Introduction of the exercise for Day 2

Selected Agenda Item (AI) for Exercise: 1.13 and Res.661


Agenda Item 1.13:
[expected action]
to consider a possible upgrade of the allocation of the frequency band 14.8-15.35 GHz to the space research service, in accordance with Resolution 661 (WRC-19)

Module 4-1: Introduction of the exercise for Day 2 (60 min)
1) General introduction of the exercise
2) Divide all trainees into small groups
3) Introduce a facilitator for each group
4) Introduce of the country description

Each group (each country) may take its own position during this Module 4-1. 
Issues: 
· how to protect incumbent Primary services (Mobile and Fixed)
· How to manage the services in adjacent bands (below 14.8 and above 15.35)
· How to manage the incumbent secondary service in the bands

Once a position is decided, the participants are requested to read Res.661, the draft CPM text, and the relevant part of the Working document towards a preliminary draft new Report ITU-R SA [15 GHZ SRS SHARING] over the night.

Module 4-2: Exercise to develop input contribution (90 min)
· Each group exercises to develop input to APG with an aim to make sure the position be an APT Preliminary View (PV).

Module 4-3: Presentation of input contribution (105 min)
· During this module, each small group will present their input contributions to a Working Party
· While a group presents its contribution, others can seek clarification on the input

Module 4-4: Discussion and Negotiation at Drafting Group (60 min)
· During this Module 4-4, participants will work to develop APT PV under the leadership of the Chair (as a drafting group level activity).
· Reference: APT PV template

[bookmark: _MON_1721669761]  

Module 4-5: Offline discussion during breaks (30 min)
· Diverged views need to be discussed (offline) in order to find a way forward to formulate an APT PV.

Module 4-6: 2nd round of discussion for developing APT Preliminary View (45 min)
· Based on the previous module exercise, each group should be ready to develop an APT PV.
· At the end of this Module 4-6, an APT PV must be available as an output of the exercise.
· This exercise will enable the participants to understand the process of Plenary.

Relevant Information to read
· CEPT Brief

[bookmark: _MON_1721671531] 

· Current draft CPM text developed by ITU-R 7B

[bookmark: _MON_1721671609]  

· Working document for sharing on 1.13

[bookmark: _MON_1721671640] 
image2.emf
CPG(22)018  ANNEX IV-13_Draft CEPT Brief on WRC-23 agenda item 1.13.docx


CPG(22)018 ANNEX IV-13_Draft CEPT Brief on WRC-23 agenda item 1.13.docx
[image: cept logo]		[image: ecc_logo]



Draft CEPT Brief on AI 1.13 - Page 6

		Draft CEPT Brief on AI 1.13- Page 5

		

			Doc. CPG(22)018 ANNEX IV-13



		CPG23-5



		Bornholm, Denmark, 25 – 29 April 2022



		

		



		Date issued: 

		29 April 2022



		Source: 

		CPG23-5



		Subject: 

		Draft CEPT Brief on WRC-23 agenda item 1.13



		





		Summary: 





		



		Proposal:





		










DRAFT CEPT BRIEF ON AGENDA ITEM 1.13

1.13	to consider a possible upgrade of the allocation of the frequency band 14.8-15.35 GHz to the space research service, in accordance with Resolution 661 (WRC-19)

ISSUE

In accordance with Resolution 661 (WRC-19), in order to upgrade the status of SRS in the 14.8-15.35 GHz band to primary, the following steps should be taken in this study period prior to WRC-23:

investigate and identify all relevant scenarios that need to be considered in sharing studies, taking into account the relevant ITU-Rs in the current edition;

conduct and carry out, temporarily by WRC-23, frequency use and compatibility studies to determine the feasibility of upgrading the SRS allocation to primary in the 14.8-15.35 GHz frequency band in order to protect primary services;

determine technical and regulatory conditions in accordance with the research results.

Preliminary CEPT position 

CEPT is supporting upgrade of space research service (SRS) allocation from secondary to primary while ensuring protection for in-band FS/MS and for radioastronomy service in the adjacent band 15.35-15.4 GHz. Upgrading of the allocation of the frequency band 14.8-15.35 GHz to the SRS should not impose constraints on existing systems of FS and MS in the frequency band 14.8-15.35 GHz.

Background 

Currently, frequency band 14.8-15.35 GHz is used by several countries (including some CEPT countries) as part of the secondary SRS allocation for satellite data relay systems (SDRS), providing telemetry and payload data transmission to earth stations via geostationary spacecraft from unmanned spacecraft of space complexes and systems, relaying this information between data processing centres, as well as communication with manned missions within the framework of the International Space Station (ISS) project. The 14.8‑15.35 GHz band can also be used for high-speed data links for space research missions (space observatories) that survey space in various sub-bands of the electromagnetic spectrum. This radio frequency band is considered as possible for providing communication with lunar missions (SDRS at Earth-Moon libration points, orbital and landing modules).

The issue of upgrading the allocation of the radio frequency band 14.8-15.35 for SRS was considered during the preparation for WRC-2003. To protect terrestrial services in coincident radio frequency bands (fixed, mobile), power flux-density limits at the Earth´s surface have been developed, as reflected in Recommendations ITU-R SA.1626 (for space-to-Earth links) and ITU-R SA.510 (for links space-to-space). However, the issue of the impact of possible interference to EESS (passive) and the radio astronomy service, having primary allocations in the adjacent radio frequency band, 15.35-15.4 GHz, was not considered in detail, which is why there was no decision at WRC-2003. Protection requirements should be based on compatibility studies within ITU (and possible studies within CEPT) and provide adequate protection for victim services while not imposing undue constraints on SRS. Taking into account the increased interest in this radio frequency band from space agencies and administrations for use in scientific missions, WRC-19 adopted Resolution 661 “Consideration of a possible increase in the secondary allocation to the space research service to primary status in the frequency band 14.8-15.35 GHz”, within the framework of which it is planned to conduct relevant studies on compatibility and sharing of radio frequencies by WRC-23.

WP 7B is the responsible group for this agenda item and the following groups that can contribute to the development of the CPM23 Report are: WP 3M, WP 5A, WP 5B, WP 5C, WP 7C, WP 7D.

WP 7B has received liaison statements from WP 5A (7B/24), WP 5B (7B/22), WP 5C (7B/31, 7B/118), WP 7D (7B/62) containing information on technical and operational characteristics of services allocated in the frequency range 14.8-15.35 GHz and in the frequency bands adjacent to this range. WP 7C in its liaison statement (7B/114) could not confirm any use of the band 15.35-15.4 GHz by passive sensors under the allocations to EESS (passive) and SRS (passive) or provide any technical characteristics, operational parameters for these services in the band under consideration. WP 3M in its liaison statement (7B/38) provided initial information on applicable propagation models for sharing and compatibility studies relevant to WRC-23 AI 1.13, noting that some relevant ITU-R Recommendations were under revision by WP 3M. The above mentioned information will be used to conduct relevant compatibility studies between active services (fixed, mobile, including aeronautical mobile) and stations in the radio astronomy service under this agenda item, in accordance with Resolution 661 (WRC-19). Additional information on technical characteristics and operational parameters of specific AMS application (helicopter television transmission systems) in the band 14.8-15.35 GHz was submitted to the WP 7B meeting from an administration, which is subject to confirmation from WP 5B. WP 7B has continued work on preliminary draft new ITU-R Report for compatibility and sharing studies and finalised work on draft new ITU-R Recommendation, containing characteristics of SRS systems in the considered radio frequency band, which was approved by SG 7. The draft work plan for this agenda item was updated, with a view to finalise sharing and compatibility studies in PDN Report ITU-R SA.[15 GHz SRS Sharing] and the Draft CPM Report to WRC-23 at September meeting of WP 7B in 2022.

The next meeting of ITU-R Working Party 7B is scheduled for 26th April to 5th May 2022.

List of relevant documents

ITU-Documentation (Recommendations, Reports, other)

Resolution 661 (WRC-19) “Examination of a possible upgrade to primary status of the secondary allocation to the space research service in the frequency band 14.8-15.35 GHz”

ITU-R Rec. SA.510-3 “Feasibility of frequency sharing between the space research service and other services in bands near 14 and 15 GHz - Potential interference from data relay satellite systems”

ITU-R Rec. SA.1626-1 “Feasibility of sharing between the space research service (space-to-Earth) and the fixed and mobile services in the band 14.8-15.35 GHz”

Preliminary draft new Report -R SA.[15 GHz SRS Sharing] (7B Chairman’s Report, Document 7B/158 Annex 2) (TIES required)

Draft CPM Text framework for WRC-23 Agenda Item 1.13 (7B Chairman’s Report, Document 7B/158 Annex 1) (TIES required)

Draft new -R Recommendation SA.[ 15 GHZ SRS CHARACTERISTICS] (SG7 input Document 7/30)  (TIES required)

CEPT and/or ECC Documentation (Decisions, Recommendations, Reports)

None

EU Documentation (Directives, Decisions, Recommendations, other), if applicable

None

Actions to be taken

Continue studies within the framework of WP 7B activities in accordance with the provisions of Resolution 661 (WRC-19) with the involvement of interested WGs. CEPT administrations may also consider carrying out studies within CEPT in order to produce CEPT contributions to WP 7B on this topic. Specifically, contributions are required to address the compatibility studies between SRS and RAS in order to ensure the protection of RAS. 

Relevant information from outside CEPT

European Union (date of proposal)



Regional telecommunication organisations

APT (November 2021)

APT Members support ITU-R sharing and compatibility studies for the consideration of upgrading the SRS allocation from secondary to primary in the frequency band 14.8-15.35 GHz, while ensuring protection of and not adversely affecting incumbent services in this frequency band as well as the adjacent bands.

Appropriate transitional measures need to be developed to protect incumbent services that are allocated on a secondary basis in the frequency band 15.2-15.35 GHz.

ATU (September 2021)

Support the studies under this Agenda Item to upgrade the use of SRS in the band 14.8 – 15.35 GHz without imposing constraints on existing systems of primary allocation in-band and adjacent bands. Specifically ensuring the protection of Radio Astronomy, Earth Exploration and SRS passive in the band 15.35 – 15.4 GHz.

Arab Group (March 2021)

Follow up the studies under this agenda item with emphasis on the protection of existing services, especially microwave links operating in the band 14.8 15.35 GHz and radio services in adjacent bands.

CITEL (May 2021)

An Administration supports studies in accordance with Resolution 661 (Rev. WRC-19) to consider a possible upgrade to the existing global allocation to the SRS in the frequency range 14.8-15.35 GHz, taking into account the need to provide protection to and to not impose constraints on incumbent services in this frequency band and adjacent frequency bands.

RCC (December 2021)

The RCC Administrations are in favour of upgrading the allocation of the frequency band 14.8-15.35 GHz to the space research service while protecting FS and MS in this frequency band and the radioastronomy service in the adjacent frequency band 15.35-15.4 GHz, taking into account results of the compatibly and sharing studies. Upgrading the SRS allocation should not impose constraints on the incumbent FS and MS systems in the frequency band 14.8-15.35 GHz.

International organisations

ICAO (August 2021)

To support studies called for by Resolution 661 (WRC 19) ensuring that they take account of systems operating in the aeronautical mobile service. To ensure that any radio regulatory action taken as a result of agreed studies does not adversely affect the provision of aeronautical services,

IMO (date of proposal)

NATO (March 2022)

Preliminary NATO Military Interest Statement

[bookmark: _Hlk76978629]The band 14.62 - 15.23 GHz is essential to NATO for the military use by applications in the fixed and mobile services, including unmanned aeronautical systems. There is no threat identified to NATO military capability from this Agenda Item at this stage. 

But with a possible regulatory change it has to be ensured that incumbent services are protected and to avoid impose constraints. 

Preliminary NATO Position Statement

NATO can support the upgrade of SRS in the 14.5 - 15.35 GHz frequency band, if the incumbent services will be protected and under no circumstances any constraints are imposed.

SFCG (September 2021)

SFCG supports the upgrade of the SRS allocation from secondary to primary status in the band 14.8-15.35 GHz subject to the completion of studies in ITU-R in order to guarantee the compatibility between SRS and MS and FS in the band 14.8-15.35 GHz, and between SRS and RAS in the adjacent band 15.35-15.4 GHz.

SFCG believes that the band 15.35-15.4 GHz should remain a viable option for future passive sensing missions as this band is covered by FN 5.340. However, addressing the protection of EESS (passive) and SRS (passive) in this band from out of band emissions of SRS operated in the 14.8-15.35 GHz band may be problematic due to the lack of operational characteristics for EESS (passive) and SRS (passive) in the concerned band.

WMO and EUMETNET (February 2021)

WMO is not opposed to the upgrading the existing space research service (SRS) secondary allocation in 14.8-15.35 GHz to primary status. 

OTHER organisations

CRAF (November 2020)

Protection of the primary RAS band 15.35–15.4 GHz shall be ensured from the possible upgrade of SRS in the adjacent band. Compatibility studies will be required for the protection of the RAS passive band taking into account the characteristics of SRS defined under this agenda item

EBU (date of proposal)



ESA (September 2021)

ESA supports the SFCG position on this WRC-23 agenda item.

Eurocontrol (May 2021)

To support studies called for by Resolution 661 (WRC-19) ensuring that they take account of systems operating in the aeronautical mobile service.

To ensure that any radio regulatory action taken as a result of agreed studies do not adversely affects the provision of aeronautical services.

GSMA (date of proposal)



IARU (date of proposal)



IATA (date of proposal)
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[bookmark: dbreak]In support of the draft work plan for WRC-23 agenda item 1.13 (Document 7B/158, Annex 3) as agreed by the September 2021 Working Party (WP) 7B meeting, the following draft CPM text is provided to facilitate the work of WP 7B during the September 2022 meeting.

The structure below directly follows the instruction from the Chairman of the CPM as provided in Corrigendum 1 to Addendum 1 of Administrative Circular CA/251.

Chapter 3

Science issues

(Agenda items 1.12, 1.13, 1.14)

Agenda item 1.13

(WP 7B / WP 3M, WP 5A, WP 5B, WP 5C, WP 7C, WP 7D)

1.13	to consider a possible upgrade of the allocation of the frequency band 14.8-15.35 GHz to the space research service, in accordance with Resolution 661 (WRC-19);

Resolution 661 (WRC-19) – Examination of a possible upgrade to primary status of the secondary allocation to the space research service in the frequency band 14.8-15.35 GHz

3/1.13/1		Executive summary

Resolution 661 (WRC-19) invites ITU-R to investigate and identify all relevant scenarios that need to be considered in assessment of a possible upgrade to the allocation to the space research service to primary status in the band 14.8-15.35 GHz, and to conduct and complete such studies in time for WRC‑23 so as to determine any associated technical and regulatory conditions to ensure protection of the existing primary services. WRC-23 agenda item 1.13 calls for examination, on the basis of the results of studies by the ITU Radiocommunication Sector, of the possibility of upgrading the secondary status of the allocation to the SRS to primary status.

Three methods have been proposed. Methods A proposes no change to the Radio Regulations and maintains the status of the SRS allocation as secondary. Method B proposes to upgrade the status of the SRS allocation to primary, subject to conditions establishing protection of currently allocated services. Method C proposes to upgrade to primary status the allocation of the frequency band 14.8‑15.35 GHz for the SRS with provisions to avoid imposing constraints on existing systems of primary services in the frequency band 14.8-15.35 GHz. All these methods support the suppression of Resolution 661 (WRC-19).

3/1.13/2		Background

The frequency band 14.8-15.35 GHz is currently allocated on a primary basis to the fixed and mobile services, and on a secondary basis to the space research service (SRS). Within the SRS, the band is expected to be used for high-speed direct downlinks from space science missions to a limited number of earth stations located globally. Additionally, the band is also currently used in two capacities by Data Relay Satellite (DRS) systems operated by multiple administrations. These uses include forward feeder uplinks from DRS earth stations to relay satellites in GSO orbit, as well as inter-satellite return links to relay data from non-GSO space science spacecraft (including crewed space vehicles and stations) through DRS satellites to the Earth. 

The space research satellite requirements for use of the band are expected to continue to increase in the coming years as a result of increasing numbers of robotic science satellites and crewed vehicles, limited bandwidth and/or increasing congestion in other SRS bands, and increasing science mission data transport needs.

The purpose of this agenda item is to explore the feasibility of establishing a regulatory framework to provide for the operation of SRS systems in this band on a primary basis, consistent with not causing harmful interference to nor constraining the operation of systems operating in other primary services in the band. 

3/1.13/3		Summary and analysis of the results of ITU-R studies

[bookmark: _Hlk70512772]3/1.13/3.1		Services allocated in the band 14.8-15.35 GHz and adjacent bands as applicable

TABLE 1

Allocations in the band 14.8-15.35 GHz and adjacent bands

		Allocation to services



		Region 1

		Region 2

		Region 3



		14.5-14.75	FIXED

				FIXED-SATELLITE (Earth-to-space)  5.509B  5.509C  5.509D  5.509E  				5.509F  5.510  

				MOBILE

				Space research  5.509G



		14.75-14.8

FIXED

FIXED-SATELLITE (Earth-to-space)  5.510

MOBILE

Space research  5.509G

		14.75-14.8

FIXED

FIXED-SATELLITE (Earth-to-space)  5.509B  5.509C  5.509D  5.509E  5.509F  5.510  

MOBILE

Space research  5.509G



		14.8-15.35	FIXED

				MOBILE

				Space research

				5.339



		15.35-15.4	EARTH EXPLORATION-SATELLITE (passive)

				RADIO ASTRONOMY

				SPACE RESEARCH (passive)

				5.340  5.511







3/1.13/3.2		Characteristics of the space research service in the band 14.8-15.35 GHz

Annex 1 of Recommendation ITU-R SA.2141-0, Characteristics of space research service systems in the frequency range 14.8-15.35 GHz, provides representative technical and operational characteristics for SRS systems in this band. Table 1 of the Annex provides typical characteristics for SRS (space-to-Earth) links for spacecraft in various different orbits including non-GSO, GSO, Highly Elliptical Orbits (HEO), and Lagrangian orbits (L1/L2). Table 2 provides characteristics of DRS feeder uplinks, and Table 3 provides characteristics of DRS inter-orbit return links.

3/1.13/3.3		Characteristics of incumbent services in the band 14.8-15.35 GHz and adjacent bands

The characteristics of systems in the fixed service, the land mobile service, the radio astronomy service, and the aeronautical mobile service operating in the band 14.8-15.35 GHz and in adjacent bands are documented in WD PDN Report ITU-R SA.[15 GHz Sharing].

Helicopter television transmission systems (HTTS) are operated in one country in the mobile service in the band 14.5-15.35 GHz to transmit real-time television signals and data taken/collected by a television camera or sensors from a helicopter to the receiving stations on the ground or a ship. These systems are used by national governmental agencies and local governments for governmental services, including public protection, disaster relief and maritime safety. At the events of national disasters, live videos of the disaster situation enable governmental agencies to promptly understand the situation and take immediate and appropriate measures according to the situation.

The technical and operational characteristics of HTTS for the purpose of sharing and compatibility studies are provided in Section 3.2.3 of the working document towards a preliminary draft new Report ITU-R SA.[15 GHZ SRS SHARING].

3/1.13/3.4		Sharing with the services in the band 14.8-15.35 GHz 

[Editor’s note: Further updates to this Section will be made to reflect additional progress on the studies identified below and to address any comments which may be received from contributing groups under this agenda item.]

Use cases for the SRS in the 14.8-15.35 GHz band include direct downlinks (from a wide variety of orbits), DRS feeder uplinks, and DRS inter-orbit return links. For each of these, studies are required with a number of potential victim services, both in-band and out-of-band (OOB). 

3/1.13/3.4.1	SRS sharing with the fixed service

The characteristics of FS systems in the frequency range 14.4-15.35 GHz are given in Table 3 of Report ITU-R SA.[15 GHz SRS SHARING]. The analyses described in this section are based on the parameters of fixed systems employing Quadrature Amplitude Modulation (QAM) as these are the most common. In Table 3, the characteristics of 128-QAM systems are taken from Recommendation ITU-R F.758-7 currently in force. The parameters for the 4-QAM – 4096-QAM systems are in the process of being added to this Recommendation. For the purpose of sharing and compatibility studies, the key difference between these parameter sets is the noise figure value (8 dB for the 128-QAM systems and 5 dB for the 4-QAM – 4096-QAM ones) as well as the associated system noise temperature value. Sharing studies performed for the fixed service used both values and presented results for each.

The other key factor for in-band sharing studies is the fixed station antenna gain. A number of possible values for this parameter are given in the Table. The studies below are performed for a set of representative values including 31.9 dBi, 35 dBi, and 49 dBi.

3/1.13/3.4.1.1	SRS downlinks sharing with the fixed service 

Section 4.1.1 of Report ITU-R SA.[15 GHz SRS SHARING] documents studies performed to assess the feasibility of sharing between SRS downlinks and FS systems in the 14.8-15.35 GHz band. A static analysis of in-band interference from SRS downlinks to fixed stations was performed to determine whether the FS protection criteria levels would be exceeded for any link geometry for any percent of time. The analysis used fixed wireless system characteristic from Recommendation ITU‑R SF.758-7 and calculated pfd protection masks for the FS stations for each of the four values of FS antenna gain considered. These masks were calculated using both the 5 dB and 8 dB FS noise figure values as identified in Recommendation ITU-R SA.[15 GHz SRS SHARING]. The FS protection pfd masks were compared with the SRS power flux density limit mask in Recommendation ITU‑R SA.1626-1 to determine whether a possibility of interference exists. 

For this comparison, the SRS pfd limit curve was plotted for three cases based on the relative locations of the fixed station and the SRS earth station. The first case considered the geometry where the stations are co-located. In the second geometry, the fixed station is located some 273 km further along the ground track of the SRS satellite orbit than is the SRS earth station. Finally, in the third case, the fixed station is located 503 km away from the SRS earth station in the direction of the SRS satellite orbital track. This distance was chosen such that the SRS spacecraft is directly in the boresight of the fixed station antenna when it reaches 5 degrees elevation (as seen from the SRS earth station) and begins transmitting the downlink signal. It is therefore considered to simulate a worst-case interference geometry scenario

The results of the static analyses demonstrated that one or more of the FS pfd protection curves (corresponding to possible FS antenna gain) could be exceeded for all three fixed station locations considered when the 5 dB FS noise figure value was used, as well as for all cases where the SRS earth station and the fixed station were not co-located when the 8 dB FS noise figure value was used. 

