NAVIGATION INFRASTRUCTURE ASSESSMENT IN SUPPORT OF PBN

Note

The material contained in this document is intended to provide guidance for air navigation service
providers to conduct navigation infrastructure assessments in support of PBN applications. The
requirements and assessment methodology described herein are designed to satisfy the RNAV-1
navigation specification contained in the Doc 9613, Volume Il, Part B, Chapter 3, with a specific focus
on DME infrastructure. However, the general principles can also be applied to other variants of
performance-based navigation.

The material has been developed by the ICAO Navigation Systems Panel. The Organization accepts no
responsibility or liability, in whole or in part, as to the currency, accuracy or quality of the information
in the manual, nor any consequence of its use.
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Navigation infrastructure assessment in support of PBN

GENERAL

BACKGROUND

Air Navigation Service Providers (ANSP) have a responsibility to provide infrastructure that is
“sufficient” to support RNAV procedures. This provision responsibility and the demand for
“sufficiency” are documented as follows:

Convention on International Civil Aviation (ICAO Doc 7300/8, Article 28): “Each ... State
undertakes ... to provide ... radio services ... and other navigation facilities to facilitate
international air navigation ...”

ICAO Annex 11, Air Traffic Services (RNP Routes, Attachment B), “...infrastructure must be
provided sufficient to support ...”

ICAO Doc 9613, RNP Manual (Chapter 6), “States of service should ensure that sufficient
navaids are provided ...".

JAA TGL 10, section 4c) “The design of a procedure and the supporting navigation
infrastructure (including consideration for the need of redundant aids) have been
assessed and validated to the satisfaction of the responsible airspace authority
demonstrating aircraft compatibility and adequate performance for the entire procedure.
This assessment includes flight checking where appropriate.”

These standards and specifications define the responsibility for the navigation infrastructure
assessment task, but not the means by which to accomplish it.

PURPOSE AND SCOPE

This guidance material is intended to provide the means for ANSP to conduct navigation
infrastructure assessments in order to satisfy the generic requirements of the ICAO documents
referenced above. However, as the assessment has implications on the approval and conduct of
RNAYV operations, it is also relevant to regulators, navigation data providers and airspace users.
The document complements the Performance Based Navigation (PBN) Manual (Doc 9613).

The processes in the Performance Based Navigation (PBN) Manual were defined with the aim to
either identify which navigation specification can be applied or if a new navigation specification has
to be coordinated in order to serve the operational requirements given by the constraints of a
particular airspace environment. This involves lining up a navigation application with the appropriate
navigation specification and navigation infrastructure. As this process (described in the PBN
Manual) is by nature iterative, the navigation infrastructure will need to be evaluated both in the
initial process of identifying which navigation specification can support the application given the
infrastructure (as is or with appropriate evolutions), as well as in the final implementation once it has
been agreed which specification to use. For each navigation specification, there are specific
requirements on the infrastructure. The infrastructure assessment determines if these requirements
are met. It can also be used to determine what infrastructure modifications may be necessary in
order to meet the requirements of a particular navigation specification.

The requirements and assessment methodology described herein are designed to satisfy the
RNAV-1 navigation specification contained in the Doc 9613, Volume II, Part B, Chapter 3, with a
specific focus on DME infrastructure. This focus is due to fact that accuracy error budgets become
relevant in qualifying DME infrastructure for RNAV-1. However, the general principles can also be
applied to other variants of performance-based navigation.

Closely related to navigation infrastructure assessment is RNAV procedure validation, which looks
at flyability and other operational aspects. Guidance on procedure validation can be found in ICAO
Documents 8168 and 8071.

Note that the term “procedure” has been used consistently throughout the document to indicate
both specific procedures (as published on a procedure chart) as well as RNAV routes.
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AUDIENCE

Description of Actors

This document intends to be primarily useful for navigation service providers, particularly
organisations and groups responsible for the planning and operating of navigation infrastructure. A
secondary purpose is to document to regulatory authorities and airspace users what assumptions
are used in conducting the infrastructure assessment. While the exact organizational arrangements
in each State may vary considerably, the following actors within the ANSP function are involved in
the assessment:

Airspace Planning: Usually part of the operational division of an ANSP, airspace planners define
the operational requirements for new or existing procedures. They are responsible for assessing the
impact of procedures on ATC operations, including the provision of safe separation.

Procedure Design: Based on the coordination with airspace planners, the procedure design office
is responsible for defining a new procedure in accordance with ICAO PANS-OPS. This includes the
creation of procedure charts and all associated data, which is needed for publication in the AIP and
transmission to the airborne navigation data providers. They are also responsible for RNAV
procedure validation, and will coordinate flight validation tasks with the flight inspection
organisation, if applicable.

