in Ofcom’s Mobile
Data Strategy.

Therefore the long-term availability of this
band for PMSE, and the potential for
international harmonisation, is very
doubtful.

1492-1517 MHz

Used extensively in the UK for
private fixed links and also
under consideration for
International Mobile
Telecommunications (IMT)

No. The band is being proposed by
CEPT for consideration as a candidate
band for IMT at the World Radio
Conference (up to 1518 MHz). Therefore
the long-term availability of this band for
PMSE and the potential for international
harmonisation are both uncertain.

Table 4 Assessment of the 1525-1710 MHz band’s suitability for audio PMSE

Band

Current use

Suitable for PMSE use

1525-1559 MHz

Used by the mobile-satellite
service (MSS) for downlinks
from satellites to user terminals

There would appear to be some scope
for sharing with PMSE.

1559-1610 MHz

Main RNSS band used by GPS,
Galileo and other systems.

No. Incompatibility with the ubiquitous
use of radionavigation-satellite receiving
devices makes this band unsuitable for
PMSE use.

1610-1626.5 MHz

Aeronautical RNSS, mobile-
satellite service (Earth-to-space)
and radio astronomy.

No. Limited size of the band, priority
given to aeronautical use and difficulty in
sharing appear to rule this band out for

14
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PMSE.

Earth-to-space link of MSS No. Sharing with MSS uplinks could be
1625.5-1660 MHz feasible, but international harmonisation
would prove challenging.

Radio astronomy and No. There are six radio astronomy
meteorological satellite service sites in this band that require
1660-1710 MHz significant separation distances,

along with use of the 1677- 1685
MHz band by the Home Office.

Two bands were shortlisted for detailed co-existence testing

3.31 We concluded that the following bands were good potential candidates for sharing
spectrum with audio PMSE:

e 960-1164 MHz sharing with the aeronautical navigation systems Distance
Measuring Equipment (DME) and Secondary Surveillance Radar (SSR) and the
military communications system Joint Tactical Information Distribution System
(JTIDS); and

e 1525-1559 MHz sharing with the Mobile Satellite Service (MSS).
3.32 Inthe next section we set out our co-existence analysis of these two candidate bands

with audio PMSE use. We also explore the type of sharing arrangements that would
be necessary and the implications of this for spectrum availability.

15
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Section 4

Analysis of the 960-1164 MHz and 1525-
1559 MHz bands

Summary

4.1

4.2

4.3

Our assessment of the sharing potential for each band is based on both theoretical
analysis and practical study. The results of this work indicate that both bands are
viable candidates for accommodating low power audio PMSE devices. As the nature
of incumbent use is different between the bands, the nature of sharing arrangements
will also differ:

e 960-1164 MHz — sharing would be geographically interleaved with DME in order
to protect both the ground DME beacon receiver and the airborne interrogator
receiver. On a national basis the channels allocated to SSR, + 10 MHz, would
not be made available to PMSE. Of the 164 MHz available our analysis (of four
locations) indicates between 50 MHz and 117 MHz of spectrum depending on
location and offsetting the PMSE carrier frequency within the DME channel.

e 1525-1559 MHz — by including the band 1517-1525 MHz already allocated to
PMSE this would provide 42 MHz of spectrum UK wide. However, where possible
and necessary some small ‘notches’ could be considered to provide enhanced
protection to certain satellite channels, for example the Maritime Safety
Information broadcast channel which forms part of SafetyNET. It would also be
necessary to have a geographical exclusion zone around the Cospas-Sarsat
fixed receive location at Combe Martin, Devon. This site receives a relayed
distress signal from a satellite in the band 1544-1545 MHz.

Due to the broad range of activities and use cases of audio PMSE it is difficult to
guantify an amount of spectrum being absolutely sufficient to meet all use cases.
However, in identifying our spectrum options we have qualitatively assessed the
effect 42 MHz from the MSS band would have against our study cases (as presented
in the 700 MHz cost benefit analysis published in May 2014) as this represents the
worst case scenario of spectrum availability from our analysis of both bands. Within
this assessment we made some assumptions about equipment performance and
deployment and concluded that for the majority of use cases in the study the
additional spectrum would fully mitigate the impact of the loss of the 700 MHz band.

Given that the amount of spectrum available in the aeronautical band is greater than
42 MHz in any location our assessment is that this band would also fully mitigate all
peak demand cases.

960-1164 MHz band

Current use

4.4

16

The band 960-1215 MHz is allocated to the Aeronautical Radio Navigation Service
with the Radio Navigation Satellite Service sharing above 1164 MHz on a co-primary
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basis. The allocation applies to each of the ITU Regions™®. This means that any
workable sharing arrangement in the UK could be adopted in other countries
depending on their specific local conditions. Given the ubiquitous nature of satellite
navigation receivers, e.g. GPS, PMSE sharing in the 1164-1215 MHz band is not
viable, so we restrict our assessment to the band 960-1164 MHz

Figure 2 below outlines the current allocations and services in the band. In addition to
the services outlined below it is expected that L-Band Digital Aeronautical
Communication System (LDACS) will be introduced within the next few years.

Figure 2 — Allocations and services operating in the 960-1215 MHz band in the UK
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The three main applications currently operating in the band are Distance Measuring
Equipment (DME), Secondary Surveillance Radar (SSR) and the Joint Tactical
Information Distribution System (JTIDS). Tactical Air Navigation (TACAN) is a
navigation system used by military aircraft which provides the user with a distance
and bearing from a ground station. It was agreed by the Ministry of Defence that this
system is sufficiently similar to DME and does not need to be treated separately.
Therefore we do not refer to TACAN further and apply the results and conclusions for
DME to TACAN.

DME is identified as the main system for consideration of sharing with PMSE. DME is
an interrogator-transponder system used by an aircraft (interrogator) to determine its
distance from a ground station (transponder). It measures the slant-range distance of
an aircraft from its destination by sending and receiving pulse pairs and timing the
propagation delay of the radio signals. This system facilitates three primary types of
navigation.

o En route —-DME beacons are often paired with a VHF Omnidirectional
Rangefinder (VOR) beacon, which allows the aircraft to know the beacon’s
bearing as well as the slant range provided by DME.

e Terminal DME - terminal DME beacons are generally paired with an Instrument
Landing System; the ILS will provide precision lateral and vertical guidance to an
aircraft approaching and landing on a runway, whilst the DME will give range to
the threshold point of the runway.

16 Region 1 comprises Europe, Africa, the Middle East west of the Persian Gulf including Iraq, the
former Soviet Union and Mongolia. Region 2 covers the Americas, Greenland and some of the
eastern Pacific Islands. Region 3 contains most of non-former-Soviet-Union Asia, east of and
including Iran, and most of Oceania
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4.8

4.9

4.10

¢ DME/DME - the Flight Management Systems on larger modern aircraft are able
to track up to five DMEs at any one time; even in the absence of bearing
information, this allows the triangulation of the aircraft’'s position. This is
commonly referred to as ‘scanning DME'.

Each DME beacon has a Designhated Operational Coverage (DOC) area, which is
given in terms of range (which may vary with bearing) and altitude. Within this area
the signal level from the ground beacon must meet the field strength requirement laid
down by the International Civil Aviation Organisation.

SSR is an active radar system used in air-traffic control. A highly-directional rotating
antenna transmits an interrogation pulse train at 1030 MHz, and, upon receiving a
reply pulse train from an aircraft’s transponder at 1090 MHz, calculates the aircraft’'s
slant range from the delay in the reply and its bearing from the orientation of the
antenna at the time of interrogation. It also supports other aeronautical services such
as the aircraft Traffic Collision Avoidance System (TCAS) and the Automatic
Dependent Surveillance — Broadcast (ADS-B) which periodically broadcasts an
aircraft’s position enabling it to be tracked. The reply pulse train (in the most basic
case) contains either the aircraft’'s pressure altitude or identification code. This
protocol has been much extended to allow for the aircraft to be able to supply more
data about its position, altitude and intent.

JTIDS is a military air-to-ground and air-to-air communication system used by NATO
nations and its allies. JTIDS is one of the family of radio equipment implementing
what is called Link16. This is a network that provides communications by allocating a
period of time for a user to transmit its messages. The data to be transmitted during a
specific time slot is encrypted and encoded as a series of pulses. Each pulse is
transmitted at a specific time within the time slot. Transmissions are therefore
distributed across available time slots using time division multiplexing. Each
transmitted pulse is allocated to frequencies in a pattern known only to the members
of the network and spread across multiple frequencies.

Opportunities for PMSE

411

4.12

413

4.14

18

The DME band is divided into 1 MHz channels across the band (126 channels for
interrogation and 126 channels for reply). Channels are assigned in order to minimise
the risk of interference to adjacent DME coverage areas. This is analogous to DTT
planning where different neighbouring broadcast transmissions are planned to avoid
mutual interference.

Interleaving of large coverage areas suggests it may be possible to achieve
geographical sharing with low-power PMSE in a similar way to how PMSE currently
interleaves with DTT.

Given the use of the SSR for safety critical roles in both the aircraft to aircraft
Technical Collision Avoidance System (TCAS) and ground based ATC and
surveillance systems, we do not believe geographically interleaved sharing is viable.
Consequently our analysis identifies the frequency separation necessary to protect
this service

This band is internationally harmonised for DME. Thus, there is potential for other
countries to adopt this sharing option for PMSE and thereby help to generate further
economies of scale for the PMSE sector.
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Challenges

4.15

4.16

Although geographical sharing in the band is analogous to sharing with DTT the
situation is more complex. There is a requirement to protect both ground and
airborne receivers with the latter operating anywhere in the defined coverage area.
There is also the need to consider interference into PMSE from both the ground
beacon transmitter and, more importantly, the airborne transmitter. In any given
location multiple coverage areas overlap and it is necessary to consider the
protection requirements and interference potential (to PMSE) for each DME channel
in use. However, although more complex than current arrangements for use of
interleaved spectrum in the 470-790 MHz band we believe we can develop practical
coordination and licensing arrangements to facilitate sharing.

The nature of the technology used by JTIDS i.e. a spread-spectrum signal, and the
sensitivity of its operational deployment suggests technical sharing is not possible
even on a coordinated basis. However, the use of JTIDS is typically in remote areas
and above 10,000 feet, therefore away from areas where PMSE use is likely. In
addition, the Frequency Clearance Agreement between the CAA and MOD limits the
use of JTIDS in the presence of civil aviation and these areas also align closely with
those of high PMSE demand. Therefore the use of JTIDS does not constrain
spectrum availability where it is needed for PMSE.

Practical testing

4.17

4.18

4.19

4.20

421

The report from JCSys Ltd details the approach and conclusions of the practical
analysis and is provided in Annex 6. The purpose of this work was to establish the
co-existence criteria which would enable PMSE to operate on an interleaved basis
with aeronautical systems. The testing looked at the impact of PMSE interference
into the aeronautical systems in the band and from those systems into PMSE. The
testing addressed both co-channel and adjacent channel compatibility and provides
interference thresholds on PMSE for these scenarios.

The Frequency Clearance Agreement between the CAA and MOD defines the level
of JTIDS activity that allows DME to continue to operate within its performance
requirement. This agreed JTIDS signal environment, the full pulse environment, was
included when determining the threshold of interference from PMSE into DME.

For DME ground beacons and airborne interrogators three commonly-used systems
were tested for co- and adjacent-channel susceptibility to interference. Ground
beacons were tested against the performance requirement to maintain a beacon
reply efficiency of 70% and interrogators were tested in terms of both their ability to
acquire a stable lock from a DME beacon (the Acquire Stable Operating Point test -
ASOP), and their ability to maintain that lock (the Break Stable Operating Point test -
BSOP).

As mentioned above we had already concluded that co-channel sharing with SSR is
not viable. However, it was important to understand the susceptibility of SSR to
adjacent channel operations and therefore the testing looked at determining the
adjacent channel thresholds and required frequency offsets to ensure no impact from
PMSE.

JCSys Ltd also carried out an assessment of the impact from DME and JTIDS into
PMSE. The methodology employed was the same as that used to determine audio
quality in the presence of white space device interference with the test equipment
configured for interference from aeronautical systems.

19
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Test conclusions

4.22

4.23

4.24

4.25

4.26

4.27

The recommendations provided by JCSys Ltd present a range of interference and
frequency offset limits to ensure aeronautical systems are not affected by low power
audio PMSE transmissions. We have universally adopted all recommendations in the
report to define co-existence arrangements between PMSE and other uses of the
band, for example PMSE should not operate within +10MHz of the SSR channels at
1030 MHz and 1090 MHz. Where there are differences in measurements across
equipment, for example when comparing the results for the three DME ground
beacons, we have used the most stringent value, effectively developing an envelope
of compatibility based on the lowest thresholds. We have then used these limits in
deriving spectrum availability for PMSE.

For interference into PMSE from DME, primarily airborne interrogator transmissions,
results show that operation is possible especially outside the operational area of the
DME. Greater rejection of DME signals is possible by offsetting the PMSE channel
with a 25 dB reduction in DME interference if the PMSE channel is offset by 300 kHz.

Our assessment of the impact of DME on PMSE and the resulting spectrum
availability is based on an assumption of how DME is used, specifically that aircraft
do not regularly transmit on DME channels outside the designated coverage area.

JTIDS is a potential threat to PMSE due to the waveform used and the spread-
spectrum nature of the JTIDS signal. The report shows that a C/I of -10 dB to -24 dB
is required to protect PMSE which suggests that for the typical airborne transmit
power protection distances of the order of kilometres may be required to protect
outdoor PMSE use with indoor. However, the use of JTIDS is typically above 10,000
feet and away from areas where PMSE use is concentrated so the risk of any
interference is very low and will be transient in nature given the signal characteristics
and the nature of use i.e. aircraft flying in training areas rather than a fixed
installation.

The L-Band Digital Aeronautical Communication System (LDACS) link is being
considered as part of the European Union Single European Sky programme and if
adopted it is expected in the band, possibly by 2021/2022. The system is a based on
a cell architecture interleaving with DME. The deployment of LDACS would likely
reduce the amount of spectrum available but we have not been able to assess this in
detail as there is little information on likely deployment scenarios or channel
assignments.

There has also been some discussion on the introduction of Unmanned Airborne
Systems in the band. A new work item has been raised in ETSI to develop a
Technical Reference Document on frequencies for professional UAS in Europe but
there are no details at this time. Work is underway by the Radio Technical
Commission for Aeronautics in the USA to define minimum operational performance
standards for Unmanned Aircraft Systems using this band amongst others and is
intended to be published in May next year. It is too early to know what the outlook for
this system would be.

Coexistence modelling

4.28

20

In order to determine a picture of spectrum availability in this band for PMSE we have
carried out propagation analysis using the thresholds and recommendations derived
from the practical studies. This includes the protection of DME and SSR and the
effect of interference from aeronautical systems into PMSE. We have taken a





4.29

New Spectrum for Audio PMSE

conservative approach by adopting the most stringent limits from all of the testing to
derive an envelope of thresholds which captures the most limiting value for all
frequency offsets.
This analysis considers four protection scenarios, see Figure 3:

1. Protecting ground transponder receiver from PMSE

2. Protecting airborne interrogator receiver from PMSE

3. Protecting PMSE receiver from DME transponder

4. Protecting PMSE receiver from DME airborne interrogator

Figure 3 — DME/PMSE interfering paths considered

4.30

4.31

A different modelling approach is used for each scenario. For Scenario 1 (protection
of ground transponder receiver from PMSE) the location of the DME receiver is
known and we have used a path specific propagation model using the relevant
elements of ITU-R Recommendation P.452 in conjunction with a terrain model. In
addition we accounted for the effects of clutter and buildings at the PMSE end only
as DME ground transponders are sited free of clutter.

However, for the airborne path in Scenario 2 we have used the general path
propagation model ITU-R Recommendation P.528 (IF77) without any adjustments for
terrain or clutter. We have assumed that the DME airborne receiver can be located
anywhere within the DOC of the transponder. The DOC is usually defined as a
cylinder of airspace in terms of distance and height e.g. 100 Nautical miles, 50,000
feet. The approach we have taken is to protect the airborne DME from zero feet to
the maximum altitude specified at all ranges. We believe this is a conservative
approach as it does not consider the radio horizon. This means the PMSE transmitter
and DME receiver have no separation distance so results are extreme worst case.
We are reviewing this approach with the CAA to include consideration of the radio
horizon. Were such an approach acceptable then this would introduce a physical
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4.32

4.33

4.34

4.35

4.36

4.37

separation distance between the PMSE transmitter and DME receiver, for example at
100 NM the radio horizon infers approximately 5,000 feet vertical separation.

In order to provide an indication of spectrum availability for PMSE in this band we
have performed analyses at the following four venues:

e Seven Dials, London.

e Glastonbury, Somerset.

e Media City, Salford.

e Scottish Exhibition & Conference Centre, Glasgow (SECC).

PMSE emissions were modelled as 50 mW radiated considering several
simultaneous emissions within a channel to help account for non-linear effects at the
aeronautical equipment.

Coexistence is mostly constrained by the airborne DME which may be operating in a
very large airspace volume within the DOC meaning the airborne receiver could be
hundreds of kilometres from a ground transponder. The constraint on spectrum
availability is from both the requirement for PMSE to protect DME and the potential
interference from airborne transmissions into PMSE.

Interference to PMSE from DME can be mitigated by offsetting the PMSE carrier
frequency but still remaining within the DME channel. However, this may limit the
number of PMSE channels that could use the DME channel but this would depend on
local conditions and PMSE equipment deployment.

Considering neighbouring countries, the number of overlapping designated
operational coverage areas is densest in the south east UK which limits the potential
for PMSE in this area. Consideration of the radio horizon may reduce the number of
coverage areas to be considered especially for the adjacent channel cases. This
could increase the amount of spectrum available for PMSE and we are working with
the CAA to evaluate this.

The results for the four locations (without consideration of the radio horizon) show
that the available spectrum in terms of 1 MHz channels between 960 — 1164 MHz are
as given in Table 5. Within this assessment we have also considered adjacent
services and excluded the DME channels at the boundaries of the band, i.e. 1 MHz
channels centred at 960.5 MHz and 1163.5 MHz.

Table 5 — Number of 1 MHz channels available to PMSE across the 960-1164 MHz band

22

Seven o
Dials Glastonbury | Media City SECC

Channels with no

frequency offset 50 56 81 105

required
Additional
channels gained 5 16 8 12
with frequency
offset
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4.38 The results are specific to the conventional PMSE technologies tested but provide an
indication of availability. As with PMSE sharing with DTT, the amount and
configuration of available spectrum will change depending on the specific location.

4.39 Figure 4 gives an indication of the arrangement of available spectrum in the four
specific locations studied.

Figure 4 — arrangement of available spectrum across the 960-1164 MHz band
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Provisional conclusion

4.40 The 960-1164 MHz band meets all our criteria for identifying an alternative sharing
option to mitigate the loss of the 700 MHz band. The band is harmonised for
aeronautical use across all three ITU Regions which could allow for the development
of further economies of scale for PMSE manufacturers if other administrations
adopted the band for low power PMSE.

4.41 Our analysis shows there is sufficient spectrum available on a geographically
interleaved basis that would fully mitigate the loss of the 700 MHz band. However, it
is highlighted that the band is used by safety critical radio navigation aids so sharing
would need to be on a coordinated basis in spectrum identified as available at
particular locations. This coordinated access matches the framework we currently
use for access to spectrum in the DTT band i.e. location, frequency and duration
specific. Initially spectrum availability would be derived for named venues but would
develop over time to cover more locations.

4.42  Future developments in the band will see the introduction of LDACS, possibly as
early as 2021/2022, which could reduce the amount of spectrum available for PMSE.
Our estimate is this will be of the order of 10 MHz which would still allow sufficient
spectrum to mitigate the loss of the 700 MHz band. Beyond this there are no further
changes expected in any timescale over which we can be confident. It is also noted
that changes to spectrum use or allocations in the aeronautical sector are relatively
slow, often taking many years of development before any decisions are made so it is
reasonable to assume that as there is nothing currently on the horizon we are
confident that further changes beyond those identified for LDACS will be many years
off.
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1525-1559 MHz band

Current use

4.43 The band 1518-1559 MHz is primarily allocated to the Mobile Satellite Service across
all three ITU Regions so, as for the aeronautical band, any potential sharing solution
could be adopted by other administrations if local conditions allow. In the UK PMSE
has access to the band 1517-1525 MHz (for high power audio and data links which
could also be used for low power audio PMSE) therefore our study only considers the
range 1525-1559 MHz. The band is for the space to Earth component of the satellite
communications link with the Earth to space component in the 1.6 GHz band.
Applications include land, aeronautical and maritime communication services which
include safety-related applications which require particular consideration.

4.44 Inthe range 1530-1544 MHz, priority is given to accommodating the distress,
urgency and safety communications of the Global Maritime Distress and Safety
System (GMDSS) under footnote 5.353A of the ITU Radio Regulations.

4.45 The range 1544-1545 MHz is used as a downlink to a fixed satellite receiver at
Combe Martin in North Devon for the COSPAS/SARSAT search and rescue system.

4.46 Inthe range 1545-1559 MHz, priority is given to accommodating the downlink of the
Aeronautical Mobile Satellite (Route) Service (AMS(R)S) under footnote 5.357A of
the ITU Radio Regulations providing communications for the safety and regularity of

flight.
4.47 Figure 5 provides an overview of the allocations in the 1518-1559 MHz band.