Based on this result, it was determined necessary to perform more detailed studies of interference from the SRS downlink to the fixed service receivers. These analyses considered two cases: one for SRS non-GSO downlinks and one for SRS GSO downlinks.

In the case of interference from non-GSO SRS downlinks, a series of dynamic analyses were performed to assess the statistical distribution of interference from a single non-GSO SRS link into fixed stations. The characteristics of the SRS non-GSO were primarily drawn from Recommendation ITU-R SA.2141-1. These included an altitude of 800 km, a transmit antenna gain of 32.9 dBi, a bandwidth of 400 MHz, and a peak e.i.r.p. density of 14.4 dBW/MHz. An inclination angle of 45 deg, typical for SRS spacecraft, was assumed for a downlink to an SRS earth station located in White Sands, New Mexico, USA. For this analysis, the interference levels seen by a number of fixed stations located in the vicinity of the SRS earth station were measured fixed station locations considered were at distances of 50 km, 200 km, or 450 km from the SRS station at azimuth angles ranging from 0° to 315° in increments of 45°. 

The statistical distribution of the received interference was calculated for each fixed station location for three different values of FS antenna gain (31.9 dBi, 35 dBi, and 49 dBi). These were compared to the long-term fixed service protection criteria from Recommendation ITU-R F.758-7 and an assumed short-term FS protection criteria based on that given in Recommendation ITU-R F.1495-2 for the FS in bands around 40 GHz. It was necessary to use an assumed short-term protection criterion for the FS in this band because there is no ITU-R Recommendation which defines one. 

Finally, a series of static calculations were performed to assess the power spectral density level of interference from a GSO SRS downlink into fixed stations. Interference was calculated as a function of the distance between the SRS earth station and the fixed station, where the FS station is either co-located with the SRS station or located further away from the SRS space station (such that the elevation angle from the FS station to the SRS GSO is less than or equal to the elevation angle from the SRS earth station). Received interference power spectral density results were determined using FS antenna gains of 31.9 dBi and 35 dBi. 

3/1.13/3.4.1.2	SRS uplinks sharing with the fixed service

PDN Report ITU-R SA.[15 GHz SRS Sharing] contains the results of sharing assessments between the GSO SRS (Earth-to-space) and the FS, which apply to the whole frequency range 14.8‑15.35 GHz. The propagation mode (1) in Appendix 7 of the RR which accounts the effects like attenuation, duction, tropospheric scatter, gaseous absorption and site shielding is considered in the analysis.

The worst-case analysis leads to a maximum required basic transmission loss between the DRS earth station and the FS station when considering that the DRS earth station is pointing straight at the victim FS station. In order not to overestimate the coordination distance between DRS earth station and FS station, a more realistic scenario is that the elevation angle of the DRS earth station is normally greater than 10°, and the direction of the victim FS station may not exactly point towards the direction of the transmitting DRS earth station, so that there will be an angle between the two kinds of stations, which will lead to an off-axis angle in the direction of the DRS earth station referred to its main-lobe axis. 

With the different off-axis angles of the DRS earth station, the coordination distance may range from about 26 km to 122 km. For 95% of the case, the coordination distance would be less than 40 km.

It should be pointed out that the coordination distance can be further reduced when taking into account actual terrain, the location of the station and other shielding features.

Considering the sharing results, no additional constraints will be placed on the use of FS systems in the band 14.8-15.35 GHz under this agenda item.

3/1.13/3.4.1.3	SRS inter-orbit links sharing with the fixed service 

Dynamic simulation analyses similar to that described in Section 3/1/13/3.4.1.1 were performed to assess the statistical distribution of interference from SRS inter-orbit links to fixed stations operating in the 14.8-15.35 GHz band. In all cases studied, the levels of interference to fixed stations were found to be within the protection criteria limits.

Two scenarios were considered for the geometry of the SRS links. In the first, a non-GSO SRS satellite transmits to a GSO spacecraft. This is representative of inter-orbit return links of existing data relay satellite networks currently operating in this band, and the characteristics of these links are provided in Recommendation ITU-R SA.2141-1. In the second scenario, the direction of transmission is reversed, from the GSO relay satellite to the non-GSO SRS. Existing data relay satellite networks operate inter-orbit forward links in this direction in bands between 13.4 GHz and 13.8 GHz. The key characteristics (DRS antenna gain, transmit power density and antenna pattern) of these existing DRS forward links are provided in Recommendation ITU-R SA.1414-2 and used for this analysis. 

For both directions of transmission, the dynamic analyses assessed the statistics of the interference from the inter-satellite links to fixed stations. The GSO data relay satellite was located at 41° east longitude and communicated with an SR satellite in an 800 km altitude, 45-degree inclination orbit. For these analyses, the technical characteristics of the fixed stations were modelled exactly as was done for the analysis of SRS downlink interference described in Section 3/1.13/3.4.1.1 above. The analysis assessed the statistical distribution of received interference power levels at 100 fixed station locations located globally to ensure that the worst-case geometry was considered. These were compared to the specified long term and assumed short term fixed service protection criteria (as discussed in Section 3/1.13/3.4.1.1 above).

3/1.13/3.4.2	SRS sharing with the land mobile service

[bookmark: _Hlk69213999]The characteristics of land mobile systems operating in the 14.8-15.35 GHz band are documented in Recommendation ITU-R M.2068-0. This Recommendation provides six distinct sets of characteristics for different types of land mobile systems. It also provides the protection criteria for LMS systems which requires that the aggregate received interference I/N be ≤ −6 dB. 

[bookmark: _Hlk69212689]3/1.13/3.4.2.1	SRS downlinks sharing with the land mobile service 

Section 4.1.1 of Report ITU-R SA.[15 GHz SRS SHARING] documents a study performed to assess the feasibility of sharing between SRS downlinks and the land mobile service in the 14.8-15.35 GHz band. The study, which considered each of the sets of presentative LMS system characteristic provided in Recommendation ITU-R M.2068-0 and examined a wide variety of link geometries, calculated the maximum interference power spectral density levels from a non-GSO SRS downlink into land mobile stations. [Interference PSD levels calculated did not exceed the LMS protection criteria levels.]

In this study, the LMS station was assumed to be located a fixed distance from the SRS earth station further along the path of the SRS satellite sub-satellite point. Finite separation distances between the stations ranging from 150 km to 550 km in 100 km increments were considered and plots of the SRS downlink interference power density at the LMS receiver input as a function of the SRS earth station antenna elevation angle were provided. 

3/1.13/3.4.2.2	SRS uplinks sharing with the land mobile service 

[TBD]

3/1.13/3.4.2.3	SRS inter-orbit links sharing with the land mobile service 

Recommendation ITU-R SA.510-3 provides limits for the power flux density on the earth’s surface for SRS space-to-space links. These limits, specified in a 4 kHz reference bandwidth, can be considered as equivalent to the Recommendation ITU-R SA.1626 pfd limits given in a 1 MHz reference bandwidth for SRS downlinks and are applicable so all SRS space-to-space links regardless of direction (e.g. non-GSO to GSO or GSO to non-GSO). A static analysis was performed to assess the interference power level seen by an LMS receiver from an SRS space-to-space link meeting Recommendation ITU-R SA.510-3 PFD constraint. The study demonstrated that the interference from these links into LMS receivers is beneath the protection criteria threshold. 

3/1.13/3.4.3	SRS sharing with the aeronautical mobile service

Sharing studies involving the AMS were performed taking into account the various types of links used by these systems in the 14.8-15.35 GHz band. These include transmissions from ground stations to aircraft, from aircraft to ground stations, and between aircraft. Recommendation ITU-R M.2089-0 provides typical system characteristics for AMS ground and air systems with multiple sets of representative system characteristics provided for each. This Recommendation also provides the protection criteria for AMS systems which requires that the I/N ratio of the aggregate interference seen by the by the AMS receiver be ≤ −6 dB. 

For interference analyses involving AMS systems, a number of values for the aircraft altitude were assumed. These included 5 km, 10 km, and 19.8 km. 

3/1.13/3.4.3.1	SRS downlinks sharing with the aeronautical mobile service 

The technical characteristics of SRS downlinks in the 14.8-15.35 GHz band are provided in Recommendation ITU-R SA.2141-0. For this analysis, the SRS satellite was assumed to operate in a non-GSO orbit at 800 km altitude. 

SRS downlinks sharing with AMS (ground-to-air)

A dynamic analysis was performed to assess the potential for interference from an SRS non-GSO downlink into an AMS uplink. In this analysis, an AMS aircraft was assumed to operate in the vicinity of an SRS earth station and a variety of cases were considered with respect to the AMS aircraft altitude, flight path, antenna pointing and antenna gain pattern. For each case, a statistical distribution of the power density of the interference from the SRS downlink to each of the six AMS representative systems was calculated. [These maximum interference PSD levels for all of the AMS representative systems were found to be beneath the protection criteria level.]

SRS downlinks sharing with AMS (air-to-ground)

[TBD]

3/1.13/3.4.3.2	Sharing with the helicopter television transmission systems

Static analysis has been conducted for sharing with the HTTS, which shows that the interference received at the HTTS receiver can exceed the protection criteria by [14.8] dB for GSO and [16.8] dB for non-GSO respectively, when the HTTS receiving antenna is pointing to the horizon and the SRS downlink transmit power is assumed to be of the same levels as the pfd masks defined in Recommendation ITU-R SA.1626. These exceedances will be larger when the HTTS receiving antenna is pointed to higher elevation angles than 5 degrees. This indicates that SA.1626 pfd masks would not provide sufficient protection for HTTS under the worst-case scenario.

SRS downlinks sharing with AMS (air-to-air)

[TBD]

3/1.13/3.4.3.3	SRS uplinks sharing with the aeronautical mobile service

[TBD]

3/1.13/3.4.3.4	SRS inter-orbit links sharing with the aeronautical mobile service 

[TBD]

[Editor’s note: Some Administrations are of the view to delete sections 3.4.3.4 and 3.4.3.5, stating that these studies are outside the scope of the Resolution. Some administrations are of the view that recognizing e) allows these studies to be performed.] 

3/1.13/3.4.3.5	Aeronautical mobile service impact on SRS space station receiver 

The SRS Space station interference threshold is exceeded for the case in which the AMS equipped with an omnidirectional antenna with the narrowest bandwidth for AMS emission and when the AMS in within the 5° cone of the SRS space station cone. 

It could be assessed that the capability of coexistence with a directive antenna for the AMS would depend on the probability to have main-main beam configuration between the SRS space station and AMS. 

3/1.13/3.4.3.6	Aeronautical mobile service impact on SRS earth station receiver

The SRS Earth station interference threshold is exceeded for all AMS emission bandwidth with an omnidirectional antenna for a significant angle leading to a large separation horizontal distance.

The results are expected to be even worse with SRS Earth station with a low elevation angle.

3/1.13/3.5		SRS compatibility with primary services in the adjacent bands 

[TBD] 

3/1.13/3.5.1	SRS compatibility with RAS in the adjacent 15.35-15.4 GHz band

[TBD]

3/1.13/3.5.1.1	SRS downlinks compatibility with RAS in the adjacent 15.35-15.4 GHz band

[TBD]

3/1.13/3.5.1.2	SRS uplinks compatibility with RAS in the adjacent 15.35-15.4 GHz band

[TBD]

3/1.13/3.5.1.3	SRS inter-orbit links compatibility with RAS in the adjacent 15.35‑15.4 GHz band

[TBD]

3/1.13/3.5.2	Compatibility with the fixed service in the adjacent 14.3-14.8 GHz band

The fixed service is allocated on a primary basis globally in frequency bands in the range 14.4‑14.8 GHz. It is also allocated on a primary basis in Regions 1 and 3 in the 14.3-14.4 GHz band. Table 5 of Recommendation ITU-R F.758-7 provides guidance on the permissible long-term I/N ratios for interference to fixed wireless systems from systems of other services operating in adjacent bands. In the case of interference from SRS links in the 14.8-15.35 GHz band to fixed systems operating in this frequency range, the I/N value given in this table is −20 dB to be exceeded no more than 20% of the time. 

Since this limit differs from the −10 dB I/N value applicable to the FS for in-band interference cases (see Section 3/1.13/3.4.1), separate analyses of out-of-band (OoB) interference from the SRS into fixed systems in this band were performed. 

3/1.13/3.5.2.1	SRS downlinks compatibility with fixed service in the adjacent 14.3‑14.8 GHz band

A dynamic analysis was performed to assess the statistical distribution of interference from a non-GSO SRS downlink into fixed stations operating in an adjacent band. As in the analysis of SRS non-GSO downlink in-band interference into fixed stations, the characteristics of the SRS non-GSO were primarily drawn from Recommendation ITU-R SA.2141-1. 

The SRS non-GSO was assumed to transmit at a center frequency of 15.0 GHz such that the lower edge of its necessary bandwidth would lie exactly at the 14.8 GHz band edge. The simulation assessed the statistical distribution of interference into fixed stations located in the vicinity of the SRS earth stations. Fixed stations were assumed to be located at distances from the SRS earth station of 50 km, 200 km, or 450 km. Several azimuth angle from the SRS earth station to the fixed station were analysed. These ranged from 0° to 315° in increments of 45°.

The fixed station characteristics were taken from Recommendation ITU-R F.758-7. Table 9 of this Recommendation provides a range of possible values for the bandwidth of fixed stations in the 14.4‑15.35 GHz frequency range. To simulate the worst case, the lowest value of 2.5 MHz was considered. A fixed station center frequency of 14.798 75 GHz was assumed such that the fixed station receive band would lie immediately adjacent to the SRS transmit band. As for the studies of SRS interference into fixed stations in-band, several values of FS antenna gain were considered. These included 31.9 dBi, 35 dBi, and 49 dBi. 

The level of OoB attenuation of the SRS signal was determined based on the SRS signal characteristics provided in Recommendation ITU-R SA.2141-0. Table 1 of this Recommendation indicates that SRS downlinks use QPSK or 8‑PSK modulation. In the case of unfiltered QPSK modulation, the peak of the first sidelobe of the SRS downlink signal which is in-band with the FS transmission is approximately 13.5 dB down from the SRS main lobe peak and the associated interference PSD level should not exceed the OoB FS protection criteria.

3/1.13/3.5.2.2	SRS uplinks compatibility with fixed service in the adjacent 14.3-14.8 GHz band

[TBD]

3/1.13/3.5.2.3	SRS inter-orbit links compatibility with fixed service in the adjacent 14.3‑14.8 GHz band

An analysis similar to that described in Section 3.4.2.1 was performed to assess the statistical distribution of interference from SRS inter-orbit links to fixed stations operating in the adjacent band. Two scenarios were considered for the geometry of the SRS links. In the first, a non-GSO SRS satellite transmits to a GSO spacecraft. This is representative of inter-orbit return links of existing data relay satellite networks currently operating in this band. In the second scenario, the direction of transmission is reversed, from the GSO relay satellite to the non-GSO SRS. Existing data relay satellite networks operate these inter-orbit forward links in bands between 13.4 GHz and 13.8 GHz and the characteristics of these links are provided in Recommendation ITU-R SA.1414. For the analysis of the forward inter-orbit link, the characteristics of these systems are adapted for the different frequency band.

For both directions of transmission, a dynamic analysis was performed to assess the statistics of the interference from the inter-satellite links to fixed stations. For these analyses, the fixed stations were modelled exactly as was described in Section 3/1.13/3.4.1.1.

3/1.13/4		Methods to satisfy the agenda item

[This section should contain the brief description of the Method or Methods to satisfy the agenda item as per section A2.4 of Annex 2 to Resolution ITU-R 2-8.]  

The following methods are considered under this agenda item and may be applied to the 14.8‑15.35 GHz frequency band.

3/1.13/4.1		Method A: No change 

This method corresponds to “no change” to the Radio Regulations except the suppression of the Resolution 661 (WRC-19).

4/1.13/4.2		Method B

This method, that includes options B1 and B2, propose to make regulatory changes to RR. to upgrade the secondary allocation to the space research service in the band 14.8-15.35 GHz to primary status. 

4/1.13/4.2.1	Method B1

Include a modification to the RR Article 5 table of allocation in the 14.8-15.35 GHz band to upgrade the secondary SRS allocation to primary and add a footnote with a reference to a new WRC Resolution.

4/1.13/4.2.2	Method B2

Include a modification to the RR Article 5 table of allocations in the 14.8-15.35 GHz band to upgrade the secondary SRS allocation to primary and also modify RR Table 21-4 in RR Article 21 to add a row to specify power flux density limits for SRS (space-to-Earth) and (space-to-space) in the band. Additionally, modify Table 7b of Annex 7 to RR Appendix 7 is modified to add parameters for determination of coordination distances around SRS earth stations.

3/1.13/4.3		Method C: upgrading to primary status the allocation of the frequency band 14.8-15.35 GHz for the SRS with provisions to avoid imposing constraints on existing systems of primary services in the frequency band 14.8 15.35 GHz 

Although this method is proposing the upgrading of SRS, the current studies of the impact of AMS on SRS Earth stations lead to a large horizontal separation distance to avoid exceeding the SRS threshold which would impose constraints on the AMS systems.

It is also proposed to have a pfd limit in order to protect the AMS operated in neighbouring countries.

3/1.13/5		Regulatory and procedural considerations

4/1.13/5.1		For Method A

NOC

[bookmark: _Toc451865278][bookmark: _Toc42842370]ARTICLES



NOC

APPENDICES



SUP

RESOLUTION 661 (WRC-19)

Examination of a possible upgrade to primary status of the secondary allocation to the space research service in the frequency band 14.8-15.35 GHz

Reasons:	This Resolution is no longer necessary.

4/1.13/5.2		For Method B

4/1.13/5.2.1	For Method B1

ARTICLE 5

Frequency allocations

Section IV – Table of Frequency Allocations
(See No. 2.1)



MOD

14.5-15.4 GHz

		Allocation to services



		Region 1

		Region 2

		Region 3



		…



		14.8-15.35	FIXED

				MOBILE

				Space research

				SPACE RESEARCH  ADD 5.A113[SRS]

				5.339



		…







ADD

5.A113[SRS]	The use of the bands 14.8-15.35 GHz by the space research service (space-to-space) shall be in accordance with Resolution [A113] (WRC-23).     (WRC-23)



ADD 

RESOLUTION [A113] (WRC-23) 

Upgrade to primary status of the secondary allocation to the space research service in the frequency band 14.8-15.35 GHz



SUP

RESOLUTION 661 (WRC-19)

Examination of a possible upgrade to primary status of the secondary allocation to the space research service in the frequency band 14.8-15.35 GHz

Reasons:	This Resolution is no longer necessary.

4/1.13/5.2.2	For Method B2

ARTICLE 5

Frequency allocations

Section IV – Table of Frequency Allocations
(See No. 2.1)



MOD

14.5-15.4 GHz

		Allocation to services



		Region 1

		Region 2

		Region 3



		…



		14.8-15.35	FIXED

				MOBILE

				Space research

				SPACE RESEARCH

				5.339



		…







[bookmark: _Toc42842422][Note: The 14.8-15.35 GHz band space research (space to space) pfd limits are from Rec ITU-R SA.510 and space research (space to earth) came from Rec. ITU-R SA.1626. These are provisional limits until the completion of all the studies.]