Designated Engineering Authority: The designated engineering authority is responsible to assess
that the navigation signals in space of both ground and space based navigation equipment meet the
appropriate requirements to support a specific procedure. The engineering authority is typically part
of the technical division of an ANSP and usually carries out its task under a regulatory charter. The
engineering authority carries out the infrastructure assessment in response to the needs of the
procedure design office, assists in defining flight inspection tasks and completes the evaluation of
the flight inspection report. They will coordinate relevant actions with maintenance personnel. The
engineering authority will also consider service volume modifications in cooperation with frequency
planners.

Flight Inspection Organization: This organization conducts the flight inspection of RNAV
procedures and supporting facilities, if required. For the purposes of the infrastructure assessment,
this only includes confirming signal in space assumptions. However, in the frame of RNAV
procedure commissioning, some or all of the associated RNAV procedure flight validation may be
conducted at the same time.

Interactions during the Assessment Process:

The need for a new or modified RNAV procedure can be due to various reasons, such as requests
by airports, airspace users, regulatory requirements or airspace redesign and optimization. Airspace
planners and procedure designers will work together to precisely define the operational
requirements and develop a proposed procedure that meets those requirements. The proposed
procedure design, as well as any specific operational requirements (such as in section 4.5), are
then communicated to the engineering authority.

The engineering authority then reviews the procedure and conducts the infrastructure assessment.
If necessary, the engineering authority will review assumptions about the procedure or possibilities
for optimization with the procedure designer and the airspace planner. Finally, the engineering
authority will prepare the flight inspection together with the procedure designer and the flight
inspector, and the flight inspection organisation will conduct the flight inspection.

Depending on the findings of the procedure design, the engineering authority analysis and/or the
flight inspection results, infrastructure or even operational requirements may have to be modified.
This may involve changes to the procedure itself or to specific aspects of the ground infrastructure.
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Such changes should be discussed by all actors to ensure that the impact of those changes is
clearly understood.

As the implementation of (ICAO harmonized-) RNAV procedures is a relatively new subject in
service provision, ANSP’s should make sure that all staff involved in such implementations are
appropriately trained.

Delegation of Responsibility for Navigation Infrastructure Assessment

Nominally, the responsibility for assessing the suitability of navigation signals lies with the
engineering authority. While the procedure designer may be able to undertake some of this task
with the support of appropriate software tools to model signal in space coverage, these cannot
replace in their entirety the need to consult with the engineering authority. This is because the
engineering authority has the most up to date knowledge of signal in space performance of a
particular navigation aid, both historical and actual. Therefore, close cooperation between
procedure design office and navaid engineering staff is required.

USE OF SOFTWARE TOOLS

Appropriate tools should be used to assess navigation infrastructure. While the assessment could
be conducted using manual analysis and flight inspection, the use of a software tool is
recommended in order to make the assessment more efficient. The software tool should be tailored
to allow evaluating the infrastructure in light of the requirements imposed by a specific navigation
specification, such as RNAV-1. Such a tool could, but does not have to be integrated with
procedure design tools.

In general, RNAV assessment tools should include a 3D terrain model with sufficient resolution and
accuracy to allow predicting the line of sight visibility of navaids along a procedure service volume,
including an analysis of their respective subtended angles and a variety of other geometric
constraints. Note that the accuracy of the terrain model in the near field of the DME antenna can
have a significant impact on the accuracy of the line of sight prediction.

It is not recommended to include any electromagnetic propagation modelling, since producing a
realistic environment model would require significant effort and sophistication, while the need to
conduct some flight inspection would not be eliminated. Nonetheless, a generic method such as
using 4/3 earth radius should be used.

KNOWLEDGE OF FLIGHT MANAGEMENT SYSTEM FUNCTIONALITIES

This guidance material reflects the constraints and capabilities of RNAV positioning due to FMS
logic. Consequently, the infrastructure assessment as outlined here can be completed without any
specific additional knowledge of FMS technology. Note that this is based on a best effort in
consulting with aircraft and avionics manufacturers. It is still possible that some specific aircraft and
avionics configurations produce unacceptable track deviations. While this is the responsibility of the
specific operator, the PBN manual also recommends that RNAV track keeping accuracy be
analyzed. This permits to identify such operators and to recommend appropriate regulatory action, if
necessary. The track monitoring activity is not intended to impose an undue burden on service
providers.
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2.2.2

NAVIGATION INFRASTRUCTURE REQUIREMENTS

TYPE OF NAVIGATION INFRASTRUCTURE

Infrastructure Options

RNAV procedures should always allow the use of GNSS. However, some older RNAV avionic
systems do not include GNSS. In order to provide a back up to GNSS and to accommodate
DME/DME or DME/DME/Inertial - only equipped users, DME should also be provided where
practical.

