
AMCP/6-WP/30

Appendix D to the Report on Agenda Item 1 1D-1

APPENDIX D
(ENGLISH ONLY)

USE OF SHARED SPECTRUM FOR AERONAUTICAL SAFETY COMMUNICATIONS

The 1997 International Telecommunications Union (ITU) World Radiocommunication
Conference (WRC-97) established mobile-satellite service (MSS) allocations in the radio frequency spectrum
previously allocated to the aeronautical mobile-satellite (route) service (AMS(R)S). The International Civil
Aviation Organization (ICAO) was opposed to this change, reflecting in Document 93-E to WRC-97 that:

...the considered view of international civil aviation is that generic type allocations are
not acceptable at the present time. Considerable further study and operational
validation, amongst other aspects, are necessary before such systems can be employed
in any general way for aviation safety purposes. 

The reallocation, however, was the latest action in a lengthy process, extending back to the 1987 ITU World
Administrative Radio Conference (WARC), to seek a more efficient use of the radio frequency spectrum in
the 1.5/1.6 GHz band for MSS communications.

The 1997 Conference Preparatory Meeting (CPM-97) Report had provided guidance for the reallocation,
noting in particular that:

Any re-allocation of current allocations for GMDSS and AMS(R)S distress and safety
communications to generic MSS allocations must be accompanied by suitable
technical, operational and regulatory safeguards that effectively ensure continued
access to the spectrum needed to meet the requirements developed by the IMO and
ICAO for those distress and safety communications taking into account that several
existing and planned systems will operate generically. (Paragraph 4.2.5.2)

Unfortunately, the present outcome of this action leaves the work far from complete in terms of  exhibiting
a firm foundation for ensuring that future civil aviation safety communication requirements (i.e., AMS(R)S
requirements) can be satisfied within the former AMS(R)S bands. This is particularly true in light of
expectations of, and experience with, institutional difficulties in achieving real-time inter-network pre-emption
– a problem also highlighted in the CPM-97 Report where it was noted (in paragraph 4.2.5.1) that 

…inter-system pre-emption and prioritization is not presently considered feasible.

Recognizing the importance of AMS(R)S communications and the objections of ICAO with
respect to the reallocation action, WRC-97 took a related decision in adopting Resolution 218 (WRC-97) titled
“Use of the Bands 1 525-1 559 MHz and 1 626.5-1 660.5 MHz by the Mobile-Satellite Service”. This
resolution highlights work needed to be completed to help the ITU take future decisions regarding the
provision of AMS(R)S communications within a generic MSS frequency allocation. Specifically,  issues to
be addressed included: a) determining future spectrum requirements for AMS(R)S using “...internationally
agreed assumptions and methodologies and information on actual ...AMS(R)S communication traffic usage
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and growth...”; b) determining “...the feasibility of prioritization, [and] pre-emptive access...”; and c)
determining the feasibility of  “...interoperability between different mobile-satellite systems for [the provision
of] ...AMS(R)S”. All these areas were highlighted within the context of “...in order to achieve the most
flexible and practical use of the generic allocations.”  The ITU tasked the Radiocommunications Sector
(ITU-R) to address these issues; this effort was further tasked to Study Group 8, Working Party 8D (WP8D).
While these studies certainly characterize the long-term actions which must be completed to ensure the
protection of aviation safety communications, urgent short-term (i.e., WRC-00) response is also imperative
to preserve aviation access to the reallocated spectrum.

1 BACKGROUND

1.1 The evolution of shared systems

1.1.1.1 The concept of “sharing” related to the provision of MSS communications is not a new
subject. Questions related to the sharing of space segment elements (such as transponders) and spectrum
both surfaced in the early 1980’s, as Inmarsat operations grew, and plans for new MSS systems were
considered. 