ARTICLE 21

[bookmark: _Toc327956622][bookmark: _Toc42842423]Terrestrial and space services sharing frequency bands above 1 GHz

Section V − Limits of power flux-density from space stations

MOD

TABLE  21-4  (continued)     (Rev.WRC‑1923)

		Frequency band

		Service*

		Limit in dB(W/m2) for angles
of arrival (δ) above the horizontal plane

		Reference bandwidth



		

		

		0°-5°

		5°-25°

		25°-90°

		



		…

		…

		…

		…

		…

		…



		11.7-12.5 GHz
(Region 1)

12.5-12.75 GHz
(Region 1 countries listed in Nos. 5.494 and 5.496)

11.7-12.7 GHz
(Region 2)

11.7-12.75 GHz
(Region 3)

		Fixed-satellite
(space-to-Earth) 
(non-geostationary-satellite orbit) 25

		−124

		−124 + 0.5(δ − 5)

		−114

		1 MHz



		12.2-12.75 GHz 7
(Region 3)

12.5‑12.75 GHz 7
(Region 1 countries listed in Nos. 5.494 and 5.496)

		Fixed-satellite
(space-to-Earth)
(geostationary-satellite orbit)

		−148

		−148 + 0.5(δ − 5)

		−138

		4 kHz



		13.4-13.65 GHz
(Region 1)

		Fixed-satellite
(space-to-Earth)
(geostationary-satellite orbit)

		0°-25°

		25°-80°

		80°-84°

		84°-90°

		4 kHz



		

		

		−159 + 
0.4δ 19

		−149 19

		−149 − 
0.5(δ − 80) 19

		−151 19

		



		14.8-15.35 GHz

		Space research
(space-to-space)

		[0°-5°
-124]

		[5°-25°
−124 + 0.5(δ − 5) ]

		[25°-90°
−114]

		[1 MHz]



		

		Space research
(space-to-Earth)

		[0°-5°
−12626 or
−12427]

		[5°-25°
−126 + 0.5(δ − 5)26 or
−124 + 0.5(δ − 5)27]

		[25°-90°
−11626 or
−11427]

		[1 MHz]



		17.7-19.3 GHz 7, 8

		Fixed-satellite

(space-to-Earth)

Meteorological-satellite

(space-to-Earth)

		0°-5°

		5°-25°

		25°-90°

		1 MHz



		

		

		−115 14, 15

or

−115 − X 13

		−115 + 0.5(δ − 5) 14, 15

or

−115 − X + ((10 + X )/20)

(δ − 5) 13

		−105 14, 15

or

−105 13

		



		

		

		−120 16

		−120 + 
(8/9)
(δ − 3) 16

		−112 +
(7/13)
(δ − 12) 16

		

		



		…

		…

		…

		…

		…

		…

		…







ADD

_______________

[26	21.16.19	These limits apply to geostationary space research service space stations.     (WRC‑23)]



ADD

_______________

[27	21.16.20	These limits apply to non-geostationary space research service space stations.     (WRC‑23)]



[bookmark: _Toc328648635]APPENDIX 7 (REV.WRC‑19)

[bookmark: _Toc328648898][bookmark: _Toc42084145]Methods for the determination of the coordination area around an earth
station in frequency bands between 100 MHz and 105 GHz

[bookmark: _Toc42084158]ANNEX 7

[bookmark: _Toc328648912][bookmark: _Toc42084159]System parameters and predetermined coordination distances for determination of the coordination area around an earth station

3	Horizon antenna gain for a receiving earth station with respect to a transmitting earth station
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MOD


TABLE 7b    (Rev.WRC‑1523)

Parameters required for the determination of coordination distance for a transmitting earth station

		Transmitting space radiocommunication 
service designation

		Fixed-satellite,
mobile-satellite

		Aero-nautical mobile-satellite (R) service

		Aero-nautical mobile-satellite (R) service

		Fixed-
satellite

		Fixed-
satellite

		Fixed-
satellite

		Fixed-
satellite

		Earth
exploration-satellite, space 
operation,
space 
research

		Fixed-satellite,
mobile-satellite,
meteorological- satellite

		Fixed-
satellite

		Fixed-
satellite

		Fixed-
satellite

		Space research

		Fixed-
satellite  3

		Fixed-
satellite

		Fixed-
satellite  3



		Frequency bands (GHz)

		2.655-2.690

		5.030-5.091

		5.030-5.091

		5.091-5.150

		5.091-5.150

		5.725-5.850

		5.725-7.075

		7.100-7.250  5

		7.900-8.400

		10.7-11.7

		12.5-14.8

		13.75-14.3

		14.8-15.35

		15.43-15.65

		17.7-18.4

		19.3-19.7



		Receiving terrestrial
service designations

		Fixed,
mobile

		Aeronautical radio-
navigation

		Aeronautical mobile (R)

		Aeronautical radio-
navigation

		Aeronautical mobile (R)

		Radiolocation

		Fixed, mobile

		Fixed, mobile

		Fixed, mobile

		Fixed, mobile

		Fixed, mobile

		Radiolocation radionavigation (land only)

		Fixed, mobile

		Aeronautical radionavigation

		Fixed, mobile

		Fixed, mobile



		Method to be used

		§ 2.1

		§ 2.1, § 2.2

		§ 2.1, § 2.2

		

		

		§ 2.1

		§ 2.1

		§ 2.1, § 2.2

		§ 2.1

		§ 2.1

		§ 2.1, § 2.2

		§ 2.1

		TBD

		

		§ 2.1, § 2.2

		§ 2.2



		Modulation at terrestrial 
station 1

		A

		

		

		

		

		

		A

		N

		A

		N

		A

		N

		A

		N

		A

		N

		−

		TBD

		

		N

		N



		Terrestrial station interference parameters and criteria

		p0 (%)

		0.01

		

		

		

		

		

		0.01

		0.005

		0.01

		0.005

		0.01

		0.005

		0.01

		0.005

		0.01

		0.005

		0.01

		TBD

		

		0.005

		0.005



		

		n

		2

		

		

		

		

		

		2

		2

		2

		2

		2

		2

		2

		2

		2

		2

		1

		TBD

		

		2

		2



		

		p (%)

		0.005

		

		

		

		

		

		0.005

		0.0025

		0.005

		0.0025

		0.005

		0.0025

		0.005

		0.0025

		0.005

		0.0025

		0.01

		TBD

		

		0.0025

		0.0025



		

		NL (dB)

		0

		

		

		

		

		

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		TBD

		

		0

		0



		

		Ms (dB)

		26  2

		

		

		

		

		

		33

		37

		33

		37

		33

		37

		33

		40

		33

		40

		1

		TBD

		

		25

		25



		

		W (dB)

		0

		

		

		

		

		

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		0

		TBD

		

		0

		0



		Terrestrial station parameters

		Gx (dBi)  4

		49  2

		6

		10

		6

		6

		

		46

		46

		46

		46

		46

		46

		50

		50

		52

		52

		36

		TBD

		

		48

		48



		

		Te (K)

		500  2

		

		

		

		

		

		750

		750

		750

		750

		750

		750

		1 500

		1 100

		1 500

		1 100

		2 636

		TBD

		

		1 100

		1 100



		Reference bandwidth

		B (Hz)

		4 × 103

		150 × 103

		37.5 × 103

		150 × 103

		106

		

		4 × 103

		106

		4 × 103

		106

		4 × 103

		106

		4 × 103

		106

		4 × 103

		106

		107

		TBD

		

		106

		106



		Permissible interference power

		Pr( p) (dBW)
in B

		−140

		−160

		−157

		−160

		−143

		

		−131

		−103

		−131

		−103

		−131

		−103

		−128

		−98

		−128

		−98

		−131

		TBD

		

		−113

		−113



		1	A: analogue modulation; N: digital modulation.

2	The parameters for the terrestrial station associated with transhorizon systems have been used. Line-of-sight radio-relay parameters associated with the frequency band 5 725‑7 075 MHz may also be used to determine a supplementary contour with the exception that Gx = 37 dBi.

3	Feeder links of non-geostationary satellite systems in the mobile‑satellite service.

4	Feeder losses are not included.

5	Actual frequency bands are 7 190-7 250 MHz for the Earth exploration-satellite service, 7 100-7 155 MHz and 7 190-7 235 MHz for the space operation service and 7 145‑7 235 MHz for the space research service.
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SUP

RESOLUTION 661 (WRC-19)

Examination of a possible upgrade to primary status of the secondary allocation to the space research service in the frequency band 14.8-15.35 GHz

Reasons:	This Resolution is no longer necessary.

3/1.13/5.3		For Method C: Upgrading to primary status the allocation of the frequency band 14.8-15.35 GHz for the SRS with provisions to avoid imposing constraints on existing systems of primary services in the frequency band 14.8-15.35 GHz  

NOC

5.339	The bands 1 370-1 400 MHz, 2 640-2 655 MHz, 4 950-4 990 MHz and 15.20-15.35 GHz are also allocated to the space research (passive) and Earth exploration-satellite (passive) services on a secondary basis.



MOD

14.5-15.4 GHz

		Allocation to services



		Region 1

		Region 2

		Region 3



		…



		14.8-15.35	FIXED

				MOBILE

				Space research

				SPACE RESEARCH ADD 5.B113 ADD 5.C113

				5.339



		…







ADD

5.B113	In the band 14.8-15.35 GHz, the stations in the space research service shall not claim protection from aircraft stations in the mobile service. No. 5.43A does not apply.



ADD

5.C113	The power flux-density (pfd) produced by an earth station in the space research service shall not exceed −123.6 dB(W/(m2 · 1 MHz)) at an altitude of up to 20 km, and −141.6 dB(W/(m2 · 1 MHz)) at the surface of the Earth, at the border of the territory of a neighbouring administration, operating stations in the aeronautical mobile service in the band 14.8-15.35 GHz. No. 9.17 does not apply.
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WORKING DOCUMENT TOWARDS A PRELIMINARY DRAFT 
NEW REPORT ITU-R SA.[15 GHZ SRS SHARING]

Sharing and Compatibility Studies for the SRS in the band 14.8-15.35 GHz

[bookmark: _Hlk30479451]1	Introduction

Resolution 661 (WRC-19) invites the ITU-R “to conduct and complete in time for WRC-23 sharing and compatibility studies in order to determine the feasibility of upgrading the SRS allocation to primary status in the frequency band 14.8-15.35 GHz, with a view to ensuring protection of the primary services.” In particular, as per recognizing e) of Resolution 661 (WRC-19), sharing and compatibility studies in this report should verify if an upgrade to primary status of the SRS allocation in the frequency band 14.8-15.35 GHz is possible without imposing constraints on existing systems of primary services in the frequency band 14.8-15.35 GHz. This report contains the sharing and compatibility studies performed by the ITU-R in association with this agenda item.

2	Relevant allocation information

The relevant portions of the Radio Regulations Table of Frequency Allocations are shown in Table 1. The Table includes primary allocations to the fixed service (FS) and the mobile service (MS), and a secondary allocation to the space research service (SRS) in the band 14.8‑15.35 GHz. In addition, RR No. 5.339 allocates the 15.20-15.35 GHz segment of the band to the Earth Exploration Satellite Service (EESS) (passive) and the SRS (passive) on a secondary basis.

Also shown in the table are the allocations to services in adjacent bands. The 14.75-14.8 GHz lower adjacent band is allocated on a primary basis to the FS, MS, and the fixed satellite service (FSS) in the Earth-to-space direction. The band also includes a secondary allocation to the SRS.

In the 15.35‑15.4 GHz upper adjacent band, there are primary allocations to the EESS (passive), SRS (passive), and radio astronomy services.

TABLE 1

Allocations in the band 14.8-15.35 GHz and adjacent bands



		Allocation to services



		Region 1

		Region 2

		Region 3



		...



		14.75-14.8

FIXED

FIXED-SATELLITE (Earth-to-space)  5.510

MOBILE

Space research  5.509G

		14.75-14.8

FIXED

FIXED-SATELLITE (Earth-to-space)  5.509B  5.509C  5.509D  5.509E  5.509F  5.510  

MOBILE

Space research  5.509G



		14.8-15.35	FIXED

				MOBILE

				Space research

				5.339



		15.35-15.4	EARTH EXPLORATION-SATELLITE (passive)

				RADIO ASTRONOMY

				SPACE RESEARCH (passive)

				5.340  5.511



		5.509B	The use of the frequency bands 14.5-14.75 GHz in countries listed in Resolution 163 (WRC-15) and 14.5-14.8 GHz in countries listed in Resolution 164 (WRC-15) by the fixed-satellite service (Earth-to-space) not for feeder links for the broadcasting-satellite service is limited to geostationary-satellites.

5.509C	For the use of the frequency bands 14.5-14.75 GHz in countries listed in Resolution 163 (WRC-15) and 14.5-14.8 GHz in countries listed in Resolution 164 (WRC-15) by the fixed-satellite service (Earth-to-space) not for feeder links for the broadcasting-satellite service, the fixed-satellite service earth stations shall have a minimum antenna diameter of 6 m and a maximum power spectral density of −44.5 dBW/Hz at the input of the antenna. The earth stations shall be notified at known locations on land. 

5.509D	Before an administration brings into use an earth station in the fixed-satellite service (Earth-to-space) not for feeder links for the broadcasting-satellite service in the frequency bands 14.5-14.75 GHz (in countries listed in Resolution 163 (WRC-15)) and 14.5-14.8 GHz (in countries listed in Resolution 164 (WRC-15)), it shall ensure that the power flux-density produced by this earth station does not exceed −151.5 dB(W/(m2 · 4 kHz)) produced at all altitudes from 0 m to 19 000 m above sea level at 22 km seaward from all coasts, defined as the low‑water mark, as officially recognized by each coastal State. (WRC-15)

5.509E	In the frequency bands 14.50-14.75 GHz in countries listed in Resolution 163 (WRC-15) and 14.50-14.8 GHz in countries listed in Resolution 164 (WRC-15), the location of earth stations in the fixed-satellite service (Earth-to-space) not for feeder links for the broadcasting-satellite service shall maintain a separation distance of at least 500 km from the border(s) of other countries unless shorter distances are explicitly agreed by those administrations. No. 9.17 does not apply. When applying this provision, administrations should consider the relevant parts of these Regulations and the latest relevant ITU-R Recommendations. (WRC-15)

5.509F	In the frequency bands 14.50-14.75 GHz in countries listed in Resolution 163 (WRC-15) and 14.50-14.8 GHz in countries listed in Resolution 164 (WRC-15), earth stations in the fixed-satellite service (Earth-to-space) not for feeder links for the broadcasting-satellite service shall not constrain the future deployment of the fixed and mobile services. (WRC-15)

5.509G	The frequency band 14.5-14.8 GHz is also allocated to the space research service on a primary basis. However, such use is limited to the satellite systems operating in the space research service (Earth-to-space) to relay data to space stations in the geostationary-satellite orbit from associated earth stations. Stations in the space research service shall not cause harmful interference to, or claim protection from, stations in the fixed and mobile services and in the fixed satellite service limited to feeder links for the broadcasting-satellite service and associated space operations functions using the guard bands under Appendix 30A and feeder links for the broadcasting-satellite service in Region 2. Other uses of this frequency band by the space research service are on a secondary basis. (WRC-15)

5.510	Except for use in accordance with Resolution 163 (WRC-15) and Resolution 164 (WRC-15), the use of the frequency band 14.5-14.8 GHz by the fixed-satellite service (Earth-to-space) is limited to feeder links for the broadcasting-satellite service. This use is reserved for countries outside Europe. Uses other than feeder links for the broadcasting-satellite service are not authorized in Regions 1 and 2 in the frequency band 14.75‑14.8 GHz.

5.339	The bands 1 370-1 400 MHz, 2 640-2 655 MHz, 4 950-4 990 MHz and 15.20-15.35 GHz are also allocated to the space research (passive) and Earth exploration-satellite (passive) services on a secondary basis.

5.340	All emissions are prohibited in the following bands: 15.35-15.4 GHz, inter alia.

5.511 	Additional allocation: in Saudi Arabia, Bahrain, Cameroon, Egypt, the United Arab Emirates, Guinea, Iran (Islamic Republic of), Iraq, Israel, Kuwait, Lebanon, Oman, Pakistan, Qatar, the Syrian Arab Republic and Somalia, the band 15.35-15.4 GHz is also allocated to the fixed and mobile services on a secondary basis. (WRC-12)







To assess the feasibility of upgrading the SRS allocation in the 14.8‑15.35 GHz band to primary status it is necessary to examine the potential for interference into incumbent services in the band as well as those in the adjacent bands considering all relevant potential interference scenarios. These scenarios are summarized in Table 2 and are depicted graphically in Figure 1. They consider potential interference into incumbent services from the following SRS use cases:

–	SRS satellite downlinks (DL) to earth stations

–	SRS ground station uplinks (UL), including Data Relay Satellite (DRS) forward feeder links 

–	SRS inter-orbit links (IOL), including links between a GSO DRS and a non-GSO user spacecraft. 

Analyses of these scenarios to facilitate the identification of appropriate sharing conditions are documented in this report.  As specified below, the characteristics of fixed, mobile, and radio astronomy systems used in these analyses are drawn from existing ITU-R recommendations supplemented by material submitted directly to the responsible working party.

Since use of the band 15.2-15.4 GHz by EESS and SRS passive sensors is not confirmed by the working party responsible for these services, technical characteristics and operational parameters are not available and thus sharing and compatibility studies between the SRS in the 14.8‑15.35 GHz band and EESS (passive) and SRS (passive) in the band 15.2-15.4 GHz are not considered in this Report.

Section 3 of this report documents the system characteristics used for sharing and compatibility studies. Section 3.1 contains representative fixed service system characteristics for the 14.4‑15.35 GHz band. Section 3.2 provides characteristics for the MS, including the land mobile service (LMS) and the aeronautical mobile service (AMS) (including helicopter television transmission systems) considered in the studies.  Section 3.3 provides the key characteristics of radio astronomy systems in the 15.35 – 15.4 GHz band.  

Section 4 contains the results of sharing and compatibility studies in the 14.8-15.35 GHz band and in the adjacent 14.75-14.8 GHz and 15.35-15.4 GHz bands. Section 4.1 addresses sharing with the FS in the 14.8-15.35 GHz band. Section 4.2 addresses sharing with the MS (including AMS) in the band. Section 4.3 addresses compatibility with the radio astronomy service in the adjacent 15.35-15.4 GHz band and Section 4.4 addresses compatibility with the fixed service in the adjacent 14.5-14.8 GHz band.

TABLE 2

Applicable interference scenarios

		

		Interferer

		Victim

		Comments



		1

		SRS mission direct data downlink
	Low‑orbiting non-GSO satellite DL:
	GSO satellite DL

	HEO satellite DL,

	L1/L2 satellite DL

		Fixed & mobile stations operating in-band

Radio astronomy stations operating Out Of Band (OOB)

Fixed stations operating OOB



		Line‑of‑sight propagation assumed

RAS in adjacent 15.35-15.4 GHz band

Fixed stations operating in adjacent 14.5-14.8 GHz band have different protection criteria than fixed stations operating in band





		2

		SRS uplink (DRS forward feeder link)

	SRS earth station UL

		

		



		3

		SRS Inter-Orbit Link (DRS Return link)

	SRS space-to-space link

		

		







FIGURE 1

Interference Scenarios
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3	System characteristics

This Section documents the system characteristics used in the sharing and compatibility studies contained in Section 4 of this document. Characteristics for the incumbent fixed service systems are provided in Section 3.1. In Section 3.2, mobile service characteristics are provided. These include land mobile system characteristics provided in Section 3.2.1, aeronautical mobile service system characteristics in Section 3.2.2, and helicopter television transmission system characteristics in Section 3.2.3. 

3.1	Characteristics of FS systems in the 14.4-15.35 GHz bands

Recommendation ITU-R F.758-7 contains principles for the development of sharing criteria of digital systems in the fixed service. It also contains information on representative technical characteristics and typical  parameters of digital fixed wireless systems in the fixed service for use in sharing and compatibility studies above about 30 MHz. Examples of typical fixed service system characteristics in the 14.4-15.35 GHz band are shown in Table 3, extracted from Table 9 of Recommendation ITU-R F.758-7. 

Note that the characteristics of the 128 QAM system given in the second column of this table are those of a typical “sensitive” FS system and are used in the sharing studies performed in this document.

TABLE 3

Relevant FS characteristics for FS systems in the band 14.4‑15.35 GHz 

		Frequency range (GHz)

		14.4-15.35



		Reference ITU-R Recommendation

		F.636

		



		Modulation

		FSK

		128-QAM

		4QAM – 4096QAM



		Channel spacing and receiver noise bandwidth (MHz)

		2.5, 3.5, 7, 14, 28

		2.5, 3.5, 7, 14, 28, 40

		2.5, 3.5, 7, 14, 28, 40, 56,112



		Tx output power range (dBW)

		0

		 −11…10 

		−18.5~0



		Tx output power density range (dBW/MHz)(1)

		−5.44

		−25.5…
−4.47

		TBD



		Feeder/multiplexer loss range (dB)

		0… 6.0

		0…10.0

		0~10



		Antenna gain range (dBi) 

		37

		31.9…49.0

		31.9~49



		e.i.r.p. range (dBW)

		31…37

		10.9…55

		3.4~49



		e.i.r.p. density range (dBW/MHz)(1)

		25.6…31.6

		−3.57…40.5

		TBD



		Receiver noise figure typical

		

		8

		5, 8



		Receiver noise power density typical (= NRX) (dBW/MHz)

		

		−136

		-139, -136



		Normalized Rx input level for
1 × 10−6 BER (dBW/MHz)

		

		−106.5

		TBD



		Nominal long-term interference power density (dBW/MHz)(2)

		NRX + I/N

		−136 + I/N

		TBD



		NOTE – The intended set of parameters for two reference systems for sharing/compatibility studies currently are partially or completely unavailable; On a provisional basis, the parameters reported in Annex 3 for the same bands may be used.

(1)	To calculate the values for the Tx/e.i.r.p. densities, channel spacing/bandwidth needs to be identified. In these tables, the channel spacing indicated in the bold text is used. Where a modal value (Mode) is provided, it is to be taken as indicative within the range specified and further sensitivity analysis may be required on a case-by-case basis to assess a given interference potential due to the variations within the range specified.

(2)	Nominal long-term interference power density is defined by “Receiver noise power density + (required I/N)” as described in § 4.13 in Annex 2 (see also § 4.1 in Annex 1).

		







In Document 7B/118, WP 7B received additional guidance on the characteristics of fixed service systems in the 14.4-15.35 GHz band which should be taken into account in sharing studies performed under AI 1.13. These characteristics, which include a lower noise figure / noise floor for some fixed stations in the band, are captured in the final column of Table 3and are also used in the sharing and compatibility studies in Section 4.

The antenna characteristics of fixed systems in this band are given in Recommendation ITU-R F.699. A representative antenna pattern is provided in Figure 2 below.

FIGURE 2

Rec. ITU-R F.699 FS antenna pattern for use in sharing and compatibility studies in the 14.8-15.35 GHz band
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3.2	Characteristics of MS (including AMS) systems in the 14.8-15.35 GHz band

Mobile systems operating in the 14.8-15.35 GHz bands include those operating in the land mobile service as well as those operating in the aeronautical mobile service. The characteristics of land mobile systems are documented in Recommendation ITU-R M.2068-0 – Characteristics of and protection criteria for systems operating in the mobile service in the frequency range 14.5-15.35 GHz. These are summarized in Section 3.2.1.

The characteristics of systems operating in the aeronautical mobile service considered in this study are derived from ITU-R M.2089-0 Technical characteristics and protection criteria for aeronautical mobile service systems in the frequency range 14.5-15.35 GHz. These are summarized in Section 3.2.2.

3.2.1	Land Mobile System Characteristics

Land mobile systems operating in the 14.5-15.35 GHz band include hand-held devices as well as systems mounted on ground-based mobile vehicles. Some applications include mobile ground data links that convey voice, data, and / or video in situations where there is a need to establish and maintain wideband communications among mobile vehicles and personnel providing relief and public safety to an area subjected to a catastrophic natural disaster.

Recommendation ITU-R M.2068-0 indicates that the aggregate protection criteria for land mobile system links is Io/No less than or equal to −6.0 dB. Typical land mobile system characteristics are provided in Table 4 below. Note that System 2 in this table is representative of a handheld device, while System 1 and Systems 3 through 6 are typical of ground vehicles.

Antenna patterns for the LMS are given in Recommendation ITU-R F.1336-5 and are shown in Figures 3 and 4.

[Editor’s note: need to update k value used in analysis from current value of 1.0 to new value of 0.0. This change will improve the sharing situation.] 