GNSS Infrastructure

Because GNSS (and ABAS using RAIM in particular) is available on a worldwide basis, not much
needs to be done in terms of infrastructure assessment. Nonetheless, it should be noted that the
responsibility for providing services based on GNSS within the airspace of a particular State
remains within that State. Consequently, the ANSP should assess that the interference environment
is satisfactory for the planned procedures. This can be accomplished by a variety of means, such as
through specific ground and/or airborne interference measurements, by reviewing existing GNSS
recordings, etc. (see ICAO Doc 9846, GNSS Manual, Doc 8071, Testing of Radio Navigation Aids
and Annex 10).

Conventional Infrastructure

The main assessment task is to evaluate if the DME infrastructure adequately supports the
candidate RNAV procedure. Consequently, this is the main subject of this guidance material. While
VOR/DME can also provide RNAV guidance, it has been found too difficult to establish harmonized
criteria given fleet equipage levels and actual signal in space performance for adequately
supporting the accuracies required by RNAV-1. While some cases may exist where VOR/DME
provides a useful service, such as in close proximity to airports, these are not addressed here.
Given the standardization challenges of VOR for TMA RNAV applications, States are encouraged
not to rely on VOR. Consequently, the only role given to VOR is as a means of crosschecking (for
example, to detect map-shifts) and to ensure that FMS’es do not encounter inaccurate guidance if
reverting through a DME/DME coverage gap. As the implementation of RNAV matures and the
number of VOR stations is reduced, the role of VOR is expected to diminish further.

RNAV PROCEDURE SERVICE VOLUME AND DME COVERAGE CRITERIA

RNAYV Procedure Service Volume

The airspace or service volume required for an RNAV procedure is given by the boundaries of its
procedure design surfaces (e.g., primary and secondary areas). The infrastructure assessment
should consider a sufficiently large area to either side of the procedure centreline to include or
bound these surfaces appropriately. In the vertical dimension, the infrastructure is assessed for the
minimum altitude of the published procedure. The term service volume will be used herein for
RNAV procedures, while the term coverage volume will always refer to individual DME facilities
supporting an RNAV procedure.

Designated Operational Coverage (DOC)

Designated Operational Coverage (DOC) is the term used to declare the coverage boundary of a
navaid. The ANSP is responsible to ensure that the navaid meets Annex 10 requirements within
DOC, including minimum field strength. If a facility is used outside of DOC, it is the operator’s
responsibility to ensure that the received navigation information is adequate. Nonetheless, for a
DME to be used in the infrastructure assessment process, DOC needs to include the associated
RNAYV service volume. This may require an extension of DOC, either omni-directionally or on a
sector basis, and could include specific altitude constraints. A DOC extension will need to be
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coordinated with the appropriate spectrum authority. Only if sufficient DME facilities are available
within DOC can the procedure be implemented based on DME/DME RNAV. It is also recommended
to evaluate whether any receivable DME ranging sources could cause excessive errors in an FMS
navigation solution.

Geometric Constraints due to FMS Tuning

Due to the implementation of DME selection for RNAV in FMS, DME facilities should not be relied
upon if the facility is at a distance of more than 160NM or less than 3NM, independent of the
published DOC. Furthermore, if the elevation angle from the facility to the aircraft is more than 40
degrees, it should also be excluded.

Figure of Merit (FOM)

Some aircraft FMS make use of the Figure of Merit (FOM) coded in the ARINC 424 database for
selecting DME facilities. The FOM is a value that can be adjusted by database providers, and does
not necessarily match the DOC. It can also be different between different providers, and FMS can
interpret the FOM differently. It is the responsibility of the aircraft operator to ensure that needed
DME facilities are not excluded from a navigation solution due to FOM. This is why it is important to
ensure that the DOC for a DME facility is published in the State AIP. Aeronautical data providers
are encouraged to ensure that the FOM appropriately reflects the largest DOC range that is
authorized for a particular DME facility.

ILS coupled DME Facilities

Some RNAYV systems do not use ILS coupled DME facilities. This is partly because some of these
facilities have intentional offsets. Consequently, ILS associated DME facilities are not suitable to
support RNAV and should be excluded from the assessment. Also, care must be taken when using
low power facilities at extended ranges.