Figure 5 — Allocations and services in and around the 1525-1559 band
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4.48 While there is no restriction of where a mobile satellite Earth station (ES) may
operate the primary application is to provide connectivity for voice and data
applications in remote areas not served by terrestrial fixed (either wired or wireless)
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and mobile networks or where these networks have been compromised, for example
because of natural disasters. Typical use includes providing remote communications
to ships and aircraft and remote workers in the oil and gas industry.

Mobile satellite networks consist of geostationary satellites providing coverage to
defined areas of the Earth’s surface, with a hetwork providing almost global
coverage, for example Inmarsat’s I-4 satellites. In order for an Earth station to
communicate it must have a clear view of the sky and the satellite orbiting 36000 km
above the Equator. Therefore a disadvantage of MSS is the fact that the satellite link
is susceptible to blocking by structural attenuation, particularly in urban areas and
inside buildings.

Opportunities for PMSE

4.49

4.50

451

4.52

In the UK, high power PMSE'" already shares with MSS in the band 1517-1525 MHz
with no known cases of interference to MSS attributable to this use. In addition the
1525-1559 MHz band has been used to support non-operational spectrum use (test
and development and equipment trials) as well as additional PMSE applications for
some events, normally motor racing. Access to the 1525-1559 MHz band in addition
to the 1517-1525 MHz already available would provide up to 42 MHz of spectrum for
PMSE.

Our initial view for considering sharing in the band is that the respective geographical
distribution and density of PMSE and MSS use means interference is unlikely. Our
understanding is that the majority of MSS use is in remote areas, typically at sea and
on aircraft operating or in remote land areas out of reach of alternative terrestrial
communications. We have seen limited evidence of MSS use in areas where the
PMSE requirement is greatest i.e. urban areas inside theatres, stadia and studios.

Our initial theoretical analysis suggested that protection distances of less than 1 km
in the best case and 9 km in the worst case would be needed to protect MSS from
PMSE. We also reviewed currently available studies, specifically ECC Report 121,
which provides a range of required separation distances depending on various
propagation modelling assumptions. Given the variance of results from studies we
considered it useful to carry out practical compatibility measurements with
commercially available satellite terminals to better understand the susceptibility to
PMSE interference. The analysis is presented in Annex 7.

The band is internationally harmonised for MSS so there is potential for other
countries to adopt this sharing option and thereby help to generate economies of
scale for the PMSE sector. In addition, the adjacent band (1492-1518 MHz) is
identified in ERC Recommendation 70-03 as a tuning range for wireless microphones
and there is work within CEPT to extend this range to 1525 MHz, which may lead to
development in equipment which could easily be adapted to operate above 1525
MHz.

Challenges

4.53

As receiving Earth stations in the band are mobile there remains the possibility that
an MSS terminal could be coincident in location and time and on the same channel
as a PMSE transmitter so there remains a risk that interference may occur. There is
no way to fully mitigate this risk for all scenarios but our view is that a number of

" The technical licence conditions for PMSE in this band allow for a maximum ERP of 100 W
although typically assignments are made at less than 10 W
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4.54

factors would need to coincide and the risk of this happening is extremely low given
the density and profile of use of the two services.

For maritime use of MSS the risk of harmful interference is also small given the
location of MSS use. However, aeronautical use needs to be considered differently
due to the potential for line of sight from the PMSE transmitter to the airborne
receiver. However, this is largely mitigated by the MSS antenna being directional and
mounted on top of the aircraft.

Practical testing

4.55

4.56

4.57

Two commercial devices were sourced that operate on the Inmarsat network; a
BGAN data terminal (Broadband Global Area Network) which provides voice and
data connectivity allowing users to access the internet, check emails etc, and GSPS
(Global Satellite Phone Service) satellite phone which provides voice telephony and
a variety of data capabilities, including SMS. Testing took place on co-channel and
adjacent frequencies to determine to minimum operational level (MOL) and the
resulting C/No degradation for each of the channels.

Inmarsat I-4 satellite allocates fixed channels within the Global and Wide Spot
(Regional) beams so we were able to reliably test against these. However, in the
Narrow Spot beams traffic channels are dynamically allocated but we were able to
obtain a known traffic channel from Inmarsat for our tests.

The tests conducted investigated coexistence for PMSE equipment with a maximum
output power of 100 mW (20 dBm). Values for the PMSE levels that cause
interference to the global, regional and narrow beams for the BGAN and GSPS
terminals were measured for both co-channel and adjacent channel interference.

Test conclusions

4.58

4.59

4.60

Our testing showed that the point of where the MSS receiver was unable to reliably
operate within the global, regional and narrow beam channels is considerably higher
than that assumed for theoretical studies. Even when including an additional 6 dB or
10 dB to allow for margin in the MSS link there is still a significant difference between
what is assumed for theoretical studies and what we measured. For both BGAN and
GSPS the testing indicated a ‘cliff edge’ effect of the MSS terminal with failure being
brought on over a 1 dB step in all scenarios.

In the co-channel case for the BGAN global and regional beam channels the level at
which interference occurred was below the performance characteristics and noise
floor of the test equipment and are not consistent with the overall test methodology.
Interference values have been derived as explained in section 3.2 of Annex 7 and
are included for completeness only and should not be considered representative. For
the adjacent channel measurements all tests were completed within the performance
envelope of the equipment.

The interference thresholds recorded in test report are 1 dB below the point of failure.
We have used these thresholds in our analysis on separation distances and have
included an additional 6 dB margin.

Coexistence modelling

4.61

26

We have modelled the results from our practical analysis to assess the area over
which PMSE has the potential to interfere with an MSS terminal based on the
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measured values. However, this approach has not been considered for the global
and regional beam channels used by BGAN as we were unable to measure these
levels due to the limitation of the test equipment. However, as noted above our
position is that co-channel use on these fixed channels (and any other identified fixed
channels) could be avoided without significantly reducing spectrum availability for
PMSE so we have not sought to resolve the co-channel measurements in these
cases. There are two main scenarios to consider, firstly PMSE into land and maritime
Earth stations and secondly PMSE into airborne Earth stations.

In the first scenario we have assessed the required separation distance using the
propagation model ITU Recommendation P.1411. We believe this is the most
appropriate path loss model as both the PMSE transmitter and MSS receiver are at
low height and amongst clutter. For the airborne case we have calculated a general
path loss using free space path loss for various aircraft heights and ground distances
while considering the effect of antenna discrimination for a typical MSS receive
antenna mounted on an aircraft.

The parameter values used in our assessment of required separation distance are
given in Table 6.

Table 6 — Parameters assumed for deriving required separation distance of PMSE

from MSS
Hand held mic Body worn mic
PMSE EIRP (dBm) 10 13! 17 20"
Building loss (dB) 15 15 15 15
Body loss (dB) 6 6 11 11
Polar disc (dB) 3 3 3 3
Interference threshold GSPS (dBm)* | -111.29 | -111.29 | -111.29 | -111.29
Interference threshold BGAN (dBm)? | -117.56 | -117.56 | -117.56 | -117.56
Aero antenna gain (dBi) -5 -5 -5 -5
Additional margin (dB)® 6 6 6 6

Note 1: Increase in maximum radiated power to mitigate additional propagation losses in the 1.5 GHz
band when compared with the 470-790 MHz band

Note 2: Measured interference threshold bandwidth corrected to 200 kHz. This threshold is 1 dB
below the MSS failure point

Note 3: Margin to provide MSS with additional link budget

4.64

Table 7 and 8 provide the required path loss and separation distances for each case
noted above, i.e. GSPS and BGAN for PMSE use both indoor and outdoor.

Table 7 — Required path loss and separation distances for GSPS

Hand held mic Body worn mic
PMSE EIRP (dBm) 10 13 17 20
E‘fgd path loss for GSPS (indoor | 143 59 | 106.20 | 105.29 | 108.29
Req'd separation distance (m) 63 68 65 77
E‘fgd path loss for GSPS (outdoor | 418 59 | 12129 | 120.29 | 123.29
Req'd separation distance (m) 137 162 153 182
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Table 8 — Required path loss and separation distances for BGAN

Hand held mic Body worn mic
PMSE EIRP (dBm) 10 13 17 20
Req'd path loss for BGAN (indoor | 1 g 56 | 11256 | 111.56 | 114.56
mic mic)
Req'd separation distance (m) 83 98 93 110
2?3 d path loss for BGAN (outdoor | 1, 56 | 15756 | 126.56 | 129.56
Req'd separation distance (m) 196 233 220 261

4.65 For the airborne case we have derived a general path loss for a mechanically steered
and phase array MSS antennas from information provided by an antenna
manufacturer. Within the calculation we have assumed an antenna elevation angle of
20° to account for the satellite elevation in UK latitudes. These are provided in Table

9 and Table 10.

Table 9 — Path loss (dB) for mechanically steered MSS antenna

Ground range (km)
Height (m) 5 10 15 20 25 30 35 40
1000 | 109.9 | 113.8 | 116.4 | 118.9 | 119.9 | 121.5 | 122.8 | 123.9
3000 | 119.1 | 118.1 | 119.4 | 120.9 | 121.8 | 123.3 | 123.8 | 124.9
10000 | 129.7 | 131.8 | 129.9 | 128.7 | 128.3 | 128.7 | 128.9 | 129.0
Table 10 — Path loss (dB) for phased array MSS antenna
Ground range (km)
Height (m) 5 10 15 20 25 30 35 40
1000 | 110.92 | 114 |116.6 | 118.6 | 120.2 | 121.6 | 122.8 | 123.9
3000 | 121.9 | 119.8 |120.4 | 120.4 | 122.6 | 123.6 | 124.5 | 125.3
10000 | 143.8 | 136.6 | 133.1 | 131.3 | 130.6 | 130.3 | 130.3 | 130.4
4.66 Our understanding is that aeronautical MSS is typically used above 3000 m (10,000

feet). It can be seen that for heights greater than 3000 m the path loss for airborne
MSS terminals exceeds that required to protect MSS from indoor PMSE use but is
marginal, and in some cases insufficient, for outdoor PMSE transmissions.

Provisional conclusion
4.67 The MSS band meets all our criteria for identifying an alternative sharing option to
mitigate the loss of the 700 MHz band. The band is harmonised for MSS use across
all three ITU Regions which could allow for the development of further economies of
scale for PMSE manufacturers if other administrations adopted the band for low
power PMSE.
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Access to the 1525-1559 MHz band in addition to the 1517-1525 MHz already
available would provide up to 42 MHz of spectrum for PMSE. We have qualitatively
assessed the effect this spectrum would have against our study cases (as presented
in the 700 MHz cost benefit analysis published in May 2014). Within this assessment
we made some assumptions about equipment performance and deployment and
concluded that for the majority of use cases in the study the additional spectrum
would fully mitigate the impact of the loss of the 700 MHz band.

For a subset of very high PMSE demand events the residual impact would be slight,
i.e. some minor changes might be required to working practices but the overall
assignment count would be satisfied.

Our analysis suggests that for the majority of compatibility scenarios the use of low
power audio PMSE applications will not cause harmful interference into MSS. We
accept that there is a risk of interference should an MSS terminal be in close
proximity to a PMSE transmitter but given the small protection distances between
terrestrial use of PMSE and MSS and the large separation distance between PMSE
and airborne MSS the probability of this occurring is very low.

Our understanding is that there are certain fixed MSS channels allocated to particular
satellite beams and MSS applications. While not necessary it is possible to avoid co-
channel use with any fixed channels within beams covering the UK, for example
broadcast control channels in the global or regional beams and the Maritime Safety
Information broadcast channel as used by SafetyNET. It is not possible to avoid co-
channel use with any dynamically assigned channels as these are unknown outside
of the satellite operator but we consider the possibility of a particular traffic channel
being allocated at the same time, in the same location and on the same frequency as
a PMSE transmitter as being very low.

It is necessary to carefully consider the safety related MSS applications, specifically
maritime and aeronautical use and Cospas-Sarsat. For maritime use the small
separation distances derived and the relative locations of PMSE venues and ports
means there is a very low probability of harmful interference into shipborne MSS, and
only when the ship was in port — at sea there would be no potential for interference.
For airborne use of MSS within the band prioritised for AMS(R)S it may be necessary
to restrict PMSE use to indoor only.

The fixed receive site at Combe Martin can be protected via a geographical exclusion
zone for the frequency 1544-1545 MHz but given its location in relation to any PMSE
use this would not significantly limit PMSE.

Our long term view of the band has not revealed any expected developments or
changes to utilisation of the band by spectrum users.

Question 2: Do you agree with our sharing analysis which concludes that audio
PMSE (low power microphones and IEMs) could co-exist with incumbent services in
the bands 960-1164 MHz and 1525-1559 MHz? If not please provide specific
details/evidence to illustrate your view
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Section 5

Proposal

We propose sharing in the aeronautical band

5.1

5.2

5.3

We have provisionally concluded that audio PMSE applications could co-exist with
incumbent services in either of the two bands studied. Both bands comply with our
criteria for finding a long term spectrum option for PMSE users.

However, of the two bands we consider that the 960-1164 MHz band is the most
suitable for low power audio PMSE applications. The reasons for proposing this band
are that it:

e provides a greater amount of accessible spectrum;

e s closer (in spectrum terms) to the current preferred band for PMSE at 470-790
MHz ; and

e the long term prospects for continuing access are extremely good. The nature of
aeronautical use in this band means that it is extremely unlikely there would be
any significant changes to the allocation, or services within, the band beyond
those we have already identified i.e. LDACS.

In particular, the latter point above addresses the need for long term stability in any
new band. Our preference for this band significantly reduces the risk of competition
for spectrum access that could threaten PMSE access in the future.

Question 3: Do you have any comments on our proposal to allow low power audio
PMSE applications (wireless microphones and IEMs) access to the 960-1164 MHz
band?

How would it work?

54

Access would be granted on a licensed and geographically coordinated basis with
aeronautical navigation and communication systems. This approach would be similar
to the model currently used to facilitate access to interleaved UHF spectrum where
PMSE shares with digital terrestrial television i.e coordinated access under specific
licence conditions detailing frequency, location and date and time of use.

Next Steps

5.5

5.6

30

Subject to the outcome of this consultation, should we decide to proceed with the
960-1164 MHz band as proposed, we would expect to extend current PMSE
licensing and coordination arrangements to incorporate the band. We will provide
further information on this in due course.

We have already engaged with other European administrations and shared our
thinking on alternative bands for audio PMSE. We will continue to advocate a
harmonised approach and provide further advice and data as required. We will also
work with the CAA in discussions with other aviation authorities as appropriate.
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5.7 The 700 MHz clearance programme will allow mobile network operators to deliver
mobile broadband using frequencies within the 694 — 790 MHz band. The objective is
to enable the spectrum to be used nationwide for mobile services by the start of
2022, and possibly up to two years sooner. We are also exploring the possibility of
releasing the 700 MHz band for mobile use on a region-by-region basis as we clear it
of DTT uses. In principle, this means some parts of the UK may be clear of DTT in
the 700 MHz range during the course of 2019.

5.8 As we explained in our Statement™®, decisions on any funding for PMSE users
affected by the 700 MHz programme are a matter for Government and we will
provide advice to Government in the coming months. We also intend to consult on a
range of policy issues relating to the programme in the first quarter of next year.

18 See link: http://stakeholders.ofcom.org.uk/binaries/consultations/700MHz/statement/700-mhz-
statement.pdf
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Annex 1

Responding to this consultation

How to respond

Al.l

Al.2

Al.3

Al.4

AlS5

Al.6

Ofcom invites written views and comments on the issues raised in this document, to
be made by 5pm on 18 December 2015.

Ofcom strongly prefers to receive responses using the online web form at
http://stakeholders.ofcom.org.uk/consultations/new-spectrum-audio-
PMSE/howtorespond/ , as this helps us to process the responses quickly and
efficiently. We would also be grateful if you could assist us by completing a
response cover sheet (see Annex 3), to indicate whether or not there are
confidentiality issues. This response coversheet is incorporated into the online web
form guestionnaire.

For larger consultation responses - particularly those with supporting charts, tables
or other data - please email vaughan.john@ofcom.org.uk attaching your response
in Microsoft Word format, together with a consultation response coversheet.

Responses may alternatively be posted to the address below, marked with the title
of the consultation.

Vaughan John

Floor 3

Sector policy

Riverside House

2A Southwark Bridge Road
London SE1 9HA

Note that we do not need a hard copy in addition to an electronic version. Ofcom
will acknowledge receipt of responses if they are submitted using the online web
form but not otherwise.

It would be helpful if your response could include direct answers to the questions
asked in this document, which are listed together at Annex X. It would also help if
you can explain why you hold your views and how Ofcom’s proposals would impact
on you.

Further information

Al.7

If you want to discuss the issues and questions raised in this consultation, or need
advice on the appropriate form of response, please contact Vaughan John on 020
7981 3093.

Confidentiality

Al.8

32

We believe it is important for everyone interested in an issue to see the views
expressed by consultation respondents. We will therefore usually publish all
responses on our website, www.ofcom.org.uk, ideally on receipt. If you think your
response should be kept confidential, can you please specify what part or whether
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all of your response should be kept confidential, and specify why. Please also place
such parts in a separate annex.

If someone asks us to keep part or all of a response confidential, we will treat this
request seriously and will try to respect this. But sometimes we will need to publish
all responses, including those that are marked as confidential, in order to meet legal
obligations.

Please also note that copyright and all other intellectual property in responses will
be assumed to be licensed to Ofcom to use. Ofcom’s approach on intellectual
property rights is explained further on its website at http://www.ofcom.org.uk/terms-
of-use/

Next steps

Al.1l

Al.12

Following the end of the consultation period, Ofcom intends to publish a statement
in early 2016.

Please note that you can register to receive free mail Updates alerting you to the
publications of relevant Ofcom documents. For more details please see:
http://www.ofcom.org.uk/email-updates/

Ofcom's consultation processes

Al1.13

Al.14

Al.15

Ofcom seeks to ensure that responding to a consultation is easy as possible. For
more information please see our consultation principles in Annex 2.

If you have any comments or suggestions on how Ofcom conducts its consultations,
please call our consultation helpdesk on 020 7981 3003 or e-mail us at
consult@ofcom.org.uk . We would particularly welcome thoughts on how Ofcom
could more effectively seek the views of those groups or individuals, such as small
businesses or particular types of residential consumers, who are less likely to give
their opinions through a formal consultation.

If you would like to discuss these issues or Ofcom's consultation processes more
generally you can alternatively contact Graham Howell, Secretary to the
Corporation, who is Ofcom’s consultation champion:

Graham Howell

Ofcom

Riverside House

2a Southwark Bridge Road
London SE1 9HA

Tel: 020 7981 3601

Email Graham.Howell@ofcom.org.uk
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Annex 2

Ofcom’s consultation principles

A2.1 Ofcom has published the following seven principles that it will follow for each public
written consultation:

Before the consultation

A2.2  Where possible, we will hold informal talks with people and organisations before
announcing a big consultation to find out whether we are thinking in the right
direction. If we do not have enough time to do this, we will hold an open meeting to
explain our proposals shortly after announcing the consultation.

During the consultation

A2.3  We will be clear about who we are consulting, why, on what questions and for how
long.

A2.4  We will make the consultation document as short and simple as possible with a
summary of no more than two pages. We will try to make it as easy as possible to
give us a written response. If the consultation is complicated, we may provide a
shortened Plain English Guide for smaller organisations or individuals who would
otherwise not be able to spare the time to share their views.

A2.5  We will consult for up to 10 weeks depending on the potential impact of our
proposals.

A2.6 A person within Ofcom will be in charge of making sure we follow our own
guidelines and reach out to the largest number of people and organisations
interested in the outcome of our decisions. Ofcom’s ‘Consultation Champion’ will
also be the main person to contact with views on the way we run our consultations.

A2.7 If we are not able to follow one of these principles, we will explain why.

After the consultation

A2.8  We think it is important for everyone interested in an issue to see the views of
others during a consultation. We would usually publish all the responses we have
received on our website. In our statement, we will give reasons for our decisions
and will give an account of how the views of those concerned helped shape those
decisions.
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Annex 3

Consultation response cover sheet

A3.1

A3.2

A3.3

A3.4

A3.5

In the interests of transparency and good regulatory practice, we will publish all
consultation responses in full on our website, www.ofcom.org.uk.

We have produced a coversheet for responses (see below) and would be very
grateful if you could send one with your response (this is incorporated into the
online web form if you respond in this way). This will speed up our processing of
responses, and help to maintain confidentiality where appropriate.

The quality of consultation can be enhanced by publishing responses before the
consultation period closes. In particular, this can help those individuals and
organisations with limited resources or familiarity with the issues to respond in a
more informed way. Therefore Ofcom would encourage respondents to complete
their coversheet in a way that allows Ofcom to publish their responses upon receipt,
rather than waiting until the consultation period has ended.

We strongly prefer to receive responses via the online web form which incorporates
the coversheet. If you are responding via email, post or fax you can download an
electronic copy of this coversheet in Word or RTF format from the ‘Consultations’
section of our website at
http://stakeholders.ofcom.org.uk/consultations/consultation-response-coversheet/.