FIGURE 3

LMS antenna radiation pattern for omnidirectional (in azimuth) antenna
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FIGURE 4

LMS antenna radiation patterns for directional antennas: 0 deg azimuth slice
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TABLE 4

Characteristics of land mobile systems in the 14.5-15.35 GHz band

		Characteristics

		System 1

		System 2

		System 3

		System 4

		System 5

		System 6

		Units



		Frequency range

		14.5-15.35

		14.5-15.35

		14.5-15.35

		14.5-15.0

		14.5-15.30

		14.6-15.35

		GHz



		Platform type

		Land-mobile vehicle

		Handheld

		Land-mobile vehicle

		Land-mobile vehicle

		Land-mobile vehicle

		Land-mobile vehicle

		



		Modulation

		8-QAM, QPSK

		BPSK

		FSK

		FSK

		BPSK/OQPSK

		BPSK/QPSK/QAM

		



		Emission designator

		50M0G1D

		18M5F9W

		4M60F9W

		20M0G7W

		2M46G1D

		40M0G7W

		



		Transmitter output power*

		15 (peak)

		5 (peak)

		25 (peak)

		18 (peak)

		40 (mean)

		0.5 (mean)

		W



		Maximum data rate

		140

		10

		5

		19

		1.024/3.072

		108

		Mbit/s



		Output device

		Solid State

		FET

		FET

		FET

		FET

		Gallium Arsenide Field Effect Transistor

		



		Antenna pattern type

		Directional

		Hemispherical

		Directional

		Directional

		Directional

		Directional

		



		Antenna type

		Electronically scanned circular array

		Stacked microstrip patch

		Stacked microstrip patch

		Stacked microstrip patch

		Stacked microstrip patch

		Phased-array

		



		Antenna polarization

		Right-hand circular

		Linear

		Linear

		Linear

		Horizontal and vertical

		Left hand circular

		



		Antenna gain

		18

		4

		23

		25

		24

		28

		dBi



		Antenna pattern model

		ITU-R F.1336
(k = 0)

		Omni
directional

		ITU-R F.1336
(k = 0)

		ITU-R F.1336
(k = 0)

		ITU-R F.1336
(k = 0)

		ITU-R F.1336
(k = 0)

		



		Antenna horizontal beamwidth

		10

		360

		3

		2.1

		2.2

		1.9

		Degrees



		Antenna vertical beamwidth

		15

		40

		3

		2.1

		2.2

		1.9

		Degrees



		Antenna height

		4-18

		2

		4-14

		4-13

		4-15

		4-17

		m
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TABLE 4 (continued)

Characteristics of Land Mobile Systems in the 14.5-15.35 GHz band

		Characteristics

		System 1 

		System 2

		System 3

		System 4

		System 5

		System 6

		Units



		Receiver IF –3 dB bandwidth

		55

		21

		4

		23

		3

		35

		MHz



		Receiver noise figure

		4

		3

		3

		4

		4

		5

		dB



		Minimum sensitivity

		–93

		–98

		–105

		–97

		–106

		–94

		dBm



		Transmitter RF emission
bandwidth: –3 dB/–20 dB

		30/55

		10/20

		3/6

		12/22

		1.5/2.4

		20/38

		MHz



		NOTE − The maximum power level at the input to the antenna is limited to 10 dBW in the 14.5-14.8 GHz frequency range by RR Article 21.5.







3.2.2	Aeronautical mobile system characteristics 

The AMS is a mobile service between aeronautical stations and aircraft stations, or between aircraft stations platforms equipped with AMS data links (ADL). An ADL may exist between an airborne data terminal (ADT), which is an aircraft station, and a ground data terminal (GDT), which is an aeronautical station, or between two ADTs. ADLs are bidirectional by design and may operate in either a narrow‑band or wideband mode in one or both directions depending upon operational requirements

Systems and networks operating in the AMS are used by local and national governments, as well as civil sector and educational entities, for broadband, airborne data links to support remote sensing applications e.g. earth sciences, land management, and energy distribution. Examples of these applications include, e.g. monitoring Arctic sea ice thickness and distribution, local and national law enforcement, forest fire mapping, pipeline monitoring, agricultural and urban land use, and natural resource surveys).

Table 5 documents the receiver and antenna characteristics of AMS downlinks from transmitting airborne data terminals to receiving ground data terminals. Also included are the receiver and antenna characteristics of AMS systems used for crosslinks. Table 6 documents the receiver and antenna characteristic of AMS aircraft receiving uplinks from AMS ground stations.
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The required protection criterion for the AMS from interference due to another radiocommunication services is an aggregate I/N < −6 dB. If multiple potential interference sources are present, protection of the AMS requires that this criterion is not exceeded due to the aggregate interference from the multiple sources. Additional information relative to AMS protection criteria and modelling approaches is provided in the relevant portions of Section 4.

TABLE 5

Characteristics of AMS ground systems in the band 14.50‑15.35 GHz

		Parameter

		Units

		Sys 1
Ground

		Sys 2 
Ground

		Sys 3
Ground

		Sys 4
Ground

		Sys 5
Ground

		Sys 6 Air / Ground / Ship



		Tuning range

		GHz

		15.15‑15.35

		14.50‑14.83

		14.50‑15.35

		14.50‑14.83

		14.50‑15.35

		14.50‑15.35



		RF selectivity 

		3 dB

		MHz

		440

		520

		440

		340

		800

		100



		

		20 dB

		MHz

		587

		580

		587

		400

		830

		120



		

		40 dB

		MHz

		N/A

		N/A

		N/A

		540

		N/A

		N/A



		

		60 dB

		MHz

		700

		720

		700

		N/A

		990

		160



		IF selectivity 

		3 dB

		MHz

		27 / 150

		36 / 140

		50

		36.5

		0.85 / 8.8 / 11.7 / 40.7 / 43.7

		0.85 to 120



		

		20 dB

		MHz

		46 / 210

		67 / 400

		70

		59.1

		1.3 / 18 / 23 / 90 / 90

		1.3 to 120



		

		60 dB

		MHz

		113 / 600

		173 / 850

		120

		103.7

		3;2 / 61; 81; 320 / 320

		3.2 to 160



		NF

		dB

		5

		4

		4

		6

		3.5

		3.5



		Sensitivity 

		dBm

		−105 to −110

		−75 to −80

		−105 to −110

		-92

		Up to −111

		Up to −108



		Image rejection 

		dB

		100

		80

		100

		85

		80

		65



		Spurious rejection 

		dB

		50

		60

		50

		85

		60

		60



		Antenna gain 

		dBi

		40

		44

		3

		45

		3

		40

		42.5

		0 to 12



		1st sidelobe

		dB

		20 @ 2.5o

		21 @ 2.3°

		N/A

		20

		N/A

		22

		22.5

		N/A



		Polarization

		

		RHCP / LHCP

		RHCP

		Vertical

		RHCP

		RHCP1

		RHCP

		RHCP

		Vertical / RHCP



		Antenna pattern/type

		

		Parabolic Reflector

		Parabolic reflector

		Dipole

		Parabolic reflector

		Biconical dipole

		Parabolic reflector

		Parabolic reflector

		Dipole / Phase array



		Horizontal BW 

		deg

		1.5

		1.7

		360

		1.11

		360

		3.8

		1

		360 to 45



		Vertical BW 

		deg

		1.5

		1.7

		42

		1.11

		42

		3.8

		1

		90 to 45



		Antenna model

		

		M.1851 Cosine1

		M.1851 Cosine1

		Omni

		M.1851 Cosine1

		Omni

		M.1851 Uniform1

		M.1851 Cosine1

		N/A



		1	Recommendation ITU‑R M.1851 provides patterns based on the field distribution across the antenna aperture. The suggested distribution is shown in the parenthetical text based on guidance in Recommendation ITU-R M.1851. 

2	In the frequency band 14.5‑14.8 GHz, RR Articles 21 (§§ 21.2, 21.3 and 21.5) apply.





TABLE 6

Characteristics of AMS aircraft systems in the band 14.50‑15.35 GHz

		Parameter

		Units

		Sys 1 Air

		Sys 2 
Air

		Sys 3
Air

		Sys 4
Air

		Sys 6
Air / Ground / Ship



		Tuning range

		GHz

		14.50‑14.83

		15.15‑15.35

		14.83‑15.35

		15.15‑15.35

		14.50‑15.35



		RF selectivity 

		3 dB

		MHz

		520

		440

		520

		307

		100



		

		20 dB

		MHz

		580

		587

		580

		325

		120



		

		40 dB

		MHz

		N/A

		N/A

		N/A

		399

		N/A



		

		60 dB

		MHz

		720

		700

		720

		N/A

		160



		IF selectivity 

		3 dB

		MHz

		36 / 140

		27 / 150

		50

		130

		0.85 to 120



		

		20 dB

		MHz

		67 / 400

		46 / 210

		85

		400

		1.3 to 120



		

		60 dB

		MHz

		173 / 850

		113 / 600

		135

		1 200

		3.2 to 160



		NF

		dB

		4

		5

		5

		4.5

		3.5



		Sensitivity 

		dBm

		−75 to −80

		−105 to −110

		-99

		-106

		Up to −108



		Image rejection 

		dB

		80

		100

		100

		80

		65



		Spurious rejection 

		dB

		60

		50

		50

		60

		60



		Antenna gain 

		dBi

		24

		27 

		7.2

		24

		3.7

		19.5

		0 to 12



		1st sidelobe

		dB

		5.5 @ 21°

		9.7 @ 12°

		N/A

		5.5 @ 21°

		N/A

		3.5 @ 20° (azimuth)
4.0 @ 23° (elevation)

		N/A



		Polarization

		

		RHCP

		RHCP & LHCP 

		Not available

		RHCP 

		RHCP

		RHCP

		Vertical / RHCP3



		Antenna pattern/type

		

		RF lens

		Parabolic reflector

		Biconical dipole

		RF lens

		Biconical dipole

		RF lens

		Dipole / Phase array



		Horizontal BW 

		deg

		12

		8 

		360

		12

		360

		12

		360 to 45



		Vertical BW 

		deg

		12

		8 

		16

		12

		40

		12

		90 to 45



		Antenna model

		

		M.1851 Uniform1

		M.1851 Uniform1

		Omni

		M.1851 Uniform1

		Omni

		M.1851 Uniform1

		Not available



		1	Recommendation ITU‑R M.1851 provides patterns based on the field distribution across the antenna aperture. The suggested distribution is shown in the parenthetical text based on guidance in Recommendation ITU-R M.1851
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The antenna radiation patterns for AMS ground systems used in these studies are shown in Figure 5 below. The patterns for the AMS aircraft systems are shown in Figure 6. In both cases, the patterns for the antenna masks in Table 3 of Recommendation ITU-R M.1851 are used.

FIGURE 5

AMS ground system antenna radiation patterns for directional antennas
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FIGURE 6

AMS aircraft system antenna radiation patterns for directional antennas
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[bookmark: _Hlk76469964]3.2.3	Helicopter television transmission system characteristics 

Helicopter television transmission systems (HTTS) are operated in the mobile service in the band 14.5-15.35 GHz to transmit in real-time television signals and data taken/collected by a television camera or sensors from a helicopter to the receiving stations on the ground or a ship. Helicopters typically fly at an altitude of 150 to 3 000 metres when filming. These systems are used by national governmental agencies and local government for governmental services, including public protection, disaster relief and maritime safety. 

At the events of national disasters, live videos of the disaster situation enable governmental agencies to promptly understand the situation and take immediate and appropriate measures according to the situation.

Table 7 provides the receiver and antenna characteristics of HTTS ground and ship stations receiving television signals from the helicopter stations. 

The required protection criterion for the HTTS from interference due to other radiocommunication services is an aggregate I/N < −6 dB. If multiple potential interference sources are present, protection of the HTTS requires that this criterion is not exceeded due to the aggregate interference from the multiple sources. 

TABLE 7

[bookmark: _Hlk76469878]Characteristics of helicopter television transmission systems in the band 14.5‑15.35 GHz

		Parameter

		Units

		System 1 
Air to Ground / Ship

		System 2
Air to Ground / Ship

		System 3
Air to Ground / Ship



		Frequency range

		GHz

		14.5‑15.35

		14.5‑15.35

		14.5‑15.35



		Receiver bandwidth

		MHz

		17

		17

		17



		Receiver noise 

		dBm

		−96.9

		−96.9

		−96.9



		Antenna gain 

		dBi

		35

		41

		42



		Antenna diameter

		m

		0.6

		0.9

		1.8



		Antenna type

		

		Planar-array 

		Parabolic reflector

		Parabolic reflector



		Polarization

		

		 Horizontal & Vertical

		Horizontal & Vertical

		Horizontal & Vertical



		Horizontal steerable range 

		deg

		0 to 360

		0 to 360

		0 to 360



		Vertical steerable range 

		deg

		−15 to 85

		−15 to 85

		−15 to 85



		Antenna model

		

		F.699

		F.699

		F.699



		Antenna height 

(ground level) 1

		m

		0-70

		0-70

		0-70



		1	The altitude above sea level of receiving stations is required for sharing studies. In some cases, it would be 1400 m.







The antenna radiation patterns for HTTS receivers are shown in Figure 7 below. For this, recommends 2.2.1 of Recommendation ITU-R F.699-8 is used.

FIGURE 7

Helicopter television transmission system receiving antenna radiation patterns
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3.3	Characteristics of radio astronomy stations in the band 15.35-15.4 GHz

The radio astronomy service (RAS) has a primary allocation in the frequency band 15.35‑15.4 GHz where RR No. 5.340 applies, which states that “all emissions are prohibited”. This band is mainly used for continuum observations. The threshold pfd level of interference harmful to the RAS is given in Table 1 of Recommendation ITU-R RA.769, which is −156 dB(W/m2) in 50 MHz bandwidth. Levels in Table 1 of RA.769 are calculated for a receiving antenna gain of 0 dBi, as this is the typical case for compatibility studies with terrestrial transmitters seen by RAS stations through the antennas far sidelobes. In the case of compatibility studies with air- or space-borne transmitters, the gain of the RAS antenna needs be considered. 

The GSO arc has a projection on the celestial sphere that moves in declination with the latitude of the RAS station (see Report ITU-R RA.517-3), and compatibility in the case of direct illumination of a GSO station by a RAS station is not practically possible. To allow compatibility between GSO and RAS, Recommendation ITU-R RA.769 specifies an extra 15 dB of protection, this results in a necessary avoidance angle of 5 degrees for an RAS station pointing towards a GSO station. The pfd threshold level is -171 dB(W/m2 ) in 50 MHz in the band 15.35‑15.4 GHz. 

In the case of nGSO satellites, the equivalent pfd method has to be applied as described in Recommendation ITU-R S.1586, with the RAS antenna pattern described in Recommendation ITU-R RA.1631. These Recommendations may be used to determine the percentage of data lost encountered during observations made at a particular radio astronomy site due to interference from a given satellite system. The acceptable percentage of data lost is defined in Recommendation ITU-R RA.1513 “Levels of data loss to radio astronomy observations and percentage-of-time criteria resulting from degradation by interference for frequency bands allocated to the radio astronomy service on a primary basis”. It is recommended to use a criterion of 5% for the aggregate data loss to the RAS due to interference from all networks and 2% for data loss to the RAS due to interference from any one network. 

Radio astronomy operations at 15.35-15.4 GHz are already subject to a 2% excess data loss of the protection criteria from radiolocation station use under footnote 5.511F of the RR, and there is additional potential data loss in the band from the operation of other services in the upper and lower adjacent bands.

3.3.1	Propagation models for compatibility studies with RAS 

Regarding propagation models, as described in 7B/130 two propagation models are identified for compatibility studies with the RAS: 

i)	stations on the Earth’s surface: Recommendation ITU-R P.452

ii)	stations in space and stations on the Earth’s surface: Recommendation ITU-R P.619

Table 3.3.1

Typical radio telescopes for which compatibility studies should be performed

		Administration

		Name

		N. Latitude

		E. Longitude

		Height

AMSL

		Diameter



		Germany

		Effelsberg

		50° 31' 29"

		06° 53' 03"

		369 m

		100 m



		South Africa

		SKA-Mid

		−30° 43 16"

		21° 24' 40"

		1 054 m

		64 × 13.5 m + 133 x 15 m



		USA

		Green Bank Telescope

		38° 25' 59"

		−79° 50' 23"

		250 m

		100 m



		USA

		Jansky VLA

		33° 58' 22" to
34° 14' 56"

		−107° 24' 40" to 
−107° 48' 22"

		2 000 m

		27 × 25 m



		Australia

		Parkes

		−33º 00' 00"

		148º 15' 44"

		372 m

		64 m



		China

		Tianma

		31° 05′ 13"

		121° 09′ 48"

		5 m

		65 m







Compatibility studies should reflect typical radio astronomy operations in the affected band. Table 3.3.1 gives the locations, diameter and elevation for some characteristic instruments subject to Table 1 of Recommendation ITU-R RA.769. Some instruments like Effelsberg, and the Green Bank Telescope have some terrain shielding and reside at relatively low elevation. Others like the VLA are distributed arrays of multiple antennas on broad flat plains and have no shielding.  The VLA is at a substantial elevation with a more distant horizon. If compatibility can be arranged with these instruments, compatibility with VLBI stations subject to the much less strenuous protection criteria in Table 3 of Recommendation ITU-R RA.769 will follow directly. 

3.3.2	Summary of characteristics of RAS for compatibility studies under AI 1.13

Table 3.3.2

Summary of characteristics of RAS stations for compatibility studies under AI 1.13

		Case

		Terrestrial uplinks

		GSO satellites

		NGSO satellites



		Frequency band

		15.35‑15.4 GHz

		15.35‑15.4 GHz

		15.35‑15.4 GHz



		PFD limit [dBW/m2]

		-156

		-171

		-156*



		BW [MHz]

		50

		50

		50



		Maximum data loss (ITU-R RA.1513)

		2%

		2%

		2%



		Antenna pattern

		Omni

		ITU-R SA.509

		ITU-R RA.1631



		Propagation model

		ITU-R P.452

		ITU-R P.619

		ITU-R P.619



		Clutter loss

		No (worst case)

		No

		No



		Building entry loss

		No

		No

		No



		Terrain shielding

		See table 3.3.1

		No

		No







*epfd as per Recommendation ITU-R S.1586 applies.

3.4	Characteristics of Space Research Service systems

The SRS system characteristics for each of the SRS (s-E), SRS DRS (s-s) and SRS DRS (E-s) link types are described in Recommendation ITU-R SA.[15 GHz CHARACTERISTICS].

[Editor’s note: Will need to correct reference to ITU-R SA.[15 GHZ SRS CHARACTERISTICS] once it is finalized]

4	Sharing and Compatibility Studies

Section 4 contains the sharing and compatibility studies which have been performed to assess the potential for interference from the SRS in the 14.8-15.35 GHz band to other services allocated in-band or in an adjacent band on a primary basis. Recommendation ITU-R SA.2141 provides characteristics of several types of SRS systems, based on orbit type, expected to operate in this band. In consideration of the orbital parameters and power flux density levels on the Earth’s surface of these system types, sharing and compatibility studies typically included analyses for both non-GSO and GSO SRS systems which are regarded as the worst-case scenarios.  

4.1	Fixed service studies 

This Section examines sharing between the FS and the SRS in the 14.8-15.35 GHz band. Section 4.1.1 concerns sharing between the FS and SRS downlinks. Section 4.1.2 concerns sharing between the FS and SRS DRS feeder uplinks. Section 4.1.3 concerns sharing between the FS and SRS DRS return inter-orbit links.

The compatibility of SRS operations in the 14.8-15.35 GHz band and fixed service operations in the adjacent 14.4-14.8 GHz is also examined in  Sections 4.1.4. through 4.1.6.

4.1.1	Sharing between FS and SRS downlinks in the 14.8-15.35 GHz band

This Section includes sharing studies between the fixed service and space research service downlinks operating in the 14.8-15.35 GHz band. The initial portion of Section 4.1.1 presents a static analysis of interference to the FS from SRS downlinks based on PFD limits.  This analysis is applicable to SRS downlinks regardless of orbit type. Following this, the Section also includes additional static calculations and dynamic analyses to characterize the levels of interference to the FS from SRS non-GSO and GSO downlinks.

Study FS1: Static analysis of FS sharing with  GSO and non-GSO SRS downlinks based on SRS PFD limits

In this sharing study, the SRS power flux density levels for the protection of representative fixed systems in the band are derived. These include FS systems using QAM with 31.9, 33, 34, and 35 dBi max antenna gains, and other FS characteristics as specified in ITU-R F.758-7. The FS power flux density protection levels are then compared with the SRS PFD limits in Recommendation ITU-R SA.1626-1, given in Table 8 and Table 9 below (as a function of the angles of arrival above the horizontal plane of the victim system), to assess the sharing feasibility between SRS and FS.

It should be noted that in this study, three cases were considered with respect to the location of the FS station relative to the SRS earth station.  For the first case, the fixed station was assumed to be co-located with the earth station. This is significant because SRS satellites typically do not transmit to an earth station until they are at least 5 degrees over the horizon as seen from the earth station.  With the earth station and the FS station co-located, this also applies to the minimum elevation angle to the SRS satellite as seen from the fixed station.

An analysis was performed to determine the maximum SRS PFD level (as a function of elevation angle from the fixed station to the satellite) which could be provided without exceeding the FS protection criteria.  This was compared against the SRS PFD mask contained in Recommendation ITU-R SA.1626-1. 

For the second and third cases, the FS station was located some distance from the earth station further along the ground path of the spacecraft sub-satellite point. For the second case, the ground separation between the SRS earth station and the fixed station was chosen to be 243 km. At this distance, the elevation angle from the fixed station antenna to the SRS spacecraft is 2.5 degrees at the point in its orbit when the elevation from the SRS earth station to the satellite reaches the 5 degrees minimum for the SRS downlink to begin. Finally, in the third case, the FS station was located 503 km from the SRS station in the same downstream direction.  At this point, the elevation angle from the fixed station to the SRS spacecraft is 0 degrees at the point in its orbit when the elevation from the SRS earth station reaches 5 degrees. This configuration should present the worst-case interference geometry since it would maximize the fixed station antenna gain in the direction of the SRS non-GSO satellite.

TABLE 8

Recommendation ITU-R SA.1626-1 PFD limits for GSO SRS in the band 14.8‑15.35 GHz

		Limit (dB(W/m2)) in 1 MHz bandwidth for angle
of arrival, , above the horizontal plane



		0°-5°

		5°-25°

		25°-90°



		–126

		–126 + 0.5( – 5)

		–116





TABLE 9

Recommendation ITU-R SA.1626-1 PFD limits for non-GSO SRS in the band 14.8‑15.35 GHz

		Limit (dB(W/m2)) in 1 MHz bandwidth for angle
of arrival, , above the horizontal plane



		0°-5°

		5°-25°

		25°-90°



		–124

		–124 + 0.5( – 5)

		–114







It should be noted that in assessing the feasibility of sharing between the SRS and the FS in this band, the aggregation of interference from GSO, non-GSO, HEO, and L1/L2 SRS satellites (transmitting space-to-Earth and space-to-space), and SRS earth stations (transmitting Earth-to-space) would not be expected to add much to the single-entry non-GSO SRS downlink interference levels. The probability of the scenario in which the non-GSO SRS PFD seen at the FS station at its maximum level (due to the SRS satellite being located at its minimum elevation angle and at an azimuth exactly in alignment with the FS antenna pointing, while a second SRS satellite is visible to the FS station and is transmitting) is exceedingly low and thus not of concern.