Use of Software Tools versus Flight Inspection

The initial infrastructure assessment is should be conducted by using a software tool to identify
DME facilities that meet the requirements and constraints identified above. The results of this
coverage analysis should further be confirmed by flight inspection, to ensure that stable and
accurate DME signals are available with sufficient field strength. It is generally sufficient to flight
inspect the RNAV procedure centreline, except when coverage of required facilities is expected to
only partially cover the RNAV service volume. Some or all of the flight inspection may be omitted if
sufficient experience/evidence exists with the adequate performance of a specific DME or set of
DME’s in a particular airspace.

ACCURACY

Introduction

In addition to ensuring the availability of sufficient DME coverage, accuracy must also be
considered. In the context of this guidance material, discussion of accuracy is focussed on
contributions to the signal provided by the ground-based infrastructure: the signal must meet (or
exceed) the accuracy requirement at all points in the defined RNAV procedure service volume.
While the accuracy requirement for individual DME signals in space to support RNAV is consistent
with the existing accuracy requirements in ICAO Annex 10, it is necessary also verify if the overall
error budget for RNAV-1 (as described in this document) is being met under the given geometry.
Consequently, airborne equipment and piloting aspects need to be considered as well. This is
especially true if DME support of RNAV becomes marginal to the point of having gaps in coverage.

The overall RNAV-1 system accuracy (Total System Error) is required to be equal or less than +/- 1
NM during 95% of flight time. This includes the Navigation System Error (NSE) due to path
definition error, Position Estimation Error (PEE) and display error as well as the Flight Technical
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Error (FTE). The PEE is composed of the signal in space error and the airborne receiver error.
While path definition error and display error have been assumed negligible, this section will discuss
NSE and FTE allocations.

FTE vs. NSE

The first level of accuracy partitioning is between the Flight Technical Error (FTE) and the
Navigation System Error (NSE). For RNAV-1, a value of 0.5 NM (95%) is used for FTE. This is
consistent with ICAO Doc 8168, which generally considers being established on a procedure when
within half of full scale deflection (full scale in terminal area RNAV is +1NM). While the use of flight
director or autopilot is recommended, 0.5NM FTE is achievable in manual flight. As FTE and NSE
are treated as independent errors, this FTE allocation provides for a maximum permissible NSE of
+0.866NM (95%) using the root sum square formula. These errors are treated as circular errors,
and no further allocation into along- and cross-track components is done.

DME/DME Accuracy Formula

The NSE is partitioned into two contributions: one from the airborne equipment (interrogator) and
one from the ground equipment (transponder), including signal in space propagation effects. As the
minimum requirement for providing RNAV with DME ranges is to have 2 DME’s available with
suitable geometry and sufficient range, the following DME RNAV accuracy formula has been
agreed (PBN manual formula 3.4.3.3.2.7):

\/(O'Zl,air + 0'21,S|s ) + (O'zz,air + 0'22,S|s )
sin(a)

20 oue o S 2

Where: ogis = 0.05 NM,

cair IS MAX {(0.085 NM, (0.125% of distance)},

a = subtended angle (must be within 30° to 150°).
This formula is used to determine if a specific DME pair is able to support the intended procedure. It
is assumed that DME positioning is zero-mean, and thus the two opvepwe result is evaluated

against the maximum NSE of 0.866NM derived above. This maximum NSE is also used as the limit
in evaluating INS coasting over coverage gaps.

Aircraft and Signal in Space DME Accuracy Allocations

The allocation for o, is based on FAA TSO C66C or equivalent certification standards. Note that
the range dependent term starts to dominate at ranges exceeding 68NM. Despite being many years
old, this is the most modern DME interrogator certification standard. Meeting performance
equivalent to TSO C66C is required by the RNAV-1 and RNAV-2 specifications in the PBN Manual.

NOTE: The DME accuracy error budget given in Annex 10 is currently being harmonized with FAA TSO C66C.

The Signal-in-Space allocation (0.1NM, 95%) includes an allocation for the ground transponder
(0.081 NM according to Annex 10) and the remainder for propagation effects such as multi-path.

OTHER REQUIREMENTS

Co-Channel Facilities

With proper DOC declaration and frequency assignment methods, avionics should not be able to
lock onto co-channel DME facilities (e.g., geographically separated facilities with the same
frequency and pulse spacing). However, a few isolated cases of such tracking errors have been
reported, presumably due to specific atmospheric conditions. Additionally, some FMS exclude co-
channel facilities if they are within line of sight. Consequently, such facilities should be excluded
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from the infrastructure assessment. Note that avionics may lock onto a co-channel facility if the
intended, closer facility is out for maintenance. Scanning DME interrogators are not able to check or
display the facility IDENT.