Please put any parts of your response you consider should be kept confidential in a
separate annex to your response and include your reasons why this part of your
response should not be published. This can include information such as your
personal background and experience. If you want your name, address, other
contact details, or job title to remain confidential, please provide them in your cover
sheet only, so that we don't have to edit your response.
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Cover sheet for response to an Ofcom consultation

BASIC DETAILS

Consultation title:

To (Ofcom contact):

Name of respondent:

Representing (self or organisation/s):

Address (if not received by email):

CONFIDENTIALITY

Please tick below what part of your response you consider is confidential, giving your

reasons why

Nothing Name/contact details/job title

Whole response Organisation

Part of the response If there is no separate annex, which parts?

If you want part of your response, your name or your organisation not to be published, can
Ofcom still publish a reference to the contents of your response (including, for any
confidential parts, a general summary that does not disclose the specific information or
enable you to be identified)?

DECLARATION

I confirm that the correspondence supplied with this cover sheet is a formal consultation
response that Ofcom can publish. However, in supplying this response, | understand that
Ofcom may need to publish all responses, including those which are marked as confidential,
in order to meet legal obligations. If | have sent my response by email, Ofcom can disregard
any standard e-mail text about not disclosing email contents and attachments.

Ofcom seeks to publish responses on receipt. If your response is
non-confidential (in whole or in part), and you would prefer us to
publish your response only once the consultation has ended, please tick here.

Name Signed (if hard copy)
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Annex 4

Consultation question

A4.1

A4.2

In this consultation we are seeking comments on three specific points. Firstly ask
for comments on our assessment of spectrum demand and supply for audio links,
talkback, telemetry and telecommand. Secondly we ask for comments on our
sharing analysis in the bands 960-1164 MHz and 1525-1559 MHz and our
conclusion that sharing is possible in both bands. If you disagree with our
assessment please provide a detailed explanation supporting your response.

Finally we are seeking comments on our proposal to allow low power audio PMSE
applications in the 960-1164 MHz band only.

Question 1: Do you agree with our assessment that minimal growth in demand and
stability in spectrum supply means that we do not need to implement any changes to
meet the ongoing requirements for talkback, audio links and telemetry and tele-
command applications?

Question 2: Do you agree with our sharing analysis which concludes that audio
PMSE (low power microphones and IEMs) could co-exist with incumbent services in
the bands 960-1164 MHz and 1525-1559 MHZz? If not please provide specific
details/evidence to illustrate your view.

Question 3: Do you have any comments on our proposal to allow low power audio

PMSE applications (wireless microphones and IEMs) access to the 960-1164 MHz
band?
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New Spectrum for Audio PMSE

Annex 5

Review of spectrum demand for talkback,
audio links and telemetry & telecommand

AS5.1

AS5.2

A5.3

A5.4
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Based on our analysis of current demand and trends, we have found that the
current spectrum availability is sufficient to meet the recurring demands for
talkback, audio links and telemetry & telecommand and anticipated growth over the
next six years. But there will continue to be a dependency on temporary access to
loan spectrum to satisfy the peak demands of some high profile events such as
Formula 1 (F1) Grand Prix.

For any future exceptional events (similar to London 2012 Olympic and Paralympic
Games, Glasgow 2014 Commonwealth Games and Tour de France 2014), it would
be necessary to secure additional spectrum to meet the peak demand and to
accommodate a wide range of equipment tuning ranges from different regions of
the world.

Over the next six years we do not anticipate any significant changes to current
PMSE spectrum allocations below 470 MHz and at 1.5 GHz that are likely to result
in reduced availability. Nor do we anticipate any significant issues in continuing to
facilitate temporary access to spectrum outside of PMSE bands to satisfy peak
demands of events such as F1 Grand Prix.

The report detailing our analysis into spectrum requirements for talkback, audio
links and telemetry and telecommand is included as a separate document —
http://stakeholders.ofcom.org.uk/binaries/consultations/PMSE-audio-
strategy/annexes/annex5.pdf




http://stakeholders.ofcom.org.uk/binaries/consultations/PMSE-audio-strategy/annexes/annex5.pdf

http://stakeholders.ofcom.org.uk/binaries/consultations/PMSE-audio-strategy/annexes/annex5.pdf



New Spectrum for Audio PMSE

Annex 6

Report on the coexistence study between
PMSE and aeronautical services

A6.1  The report details the test methodology and conclusions for the study to determine
the compatibility of low power audio PMSE applications, specifically wireless
microphones, with existing aeronautical communications, navigation and
surveillance systems operating in the 960-1164 MHz frequency range.

A6.2  The report is presented as a separate document at
http://stakeholders.ofcom.org.uk/binaries/consultations/PMSE-audio-
strategy/annexes/annex6.pdf
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New Spectrum for Audio PMSE

Annex 7

Coexistence testing between wireless
microphones and Mobile Satellite System
receivers in the band 1525-1559 MHz

A7.1  The report details the test setup, methodology and results for assessing
coexistence interference thresholds for Program Making and Special Events
(PMSE) equipment into Mobile Satellite System (MSS) User Equipment (UE). The
analysis only considers MSS services on the Inmarsat 4-F2, positioned in a
geostationary orbit at 149.12° and elevation 26.03°.

A7.2  The UEs covered within this test plan are a BGAN (Broadband Global Area
Network) data terminal and a GSPS (Global Satellite Phone Service) satellite
telephone.

A7.3  The report is presented as a separate document at
http://stakeholders.ofcom.org.uk/binaries/consultations/PMSE-audio-
strategy/annexes/annex?.pdf
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About this document

In response to our consultation on new spectrum for audio PMSE (Programme Making and
Special Events) some stakeholders have requested additional information on the
coexistence modelling in the aeronautical band 960 MHz to 1164 MHz. This document
provides the additional information requested.

We have reopened our consultation period and stakeholders who wish to comment further in
view of this information should do so by 22 January 2016.
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Section 1

Introduction

11 In our consultation on new spectrum for audio PMSE", published on 23 October
2015, we summarised our approach to coexistence modelling between PMSE and
Distance Measuring Equipment (DME) in the band 960 MHz to 1164 MHz. In
response some stakeholders requested more detail on the modelling approach which
we have subsequently set out in this document.

1.2 We are not extending the scope of the original consultation by the provision of this
additional information. However, in the event that interested parties wish to comment
again having read it, we have provided a further two weeks in which to do so. Any
further responses should be submitted by 22 January 2016.

! http://stakeholders.ofcom.org.uk/consultations/new-spectrum-audio-PMSE/





Section 2

Sharing analysis in the band 960-1164
MHz

Our approach to coexistence modelling between PMSE and DME

2.1

2.2

2.3

24

2.5

As we noted in the October consultation, in order to determine the coexistence
potential we modelled four interference scenarios. These were:

1. Protecting the ground transponder receiver from PMSE

2. Protecting the airborne interrogator receiver from PMSE

3. Protecting the PMSE receiver from the DME transponder

4. Protecting the PMSE receiver from the DME airborne interrogator

For the terrestrial components i.e. scenarios 1 and 3, ITU-R Recommendation P.452
was used, and for the airborne paths, scenarios 2 and 4, the general path
propagation model ITU-R Recommendation P.528 (IF77) was used. We applied this
approach to the four locations listed in the consultation to provide indicative spectrum
availability at key PMSE points throughout the UK.

At Seven Dials, London; Media City, Salford and Scottish Exhibition & Conference
Centre, Glasgow analysis was carried out for both indoor and outdoor PMSE use
with building entry loss applied. For Glastonbury only outdoor PMSE was considered
i.e. no additional building entry loss was applied.

Clutter loss has been applied for the terrestrial scenarios at the PMSE end only. For
both airborne and terrestrial scenarios interference has been modelled for 1% time.

Below we provide additional detail on the parameters and values used in our
coexistence testing. These were agreed between the Civil Aviation Authority (CAA)
and Ofcom.

Interference thresholds from JCSys Ltd measurements

2.6

The interference thresholds for DME and PMSE are those derived from the work by
JCSys Ltd. In all cases the most restrictive threshold for each frequency offset was
used to provide the most limiting envelope for coexistence. Table 1 gives the
interference thresholds for DME ground transponders and Table 2 gives the
interference thresholds for DME airborne interrogators.





Table 1: DME ground transponder maximum interference threshold

X-mode Y-mode
Delta F Interference interference
(MH2z) threshold threshold
(dBm) (dBm)
-8 -56 -50
-7 -56 -50
-6 -56 -50
-5 -64 -55
-4 -66 -70
-3 -70 -75
-2 -89 -87
-1 -100 -102
0 -111 -115
1 -100 -100
2 -87 -89
3 -74 -82
4 -60 =77
5 -47 -74
6 -45 -68
7 -45 -63
8 -45 -63

Table 2: DME airborne interrogator maximum interference threshold

X-mode Y-mode
Delta F interference interference
(MH2) threshold threshold
(dBm) (dBm)
-6 -20 -32
-5 -20 -35
-4 -29 -41
-3 -38 -48
-2 -47 -58
-1 -61 -75
0 -95 -98
1 -61 -69
2 -46 -55
3 -37 -48
4 -29 -40
5 -20 -36
6 -20 -29

2.7  When measuring the maximum interference thresholds provided above, the
methodology included the effect of JTIDS in the signal environment in accordance
with the UK Any Point In Space (APIS) 70NM radius Geo Area at 60% Time Slot
Duty Factor (TSDF), known as 70/60. This forms the basis of the Frequency
Clearance Agreement between the CAA and Ministry of Defence.





2.8

For PMSE the interference threshold was set to -65 dBm for the case when the
PMSE channel sits across the centre frequency of the DME channel. When the
PMSE channel is +300 kHz from the DME centre frequency an additional 25 dB of
isolation was incorporated. Testing showed a quick reduction in the effect of
interference from DME into PMSE with increasing frequency offset such that
interference from DME in an adjacent channel was negligible and therefore we have
not modelled the adjacent channel scenario.

Parameters used for the terrestrial scenarios (ITU-R Recommendation P.452)
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When modelling the terrestrial paths, PMSE into DME ground transponder and

ground transponder into PMSE, we used the following parameter values.

Table 3: PMSE parameter values

PMSE
Maximum EIRP 17.0 dBm
Antenna height 15m
Clutter loss urban 229 dB
Clutter loss rural 17.9dB
Building entry 11.0 dB
loss
Reference
frequency 960 MHz

2.10

2.11

2.12

2.13

It is widely recognised that when transmitters are used close to the body it absorbs
some of the radiated power. Consequently in coexistence studies a factor is usually
included to account for this reduction in radiated power. However, in order to provide
additional margin we have not included it in our analysis.

When considering indoor PMSE we have included a building entry loss. While there
is a broad range of building entry loss values our view is that 11 dB is conservative.
In addition the reference frequency has been chosen to represent the worst
propagation condition i.e. propagation losses at 960 MHz are less than at 1164 MHz.

The clutter loss is only applied at the PMSE end on the assumption that the DME
transponder is generally free of clutter. These values are taken from the propagation
model ITU-R Recommendation P.1812.

Table 4 provides the parameter values assumed for the DME transponder. Note we
consider the DME transponder to be free of clutter therefore no clutter losses are
applied.





Table 4: DME transponder parameter values

DME transponder

From ICAO COM3
(1 July 2015)?

Antenna height 10 m

Antenna gain : o
(dB Systems 6 dBi (at 0° to the

Maximum EIRP

5100A-D/7) horizon)
Reference
frequency 960 MHz

2.14 The ITU-R P.452-15 model was configured for 1% time using refractivity parameters

appropriate to the given path being modelled as per ITU methods and maps.

2.15 No additional safety margin has been applied. Given that the measurements carried
out by JCSys Ltd incorporated the full pulse environment from JTIDS, and the other
conservative assumptions that were made, e.g. using the most stringent thresholds
for each frequency offset, low reference frequency and no additional loss to account

for body absorption effects, we saw no need to include any additional margin.
Parameters used for the airborne scenarios (ITU-R Recommendation P.528)

2.16 The PMSE parameters used are the same as for the terrestrial path. The DME

interrogator parameters are given in Table 6. In the airborne scenarios no clutter is

applied to either PMSE or DME.

Table 6: DME interrogator parameter values

DME interrogator
Maximum EIRP 62.4 dBm

From 0 to 98,425 ft
(30 km)

Antenna height

Antenna gain
(as per ITU Rec 5.4 dBi (maximum)
M.1642)
Reference
frequency

960 MHz

2.17 For PMSE interference into the DME interrogator our approach is to protect the
airborne interrogator at any location within the Designated Operational Coverage

area. This approach is very conservative as it assumes that an aircraft can be at zero
feet throughout the DOC and so no vertical separation distances are applied. Given
this extremely conservative approach, alongside the conservative assumptions noted

above, we have not included any additional safety margin.

2.18 Itis noted that some DOCs are sectored, i.e. are defined with shorter ranges on

some bearings, however we have ignored these sectors and apply the largest range
defined for the DOC across the whole volume. For example a DOC may be defined

? International Civil Aviation Organization Table COM3 - International and National Frequency Assignments to

Radio Navigation Aids In the bands 108-118, 960-1215 and 5031-5091 MHz





with a range of 200 NM with a sector range of 150 NM or defined with a range of 150
NM with a sector at 200 NM and in either case we apply the 200 NM range.

Method for evaluating a candidate DME channel

2.19

2.20

Below we provide a summary of our approach to evaluating whether a DME channel
(DME channels are 1 MHz wide) is usable by PMSE in accordance with the
thresholds and modelling parameters detailed above. Spectrum availability is the
sum of all four interference scenarios across all the frequency offsets provided in the
measurement data.

The method is a ‘two step’ process. Firstly we consider the terrestrial scenarios and
then move to consideration of the airborne scenarios.

o |dentify all DME facilities within 500 km (270 NM) of the PMSE venue and
compute distance;

¢ Compute the path losses to the DME ground transponders in accordance with the
parameters detailed above, including height gain, building entry and clutter losses
as appropriate;

¢ Check the path loss against the interference threshold and exclude DME channel
if this is exceeded;

e Subtract the DOC range from the distance between the PMSE venue to DME
ground transponder;

e Compute the coupling gain at limit of interrogator threshold and add height gain
and building loss for PMSE as appropriate;

e Look up the coordination distance from IF77 modelling; and

e Compare the coordination distance with the DOC and exclude as necessary.
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Executive Summary

This report covers the testing carried out by JCSys on two DME Transponders and two DME
Interrogators, while subjected to a Programme Making and Special Events Digital
Microphone (PMSE DM) signal environment.

In the original PMSE Test report produced by JCSys (JCSys/C053/004/3), the Aeronautical
Communications, Navigation and Surveillance (CNS) systems tested were subjected to an
analogue PMSE CW signal. Since this report was issued it has become apparent that new
PMSE hardware may wish to operate using a digital signal and as such it was decided that a
comparison between the effects of Analogue and Digital signals should be carried out to
establish if there are any noticeable differences. JCSys were tasked by Ofcom to test two
representative DME Transponders (Fernau 2020 and Thales 415) and two Interrogators
(Bendix/King KN64 and Rockwell Collins DME 900) under the same test conditions as used
for the Analogue CW testing.

The results of the DME Transponder testing has shown that it can be concluded that a
PMSE DM signal is no worse for a DME transponder than a PMSE CW signal, and in most
cases it causes less of an effect.

The DME Interrogator tests show very similar results to the original PMSE CW tests, to
within 1dB. It can therefore be concluded that PMSE DM signals are no worse for the CNS
system tested than PMSE CW signals.
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Glossary of Terms

BREAKLOCK — When a Breaklock occurs on a Distance Measuring Equipment (DME)
Interrogator the range indication will display no data. A Breaklock can occur when the
Interrogator is re-channelled to another frequency. An interference signal can cause a
Breaklock, usually the Interrogator will go into search mode and try to Re-Acquire the
desired signal. Loss of the Ground DME Beacon reply signal can also cause a Breaklock.

DME - Distance Measuring Equipment (DME) Interrogator is used by aircraft to receive
signals from fixed position Ground DME beacons. The Interrogator will transmit
interrogations to a Ground Beacon and determine the time taken to receive a Reply from the
Beacon. The time (propagation delay) is converted to a slant range/distance to the Ground
DME.

DSL - Desired Signal Level is a DME signal level generated and controlled to simulate the
wanted signal of the DME unit under test.

LOCKED-ON — A DME Interrogator goes from search mode to track mode and a
range/distance is displayed on an indicator so the DME is said to be Locked-on.

SCANNING DME INTERROGATOR — A scanning DME Interrogator is able to Interrogate up
to 5 Ground DME beacons and provides range / distance data from all 5 beacons. There is a
Free-scan capability which also scans all 252 channels in the background looking for the
next strongest signal.

SEARCH MODE - A single channel DME Interrogator will transmit a number of
interrogations to a Ground DME Beacon at around 120ppps. For a Scanning DME the
search mode is a lower pulse rate of 12ppps.

TRACK MODE - A single channel DME Interrogator will transmit interrogations at 22ppps
when it is Locked-on. A scanning DME tracks at between 2 to 4ppps.

TTA — Time to Acquire (TTA) is a measurement of the time it takes (in seconds) for a DME
Interrogator to become locked-on to a Ground DME Beacon reply signal.

Vi
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1.2

1.3

2.1

3.1

BACKGROUND

JCSys have been tasked by Ofcom to repeat elements of the original PMSE Testing
to investigate if there is a difference in the effects seen on the Communications
Navigation and Surveillance (CNS) equipment tested when the analogue PMSE
CW signal is replaced with a PMSE Digital Microphone (DM) signal.

It was decided that two DME Interrogators and two DME Transponders should be
tested as part of this follow up investigation. The following equipment was chosen
by Ofcom, and agreed by the CAA, as representative samples of in-service DME
equipment:

¢ DME Transponders

o Fernau 2020 (Most common in the UK)
o Thales 415 (modern DME Transponder)
e Interrogators

o Bendix/King KN64 (Fixed Channel, often used by General Aviation)
o Rockwell Collins DME 900 (Scanning Type)

All tests carried out are a repeat of the original testing with the PMSE CW signal
replaced with a PMSE DM signal.

OBJECTIVE

The objective of this work is to determine if there is a difference between the effects
of PMSE CW and PMSE DM signals on existing CNS equipment operating in the
band 960-1164MHz.

TESTING APPROACH

A simulated PMSE DM transmission signal, recorded from a real PMSE Digital
Microphone and replayed at the correct frequency, will be used to determine if there
are any changes to the performance characteristics of various CNS equipment
receivers in the presence of PMSE DM signals. To ensure an accurate
representation of the real Radio Frequency (RF) environment is used, a complex
RF signal environment will be simulated which includes the presence of Link-16 as
detailed below in Test Configuration Sections of this document.





4.1

411

4.1.2

4.2

421

4.3

43.1

DME GROUND BEACON TEST CONFIGURATION

DME Pulse Environment

As with the original testing DME Transponder (Ground Beacon) testing was carried
out on both X and Y channel.

The following DME pulse environments were used:

e For aY mode DME beacon 1200 pulse pairs per second (ppps) on-code load
(36us spacing) + 300ppps off-code load (12us spacing).

e For an X mode DME beacon 2200ppps on-code load (12us spacing) +
300ppps off-code load (36us spacing).

Link-16 Pulse Environment

The Link-16 pulse environment used in the testing represents the UK Any Point In
Space (APIS) 70NM radius Geo Area at 60% Time Slot Duty Factor (TSDF), known
as 70/60. This represents the pseudo random frequency hopping Link-16 pulse
environment as approved to operate in the UK FIR.

PMSE Digital Microphone (DM) Signal

The Digital PMSE signal was generated from an SHURE QLXD1 digital microphone
transmitter provided by Ofcom. The QLDX1 was configured to transmit at
961.8MHz and the output power was measured as +7.4dBm. The PMSE digital
signal is shown below (measured via 10dB attenuator). No audio was applied to the
SHURE QLDX1 (OFCOM).

MR 962.143 M-z
hg REF 10.0 dBm ATTEN 20 <8 -46.80 9B

» |
™
B A

o 4B/

i M

T

CENTER 962.025 MHz SPAN 1.000 Mz
RES BW 3 hkHz SWP 200 msec

Figure 4-1 — Digital PMSE Signal





4.3.2

4.3.3

4.3.4

4.3.5

4.3.6

4.4

4.4.1

4.4.2

443

The signal was demodulated using the NI 5791 RF Transceiver module (part of the
JCSys test system) and the demodulation was performed with a carrier frequency
(Local Oscillator) of 961.8MHz. The resulting 1Q (In-phase and Quadrature) data
was streamed to disk at a sample rate of 10MHz. The recorded 1Q data can then
be replayed through the NI 5791 to reproduce the original waveform.

The sampled data is replayed using the NI 5791 but with a Local Oscillator
frequency equal to the selected DME channel. This process enables the QLXD1
waveform to be transposed into the DME band to support the testing.

The QLDX1 signal was sampled four times with different carrier frequencies to
obtain data at four offset frequencies: +700kHz, +250kHz, -100kHz and -
400kHz. This generated four separate 1Q data files.

Four NI 5791 channels were employed to enable the four offset frequencies to be
generated at the same time. The carriers of the four channels were not
synchronised so that each channel acts as independent digital microphone source.