1.1.1.2 Protection of AMS(R)S communications has historically been provided through exclusive
frequency allocations. However, the general concept of implementing provisions to ensure that safety
communications would have priority over non-safety communications within an individual modal
communications service was accepted by the 1987 WARC, which implemented the following footnote:

S5.358     Notwithstanding any other provisions of the Radio Regulations relating to restrictions in the use of
the bands allocated to the aeronautical mobile satellite (R) service for public correspondence, the bands
1545-1555 MHz and 1646.5-1656.5 MHz may be authorized by administrations for public correspondence with
aircraft earth stations. Such communications must cease immediately, if necessary, to permit transmission of
messages with priority 1 to 6 in Article 51/S44.

1.1.1.3 In addition, steps have been taken in the past to allow a “generic” mobile-satellite service
(MSS) usage of spectrum while maintaining priority and pre-emptive access for the aeronautical
mobile-satellite (route) service (AMS(R)S). For example, in two administrations, the paired bands
1 555 - 1 559 MHz and 1 656.5 - 1 660.5 MHz were reallocated to MSS, in order to promote more cost
effective systems and more efficient spectrum usage. That is, there was the desire to provide for shared
systems by opening access to the spectrum for non-AMS(R)S communications, or “generic MSS” usage,
under the condition that AMS(R)S communications would have priority over all other communications.  As
a result, the following footnote was adopted by the 1992 WARC:

S5.362 Alternative allocation: in Argentina and the United States, the band 1 555 - 1 559 MHz is allocated
to the mobile-satellite (space-to-Earth) service, the band 1 656.5 - 1 660 MHz is allocated to the mobile-satellite
(Earth-to-space) service, and the band 1 660 - 1 660.5 MHz is allocated to the mobile-satellite (Earth-to-space)
and radio astronomy services, on a primary basis subject to the following conditions: the aeronautical
mobile-satellite (R) service shall have priority access and immediate availability over all other mobile-satellite
communications within a network operating under this provision; mobile-satellite systems shall be interoperable
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with the aeronautical mobile-satellite (R) service; account shall be taken of the priority of safety-related
communications in the other mobile-satellite services.

1.1.1.4 This protection for AMS(R)S was deemed sufficient by those administrations, since the
allocation would only allow co-primary status for MSS systems which were “interoperable with the
AMS(R)S” (meaning they would need to be capable of providing AMS(R)S within the MSS network), and
which gave “priority and preemptive access and immediate availability” to AMS(R)S communications within
that MSS network

1.1.1.5 At WRC-97, an attempt was made to carryout a similar action on a larger scale; that is to
reallocate the AMS(R)S frequency bands for generic MSS use, while preserving the absolute priority of
AMS(R)S safety communications over all other messages. Toward that goal, the bands 1 545 - 1 555 MHz
and 1 646.5 - 1 656.5 MHz were reallocated on a primary basis simply to “MSS”, and the following footnote
was added (replacing S5.358):

S5.357A In applying the procedures of No. S9.11A to the mobile-satellite service in the bands 1 545 - 1 555
MHz and 1 646.5 - 1 656.5 MHz, priority shall be given to accommodating the spectrum requirements of the
aeronautical mobile-satellite (route) service (AMS(R)S) providing transmission of messages with priority 1 to
6 in Article S44. AMS(R)S communications with priority 1 to 6 in Article S44 shall have priority access and
immediate availability, by preemption if necessary, over all other mobile-satellite communications operating
within a network. Mobile-satellite systems shall not cause unacceptable interference to, or claim protection from,
AMS(R)S communications with priority 1 to 6 in Article S44. Account shall be taken of the priority of
safety-related communications in the other mobile-satellite services. (see Resolution COM5-24.)

1.1.1.6 Footnote S5.362 was also rewritten (as S5.362A) to make it compatible with S5.357A, as
follows:

S5.362A    In the United States, in the bands 1 555 - 1 559 MHz and 1 656.5 - 1 660.5 MHz, the aeronautical
mobile-satellite (R) service (AMS(R)S) shall have priority access and immediate availability, by preemption if
necessary, over all other mobile-satellite communications operating within a network. Mobile-satellite systems
shall not cause unacceptable interference to, or claim protection from, AMS(R)S communications with priority
1 to 6 in Article S44. Account shall be taken of the priority of safety-related communications in the other
mobile-satellite services.

