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Agenda item 1.11

"to consider possible extension of the allocation to the mobile-satellite service (Earth-to-space) on a secondary basis in the band 14-14.5 GHz to permit operation of the aeronautical mobile-satellite service as stipulated in Resolution 216 (Rev.WRC-2000)."

Resolution 216 (Rev.WRC-2000) "Possible broadening of the secondary allocation to the mobile‑satellite service (Earth-to-space) in the band 14-14.5 GHz to cover aeronautical applications."

1
Summary of technical and operational studies, including a list of relevant ITU-R Recommendations and provisions of the RR

Relevant ITU-R Recommendations: ITU-R S.728-1, [and ITU-R M.[AMSS]. ITU-R RA.611, 769 and 1513: ITU-R SA.510, 1155 and 1414: ITU-R F.758, 1094 and 1245.

Relevant Regulatory Provisions: S5.149 addresses protection of the RAS, S5.28-S5.31 provide the definitions of a secondary service, S1.169 provides the definition of harmful interference. S5.505, S5.508 and S5.509 are additional primary allocations in parts of the band to fixed or mobile services in some countries. 

1.1
Introduction

Aeronautical mobile-satellite service (AMSS) in the 14-14.5 GHz band is being proposed to meet a growing demand for two-way broadband communications by passengers and operators of commercial aircraft. 

All or parts of the band 14‑14.5 GHz are allocated on a primary basis to the fixed-satellite service (Earth-to-space), radionavigation, and fixed and mobile services (except aeronautical mobile service). Secondary services allocated in all or parts of the band include: mobile-satellite service (E‑s) (except AMSS), space research, radio astronomy, and radionavigation satellite. To achieve the objective of Resolution 216 (Rev.WRC‑2000), where possible
, studies were carried out to assess 

"the feasibility of sharing the band 14-14.5 GHz between the services referred to in considering c) and the aeronautical mobile-satellite service, with the latter service on a secondary basis." (Resolution 216 (Rev.WRC-2000)). In addition, where possible1, sharing studies for the AMSS were carried out by the ITU-R with systems operating in secondary allocations in the band.

Liaison statements among the concerned working parties exchanged information on the technical characteristics of the terminals of these services, as well as on analytical methodologies for, and results of, compatibility/sharing analyses. In addition, a Circular Letter (CA/91) was sent by the Director of the BR requesting administrations to provide information on certain types of their use of the band 14-14.5 GHz. 

1.2
Compatibility/sharing studies with services having primary allocations in the band 14‑14.5 GHz

1.2.1
Fixed-satellite service (FSS) (14-14.5 GHz) 

One central factor in the design of the planned AMSS network used for the FSS sharing studies is that the 14 GHz transmissions from the aircraft earth stations (AES) would be received by space station facilities that were co-ordinated with adjacent satellites. A second central design factor of the AMSS system is that the individual AES transmissions would be under the positive control of a network control and monitoring centre (NCMC), which would limit the aggregate off-axis, co‑frequency, e.i.r.p. levels from multiple AESs at adjacent satellites to (or below) those levels which have been accepted by other satellites, including, inter alia, effects of antenna pattern variations and pointing stability. 

The AMSS networks will need rigorous protocols to control the operation of AESs to be within the agreed limits. These controls include: entry of AESs into the network; authorization for the AES to transmit; authorization to change transmit power/data rates and frequency assignment; and the ability to terminate AES transmissions. A network control and monitoring centre must manage AES transmission levels within ranges both on an individual and on an aggregate (per transponder) basis.

Taking into account the planned AMSS networks in the 14-14.5 GHz band, studies were conducted to determine the feasibility of compatible sharing of the band on a secondary basis with the FSS.

The compatibility/sharing study with the FSS was begun by constructing a Monte Carlo simulation of a planned AMSS network, including the ability to evaluate the impact of transmissions from adding AESs, and sources of random errors and inherent latencies for each co-frequency AES in the system. Running over 100 000 trials of the simulation determined that the network control and monitoring centre could control the aggregate off-axis e.i.r.p. levels to those of Recommendation ITU-R S.728-1 for both 2º and 3º GSO satellite spacing to a 99.99% confidence level. This analysis verified that it was feasible to control the aggregate off-axis e.i.r.p. density levels from an AMSS network to be no greater than that of readily co-ordinated VSATs, as characterised in Recommendation ITU-R S.728-1.