The 1Q data recordings were of 10 second duration and the files were looped so
that RF generation was continuous throughout the test.

Measurement Approach

Testing was undertaken on DME Channel 101X (1125MHz) using a Desired Signal
of 150ppps and then repeated on DME Channel 101Y.

In order to produce a Beacon Reply Efficiency (BRE) curve, 20 Desired Signal
Levels were used:

e  -50,-60,-70,-80,-82,-84,-85,-86,-87,-88,-89-90,-91,-92,-93,-94,-95,-96,-97,-98.
(dBm)

Testing was carried out using the full pulse environment as specified above.





5.1

51.1

51.2

5.1.3

514

5.2

521
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5.21.2

DME GROUND BEACON TESTING RESULTS

Pass/Fail Criteria

The performance requirements of a DME Ground Beacon are defined in ICAO
Annex 10.

The specific test parameter to be measured is Beacon Reply Efficiency (BRE). BRE
performance is the measurement of a known number of interrogations resulting in a
processed number of replies normally expressed as a percentage (a BRE of 100%
means all interrogations are processed successfully into replies).

ICAO Annex 10 states that a DME beacon must maintain 70% beacon reply
efficiency and that it must be able to achieve this at a power density of -103dBW/m?
for Enroute and -93dBW/m? for Aerodrome approach.

A UK criteria for DME Ground Beacons has been derived from ICAO Annex 10

using a typical antenna gain and cable loss to determine a signal level of -88dBm
for Enroute and -78dBm for Aerodrome DMEs.

Fernau 2020 Test Results
Fernau 2020 Full Pulse Environment Testing, Co-Channel

The charts below show a number of reply efficiency curves for a Fernau 2020
ground beacon operating in X and Y mode. Four PMSE DM signals were generated
for co-channel testing. The following tests were undertaken:

¢ X-mode PMSE DM (4) Co-Ch. to DME Beacon. Link-16_ON
e Y-mode PMSE DM (4) Co-Ch. to DME Beacon. Link-16_ON
e X-mode PMSE DM (4) Co-Ch. to DME Beacon. Link-16_OFF
e Y-mode PMSE DM (4) Co-Ch. to DME Beacon. Link-16_OFF

In each case the PMSE DM signal levels were coupled to the DME Beacon antenna
port. Expanded views of the BRE curves are also provided.





FERNAU 2020
Link-16_ON PMSE DM Test, Channel 101X,
SDES_ON, Beacon Load = 2200pp/s
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Figures 5-1 & 5-2 — Fernau 2020, 101X, Co-Channel Test, Full Pulse Environment

5.2.1.3 The test data indicates that a PMSE signal level of -110dBm/200kHz RMS should
not be exceeded for the co-channel case for X mode.





FERNAU 2020
Link-16_ON PMSE DM Test, Channel 101Y,
SDES_ON, Beacon Load = 1300pp/s
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FERNAU 2020
Link-16_ON PMSE DM Test, Channel 101Y,
SDES_ON, Beacon Load = 1300pp/s
90
—e— -127dBm/200kHz RMS
=& -109dBm/200kHz RMS
80 == -108dBm/200kHz RMS
= -107dBm/200kHz RMS
== -106dBm/200kHz RMS
—

-105dBm/200kHz RMS
-104dBm/200kHz RMS

70 Beacon Criteria

Beacon Reply Efficiency (%)

\>/

60

“ /

-100 -95 -90 -85 -80

Beacon Signal Level (dBm)

Figures 5-3 & 5-4 — Fernau 2020, 101Y, Co-Channel Test, Full Pulse Environment

5.2.1.4 The test data indicates that a PMSE signal level of -108dBm/200kHz RMS should
not be exceeded for the co-channel case for Y mode.

5.2.2  Fernau 2020 No Link-16 Testing, Co-Channel





5.2.2.1 Testing was also carried without the presence of the specified Link-16 pulse
environment for the purposes of completeness, the results were as follows:
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Beacon Signal Level (dBm)

-80






FERNAU 2020
LINK-16_OFF, PMSE DM Test, Channel 101Y,
SDES_ON, Beacon Load = 1200pp/s
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Figures 5-7 & 5-8 — Fernau 2020, 101Y, Co-Channel Test, No Link-16

5.2.2.2 The test data indicates that a PMSE signal of -109dBm/200kHz RMS should not be

exceeded for X mode and -106dBm/200kHz RMS for Y mode.






5.2.3

5231

5.2.3.2

-100 \/

-110

PMSE DM INTERFERENCE (dBm/200kHz RMS)

Fernau 2020 Off Frequency Rejection Curve (OFR)

In addition to testing the Fernau 2020 in the presence of PMSE DM Co-Channel
signals, an Off Frequency Rejection Curve was also produced to gain an
understanding of the susceptibility of the DME receiver to PMSE DM signals. An
OFR curve was produced for both X and Y mode using a single PMSE signal.

The OFR curve was produced as follows: -

e Setting the DSL to -88dBm (as derived from ICAO Annex 10 power density
of -103dBw/m?)

e Ensure the BRE is 70% at OMHz.
e Change the PMSE DM frequency in steps of 1MHz.

¢ At each 1MHz step, adjust the PMSE DM signal until 70% BRE is achieved,
record the PMSE DM signal.

PMSE DIGITAL MICROPHONE OFF-FREQUENCY REJECTION (OFR) TEST
ON A FERNAU 2020 DME BEACON, CHANNEL 101X/Y,
INTERROGATION FREQUENCY 1125MHz, LINK-16_ON
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Figure 5-9 Fernau 2020 Off-Frequency Rejection Curve
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5241

5.2.4.2

5.2.4.3

5.24.4

5.2.45

Fernau 2020 Results Summary

The Fernau 2020 is used for both enroute and aerodrome and typically has a
receiver sensitivity of -95dBm.

The test results for the Fernau 2020 indicate that the beacon is susceptible to a
PMSE DM signal with the resulting effect of causing the reply efficiency to drop
below 70% with the beacon operating in either X or Y mode.

The test data indicates that a PMSE DM signal level of -110dBm/200kHz RMS
should not be exceeded for either X or Y mode. For comparison -111dBm was
recorded in the presence of PMSE CW.

Without the presence of Link-16, the test data indicates that -109dBm/200kHz RMS
should not be exceeded for X mode and -106dBm/200kHz RMS for Y mode. For
comparison -109dBm PMSE CW was determined for X and Y mode.

The OFR curves show the PMSE DM signal required to cause the BRE to fall below
70% BRE at delta MHz above and below the Interrogation frequency. At 2MHz
below with the Beacon operating in Y mode a PMSE DM signal of greater
than -75dBM/200kHz RMS will cause the BRE to fall below 70%.
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53 Thales DME 415 Test Results

5.3.1 Thales DME415, Full Pulse Environment Testing, Co-Channel
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Beacon Reply Efficiency (%)

THALES 415
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Figures 5-10 & 5-11 — Thales 415, 101X, Co-Channel Test, Full Pulse

Environment
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THALES 415
Link-16_ON, PMSE DM Test, Channel 101Y,

SDES_ON, Beacon Load = 1200pp/s
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Figures 5-12 & 5-13 — Thales 415, 101Y, Co-Channel Test, Full Pulse

Environment

5.3.1.1 The PMSE Co-Channel test data indicates a PMSE signal level greater than -
106dBmM/200kHz RMS in X mode will cause the Thales DME415 to drop below the -
88dBm criteria. For Y mode a signal level greater than -108dBm/200kHz RMS wiill
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cause a drop in BRE below 70% at -88dBm criteria. For comparison PMSE CW was
-108dBm and -115dBm respectively.

5.3.2

Beacon Reply Efficiency (%)

Beacon Reply Efficiency (%)

Thales DME415, No Link-16 Testing, Co-Channel
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Figures 5-14 & 5-15 — Thales 415, 101X, Co-Channel Test, No Link-16
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53.2.1

5.3.3

5.3.3.1

5.3.4

5341

53.4.2

5.3.4.3

Figures 5-16 & 5-17 — Thales 415, 101Y, Co-Channel Test, No Link-16

With no Link-16 signals applied the test data indicates that a PMSE signal greater
than -105dBm/200kHz RMS will cause BRE to fall below 70% at the -88dBm
criteria. For comparison a PMSE CW signal of -108dBm caused the BRE to fall
below 70%.

Thales 415 Off Frequency Rejection(OFR) Curve

The OFR curve was produced by using the same methodology as used for the
Fernau 2020.

PMSE DIGITAL MICROPHONE OFF-FREQUENCY REJECTION (OFR) TEST
ON A THALES 415 DME BEACON, CHANNEL 101X/Y,
INTERROGATION FREQUENCY 1125MHz, LINK-16_ON
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Figure 5-18 - Thales 415 Offset Rejection Curve
Thales DME415 Results Summary

Testing of the Thales DME415 Beacon gave similar results to the Fernau 2020 and
in all cases caused the reply efficiency to drop to below 70%.

The PMSE Co-Channel test data indicates a PMSE signal level greater
than -106dBm/200kHz RMS in X mode will cause the Thales DME415 to fail the
criteria. For Y mode a signal level greater than -108dBm/200kHz RMS will cause a
fail.

With no Link-16 signals applied the test data indicates that a PMSE signal of
greater than -105dBm will also result in a fail.
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5.3.4.4 As before the OFR curves show the PMSE DM signal required to cause the BRE to
fall below 70% BRE at delta MHz above and below the Interrogation frequency. At
2MHz below with the Beacon operating in Y mode a PMSE DM signal of greater
than -75dBM/200kHz RMS will cause the BRE to fall below 70%.
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6.1

6.1.1

6.1.2

6.1.3

6.2

6.2.1

6.2.2

DME INTERROGATOR TEST CONFIGURATION

Introduction

The DME Interrogator test programme encompassed three separate sets of
measurements to determine the performance of the DME Interrogators in the
presence PMSE DM signals. The tests completed were:

e PMSE to DME Interrogator ASOP test
e PMSE Breaklock test
e PMSE signal Off-Frequency Rejection (OFR) (Selectivity) test

Two DME Interrogators types were tested:

e Bendix/King KN64 General Aviation (A high number operating within UK
FIR), the receiver sensitivity is typically -85dBm.

e Rockwell Collins DME 900 Scanning DME

All tests were carried out with the inclusion of a Link-16 RF pulse environment,
however and where appropriate JCSys also took measurements without the
presence of Link-16 for the purposes of comparison.

PMSE to DME Interrogator ASOP testing

In order to evaluate the performance of a DME Interrogator the Time to Acquire
(TTA) was measured at a number of beacon signal levels (BSLs), the raw data was
then analysed to determine the Acquire Stable Operating Point (ASOP) of the DME
interrogator, the point at which it can expect to receive a reliable service from the
DME Ground Beacon. The BSL is controlled by the 8-NET software which in turn
controls the beacon simulator signal level, the following parameters were pre-set
into the beacon simulator:

e Channel 32X, 59Y (993MHz, 1146MHz)

e Squitter pulses set at 700ppps (Typical UK Beacon Level)
¢ Beacon Reply Efficiency at 70% (ICAO Annex 10)

e Range set at 200NM

e BSL (dBm) -60 to -100 in 1dB steps

The PMSE DM signal was introduced via a 20dB RF coupler with the PMSE DM
signal being generated by JCSys test equipment. The PMSE DM signal level was
set to -127dBm then increased in 1dB steps until a change in ASOP was
determined.
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6.2.3

6.2.4

6.3

6.3.1

6.3.2

6.3.3

6.3.4

6.4

6.4.1

As the ASOP values for the two DME Interrogator types, both with and without the
presence of Link-16 are already known, these were used as a starting point for the
testing.

The ASOP test was undertaken as follows: -

e Set beacon simulator to ASOP signal level.

o Ensure DME Interrogator locks on within 5 second search time or
(manufacturers specified search time).

¢ Introduce PMSE Co-Channel signals to determine the PMSE signal level
that changes the ASOP.

o If ASOP is already at ICAO Annex 10 signal level, then introduce PMSE DM
Co-Channel signal levels that cause a change in ASOP of 1dB.

e Record PMSE DM Co-Channel signal level.

Breaklock Testing

This test determines the PMSE signal levels that is required to cause a Breaklock of
a DME interrogator while simulating an aircraft inbound approach to an Aerodrome.

The Beacon signal level was set to a number of signal levels ranging from -78dBm
(ICAO level) to -20dBm in 5dB steps. At each predetermined beacon reply signal
level the PMSE DM signal was increased until a Breaklock occurs.

A Breaklock was measured as follows: -
e Set beacon simulator to appropriate range.
e Set beacon simulator squitter/reply signal level (i.e.-50dBm).

¢ Increase PMSE DM Co-Channel signals until Interrogator Breaklock occurs
(allow 60 seconds for Breaklock to occur).

¢ Record PMSE signal level.

e Record beacon Simulator signal level.
All Breaklock tests were undertaken in the presence of the Link-16 environment.
Off-Frequency Rejection (OFR) (Selectivity) of a PMSE DM Signal test
The Off-Frequency Rejection curve is produced by:

e Setting the beacon simulator signal level to the ASOP value

e Ensure the interrogator is locked onto the beacon signal
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¢ Change the PMSE DM frequency in steps of 1MHz.

6.4.2 At each 1MHz step adjust the PMSE signal level until a breaklock occurs, and
record that signal level.
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7 DME INTERROGATOR TEST RESULTS

7.1 Pass/Fail Criteria

7.1.1  For the ASOP test, the interrogator must achieve ASOP at a signal level of -78dBm
or greater. Lock must be obtained within the period specified by the manufacturer
(typically 5 seconds).

7.1.2  For Breaklock and OFR tests there are no defined pass or fail criteria as they simply
provide an indication of performance in the presence in PMSE DM signals.

7.2 Bendix/King KN-64 Test Results
7.2.1 PMSE Co-Channel ASOP Test on a Bendix/King KN-64

7.2.1.1 The following graphs show the results of the ASOP tests for the Bendix/King KN-64.

PMSE DM Co-Channel Test On A Bendix/King KN-64 Interrogator At
993MHz, Channel 32X.

-60
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-75 /
| — — /, —e—NO_LINK-16
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PMSE SIGNAL LEVEL (dBm/200kHz) RMS

Figure 6-1 — Bendix/King KN-64 ASOP Test, X Channel

7.2.1.2 The ASOP test data for X mode indicates that a PMSE DM signal
of -98dBm/200kHz RMS causes the No_Link-16 ASOP to fail the criteria. It can also
be seen that the presence of the Link-16 environment improves the ASOP
performance. The result for PMSE DM is marginally worse, by 3dB, than that
recorded for PMSE CW.
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PMSE DM Co-Channel Test On A Bendix/King KN-64 Interrogator At
1146MHz, Channel 59Y.
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Figure 6-2 — Bendix/King KN-64 ASOP Test, Y Channel

The test data gathered for Y Mode, Figure 6-2, indicates that with a PMSE signal
level of -94dBm/200kHz RMS, the No_Link-16 test meets the ASOP criteria
of -78dBm. Again it can be seen that the Link-16 environment improves the ASOP
performance of this DME interrogator type. For comparison the recorded PMSE CW
signal is within 1dB.

PMSE Co-Channel Breaklock Test on a Bendix/King KN-64

Figure 6-3 below shows the relationship between the received signal strength from
the DME Beacon and the signal level of PMSE DM necessary to cause Breaklock.
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PMSE Signal Level (dBm/200kHz RMS)
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PMSE Co-Channel BreakLock Test on a Bendix/King KN64 DME
Interrogator, Link-16 Geo Area Scenario Included.
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Figure 6-3 - Bendix/King KN-64 Breaklock Test

This breaklock data shows PMSE DM Co-Channel signal that causes a Bendix/King
KN64 to breaklock while locked on to a DME Ground Beacon. The graph is
approximately linear and shows that a 6dB increase in PMSE DM power causes a
6dB increase in the required received signal in order to maintain lock. This is a
similar result to that found with PMSE CW.

Both X-mode and Y-mode are shown in Figure 6-3.
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7.2.3 Bendix/King KN64 Off-Frequency Rejection (OFR)

PMSE Off Frequency Rejection (OFR) Test on a Bendix/King KN64 DME

Interrogator, Link-16 Geo Area Scenario Included.
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Figure 6-4 - Bendix/King KN64 Off-Frequency Rejection (OFR) Curve

7.2.3.1 Figure 6-4 shows that a breaklock will occur at a PMSE DM signal level of greater
than -65dBm/200kHz RMS at a frequency 1MHz below the Beacon Reply frequency
(CH-59Y, 1146MHz).

7.3 Rockwell Collins DME 900 Test Results
7.3.1 PMSE Co-Channel ASOP Test on a Rockwell Collins DME 900

7.3.1.1 The following graphs show the results of the ASOP tests for the Rockwell Collins
DME 900.
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PMSE DM Co-Channel Test On A Rockwell/Collins DME-900
Scanning Interrogator, Directed Frequency (1) set at 993MHz, Channel 32X.
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Figure 6-5 — Rockwell Collins DME 900 ASOP Test, X Channel
PMSE DM Co-Channel Test On A Rockwell/Collins DME-900
Scanning Interrogator, Directed Frequency (1) set at 1146MHz, Channel 59Y.
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Figure 6-6 — Rockwell Collins DME 900 ASOP Test, Y Channel

7.3.1.2 The test data shows that for both X and Y mode the Rockwelll Collins DME-900
scanning interrogator meets the ICAO Annex 10 derived criteria (ASOP achieved at
-78dBm) with PMSE DM signals no greater than -92dBm/200kHz RMS.

24





7.3.1.3 The ASOP performance of the Rockwell Collins DME 900 is improved within a Link-
16 environment. The PMSE DM Co-Channel signals should be no greater than -
90dBm/200kHz RMS.

7.3.2 PMSE Co-Channel Breaklock Test on a Rockwell Collins DME 900

7.3.2.1 Figure 6-7 below shows the relationship between the received signal strength from
the DME Beacon and the level of PMSE necessary to cause Breaklock.

PMSE Co-Channel BreakLock Test on a Rockwell/Collins DME-900
Scanning DME Interrogator, Link-16 Geo Area Scenario_ON.

50 -

-55
60 /

-85 o

-70 1

.75 L ——X MODE
] / / —-=-Y MODE

-80 /

-85 1

-90 /
-95 1 V
00—

-100 -90 -80 -70 -60 -50 -40 -30
DME Interrogator Received Signal Level (dBm)

PMSE Signal Level {dBm/200kHz RMS)

Figure 6-7 - Rockwell Collins DME 900 Breaklock Test

7.3.2.2 This breaklock data shows PMSE DM Co-Channel signal levels that cause a
Rockwell Collins DME 900 to breaklock while locked on to a DME Ground Beacon.
The graph for X-mode is approximately linear, however Y-mode sows a variation in
the performance dependant on the power level of the received PMSE DM signal.

7.3.2.3 The breaklock result is similar to that found in previous testing of the Rockwell
Collins DME 900 when a PMSE CW signal was used.

7.3.3 Rockwell Collins DME 900 Off-Frequency Rejection (OFR)

7.3.3.1 The OFR curve was measured in the same way as for the Bendix/King KN64. The
measured results are shown below in Figure 6-8.
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PMSE Off Frequency Rejection (OFR) Test on a Rockwell/Collins DME-900
Scanning DME Interrogator, Link-16 Geo Area Scenario_ON.
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Figure 6-8 - Rockwell Collins DME 900 Off-Frequency Rejection (OFR) Curve

7.3.3.2 A PMSE DM signal of greater than -20dBm/200kHz RMS at a frequency 1MHz
offset from the Beacon Reply frequency causes a breaklock. The OFR curves
measured for this Scanning DME 900 Interrogator indicates it will have a much
better rejection of PMSE signals than previously tested single channel DME
Interrogators.
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8.1

8.1.1

8.1.2

8.1.3

8.14

CONCLUSIONS

DME Beacon Testing

The DME Beacon test data recorded for the two different beacon types indicates
that PMSE DM Co-Channel signal levels greater than -110dBm/200kHz RMS
received at a DME beacon receiver input will have an impact on BRE performance.
The signal environment used for this testing was based on a typical UK DME pulse
load, a typical UK Link-16 pulse load and 4 PMSE DM co-channel signals.

This result is better than the -115dBm reported when a PMSE CW signal was used
as the interfering signal. From the data gathered it can be concluded that a PMSE
DM signal is no worse for a DME beacon than a PMSE CW signal, and in most
cases it causes less of an effect.

As with the original OFR testing the PMSE DM curves can be used to reduce the
impact on DME beacon reply efficiency performance. The results of the selectivity
testing indicate that offsetting a PMSE DM signal by more than 2MHz will provide
an additional 20dB margin for PMSE signals.

A summary of the DME Beacon testing data is shown below (The co-channel, 4
PMSE signal results are displayed in RED). The offset data is generated from the
OFR curves which used a single PMSE signal.