1.2 Problem: Improper reallocation action

1.1.2.1 Unfortunately, the end result of the footnote reallocation action did not meet the expected
goal. Though the intended objective was to increase flexibility of spectrum usage while preserving AMS(R)S
capability, analysis of S5.357A and S5.362A raises several serious concerns:

a) these footnotes do not require satellite networks to be capable of providing AMS(R)S.
Though certainly not intended by the stated purpose of the reallocation, the use of the
phrase “within a network” even implies that systems that do not provide AMS(R)S are
not bound by the terms of the Footnote;

b) recovery of spectrum for AMS(R)S usage, once it is utilized by satellite networks not
offering AMS(R)S service, may be impossible because of the investment made; and
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c) the term “unacceptable interference” is unclear. Only the terms “interference,”
“permissible interference,” “accepted interference” and “harmful interference” are
defined in the Radio Regulations. 

The ultimate result may be a loss, in the extreme a complete loss, of access to AMS(R)S capability by
aviation.

1.1.2.2 This situation results because nothing in the new allocation – the change to generic MSS plus
the associated footnotes – requires an MSS operator to be capable of offering AMS(R)S in order to have a
primary allocation. Any number of aspects, such as requiring a “bent pipe” transponder which is capable of
“passing” the signals defined in ICAO Standards and Recommended Practices (SARPs) for the aeronautical
mobile-satellite service (AMSS), may be factors which lead an MSS provider to make a business decision
not to offer AMS(R)S communication services. The resultant implemented system may not be able to satisfy
the requirements needed to support AMS(R)S communications. This would leave aviation without a source
for this vital communication function, while the spectrum that had been reserved on a priority basis for use
by the AMS(R)S would then only be used by non-AMS(R)S users.

1.1.2.3 Simple regulatory refinements may be sufficient to rectify this deficiency. One solution might
be to require that all MSS networks that gain access in that band be capable of providing AMS(R)S. Under
that condition, Network B in the case study would be capable of providing safety communications, so that
when the AMS(R)S market expanded beyond the capabilities of Network A, aviation could make-up the
difference by taking advantage of Network B capabilities. Another solution might be regulations that require
formal periodic review of the spectrum usage to ensure that aviation AMS(R)S requirements are being
satisfied. Those regulations must include that AMS(R)S requirements would have priority — to the exclusion
of other services, if necessary.

1.1.2.4 Recognizing that further deliberation on this allocation change was required, WRC-97
assigned ITU-R Working Party 8D (WP8D) the following studies, as defined in Resolution 218 (WRC-97):

a) to develop the assumptions and methodologies and information on GMDSS and
AMS(R)S communication actual traffic usage and growth to determine the future
spectrum requirements for the provision of distress, urgency and safety communications
in the GMDSS by mobile satellite and AMS(R)S with priority 1 to 6 of Article S44; and

b) to determine the feasibility of prioritization, and real time pre-emptive access and, if
necessary, interoperability between different mobile-satellite systems for GMDSS and
AMS(R)S, in order to achieve the most flexible and practical use of the generic
allocations;

1.1.2.5 Resolution 218 further noted that these tasks are to be completed by WRC-99 (now
tentatively re-scheduled for 8 May to 2 June 2000) or a future competent conference. This last point is
important as it displays recognition that the studies necessary to ensure protection of safety communications
may be impossible to accomplish in a short period of time. Of prime importance in the near term, however,
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is to ensure that future aviation access to protected spectrum for safety communications service is
maintained.

2 WHY AVIATION REQUIRES AMS(R)S CAPABILITY

2.1 AMS(R)S spectrum requirements

1.2.1.1 In the early years of MSS system operations, and the related ITU activities which
investigated the spectrum which might be needed for the various MSS services, there was considerable
“future spectrum requirements” development, with, for example, the land mobile satellite community projecting
a huge future requirement. These activities were undertaken in the wake of actions taken at the 1987 World
Administrative Radio Conference (WARC-87), within Joint Working Party 8/14. During the years before and
after WARC-87, the international civil aviation community, through the International Civil Aviation
Organization (ICAO), undertook the development of several significant future spectrum requirement studies.

