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Radionavigation, radionavigation-satellite and radiolocation services

1.1
Agenda Item 1.4 Review of allocations in the band 5 091-5 150 MHz 
“To consider the results of studies related to Resolution 114 (WRC-95), dealing with the use of the band 5 091-5 150 MHz by the fixed-satellite service (Earth-to-space) (limited to non-GSO MSS feeder links), and review the allocations to the aeronautical radionavigation service and the fixed-satellite service in the band 5 091-5 150 MHz”
1.1.1
Summary of technical and operational studies including a list of relevant ITU‑R Recommendations
The frequency band 5 000-5 250 MHz is allocated on an international basis to the aeronautical radionavigation service (ARNS). The fixed-satellite service is allocated on a primary (Earth‑to‑space) in the band 5 150-5 250 MHz for the use of feeder uplinks for Non-Geostationary Mobile Satellite Service systems (S5.447A). The 5 091-5 150 MHz band was allocated on a co‑primary basis to the FSS for NGSO MSS feeder uplinks under S5.444A with the conditions that:


–
prior to 1 January 2010, the use of the band 5 091-5 150 MHz by feeder links of non‑geostationary-satellite systems in the mobile‑satellite service shall be made in accordance with Resolution 114 (WRC-95);


–
prior to 1 January 2010, the requirements of existing and planned international standard systems for the aeronautical radionavigation service which cannot be met in the 5 000‑5 091 MHz band, shall take precedence over other uses of this band;


–
after 1 January 2008, no new assignments shall be made to stations providing feeder links of non-geostationary mobile-satellite systems; 


–
after 1 January 2010, the fixed-satellite service will become secondary to the aeronautical radionavigation service. 

These dates were developed on the basis of information provided by administrations on the short term development requirements for use of the band 5 091-5 150 MHz by the fixed satellite service. No further studies have been presented since WRC-95 to assess the future need for this band by the fixed-satellite service.

Currently, only the 5 030-5 150 MHz portion has a defined ARNS attribution; namely the microwave landing system (MLS) under article S5.444 as modified by WRC-2000, with only the 5 030-5 091 MHz portion containing defined MLS channels, however, ICAO has identified the band 5 091-5 150 MHz for expansion for MLS. As a result, the aviation community is exploring other applications in the 5 091‑5 150 MHz band, and defining uses for the 5 150‑5 250 MHz band – including perhaps building on the existing fixed satellite service allocations to support aeronautical fixed service applications and to provide non-safety wideband wireless application at airports.

Two MSS systems have implemented spacecraft tracking and control operations and one system has begun commercial service using the 5 091 – 5 250 MHz band for transmitting communications traffic, as well as, command signals, from gateway earth stations to the NGSO spacecraft.  Spacecraft tracking and control operations began in the 5 091-5 250 MHz band with the launch of the first LEO-D satellite on 14 February 1998.

Sharing between FSS and MLS is covered by:

Recommendation ITU-R S.1342
Method for determining coordination distances, in the 5 GHz band, between the international standard Microwave Landing System stations operating in the ARNS and non-geostationary MSS stations providing feeder uplink services.  

Two current aviation safety objectives are to provide more information to the pilot/cockpit, and to reduce runway incursions. Another proposed application in the band 5 091‑5 150 MHz, the Airport Network and Location Equipment (ANLE), would address both of those goals.

In its most basic form, ANLE is a high integrity, wireless local area network (LAN) that would provide aeronautical radionavigation and safety communications for the airport area, combined with a connected grid of multilateration sensors. The former would provide the cockpit with access to appropriate information via a high-bandwidth internet-like connection. The latter would use those same transmissions to derive 3-dimensional position of the terminal – position that could then be broadcast via the same data link to provide all users with situational awareness on the airport surface. Adding simple transmitters to other surface-movement vehicles would allow for the development of a high-fidelity complete picture of the airport surface environment. The feasibility of such a wideband system in the band 5 091‑5 150 MHz is currently being assessed.

Nevertheless, no Recommendation or study is currently available for the sharing between these aeronautical applications and already allocated services. ANLE provides both radionavigation signals and communication information and the proper allocation(s) under which ANLE should operate requires further information [at the next WP8B meeting].  This includes consideration to whether ANLE falls within the context of Resolution 114.