Another study examined whether the cumulating interference from an AMSS network would cause harmful interference to non-GSO space station receivers.

1.2.2
Radionavigation service (14-14.3 GHz)

There are no records in the ITU Master Register indicating use of the radionavigation allocation in the 14‑14.3 GHz band by any administration. No additional information was obtained on radionavigation use of the band as a result of inquiries with WP 8B and a BR circular letter.

1.2.3
Fixed service (FS) (14.3-14.4 GHz, Regions 1 and 3) (14.4-14.5 GHz) (FN S5.505 and S5.508)

Technical feasibility studies were performed by a number of administrations to determine whether planned AMSS networks could operate without causing harmful interference to the fixed service systems operating in the 14-14.5 GHz band. 

These studies analysed the interference from planned AMSS networks by determining a power flux density (pfd) mask or e.i.r.p. mask that would not cause harmful interference to the systems in the fixed service. This was achieved by setting up a model of air traffic routes and fixed service receivers. The aggregate levels of interference into the fixed service networks due to emissions from planned AMSS networks were then calculated. The air traffic scenario was based upon the air traffic routes over the United Kingdom, Australia, France and Russia. Some administrations used actual traffic routes with random variations in the time of arrival of the aircraft and deviation of the aircraft flight from the selected route. Other administrations used worst-case scenarios in which deterministic air traffic routes were along the main beam region of the fixed service station. Aggregate levels of interference were calculated as a function of time and I/N exceedence curves were presented to describe the long‑term and short-term levels of interference caused by chosen air traffic scenario, pfd or e.i.r.p. mask and aircraft altitudes. As far as interference from the planned AMSS networks is concerned, it was agreed that the following interference assessment levels should apply:

•
Long-term

I/N = (20 dB to be exceeded for no more than 20% of time or an FDP not to exceed 1%.

•
Short-term

A [provisional] permissible interference level of –125 dB(W/MHz) not to be exceeded.

A pfd mask to protect the FS was developed on the basis of the assessment levels given above.

1.2.4
Mobile service (except aeronautical mobile) (14.3-14.4 GHz, Regions 1 and 3) 
(14.4-14.5 GHz) (FN S5.509)

There are no records in the ITU Master Register indicating any use of the mobile service (MS) allocation in the 14-14.5 GHz band. No additional information was obtained on mobile service use of the band as a result of inquiries with WP 8A and a BR circular letter.

However, based on information received in the course of conducting sharing analyses with the FS, it was learned that the band is used by some administrations for electronic news gathering (ENG) (i.e. temporary-fixed). Since it seemed ENG may be considered by some administrations as a mobile service, and the system aspects of ENG are similar to those of the FS, the methodology recommended for AMSS sharing studies with the FS was employed for such studies with ENG.

1.3
Sharing studies with services having secondary allocations in the band 14-14.5 GHz

1.3.1
Radio astronomy (14.47-14.5 GHz)

Sharing studies were performed to determine if sharing between the radio astronomy (RA) service and the AMSS networks would be feasible in the 14-14.5 GHz band. The RA service operates at a relatively few sites around the world and uses antennas with a gain greater than 65 dBi. The RA observations in this band are important, but at some observatories are carried out only for a small fraction of the time. 

1.3.2
Space research service (14-14.25 GHz) and (14.4-14.47 GHz)

Sharing studies were performed to determine if it is feasible for AES in the AMSS to share the 14‑14.3 GHz and 14.4-14.47 GHz bands with the space research service (SRS) on a secondary basis. Data relay satellite (DRS) networks use earth stations in the SRS at a very few sites in the world. 