1.2.1.2 The ICAO Future Air Navigation Systems (FANS) Committee, a special committee of the
ICAO Council, which was active during the period 1984-1988, developed the future concept for provision and
use of communications, navigation, and surveillance (CNS) safety services. This concept, known as the
FANS CNS Concept, was largely based upon the provision of future CNS services through the use of satellite
based technology. A cost/benefit analysis, completed by FANS, indicated that there was a significant benefit
for aviation to move to a satellite-based system.

1.2.1.3 The FANS Committee also developed the system architecture for AMSS, for which ICAO
Standards and Recommended Practices (SARPs) for the AMS(R)S were developed (known as AMSS
SARPs, which allows common signalling to provide both AMS(R)S and non-safety aeronautical
communications). In addition, the FANS Committee addressed MSS spectrum sharing issues and developed
a definition of future AMS(R)S spectrum requirements, which was accepted by ICAO and used as inputs
for WARC-87.

1.2.1.4 In preparation for the 1992 WARC, ICAO recognized the need to develop a more
comprehensive statement of future AMS(R)S spectrum requirements, taking into account, inter alia, the
actual channel types and data link overheads resulting from the maturing ICAO AMSS SARPs. The
development of this statement of requirements was accomplished in a systematic manner over a considerable
period of time within the ICAO Aeronautical Mobile-Satellite Service (AMSS) Panel. It included significant
inputs from a number of civil aviation organizations from around the world. This statement of spectrum
requirements was presented to and accepted with minor changes by the 1990 ICAO Communications/
Meteorology/Operations (COM/MET/OPS) Divisional Meeting. As a result, the methodology and conclusions
of that study provide a firm basis for development of updated future spectrum requirements for AMS(R)S.

1.2.1.5 Since that time, ICAO has developed global implementation plans for satellite-based
CNS/ATM on a worldwide basis. This is in accordance with the world aviation community’s commitments
made at the ICAO 10th Air Navigation Conference, where it was accepted that full implementation of what
was then known as the future air navigation system, would occur by the year 2010. This move has begun with
the use of AMS(R)S for communications and surveillance in oceanic and other low traffic density areas of
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the world. Satellite air-ground safety communications are a vital element of these plans hence any threat to
the availability and accessibility of spectrum, and the integrity of communications using that spectrum, must
be resisted with all the resources available to the community. To the world outside aviation, progress in
implementation may seem painfully slow, and lead to the incorrect conclusion that the estimates of spectrum
requirements are exaggerated.

1.2.1.6 ITU Resolution 218 requested the determination of future spectrum requirements for, inter
alia, “AMS(R)S with priority 1 to 6 of Article S44”. Appendices 1 and 2 of this document contain the results
of that determination. The projection of spectrum requirements for AMS(R)S show that, by circa 2010, the
requirement could exceed 14 MHz (in each direction); the amount which was once allocated exclusively to
the AMS(R)S. The projection is based on the technology defined and required by the ICAO AMSS SARPs,
which has been implemented by providers and users of AMS(R)S, supplemented by the impact on future
spectrum needs resulting from assumptions about a higher traffic density of the area of the world, North
America, and including such aspects as the number of aircraft that might be served and the higher degree of
frequency reuse that might be anticipated. As of July 1998, over 2 000 aircraft earth station installations have
been completed or are in process, with a continuing growth in both equipage and utilization. The majority of
currently equipped aircraft comprise the longer-range fleet of commercial air carriers and general aviation,
with continuing growth in the size of the fleets. Further, incremental enhancements in technology (and of
services available) are enabling the equipage of smaller and shorter-range aircraft. 

2.2 Other considerations

1.2.2.1 Aeronautical services and systems generally have to undergo a long standardization process
due to the need for system standards ensuring global interoperability, operational validation and the equipage
of aircraft on a worldwide basis. In aviation, therefore, new systems can only be introduced starting at a low
level of operation and expanding growth and coverage as operational requirements mature. Due consideration
must be given to the fact that the development of this service, which is vital to the future safety and efficiency
of air transport, will not proceed unless confidence remains high that access to spectrum in the long term is
possible. Unfortunately, this long development time has resulted in the impression that aviation was
“warehousing” spectrum instead of putting it to practical use. Aviation also expects communications avionics
equipment (e.g., aircraft earth station) to last at least fifteen years before major change in an aircraft. 