[Editors Note: In accordance to resolves 1 of Resolution 114, International Civil Aviation Organization (ICAO) has developed a procedure to establish the spectrum requirements for MLS and other potential aeronautical applications. It is anticipated that the study will identify future allocation requirements for the band 5 091–5 150 MHz. The results are expected to be available later this year.]

 1.1.2
Analysis of the results of studies relating to the possible methods of satisfying the agenda item

 Existing Microwave Landing Systems (MLS) and NGSO MSS feeder link stations are able to function without interference based upon the application of the coordination procedures in ITU-R Recommendation S.1342 and the operating experience gained to date. Future deployment of both MLS and NGSO MSS facilities should be possible through coordination under ITU-R S.1342. Continued common use of the 5091-5150 MHz band by both MLS and NGSO MSS stations is dependent upon the extent of future deployment of these systems and the characteristics 

of new Aeronautical Radionavigation Service (ARNS) systems. States need to investigate the continuing usage of the 5091-5150 MHz band by ARNS and the FSS for NGSO MSS feeder links to determine if changes in the existing Radio Regulations covering this band are necessary. 

In order to ensure a complete coverage of its service area, at least one MSS implemented system need the use of the whole 5 091-5 250 MHz band.  Actually the lack of any frequency channel in the feeder uplink will prevent the transmission of the corresponding spot beam in the service downlink and therefore will restrict dramatically the operation of this MSS system. WP 8D expects that if the two MSS systems currently operating gateway stations develop as planned then the number of gateway stations implemented worldwide will be approximately 65. Therefore changing feeder link assignments below 5 150 GHz is neither expected nor feasible in frequencies above 5 150 MHz.
ITU[R Recommendation S.1342 provides a methodology to trigger coordination between ARNS systems (specifically MLS) operating in the band 5030-5091 MHz and NGSO MSS feeder link stations operating in the adjacent band 5091-5150 MHz.  No interference has been reported by administrations that have used this methodology.  

Nevertheless this coordination process has been eased by the fact that MLS stations have been implemented effectively in the band 5 030-5 091 MHz. Therefore, the possibility of sharing between MLS of the ARNS and fixed earth stations operating feeder links in the MSS could be dependant on the future use of the 5 091-5 150 MHz band by MLS.  

1.1.3
Methods to satisfy the Agenda item for consideration by the WRC and the advantages and disadvantages of each method

1.1.3.1
Method 1 No change to footnotes RR S5.444 and S5.444A and Modify Resolution 114 (WRC-95)

Advantages

The modification to Res. 114 would only be to change the dates that studies would be completed. The dates could be changed to “a future competent WRC.”

Future systems in both the ARNS and the FSS could be taken into account in order to improve the evaluation of the sharing conditions between these services.

Disadvantages

 The resolution would still call for studies that are not necessary at the present time.

Agenda item 1.4 will not be satisfied.

1.1.3.2
Method 2 Modify footnotes RR S5.444 and S5.444A and Suppress Resolution 114 (WRC-95)

The only modification to the footnotes would be to remove reference to Resolution 114.

Advantages

 This would maintain the current relationship between the ARNS and FSS that has resulted in successful coordination between the two services. Suppression of the resolution would end the call for studies that are not necessary.

Disadvantages

 Any other modifications of the footnotes are not necessary and could have undesired consequences.

1.1.3.3
Method 3 Suppress Resolution 114 (WRC-95) and revise articles RR S5.444 and S5.444A in order to keep FSS (E-s) primary for a limited period beyond 2010. 

Advantages

Agenda item 1.4 will be addressed taking into account the present requirements of FSS in the band 5 091-5 250 MHz.

Future ARNS requirements (MLS) will be addressed

Disadvantages

Development of NGSO MSS feeder links beyond the limited period may be restricted.

1.1.4
Regulatory and procedural considerations
[to be developed]

1.3
Agenda Item 1.17 Upgrading of allocations to radiolocation in the 2.9-3.1 GHz range

“To consider upgrading the allocation to the radiolocation service in the frequency range2 900-3 100 MHz to primary.”