Table 8-1 DME Beacon Summary

PMSE RMS Power in 200kHz BW[dBm]
Full Pulse Environment
Fernau 2020 Thales 415
Offset | X Mode | Y Mode | X Mode | Y Mode
[MHZ]
-5 -52 -38 -39 -45
-4 -72 -48 -48 -58
-3 -81 -64 -62 -69
-2 -87 -76 -73 -76
-1 -98 -91 -88 -91
0 -104/-110 | -98/-108 | -103/-106 | -105/-108
1 -98 -90 -89 -88
2 -84 -80 -78 -73
3 -71 -72 -70 -61
4 -56 -64 -56 -46
5 -46 -54 -44 -38
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8.2

8.2.1

8.2.2

8.2.3

8.2.4

DME Interrogator Testing

The DME Interrogator test data indicates that PMSE co-channel signal levels
greater than -98dBm/200kHz RMS received at a DME Interrogator receiver result in
a change in ASOP performance below the defined criteria.

The results of the OFR testing indicate that offsetting a PMSE DM signal by more
than 1MHz will provide an additional 20dB margin.

These results are very similar, within 1dB, to those found when testing with a PMSE
CW signal.

A summary of the DME Beacon testing data is shown below (The co-channel, 4
PMSE signal results are displayed in RED). The offset data is generated from the
OFR curves which used a single PMSE signal.

Table 8-2 DME Interrogator Summary

PMSE RMS Power in 200kHz BW[dBm/200kHz]
Full Pulse Environment
Bendix/King Rockwell Collins
KN-64 DME 900
Offset X Mode Y Mode X Mode Y Mode
[MHZz]
-5 -21 21
-4 -26 -32
-3 -29 -36
-2 -42 -46
-1 -54 -64 -18 -18
-0.75 -32 -28
-0.5 -56 -51
-0.25 -78 -77
0 -84/-93 -89/-92 -87/-90 -82/-92
0.25 -79 -80
0.5 -48 -53
0.75 -23 -33
1 -55 -55 -18 -20
2 -39 -45
3 -26 -42
4 -23 -26
5 -22 -23






8.2.5

8.2.6

The results of breaklock testing show that the level of PMSE interference required
to cause a breaklock is proportional to the DME reply power received by the
interrogator.

The PMSE power required to cause breaklock is between 3dB and 15dB stronger
than the level which prevents a lock being acquired. Hence if PMSE interference
causes breaklock, the interrogator will be unable to re-acquire lock until the
interference is reduced or removed.
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FIR Flight Information Region

FRUIT False Replies Uncorrelated with Interrogation Transmission or

False Replies Uncorrelated In Time
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GNSS Global Navigation Satellite System

ICAO International Civil Aviation Organization

MOD Ministry of Defence

Mode A A code identifying an aircraft and set for the duration of a flight.
Mode C A code identifying the current altitude of an aircraft.
Mode S A message addressed to or from a ‘Selected’ aircraft.
PMSE Programme Making and Special Events

RF Radio Frequency

SMR Successful Message Rate

SSR Secondary Surveillance Radar

TSDF Time Slot Duty Factor
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1.2

BACKGROUND

Ofcom would like to determine the impact of the coexistence of Programme Making and
Special Events (PMSE) low power systems with incumbent aeronautical Communications,
Navigation and Surveillance (CNS) systems operating in the band 960-1164 MHz. There are
a number of CNS systems operating in this band including Distance Measuring Equipment
(DME), Secondary Surveillance Radar (SSR) as well as the Military Tactical Data Link
system known as Link-16.

JCSys have been contracted by Ofcom under contract no. 1358 to test the impact of PMSE on
the existing systems operating in the 960-1164 MHz frequency range and well as the impact
of those systems on PMSE. JCSys have been testing the compatibility of Link-16 with CNS
systems for a number of years and as such have access to a wide range of in service CNS
equipment in support of this test programme.





2.1

OBJECTIVES

The objective of this test report is to present the results of the testing carried out by JCSys to
determine the compatibility of PMSE with the existing CNS system operating in the 960-1164
MHz frequency range.





3.1

3.2

APPROACH

A simulated PMSE transmission signal will be used to determine if there are any changes to
the performance characteristics of various CNS equipment receivers in the presence of PMSE
signals. To ensure an accurate representation of the real Radio Frequency (RF) environment
is used, a complex RF signal environment will be simulated which includes the presence of
Link-16 as detailed below in Test Configuration Sections of this document.

The PMSE equipment performance will also be measured using an audio quality measurement
system supplied by Ofcom. The audio recording system will be used to determine any changes
to PMSE audio quality and performance while operating in the simulated CNS RF signal
environment.
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4.2
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4.2.3

4.3

431
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DME GROUND BEACON TEST CONFIGURATION

Overview

In accordance with the requirement JCSys has tested a range of DME Ground Beacons for
coexistence with PMSE signals.

It has been agreed that testing of DME beacons will be used to read across to Military Tactical
Air Navigation (TACAN) systems, that are for the purposes of testing identical in their
operation (reference email from Clive Beamish (MoD) to Ofcom, 25 February 2015 12:29,
Subject: Compatibility of new TACANS).

In accordance with the agreed Test Specification DME Ground Beacons were tested in a
representative RF pulse environment, which includes DME and Link 16 pulses. PMSE signals
were introduced into the RF environment to determine the effect on DME Ground Beacon
performance.

All testing has been carried out under controlled laboratory conditions with the raw data
recorded and stored so that all elements of the testing can be re-visited and repeated at a later
stage if required.

DME Pulse Environment
DME Ground Beacon testing was carried out on both X and Y channel.
The following DME pulse environments were used:

e ForaY mode DME beacon 1200 pulse pairs per second (ppps) on-code load (36us
spacing) + 300ppps off-code load (12us spacing).

e  Foran X mode DME beacon 2200ppps on-code load (12us spacing) + 300ppps off-
code load (36us spacing).

Testing was carried out on both the Co and Adjacent channels.
Link-16 Pulse Environment

The link-16 pulse environment used in the testing represents the UK Any Point In Space
(APIS) 70NM radius Geo Area at 60% Time Slot Duty Factor (TSDF), known as 70/60. This
represents the pseudo random frequency hopping Link-16 pulse environment as approved to
operate in the UK FIR.

PMSE Signals for Interference Testing

Four independent PMSE channels, with frequencies defined by Ofcom (Table 4-1), were
simulated using CW carriers with no modulation.





PMSE Frequency Set for 1125MHz Channel: 101X/Y
Co-channel Adjacent Channel
1124.6 1123.975
1124.9 1124.35
1125 1125
1125.25 1125.6
1125.7 1126.025

Table 4-1 — PMSE Test Frequencies

4.4.2 Each of the four channels has the same transmission power to represent being part of a single
PMSE system, as shown in Figure 4-1 below. The common parameters are varied as follows:-

e Signal Power, as measured at the receiver of the DUT, from -127 dBm in 1 dB steps.

Offset frequency from nominal operating frequency of DUT, from 0 MHz in 200 kHz

steps.
1124.600 MHz
-43,20 dBm
Figure 4-1 — Four PMSE Channels used for testing
Measurement Approach

Testing was undertaken on DME Channel 101X (1125MHz) using a Desired Signal of 150
ppps and then repeated on DME Channel 101Y.





452

453

454

Testing was also undertaken with the PMSE signals on the Adjacent Channel to measure the
effect.

In order to produce a Beacon Reply Efficiency (BRE) curve, 20 Desired Signal Levels were
used:

e -50,-60,-70,-80,-82,-84,-85,-86,-87,-88,-89-90,-91,-92,-93,-94,-95,-96,-97,-98. (dBm)

Testing was initially carried out using the full pulse environment as specified above. JCSys
then undertook an additional set of tests without the presence of the Link-16 signal. This was
done in order to comply with a request from Ofcom, for the purposes of comparison, and to
allow a more complete analysis of the results.





5.1

5.11

512

5.2

5.2.1

5.2.2

5.2.3

5.24

DME GROUND BEACON TESTING RESULTS

Introduction

DME Ground Beacons are an air radio navigation technology that transmits reply signals in
response to received interrogation signals. Aircraft use DME airborne interrogators to
determine their slant range from DME Ground Beacons by sending and receiving pulse pairs,
of specific spacing. A typical DME Ground Beacon system for en-route or terminal navigation
will have a 1 kW or 100W respectively peak pulse output on the assigned UHF channel.

Three DME Ground Beacon types were used by JCSys as part of the PMSE test programme,
these are:

e Fernau 2020 (Used extensively within the UK Flight Information Region, NATS
Enroute)

o  Thales 415 (Used for military ILS and civil applications)
e  Fernau 1117 (Used for civil applications)
Pass/Fail Criteria
The performance requirements of a DME Ground Beacon are defined in ICAO Annex 10.

The specific test parameter to be measured is Beacon Reply Efficiency (BRE). BRE
performance is the measurement of a known number of interrogations resulting in a processed
number of replies normally expressed as a percentage (a BRE of 100% means all
interrogations are processed successfully into replies).

ICAO Annex 10 states that a DME beacon must maintain 70% beacon reply efficiency and
that it must be able to achieve this at a power density of -103dBW/m2 for Enroute and -
93dBW/m2 for Aerodrome approach.

A UK criteria for DME Ground Beacons has been derived from ICAO Annex 10 using a
typical antenna gain and cable loss to determine a signal level of -88dBm for Enroute and -
78dBm for Aerodrome DME’s. These levels had been previously agreed between the UK
CAA and UK MOD.





53 Fernau 2020 Test Results
531 Fernau 2020 Full Pulse Environment Testing, Co-Channel

5.3.1.1 The following charts shows a humber of reply efficiency curves for a Fernau 2020 ground
beacon operating in X and Y mode when tested with the full pulse environment as specified
in section 4 above.

5.3.1.2 The PMSE signal level is measured at the receiver input of the beacon. Expanded views are
also provided in each case.

FERNAU 2020
Channel 101X, PMSE Co-Channel Tests,
SDES ON, Rx Sens -93dBm, Beacon Load = 2200pp/s

100

Q20

-108dBm

——
e ¥ —=— -109dBm
—_

80

-110dBm
70 -111dBm

,// e -1150Bm
50 i —o— -120dBm

——-127.00
= UK Criteria

50

: W

Beacon Reply Efficiency (%)

0 )
-100 -95 -90 -85 80 75 70 65 -60 -55 -50
Beacon Signal Level (dBm)
FERNAU 2020
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Figures 5-1 & 5-2 — Fernau 2020, 101X, Co-Channel Test, Full Pulse Environment





FERNAU 2020
Channel 101Y, PMSE Co-Channel Tests,
SDES ON, Rx Sens -95dBm, Beacon Load = 1200pp/s
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FERNAU 2020
Channel 101Y, PMSE Co-Channel Tests,
SDES ON, Rx Sens -95dBm, Beacon Load = 1200pp/s
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Figures 5-3 & 5-4 — Fernau 2020, 101Y, Co-Channel Test, Full Pulse Environment

5.3.1.3 The test data indicates that a PMSE signal level of -111dBm should not be exceeded for the
co-channel case for Y mode. A signal level of -111dBm just causes a fail of the criteria for X
mode.

5.3.2 Fernau 2020 No Link 16 Testing, Co-Channel

5.3.2.1 Testing was also carried without the presence of the specified Link-16 pulse environment for
the purposes of completeness, the results were as follows:
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Figures 5-5 & 5-6 — Fernau 2020, 101X, Co-Channel Test, No Link 16
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FERNAU 2020
No Link-16, Channel 101Y, PMSE Co-Channel Tests,
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Figures 5-7 & 5-8 — Fernau 2020, 101Y, Co-Channel Test, No Link 16

5.3.2.2 The test data indicates that a PMSE signal of -109dBm should not be exceeded for both X and
Y mode.





5.3.3 Fernau 2020, Full Pulse Environment, Adjacent Channel Testing
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Channel 101Y, PMSE Adj-Channel Test,
SDES ON, Rx Sens -95dBm, Beacon Load = 1200pp/s

100
90
—+— -127dBm
80 | ) —— -120dBm
P W e -115dBm
=
70 i —<— -110dBm
g —— -108dBm
=
2 60 - —o— -107dBm
2 ﬂf J -106¢Bm
=
5 5 -105dBm
g /// 7 / UK Criteria
@
T 40 j /
=]
o
©
@ 30 f 7
20 )
10 W
. e
-100 95 -90 -85 -80 75 -70 -65 -60 -55 -50

Beacon Signal Level (dBm)

FERNAU 2020
Channel 101Y, PMSE Adj-Channel Test,
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Figures 5-9 & 5-10 - Fernau 2020, 101Y, Adjacent Channel Test, Full Pulse
Environment

5.3.3.1 Results show that with the PMSE signal on an Adjacent Channel it still causes the reply
efficiency of the DME to drop below 70% when the signals were applied. The results indicate
that signal level of -115dBm should not be exceeded.
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Figures 5-11 & 5-12 - Fernau 2020, 101Y, Adjacent Channel Test, No Link 16

5.3.3.2 With the same test undertaken without the presence of Link 16 signals test data indicates that
a PMSE signal level of -106dBm should not be exceeded.
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534

534.1

5.3.4.2

5.3.4.3

5344

5.3.4.5

Fernau 2020 Results Summary

The Fernau 2020 is used for enroute and aerodrome and typically has a fixed sensitivity of -
95dBm.

The test results for the Fernau 2020 indicate that the beacon is susceptible to the PMSE signal
with the resulting effect of causing the reply efficiency to drop below 70% with the beacon
operating in either X or Y mode.

The test data indicates that a PMSE signal level of -111dBm should not be exceeded for the
co-channel case for Y mode. A signal level of -111dBm just causes a fail of the criteria for X
mode.

Without the presence of Link 16, the test data indicates that -109dBm should not be exceeded
for both X and Y mode in the co-channel case.

The PMSE adjacent channel test data indicates that with no Link-16 a PMSE signal level of -
106dBm should not be exceeded. When Link-16 is applied a PMSE signal level of -115dBm
should not be exceeded.
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5.4 Thales DME 415 Test Results

54.1 Thales DME415, Full Pulse Environment Testing, Co-Channel

THALES DME415
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Figures 5-13 & 5-14 — Thales 415, 101X, Co-Channel Test, Full Pulse Environment
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Beacon Reply Efficiency (%)

Beacon Reply Efficiency (%)
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Figures 5-15 & 5-16 — Thales 415, 101Y, Co-Channel Test, Full Pulse Environment

The PMSE Co-Channel test data indicates a PMSE signal level greater than -108dBm in X
mode will cause the Thales DME415 to drop below the -88dBm criteria. For Y mode a signal
level greater than -115dBm also cause a drop below -88dBm.
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5.4.2 Thales DMEA415, No Link 16 Testing, Co-Channel
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Figures 5-17 & 5-18 — Thales 415, 101X, Co-Channel Test, No Link 16
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THALES DME415
No Link-16, Channel 101Y, PMSE Co-Channel Tests,
SDES ON, Rx Sens -94dBm, Beacon Load = 1200pp/s
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Figures 5-19 & 5-20 — Thales 415, 101Y, Co-Channel Test, No Link 16

5.4.2.1 With no Link-16 signals applied the test data indicates that a PMSE signal greater than -
108dBm will cause it to fall below the -88dBm criteria.

54.3 Thales DMEA415 Results Summary

5.4.3.1 Testing of the Thales DME415 Beacon gave similar results to the Fernau 2020 and in all cases
caused the reply efficiency to drop to below 70%.

18





5.4.3.2 The PMSE Co-Channel test data indicates a PMSE signal level greater than -108dBm in X
mode will cause the Thales DME415 to fail the criteria. For Y mode a signal level greater
than -115dBm will cause a fail.

5.4.3.3 With no Link-16 signals applied the test data indicates that a PMSE signal of greater than -
108dBm will also result in a fail.

5.4.3.4 One of the reason for the above results is that the Thales DME415 has an automatic circuit
that causes the beacon to de-sensitise in the presence of any CW Signals.
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55 Fernau 1117 Test Results
551 Summary

5.5.1.1 Testing of the Fernau 1117 Beacon against the standard test configuration gave similar results
to the Fernau 2020 and the Thales 415 and caused the reply efficiency to drop to below 70%.

FERNAU 1117
Channel 101X, PMSE Co-Channel Tests,
SDES ON, Rx Sens -91dBm, Beacon Load = 2200pp/s
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FERNAU 1117
Channel 101X, PMSE Co-Channel Tests,
SDES ON, Rx Sens -91dBm, Beacon Load = 2200pp/s
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Figures 5-21 & 5-22 — Fernau 1117, 101X, Co-Channel Test, Full Pulse Environment
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FERNAU 1117
Channel 101Y, PMSE Co-Channel Tests,
SDES ON, Rx Sens -90dBm, Beacon Load = 1200pp/s
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FERNAU 1117
Channel 101Y, PMSE Co-Channel Tests,
SDES ON, Rx Sens -90dBm, Beacon Load = 1200pp/s
80
—a— -105dBm
—i— -1078m
80
- —— -115dBm
£ "—)/ . -
3 / - —o— UK Criteria
k]
g
w7
>
a
@
[
£
Q
&
@
m
60
50

-80 -85 -80

Beacon Signal Level (dBm)

Figures 5-23 & 5-24 — Fernau 1117, 101Y, Co-Channel Test, Full Pulse Environment
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Beacon Reply Efficiency (%)

Beacon Reply Efficiency (%)

FERNAU 1117
No Link-16, Channel 101X, PMSE Co-Channel Tests,
SDES ON, Rx Sens -91dBm, Beacon Load = 2200pp/s
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Figures 5-25 & 5-26 — Fernau 1117, 101X, Co-Channel Test, No Link-16
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FERNAU 1117
No Link-16, Channel 101Y, PMSE Co-Channel Tests,
SDES ON, Rx Sens -90dBm, Beacon Load = 1200pp/s
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Figures 5-27 & 5-28 — Fernau 1117, 101Y, Co-Channel Test, No Link-16

55.2 When tested the Fernau 1117 was not able to maintain a 70% reply efficiency at -88dBm at
all the tested PMSE signal levels. Both with and without the presence of Link 16, a PMSE
signal level of greater than -110dBm can cause the reply efficiency to drop below 70% at -
88dBm.
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5.6

5.6.1

56.1.1

5.6.1.2

5.6.2

Frequency Selectivity Testing
Introduction

With all beacons under test showing similar results and failing to pass the test criteria, JCSys
in consultation with Ofcom decided to amend the test parameters and attempt to determine
what level of frequency separation is required in order for the PMSE signal to have no effect
on the beacon under test.

This test produces selectivity curves for each type of beacon, on both X and Y Mode. The
results of the tests are shown below. In addition an representative X/Y channel selectivity
curve, without the presence of Link 16, are included (Figures 5-30, 5-32 and 5-34) to
verify/validate the PMSE Off frequency rejection (OFR) curves.

Fernau 2020 Selectivity and Offset Curves

PMSE Frequency Offset Test on a Fernau 2020 DME Beacon,
SDES Enabled, Link-16 GAREA_S1 and DME Environment Applied
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Figure 5-29 — Fernau 2020 X and Y Channel Selectivity Curves
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Figure 5-30 — Fernau 2020 Frequency Offset
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5.6.3 Thales DME415 Selectivity and Offset Curves

PMSE Frequency Offset Test on a Thales DME415 Beacon,
SDES Enabled, Link-16 GAREA_S1 and DME Environment Applied
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Figure 5-31 — Thales DME415 Selectivity Curve
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Figure 5-32 — Thales DME415 Frequency Offset
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5.6.4 Fernau 1117 Selectivity and Offset Curves

PMSE Frequency Offset Test on a FERNAU 1117 DME Beacon,
SDES Enabled, Link-16 GAREA_S1 and DME Environment Applied
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Figure 5-33 — Fernau 1117 Selectivity Curve
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Figure 5-34 — Fernau 1117 Frequency Offset
5.6.5  Selectivity Results

5.6.5.1 The results of the off frequency rejection / selectivity testing indicates that a PMSE signals
with a frequency offset from the DME channel would be desirable. A 2MHz offset could
provide 20dB difference to PMSE signal strength.
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6.1

6.1.1

6.1.2

6.1.3

6.2

6.2.1

6.2.2

DME INTERROGATOR TEST CONFIGURATION

Introduction

The DME Interrogator test programme encompassed three separate sets of measurements to
determine the performance of the DME Interrogators in the presence PMSE signals. The tests
completed were:

e PMSE to DME Interrogator ASOP test
e PMSE Breaklock test
o PMSE signal Off-Frequency Rejection (OFR) (Selectivity) test

Three DME Interrogators types were tested:

e Bendix/King KN64 General Aviation (A high number operating within UK FIR) the
receiver sensitivity is typically -85dBm.

e Collins 860E-3 (historic to Link-16 Test Programme) the receiver sensitivity is
typically -90dBm.

o King KDM 705 (historic to Link-16 Test Programme) the receiver sensitivity is
typically -85dBm

All tests were carried out with the inclusion of a Link 16 RF pulse environment, however and
where appropriate JCSys also took measurements without the presence of Link 16 for the
purposes of comparison.