1.3.3
Radionavigation-satellite service (14.3-14.4 GHz)

There are no records in the ITU Master Register indicating any use of the radionavigation-satellite service (RNSS) allocation in the 14.3-14.4 GHz band. Nor is there any record in the BR of Advance Publication Information (per RR S.9) by an administration for use of the band by RNSS.
1.3.4
Mobile-satellite service (except AMSS) (14.0-14.5 GHz)

MSS (except AMSS) systems, in the 14-14.5 GHz band, are operational in all three ITU regions. Through the data reported in response to CA/91 and discussions with an operator of these networks, it was learned that MSS use of the 14-14.5 GHz band requires that the aggregate, off-axis e.i.r.p. of all co-frequency transmissions be controlled to be less than that of a single VSAT, according to recommends 1 or recommends 1 and NOTE 1 of Recommendation ITU-R S.728-1, as is appropriate for the satellite spacing environment. Since these MSS networks have a secondary status, they must accept interference from primary users of the band but can claim protection against harmful interference from users of new secondary allocations, such as the AMSS.

In addition, one study was conducted to determine the ability of a planned AMSS network to share the band 14-14.5 GHz with an operational MSS network.

2
Analysis of sharing studies

On the basis of information available from the ITU-R studies, it has been demonstrated that it is feasible for appropriately designed AMSS networks to be operated on a secondary basis in the band 14-14.5 GHz without causing harmful interference
 to primary services in the band. Additional studies have shown the feasibility of AMSS sharing with services employing secondary allocations in the band.

2.1
Analysis of compatibility/sharing studies involving the primary allocations in the band

2.1.1
Compatibility with the fixed-satellite service

The studies show that an AMSS system operating on a secondary basis can compatibly share with the FSS in the 14-14.5 GHz frequency band, provided aggregate co-frequency AES emissions in the direction of adjacent satellites are limited to levels that are equal to or less than the levels that have been accepted by other satellite networks. These conclusions apply equally to GSO and non-GSO FSS.

In addition, a new Recommendation is being developed (ITU-R M.AMSS) that provides guidance to system designers and licensing administrations regarding design and operating parameters of AMSS networks in the 14-14.5 GHz band needed to permit operation of AMSS networks with the FSS in the band.
2.1.2
Radionavigation service

It was not possible to perform sharing studies of AMSS with the radionavigation service due to the lack of information on parameters of RN systems using the allocation in this band.

2.1.3
Fixed service

A general conclusion of the studies was that the dominant interference effect occurs in the short term as a result of an aircraft flying through the main beam of a fixed service antenna.

Results of the interference analyses have concluded that the following [provisional] pfd mask applied to the AES would adequately protect the fixed service networks in the band 14-14.5 GHz;
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Where ( is the angle of arrival, measured in degrees and the pfd is expressed in units of dB(W/m2/MHz). 

[It was also noted that the FS protection could also be ensured by a consistent e.i.r.p. mask, such as: 
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where ( is the off-axis angle from the zenith direction in degrees, H is the altitude in km.]

2.1.4
Mobile service

It was not possible to perform sharing studies of AMSS with the mobile service due to the lack of information on mobile service systems (identified as such) using this allocation. However, a sharing analysis was accomplished assuming that MS (transportable-fixed systems (ENG)) did use the allocation. These studies showed that sharing between AMSS and MS (transportable-fixed) networks in the band is feasible.

2.2
Analysis of sharing studies involving secondary allocations in the band

2.2.1
Radio astronomy

Based on the study described in 1.3.1, it is concluded that sharing is feasible between the AMSS networks and the RA in the 14-14.5 GHz band. One method of achieving co-frequency compatibility between AMSS and RA observatories can be based on the AES ceasing transmissions when in the visibility of the RA station. Band avoidance is another method of ensuring compatibility. Alternatively, if an AMSS operator intends to operate co-frequency within the visibility of the RA station, a specific agreement with the RA station will be needed to ensure that AMSS AESs will meet the requirements of ITU-R RA.769 and ITU-R RA.1513 within the 14.47‑14.5 GHz band during observations and that observatories provide advance information to AMSS operators regarding observation schedules. 