1.3.1
Summary of technical and operational studies including a list of relevant ITU‑R Recommendations

Since WARC-79, at which 452 MHz of spectrum below 6 GHz allocated to the radiolocation service was either removed or downgraded to secondary status, requirements for radiolocation spectrum below 6 GHz have increased.  This has been due to changes in requirements, missions, and technology that are driving a need for wider bandwidth to pick smaller and less reflective targets out of background clutter, and because of the unique propagation properties below 6 GHz.  Over the years, the radiolocation service has been demonstrated to be compatible in bands where aeronautical and maritime radionavigation radars operate.  

The Radiolocation service, while recognizing the special needs of Radionavigation services, noted in RR S4.10, has, in a number of countries and at sea, a long successful history of sharing the band 2 900‑3 100 MHz with the present Radionavigation systems as they have evolved over many years.

Recommendation ITU-R M.1313 Technical Characteristics of Maritime Radionavigation Radars describes the antenna, transmitter and receiver characteristic of maritime radionavigation  radars for various classes of vessel, operating in the frequency band 2 900‑3 100 MHz as well as other bands. These characteristics are intended for use when assessing the compatibility of marine radars with other services.

Characteristics of aeronautical radionavigation radars using the adjacent 2 700‑2 900 MHz band have been documented in Recommendation ITU‑R M.1464, and aeronautical radionavigation radars that would use the 2 900‑3 100 MHz band are expected to be very similar to those radars.

Recommendation ITU-R M.1460 describes the technical and operational characteristics of radiodetermination and meteorological radars operating in the frequency band 2 900‑3 100 MHz. These characteristics are intended for use when assessing the compatibility of radiodetermination and meteorological radars in the band with each other and with other services.

It was concluded that radiolocation radars, including those documented in Recommendation ITU‑R M.1460, have been operated in the 2 900‑3 100 MHz band for decades and that such use was found compatible with the use of the same band by systems operating in the radionavigation service.  Similarly, weather radars, which resemble radiolocation radars in their beam scanning, have been operated successfully in close proximity with aeronautical navigation radars in the 2 700‑2 900 MHz band. 

Some of the radar design features that can mitigate received radar-to-radar interference have been described in Recommendation ITU‑R M.1372.  Additional radar characteristics that mitigate interference from radiolocation radars to maritime and aeronautical radionavigation radars in the 2 900‑3 100 MHz band have been described in document 8B/100, Annex B to Attachment 4, Preliminary Draft New Report on Factors that Mitigate Interference from Radiolocation Radars to Maritime and Aeronautical Radionavigation Radars in the 2 900–3 100 MHz band. Those two documents have identified particular characteristics of radionavigation radars that mitigate the effects of undesired pulsed signals they receive as well as particular characteristics of radiolocation radars that limit the undesired energy they might couple into radionavigation radars and that facilitate its mitigation within the latter radars.

[Editor’s Note –  Parts of paragraph 1.3.1 might require revision when the studies and test measurements to determine the compatibility between the Radiolocation and the Radionavigation service are available.]

1.3.2
Analysis of the results of studies relating to the possible methods of satisfying the Agenda item

 Studies have shown that compatibility between radiolocation radars  and radionavigation radars  has been achieved through the implementation of interference suppression/rejection circuitry as described in the Preliminary Draft New Report contained in 8B/100, Annex B to Attachment 4.. Recommendation ITU‑R M.1372 identifies many signal‑processing features provided in radiolocation and radionavigation radars that mitigate pulsed interference from other radars.  Document 8B/124, a Preliminary Draft New Report “Preliminary tests illustrating compatibility between maritime radionavigation radars and emissions from radiolocation radars in the band 2900-3100 MHz”, contains some additional discussion of such features and illustration of their effectiveness.

No indications have been found that operational measures have been needed to avoid interference problems between radiolocation radars and radionavigation radars in this band in recent years. However, operational measures, and perhaps design features as well, to minimize interference from radiolocation radars to maritime radionavigation radars could be facilitated by the clustering of the latter radar frequencies around 3 050 MHz. Operational measures to minimize interference to aeronautical radionavigation radars in the 2 900‑3 100 MHz band could be facilitated by the non‑mobile locations of those radars, since airborne radars in the band are prohibited. By applying modern computational technology, such operational measures could be automated.