PMSE to DME Interrogator ASOP testing

In order to evaluate the performance of a DME Interrogator the Time to Acquire (TTA) was
measured at a number of beacon signal levels (BSLs), the raw data was then analysed to
determine the Acquire Stable Operating Point (ASOP) of the DME interrogator, the point at
which it can expect to receive a reliable service from the DME Ground Beacon. The BSL is
controlled by the 8-NET software which in turn controls the beacon simulator signal level,
the following parameters were pre-set into the beacon simulator:

e Channel 32X, 59Y (993MHz, 1146MHz)

e Squitter pulses set at 700ppps (Typical UK Beacon Level)
e Beacon Reply Efficiency at 70% (ICAO Annex 10)

e Range set at 200NM

e BSL (dBm) -60 to -100 in 1dB steps

The PMSE signal was introduced via a 20dB RF coupler with the PMSE signal being
generated by JCSys test equipment. The PMSE signal level was set to -127dBm then increased

in 1dB steps until a change in ASOP was determined.
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6.2.3

6.2.4

6.3

6.3.1

6.3.2

6.3.3

6.3.4

6.4

6.4.1

As the ASOP values for the three DME Interrogator types, both with and without the presence
of Link 16 are already known, these were used as a starting point for the testing.

The ASOP test was undertaken as follows: -

e Set beacon simulator to ASOP signal level.

e Ensure DME Interrogator locks on within 5 second search time or (manufacturers
specified search time).

e Introduce PMSE Co-Channel signals to determine the PMSE signal level that
changes the ASOP.

e If ASOP is already at ICAO Annex 10 signal level, then introduce PMSE Co-
Channel signal levels that cause a change in ASOP of 1dB.

e Record PMSE Co-Channel signal level.
Breaklock Testing

This test determines the PMSE signal levels that is required to cause a Breaklock of a DME
interrogator while simulating an aircraft inbound approach to an Aerodrome.

The Beacon signal level was set to a number of signal levels ranging from -78dBm (ICAO
level) to -20dBm in 5dB steps. At each predetermined beacon reply signal level the PMSE
signal was increased until a Breaklock occurs.

A Breaklock was measured as follows: -

e Set beacon simulator to appropriate range.
e Set beacon simulator squitter/reply signal level (i.e.-50dBm).

e Increase PMSE Co-Channel signals until Interrogator Breaklock occurs (allow 60
seconds for Breaklock to occur).

e Record PMSE signal level.
e Record beacon Simulator signal level.

All Breaklock tests were undertaken in the presence of the Link-16 environment.
Off-Frequency Rejection (OFR) (Selectivity) of a PMSE Signal test

At the project meeting held on the 5th May it was agreed that having a selectivity curve for
the DME Ground beacon was useful and that it would be beneficial to have something similar
produced as part of the interrogator testing programme. In order to meet this requirement
JCSys have produced an Off-Frequency Rejection curve which is a measure of the increase
in PMSE levels that can be tolerated if the PMSE signals are on a different frequency to the
DME interrogation.
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6.4.2 The Off-Frequency Rejection curve is produced by:

e Setting the beacon simulator signal level to the ASOP value
e Ensure the interrogator is locked onto the beacon signal
e Change the PMSE frequency in steps of 1IMHz.

e Ateach 1MHz step adjust the PMSE signal level until a breaklock occurs, and record
that signal level.
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7.1

711

7.2

721

7.2.2

7.3

7.3.1

7.3.11

DME INTERROGATOR TEST RESULTS

Introduction

JCSys completed testing on three DME interrogators, namely the Bendix/King KN64, Collins
860E-3 and the King KDM 705A.

Pass/Fail Criteria

For the ASOP test, the interrogator must achieve ASOP at a signal level of -78dBm or greater.
Lock must be obtained within the period specified by the manufacturer (typically 5 seconds).

For Breaklock and OFR tests there are no defined pass or fail criteria as they simply provide
an indication of performance in the presence in PMSE signals of varying strengths.

Bendix/King KN-64 Test Results
PMSE Co-Channel ASOP Test on a Bendix/King KN-64
The following graphs show the results of the ASOP tests for the Bendix/King KN-64.

PMSE Co-Channel Test On A Bendix/King KN-64 Interrogator At
993MHz, Channel 32X.

&
S
=Y

&
o
o

4
=}
o

75.0 /A
5 E— A —+—NO_LINK-16
2800 _/_./ —=— GAREA_SP
o —]
o ______——""_ UK Criteria
w
-4

85.0 —

90.0

-95.0
-100.0

-130 -120 -110 -100 -90 -80

PMSE SIGNAL LEVEL (dBm)

Figure 7-1 — Bendix/King KN-64 ASOP Test, X Channel

7.3.1.2 The test data for X mode indicates that a PMSE signal level of -95dBm causes the No_Link-

16 ASOP to rise above the maximum level defined in the criteria. It can also be seen that the
presence of the Link-16 environment improves the ASOP performance.
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PMSE Co-Channel Test On A Bendix/King KN-64 Interrogator At
Channel 59Y, 1146MHz.
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Figure 7-2 — Bendix/King KN-64 ASOP Test, Y Channel

The test data gathered for Y Mode, Figure 7-2, indicates that with a PMSE signal level of -
95dBm, the No_Link-16 test meets the ASOP criteria of -78dBm. Again it can be seen that
the Link-16 environment improves the ASOP performance of this DME interrogator type.

PMSE Co-Channel Breaklock Test on a Bendix/King KN-64

Figure 7-3 below shows the relationship between the received signal strength from the DME
Beacon and the level of PMSE necessary to cause Breaklock.

PMSE Co-Channel BreakLock Test on a Bendix/King KN64 DME
Interrogator, Link-16 Geo Area Scenario Included.
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Figure 7-3 - Bendix/King KN-64 Breaklock Test
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7.3.2.2 This breaklock data shows PMSE Co-Channel signal levels that cause a Bendix/King KN64
to breaklock while locked on to a DME Ground Beacon. The graph is approximately linear
and shows that a 6dB increase in PMSE power causes a 6dB increase in the required received
signal in order to maintain lock.

7.3.2.3 Both X-mode and Y-mode are shown in Figure 7-3.
7.3.3 Bendix/King KN64 Off-Frequency Rejection (OFR)

7.3.3.1 The X-Mode OFR curve was measured with a Desired Beacon Signal Level (DBSL)
of -78dBm, and for the purposes of comparison the Y-Mode OFR curve was measured with
DBSL set at the measured ASOP of the interrogator.

PMSE Off Frequency Rejection (OFR) Test on a Bendix/King KN64 DME
Interrogator, Link-16 Geo Area Scenario Included.
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Figure 7-4 - Bendix/King KN64 Off-Frequency Rejection (OFR) Curve

7.3.3.2 Figure 7-4 shows that a breaklock will occur at a PMSE signal level of greater than -75dBm
at a frequency 1MHz below the Beacon Reply frequency.
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7.4 Collins 860 E-3Test Results
74.1 PMSE Co-Channel ASOP Test on a Collins 860 E-3

7.4.1.1 Figure 7-5, 7-6 and 7-7 below show the results of the Collins 860 E-3 ASOP tests.

PMSE Co-Channel Test On A Collins 860E-3 Interrogator At
Channel 59Y, 1146MHz.
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Figure 7-5 — Collins 860 E-3 ASOP Test, Channel 59Y

PMSE Co-Channel Test On A Collins 860E-3 Interrogator At
Channel 59Y, 1146MHz. (Manually Measured ASOP).
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Figure 7-6 — Collins 860 E-3 ASOP Test, Channel 59Y
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74.1.2

7.4.1.3

71414

74.15

PMSE Co-Channel Test On A Collins 860E-3 Interrogator At
Channel 32X, 993MHz. (Manually Measured ASOP)
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Figure 7-7 — Collins 860 E-3 ASOP Test, Channel 32X

The ASOP TTA test data for Y Mode has indicated a problem with a PMSE signal level
at -90dBm, specifically when No Link-16 is applied. This signal level causes false locks and
incorrect distance readings on the indicator. Figure 7-5 shows an erratic ASOP point with No
Link-16.

Figures 7-6 and 7-7 show the results of manual ASOP tests in the presence of the full RF
environment.

In order to understand the false lock issue more clearly, Figure 7-8 below shows a normal data
set taken at -99dBm, showing that the interrogator has acquired either a good lock with a
distance reading, or no lock at all. Figure 7-9 shows a data set at -90dBm where false distance
information has been recorded, this is shown in the table as a series of erratic distance
measurements, for example 399.5nm. The reason for this is currently unclear and will require
further investigation.

Testing has shown that increasing the PMSE signal greater than -97dBm can causes the
Collins 860 E-3 to suffer from false readings, and that signals greater than -90dBm will cause
it to fail to meet the -78dBm ASOP criteria.
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TEST: 849 SCENARIO: GAREA_SP ###
BEACON NUMBER OF .
SIGNAL TIME-TO-ACQUIRE LOCK (SECONDS) / INTERROGATOR RECORDED RANGE (nmi)
TTAs
LEVEL
(dBm) <120 secs 1 2 3 4 5 6 7 8 &) 10 11 12 13 14 15 16 17 18 19 20
-60 20 1.0 1.0 1.0 1.0 35 5.6 1.4 182, 1.0 12 1.0 1.0 14 2.4 11 2.7 -0.5 7.1 1.0 13
200.0 [ 0.1 |200.0 [ 200.0 | 200.0 | 0.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-61 20 13 1.0 3.3 1A18 1.0 1.0 1.0 -0.5 36 1.0 1.0 iy 1.0 35 2.6 16 35 31 -0.5 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-62 20 1.0 5.8 16 1.0 1.0 1.0 2.3 1.0 1.0 il -0.5 18 32 2.7 1.0 1.0 1.0 1.9 1.0 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-63 20 1.0 29 -0.5 33 EIMO)] 14 ElS) 1.3 1.0 1.0 16 13 1.0 1.0 32 -0.5 3.6 14 1.0 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-64 20 1.0 1.0 1.0 1.0 1.0 1.0 3.9 12 6.2 15 14 16 13 1.0 2 1.0 1.9 2.8 12 -0.5
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 199.9 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-65 20 24 18 13 33 1.0 3.0 1.0 1.0 1.4 1.0 1.0 6.9 14 1.0 2.0 1.0 1.0 1.0 1.0 5.0
200.0 [ 0.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 240.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-66 20 1.0 1.0 -0.5 1.0 1.0 1.0 1.7 1.0 1.8 1.0 12 1.8 1.0 4.1 17 -0.5 2.6 2.4 5.9 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-67 20 1.0 18 a7y 16 1.0 12 1.0 2.8 1.0 31 1.9 1.0 1.0 %2 1.0 1.0 2.3 1.0 12 5.7
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 23.3 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-68 20 15 43 3.0 1.0 14 15 1.0 1.0 22 -0.5 37 18 1.0 23 2.8 1.0 1.0 1.0 15 vy
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-69 20 34 13 13 1.0 1.0 1.0 1.4 1.0 3.2 1.0 1.0 21 -0.5 35 1.0 33 1.6 1.0 1.0 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-70 20 1.0 1.0 6.1 -0.5 3.8 1.0 1.6 14 1.0 1.0 11 1.0 %2 1.0 kil 1.0 -0.5 14 1.0 6.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
=71 20 1.0 26 15 1.0 11 1.0 1.0 1.0 -0.5 37 1.0 1.0 16 13 1.0 1.0 1.0 1.0 1.0 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 232.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
=72 20 1.0 -0.5 39 1.0 1.0 16 1.0 1.0 1.0 1.0 28 16 35 -05 32 1.0 1.0 1.7 23 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-73 20 1.0 16 1.0 1.0 1.0 1.0 4.8 12 1.9 1.0 1.0 16 1.0 19 13 1.0 1.0 -0.5 32 14
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-74 20 1.0 1.0 11 2.4 1.0 11 1.0 2.2 22 -0.5 35 34 11 13 1.0 1.0 1.0 1.0 1.0 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.1 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-75 20 1.0 -0.5 3.7 1.0 1.0 1.9 1.0 1.0 24 14 1.0 1.0 1.0 1.0 -0.5 5.7 1.0 1.6 1.0 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-76 20 1.0 16 1.0 1.0 1.0 1.0 -0.5 39 1.0 12 1.0 20 1.0 1.0 1.0 1.0 1.0 2.0 17 -0.5
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 120.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
=77 20 15 1.0 23 1.0 1.0 3.4 13 1.0 7 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-78 20 1.0 1.0 22 1.0 1.0 3.8 1.0 18 1.0 1.0 il 1.0 2.7 1.0 1.0 2.0 14 -0.5 35 11
200.0 | 240.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
=79) 20 17 27 1.0 17 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 15 1.0 1.0 1.0 17 17
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 48.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-80 20 1.0 1.0 1.0 1.0 1.0 11 2.2 1.0 7 1.0 1.0 1.0 1.0 13 17 1.0 3.6 2.4 12 20
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-81 20 1.0 1.0 1.0 10 1.0 13 1.0 1.0 -0.5 1.9 1.0 15 20 2.6 2.0 1.0 1.0 1.0 22 1.0
200.0 | 200.0 | 200.0 [ 200.0 | 2.4 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 24.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-82 20 15 3.9 3.2 1.0 1.0 1.0 1.0 13 2.3 1.0 1.0 1.0 1.0 -0.5 1.0 1.0 1.0 17 1.0 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-83 20 1.0 14 1.0 16 1.0 1.0 -0.5 1.0 1.0 1.0 1.6 11 12 1.0 1.0 1.0 1.0 1.0 1.0 1.0
200.0 | 24.0 | 200.0 [ 200.0 | 200.0 | 200.1 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-84 20 -0.5 4.6 1.0 1.0 1.0 1.0 13 1.0 1.0 1.0 1.0 1.4 1.0 -05 3.5 14 1.0 1.0 1.0 13
80.1 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.1 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-85 20 1.0 13 1.0 1.0 14 1.0 -0.5 35 18 1.0 21 15 12 1.0 16 1.0 1.0 13 1.0 -0.5
200.0 | 200.1 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.1 | 200.0 | 200.1 | 200.1 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0
-86 20 1.0 1.0 1.0 1.0 1.0 1.0 1.2 1.0 1.0 1.0 1.0 1.0 1.0 -0.5 3.4 1.0 -0.5 1.0 il 1.0
200.1 | 200.0 | 200.0 | 200.0 | 200.1 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.1 | 200.0 | 200.0 | 200.0 | 200.1
-87 20 1.0 1.0 1.0 14 14 1.0 1.0 35 12 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
200.1 | 200.0 | 200.0 | 200.1 | 200.0 | 200.0 | 200.1 | 200.0 | 200.1 | 200.1 | 200.1 | 200.0 | 200.0 [ 200.1 | 200.1 | 200.0 | 200.1 | 200.0 | 200.0 | 200.1
-88 20 4.6 1.0 1.0 1.0 17 1.0 13 1.0 17 1.0 13 1.0 11 3.7 1.0 3.9 1.0 15 1.0 34
200.1 | 200.0 | 200.1 | 200.0 | 200.1 | 48.0 | 200.0 | 200.0 [ 200.1 | 200.1 | 12.0 | 200.0 | 200.1 | 200.0 | 200.1 | 2.2 | 200.1 | 200.1 | 200.1 | 200.0
-89 20 16 12 18 14 43 1.0 2.0 1.0 27 13 24 1.0 14 1.0 4.1 -0.5 35 13 13 17
200.1 | 200.0 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.0 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.0 | 200.0 | 200.1 | 200.1
-90 20 -0.5 3.7 1AL 13 -0.5 2.8 1.0 2.0 7.9 37 4.3 3.0 1.0 2.4 2.4 14 16 11 57 20
200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.0 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.0 | 200.1 | 200.1 | 200.1 | 200.1
il 20 57 8.2 -0.5 7.1 2.8 2.6 11 15 85 26 4.2 5.1 219) -0.5 16 3.6 1.0 -0.5 4.2 6.9
200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.2 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1
-92 20 85 21.7 5.7 -05 -05 -0.5 9.6 -0.5 -0.5 -0.5 6.0 -0.5 5.6 -0.5 -05 -0.5 126 | -05 71 -05
200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.2 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1
-93 20 -0.5 -0.5 -05 | 130 | -05 -0.5 -0.5 -0.5 -05 | 436 | -05 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5
200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 190.0 | 200.1 | 180.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1
-94 19 -0.5 w0 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5
200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.0 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.0 | 200.1 | 200.1 | 200.1 | 200.1
.95 2 05 woone |05 wirk [ oern | e [
200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1 | 200.1
96 0 P T e e
0.0 0.0 0.0 0.0 0.0
-97 0 stk |k | ook [ sk | ok
0.0 0.0 0.0 0.0 0.0
.98 0 B e e
0.0 0.0 0.0 0.0 0.0

COLLINS 860E-3, S/N 583, CHANNEL 59Y, SUPP OFF, 70% REPLY EFF, 720 SQUITTER

Figure 7-8 — TTA Data for Collins 860 E-3 at a PMSE level of -99dBm
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TEST: 848 SCENARIO: GAREA_SP ###
BEACON NUMBER OF .
SIGNAL TIME-TO-ACQUIRE LOCK (SECONDS) / INTERROGATOR RECORDED RANGE (nmi)
TTAs
LEVEL

(dBm) <120 secs 1 2 3 4 5 6 7 8 9) 10 11 12 13 14 15 16 17 18 19 20

-60 20 1.0 1.0 1.0 1.0 15 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 -0.5 45 15 1.0 1.0 1.0 1.0
200.0 | 200.0 | 200.0 | 199.9 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0

-61 20 1.0 1.0 1.0 2 1.0 1.0 -0.5 31 1.0 1.0 1.0 16 1.0 1.0 17 1.0 1.0 1.0 1.0 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 199.9 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.3 | 200.0 | 200.0 | 200.0 | 199.9 | 200.0

-62 20 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 24 1.0 1.0 4.8 1.0 1.0 1.0 1.0 1.0 il
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 233.3 | 200.0 | 200.0 | 199.9 | 200.0 | 200.0

-63 20 i3 20 i3 1.0 1.0 -0.5 1.0 1.0 1.0 1.0 1.0 32 21 21 22 1.0 1.2 17 37 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 199.9 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 199.9 | 200.0 | 200.0

-64 20 14 1.0 1.0 1.0 1.0 1.0 1.0 12 1.0 1.0 1.0 4.1 1.0 1.0 1.0 15 1.0 1.0 26 18
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0

-65 20 1.0 1.0 1.0 5.0 1.0 1.0 1.0 1.0 1.0 13 1.0 1.0 1.0 14 1.0 1.0 4.6 1.9 13 1.6
200.0 | 200.0 | 199.9 | 200.0 | 200.0 | 23.3 | 199.9 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0

-66 20 16 1.0 1.0 13 HMO)] 1.0 1.6 1.0 3.2 1.0 1.0 1.0 1.0 1.0 1.0 23 1.0 15 17 1.0
200.0 | 200.0 | 200.0 [ 200.0 | 12.3 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 199.9

-67 20 -0.5 3.7 1.0 1.0 1.0 1.0 1.0 2.4 1.0 1.0 31 1.0 1.0 4.2 1.0 1.0 1.0 1.0 1.0 22
200.0 | 266.3 | 199.9 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0

-68 20 15 1.0 1.0 1.0 1.0 -0.5 4.1 2.8 1.0 1.0 2 1.0 18 31 1.0 1.0 1.0 -0.5 32 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 199.9 | 200.0 | 200.0 | 200.0 | 200.0

-69 20 1.0 %7 27 1.0 EIMO)] 1.0 25 1.0 1.0 -0.5 1.0 1.0 1.0 1.9 18 14 1.0 1.0 11 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0

-70 20 1.0 1.0 -0.5 3.3 1.0 1.0 15 1.0 1.0 12 1.0 1.0 1.0 1.0 1.0 11 4.1 1.0 12 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 199.9 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 334.0 | 200.0

=71 20 1.0 1.0 1.0 1.0 1.0 1.0 1.7 1.0 -0.5 32 20 219) 1.0 1.0 1.0 1.0 11 17 1.0 13
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0

=77 20 -0.5 1.0 27 1.0 18 1.0 722 1.0 1.3 1.8 1.0 1.0 1.0 -0.5 4.0 1.0 1.0 15 1.0 13
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 330.0

-73 20 1.0 1.0 1.0 1.0 2.0 1.0 4.4 1.0 1.0 1.0 1.0 1.0 1.0 1.0 13 1.0 11 1.0 -0.5 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 199.9 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0

-74 20 1.0 1.0 1.0 17 1.0 14 2.0 12 1.0 1.0 24 5.4 1.0 1.0 1.0 1.0 2.7 1.0 15 31
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0

=73 20 1.0 38 3.8 78 25 16 3.4 4.7 1.6 1.0 -0.5 37 5t3] 13 16 1.0 1.0 1.0 1.6 1.0
200.0 | 200.0 | 200.0 [ 200.0 | 92.7 | 200.0 | 180.0 | 200.0 | 200.0 | 200.0 | 0.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0

-76 20 5.8 9.5 1.0 13 1.0 3.1 1.6 1.0 1.6 20 18 -0.5 3.8 1.0 11 2.7 1.0 1.0 1.0 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.1 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0

=77 20 1.0 1.0 1.0 1.0 3.4 1.0 1.0 1.0 1.0 1.0 1.0 1.0 16 1.0 1.0 1.0 1.0 4.7 1.0 1.0
200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 [ 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0

-78 20 1.0 1.0 1.0 1.0 HMO)] 1.0 1.0 1.0 1.0 1.0 38 18 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0
200.0 | 200.1 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.1 | 200.0 | 200.0 | 200.0 | 200.1 | 200.0 | 200.0 | 200.0