Multi-path

Depending on the geometry between terrain, the DME site and the RNAV procedure, signal
reflections can occur, which distort the time delay measurement. This is possible for example in hilly
and mountainous areas or near lakes, and can include cases where the reflected signal is stronger
than the direct signal. Such phenomena should be detected in flight inspection. If a facility is found
to provide misleading signals in a relevant area, the procedure should not be authorized for
DME/DME only RNAV.

Specific Considerations for SID’s and STAR’s

Especially in areas with significant terrain, the infrastructure assessment needs to ensure that
sufficient RNAV service is provided even at the lowest altitudes used for the RNAV procedure.
Consequently, the minimum vertical profile is to be evaluated, including any restrictions such as
minimum crossing altitudes or minimum climb gradients. The effects of differences in barometric
altitudes are assumed negligible given the achievable accuracy of signal reception modelling based
on terrain data only. Basing the assessment on true altitudes (or standard pressure altitudes above
the transition level) is therefore acceptable.

For SID’s, DME ranges need to be available for a sufficient amount of time before the FMS can be
expected to provide a position solution. This time is 30 seconds according to Doc 9613.
Consequently, for a SID to be used by DME/DME only equipped aircraft, the RNAV portion of the
SID can only begin at a point that is derived from the minimum altitude where sufficient DME
coverage exists plus a distance along the SID taking into account an appropriate maximum speed
of such aircraft. The procedure design office should coordinate maximum speed assumptions with
the specific users to ensure that the assumed operating scenario is realistic.

Most aircraft with DME/DME/Inertial systems are capable of providing suitable RNAV from take-off
by means of the runway threshold update. Inertial coasting on the runway update can provide
sufficient accuracy for several minutes. Inertial coasting is further discussed in section 4.4.2.

If DME/DME only users need to be able to fly the RNAV SID, and DME/DME coverage is not
available as of 500ft above aerodrome elevation, then the initial part of the SID needs to be based
on conventional navigation. This may have an impact on airspace capacity.

For Terminal Area SID and STAR procedures where DME coverage is a challenge, it is
recommended to always conduct flight inspection in order to confirm the specific altitudes of DME
reception. Note that while on STAR’s DME tracking will continue below line of sight, DME
acquisition on SID’s generally begins right at line of sight. Hence, the flight inspection should always
be conducted in the correct sense (climbing or descending along the procedure).
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DME/DME INFRASTRUCTURE ASSESSMENT PROCESS
INTRODUCTION

This section describes the process that should be followed in order to assess whether DME/DME
navigation infrastructure meets the requirements as specified in section 2. While this assessment is
nominally geared towards existing DME/DME infrastructure, it can also be used to evaluate how
infrastructure changes will optimize RNAV service. More discussion on optimization considerations,
such as the treatment of DME/DME gaps, is contained in section 4.4. Note that this assessment
process proves that DME based RNAV is possible using a specific minimum set of qualifying DME
facilities. This does not mean that aircraft operations on the procedure will actually use the exact
same set of DME facilities.

PROCESS OVERVIEW

Step 1: Collect Necessary Data

Step 2: Identify Individual Qualifying DME Facilities

Step 3: Establish Supporting DME Pairs

Step 4: Identify Specific Issues

Step 5: Prepare and Conduct Flight Inspection

Step 6: Finalize Assessment and Implementation Measures

Note that steps 2, 3, 4 and 6 are best conducted with the support of software tools. More
information on the use of tools is contained in section 1.4. The steps in this process may need to be
iterated if any limitations are identified whose mitigation has an impact on the foreseen procedure.

INPUT DATA COLLECTION

The engineering authority should receive all the necessary information from the procedure design
and airspace planning office. This includes all waypoint coordinates, path terminators and any
vertical profile restrictions (minimum climb gradients, minimum crossing altitudes, speed categories
etc.), offset, direct-to or other operational requirements, as well as the outer boundaries of the
secondary protection surfaces.

IDENTIFY INDIVIDUAL QUALIFYING DME FACILITIES

Using a terrain modelling tool, determine which DME facilities are within line of sight to each point of
the procedure service volume and are usable by all FMS’s (range more than 3NM & less than
160NM, elevation angle less than 40 degrees).

From the list of DME facilities that are within line of sight, eliminate all facilities that are ILS coupled
or have a co-channel station within line of sight. Note the (closer) DME with a co-channel facility for
coordination of maintenance actions.

