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	Summary:This Document presents results of compatibility studies between System 6 radars and systems in the existing services in the frequency band 15.4-15.7 GHz. 


	

	Proposals: Based on the presented study results it is proposed to update CEPT position on WRC-12 Agenda item 1.21 

	


	Background: At 7th CPG meeting it was noted that there is a lack of studies on WRC-12 Agenda item 1.21 performed within CEPT. Additionally such studies were performed within ITU-R WP 5B and reflected in Report ITU-R M.2170. This Document proposes to reflect the ITU-R study results in Draft CEPT Brief and based on these results to modify the preliminary CEPT position.


	





Draft CEPT Brief on agenda item 1.21 

1.21	to consider a primary allocation to the radiolocation service in the band 15.4-15.7 GHz, taking into account the results of ITU R studies, in accordance with Resolution 614 (WRC-07)

Issue
This agenda item covers the following issues:
Resolution 614 (WRC-07):
1. to consider at WRC‑12 a primary allocation to the radiolocation service in the band 15.4-15.7 GHz, taking into account the results of ITU‑R studies,
2. to study, as a matter of urgency, the technical characteristics, protection criteria, and other factors to ensure that radiolocation systems can operate compatibly with systems in the aeronautical radionavigation and fixed-satellite services in the band 15.4-15.7 GHz, taking account of the safety nature of the aeronautical radionavigation service;
3. to study, as a matter of urgency, the compatibility between the radiolocation service in the band 15.4-15.7 GHz and RAS in the adjacent band 15.35-15.40 GHz;

Preliminary CEPT position

CEPT is of the view that, the actual radiolocation spectrum needs has to be justified, and in consideration of a possible new allocation in the band 15.4-15.7 GHz, the protection of the existing aeronautical radionavigation systems and of radioastronomy has to be fully ensured. 
CEPT proposes a new primary allocation for the RLS in the entire 15.4-15.7 GHz frequency band with regulatory provisions to protect ARNS and RAS in the adjacent 15.35-15.4 GHz frequency band 

Background

WRC-12 Agenda item 1.21 was adopted at WRC-07 to consider a primary allocation to the radiolocation service in the band 15.4-15.7 GHz, taking into account the results of ITU‑R studies, in accordance with Resolution 614 (WRC‑07). Resolution 614 (WRC-2007) also invites ITU-R: to study the technical characteristics, protection criteria, and other factors to ensure that radiolocation systems can operate compatibly with systems in the aeronautical radionavigation and fixed-satellite services in the band 15.4-15.7 GHz, taking account of the safety nature of the aeronautical radionavigation service; and the compatibility between the radiolocation service in the band 15.4‑15.7 GHz and RAS in the adjacent band 15.35-15.40 GHz; then to include the results of the studies in one or more new or existing ITU-R Recommendations. The studies need to be completed in time for WRC-12.
According to Recommendation ITU-R S.1340, ARNS consist of:
- ALS – Aircraft Landing System;
- MPR - Multipurpose Radar;
- SBR - Surface based radar;
- RSMS - Radar sensing and measurement system.
Technical and operational characteristics of the ARNS systems are given in the Recommendation ITU-R S.1340.

There are existing aircraft landing systems operating in the band 15.4-15.7 GHz. Systems used for aircraft landing require special protection as the receivers are located onboard aircraft. These systems require the full protection in relation to other possible future systems of other services. Variable or temporary service requirements for aeronautical radionavigation service require that the ground stations of this service are relocatable and used at unspecified points.

Studies under this agenda item should take into account that CEPT is studying the band 15.4-15.5 GHz also for AI 1.3 (terrestrial component of UAS) and that the band 15.43-15.63 GHz is also under consideration for AI 1.25. 

Summary of technical and operational studies and relevant ITU-R Recommendations
[The studies undertaken in support of this agenda item addressed sharing with three existing services in or in adjacent to this band; aeronautical radionavigation service (ARNS) (airborne landing system (ALS) and airborne weather radar), radio astronomy service (RAS), aeronautical radionavigation service (airborne weather radar), and the fixed satellite service (FSS).  The details of these studies are contained in DN Report ITU-R M. 2170 [RLS15.4-15.7GHz] – “Compatibility analysis and results for radiolocation systems planned to operate in the 15.4 to 17.3 GHz band and aircraft landing system operating in the 15.4-15.7 GHz band as well as the radio astronomy service operating in the adjacent band 15.35-15.40 GHz, FSS and aeronautical radionavigation systems”. Report ITU-R M.2170 employed the following Recommendations ITU-R P.528, ITU R RA.769, ITU-R S.1328, ITU-R S.1340, ITU-R S.1341, and ITU-R M.1730”.