Figure 8 plots the calculated PFD levels to protect the FS from the aggregate SRS interference for the case 1 geometry described above in which the SRS and fixed stations are co-located. Figure 9 plots the calculated PFD levels at the fixed station when it is located 273 km further along the SRS spacecraft orbital trajectory than the SRS earth station.  Also shown in the Figure is the PFD which would be seen at the FS station resulting from an SRS downlink (which meets the ITU-R Recommendation ITU-R SA.1626-1 limits) to the distant SRS earth station. Finally, Figure 10 shows the same curves for the case when the FS and SRS stations are separated by 503 km.

In each figure, two sets of curves are provided.  The solid curves are based on the 8 dB FS noise figure value given in Table 3 above and taken from the version of Recommendation ITU-R F.758-7 currently in force. The dashed curves are computed using the alternative 5 dB FS system noise figure value also given in Table 3 above, which was provided by WP 5C in WP 7B/ 118 for additional consideration. 

As indicated in Recommendation ITU-R SA.2141-0, space research systems operating in the 14.8-15.35 GHz band employ circular polarizations for downlinks and inter-orbit cross links in the 14.8-15.35 GHz band. In contrast, fixed wireless systems in this band use linear polarization. To account for this mismatch, in all studies involving interference from SRS links into the FS, a polarization loss of 1.4 dB was assumed.  This is a slightly conservative assumption based on ITU‑R guidance, including that provided by Recommendation ITU-R F.1245-3 (which indicates that a 1.7 dB polarization mismatch loss should be used within the 3 dB beamwidth of the FS antenna for this case) and RR Appendix 8, Section 2.2.3 (which specifies a polarization loss ratio of 1.4 for this case, equivalent to a loss of 1.46 dB). 

These studies also use an FS required I/N of −10 dB (from Recommendation ITU-R F.758-7), an equal service apportionment (between MS and SRS) of the protection criteria, and an ITU-R F.699‑8 FS antenna pattern is assumed. Also shown in this figure is the SRS power flux density limit given above. 

Figure 8

SRS PFD limits compared to various FS PFD protection levels for co-located FS and SRS stations
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Figure 9

SRS PFD limits compared to FS PFD protection levels for FS station located 272 km from the SRS station
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Figure 10

SRS PFD limits compared to FS PFD protection levels for FS station located 503 km from the SRS station
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Table 10 below contains the representative characteristics for SRS direct downlinks currently operating or expected to operate in the 14.8-15.35 GHz band. The Table includes link margin calculations as well as calculations of the PFD on the Earth’s surface for each of the representative mission types. These calculations demonstrate that the Recommendation ITU-R SA.1626-1 SRS PFD limits can be met for each of the SRS downlink mission types with positive link margin.

TABLE 10

PFD Margin for representative SRS system downlink parameters in the band 14.8‑15.35 GHz

		Case

		Units

		Non-GSO 800 km alt @ 5 deg ES ant elev

		Non-GSO 800 km alt @ 10 deg ES ant elev

		Non-GSO 800 km alt @ 90 deg ES ant elev

		GSO @ 10 deg elev

		HEO

		L1/L2



		Frequency

		GHz

		15.0

		15.0

		15.0

		15.0

		15.0

		15.0



		Satellite apogee

		km

		800

		800

		800

		35 785

		300 000

		1 500 000



		Satellite perigee

		km

		800

		800

		800

		35 785

		500

		1 500 000



		Bandwidth

		MHz

		400

		400

		400

		400

		400

		100



		S/C transmit power

		dBW

		5

		5

		5

		13

		13

		13



		S/C transmit filter, cable loss

		dBW

		−0.5

		−0.5

		−0.5

		−0.5

		−0.5

		−0.5



		S/C transmit antenna gain

		dBi

		32.9

		32.9

		32.9

		40.0

		45.2

		45.2



		S/C transmit e.i.r.p.

		dBW

		37.4

		37.4

		37.4

		52.5

		57.7

		57.7



		S/C peak e.i.r.p. density

		dBW/MHz

		14.4

		14.4

		14.4

		29.5

		34.7

		40.7



		Path length

		km

		2 784

		2 367

		800

		40 585

		20 000

		1 505 257



		Free space path loss

		dB

		184.9

		183.5

		174.0

		208.1

		225.5

		239.5



		ES receive elevation angle

		deg

		5.0

		10.0

		90.0

		10.0

		10.0

		10.0



		PFD limit

		dB(W/(m2 · MHz))

		−124

		−121.5

		−114

		−123.5

		−121.5

		−121.5



		PFD on Earth's urface

		dB(W/(m2 · MHz))

		−125.5

		−124.1

		−114.7

		−133.7

		−122.3

		−153.8



		PFD margin

		dB

		1.5

		2.6

		0.7

		10.2

		0.8

		32.3







Study FS1 Results

As seen in Figure 8, the SRS downlink PFD limit given in Recommendation ITU-R SA.1626-1 is sufficient to protect FS systems with an 8 dB noise figure for angles of arrival above the 5 degree SRS minimum when they are co-located with an SRS earth station.  However, for FS systems with the alternative 5 dB noise figure value provided by WP 5C in 7B/118, Figures 8-10 show that the SRS PFD limit is not adequate to protect the FS for angles of arrival in the range of 5 to ~7 degrees. Based on this finding, additional analyses are needed to assess the feasibility of FS sharing with downlinks from each of the SRS mission types in Table 10.

Study FS2: FS sharing with non-GSO SRS downlinks: dynamic Io analyses

The static analysis in Study FS1 failed to demonstrate the feasibility of sharing between the FS and SRS downlinks in the 14.8-15.35 GHz band, a dynamic simulation analysis was performed.  This analysis produced a series of complementary cumulative distribution function (CCDF) curves for the interference power density levels received by the fixed stations which were then compared to the Io limits derived from the FS long-term and short-term protection criteria.  

Recommendation ITU-R F.758-7 specifies a long-term protection criteria for FS systems of -10 dB Io/No to be exceeded no more than 20% of the time.  Accounting for the 3 dB assumed apportionment factor, this Io/No limit is equivalent to an Io constraint of -209 dBW/Hz for conventional FS systems having an 8 dB noise figure or -212 dBW/Hz for some newer FS systems with the 5 dB noise figure.

There are no existing ITU-R Recommendation providing short term protection criteria for FS systems in the 14.8-15.35 GHz band with respect to interference from systems of other services operating in the band. However, there are recommendations providing such short term criteria for FS systems in nearby frequency bands, which can be used as the basis for an assumption of adequate FS protection criteria.  These requirements are summarized in Table 11 below. For the analysis presented in this section, the more restrictive protection criteria associated with the 37-40 GHz and 40.5-42.3 GHz bands are assumed to be representative of the required FS short term protection in the 14.8-15.35 GHz band.  

TABLE 11

Short Term Protection Criteria for FS Systems in Bands Proximate to 14.8–15.35 GHz

		Frequency Band (GHz)

		ITU-R Recommendation

		Maximum Io/No Level (dB)

		Maximum Io (dBW/Hz)

		Time Exceedance Percent



		

		

		

		NF=8

		NF = 5

		



		10.7-12.75

		ITU-R F.1494

		+20

		-179

		-182

		.0001



		37-40, 40.5-42.3

		ITU-R F.1495

		+14

+18

		-185

-181

		-188

-184

		.01

.0003







For this analysis, the SRS non-GSO downlink system and orbital characteristics given in Table 10 above (taken from Recommendation ITU-R SA.2141-0) were used, and an SRS spacecraft orbital inclination angle of 45 degrees was assumed.  The SRS spacecraft was assumed to operate a downlink to an SRS earth station at White Sands Complex (WSC), New Mexico, USA, and to transmit a downlink only when at an elevation angle as seen from the earth station of at least 5 degrees.

In order to help ensure that the worst-case geometry was considered for this study, the interference from this downlink into FS links was examined by considering a number of fixed station positions relative to the SRS earth station.  Fixed stations were located around the WSC SRS station at bearing angles of 0 degrees, 45 degrees, 90 degrees, 135 degrees, 180 degrees, 225 degrees, 270 degrees, and 315 degrees.  The distances between the WSC earth station and the fixed stations were assumed to be 50 km, 200 km, or 450 km,  Note that an FS antenna located at some distance from the SRS earth station will have a different elevation angle to the SRS satellite (and thus a different antenna gain) as well as a different path length from the satellite (and this different path losses).  The variety of FS station locations considered in this analysis ensures that the worst-case geometry is captured. The 450 km separation distance option was included because in this geometry, the SRS spacecraft is in the main lobe of the FS antenna at or near the boresight when it begins transmission to its SRS earth station.  

Figure 11 below illustrates the locations of the FS stations surrounding the SRS earth station.

FIGURE 11

Relative locations of FS and SRS stations for analysis
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The fixed stations were assumed to use 31.9 dBi or 35 dBi gain antennas with characteristics as shown in Section 3.1. It is expected that the results using these antenna values should encompass those that would be seen with the other FS antenna gain options (33 dBi and 34 dBi). Fixed stations were also assumed to be characterized by the alternative system parameters in Table 3 (specifically, including both the 8 dB and the 5 dB FS receiver noise figure values). For worst case results, the FS station antennas were assumed to be located at 15 m height and to be pointed in the azimuth towards the WSC earth station.  

Since a large number of possible options for the FS station characteristics were considered, a large set of results (in the form of FS received interference power density vs percent of time exceedance curves) were produced.  These are plotted along with acceptable Io levels for the FS stations determined using both noise figure values (8 dB and 5 dB). Figure 12 shows the time distribution of the interference from the SRS downlink into the FS stations using the 31.9 dBi antenna for each of the FS station locations described above.  Similarly, Figure 13 shows the time distribution of the interference into the FS stations using the 35.0 dBi antenna.  

An additional analysis using a 49 dBi FS antenna gain was completed as a sensitivity analysis.  The results for this case are shown below in Figure 14.



FIGURE 12

SRS interference power density received by FS stations with 31.9 dBi gain antenna
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FIGURE 13

SRS interference power density received by FS stations with 35.0 dBi gain antenna
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FIGURE 14

SRS interference power density received by FS stations with 49 dBi gain antenna 
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Study FS2 

Results

The results shown in Figures 12 - 1411 demonstrate that the time distribution of interference from SRS non-GSO downlinks will not exceed the FS system protection criteria for either the 8 dB or 5 dB FS noise figure value.  

Study FS3: FS sharing with SRS GSO downlinks: static Io calculation 

In the case of potential interference from GSO SRS downlinks to FS stations, the scenario is static and the interference levels can be determined through calculations. The worst-case scenario for this interference occurs when the GSO SRS satellite is located at 5 degrees elevation as seen from the SRS earth station and the fixed station is either co-located with the SRS earth station or located at some distance from the SRS earth station along the same azimuth as the SRS GSO downlink.  Since the worst-case location of the fixed station is unknown, this analysis calculates the received interference power density levels for FS stations over a range of distances between the FS station and the SRS earth station up to the point where the SRS GSO station is no longer visible over the horizon.  The link geometries considered are illustrated in Figure 15 below.

For this analysis, the maximum permissible interference power density level is set based on the ‑10 dB Io/No long-term FS protection criteria and the more restrictive 5 dB FS noise figure value from Table 4. However, since the link geometry is static, this limit is applied for all time. The SRS GSO characteristics are as given in Table 10. The FS received Io levels as a function of distance from the SRS earth station are plotted in Figure 16, along with the Io protection level for the FS.

FIGURE 15

Relative locations of FS and SRS stations for analysis
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FIGURE 16

Relative locations of FS and SRS stations for analysis
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Study FS3 Results

These results demonstrate that the interference spectral density level received by fixed stations as a result of GSO SRS downlinks should not exceed the FS protection criteria in the 14.8-15.35 GHz band.

4.1.2	Sharing between receiving station of FS and SRS DRS feeder uplinks

Study FS4: FS sharing with GSO SRS uplinks

This section contains the procedures for evaluating the transmission compatibility between DRS earth station uplink and terrestrial receiving fixed wireless stations. The procedures just cover the cases for earth station operating with DRS space stations in the geostationary orbit, so that the earth station’s antenna gain towards the horizon has the potential of time-invariant nature. The propagation mode (1) in Appendix 7 of RR which accounts the effects like attenuation, duction, tropospheric scatter, gaseous absorption and site shielding is considered in the analysis. 

The required minimum propagation loss is given by equation (1)

			(1)

where: 

	:	the maximum percentage of time for which the permissible interference power may be exceeded (%); 

	 	minimum loss of the propagation mode (1) in dB required for % of time;

	:	the maximum available transmitting power in dBW in the reference bandwidth at the input to the transmitting antenna of DRS earth station;

	:	the permissible interference power in the reference bandwidth to be exceeded for no more than p% of the time at the output of the receiving antenna of terrestrial station;

	:	the gain of the transmitting antenna of DRS earth station towards the physical horizon in the direction of the receiving terrestrial station (dBi)

	:	the gain of the receiving antenna of the terrestrial station in the direction of the transmitting DRS earth station (dBi).

The maximum receiving antenna gain of FS station in Table 3 is 49 dBi, and the radiation pattern is assumed to conform to Recommendation ITU-R F.699-8 as recommended. The long-term interference criterion which was obtained from Recommendation ITU-R F.758-7 should not exceed −10 dB for more than 20% of the time. From the Table 3 of section 3.1, the nominal long-term interference power density can be calculated accordingly. The distribution of the horizon gain of the receiving antenna is assumed to be uniform, the probability distribution of the receiving antenna gain in the direction of a DRS earth station may be calculated. The probability distribution is given in Figure 17 and selected values of probability with the associated basic transmission loss as determined from equation (1) is listed in Table 12.

FIGURE 17

Probability distribution of the horizon gain for FS station
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TABLE 12

Probability antenna gain G is less than Gr and required basic 
transmission loss to protect fixed wireless system

		P(G< Gr) (%)

		Gr  (dBi)

		Lb(20%) (dB)



		100

		49

		265.5



		99.9

		48.8

		265.3



		99.5

		45.3

		261.8



		99.0

		36.6

		253.1



		95.0

		12.1

		228.6



		90.0

		4.48

		220.98





It should be noted that the abovementioned results of required basic transmission loss will overestimate the coordination distance between DRS earth station and FS station, since a worst case situation in which the DRS earth station pointing straight at the FS station has been considered.

Considering a more realistic scenario, the elevation angle of the DRS earth station is normally greater than 10°, higher elevation angle will decrease gain of the DRS earth station transmitting antenna in the direction of the FS station, which will lead to a smaller basic transmission loss.

Assuming the radiation pattern of the DRS earth station is conformed to Recommendation ITU-R S.580, the different basic transmission losses with elevation angles of the DRS earth station range from 10° to 50° is shown in Table 13

TABLE 13

Probability antenna gain G is less than Gr and required basic transmission loss to protect fixed wireless system with different elevation angles (EL) ranging from 10° to 50°

		P(G< Gr) (%)

		Gr  (dBi)

		Lb(20%) (dB)



		

		

		EL = 10°

		EL = 20°

		EL = 30°

		EL = 40°

		EL = 50°



		100

		49

		212.0

		204.5

		203.1

		199.9

		198.0



		99.9

		48.8

		211.8

		204.3

		202.9

		199.7

		197.8



		99.5

		45.3

		208.3

		200.8

		199.4

		196.2

		194.3



		99.0

		36.6

		199.6

		192.1

		190.7

		187.5

		185.6



		95.0

		12.1

		175.1

		167.6

		166.2

		163.0

		161.1



		90.0

		4.48

		167.5

		160.0

		158.6

		155.4

		153.5







It can be easily found that the basic transmission loss decreased with the increase of the elevation angle of the DRS earth station. More commonly, the direction of the receiving FS station may not exactly point towards the direction of the transmitting DRS earth station, so that there will be an angle between the two kinds of stations, which will lead to an off-axis angle in the direction of the DRS earth station referred to its main-lobe axis.

Table 14 lists the coordination distance required for 20% of the time given the gain of receiving antenna in the direction of the DRS earth station with the consideration of the off-axis angles Φ for the transmitting DRS earth station range from 5° to 30°. The elevation angle of the DRS earth station is assumed to be 10° for a conservative estimate. The coordination distance can be derived by using the procedures and algorithms of Recommendation ITU-R P.452.

TABLE 14

Coordination distance vs DRS earth station offset pointing 
for the ranging from 5° to 30°

		P(G< Gr) (%)

		Gr  (dBi)

		coordination distance (km)   (Lb(20%) (dB) @ EL = 10°)



		

		

		Φ = 5°

		Φ = 10°

		Φ = 15°

		Φ = 20°

		Φ = 25°

		Φ = 30°



		100

		49

		122.2

		117.9

		109.6

		106.0

		105.3

		99.7



		99.9

		48.8

		122.1

		117.5

		108.9

		105.3

		104.5

		99.1



		99.5

		45.3

		114.6

		106.2

		97.6

		94.1

		93.4

		88.2



		99.0

		36.6

		86.8

		79.9

		72.9

		70.4

		69.8

		66.3



		95.0

		12.1

		40.4

		37.5

		34.6

		33.8

		33.6

		32.1



		90.0

		4.48

		32.6

		30.4

		30.0

		27.3

		27.4

		25.8







Study FS4 Results

Table 14 shows that with the different off-axis angles of the DRS earth station, the coordination distance may range from less than 26 km to about 122 km. For 99% of the cases, the gain of a FS station receiving antenna in the direction of a DRS earth station will be less than 36.6 dBi, and with the off-axis angle of DRS earth station increases, the coordination distance drops from 86.8 km to 66.3 km.

It should be pointed out that the coordination distance can be further reduced when taking into account actual terrain, the location of the station and other shielding features.

4.1.3	Sharing between FS and SRS inter-orbit links (including DRS return links)

The 14.8-15.35 GHz band is currently used by DRS systems operating in the SRS for inter-orbit links from a non-GSO user satellite to a GSO data relay satellite. The band could also be used for transmissions from a GSO SRS satellite such as from a GSO DRS to a non-GSO user satellite. Existing DRS networks feature such links in nearby frequency bands around 13.775 GHz. This section includes studies assessing both directions of transmission.

Study FS5: FS sharing with non-GSO-to-GSO SRS inter-orbit links: static analysis based on SRS PFD limits

Recommendation ITU-R SA.510-3 Feasibility of frequency sharing between the space research service and other services in the bands near 14 and 15 GHz – Potential interference from data relay satellite systems provides recommended PFD limits for systems operating links in the SRS with DRS systems in the 14.8-15.35 GHz band. These recommended limits are applicable to the DRS system return inter-orbit link from the non-GSO user satellite to the GSO DRS satellite and are given in Table 15 below.  Note that the non-GSO DRS user satellites meet this limit by ceasing transmission when close (within 5 degrees) to the limb of the Earth.

TABLE 15

ITU-R SA.510 pfd limits for SRS systems in the bands near 14 and 15 GHz

		Limit (dB(W/m2)) in 4 kHz bandwidth for angle
of arrival, , above the horizontal plane on the Earth’s surface



		0°-5°

		5°-25°

		25°-90°



		–148

		–148 + 0.5( – 5)

		–138







It can be seen that the PFD levels in these limits specified in a 4 kHz reference bandwidth are equivalent to the Recommendation ITU-R SA.1626-1 PFD recommended limits for NGSO systems given in a 1 MHz reference bandwidth in Table 8 above. 

Study FS5 Results

Therefore, based on the analysis in Section 4.1.1 above, it can be concluded that DRS inter-orbit links which meet these PFD limits should not cause excess interference to fixed systems having a noise figure of 8 dB. However, for FS systems with noise figure of 5 dB, additional analysis is required to assess the characterized SRS DRS return links. 

Study FS6: Dynamic analysis of FS sharing with SRS non-GSO-to-GSO inter-orbit links in the 14.8-15.35 GHz band

As with the dynamic analysis of non-GSO SRS downlinks sharing with FS described in Section 4.1.1 above, a study was performed to characterize the time distribution of interference from DRS inter-orbit return links to the FS.  The characteristics of the transmitting DRS user satellite were taken primarily from Section 3.2 of Recommendation ITU-R SA.[15 GHZ SRS CHARACTERISTICS].  These are summarized in Table 16 below.

TABLE 16

SRS non-GSO-GSO inter-orbit link characteristics (DRS return link)

		Frequency (GHz)

		15.0



		DRS User Altitude (km)

		800



		DRS User inclination (deg)

		60



		DRS User Antenna Pattern

		ITU-R S.672-4



		DRS User Antenna Size (m)

		1.5



		DRS User Antenna Peak Gain (dBi)

		43



		DRS User Transmit Power density (dBW/Hz)

		-73.5



		DRS User Antenna Pointing

		Tracking  towards GSO DRS



		DRS Orbit Location (deg longitude)

		-44







As with the SRS downlink dynamic analysis presented above, the FS station characteristics are in accordance with the parameters in Table 3. Io limits based on the 5 dB and 8 dB noise FS noise figure values, and the Io/No assumed protection criteria (based on Recommendation ITU-R F.1494-0 levels) are used to estimate the applicable short term criteria. As shown in Figure 18 below, 100 different FS station locations were studied, spread out over the Earth’s land mass.  The locations and orientations (azimuth pointing) of each station was determined randomly and was fixed throughout the simulation.

FIGURE 18

Locations of FS stations considered in DRS return inter-orbit link dynamic interference analysis 
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Figure 19 shows the CCDF curves characterizing the probability of interference to each of the 100 fixed stations using the 31.9 dBi gain antenna from DRS inter-orbit return links. Figure 20 shows the same received interference power density distribution curves for the 100 fixed stations when the 35 dBi antenna is used.  

FIGURE 19

SRS non-GSO-to-GSO inter-orbit (DRS return) link interference power density received by FS stations with 31.9 dBi gain antenna 
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FIGURE 20

SRS non-GSO-to-GSO inter-orbit (DRS return) link interference power density received by FS stations with 35.0 dBi gain antenna 
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Study FS6 Results

As can be seen in these figures, the received interference levels are significantly less than the long term and assumed short term FS protection criteria.  