~79) 20 -05 | -05 | -05 [ -05 | -05 | -05 -0.5 1.0 -05 | -05 | -0.5 1.0 -05 | -05 13 -0.5 -0.5 -0.5 -05 | -05
200.0 | 200.0 | 200.1 | 200.0 | 200.0 | 200.0 | 399.8 | 200.0 | 0.1 | 400.0 | 200.1 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.0 | 200.1 | 200.0 | 200.0

-80 20 -05 | -05 | -05 [ -05 | -05 | -05 -0.5 -0.5 -05 | -05 | -05 | -05 1.0 -0.5 1.0 -0.5 -0.5 -0.5 1.0 -0.5
200.0 | 200.0 | 200.1 | 200.1 | 200.0 | 200.0 | 399.7 | 399.6 | 200.0 | 399.7 | 200.0 | 200.0 | 399.6 [ 0.6 | 399.6 [ 200.0 | 200.0 | 16.5 | 200.0 | 200.1

-81 20 -05 ( -05 | -05 | -05 | -05 | -05 -0.5 1.0 -05 | -05 | -05 | -05 | -05 | -05 | -05 [ -05 -0.5 -0.5 -05 | -05
200.0 | 399.6 | 200.1 | 399.5 | 200.1 | 399.5 | 399.3 | 200.0 | 200.1 | 399.6 | 200.1 | 200.1 | 200.0 [ 200.1 | 200.0 | 180.8 | 399.6 | 399.6 | 199.7 | 399.6

-82 20 -05 | -05 | -05 [ -05 | -05 | -05 -0.5 -0.5 -0.5 | -05 5.4 -05 | -05 | -05 [ -05 | -05 -0.5 -0.5 -05 | -05
20.0 0.7 | 200.1 | 200.0 | 399.5 | 236.5 | 200.1 [ 200.1 | 0.6 |[399.5| 0.7 | 200.1 | 399.6 | 200.1 | 200.1 [ 200.1 | 0.6 | 200.0 | 399.6 | 161.9

-83 20 -05 | -05 | -05 [ -05 | -05 | -0.5 -0.5 -0.5 -0.5 32 -0.5 31 7.2 1.0 -0.5 2.7 -0.5 -0.5 -05 | -05
200.1 [ 200.1 | 200.1 | 200.0 | 202.5 | 0.6 | 399.5|399.6 [ 200.0 | 0.7 | 199.1| 0.8 0.7 0.7 1863 | 0.7 |3995| 1.2 |399.5 | 2024

-84 20 -05 ( -05 | -05 | -05 | -05 | -05 -0.5 -0.5 -05 | -05 | -05 | -0.5 39 -05 2.0 -0.5 -0.5 -0.5 -05 | -05
3996 | 0.6 0.6 0.8 | 399.5 | 399.5 | 399.5 | 399.6 | 200.1 | 202.5 | 399.5 | 200.1 | 0.6 0.7 0.7 | 399.6 | 200.0 | 399.6 | 399.5 | 399.6

-85 20 -05 | -05 | -05 [ -05 | -05 3.9 -0.5 -0.5 6.1 -05 | -05 | -05 | -0.5 8.2 -05 [ -05 -0.5 2.3 35 -0.5
202.5 [ 200.1 | 200.0 | 0.6 |199.1| 0.6 |149.2| 0.5 0.7 0.5 0.7 0.6 0.6 0.8 0.7 0.7 0.6 0.6 0.7 | 202.4

-86 20 -0.5 25 3.9 -0.5 1.0 -0.5 -0.5 -0.5 -05 | -05 | -05 | -05 [ -05 | -05 | -05 | -0.5 -0.5 -0.5 -05 | -05
1992 ( 0.7 0.6 | 2000|3995 | 05 0.7 0.0 | 2025 (399.5|200.1 | 0.6 0.7 0.6 |400.1| 0.7 |2026| 817 0.5 | 399.5

-87 20 -05 | -0.5 6.6 b1%24 -0.5 2K -0.5 -0.5 20 32 15 8.4 -0.5 24 -05 [ -05 -0.5 1.3 -05 | -05

06 | 2025 0.8 0.6 |3996| 0.6 0.4 0.6 0.6 0.7 0.6 0.7 | 104.6 [ 420.0 | 0.7 | 200.1 | 399.6 | 42.0 [ 2025 | 0.7

-88 20 -0.5 15 -05 [ -05 | -05 4.4 -0.5 4.5 -0.5 1.0 27 -05 | -05 | -05 [ -05 | -05 -0.5 -0.5 6.4 -0.5
0.7 06 |399.6| 07 0.6 0.7 |2025| 06 |[202.6|3995| 0.7 [2025| 0.7 |266.7|116.1 | 05 |202.6| 0.6 0.7 | 399.6

-89 20 29 -0.5 3.8 -05 | -05 | -05 42 -0.5 -05 | -05 | -05 | -05 [ -05 | -05 | -05 | -0.5 -0.5 -0.5 -05 | -05
0.6 0.6 0.7 | 20252026 | 164.1 | 0.6 |202.4|399.6 ( 56 |399.6 2025|2026 | 0.7 |[399.7| 1406 [ 399.6 | 74.6 0.1 | 202.6

-90 20 55 -05 [ -05 | -05 | -05 | -0.5 -0.5 -0.5 7.9 -05 | -05 | -05 | -0.5 9.5 -05 [ -05 3.7 -0.5 -05 | -05
202.6 | 202.6 | 399.5 | 202.5 | 202.5 | 318.0 | 0.7 | 202.6 [ 202.6 | 399.5 | 1782 | 9.0 | 2026 | 0.7 | 202.6 | 399.5| 0.7 06 | 1041 393

il 20 -0.5 3.2 -05 [ -05 | -05 [ -05 -0.5 4.5 -05 | -05 | 164 | -05 8.3 -05 | -05 | -05 -0.5 -0.5 -0.5 | -05
2025 | 0.6 0.6 |202.6 | 0.6 |2025|2025| 0.6 |2026|202.6| 0.8 0.7 0.7 0.7 | 202.6 | 399.5 | 202.5 | 202.6 | 202.5 | 399.6

-92 20 -05 | -05 | -05 [ -05 | -05 | -05 -0.5 -0.5 -0.5 4l -05 | -05 | -05 [ -05 | -05 | -05 -0.5 2.4 -05 | -05
3999 0.6 0.7 | 3996|1466 | 06 |2026( 0.7 |2026 | 0.6 |3995|3995| 05 0.8 | 1407 | 0.7 0.7 0.7 | 399.6 | 202.6

-93 20 -05 ( -05 | -05 | -05 | -05 | -0.5 -0.5 -0.5 5.4 -0.5 23 -05 [ -05 | -05 | -05 | -0.5 2.8 2.3 -05 | -05

399.6 [ 399.5| 0.7 |2025|2026| 0.7 [202.6|2026 | 0.7 |3995| 0.7 20.0 0.7 2026 0.7 |2026| 0.7 0.6 0.6 0.6

-94 20 31 -05 | -05 | -05 [ -05 | -05 1.0 -0.5 -05 | -05 18 21 -0.5 17 4.0 19 5.1 -0.5 -05 | -05

0.7 | 2025 | 2025|2026 ( 0.7 06 [399.6| 07 0.6 |199.2| 05 0.7 0.6 0.6 0.8 0.6 0.7 |399.7 [ 399.6 | 0.7
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COLLINS 860E-3, S/N 583, CHANNEL 59Y, SUPP OFF, 70% REPLY EFF, 720 SQUITTER

Figure 7-9 — TTA Data for Collins 860 E-3 at a PMSE level of -90dBm
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7.4.2 PMSE Co-Channel Breaklock Test on a Collins 860 E-3

7.4.2.1 Figure 7-10 below shows the relationship between the received signal strength from the DME
Beacon and the level of PMSE necessary to cause Breaklock.

PMSE Co-Channel BreakLock Test on a Collins 860E-3 DME Interrogator,
Link-16 Geo Area Scenario.
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Figure 7-10 — Collins 860E-3 Breaklock Test
7.4.2.2 The Breaklock data again shows the PMSE Co-Channel signal levels that cause a Collins 860
E-3 to breaklock while locked on to a DME Ground Beacon.

7.4.2.3 Both X-mode and Y-mode are shown below. Unlike the Bendix/King KN-64 there is a
difference between the X and Y tests, with X mode being marginally more susceptible to
PMSE interference. Again the liner relationship that shows that a 6dB increase in PMSE
power causes a 6dB increase in the required received signal in order to maintain lock.

7.4.3 Collins 860 E-3 Off-Frequency Rejection (OFR)

7.4.3.1 For the Collins 860 E-3 the OFR curve was measured with a Beacon Signal Level set to the
measured ASOP level on both X and Y Channels.
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PMSE Off Frequency Rejection (OFR) Test on a Collins 860E-3 DME
Interrogator, Link-16 Geo Area Scenario.
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Figure 7-11 — Collins 860E-3 Off-Frequency Rejection (OFR) Curve

7.4.3.2 Figure 7-11 shows that the Collins 860 E-3 is a more selective receiver when compared to the
Bendix/King KN-64, and that the performance on both X and Y channel is similar.

7.5 King KDM 705 E-3Test Results
75.1 PMSE Co-Channel ASOP Test on a King KDM 705

7.5.1.1 Figure 7-12 and 7-13 below show the results of the King KDM 705 ASOP tests.

PMSE Co-Channel Test On A King KDM-705 DME Interrogator At
Channel 32X, 993MHz. (Manually Measured ASOP)

-60.0

-65.0

-70.0

-75.0

\

—m—GAREA_SP
=4—UK Criteria

ASOP (dBm)
&
o
>

-85.0

-90.0

-95.0

-100.0
-130 -125 -120 -115 -110 -105 -100 -95 -90

PMSE SIGNAL LEVEL (dBm)

Figure 7-12 — King KDM 705 ASOP Test, Channel 32X
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PMSE Co-Channel Test On A King KDM-705A DME Interrogator At
Channel 59Y, 1146MHz. (Manually Measured ASOP).
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Figure 7-13 — King KDM 705 ASOP Test, Channel 59Y

7.5.1.2 The Manual ASOP tests show that PMSE signal greater than -96dBM for the King KDM 705
causes the Interrogator to drop below the specified performance criteria.
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7.5.2 PMSE Co-Channel Breaklock Test on a King KDM 705
PMSE Co-Channel BreakLock Test on a King KDM-705A DME Interrogator,
Link-16 Geo Area Scenario.
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Figure 7-14 — King KDM 705 Breaklock Test
7.5.2.1 The breaklock test on the King KDM 705A showed the relationship between the PMSE signal
levels and DME interrogator received signal strength. It can be seen in Figure 7-14 that the
PMSE signals do not increase linearly as with the other interrogators tested. In addition false
range anomalies were observed during both the X and Y mode breaklock tests.
7.5.3 King KDM 705 Off-Frequency Rejection (OFR)
7.5.3.1 Forthe King KDM 705 the OFR curves were again measured with a Beacon Signal Level set

to the measured ASOP level on both X and Y Channels.
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PMSE Off Frequency Rejection (OFR) Test on a King KDM705A DME
Interrogator, Link-16 Geo Area Scenario.
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Figure 7-15 — King KDM 705A Off-Frequency Rejection (OFR) Curve
7.5.3.2 Figure 7-15 shows that the King KDM 705, like the Collins 860 E-3, is a more selective

receiver when compared to the Bendix/King KN-64. The OFR curve for both X and Y mode
is similar.
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8.1

8.1.1

8.1.2

8.1.3

8.14

8.1.5

8.2

8.2.1

SSR TEST CONFIGURATION

Overview

In accordance with the agreed test specification, SSR performance was assessed without any
extraneous pulses from DME or Link 16. A desired signal was produced using the JCSys test
environment which is able to vary the power level and pulse rate.

All testing was carried out under laboratory conditions and with a closed system: no external
signals were radiated or received.

For testing at 1090 MHz, the Comsoft manufactured Quadrant Sensor was configured to
respond to all message types and the decoded messages were streamed to a text file. A utility
programme was developed to parse these files and to count the number of each received
message type.

For testing at 1030 MHz, the replies generated by the Trig Avionics manufactured TT21
transponder were received by the Quadrant Sensor which was incorporated into the TT21 test
set-up. The same utility programme was used to count the number of replies, and hence
determine the number of TT21 transmissions.

A pulse rate of 1000 messages per second was used for SSR testing at 1090 MHz and 100
messages per second for 1030 MHz.

PMSE Interference

Following discussions with Ofcom (reference email from Vaughan John to JCSys, 8th May
2015) interference from PMSE consists of a single CW signal at the frequency of interest.
Adjacent channel interference is replaced by multiple measurements of a single CW signal
offset from the frequency of interest. A resultant selectivity graph is produced.
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9.1

9.11

9.1.2

9.1.3

9.14

9.15

9.1.6

9.2

9.2.1

9.2.2

9.3

9.3.1

9.3.2

SSR RECEIVER TEST RESULTS

Introduction

An SSR receiver is used to receive replies and includes the services Mode A, Mode C, Mode S
and ADS-B. Replies, also known as Downlink Format or DF messages, are sent on
1090 MHz.

The format of Mode A and Mode C replies is identical and it is not possible to distinguish
between the two without knowledge of the interrogation. As such, Mode A and Mode C
replies are often written as Mode A/C or Mode AC.

Mode S replies contain a unique Mode S address, also known as ICAO 24-bit Address.

Mode A/C receivers are required to identify multiple overlapping replies in a cluttered RF
environment; Mode S receivers are required to decode a received message and perform some
integrity checking. As a consequence of this, the SSR receiver was measured for Mode A/C
and Mode S performance separately.

The ADS-B service is provided using two specific Mode S messages: DF11 (short squitter)
and DF17 (extended squitter). As ADS-B is a subset of the Mode S message set, its
performance is covered by the performance of Mode S.

The following equipment was used by JCSys as part of the PMSE test programme:-
e  Quadrant Mode A/C/S Sensor (used extensively throughout Europe and Asia).
Pass/Fail Criteria

The role of a Mode A/C/S receiver is to detect and decode a message transmitted on 1090 MHz
and pass this message onto the next processing element in the surveillance system. The
performance is characterised by Successful Message Rate (SMR) expressed as a percentage
of the maximum possible message rate.

The Quadrant Sensor is expected to achieve >90% SMR at -88 dBm [Comsoft requirement to
meet ED142 and ED129].

Quadrant Mode S Test Results

The JCSys test system created multiple DF11 (All Call Reply) messages containing the Mode
S address “400001™%. The Quadrant Sensor was configured to respond to all Mode S message
types but to ignore Mode A/C.

The following charts show the performance in three distinct ways:-

e  Normal performance as a function of message power
e  Sensitivity of performance to PMSE at the message frequency

! The address is in hexadecimal format and was chosen arbitrarily.
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e  Selectivity against PMSE at frequencies offset from the message frequency

Quadrant Mode S Performance using DF11
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Figure 9-1 - Quadrant Performance using Mode S

9.3.3 The Successful Message Rate (SMR) shows the total number of DF11 messages successfully
decoded. A message is either decoded as high confidence (YQUAD) or low confidence
(XQUAD).

9.3.4  The chart in Figure 9-1 shows that the number of low confidence messages (XQUAD) only
increases for signal power less than -97 dBm.
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Figure 9-2 - Quadrant Sensitivity to PMSE using Mode S

The sensitivity to PMSE was measured over a range of offset frequencies. The failure criteria
of 90% was selected and a failure power was established by interpolating the two results either
side of 90%. The selectivity is obtained by plotting the failure power against offset frequency
as shown in Figure 9-3 below.

Quadrant Mode S Selectivity to PMSE
DF11 @ -85dBm 1000 mps
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Figure 9-3 - Quadrant Selectivity to PMSE using Mode S
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9.3.6

9.3.7

9.4

9.4.1

94.2

943

9.44

The Mode S performance of Quadrant decreases as the PMSE power increases and shows that
PMSE power greater than -90 dBm will cause the Mode S performance to drop below the
statutory minimum. The decline with PMSE power is steep and all Mode S performance is
lost when PMSE power is greater than -87 dBm.

The PMSE selectivity of the Quadrant Sensor using Mode S shows that an additional 20 dB
of PMSE power can be tolerated if the PMSE frequency is offset by greater than 9 MHz

Quadrant Mode AC Test Results

The JCSys test system created multiple Mode AC messages containing the Mode A
code “7600™2. The Quadrant Sensor was configured to respond to Mode A/C messages and
to ignore Mode S.

The Quadrant Sensor has an adjustable minimum detection threshold. In normal operation,
this threshold is adjusted according to the required detection range of the sensor. The correct
setting of this threshold prevents the sensor from triggering on noise or from FRUIT?,

The Mode A/C threshold was set for these measurements to ensure there were no messages
generated by noise. The signal of interest was set 10 dB above this level at -75 dBm.

The following charts show the performance in three distinct ways:-

e  Normal performance as a function of message power
e  Sensitivity of performance to PMSE at the message frequency
e  Selectivity against PMSE at frequencies offset from the message frequency

2 The code is in octal format and was chosen arbitrarily. This value represents a “loss of radio” message
3 False Replies Unsynchronised with Interrogator Transmission — replies from other SSR.
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Quadrant Mode A/C Performance

Using 1000mps Mode A "7600"
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Figure 9-4 - Quadrant Performance using Mode A/C
Quadrant Mode A/C Sensitivity to PMSE
using 1000mps, Power =-75dBm
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Figure 9-5 - Quadrant Sensitivity to PMSE using Mode A/C

945 The failure mode for Mode A/C is different to that of Mode S. In Figure 9-4 above, it can be
seen that the message rate for the desired signal increases to >100% (at -81 dBm) before
dropping away to <10% (at -84 dBm).

9.4.6 The receiver triggers on both the rising and falling edge of a pulse to enable it to detect
overlapping replies from different aircraft. As the signal power reduces, noise causes the
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Mode A/C pulses to distort. The receiver treats the distorted pulse as a pair of overlapping
replies and decodes them both.

94.7 The sensitivity to PMSE was measured over a range of offset frequencies. The failure criteria
of 90% was selected and a failure power was established by interpolating the two results either
side of 90%. The selectivity is obtained by plotting the failure power against offset frequency
as shown in Figure 9-6 below.

Quadrant Mode A Selectivity to PMSE
using Power=-75dBm 1000 mps
70
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PMSE Power [dBm)]

-85

-90
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Figure 9-6 - Quadrant Selectivity to PMSE using Mode A/C

9438 The Mode A/C performance of Quadrant is affected by PMSE when the power level
exceeds -90 dBm. The failure mechanism for Mode A/C is different to that of Mode S and
multiple additional erroneous messages are generated. All Mode A/C performance is lost
when PMSE power is greater than -84 dBm.
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10.1

10.1.1

10.1.2

10.1.3

10.1.4

10.2

10.2.1

10.2.2

10.3

10.3.1

10.3.2

SSR TRANSPONDER TEST RESULTS

Introduction

An SSR transponder receives interrogations and generates replies to perform services
Mode A, Mode C, Mode S and ADS-B. Interrogations, also known as Uplink Format or UF
messages, are received on 1030 MHz.

Mode A and Mode C interrogations consist of a pair of pulses with a characteristic spacing.
Any aircraft receiving a Mode A/C interrogation will reply.

Mode S interrogations contain a unique address and are intended for a specific aircraft (with
the exception of UF11 All Call). The Mode S address, also known as ICAO 24-bit Address,
is unigue to the aircraft and does not change with flights.

The following equipment was used by JCSys as part of the PMSE test programme:-
e  Trig Avionics TT21 Class 2 Mode S and 1090ES ADS-B Out Transponder.
Pass/Fail Criteria

The role of a Mode A/C/S transponder is to detect and decode a message transmitted on
1030 MHz and to generate and transmit the correct reply on 1090 MHz. The performance is
characterised by Successful Message Rate (SMR) for generated messages expressed as a
percentage of the rate of interrogations.

The TT21 Transponder is specified to receive at -74 dBm and an SMR >90% was expected
[ICAO Annex 10 3.1.2.10.1.1.4].

TT21 Mode S Test Results

The JCSys test system created multiple UF4 messages which should prompt the TT21 to
generate a DF4 reply. The test system was configured to record all message types but to
ignore Mode A/C.

The following charts show the performance in three distinct ways:-

e  Normal performance as a function of message power
e  Sensitivity of performance to PMSE at the message frequency
e  Selectivity against PMSE at frequencies offset from the message frequency
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TT21 Mode S Performance

using 1000mps UF4
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Figure 10-1 - TT21 Performance using Mode S

TT21 Mode S Sensitivity to PMSE

using 1000mps UF4, Power=-70dBm
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Figure 10-2 - TT21 Sensitivity to PMSE using Mode S

10.3.3  The sensitivity to PMSE was measured over a range of offset frequencies. The failure criteria
of 90% was selected and a failure power was established by interpolating the two results either
side of 90%. The selectivity is obtained by plotting the failure power against offset frequency
as shown in Figure 10-3 below.
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TT21 Mode S Selectivity to PMSE

using 100 mps, Power=-70dBm
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Figure 10-3 - TT21 Selectivity to PMSE using Mode S

10.3.4 The Mode S performance of TT21 decreases sharply for PMSE power greater than -79 dBm.
All Mode S performance is lost when PMSE power is greater than -77 dBm.