Recommendation ITU-R M.1730-1 contains technical characteristics and protection criteria for radiolocation radars in the band 15.7-17.3 GHz only, as the band 15.7-17.3 GHz is already allocated to the radiolocation service on a primary basis. Working Party 5B revised this Recommendation to include the characteristics of the systems relevant to this agenda item; it is System 6 in the draft revised Recommendation ITU-R M.1730-1 – “Characteristics of and protection criteria for the radiolocation service in the frequency band 15.4-17.3 GHz”.  A system-6 radar antenna is typically nose-mounted on the aircraft. A typical operational height value of 8 500 meters was used in the study. The studies were performed with 100% duty cycle. However, it should be noted that System-6 maximum duty cycle does not exceed 20%. Using the maximum duty cycle of 20% would result in lower interference level and reduced separation distances that would favor, even more, the allocation of the frequency band 14.4-15.7 GHz to radiolocation. 

For the ARNS ALS Aanalysis. Report ITU-R M.2170 details the compatibility analysis for the non-ICAO and the radiolocation system (System 6). This the studies analysis used worst case main lobe to main lobe antenna coupling. Figures 6 (a) and (c) from Recommendation ITU-R P.528, “Propagation curves for aeronautical mobile and Radionavigation services using the VHF, UHF, and SHF bands”; were used to derive the transmission loss. Also worst case half power ALS transmitter values were used. The characteristics of the ALS system used in this analysis are found in Table 2 of DN Report ITU-R M.2170 [RLS15.4-15.7GHz.]. – “Compatibility analysis and results for radiolocation systems planned to operate in the 15.4 to 17.3 GHz band and aircraft landing system operating in the 15.4-15.7 GHz band as well as the radio astronomy service operating in the adjacent band 15.35-15.40 GHz”.. 

RAS Analysis. The radio astronomy service (RAS) allocation has primary status in the band 15.35-15.4 GHz with provisions RR Nos. 5.340 and 5.511A pertaining to this band.  § 4.1 of DN Report ITU-R M.2170 [RLS15.4-15.7GHz] – “Compatibility analysis and results for radiolocation systems planned to operate in the 15.4 to 17.3 GHz band and aircraft landing system operating in the 15.4-15.7 GHz band as well as the radio astronomy service operating in the adjacent band 15.35-15.40 GHz” details the 4 radio astronomy systems that may use this band. The criteria given in Recommendation ITU-R RA.769-2, “Protection criteria used for radio astronomical measurements” were used in this analysis. For the RAS analysis a worst case analysis scenario assuming that the RAS does not use any filtering to limit and shape the received signal in the allocated band and system-6 main lobe to ALS RAS sidelobe coupling was used.
For the FSS Aanalysis., a review of Recommendation ITU-R S.1328, “Satellite system characteristics to be considered in frequency sharing analysis within the fixed-satellite service,” revealed that currently there are no systems specified for the 15.4 to 15.7 GHz band. The technical characteristics of FSS systems that operate uplinks and downlinks in the 15.4‑15.7 GHz band were found in Recommendation ITU-R S.1328-3- “Satellite system characteristics to be considered in frequency sharing analyses within the fixed-satellite service.”  S.1328-3 Table 8 provides characteristics and includes some added technical assumptions that are required to perform the simulation. Report ITU-R M.2170 provides the analytical approach and assumptions used to evaluate the compatibility of System 6 with FSS satellite and Earth stations.


ARNS Analysis. For the aeronautical radionavigation service (airborne weather radar), a survey of ITU-R Recommendations revealed that currently there are no systems characteristics available for study.  Therefore, no sharing analysis for airborne weather radar is conducted at this time.

The technical characteristics of ARNS systems (MPR, SBR and RSMS) were found in Recommendation ITU-R S.1340. The technical approach, and assumptions used in the studies are documented in Report ITU-R M.2170 ].