AES transmission frequencies below 14.47 GHz, within visibility of radio astronomy stations during radio astronomy observations, should be attenuated to meet Recommendation ITU-R RA.769 and ITU-R RA.1513 limits within the 14.47-14.5 GHz band. Such attenuation may be met by the AES transmitter through a combination of reduced signal power, other design techniques and maintaining adequate frequency separation between the AES transmissions and the 14.47-14.5 GHz band. These sharing elements are included in (PDNR –[M.AMSS]). 
2.2.2
Space research

Based on the studies described in section 1.3.2, it is concluded that it is feasible for the AMSS to share with the space research service (SRS) in the 14-14.3 GHz and 14.4-14.47 GHz bands, and that sharing can be accomplished through coordination in accordance with the Radio Regulations. It was determined that the main mechanism for interference occurs when an AES transmits in or near the main beam of the SRS antenna. In such a situation, coordination between the two networks is the most appropriate method for ensuring compatibility. The studies indicated that the coordination agreements between AMSS and space research networks can be developed based on controlling the emissions levels of the AES in the frequency band used by the SRS networks when operating in the vicinity of the space research earth station. Specifics of the agreements will vary based on the characteristics of the individual SRS sites and the AMSS networks. Such emissions restrictions are feasible for the AMSS.

2.2.3
Radionavigation-satellite service

It was not possible to perform sharing studies of AMSS with radionavigation-satellite service because there appear to be no systems using, or proposing to use this secondary allocation.

2.2.4
Mobile-satellite service (except AMSS)

Since the transmitters of planned AMSS networks in the 14-14.5 GHz band will be operated so that their aggregate off-axis power spectral densities will be at or below the same regulatory constraints as the 14-14.5 GHz MSS (except AMSS) networks or their aggregate co-frequency off-axis e.i.r.p. will be within coordinated limits for the used transponder, it is logical to conclude that AMSS networks can share the band with these MSS networks.

Moreover, an interference analysis confirmed the logical argument above, that is, interference protection margins make it feasible for AMSS and MSS (except AMSS) networks to share the band 14-14.5 GHz, both on a secondary basis, when they employ co-frequency transponders on adjacent satellites. 

3
Methods for satisfying the agenda item

Each of the regulatory and procedural alternatives which could be used for satisfying the agenda item to provide for the secondary AMSS allocation in the band 14-14.5 GHz requires removal from the allocation of the phrase "except aeronautical mobile-satellite". Each alternative is presented below, along with the advantages and disadvantages of each.

3.1
Option 1 - Remove the restriction "except aeronautical mobile-satellite " from the allocation table in Article S5

Under this option the phrase "except aeronautical mobile-satellite" would be removed from the secondary mobile‑satellite service allocation for 14-14.5 GHz in the allocation table of Article S5. No further modifications of the RRs are necessary to protect other services from harmful interference.

Advantage: This is the simplest approach to satisfying the agenda item because the regulatory status of a secondary service and related procedures are well defined in the Radio Regulations. Since the service is to be secondary, it is obliged to protect all primary services from harmful interference, and also accept harmful interference from primary services and pre-existing secondary services.

Disadvantage: The compatibility/sharing conditions for protecting certain other services will not be explicitly referred to in the RR. The uncertainty relating to the compatibility/sharing conditions might increase the difficulty of identification of the sources of interference and the risk of harmful interference. 

3.2
Option 2 - Remove "except aeronautical mobile-satellite" from the table in Article S5 and add a footnote or incorporate by reference an ITU-R Recommendation

Same as Option 1, except for adding a footnote or referencing to one or more Recommendations that may include an e.i.r.p. or pfd limits or masks.

Advantages: For the convenience of licensing authorities, the compatibility/sharing conditions for protecting certain other services will explicitly be referred to in the RR and/or in the ITU-R Recommendations. Including limits in the RR will protect AMSS from being constrained in the future due to a significant change in the protection criteria of a primary service.

Disadvantages: This might be in contradiction of the principle that adding footnotes to the Radio Regulations or referring to additional ITU-R Recommendations in them should be avoided where possible. Establishing permissible levels of interference in the Radio Regulations may constrain the development of other services by forcing them to accept a fixed level of interference from the AMSS. Levels set in the RR will be difficult and time consuming to change in order to protect increased sensitivity as the other services develop over time.

4
Regulatory and procedural considerations

In Option 1, there are no consequential RR procedural changes or additions required. Existing regulatory procedures are adequate to deal with the modification to Article S5

In Option 2, there would be regulatory or procedural changes required. A footnote [TBD] to the allocation in Article S.5 may be required.

_________________







� 	In some instances, sharing studies could not be carried out where no use of an allocation could be found, since parameters of networks using such allocations were not available.


� 	Harmful interference is defined in RR S1.169.


� 	These equations need to be verified for the next meeting of WP 8D in April 2002.
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