If a suitable DME facility is not under the authority of the organization performing the assessment,
identify the responsible organization (private regional aerodrome operator, ANSP in a neighbouring
State, etc.). Also note any facilities known to have been first installed prior to 1 January 1989 (thus
not necessarily meeting current Annex 10 requirements).

ESTABLISH SUPPORTING DME PAIRS

Define all possible combinations of pairs of DMEs at each point within the procedure service
volume, based on the list of suitable facilities identified in the previous step. For each possible
combination of qualifying DME pairs, evaluate if the subtended angle constraints are met (within 30
to 150 degrees). For each such pair, calculate the resulting NSE budget performance and check if
they meet the accuracy requirement of £0.866NM (95%).

If a specific DME pair is the only one available for a portion of the procedure, any DME that is new
to that pair must have been visible for at least 30 seconds (given an appropriate maximum speed of
user aircraft) prior to being used as a valid pair.
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3.7

3.7.1

3.7.2

3.7.3

IDENTIFY SPECIFIC ISSUES

Critical DME

If only one valid pair of supporting DME exists, both DME facilities are considered critical to the
procedure. If a particular DME is common to the list of all supporting DME pairs, that DME is critical
as well. A DME is critical when an outage will disable RNAV positioning (using DME/DME only).
The infrastructure assessment needs to identify the number of critical DME facilities that support a
procedure. Refer to section 4.3 for considerations related to critical DME facilities.

Identify DME Facilities with a Potential to have Negative Effects

In addition to the qualifying DME pairs, identify DME facilities for the flight inspection to evaluate for
any deleterious effects on the navigation solution, e.g., those providing receivable signals that do
not meet Annex 10 requirements. These are DME facilities whose signals are receivable at far
distances at low elevation angles (such as facilities along the previous flight path), or have
significant terrain or other reflectors near the site and/or propagation path. Military facilities
(TACAN), old and out of State installations may also deserve specific consideration. Because
avionics are required to exclude such DME facilities from their RNAV solution, this activity is not a
strict requirement and is thus not intended to impose an undue flight inspection burden on the
service provider. However, due to the fact that the presence of such signals could impact specific
operators, a preliminary investigation prior to approving the RNAV procedure for operations is
justified.

PREPARE AND CONDUCT FLIGHT INSPECTION

Review Existing Flight Inspection Records

For each DME in the list of supporting pairs, review existing flight inspection records. Note any
specific issues, such as AGC unlocks in certain areas, that may deserve special attention. If
sufficient recent records are available which cover all or part of the candidate DME facilities in the
relevant airspace, all or part of the flight inspection may be omitted.

Prepare Flight Inspection Data

Prepare the list of DME facilities to be flight inspected and communicate any findings (such as
incomplete coverage of entire procedure volume) to the flight inspection organisation, including any
specific factors to be considered. This data needs to be made available together with the same
input data that was required for the assessment performed with modelling (including the path
definition, vertical profile, etc).

It is recommended that the procedure design office and the engineering authority coordinate closely
with the flight inspection organisation (and ATC operational staff) in the planning and preparation of
the infrastructure assessment and flight inspection to make sure that all aspects are considered as
efficiently as possible. This will minimize the operational impact of the flight inspection.

The role of flight inspection is to confirm signal in space compliance with ICAO Annex 10, e.g.
coverage (availability) and accuracy of individual DME facilities supporting RNAV, as discussed in
section 2. No amount of modelling can accurately predict what the signal in space will look like in all
cases. Especially at lower altitudes, adverse influences due to reflections and shading are possible.

Flight Inspection Equipment Considerations

It is recommended to use a flight inspection system with the capability to record multiple DME
signals simultaneously and accurately in order to minimize the required number of flight inspection
runs. Flight inspection of DME supporting RNAV procedures is identical to flight inspection of the
DME as a conventional facility, except that the RNAV inspection ensures that Annex 10
requirements are met along the procedure path, which may be geographically separate from where
DME signals have been inspected in the past.
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While being within coverage is defined as providing signals at or above the minimum field strength
requirement of Annex 10, aircraft avionics use DME signals well below the minimum field strength.
This is also true for typical flight inspection receivers. Furthermore, it is not possible to get an
accurate field strength measurement by automatic gain control (AGC) voltage calibration. Hence,
AGC lock status and system reply efficiency can also be used as indicators of potential problem
areas.

Because the accuracy error budget cannot be met after the DME interrogator goes into memory
mode, such occurrences constitute a gap in coverage.