10.3.5 The PMSE selectivity of the TT21 transponder using Mode S is asymmetric. The tolerance
to PMSE is increased by 20 dB if the PMSE frequency is less than 1025 MHz or greater than
1036 MHz

10.4 TT21 Mode AC Test Results

10.4.1  The JCSys test system created multiple Mode A interrogations which should prompt the TT21
to generate a Mode A reply containing the code “76004. The test system was configured to
record all message types but to ignore Mode S.

10.4.2  The following charts show the performance in three distinct ways:-

e  Normal performance as a function of message power
e  Sensitivity of performance to PMSE at the message frequency
e  Selectivity against PMSE at frequencies offset from the message frequency

4 This Mode A code was programmed into the TT21.
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TT21 Mode A Performance

using 1000mps, Power=-70dBm
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Figure 10-4 - TT21 Performance using Mode A

TT21 Mode A Sensitivity to PMSE
100 mps, P=-70dBm
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Figure 10-5 - TT21 Sensitivity to PMSE using Mode A

10.4.3  The sensitivity to PMSE was measured over a range of offset frequencies. The failure criteria
of 90% was selected and a failure power was established by interpolating the two results either
side of 90%. The selectivity is obtained by plotting the failure power against offset frequency
as shown in Figure 10-6 below.
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Figure 10-6 - TT21 Selectivity to PMSE using Mode A

The TT21 performance begins to degrade when the PMSE power is greater than -80 dBm.
All performance is lost when PMSE power exceeds -69 dBm. The degradation of
performance is not smooth or predictable: the behaviour for power greater than -75 dBm can
vary by 100% from measurement to measurement.

Offsetting the PMSE frequency by 10 MHz can increase the tolerance to PMSE by 20 dB.

The TT21 generates additional messages when PMSE levels are greater than -80 dBm. These
messages are real and not an artefact of the measurement system (Quadrant).
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11.1.3
11.2

1121

11.2.2

CNS TO PMSE TEST CONFIGURATION

Overview

PMSE performance was assessed using an audio analysis tool provided and configured by
Ofcom. The tool provides a measure of the Average Deviation of an audio signal from the
baseline “no interference” level.

A desired signal was provided by the Ofcom Analysis Tool and routed through a PMSE
transmitter to a Sennheiser receiver. The antenna link was replaced by a cable and a coupler
through which interfering signals were introduced.

All testing was carried out with a carrier of 666 MHz.
CNS Interference

All interfering signals were generated by the JCSys test environment and transposed to
666 MHz. These signals were used to determine the co-channel interference.

Adjacent channel interference is replaced by multiple measurements of interfering signals
using offset frequencies. A resultant selectivity graph is produced.
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12.3.2

CNS TO PMSE TEST RESULTS

Introduction

The PMSE transmitter has several configuration options. For these tests, the maximum output
power was selected and external attenuation used to bring the signal level at the receiver input
to -64 dBm.

External attenuation and coupling losses were measured so that interfering signal power can
also be referred to the receiver input.

It is recommended (reference email from Vaughan John, 20th March 2015) that the analysis
tool is not used below 700 ppps. All interference generated was at a nominal 1000 ppps.

Pass/Fail Criteria

An Average Deviation (AvD) greater than 15 is considered a fail. The AvD display updates
frequently and a visual assessment was made. For this reason, the uncertainty on the reading
is 1.

PMSE DME Test Results

The JCSys test system generated DME interrogations pulse pairs on either X channel or Y
channel.

The following charts show the performance in three distinct ways:-

e  Performance as a function of pulse rate and message power
e  Sensitivity of performance to DME at the message frequency
e  Selectivity against DME at frequencies offset from the channel frequency
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Variation of Average Deviation (AvD) with Pulse Rate
DME Power = -65dBm, PMSE Power = -64dBm
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Figure 12-1 - Performance of PMSE with DME Pulse Rate
Variation of Pulse Rate with DME Power
with AvD = 15, PMSE Power = -64dBm
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Figure 12-2 - Trade-off of DME Power and Pulse Rate

12.3.3 The DME frequency was offset and the power level adjusted to achieve an AvD of 15. This
is used to show the selectivity of the PMSE system to DME interference.
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Figure 12-3 - PMSE Selectivity to DME

The performance of PMSE is poorer with X channel interference than with Y channel for the
same rate of pulse pairs. X channel pulse spacing is 12 us; Y channel pulse spacing is 36 ps.

At a minimum interrogation rate of 700 ppps®, the PMSE performance fails when DME power
is greater than -63.6 dBm for X channel or greater than -62.6 dBm for Y channel.

The PMSE selectivity to DME interference shows that an additional 25 dB of DME power
can be tolerated if the PMSE frequency is offset from the DME interrogation frequency by
greater than 300 kHz.

PMSE Link 16 Selectivity Test Results

The PMSE selectivity to Link 16 interference was determined by increasing the power level
of Link 16 pulses and offsetting the frequency until the PMSE AvD fell below the failure
criterion of 15.

The AvD variation has a periodic dependency on offset frequency so additional measurements
were taken on a single sideband.

The Link 16 power levels were interpolated to find the power level for AvD=15 and plotted
against offset frequency to show the PMSE selectivity to Link 16. The PMSE selectivity to
Link 16 and DME is shown in Figure 12-4 below.

5 This is the minimum rate for which the Ofcom Analysis Tool is calibrated.
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Comparison of Link 16 and DME Selectivity
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Figure 12-4 - Comparison of PMSE Selectivity to Link 16 and DME

12.4.4 The PMSE selectivity to Link 16 shows a large variation with offset frequency. The Link 16
waveform incorporates Minimum Shift Keying (MSK) which generates energy in the
sidebands that depends upon the message content.
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13

CONCLUSIONS

13.1 DME Beacon Testing

13.1.1 The DME Beacon test data recorded for the three different beacon types indicates that PMSE
Co-Channel signal levels greater than -115dBm received at a DME beacon receiver input will
have an impact on BRE performance. The signal environment used for this testing was based
on typical DME pulse load, a typical Link-16 pulse load and 4 PMSE signals.

13.1.2 The PMSE selectivity curves can be used to reduce the impact on DME beacon reply
efficiency performance. The results of the selectivity testing indicate that offsetting a PMSE
signal by more than 2MHz will provide an additional 20dB margin for PMSE signals.

13.1.3 A summary of DME Beacon Selectivity is shown in table 13-1 below.

Table 13-1
PMSE Power [dBm] at which System Fails
Fernau 1117 Fernau 202 Thales 415
Offset XMODE | YMODE | XMODE | YMODE | XMODE | Y MODE
[MHz]
-8 -45
-7 -46
-6 -52 -46
-5 -64 -55 -56 -50 -35 -40
-4 -66 -70 -59 -52 -45 -55
-3 -70 -75 -70 -69 -58 -70
-2 -79 -87 -89 -82 -70 -80
-1 -89 -97 -100 -102 -88 -95
0 -106 -107 -111 -111 -108 -115
1 -89 -97 -100 -100 -92 91
2 -79 -89 -87 -89 -77 -80
3 -67 -81 -74 -82 -71 -65
4 -57 =77 -59 -74 -60 -50
5 -47 -74 -41 -63 -45 -40
6 -39 -68
7 -55
8 -50
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13.2

DME Interrogator Testing

13.2.1 The DME Interrogator test data indicates that PMSE co-channel signal levels greater
than -97dBm received at a DME Interrogator receiver result in a change in ASOP performance
below the defined criteria.

13.2.2  Theresults of the selectivity testing indicate that offsetting a PMSE signal by more than 1MHz
will provide an additional 20dB margin for PMSE signals.

13.2.3 It was evident from the test data gathered for the Collins 860E-3 that PMSE co-channel signal
levels greater than -90dBm result in false range locks. The interrogator appeared to lock on to
a false range and track. It was concluded that the issue only occurs when PMSE signals greater
than -90dBm are present and the DME is at the edge of its expected performance requirement.
It was further concluded that false locks would not be expected to occur during normal
operations where protection is applied from PMSE to prevent a change in ASOP as detailed
above in para. 13.2.1.

13.2.4 The KDM 705A Interrogator breaklock test data highlighted a false range lock problem. It
was concluded that this issue will require further investigation even though in this case it only
occurred in the presence of high PMSE signal levels.

13.25 A summary of DME Transponder Selectivity is shown in table 13-2 below.

Table 13-2
PMSE Power [dBm] at which System Fails
KN64 Collins 860E-3 KDM705A

Offset | XMODE | YMODE | XMODE | YMODE | XMODE | Y MODE
[MHZ]

-6 -32

-5 -20 -35 -20 -25 -20 -20

-4 -29 -41 -23 -21 -20 -20

-3 -38 -48 -25 -21 -20 -20

-2 -47 -58 -25 -22 -20 -20

-1 -61 -75 -35 -36 -25 -27

0 -85 -95 -95 -98 -87 -90

1 -61 -69 -25 -40 -23 -23

2 -46 -55 -24 -28 -20 -20

3 -37 -48 -20 -27 -20 -20

4 -29 -40 -20 -25 -20 -20

5 -20 -36 -20 -20 -20 -20

6 -29
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13.3

13.3.1

13.3.2

13.3.3

13.34

134

1341

SSR Receiver Testing

The SSR Receiver test data indicates that PMSE co-channel signal levels greater than -90 dBm
result in a drop in performance below the defined criteria for Mode S and Mode A/C.

A reduction in PMSE interference can be achieved by offsetting the PMSE frequency. The
results of the selectivity testing indicate that offsetting a PMSE signal by more than 9 MHz
will provide an extra 20dB tolerance to PMSE interference; this dependency is likely to vary
with receiver make.

The failure effect for Mode S is a loss of service; the failure effect for Mode A/C also includes
additional spurious message decodes.

The tolerance to PMSE is increased by offsetting the PMSE frequency from the SSR downlink
frequency of 1090 MHz. This is summarised in the table below.

Table 13-3
PMSE Power [dBm] at which SMR
falls below 90% at 1090 MHz
Offset [MHZ] Mode S Mode A/C

-9.0 -69.4
-8.0 -74.0
-7.0 -78.7 -75.3
-6.0 -82.7 -80.0
-5.0 -85.6 -86.8
-4.0 -87.7
-2.0 -91.0
0.0 -88.6 -85.9
4.0 -84.7 -85.9
5.0 -78.0 -83.9
6.0 -73.4 -73.7
7.0 -68.6 -73.0
8.0 -63.8
9.0 -61.8
10.0 -57.2

SSR Transponder Testing

The SSR Transponder test data indicates that PMSE co-channel signal levels greater
than -79 dBm could result in a drop in Mode S performance below the defined criteria.
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13.4.2

13.4.3

PMSE co-channel signal levels greater than -80 dBm could result in a drop in Mode A/C
performance below the defined criteria.

The tolerance to PMSE is increased by offsetting the PMSE frequency from the SSR downlink
frequency of 1090 MHz. A reduction in PMSE interference of greater than 20 dB can be
achieved by offsetting the PMSE frequency by at least 8 MHz. This is summarised in the
table below.

Table 13-4
PMSE Power [dBm] at which SMR
falls below 90% at 1030 MHz
Offset [MHZ] Mode S Mode A/C
-10.0 -54.9
-9.5 -58.7
-9.0 -62.0
-8.5 -64.8
-8.0 -67.0 -57.9
-7.5 -68.9
-7.0 -70.3 -61.4
-6.5 -70.8
-6.0 -71.8 -63.9
-5.5 -72.8
-5.0 -73 -65.5
-4.5 -74.7
-4.0 -75.9 -68.8
-3.5 -77.2
-3.0 -77.6 -68.9
-2.5 -78.2
-2.0 -79.1 -69.4
-1.5 -719.7
-1.0 -79.0 -67.6
-0.5 -77.5
0.0 -76.5 -78.9
1.0 -78.6
2.0 -79.2
25 -716.7
3.0 -77.9
4.0 -76.3
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13.5

13.5.1

13.5.2

13.5.3

13.5.4

13.5.5

13.5.6

13.6

13.6.1

13.6.2

13.6.3

5.0 -68.1 -59.8
7.5 -35.3

Impact on TCAS

The TCAS service requires additional equipment on-board aircraft but makes use of the Mode
S message set. TCAS equipped aircraft transmit aircraft to aircraft interrogations using UFO
on 1030 MHz and receive aircraft to aircraft replies using DFO or DF16 on 1090 MHz.

The TCAS system provides two types of advisory to the pilot: Traffic Advisory (TA) and
Resolution Advisory (RA). The TA informs the pilot of a possible collision and is for
information. The RA provides the pilot with a resolution manoeuvre which he is expected to
follow even if it contradicts Air Traffic Control.

During the period of issuing an RA, all transmissions shall be sent on full power; there is an
allowance to use a reduced power during TA [ICAO Annex 10 4.3.2.2.2.2.1].

TCAS equipped aircraft have two antennas, one mounted on the top of the aircraft and the
other on the bottom. Transmission and reception of TCAS messages shall occur via both
antennas [ICAO Annex 10 4.3.9.2].

Given the requirements above, it is reasonable to state that

e  TCAS messages will be received with relatively high power due to the proximity of
conflicting aircraft.

e  The aircraft body will provide additional shielding of the upper antenna from ground-
based interference.

The susceptibility of the TCAS service to PMSE interference is likely to be no poorer than
the Mode S performance and could be considerably better.

PMSE System Testing with DME

The PMSE test data indicates that DME interference will affect performance. PMSE
performance becomes unacceptable when DME power levels are within 2 dB of the PMSE
signal power at 700ppps.

A reduction in DME interference of greater than 25 dB can be achieved by offsetting the
PMSE frequency by more than 300 kHz.

PMSE performance has only been tested with DME interrogation rates greater than 700 per
second. DME interference is clearly audible for pulse rates as low as 50 pulse per second at
a power level of -60 dBm. This was a subjective evaluation.
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13.7

13.7.1

13.7.2

13.7.3

PMSE Selectivity Testing with Link 16

The PMSE test data indicates that Link 16 interference occurs over a wider bandwidth than
DME. Offsetting the PMSE frequency could improve or degrade performance depending on

the offset frequency and the Link 16 message content.

Link 16 message content is continually varying and all Link 16 channels are in use for each
network. It is unlikely that offsetting the PMSE frequency can produce any improvement in
performance that is consistent and calculable.

The tolerance to DME and Link 16 is increased by offsetting the PMSE frequency. This is

summarised in the table below.

Table 13-5

Power [dBm] at which PMSE Performance

falls below AvD=15

Offset [MHZz] DME X DMEY Link 16

-0.3 -41.0 -41.0

-0.2 -53.0 -53.0

-0.1 -60.0 -60.0

0.0 -65.0 -65.0 -40.6
0.1 -60.0 -59.0 -48.2
0.2 -49.0 -49.0 -49.6
0.3 -34.0 -34.0 -48.2
0.4 -52.3
0.5 -53.8
0.6 -49.2
0.7 -46.9
0.8 -43.9
0.9 -43.7
1.0 -49.3
11 -47.0
12 -41.0
1.3 -47.5
14 -48.9
15 -45.8
1.6 -41.2
1.7 -37.9
1.8 -43.4
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1.9 -48.1
2.0 -48.3
2.1 -43.8
2.2 -41.8
2.3 -41.0
2.4 -31.7
25 -31.9
2.6 -433
2.7 -44.4
2.8 -43.3
2.9 -41.8
3.0 -30.6
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141

1411

14.1.2

14.1.3

14.2

1421

14.3

1431

14.3.2

RECOMMENDATIONS

DME Testing

It is recommended that in order to protect the reply efficiency performance of DME Ground
beacons either a frequency offset of 4MHz should be maintained, or a signal level of no greater
than -115dBm should be received.

It is recommended the DME Interrogator false range indications should be investigated if
DME interrogators are likely to receive PMSE signals at levels greater than -97dBm.

As only fixed frequency DME interrogators have been tested, it is further recommended that
at least one scanning DME interrogator is tested when available.

SSR Testing

It is recommended that PMSE should not be operated within +10MHz of 1030MHz or
1090MHz. This will remove the potential impact of PMSE on the surveillance services
operating on these frequencies.

Testing of PMSE as a Victim

It is recommended that the performance with low DME pulse rates is further investigated as
low pulse rates still have an impact on PMSE.

It is further recommended that digital PMSE systems are evaluated and that such systems
provide an accessible performance metric, such as Bit Error Rate (BER), to aid such an
evaluation.
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15 APPENDIX 1-DME ALLOCATION

15.1.1 DME channels are defined in ICAO Annex 10. The table below shows how this allocation
assigns interrogation and reply frequencies according to channel number and DME channel

(XorY).
Table 15-1
DME Receiver Frequencies
DME DME
Mode Beacon DME Beacon Receiver Interro_gator DME Interrogator Receiver

Receiver Frequencies Receiver Frequency

Channels Channels
X 1t0 63 1025MHz to 1087MHz 1t0 63 962MHz to 1024MHz
Y 1t0 63 1025MHz to 1087MHz 1t0 63 1088MHz to 1150MHz
X 64 to 126 1088MHz to 1150MHz 64 to 126 1151MHz to 1213MHz
Y 64 to 126 1088MHz to 1150MHz 64 to 126 1025MHz to 1087MHz

15.1.2  Although the channel allocation covers all frequencies in the band, the channels around the
SSR frequencies of 1030 MHz and 1090 MHz are generally avoided.

15.1.3  The channels surrounding the SSR frequencies are for national allocation and are shown in

the table below.

DME Channels Used for National Allocation on a Secondary Basis to Ensure SSR Protection

At DME

Beacon Receiver

At DME

Interrogator Receiver

Channel Frequencies Channel Frequencies
1Y toleY 1025MHz to 1040MHz 1Y to 16Y 1088MHz to 1103MHz
60X to 69X 1084MHz to 1093MHz 60X to 63X 1021MHz to 1024MHz
64Y to79Y 1025MHz to 1040MHz

15.1.4  Aninterrogator receiver is airborne and interference is most likely to be with the SSR uplink
on 1030 MHz; the DME beacon is ground-based and more likely to interference with SSR
downlink on 1090 MHz.
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16
16.1

16.1.1

16.1.2

16.1.3

16.1.4

16.1.5

16.1.6

16.2

16.2.1

16.2.2

16.2.3

16.2.4

APPENDIX 2 - SSR OVERVIEW

Mode A/C

Mode A interrogations occur on 1030 MHz and consist of a pair of pulses with a separation
of 8ps. The receiving aircraft transponder will reply with its Mode A code which identifies it
to the controller.

Mode C interrogations occur on 1030 MHz and consist of a pair of pulses with a separation
of 21us. The receiving aircraft transponder will reply with its Mode C code which encodes
its current altitude.

The Mode A and Mode C replies are identical in format and the receiving system needs to
know which interrogation was made in order to interpret the reply correctly.

Mode A and Mode C interrogations are not addressed. Hence, all aircraft that receive an
interrogation will generate a reply. The receiving SSR has the task of separating the multiple
replies and decoding them accordingly. This task is made simpler by interrogating aircraft in
batches to reduce the number of overlapping replies; this task is complicated if multiple SSRs
are in operation or if the aircraft generates spurious replies.

Replies that cannot be correlated with a transmission, or are received when no transmission
has been made are known as FRUIT.

An SSR will employ multiple techniques to reduce the amount of FRUIT and valid replies
that is generates. Techniques, such as “whisper-shout”, are beyond the scope of this section.
Suffice to say, FRUIT or multiple valid replies are an issue for SSR receivers and should be
discouraged from interfering systems.

Mode S

Mode S is an enhancement to SSR to reduce the number of replies that a receiver must process.
Each aircraft is given a unique address and all interrogations and replies contain that address.

An SSR using Mode S will generate an interrogation for a specific aircraft on 1030 MHz.
Aircraft that do not match the address will receive the interrogation but not generate a reply;
aircraft that match the address will reply on 1090 MHz.

An SSR using Mode S needs to acquire an unknown target when it enters its area of
responsibility. It does this by issuing an “All Call” request periodically. Aircraft that have
not previously been acquired, will return with their unique address and be interrogated directly
thereafter.

Some aircraft are able to periodically broadcast their unique address without being
interrogated. The basic capability is known as short squitter and uses DF11. Extended squitter
uses DF17 and includes additional information about the position and velocity of the aircraft.
This is part of the ADS-B service.
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1711

17.1.2

17.1.3

17.1.4

17.15

17.1.6

APPENDIX 3 - LINK 16 OVERVIEW

Link 16 is a communication system for a network of enabled platforms. Platforms can be on
ground, at sea or airborne.

The network provides access to platforms by allocating a period of time for that platform to
transmit its messages. Transmissions are therefore distributed across available time slots
using time division multiplexing.

Multiple networks can exist but the method of coexistence is beyond the scope of this section.

The data to be transmitted during a specific time slot is encrypted in multiple ways known
only to the members of that network. Once encrypted, it is encoded as a series of pulses and
each pulse is transmitted at a specific time within the time slot. The details of this encryption,
encoding and allocation are not important from an interference point of view.

Each transmitted pulse is allocated to one of 51 transmission frequencies in a pattern known
only to the members of the network. The allocation is done, however, so that all 51 channels
are used evenly and the channel selection appears random.

For each network, it can be assumed that the pulses generated by all of the platforms will be
distributed equally across each of the 51 channels and that every channel will be in use.
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