[Editors Note: Tests are underway in which signals representative of those emitted by radiolocation radars are to be impinged on representative maritime radionavigation radars to assess the interference  rejection capabilities.]

It is also significant that  typical radiolocation radars  using this band are expensive and do not earn revenue. Those considerations ensure that the number of them in the band will remain limited.

1.3.3
Methods to satisfy the Agenda item for consideration by the WRC and the advantages and disadvantages of each method

1.3.3.1
Method 1 Upgrade the radiolocation service to primary and add a new footnote

Upgrade the radiolocation service to a primary allocation in the band 2 900-3 100 MHz with a footnote to the table of allocations indicating that the radiolocation service shall not cause harmful interference to, or constrain the use and development of, the radionavigation service.

Advantages

Provides a primary allocation to the radiolocation service, contiguous with existing 3 100‑3 400 MHz band, with sufficient bandwidth to meet today's requirement for improved radar target imaging resolution and less-reflective target detection against a clutter environment.

Assures long term operating and development environment for radiolocation systems

Restores primary allocation to the radiolocation service at frequencies in the vicinity of 3 GHz as needed to meet radar operational requirements.

S-band provides for medium-long range detection of relatively small targets from mobile platforms.

Disadvantages

None, since the radionavigation and radiolocation service have been successfully operating in this band for many years.

1.3.3.2
Method 2  Upgrade the radiolocation service to primary

Upgrade the radiolocation service to a primary allocation in the band 2 900-3 100 MHz

Advantages

Provides a primary allocation to the radiolocation service, contiguous with existing 3 100‑3 400 MHz band, with sufficient bandwidth to meet today's requirement for improved radar target imaging resolution and less-reflective target detection against a clutter environment.

Assures long term operating and development environment for radiolocation systems. 

Provides a solution to existing and foreseeable requirements of the radiolocation service--without undue added regulatory burden--while protecting the radionavigation service, recognizing that the latter service is afforded special measures by Member States to ensure freedom from harmful interference under S4.10.
.

Restores primary allocation to the radiolocation service at frequencies in the vicinity of 3 GHz as needed to meet radar operational requirements.

S-band provides for medium-long range detection of relatively small targets from mobile platforms.

Disadvantages

Upgrade to co-primary status without a Footnote does not clearly indicate that the radiolocation service should not cause harmful interference to nor claim protection from the radionavigation service.

Upgrade to co-primary without a Footnote could preclude the use of certain types of navigation safety systems, particularly in the future.
1.3.4
Regulatory and procedural considerations

 The following footnote could be adopted if method 1 is selected:

ADD
S5.AAA 
The radiolocation service operating in the 2 900-3 100 MHz band should not cause harmful interference to, nor claim protection from or constrain the use and development of, the radionavigation service operating in accordance with the Radio Regulations. 

No regulatory provision is required for Method 2.  

S4.10 provides guidance to administrations in the assignment and use of frequencies in the radionavigation and other safety services.

1.5
Agenda Item 1.28 Differential correction using the 108-117.975 MHz band

“To permit the use of the band 108-117.975 MHz for the transmission of radionavigation-satellite differential correction signals by ICAO standard ground‑based systems.”

1.5.1
Summary of technical and operational studies including a list of relevant ITU‑R Recommendations

A new aviation requirement has emerged for the transmission of augmentation data for the Global Navigation Satellite Service (GNSS) to be used by aircraft receivers to satisfy the stringent accuracy and integrity requirements for GNSS applications.  This new Ground-Based Augmentation System (GBAS) is planned to operate in the frequency band 108‑117.975 MHz.  The systems, which currently use this band, are ILS and VOR.

Compatibility with FM broadcasting services is required to ensure that the new systems do not cause interference or impose additional constraints to the FM Broadcasting Service, operating in the band 87.5-108 MHz.  These concerns have already been addressed during the development of GBAS.

It should be noted that ICAO has developed international standards for a surveillance system in which data derived from navigation systems on board an aircraft is transmitted over a data link to other aircraft and to air traffic control. This system supports navigation and surveillance functions and is intended to operate also in the frequency band 108-117.975 MHz. While consideration of this item is outside of the agenda for WRC-2003, provisions should be made for its implementation at a future competent WRC.