Current flight inspection systems are generally not suited to determine exact limits of coverage. This
is due to the AGC limitations mentioned above, as well as because angles of incidence from
different DME ground transponders vary greatly. Consequently, simple calibrations of the horizontal
antenna gain pattern cannot be more accurate than approximately 10dB. For field strength
measurements accurate to 3dB, 3D installed gain pattern and antenna voltage calibration needs to
be employed. Additionally, for an efficient detection capability of multipath distortions, it is
recommended to observe the baseband pulse video in the time domain. Such a capability may also
aid in identifying (and if possible removing) the causes of propagation distortions. These methods
are primarily relevant if there are gaps in DME coverage.

The accuracy required of the flight inspection system in ICAO Doc 8071 to conduct DME flight
inspections is sufficient for RNAYV flight inspections.

FINALIZE ASSESSMENT AND IMPLEMENTATION MEASURES

The engineering authority should assess the flight inspection report to see if the assumptions in the
initial assessment have been confirmed, or if any unforeseen effects have been discovered and
take the appropriate action for remedy.

If any DME facilities are identified as being deleterious to the navigation solution, they need to be
removed from the list of supporting DMEs and corresponding pairs (if applicable). While it is
theoretically possible to identify such DME facilities on a procedure chart for de-selection by the
pilot during a low-workload period of flight, it is not recommended to base the procedure on
DME/DME or DME/DME/Inertial in such a case. Except for signal adjustments taking place during
periodic maintenance actions, no such cases have been reported so far. Thus, this should be a rare
phenomenon.

The list of valid DME facilities supporting a specific procedure could be published in the AIP or on
the chart, together with the DOC and if the facility is critical. This information can be used by aircraft
database providers to ensure that valid (and needed) DME facilities are not excluded from the
RNAYV solution due to the FOM being too small. The information on critical status can be used by
users equipped with DME/DME only to link facility NOTAM'’s to the specific procedure.

Note: AIP and NOTAM processes are still under development for RNAV. Currently, such data is not published
in the AIP and the need to publish a specific RNAV unavailable NOTAM for a small user group only is still
being debated.

Depending on the findings of the assessment, maintenance actions may be recommended. In
particular, if the flight inspection reveals a measurable, consistent bias due to misalignment of the
transponder delay setting, it is recommended to arrange for maintenance personnel to readjust this
delay to as close as possible to the nominal value.

If the assessment has identified DME facilities that are not maintained by the entity responsible for
the RNAV procedure, service level agreements may be necessary. See section 4.2. Additionally,
DME’s identified to have a co-channel facility within line of sight and taken out of service during
maintenance may cause unacceptable navigation performance for some users. Consequently, the
procedure should be suspended (for DME users) during maintenance of such a facility

All findings and assumptions of the assessment should be appropriately documented and compiled
in a report. The report needs to be archived in a way that it can be consulted when procedure
changes are being considered.
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4.1

4.2

4.3

4.4

TECHNICAL TOPICS

NEGATIVE ELEVATION ANGLES

Especially in terrain constrained areas, there may be a desire to rely on DME facilities at negative
elevation angles with respect to the procedure (for example, a STAR leading into a valley airport
with a DME on a nearby mountain). While this is generally not foreseen in ICAO standards,
experience so far indicates that there are no specific reasons not to allow this. Also, no FMS logic
has been identified that would exclude such facilities.

However, since DME aircraft antennas are usually mounted on the bottom of the fuselage and
ground transponder antennas not optimized to radiate below the horizontal plain, significant
variations in received signal strength are possible along the procedure. Consequently, if a DME is
to be relied upon that is above the procedure altitude, careful flight inspection is required to confirm
good signal reception. It is recommended to include additional signal margin before accepting the
use of such a DME and include a specific note in the AIP.

DME FACILITIES NOT UNDER ANSP CONTROL AND SERVICE-LEVEL
AGREEMENTS

If a required facility is not under the control and maintenance of the ANSP that is providing for
operations on the RNAV procedure, it is necessary to coordinate maintenance actions, especially if
the facility is critical. If the facility is not critical, the ANSP should evaluate what redundancy remains
if such a facility goes out of service. This may also depend on the equipage level of the procedure
users (e.g., how many aircraft on the procedure are equipped with DME/DME RNAYV only) and the
operational environment.

In some cases it may be prudent to establish a service level agreement (SLA). The need and the
required level of formality for such agreements has to be decided by the civil aviation authority of
the State or States involved. If an SLA is needed, an example template can be found in appendix I.