1.2.2.2 It is also important to emphasize that L-band (1-3 GHz) has specific technical characteristics
that make it particularly suitable for a safety service such as AMS(R)S. Moving to higher frequencies while
maintaining the required service availability, would require such large penalties in link power as a consequence
of atmospheric absorption characteristic, that the overall feasibility of providing the service at all altitudes
would be compromised. Although the atmospheric conditions apply equally to other MSS services, none have
required levels of availability near that of AMS(R)S (see ITU-R Recommendation M.1180) and, as such, are
more suitable to those higher frequency bands.

1.2.2.3 While satellite communications for aviation are not currently widespread, the  ICAO global
implementation plan provides a firm basis for expectation that growth will occur. The plan makes it clear that
satellite air-ground communications are a vital element to being able to cope with the expanding air traffic in
a safe and efficient manner. The speed with which these plans can be implemented involves many complex
factors including the development of operational procedures to make best use of the vastly better
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communications, ground processing technology, and the availability of the necessary funds in Contracting
States.

1.2.2.4 A final consideration is that AMS(R)S communications used for the control of air traffic, and
hence the spectrum used to support them, are very different from the commercial mobile telephone services.
Safe separation of aircraft depends in part on high quality communications being available all the time. There
is no direct relationship between the amount of communication passed and the revenue derived by an
individual aircraft operation. Hence, to ensure safety-of-life, aviation is a vital user of spectrum, not a money
maker from it. However, efficient aircraft operations, which derive from use of satellite communications
spectrum, results in a direct benefit to the State, by increasing the capacity of the airspace it controls. Air
travel contributes approximately $ 1.14 trillion annually to the global economy and employs over 24 million
people worldwide. 

3 NEAR-TERM REGULATORY REVISIONS

1.3.1 Due to the necessary coordination and standardization for development of a safe and efficient
international aviation system, long-term AMS(R)S access to suitable AMS(R)S capability must be assured
through a regulatory basis. As discussed above, the current Radio Regulation environment with the generic
MSS allocation in concert with Footnotes S5.357A and S5.362A does not provide such assurance. This must
be rectified immediately, before the spectrum is irretrievably lost to non-AMS(R)S networks.

1.3.2 In order to provide the intended protection for vital aeronautical safety communications,
footnotes S5.357A and S5.362A must be modified at WRC-00. These modifications should:

a) ensure aviation access to aeronautical safety communications by making primary only
satellite systems that are capable of providing AMS(R)S; and

b) provide a periodic (e.g., annual) review process to ensure that AMS(R)S spectrum
requirements continue to be accommodated in the bands 1 545 - 1 555 MHz and
1 646.5 - 1 656.5 MHz (and 1 555 - 1 559 MHz and 1 656.5 - 1 660.5 MHz in the United
States).

Both of these mandates are recognized in the material of the CPM-97 report, where it is noted that
“…generic  MSS allocations must be accompanied by suitable … regulatory safeguards that effectively ensure
continued access to the spectrum”, and “…provisions must be adopted … include[ing] … coordination
procedures which will take into account the requirements of the safety services”.
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1.3.3 Example changes to accomplish both of those goals are noted below:

a) a statement that “Mobile-satellite system networks not capable of providing AMS(R)S
shall operate on a secondary basis to networks providing AMS(R)S”. This approach has
been used in previous ITU Radio Regulations to preserve access by one service, while
allowing spectrum sharing by other services; and

b) a provision should be added to the Radio Regulations taking advantage of the Special
Agreements process codified in S6.2 to craft the structure for a periodic review to
ensure that evolving requirements for aeronautical safety communications are satisfied.
These Special Agreements would be among administrations with frequency assignments
in the affected bands that are in the Master Register or whose networks are in the final
stages of completing their coordination for those bands. This provision could be added
to the revised footnote, or perhaps to a revision of Articles S.6 or S.9. 