Study FS7: Dynamic analysis of FS sharing with SRS GSO-to-non-GSO inter-orbit links in the 14.8-15.35 GHz band

An analysis similar to that performed in Study FS5 was performed to assess the level of interference from SRS GSO-to-non-GSO inter-orbit links to fixed stations operating in the 14.8-15.35 GHz band. This analysis also examined interference from the SRS link into 100 randomly located and pointed fixed stations as shown in Figure 18 above.

The characteristics of the SRS inter-orbit links are given in Table 17 below.  These are based on the characteristics of DRS inter-orbit forward links in the band 13.75-13.8 GHz given in Table 2 of Recommendation ITU-R SA.1414-2.

TABLE 17

SRS GSO-NGSO inter-orbit link characteristics (DRS forward link)

		Frequency (GHz)

		15.0



		DRS altitude (km)

		35 786



		DRS orbit location (deg longitude)

		-44



		DRS antenna size (m)

		4.0



		DRS antenna gain (dBi)

		51.2



		DRS antenna pattern

		ITU-R S.672-4



		DRS antenna pointing

		Tracking DRS user satellite



		DRS peak transmit power spectral density (dBW/Hz)

		-79.7



		DRS User Altitude (km)

		800



		DRS User inclination (deg)

		60







Figure 21 shows the CCDF curves characterizing the probability of interference to each of the 100 fixed stations using the 31.9 dBi gain antenna from DRS inter-orbit return links. Figure 22 shows the same received interference power density distribution curves for the 100 fixed stations when the 35 dBi antenna is used.

FIGURE 21

SRS GSO-to-non-GSO inter-orbit (DRS forwrd) link interference power density received by FS stations
 with 31.9 dBi gain antenna
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FIGURE 22

SRS GSO-to-non-GSO inter-orbit (DRS forwrd) link interference power density received by FS stations 
with 35.0 dBi gain antenna
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Study FS7 Results

4.1.4	Compatibility of SRS downlinks in the 14.8-15.35 GHz band and FS operations in the 14.4-14.8 GHz band

The fixed service is allocated on a primary basis in the band 14.4-15.35 GHz.  The 14.8-15.35 GHz portion of this allocation overlaps the SRS allocation under consideration for status upgrade.  Sharing studies between the SRS and the FS are documented in Sections 4.1.1, 4.1.2, and 4.1.3 above.  These studies have been performed using the long-term protection criteria for in-band interference into fixed stations given in Recommendation ITU-R F.758-7. This long-term criterion is that the received I/N ratio be less than -10 dB to be exceeded no more than 20% of the time. 

Note however that Recommendation ITU-R F.758-7 also provides a separate, more stringent requirement for out-of-band interference into the fixed service.  This criterion requires that the I/N ratio be less than -20 dB with the same no more than 20% of the time exceedance allowed.  

This Section addresses SRS downlink compliance with the FS protection criteria for OOB interference.  In the case of interference from non-GSO SRS downlinks, the results of the in-band sharing analysis in Section 4.1.1 are sufficient to demonstrate that SRS downlinks will comply with the OOB criterion. This can be seen by examination of Figures 12-14 above which show the CCDF curves for the level of interference received by the fixed stations. These Figures demonstrate that the fixed stations receive no interference approximately 95% of the time. This is because the fixed stations are assumed to operate continuously but they only have visibility to the SRS non-GSO for a small percent of that time.  

Therefore, without even taking into account the OOB attenuation of the SRS signal, it is possible to conclude from these results that the FS OOB criterion is met for non-GSO SRS downlinks.

Study FS8: Static analysis of OOB interference from GSO SRS downlinks to the FS

Section 4.1.1 above includes Study FS3 which demonstrates that the in-band interference from SRS GSO downlinks to fixed service receivers complies with the -10 dB I/N FS requirement for in-band interference for any separation distance between the fixed station and the SRS earth station. For the worst-case separation distance of 400-450 km, the peak interference power received by the FS is beneath the -10 dB I/N criterion by at least 2.5 dB.

In order to meet the more stringent I/N requirement for OOB interference to the FS (-20 dB I/N vs -10 dB for the in-band case), the attenuation of the SRS downlink signal beyond the 14.8 GHz band edge must be at least 7.5 dB.

Recommendation ITU-R SA.2141-0 provides characteristics of SRS downlinks which will operate in the 14.8-15.35 GHz band. Table 1 in the Recommendation provides characteristics of SRS downlinks and indicates that these wide-band links will employ Phase Shift Keying (PSK) modulation (either QPSK or 8 PSK). Figure 23 below shows the power spectral density of an unfiltered QPSK signal with a center frequency of 15 GHz and a bandwidth of 400 MHz (consistent with the Recommendation ITU-R SA.2141-0 SRS downlink characteristics).  

The unfiltered QPSK signal spectrum used in this analysis is a worst-possible case and was selected for the sake of simplicity of this analysis. Conventional pulse shaping and filtration techniques used in existing and planned SRS communications systems to suppress the modulation sidelobes would significantly improve the study results and should be considered in future sharing and compatible studies.

FIGURE 23

Unfiltered QPSK power spectral density
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Study FS8 Results

As seen from this figure, the maximum power spectral density of the signal in the OOB domain is at the peak of the first sidelobe, and is approximately 13.5 dB down from the main lobe maximum. Since this 13.5 dB attenuation exceeds the required 7.5 dB value calculated based on the in-band sharing study results, it can be concluded that SRS downlinks in the 14.8 -15.35 GHz band are compatible with the fixed service in the adjacent band.

4.2	Sharing between the MS (including AMS) and the SRS

[bookmark: _Hlk68857301][Editor’s note: with respect to scenarios of interference from SRS (space-to-Earth) to the mobile service, further clarification and confirmation is required as to whether the Recommendation ITU‑R SA.1626 pfd mask is sufficient to protect terrestrial stations when the angle of the arrival of the interfering transmission from SRS space station to the victim terrestrial stations is less than 5 degrees.]

[Japan’s comments: In this regard, it needs to study the non co-located case with minimal elevation angle towards the SRS satellite.]

[Editor’s note: these comments above were not supported by other participants at this stage.]



[image: ]

]

[USA response: In Section 4.2.1.1, the US provides multiple analyses addressing sharing between the LMS and SRS downlinks.  The study LMS2 considers the worst case interference geometry (determined by LMS elevation angle and distance to the SRS S/C. Suggest that the Editor’s note and figure above are not needed]

This Section examines sharing between SRS and MS systems in the 14.8-15.35 GHz band. MS systems in this band include those operating in the land mobile service and those operating in the aeronautical mobile service. Section 4.2.1 addresses sharing between land mobile systems and SRS systems in this band. Section 4.2.2 addresses sharing between SRS and airborne mobile systems.

4.2.1	Sharing between the LMS and the SRS 

In the sections below, the feasibility of sharing between the LMS and each of the three SRS applications operating in the 14.8-15.35 GHz band are addressed.

Section 4.2.1.1 addresses sharing between LMS systems and SRS direct downlinks.

[Japan’s comments: Section 4.2.1.1 presents only the results limited to the non-GSO SRS downlink and thus the title of this section should be in line with the content.]

Section 4.2.1.1bis addresses sharing between LMS systems and GSO SRS direct downlinks.

Section 4.2.1.2 addresses sharing between LMS systems and SRS Data Relay Satellite System feeder uplinks.

Section 4.2.1.3 addresses sharing between LMS systems and SRS Data Relay Satellite System inter-satellite links. These links are from the TDRS user, typically in Low Earth Orit (LEO) to the GSO TDRS satellite.

4.2.1.1	Sharing between the LMS and non-GSO SRS (s-E) 

This section examines the feasibility of sharing between non-GSO SRS (s-E) links and the LMS.

Study LMS1 SRS downlinks sharing with the LMS: initial static analysis based on SRS PFD limits

Following an approach similar to that used in Section 4.1 for sharing between the FS and SRS downlinks, a static sharing analysis based on PFD limits was performed. Using the characteristics of LMS receivers provided in Table 4 above, power flux density protection levels as a function of elevation angle are derived for each of the LMS systems and these are compared to the SRS (s-E) link pfd limits established in Recommendation ITU-R SA.1626.



[★Japan’s reply comments: Japan mentions about justification and applicability for discussing that the interference study divides whether co-located or non-co-located.]

[Editor’s note: these comments above were not supported by other participants at this stage.]

[bookmark: _Hlk63614709]The interference power density at the input to the receiver of a system operating in the LMS resulting from the space-to-Earth transmissions of an SRS system are given in Equation 1 below.

		Io = PT + GT + GR -10log(BW) -Lpath - Lpol 	(1)

where

	Io = 	Interference power density (dBW/MHz)

	PT = 	SRS system transit power(dB)

	GT = 	SRS system transit antenna gain (dBi)

	GR = 	LMS system receive antenna gain (dBi)

	BW = 	Bandwidth (MHz)

	Lpath = 	Free space path loss (dB)

	Lpol = 	Polarization mismatch loss (dB)

A maximum acceptable level of interference power density can be determined based on the victim system noise figure and the service protection criteria, including any assumed apportionment of this criteria between services and systems. Table 15 below shows the calculation of such maximum levels using the characteristics of the six representative LMS systems detailed in Recommendation ITU-R M.2068. Note that for these calculations, an apportionment factor of 3 dB is assumed to account for the possibility of interference received at an LMS receiver from an SRS downlink and from another LMS system. Given the dynamic nature of the SRS link geometry, the probability of an LMS system receiving interference from multiple sources is considered to be extremely low.

TABLE 15

Calculation of maximum allowable LMS interference power density levels

		LMS Sys #

		Noise Figure (dB)

		Noise Temp (K)

		No (dBW/Hz)

		M.2038 I/N Reqmt (dB)

		Apportionment (dB)

		Acceptable Io (dBW/MHz)



		1

		4

		438.45

		-202.18

		-6

		3.0

		-151.18



		2

		3

		288.62

		-203.40

		-6

		3.0

		-153.00



		3

		3

		288.62

		-203.40

		-6

		3.0

		-153.00



		4

		4

		438.45

		-202.18

		-6

		3.0

		-151.18



		5

		4

		438.45

		-202.18

		-6

		3.0

		-151.18



		6

		5

		627.06

		-200.63

		-6

		3.0

		-149.63





The power flux density on the Earth’s surface resulting from the emissions of a transmitter on an SRS space station is given in Equation 2 below.

		PFD = PT + GT -10log(BW) -10log(4pi dm2) 	(2)

where:

	PFD = 	Power flux density (dBW/m2 MHz)

	PT = 	SRS system transit power(dBW)

	GT = 	SRS system transit antenna gain (dBi)

	BW = 	Bandwidth (MHz)

	dm = 	Path length (m)	

In the steps below, an expression for the received interference power density as a function of the power flux density is determined, then by setting this equal to the Io limits determined for each of the LMS systems, a series of SRS downlink PFD masks are derived. These then are compared to the Recommendation ITU-R SA.1626 recommended SRS downlink pfd constraint to assess sharing feasibility.

With a transmission frequency of 15.0 GHz and an assumed polarization mismatch loss of 1.4 dB, Equation 1 can be rewritten as:

		Io = PT + GT + GR - 10log(BW) -32.45 -20 log(15000) -20log(dm/1000) – 1.4 	(3)

[bookmark: _Hlk75204697][Editor’s note: Needs to review the assumed value of 1.4 dB for polarization loss.]

[USA response: Agree with this note.  The figure will be corrected to reflect polarization losses of 10 log(1.4) = 1.46 dB for LMS systems 2 through 5 and 0 dB (10 log(1)) for LMS systems 1 & 6.  Note that this small change does not change the conclusions]

By rearranging terms and combining constants, this can be written as:

		Io = PT + GT - 10log(BW) -10log(dm2) + GR – 57.37	(4)

By rearranging terms and combining constants, this can be written as:

		Io = PFD +10log(4pi) + GR – 57.37	(5)

which is equivalent to:

		Io = PFD + GR – 46.38	(6)

Substituting the Io values given in Table 11 for each of the six representative LMS systems, and using the Recommendation ITU-R F.1336 LMS antenna gains (as shown in Figures 3 and 4), SRS PFD masks to protect the land mobile systems are derived. These are shown in Figure 18 below. Also shown in this figure is the SRS power flux density limit found in Recommendation ITU-R SA.1626.

Figure 18

Non-GSO SRS PFD limit compared to various LMS PFD protection levels
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Study LMS1 Results

The results shown in Figure 9 demonstrate conclusively that the interference levels received by an LMS station from a non-GSO SRS satellite transmitting to a co-located SRS earth station will be less than the allowable Io levels calculated based on the LMS protection criteria.  In the case where the LMS station and the SRS earth station are not exactly co-located, additional analysis is required.

[Japan’s comments: In this paragraph, it is not written that the result of static analysis is of balance. Although it considers only a peculiar assumption and concludes that there is no difference, it is misleading. In addition, Japan is also wondering why the result is only written by limited to NGSO .]

[Editor’s note: these comments above were not supported by other participants at this stage.]

[USA comment: Do not understand this comment.]

[★Japan’s reply comments: In this paragraph, Japan believes there is no logic written to conclude. Although, in figure 18, the vertical line at 5 degrees implies that it does not need to consider the interference under 5 degrees, there is no reason written in this paragraph. Japan questions why adopting the criteria whether it is co-locate or not and why using this implied logic. ]

[Editor’s note: these comments above were not supported by other participants at this stage.]

Study LMS2 Non-GSO SRS downlinks sharing with the LMS: Alternate static analysis for stations which are not co-located

An alternative analysis was performed to assess interference from a non-GSO SRS downlink to an SRS earth station located in proximity to one another.  In the analysis, the SRS earth station was placed on the equator at -75o longitude. Several LMS stations were also placed on the equator located between 150 km and 550 km further east than the SRS earth station.  Since the motion of the LMS stations is very slow in comparison to that of the SRS satellite, the LMS stations were modelled as being stationary.

For each location examined, six sets of LMS characteristics were considered (based on the LMS1 – LMS6 categories in Table 5 above). The LMS antennas were fixed pointed due west (in the direction of the approaching SRS non-GSO) at 0 degree inclination angle.

The characteristics of the SRS non-GSO were taken from Table 10 above.  It is noted that SRS downlinks transmitting at the power density given in the Table have only a 0.7 dB (at 90o elevation) margin against the Recommendation ITU-R SA.1626 limit, and thus the SRS transmit power density levels used in this analysis are approximately equal to that associated with the Recommendation limit.

In the calculation of Io levels received by the LMS stations, it is assumed that the SRS satellite does not begin its transmissions until at the point in the orbit where it is at an elevation angle of 5 degrees as seen from its earth station.  For the LMS stations located further east than the SRS earth station, the associated elevation angle to the SRS non-GSO will be lower, approaching 0 degrees when the LMS station is located ~550 km east of the SRS earth station.  

In this analysis, a series of curves are generated showing the interference power density received by each of the LMS station types located at a range of distances from SRS earth station as a function of the SRS earth station antenna elevation angle.  This presentation approach demonstrated how the interference received by the LMS station changes over the very brief transit time for the SRS non‑GSO.  Note that as the SRS satellite progresses through its orbit from 5o to 90o as seen from the SRS earth station, the range from the SRS non-GSO to the LMS stations will decrease, which will tend to result in higher levels of received interference power density.  However, at the same time, the off-pointing angle of the LMS antennas in the direction of the SRS non-GSO will also increase, with the result that the LMS antenna gain in the direction of the non-GSO will decrease, in turn reducing the received interference power.  

[The results of these two competing factors are evident in the plots of received Io vs elevation angle for the six sets of LMS representative system characteristics. Figure 19 shows the interference power density levels received an LMS station with characteristics as given in Table 5 for LMS system 1 (LMS1).  Figures 20 through 24 show the same results for LMS systems 2 through 6.]

[★Japan’s reply comments: Japan believes M.2085, which is in the legend of Figures 19-25, should refer to another recommendation. As Japan commented in its earlier comment above, to compare the result which Japan calculated, Japan would like to know the further detail of this calculation with offline.  ]

[Editor’s note: these comments above were not supported by other participants at this stage.]

[

Figure 19

LMS System 1 Received Interference Power Density Resulting from SRS non-GSO Downlink
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[★Japan’s reply comments: Japan understands that this is not a pfd mask. Japan concerns the interference caused at a lower elevation angle. Because these Figures do not set the x-axis as the angle seen from the LMS station, one cannot evaluate the interference at the lower elevation angle’s case appropriately. ]

[Editor’s note: these comments above were not supported by other participants at this stage.]

Figure 20

LMS System 2 Received Interference Power Density Resulting from SRS non-GSO Downlink
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Figure 21

LMS System 3 Received Interference Power Density Resulting from SRS non-GSO Downlink

[image: Chart, line chart

Description automatically generated]

Figure 22

LMS System 4 Received Interference Power Density Resulting from SRS non-GSO Downlink
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Figure 23

LMS System 5 Received Interference Power Density Resulting from SRS non-GSO Downlink
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Figure 24

LMS System 6 Received Interference Power Density Resulting from SRS non-GSO Downlink
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]

Study LMS2 [Results

These static calculations demonstrate that LMS stations with characteristics as given in Table 5 above will not receive interference power density levels in excess of those determined to be acceptable (based on the criteria given in Recommendation ITU-R M.2089) as a result of SRS non‑GSO downlinks.] 

[★Japan’s reply comments: Japan would like to review the calculation result studied by the US further more.

[Editor’s note: these comments above were not supported by other participants at this stage.]

Consideration on the results of Alternate static analysis for LMS stations which are not co-located in Section 4.2.1.1

This attachment is intended to investigate the results presented in Figures 19 – 24 for “Alternate static analysis for stations which are not co-located” in Section 4.2.1.1 of the Working Document (Annex 2 to Chairman’s Report (7B/158)).

Having regard to the description in Section 4.2.1.1, the geometry used for the alternative analysis is understood to be as shown in Figure A2.1 below. In this figure, the angle α represents the elevation angle seen from the SRS earth station to the SRS satellite, and the angle β represents the one seen from the victim LMS station to the SRS satellite.

Figure A2.1

Geometry of SRS system and LMS station
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When the elevation angle α is varied from 5 to 90 degrees, the corresponding values of elevation angle β have been calculated for distances d of 150 km, 250 km, 300 km, 450 km and 550 km. The calculated results of angles β include small values, say, less than 1 degree. For example, the angle β at the 450 km distance for the angle α of 5 degrees is 0.54 degrees, and the angle β at the 550 km distance for the angle α of 6 degrees is 0.46 degrees. 

Fitting these lower values of the angle β to Figure 18 in the Working Document, it can be seen that some of the LMS encounter negative margins against the SA.1626 non-GSO pfd mask at lower angles. This implies that some of the LMS receivers would suffer from excessive interference from a non-GSO SRS satellite at the lower elevation angles, taking into account the technical characteristics of the SRS non-GSO provided in Table 10 of the Working Document. 

To investigate the details, interference density levels the LMS stations would receive have been calculated based on the angles β. Table A2 below is a comparison of the curves (the right column) derived from this calculation with those shown in Figures 19 to 24 (the left column) of the Working Document. It has been found that that LMS Systems 3, 4, 5 and 6 receive more than acceptable levels of interference at low elevation angles.

Table A2

Comparison with Figures 19 – 24

		Figure 19 – LMS1
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		Figure 20 – LMS2
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		Figure 21 – LMS3
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		Figure 22 – LMS4
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		Figure 23 – LMS5
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		Figure 24 – LMS6
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In addition, the separation distance d between the SRS earth station and the LMS station can be longer than 550 km. Figure A2.2 below shows the relations between the elevation angle α at the SRS earth station and the elevation angle β at the LMS station for various separation distances including those over 550 km. This figure indicates that, beyond a certain distance, the elevation angle β can take values of 0 or close to 0 degrees, therefore further investigation is also required for the scenarios with the separation distance of more than 550 km. 

Figure A2.2
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4.2.1.1bis	Sharing between the LMS and GSO SRS (s-E) 

[TBD]

4.2.1.2	Sharing between the LMS and SRS DRS forward feeder links 

[TBD]

4.2.1.3	Sharing between the LMS and SRS DRS inter-orbit return links

As described in Section 4.1.3 above, Recommendation ITU-R SA.510 recommends pfd limits for systems operating links in the SRS with DRS systems in the 14.8-15.35 GHz band. These limits are applicable to the return inter-orbit link from the non‑GSO user satellite to the GSO DRS satellite and are equivalent to the Recommendation ITU-R SA.1626 pfd recommended limits for non‑GSO systems given except that they are given in a different reference bandwidth (4 kHz vs 1 MHz).

Therefore, based on the analysis in Section 4.1.3 above, it can be concluded that DRS inter-orbit return links which meet these pfd limits should not cause excess interference to LMS systems.

[★Japan’s reply comments: Japan has not still understood that to reference Section 4.1.1 is a correct reference. Japan believes that whether unacceptable interference is caused or not should be considered based on the characteristics of the victim station. Japan would like to seek a further clarification how the above paragraph could make conclusion for LMS cases "based on" the consideration of the FS characteristics. The second sentence in the US response does not address the Japan’s point. What Japan tried to mention is that because the study of the SRS downlink has not yet been concluded, it is premature to prejudge the SRS crosslink.]

[USA Comment: In Section 4.1.1, it is noted that the SA.510 PFD constraints on SRS crosslinks are equivalent to the SA.1626 PFD limits for SRS (s-E).  The received Io curves for interference received from SRS downlinks by LMS systems shown Figs 19-24 are based on SRS downlink parameters which just comply with the SA1626 limits.  It is reasonable to expect the same for interference from SRS crosslinks which just meet the same PFD limit]

[Editor’s note: these comments above were not supported by other participants at this stage.]

4.2.2	Sharing between the AMS and the SRS 

In the sections below, the feasibility of sharing between the AMS and SRS systems operating in the 14.8-15.35 GHz band are addressed. For each type of SRS use, sharing scenarios involving the more vulnerable AMS applications are considered. 

Section 4.2.2.1 addresses sharing between AMS systems and SRS direct downlinks. This analysis is focused initially on sharing with AMS downlinks and is intended to characterize the potential interference into these links.