CRITICAL DME FACILITIES

It is the responsibility of the appropriate authority in view of traffic density, environment and
equipage mix to determine the acceptability of critical DME facilities.

If critical DME facilities are identified according to the process in section 3.6.1, the impact of a
critical DME outage needs to be assessed. It may be advisable to conduct scheduled maintenance
on such a facility only when it is not in operational use. Appropriate procedures need to be put in
place to identify the RNAV procedure as not available to DME/DME only equipped aircraft per
NOTAM. Other measures such as advising ATC staff may also be necessary depending on fleet
mix and operational reliance on the procedure.

If a critical DME facility is identified and accepted, it is recommended to review maintenance
records and practices to ensure that the MTBO of the facility is maximised to the greatest extent
practicable.

If an authority decides that critical DME facilities are not acceptable, alternatives are to either base
the procedure on GNSS only or to require inertial capability in addition to DME. The acceptance of
such measures will depend mostly on the anticipated user fleet equipage levels.

GAPS IN DME/DME RNAV SERVICE

If there is an insufficient number of qualifying DME pairs to support the procedure (either zero or
one to two if critical DME are to be avoided), then there is a gap in DME/DME RNAV coverage. This
can be at any point along the procedure, including SID procedures following a take-off, e.g., prior to
attaining a sufficient altitude to enter DME coverage.

Note that since some FMS systems revert to VOR/DME navigation upon loss of DME/DME, the
available VOR/DME accuracy should also be assessed (by flight inspection) to ensure that the VOR
does not introduce excessive position errors (e.g., errors greater than the assumed inertial or dead
reckoning drift rate as detailed further below).
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4.5

The infrastructure assessment process should identify the boundaries of such gaps as exactly as
possible. This is done by taking into account the (flight inspected) boundaries of DME coverage and
the 30 second positioning delay. There are various mitigations available for consideration. The
choice of one or more depends on the intent and abilities of the ANSP. One mitigation of DME gaps
is to declare DME based RNAV as unsuitable and require GNSS for the procedure. Such a decision
will need to be coordinated with airspace users. The following alternative measures can be taken to
mitigate such gaps:

Dead Reckoning

If the gap is for part of a straight path segment, the aircraft can continue on course based on dead
reckoning. However, the corresponding procedure design tolerances need to be applied. Route
separation may also need to be increased. This requires an appropriate iteration with the procedure
design specialist and the airspace planning office.

NOTE: Even if it is possible to publish safe procedures based on dead reckoning, the operational acceptability
of dead reckoning areas is questionable.

Inertial Navigation Systems (INS or IRU)

Requiring DME/DME/Inertial systems. This will make the procedure unavailable to users equipped
with DME/DME only systems. It requires assessing the coasting performance of the inertial system
given the navigation accuracy achieved prior to entering the gap, and the expected speed of the
aircraft. The following set of criteria can be used for an assessment of inertial drift performance:

Initial position error is either the last DME/DME achieved accuracy or 0.17NM (95%, NSE) for a
runway update. The inertial drift rate is 8NM/hour (95%). The speed to be assumed should
generally correspond to the slowest expected user. This can be derived from PANS-OPS speed
categories.

The gap that can be covered by inertial coasting is dependent on meeting the same 0.866NM
(95%) NSE requirement as for DME/DME.

For SID’s, note that not all DME/DME/Inertial equipped aircraft are capable of performing a runway
update. If this is required, it needs to be appropriately communicated to airspace users.

Resiting Existing or Installing New DME Facilities

Using the geometry criteria outlined in section 2, the ideal location of one or more additional DME
facilities can be determined. The desired locations then need to be matched up with realistic sites.
Ideally, this will be in locations where the ANSP already operates other infrastructure. As the
investment associated with this mitigation only caters to a small segment of airspace users, it is vital
that this mitigation does not result in unreasonable cost to operators with modern avionics.

RNAV OFFSETS AND DIRECT-TO'S

Air Traffic Controllers frequently employ offsets to RNAV routes or procedures. These offsets can
be quite large. Also, some waypoints of a route of procedure may be omitted by issuing a direct-to
shortcut. Nominally, the assessment process described herein is not able to cater to such practices,
e.g., the controller will remain responsible to maintain separation, terrain clearance and monitor
route conformance. However, if airspace planners are able to specify a maximum offset or direct-to
requirement, the engineering authority could potentially support this with an appropriate area based
infrastructure assessment, following the same principles described in this document. As an
alternative to offsets, if operational requirements permit, it is advisable to design and publish a new
RNAYV procedure or route parallel to the existing route.
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Appendix I: Example SLA.

TBD

---END ---
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