Finally, additional changes that should be made in any revision of S5.357A and S5.362A include:

c) replacing the term “unacceptable interference”, which is not defined in the Radio
Regulations, with the well understood term “harmful interference”; and

d) verifying the accuracy of the reference to “the procedures of S9.11A”. Review of
Article  S9 indicates that the correct reference might be “the procedures of S9
Sub-Section IIA”.

4 LONG-TERM REQUIRED STUDIES AND
VALIDATION

1.4.1 Having established a need to preserve aviation access to AMS(R)S capability through
regulation, a number of additional studies are required to ensure that AMS(R)S provision in a shared system
environment is operationally and technically feasible. Careful review of the results of these studies is
necessary to ensure that AMS(R)S  communications are not compromised — a fact noted by WRC-97 in
their recognition that all studies need not be completed by WRC-99 (now WRC-00).

1.4.2 Studies must be conducted to ensure and validate that the necessary priority and
pre-emption mechanisms can be effectively implemented in a multiprovider and multiservice
environment.

1.4.2.1 The practical feasibility of providing the priority and pre-emption capability necessary to
protect safety communications in a shared system environment is highly dependent on the type of operating
environment. Within ICAO it has been addressed only for the case of sharing AMS(R)S with aeronautical
MSS. With the allocation changes introduced by WRC-97, a more flexible operational environment is possible,
one in which several MSS operators would share the MSS spectrum and operate independently. This
more-complex environment introduces a situation in which not only would the system be required to be able
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to preempt non-safety AMSS to satisfy the requirements of the AMS(R)S, but the system must be capable
of preempting non-aviation services (e.g., land mobile) as well, including potentially systems utilizing distinct
access schemes (e.g., frequency division, code division and/or time division multiple access). In addition, a
myriad of technical and institutional issues must be addressed to determine whether, in the future,
inter-network preemption can be made feasible in a commercial environment.

1.4.3 Studies must be conducted to ensure that the present interference provisions of the
Radio Regulations are adequate to deal with the new scenario of a generic service with mixed safety
and non-safety traffic. These studies must include addressing the practicability, effectiveness and
validation of measures relating to the removal of interference.

1.4.3.1 The protection of safety-of-life communications is difficult, if not impossible, to guarantee in
an international environment if adequate provisions are not incorporated in the ITU Radio Regulations. This
is especially a concern as the current Regulations would not preclude two providers from sharing the same
frequency in the same area (e.g., via CDMA). ITU-R Recommendations M.1183 and M.1234 should be
reviewed as part of these studies. 

1.4.4 Studies must be conducted to determine and define “immediate access” for various
airspace environments and for both inter and  intra-network considerations.

1.4.4.1 The new shared environment introduces the need to define the term “immediate” as it applies
to “immediate access”.  It is expected that the time period defined could vary with the operational airspace
(e.g., oceanic versus enroute versus terminal), and for inter-MSS network versus intra-MSS network.
Defining these requirements will require combined efforts of operational, requirements and airframe experts
from around the world. 

5 CONCLUSIONS

1.5.1 Near-term (WRC-00) efforts:  Due to the necessary coordination and standardization for
development of a safe and efficient international aviation system, long-term AMS(R)S access to suitable
AMS(R)S capability must be assured through a regulatory basis. This fact was recognized by the ITU and
reflected specifically in the CPM-97 Report. As discussed above, the current Radio Regulation environment
with the generic MSS allocation in concert with Footnotes S5.357A and S5.362A does not provide such
assurance. This must be rectified immediately, via WRC-00 action, before the spectrum is irretrievably lost
to non-AMS(R)S networks.

1.5.2 Long-term (post WRC-00) efforts:  As outlined in the CPM-97 Report, and highlighted
in Resolution 218, ensuring the protection of aviation safety communication capability is of paramount
importance. Further, it is recognized that the studies necessary to ensure and validate that protection may be
comprehensive and, as such, may not be completed in time for the 2000 World Radiocommunication
Conference. In particular, the studies identified in paragraphs 1.4.2, 1.4.3 and 1.4.4 of this appendix  must be
addressed, and the results presented as input to a future World Radiocommunication Conference.
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— END —