4.2.2.1	Sharing between the AMS and SRS downlinks 

This Section includes analysis of SRS downlinks sharing with AMS uplinks (AMS ground station to AMS aircraft), AMS downlinks (AMS aircraft to AMS earth stations), and AMS crosslinks (links between AMS aircraft). For each of these three scenarios, the power density level of potential SRS interference into the AMS receiver is assessed for the worst-case geometry, assuming the SRS downlinks comply with the pfd masks given in Recommendation ITU-R SA.1626.

4.2.2.1.1	SRS Downlinks Sharing with AMS Uplinks

Study AMS1: AMS uplink sharing with SRS downlink: static analysis

For this analysis of interference into an AMS aircraft receiver, a geometry, in Figure 25, is assumed. The AMS aircraft is positioned at point C in the diagram, directly above the SRS earth station at point B. Three different values are studied for the AMS aircraft altitude: 5 km, 10 km, and 19.8 km. The AMS aircraft is receiving an uplink from an AMS earth station at point E, which is at the edge of its service area, and its antenna is pointed in that direction.

[Japan’s comment: The geometry in Figure 10 is not considered a worst-case. For interference analysis, the worst-case should be studied among more general and typical geometries instead of assuming that an AMS aircraft be positioned directly above the SRS earth station. See the figure below.

[Editor’s note: these comments above were not supported by other participants at this stage.]

[image: ]

]

[USA Comment: The US believes that this note refers to Fig 25 below.  This figure was not intended to illustrate the worst- case geometry but rather to illustrate the means of calculating off-pointing angles from the SRS S/C transmit and AMS ground station receive antennas. That said, the figure shown here is useful and should be incorporated into this section in future a draft]

[★Japan’s reply comments: What Japan is pointing out is the justification to divide the interference study with criteria whether it is co-located or non-co-located. Japan mentioned this point on the section 4.1.1 and 4.2.1. Japan recognizes that the reason why to consider study with co-located or non-co-located is that it did not have to consider the case which is lower than 5 degrees based on RR No. 21.15 according to on the discussion at the April 2021 WP 7B meeting. Japan concerns that this assumption may imply this kind of misleading consideration, because Japan operates radio-communication stations in this band. Japan would like to add to avoid misunderstanding, Japan is not opposed to upgrade the SRS. Japan hopes and expects to get the conclusion that the effect to the existing services must be small at lower angles using dynamic analysis. However, the expectation alone without the necessary studies is not enough explanation to the operator of existing services.   ]

[Editor’s note: these comments above were not supported by other participants at this stage.]

The SRS earth station at point B is receiving a downlink signal from an SRS spacecraft at point D. For this analysis, consistent with the parameters given in Recommendation ITU-R SA.[15 GHZ SRS CHARACTERISTICS], the SRS spacecraft is assumed to be in an 800 km circular orbit. To achieve the worst-case pointing geometry, it is further assumed that the SRS satellite orbit ground trace is aligned with the AMS aircraft pointing towards point E.

The amount of interference from the SRS downlink which is received by the AMS aircraft is a function of the off-pointing angle between the vector from the AMS aircraft to the AMS ground station and the vector from the AMS aircraft to the SRS spacecraft.

Figure 25

SRS PFD limit compared to various AMS PFD protection levels
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When the SRS spacecraft first comes over the horizon (as seen from its earth station at point B), the off-pointing angle of the AMS aircraft antenna towards the SRS spacecraft is relatively small. This results in the gain of the AMS earth station antenna gain in the direction of the SRS spacecraft being somewhat significant, leading to the possibility of harmful interference. However, as the SRS spacecraft progresses through its orbit, the off-pointing angle increases and the probability of interference decreases. Figure 25 provides a series of relationships which facilitate the calculation of the AMS aircraft antenna gain towards the SRS spacecraft. 

To assess the feasibility of sharing between SRS downlinks and AMS uplinks and the potential interference levels, the same approach as used in the Sections above addressing SRS downlinks sharing with FS and LMS is used. The maximum pfd levels at the earth’s surface which would not exceed the AMS protection criteria are computed and compared with the Recommendation ITU-R SA.1626 recommended pfd limits. This involves the following steps:

1	Calculate the maximum allowable Io for each of the AMS aircraft receivers using the same approach as was employed for the LMS in Table 15.

2	At each value of elevation angle, calculate the maximum allowable interference signal pfd using the results of Step 1 and the relationship in equation 6.

3	Plot the maximum permissible AMS receiver interferer pfd levels against the Recommendation ITU-R SA.1626 pfd limit mask (note that this step must be performed for each of the 3 assumed AMS aircraft altitude values).

The maximum allowable interference power density at the input of the AMS antenna which will not exceed the AMS protection criteria is calculated in Table 16.

TABLE 16

Calculation of maximum allowable interference power density levels for AMS uplinks

		AMS A/C Sys #

		Noise Figure (dB)

		Noise Temp (K)

		No (dBW/Hz)

		M.2089 I/N Reqmt (dB)

		Apportionment (dB)

		Acceptable Io (dBW/MHz)



		1

		4

		438.45

		-202.18

		-6

		3.0

		-151.18



		2a

		5

		62706

		-200.63

		-6

		3.0

		-149.63



		2b

		5

		627.06

		-200.63

		-6

		3.0

		-149.63



		3

		5

		627.06

		-200.63

		-6

		3.0

		-149.63



		4a

		4.5

		527.33

		-201.38

		-6

		3.0

		-150.38



		4b

		4.5

		527.33

		-201.38

		-6

		3.0

		-150.38







Equation 6 is derived in Section 4.2.1.1 above. It shows the relationship between the SRS downlink pfd and the resulting interference power density at the victim receive antenna input. Re-ordering the terms, this relationship can be given as:

		PFD = Io – Gr + 46.38	(7)

where:

	PFD = 	SRS spacecraft transmit flux density on the Earth’s surface in 
dB(W/(m2 ∙ MHz) 

	Io = 	Interference power density received by the AMS A/C in dB(W/MHz)

	Gr = 	AMS A/C receive antenna gain in dB

[Editor’s note: The value 46.38 in equation 7 includes the assumed polarization loss of 1.4 dB.  This assumption needs to be reviewed.]

[USA Comment: Agreed that the polarization loss should be removed from these calculations]

Substituting the maximum allowed interference power density values for each AMS A/C system (as calculated in Table 12) allows for the calculation of the maximum pfd values on the surface of the Earth that will not result in excess interference to the AMS. In this calculation, the maximum permissible interference power density level, Io, is a constant (though different for different AMS the SRS spacecraft (or, more precisely, the difference in the angle between the AMS A/C antenna pointed towards its ground station and the vector from the AMS A/C to the SRS spacecraft flying overhead). Note that this off-pointing angle is shown in Figure 9 as angle ECD, and the equations to calculate it are provided.

Using Equation 7 with the maximum permissible interference power density levels and the antenna gain patterns for each AMS A/C system, it is possible to calculate a maxim allowable interference pfd curve. So long as the actual pfd of the SRS downlink is underneath this curve, it can be concluded that the AMS A/C system will not experience harmful interference.

Figure 26 below shows the result of calculations of these pfd limit curves for AMS A/C systems at 5 km altitude. Note that the curves for the different AMS systems differ as a result of their antenna patterns and noise figure values.

Figures 27 and 28 show the same results for 10 km and 19.8 km altitudes respectively.

Figure 26

SRS PFD limit compared to various AMS uplink PFD protection levels at 5 km altitude
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Figure 27

SRS PFD limit compared to various AMS uplink PFD protection levels at 10 km altitude
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Figure 28

SRS PFD limit compared to various AMS uplink PFD protection levels at 19.8 km altitude
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For AMS aircraft altitudes of 10 km and 19,8 km, the received interference PFD levels for each of the AMS systems meets the Recommendation ITU-R SA.1626  limits down to the minimum SRS elevation angle of 5 degrees. However, for the AMS aircraft altitude of 5 km, the Recommendation ITU-R SA.1626 SRS PFD levels exceed the acceptable interference PFD level for AMS System 1 at exactly 5 degrees elevation.  Note that the Recommendation ITU-R SA.1626 pfd limits are sufficient to protect all other AMS systems at any elevation angle ≥ 5 degree, and to protect System 1 at any elevation angle ≥~6 degrees.

The PFD approach used in this static analysis by its nature produces estimates of received interference which are worst case.  The specific geometry of the links in which excess interference is calculated may be exceedingly rare or not at all realistic. To consider this possibility, dynamic analyses of interference from SRS non-GSO and GSO downlinks to AMS uplinks have been performed. These analyses will provide some insight into whether and how often interference levels in excess of the AMS protection criteria will be seen.

[Editor’s note: To draw a conclusion, it needs to study more general geometries including the cases where the AMS aircraft is not positioned directly above the SRS earth station. In addition, it needs to study the case of the interference caused by the SRS downlink arriving at low elevation angles less than 5 degrees.]

[USA Comment: The dynamic analysis presented in the section immediately beneath these comments addresses the case where the AMS ground station is not co-located with the SRS ground station.  (See AMS antenna pointing row of Table 17)]

[Japan’s comments: It is premature to conclude the sharing study without considering the aggregate effect from multiple SRS downlinks. Firstly, some of the AMS aircraft/ground stations listed in Tables 5 and 6 have an omnidirectional antenna, and therefore such AMS stations can “see” multiple SRS satellites. Secondly, the SRS spacecraft includes not only LEO satellites but also GSO, HEO and L1/L2 satellites, and the latter are either static or slow in movement.]

[USA Comment: The US disagrees with the statement that there is a need to consider aggregate interference from more than one SRS downlink.  As noted in PDNR[15 GHZ CHARACTERISTICS], the number of missions expected to be operated in this band is low (5-7 per year).  The probability of 2 co-frequency SRS downlinks appearing in the main beam of an AMS A/C receiver is extremely low, and if such a confluence did occur, it would be extremely short-lived.]

[★Japan’s reply comments: There is no text describing about “aggregate interference from more than one SRS downlink”. That is why a paragraph regarding “aggregate interference from more than one SRS downlink.” should be added.  With respect this sentence “The US statement that the number of missions expected to be operated in this band is low (5-7 per year) “, it depends on the lifetime of satellite, and therefore, further review is needed. With respect the sentence “The probability of 2 co-frequency SRS downlinks appearing in the main beam of an AMS A/C receiver is extremely low, and if such a confluence did occur, it would be extremely short-lived”, Japan would appreciate that such study result will be provided for further consideration. ]

[Editor’s note: these comments above were not supported by other participants at this stage.]

Study AMS2: AMS uplink sharing with SRS downlink: dynamic analysis

This dynamic analysis assesses the probability distribution of interference power density levels seen by AMS uplinks resulting from the emissions of an SRS GSO satellite downlinks. The non-GSO SRS system characteristics are as shown in Table 10 above, with the satellite orbit inclination angle being set to 45 degrees. The SRS non-GSO satellite operates a downlink to an SRS earth station in White Sands, New Mexico, USA. The AMS aircraft characteristics are as given in Recommendation ITU-R M.2089 and the antenna radiation patterns are as specified in Recommendation ITU-R M.1851.

A wide variety of assumptions regarding AMS aircraft position, flight path, altitude, and antenna pointing are considered to help ensure that the worst-case scenario is considered.  These assumptions are documented in Table 17 below.

TABLE 17

AMS aircraft characteristics for SRS DL interference analysis

		AMS Parameter

		Options Considered



		AMS A/C Altitude (km)

		5, 10, 19.8



		AMS A/C Flight path

		Circular path around SRS earth station, radius = 50 km

Circular path around SRS earth station, radius = 200 km



		AMS Antenna pattern

		AMS A/C antenna 1, 2a, 2b, 3, 4a, 4b as per Table 7



		AMS Antenna Pointing

		Pointed towards SRS earth station

Pointed at random location within 50/200 km radius of SRS station





[Japan’s comments: Table 17 is a good method to understand the interference using dynamic analysis. However, the assumption that the aircraft flies over the earth station as worst case is wrong. The worst case is the main axis of receive antenna on the aircraft is toward the SRS down link. It needs to consider the dynamic analysis including that case. One of the question is, is the main axis of the receiving antenna on the plane toward the satellite downlink in the assumption set by the US? ]

[USA Comment: This case assumes that the AMS A/C antenna is pointed at an AMS ground station which is co-located with the SRS ES.  For AMS systems with high gain antennas, this AMS A/C location assumption produces the low probability recommendation case where vector from the AMS A/C to the AMS ground station is aligned in azimuth with the vector from the SRS ground station to the SRS S/C.]

[★Japan’s reply comments: Japan does not mention that “that an SRS downlink constrained to operate only at a minimum elevation angle as seen from its ground station”. Japan points that it may be possible to conclude that there is no interference by setting only a high elevation angle, but it is not acceptable to extend such a conclusion to the cases including low elevation angles.]

[Japan’s comments: This situation “Pointed towards SRS earth station” is unrealistic. What does the AMS do with an antenna pointed towards the earth station? ]

[USA Comment: The US is of the view that an SRS downlink constrained to operate only at a minimum elevation angle as seen from its ground station is not likely to ever fall in the main beam of an AMS U/L signal and  that dynamic simulation performed in this section for the cases of an AMS A/C flying in a circular flight path around the SRS E/S should capture the worst-case geometry with the minimum AMS antenna offpointing possible.  ]

[Japan’s comments: The assumption “50/200 km radius of SRS station” is peculiar where there is AMS ground station near the SRS earth station. ]

[Editor’s note: these comments above were not supported by other participants at this stage.]

[USA Comment: The results presented below do not seem to suggest a particular sensitivity to the distance between the AMS ground station and the SRS ground station.  Nevertheless, the US is open to considering an additional case where the AMS ground station and AMS A/C are located further away from the SRS ES]

The figures below provide the AMS A/C received interference power probability distributions for each of the six AMS aircraft antennas. Each figure contains 12 curves – one for each combination of AMS aircraft altitude, flight path, and antenna pointing discussed above. The AMS aircraft antenna associated with each Figure are listed below:

–	Figure 29: AMS aircraft antenna 1

–	Figure 30: AMS aircraft antenna 2a

–	Figure 31: AMS aircraft antenna 2b

–	Figure 32: AMS aircraft antenna 3

–	Figure 33: AMS aircraft antenna 4a

–	Figure 34: AMS aircraft antenna 4b.

Figure 29

AMS aircraft with antenna 1 interference power density received SRS downlinks
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Figure 30

AMS aircraft with antenna 2a interference power density received SRS downlinks
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Figure 31

AMS aircraft with antenna 2b interference power density received SRS downlinks
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Figure 32

AMS aircraft with antenna 3 interference power density received SRS downlinks
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Figure 33

AMS aircraft with antenna 4a interference power density received SRS downlinks
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Figure 34

AMS aircraft with antenna 4b interference power density received SRS downlinks
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Results

[Based on these results. It can be concluded that the probability of interference from SRS non-GSO downlinks to AMS uplinks is exceedingly low and should not be an issue.]

4.2.2.1.2	SRS Downlinks Sharing with AMS Downlinks

[TBD]



4.2.3	Sharing between Helicopter television transmission system (HTTS) and the SRS

4.2.3.1	Static analysis of the power flux density masks (GSO and non-GSO) required to protect HTTS

This section presents the results of static analysis. The essence of static analysis is to determine worst case pfd levels corresponding to the interference criteria. The elevation of the satellite was varied, but the azimuth was aligned with the terrestrial HTTS receiving antenna.

Acceptable levels of interference power can be determined based on the victim receiver noise level plus the I/N (dB) protection criteria, with an assumed apportionment factor of 3 dB to this criteria. Table BB below shows the calculation of such levels using the characteristics of the three representative HTTS detailed in section 3.2.3 above. 

TABLE BB

Calculation of HTTS acceptable interference power density

		System

		Unit

		System 1

		System 2

		System 3



		Frequency range

		GHz

		14.5-15.35

		14.5-15.35

		14.5-15.35



		Bandwidth

		MHz

		17

		17

		17



		Receiver noise

		dBm

		-96.9

		-96.9

		-96.9



		Noise spectral density

		dBW/MHz

		-139.20

		-139.20

		-139.20



		I/N requirement

		dB

		-6

		-6

		-6



		Apportionment

		dB

		3

		3

		3



		Feeder loss

		dB

		3

		3

		3



		Polarization loss

		dB

		1.5

		1.5

		1.5



		Acceptable interference psd (Io)

		dBW/MHz

		-143.74

		-143.74

		-143.74







[Editor’s note: participants had the following comments/questions w/ answers

Apportionment: why is it needed, and how was 3 dB value chosen? Answer: assumed 50% allocation to SRS and 50% to other sources including the FS. Some administrations do not agree with this apportionment of interference. 

Polarization loss: should be 3 dB, not 1.5 dB. Answer: should be 1.5 dB

Propagation model: is free-space loss used, or something else, such as a gas attenuation model used? Answer: free-space loss is used.

Is a dynamic study needed? Answer: plan to perform a dynamic analysis for non-GSO systems as a a contribution to the Fall, 2022 WP7B meeting.]

The static analysis assumes that the azimuth of the satellite relative to the HTTS receiving station site is aligned with the azimuth of the HTTS receiving antenna pointing. Thus, the satellite rises at the same azimuth as the HTTS receiving antenna and travels along that azimuth. The worst case occurs when the receiving antenna is directed to the SRS satellite. In the analysis, it is also assumed that the interference levels from SRS downlink into the HTTS receiver are the same as the levels provided by the pfd mask in Recommendation ITU-R SA.1626. Table CC provides the results of the static study for this worst-case scenario for the case where the HTTS receiving antenna is directed to the horizon, showing that acceptable interference levels are exceeded by 7.8 to 14. 8 dB with GSO, and by 9.8 to 16.8 dB with non-GSO. Taking into account that the HTTS receiving antenna can steer its direction to track the helicopter transmitting radio signal, these exceedances will be larger when the HTTS receiving antenna is pointed to higher elevation angles than 5 degrees.

TABLE CC

Worst-case static analysis for the HTTS receiving antenna pointing to SRS satellite

		System

		Unit

		System 1

		System 2

		System 3



		[bookmark: _Hlk99230047]Vertical pointing angle to SRS satellite above horizon

		degree

		0

		0

		0



		Acceptable interference psd (Io)

		dBW/MHz

		-143.74

		-143.74

		-143.74



		Maximum antenna gain

		dBi

		35

		41

		42



		λ2/4π

		dBm2

		-44.97

		-44.97

		-44.97



		GSO pfd value in Rec. SA.1626 
for the vertical pointing angle

		dB(W/(m2 · MHz))

		-126

		-126

		-126



		non-GSO pfd value in Rec. SA.1626 
for vertical pointing angle

		dB(W/(m2 · MHz))

		-124

		-124

		-124



		Interference level from SRS GSO downlink

		dBW/MHz

		-135.97

		-129.97

		-128.97



		Interference level from SRS non-GSO downlink

		dBW/MHz

		-133.97

		-127.97

		-126.97



		Exceedance for GSO

		dB

		7.77

		13.77

		14.77



		Exceedance for non-GSO

		dB

		9.77

		15.77

		16.77







The pfd thresholds are based on the protection required for the HTTS service and are determined to protect the HTTS receivers deployed in the frequency band 14.5 – 15.35 GHz. This pfd threshold is a function of the angle of arrival at the incumbent HTTS station and is calculated as follows in the direction θ of the interfering satellite.

		pfd (θ) = Io – Ae (θ) in dB (W/ (m2 · MHz)) 	(H1)

where:

	pfd (θ) :	Power flux density threshold at the angle θ

	Io:	Acceptable Interference power spectral density

	Ae(θ) :	equivalent surface area of an antenna in dB‑m2 having an antenna gain 

	G(θ) :	antenna gain (dBi)

		Ae(θ) = G(θ) + 10log

	 :	wavelength in meters

Figure DD presents the pfd thresholds derived from the above methodology to protect HTTS receivers pointing to the direction of the horizon.

Figure dd

PFD thresholds to protect HTTS receivers pointing at 0 deg direction above horizon
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Based on the above results of the static studies of interference into HTTS receiving station, it was shown that for the worst-case single-entry main-to-main beam scenario with HTTS receiving antenna pointing to the horizon pfd thresholds to protect HTTS receivers is exceeded by 14.8 dB for GSO SRS downlink and by 16.8 dB for non-GSO SRS downlink comparing with the pfd values provided in Recommendation ITU-R SA.1626 pfd masks. [These exceedances will be larger when the HTTS receiving antenna is pointed to higher elevation angles than 5 degrees. This indicates that SA.1626 pfd masks would not provide sufficient protection for HTTS under the worst-case scenario.]

4.2.2.1.3	SRS Downlinks Sharing with AMS Crosslinks

[TBD]

4.2.2.2	Sharing between the AMS and SRS feeder uplinks

4.2.2.4	SRS Earth Station interfering with AMS 

This section provides a proposition for the determination of a boarder PFD limit for the protection of AMS systems in the territory of other administrations in the band 14.8-15.35 GHz. For the purpose of protecting AMS Aircrafts systems in neighboring administrations, coordination of a transmitting SRS Earth station might be required when the power flux-density in dB(W/m²/Hz) at the border of a neighboring administration exceeds a specific pfd limit. The pfd values should be verified in the relevant propagation model (Recommendation ITU-R P.528).To calculate the pfd produced at an AMS Station, the following equation was used:

  dB(W/(m² · Hz))(8)

Where:

	: 	power density of noise-like interference or the total power of CW-type interference in dB(W/Hz) (Rec ITU-R M. 2089) determined as follows:

			(9)

			(10)

	: 	AMS antenna gain (Rec ITU-R M.1851); 

	: 	Wavelength at specified frequency at f=15 GHz (m);

	:	 Polarization losses (dB);

	: 	Other losses (dB); 

	 : 	Boltzmann constant (1.38064852*10-23 J/K)

	 : 	Noise temperature (K) = 290 K

	: 	Noise floor (dB)

	 : 	Recommendation ITU-R M.2089 (dB).