[Editors Note: WP 8B has been asked to undertake studies for consideration by WRC-03 relating to technical and operational issues related to the use of 108-117.975 MHz for the transmission of radionavigation satellite differential corrections by ICAO standard ground-based systems.]
1.5.2
Analysis of the results of studies relating to the possible methods of satisfying the Agenda item

The selected band is currently allocated to the Aeronautical Radionavigation service. It has been argued that navigation and surveillance applications do not fall within the definition of a radionavigation service (i.e., the using property of the propagation characteristics of radio waves) and that an amendment to the allocation of this band is required. An appropriate additional allocation would, therefore, need to be made to allow for these systems to operate in the band 108-117.975 MHz.  Without making an allocation to a specific aeronautical service (e.g. the aeronautical mobile (R) service which would open the band for any air-ground communication system), the preferred way would be to permit the use of this band by ICAO standard systems that support navigation and surveillance functions.  ICAO is establishing standards, which will ensure compatibility between civil aviation functions.  

[Editor’s Note – Request further contributions on International/ICAO Standard Systems]

1.5.3
Methods to satisfy the Agenda item for consideration by the WRC and the advantages and disadvantages of each method

1.5.3.1
Method 1

Adopt a footnote that will permit the use of the band 108-117.975 MHz on a worldwide basis for the transmission of radionavigation satellite differential correction signals by international aeronautical standard ground-based system.

Introduce an agenda item for WRC-2006, which addresses expanded aeronautical surveillance applications in the 108-117.975 MHz Aeronautical Radionavigation Service band.

Advantages

A footnote in the Radio Regulations will facilitate the wide scale introduction of GNSS augmentation systems.

The use of new technologies, such as ADS-B, will be addressed by a suitable agenda item at WRC-2006
Disadvantages

None

1.5.3.2
Method 2 

Adopt a footnote that will permit the use of the band 108-117.975 MHz on a worldwide basis reserved for the use and development of a ICAO standard systems that support navigation and surveillance functions, through a communication data link, on the condition that priority and protection be given to the aeronautical radionavigation service. .

Advantages

A footnote in the Radio Regulations will facilitate the wide scale introduction of GNSS augmentation systems and automatic dependent surveillance.

The use of GNSS augmentation will increase the accuracy of satellite radionavigation systems such that they can be used for precision landing. 
Disadvantages

Studies with respect to the impact of the surveillance function on other services in the lower adjacent band will not be completed by WRC-03.

1.5.4
Regulatory and procedural considerations
1.5.4.1
Introduce a new provision into Article S5 of the Radio Regulations, for Method 1, to permit the use of the band 108 –117.975 MHz for transmission of radionavigation satellite differential correction signals by international aeronautical standard ground-based system.
S5.VVV
The band 108-117.975 MHz in the aeronautical radionavigation service may be used to transmit supplementary navigational information, using ground-based augmentation systems conforming to recognized international aviation standards, on condition that no harmful interference is caused to the existing aeronautical radionavigation service.

1.5.4.2
Introduce a new provision into Article S5 of the Radio Regulations, for Method 2, to condition the operation of ICAO standardized systems supporting navigation and surveillance function.
ADD

S5.VVV
The band 108-117.975 MHz may be used by international aeronautical standard systems supporting navigation and surveillance functions. Such use shall not cause harmful interference to nor claim protection from international standard systems operating in the aeronautical radionavigation service 

________________







�PAGE \# "'Page: '#'�'"  ��Suggest adding: "Provides [Restores] primary allocation to the radiolocation service at frequencies sufficiently below 6 GHz [in the vicinity of 3 GHz] as needed to meet radar operational requirements" and additional text in the background to support the need for S-band allocations (e.g., an input to WP 8B regarding reasonable transmitter powers, antenna apertures, etc, for given platforms at UHF, L-band, S-band, C-band, and so on, from which a summary can be put into the background). We know that S-band is needed for medium-long range detection of relatively small targets from mobile platforms, so we should make this clear. We need to obviate a discuss with non-radar people about why this can't be done at other frequencies. Also, we should add something like:  "Provides a primary allocation to the radiolocation service, contiguous with existing 3100 - 3XXX MHz band, with sufficient bandwidth to meet today's requirement for improved radar target imaging resolution and less-reflective target detection against a clutter environment".
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