The pfd was determined for AMS aircraft systems and for AMS ground systems with the following parameters:

TABLE 19

PFD determination for AMS Aircraft Systems

		AMS Aircraft

		

		BW

		NF

		

		I/N

		No

		IAMS

		

		



		pfd



		

		dBi

		deg

		dB

		K

		dB

		dBW/Hz

		dBW/Hz

		dB

		dB

		dB(W/(m² · MHz))



		1

		24

		12

		4

		290

		-6

		-199.97

		-205.97

		1.4

		2

		-121.6



		2a

		27

		8

		5

		290

		-6

		-198.97

		-204.97

		1.4

		2

		-123.6



		2b

		7.2

		360

		5

		290

		-6

		-198.97

		-204.97

		1.4

		2

		-103.8



		3

		24

		12

		5

		290

		-6

		-198.97

		-204.97

		1.4

		2

		-120.6



		4a

		3.7

		360

		4.5

		290

		-6

		-199.47

		-205.47

		1.4

		2

		-100.8



		4b

		19.5

		12

		4.5

		290

		-6

		-199.47

		-205.47

		1.4

		2

		-116.6








TABLE 20

PFD determination for AMS Ground Systems

		AMS Ground station

		

		BW

		NF

		

		I/N

		No

		IAMS

		

		



		pfd



		

		dBi

		deg

		dB

		K

		dB

		dBW/Hz

		dBW/Hz

		dB

		dB

		dB(W/(m² · MHz))



		1

		40

		1.5

		5

		290

		-6

		-198.97

		-204.97

		1.4

		2

		-136.6



		2a

		44

		1.7

		4

		290

		-6

		-199.97

		-205.97

		1.4

		2

		-141.6



		2b

		3

		360

		4

		290

		-6

		-199.97

		-205.97

		1.4

		2

		-100.6



		3

		45

		1.11

		4

		290

		-6

		-199.97

		-205.97

		1.4

		2

		-142.6



		4a

		3

		360

		6

		290

		-6

		-197.97

		-203.97

		1.4

		2

		-98.6



		4b

		40

		3.8

		6

		290

		-6

		-197.97

		-203.97

		1.4

		2

		-135.6



		5

		42.5

		1

		3.5

		290

		-6

		-200.47

		-206.47

		1.4

		2

		-140.6





[Editor’s note: The polarization losses were considered 1.4 dB but depending on other opinions it can be changed in order to reflect the same value all over the report.]

4.2.2.5	AMS impact on SRS space station receiver 

[Editor’s note: Some administrations are of the view to delete section 4.2.2.5 stating that these studies are outside the scope of the Resolution. Some administrations are of the view that Recognizing e allows these studies to be performed. These studies shows that AMS will not be able to protect SRS.] 

In this section, a description of a static study used for the sharing/compatibility studies between the SRS characterized in Section 4.1.1 and the AMS characterized in Section 3.2.3 is detailed. This primary deals with the computation of the interference power density determined using equation (3) of this report and stipulated in Recommendation SA. 609 in order to assess the impact on the SRS space station from the incumbent AMS in the band 14.8-15.35 GHz.

A set of static simulations were carried out, in which the SRS characterized in Section 4.1.1, a non-GSO, with a transmit antenna gain pattern as described in Recommendation S. 672-4 and in Figure 35(a), was considered. Furthermore, the SRS characteristics used for the study were described in Table 21.

TABLE 21

SRS satellite characteristics used for sharing and compatibility studies with AMS

		SRS Sys 

		Satellite apogee (km)

		Antenna gain (dBi)

		Diameter of SRS antenna (m)

		Required near-in-side-lobe level relative to peak gain (dB)

		Acceptable Io (dBW/kHz)



		Non-GSO 

		800

		32.9

		0.6

		-20

		-177







FIGURE 35

SRS Antenna Gain pattern, (b) AMS Antenna Gain pattern used for sharing and compatibility studies
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		(a)

		(b)







On the AMS system side, only an omnidirectional antenna was considered at this stage with the gain radiation pattern shown in Figure 35(b). The characteristics of the AMS aircraft system are detailed further in Table 7 and the characteristics used for this study in Table 22.

TABLE 22

AMS characteristics used for these sharing and compatibility studies

		AMS Sys 

		Transmit power (dBm)

		Bandwidth (MHz)

		AMS antenna gain (dBi)

		Antenna model

		AMS A/C Altitude (km)



		Sys 2 Air

		20

		0.354/3.5/10/60/120

		7.2

		Omnidirectional

		5





The set of SRSs and AMSs parameters relevant to calculate the interference were used throughout the all of the static studies contained in this section.

In order to represent typical operational scenarios, one case was studied with AMS antenna on the top of the aircraft:

[Editor’s Note: other scenarios may be considered in a future contribution.]

It was considered that the victim SRS is oriented towards the Earth nadir direction (See Figure 30) and the AMS has an omnidirectional antenna. This is illustrated in Figure 36 below.

FIGURE 36

Case scenario
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It can be seen from Figure 36 that the interference from the AMS will be the greatest when the separation angle is 0o, which corresponds to the AMS being directly below the victim. As the separation angle increases, the transmit gain from the interferer will remain constant and the propagation path loss will increase following the increase of distance between the interferer and victim.

FIGURE 37

Interference level for the case AMS omnidirectional antenna 

[image: ]



[Editor’s note: The polarization losses were considered 1.4 dB but depending on other opinions it can be changed in order to reflect the same value all over the report.]

4.2.2.6	AMS impact on SRS Earth station

[Editor’s note: Some administrations are of the view to delete section 4.2.2.6 stating that these studies are outside the scope of the Resolution. Some administrations are of the view that Recognizing e allows these studies to be performed. These studies shows that AMS will not be able to protect SRS.] 

In this section, it will be considered that an SRS Earth Station will be victim to an AMS aircraft. In order to explore this scenario, for the SRS Earth Station, Recommendation SA. 2141 was used for extracting the characteristics (see also Table 23) and Recommendation SA. 509-3 was used for recreating the radiation pattern as it is shown in Figure 38. Furthermore, the protection criteria of SRS Earth stations is given in Recommendation SA. 609.

Figure 38

SRS Ground Station gain radiation pattern

[image: ]

TABLE 23

SRS Earth Station characteristics used for sharing and compatibility studies with AMS

		SRS ES

		Altitude (km)

		Antenna gain (dBi)

		Diameter of SRS antenna (m)

		Antenna efficiency

		Acceptable Io (dBW/Hz)



		Receiver

		0.02

		45

		1.35

		0.7

		-216







For this first study only the AMS System 2, as expressed in Table 7, was used and the radiation pattern was considered omnidirectional with a gain of 7.2 dBi (see Figure 39).

Figure 39

AMS Aircraft gain radiation pattern

[image: ]

TABLE 24

AMS Aircraft characteristics used for these sharing and compatibility studies SRS Downlink 
with AMS downlink

		AMS Sys

		Transmit power (dBm)

		Bandwidth (MHz)

		AMS antenna gain (dBi)

		Antenna model

		AMS A/C Altitude (km)



		Sys 2 Air

		20

		0.354/3.5/10/60/120

		7.2

		Omnidirectional

		5





For this scenario, two cases were considered with the AMS antenna located at the bottom of the aircraft.

To determine the interference power density as expressed in equation (1) multiple transmission bandwidths were used as expressed in Table 24 and the transmit power was considered equal to ‑10 dBW.



Figure 40

Case a scenario: AMS antenna is always oriented towards the SRS Earth Station at: (a) 10 km and (b) 20 km from the ground
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		(a)

		(b)







The scenario is as shown in Figure 40 where the AMS Aircraft has a trajectory from directly above the SRS Ground Station until the AMS is below line of sight. The SRS Ground station is oriented towards the zenith where an SRS Satellite is located at 800 km from the ground. Similar simulations may be required with SRS Ground station pointing with a low elevation.

Figure 41

Interference power density for AMS located at 10 km from the ground in: (a) Free space and (b) Recommendation P. 528 with 1% of time
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		(a)

		(b)









For each transmission bandwidth the interference power density was determined and shown in Figure 42(a) in free space. The protection mask of -216 dBW/Hz was expressed in Recommendation SA. 609 and it can be observed that it is satisfied for a bandwidth of 120 MHz starting from a separation angle of 26 degrees. For lower transmission bandwidth the protection criteria is satisfied only for higher separation angles which means that dynamical studies are needed in order to determine the percentage of time when the interference power density exceeds the acceptable level. Recommendation P. 528 that describes a propagation prediction method for aeronautical mobile and radionavigation services using the VHF, UHF and SHF bands was also implemented and the results were compared with free space. In Recommendation P. 528 it is also possible to consider the percentage of time so various percentages were also studies and the results can be seen in Figure 42.

If we compare the results obtained in free space with the results obtained using Recommendation P. 528 then only a 2 dBW difference will be observed, in Recommendation P. 528 we have a higher level of interference power density by 2 dB. This is normal, higher differences would be observed for higher angles of vision but here 90 degrees was sufficient to have a good representation of the interference power density. In this case interference happens for all studies angles from 0 degrees till 28 degrees no matter the AMS bandwidth. Furthermore, the SRS interference threshold is exceeded up to 80 degrees for 1% of time and an AMS emission bandwidth of 0.354 MHz. For low observance angles the SRS protection criteria is not respected for any of the cases studied.

Figure 42

Interference power density for AMS located at 10 km from the ground using Recommendation P. 528 for: (a) 1% of time, (b) 10% of time and (c) 50% of time
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		(a)

		(b)
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		(c)





By considering only Recommendation P. 528 as a propagation model and determining the interference level then a difference of 10 dB can be observed from 1% till 50 % of time. The interference is lower if we have a higher percentage of time which is to be expected.

The same study was also done for the case when the AMS Aircraft was located at 20 km above the ground and had the trajectory described in Figure 40(b). It can be mentionned that having the AMS fly at 20 km altitude then the level of interference for the same angle is lower for the SRS Earth Station than at 10 km. This can also be observed if we compare figures 42 and 43. By increasing the AMS altitude by 10 km we have decreased the level of interference power density by 10 dBW.  

Figure 43

Interference power density for AMS located at 20 km from the ground in: (a) Free space and Recommendation P. 528 with (b) 1%, (c) 10% and (d) 50% of time

		[image: ]

		[image: ]



		(a)

		(b)
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		(c)

		(d)







The SRS Earth station interference threshold is exceeded for all AMS emission bandwidth with an omnidirectional antenna for a significant angle leading to a large separation horizontal distance.

The results are expected to be even worse with SRS Earth station with a low elevation angle. 

TABLE XX

ADDITIONAL Earth-to-DRS forward feeder link characteristics

		Parameter

		Unit

		Value



		Network

		

		United States of America



		Earth station location

		

		White Sands, New Mexico



		Latitude

		deg

		32.498



		Longitude

		deg

		−106.61



		Number of TDRS uplinks

		

		4



		TDRS GSO locations

		deg

		−174, −171, −41, −46



		Frequency range

		GHz

		14.6-15.25
selectable



		Polarization

		

		Linear



		Antenna size (m)

		

		18.3



		Tx antenna gain (dBi)

		

		66.4



		Tx antenna radiation pattern

		

		RR Appendix 8, Annex III



		Necessary bandwidth (MHz)

		

		650



		Maximum power spectral density 

		dB(W/Hz)

		–58



		Maximum e.i.r.p. spectral density 

		dB(W/Hz)

		8.4







4.2.2.2.1	SRS feeder uplinks Sharing with AMS uplinks

[TBD]

4.2.2.2.2	SRS feeder uplinks Sharing with AMS downlinks

[TBD]

4.2.2.2.3	SRS feeder uplinks Sharing with AMS crosslinks

[TBD]

4.2.2.3	Sharing between the AMS and SRS return inter-orbit links

[TBD]

4.2.2.3.1	SRS return inter-orbit links sharing with AMS uplinks

[TBD]

4.2.2.3.2	SRS return inter-orbit links sharing with AMS downlinks

[TBD]

4.2.2.3.3	SRS return inter-orbit links sharing with AMS crosslinks

[TBD]

4.3	SRS compatibility studies with the radio astronomy service (RAS) in the adjacent 15.35-15.4 GHz band 

[TBD]

This section describes the compatibility studies conducted between SRS and the RAS. Section 4.3.1 describes studies with the uplinks of SRS while section 4.3.2 and 4.3.3 describe studies with downlinks, from GSO and non-GSO respectively. 

4.3.1	SRS uplinks with the radio astronomy service (RAS)

[Editor’s note: To conduct this study, the OOB emissions and antenna characteristics of SRS terrestrial stations are needed to calculate contours of necessary distance to different RAS stations described in Table 3.3.1 using propagation model P.452]

4.3.2	SRS downlinks from GSO satellites and the radio astronomy service (RAS)

Interference from GSO satellites is a case of particular importance for radio astronomy stations, because power levels in Tables 1 and 2 of Recommendation ITU-R RA.769-2 are calculated based on a 0 dBi antenna gain, interference detrimental to radio astronomy will be encountered when a reference antenna, such as described in Recommendation ITU-R SA.509, is pointed within 19.05° of a satellite radiating at levels in accordance with those listed in the Tables. A series of such transmitters located around the GSO would preclude radio astronomy observations with high sensitivity from a band of sky 38.1° wide and centred on the GSO. The loss of such a large area of sky would impose severe restrictions on radio astronomy observations. 

In general, it would not be practical to suppress the unwanted emissions from satellites to below the detrimental level when the main beam of a radio telescope is pointed directly towards the satellite.
A workable solution is suggested by observing the projection of the GSO in celestial coordinates as
viewed from the latitudes of a number of major radio astronomy observations (see Recommendation ITU-R RA.517). If it were possible to point a radio telescope to within 5° of the
GSO without encountering detrimental interference, then for that telescope a band of sky 10° wide
would be unavailable for high-sensitivity observations. For a given observatory this would be a
serious loss. However, for a combination of radio telescopes located at northern and southern
latitudes, operating at the same frequencies, the entire sky would be accessible. A value of 5°
should therefore be regarded as the requirement for minimum angular spacing between the main
beam of a radio astronomy antenna and the GSO.

In the model antenna response of Recommendation ITU-R SA.509, the side-lobe level at an angle
of 5° from the main beam is 15 dBi. Thus, to avoid interference detrimental to a radio telescope
meeting the antenna side-lobe performance of Recommendation ITU-R SA.509, pointed with angular distances larger than 5° of the transmitter, it is desirable that the satellite emissions be reduced 15 dB below the pfd given
in Tables 1 and 2 of Rec. ITU-R RA.769. 

Considering that OOB characteristics are not available at the time this study is conducted, the approach is to consider the in-band downlink power and the aimed interference threshold in the adjacent band to calculate the necessary OOB suppression level. The pfd level of typical GSO high-rate direct data downlink in Table 1 of the SRS [CHARACTERISTICS] document as -133.7 dBW/m2 in 1 MHz is considered. This value is selected considering that there are RAS stations located in low latitudes that will see a GSO satellite with an elevation angle greater than 25 degrees.

Threshold level @ 15.35-15.4 GHz = - 171 dBW/m2 (basic RA.769 table 1 level – 15 dB)

BW = 50 MHz

To calculate the necessary OOB suppression, both the threshold levels and the pfd of the GSO satellites are converted to spectral power flux density (spfd): 

		spfd_GSO = - 193.7 dBW/m2/Hz

		spfd_RAS = - 248 dBW/m2/Hz

Resulting minimum OOB attenuation: 54.3 dB

4.3.3	SRS downlinks from non-GSO satellites with the radio astronomy service (RAS)

Interference from nGSO networks needs to be assessed by epfd calculation (according to Recommendation ITU-R RA.769-2), through the procedure described in Recommendation ITU-R S.1586 with the radio astronomy antenna pattern in Recommendation ITU-R RA.1631. According to Recommendation ITU-R RA.1513, the maximum data loss in an RAS band should be lower than 2% for a single system and lower than 5% for the aggregate of systems. 

[Editor’s note: 

Results of epfd calculation are strongly dependent on:

· nGSO network:

· orbital parameters (number of orbital planes, satellites per plane, inclination of the planes, altitude)

· Satellite antenna pattern

· EIRP

· OOB suppression

· RAS station parameters:

· Latitude

· Antenna diameter

It is currently not possible to conduct an epfd study due to the lack of most of the parameters for the nGSO networks proposed for AI 1.13. A first order approximation compatibility study is included in this section that will be replaced by a complete study when the parameters of nGSO satellites is included in the [CHARACTERISTICS] document.]

Without the necessary parameters, a simplified case is considered. In this case, at least one nGSO satellite is above the horizon of an RAS station all the time, and it is always seen by the RAS station with a boresight angle greater than 13.6 degrees (equivalent to the 0 dBi gain of the RA.1631 antenna pattern). In this situation, the epfd limit in Table 1 of RA.769 applies, and the pfd of the satellite would change according to its elevation, giving by the [CHARACTERISTICS] document:

		Elevation angle seen from Earth station

		PFD on Earth's Surface in [dBW/m2 MHz]



		< 5 deg

		-125.5



		10 deg

		-124.1



		> 25 deg

		-114.7







Considering as a worst case the pfd of the nGSO SRS as the maximum value of -114.7 dBW/m2 MHz, the necessary OOB can be calculated:

	spfd_nGSO = - 174.7 dBW/m2/Hz

	spfd_RAS = - 233 dBW/m2/Hz

[Note: Study above assumes OOB emissions spectral density is constant within 50 MHz, so the conclusion below is valid. However, this assumption needs to be verified.]

Resulting minimum OOB attenuation: 58.3 dB.

5	Summary

[TBD]
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		APG23-2/TMP-xx
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Drafting Group on AI 1.x/Working Party X



DRAFT PRELIMINARY VIEWS ON WRC-23 AGENDA ITEM 1.X [footnoteRef:1] [1:  Please note that the term ‘Issues/issues’ should not be confused with Issues in WRC-23 Agenda Items 7 and 9.] 




Agenda Item 1.X: 

Text for Agenda Item in Italic Format



1. 	Background

Guidance from Editorial Committee

Background information in Section 1 should be no more than 1 page, if possible, and include the following information:

· Reference to the relevant WRC Resolution if not shown in the above agenda item text, while text for the “resolves” parts within this Resolution should only be quoted if those elements need specific attention. (NOTE: Refer to Annex 7 of ITU-R Circular Document CA/251 “Results of CPM23-1” regarding actions to be taken by responsible/concerned groups.)

· Progress of ITU-R and APT ongoing studies. 

· List of relevant ITU-R Reports/Recommendations, APT Reports/Recommendations and ongoing studies, e.g. working documents from ITU-R and/or AWG.

· Optional to include a brief summary of the draft CPM Method(s), if applicable. 





2. 	Documents

Guidance from Editorial Committee

Section 2 should list the input documents and information documents received at APG23-2, with a reference to the relevant country/organisation in (brackets):

· Input Documents APG23-2/INP-YY (country acronym)… 

· Information Documents APG23-2/INF-ZZ (organisation acronym) … 








3. 	Summary of discussions

3.1	Summary of APT Members’ views

Guidance from Editorial Committee

· No introductory text is needed at the beginning of Section 3.1.

· Text in 3.1.x is generally a copy of the APT Member’s view as submitted to the meeting.

· Summary of APT Members’ views should be separated into individual sub-sections 3.1.1, 3.1.2 … 3.1.n by country names. The appearance order of the country names should follow the incremental document numbers as received at APG23-2. 

· These summaries should not repeat material already found in the Background section.

· If an APT Member requests to include additional detail in this section relevant to the Member View, this could be done by a brief summary and cross-reference to the relevant input contribution. 

 

3.1.1 	Country A - Document APG23-2/INP-YY

· Summary of Country A’s views based on the direct extract from Country A’s input contribution.



3.1.2 	Country B - Document APG23-2/INP-YY

· Summary of Country B’s views based on the direct extract from Country A’s input contribution.

. 

3.1.n	Country n - Document APG23-2/INP-YY

· Summary of Country n’s views based on the direct extract from Country A’s input contribution.





3.2 	Summary of issues raised during the meeting

Guidance from Editorial Committee

This section covers issues raised in the drafting group sessions that could include the following elements:

· issues discussed in the drafting group that led to the development of the APT Preliminary View in Section 4, or the reasons for those Other View(s) in Section 5;

· issues or challenges observed by APT Members in ITU-R meetings that have an impact on developing current or future APT Preliminary Views;

· any issue that may lead to further discussion at the next APG meeting, and if agreement is reached, this issue and the associated action item would be included into Section 7 for consideration at the next APG meeting; and

· general observations of the Drafting Group Chairmen, if necessary.








4. 	APT Preliminary View(s)

Guidance from Editorial Committee

· Summary text indicating APT Preliminary View(s) as developed and agreed by consensus at the meeting. 

· Usually there will be only one “Preliminary View”, but at times where there is more than one issue in an agenda item there will be multiple “Views” to cover all the issues, so the bracketed ‘s’ would cover that.





5. 	Other View(s) from APT Members

Guidance from Editorial Committee

· Other view(s) which are not covered in Section 4 above, if any.

· In the event that consensus could not be reached on certain elements of an APT Preliminary View, this section could also be used to outline those elements as other View(s).





6. 	Issues for Consideration at Next APG Meeting

Guidance from Editorial Committee

· Any carried-forward documents or outstanding matters requiring further consideration at the next APG meeting.





7. 	Views from Other Organisations (as provided in the information documents to 

APG23-2)

Guidance from Editorial Committee

· Views/positions of regional groups (i.e. ASMG, ATU, CEPT, CITEL and RCC) and international organisations (i.e. IARU, ICAO, IMO) as extracted from respective Information Documents APG23-2/INF-ZZ. 

· If no information is received from a regional group or an international organisation at this APG23-2 meeting, the responsible Drafting Group Chairman should copy the relevant views/positions submitted to previous APG meetings into the respective sub-sections, as appropriate. 

· The appearance order of the organisation names could use the structure of the following sub-sections, which lists the Regional Groups in alphabetical order and then the International Organisations also in alphabetical order.



7.1 	Regional Groups

7.1.1 	ASMG - Document APG23-2/INF-ZZ

· ASMG views/positions based on direct extract from the relevant information document.



7.1.2 	ATU - Document APG23-2/INF-ZZ

· ATU views/positions based on direct extract from the relevant information document.





7.1.3 	CEPT - Document APG23-2/INF-ZZ

· CEPT views/positions based on direct extract from the relevant information document.



7.1.4 	CITEL - Document APG23-2/INF-ZZ

· CITEL views/positions based on direct extract from the relevant information document.



7.1.5 	RCC - Document APG23-2/INF-ZZ

· RCC views/positions based on direct extract from the relevant information document.





7.2 	International Organisations

7.2.1 	IARU - Document APG23-2/INF-ZZ

· IARU views/positions based on direct extract from the relevant information document.



7.2.2 	ICAO - Document APG23-2/INF-ZZ

· ICAO views/positions based on direct extract from the relevant information document.
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