Analysis of the Results of Studies

It should be noted that the results shown below are based on an assumed duty cycle for System 6 of 100%. The actual maximum duty for System-6 is 20%. If a duty cycle of 20% was used for the analysis the predicted interference level would be lower and the required separation distances would be reduced.  This consideration provides additional support for an allocation to RLS in the frequency band 14.4‑15.7 GHz.

. . [ALS Analysis.: The results from the ALS analysis are summarized in Table 1 below. 
For cases of far antenna sidelobe to far antenna sidelobe coupling analysis, no separation distances are required. Normal ALS full transmits power, 2200 Watts, and half power of 1100 Watts is used in the calculations.
In the worst case, a separation distance of 55 km is required to ensure electromagnetic compatibility between the ALS and the radiolocation system. Therefore, co-frequency operation of ALS and system-6 in the 15.4 to 15.7 GHz band is compatible.
Table 1
Results ALS and system-6 analysis
	ALS_Rx to ALS_Tx distance (km) for S/(N+I)=20.2 dB or greater
	Ground separation distance (km) for ALS_Rx main lobe to system_6 main lobe
ALS Tx=2200 Watts
	Ground separation distance (km) for ALS_Rx main lobe to system_6 main lobe
ALS Tx=1100 Watts
	Ground separation distance (km) for ALS_Rx main lobe to system_6 sidelobe
ALS Tx=1100 Watts & ALS Tx=2200 Watts

	10
	11
	20
	Less than 1

	15
	24
	31
	Less than 1

	20
	31
	44
	Less than 1

	25
	41
	55
	Less than 1



RAS Analysis: the worst case analysis scenario shows that the out of band signal received from system-6 can be as high as to 535 dB above the protection threshold of -202 dBW at a slant distance of approximately 17 12 km. For cases of sidelobe interference, the received signal is reduced by system-6 antenna peak sidelobe level of 3.5 dB, resulting in interference values of only 1.6 dB above the protection threshold at close ranges. When system-6 is farther away the interference is significantly reduced by propagation effects. 

System-6 operation, when simple practical steps are used, can co-exist with RAS systems. Technical means of mitigating interference situations include transmitter limitations, filtering, antenna design, modulation techniques. Nontechnical methods of spectrum sharing, which include devising an appropriate combination of operational parameters in a two-dimensional (frequency, geographic area) space can also be employed.

FSS Analysis: The analysis documented in Report ITU-R M.2170 predicts that the System-6 radar is compatible with FSS satellites and earth stations. M.2170 concludes that System-6 radar and the FSS satellites and earth stations can share the 15.4 to 15.7 GHz frequency band. [TBC]

Aeronautical Radionavigation service (airborne weather radar): A survey of ITU-R Recommendations revealed that currently there are no systems characteristics available for study.  Therefore, no sharing analysis is conducted at this time.]

Sharing studies with the Aeronautical radionavigation Service
Sharing with ARNS Multipurpose Radar. While operating, MPR equipped aircraft can be anywhere from sea level to several kilometres in altitude. It is difficult to predict the relative position of these systems as compared with System‑6. In a given aircraft operational volume, the probability of these systems being at the same exact height, lined up in azimuth and pointing directly at each other is very low.  The results in Report ITU-R M.2170 Table 18 show that in rare cases, when everything is in the proper alignment, interference is possible.  In a worst-case analysis it was found that the required separation distance is 87 km. For practical operational scenarios of System‑6, the separation distances can be approximately 10 km. 

Sharing with ARNS Surface Based Radar. The surface-based radar (SBR) systems have known physical locations; they operate at a few airports around the globe. During its operation, System-6 must avoid pointing its antenna beam at these known locations. One separation distance was calculated to be 30 km using a theoretical square pulse. With proper spectrum management such restrictions on System-6 is manageable and potential interference with the SBR systems can be avoided.

Sharing with ARNS Radar Sensing and Measurement System. The RSMS is designed to measure height and ground clearance. These radars are placed on aircraft. While operating, these aircraft can be anywhere from sea level to 1.5 km in height above sea level. It is difficult to predict the relative position of these systems as compared with System-6. The probability of these two radars of being lined up in azimuth and pointing directly at each other is also very low. It is possible not to place limits to the operations of System-6. However, the results show that in rare cases when everything is in the proper alignment, interference is possible for short duration. For many practical operational scenarios, where System-6 points its beam 20 degrees below the horizontal, the separation distances shall not be more than 27 km.

TBD
Sharing studies with the Fixed-satellite Service
TBD
Sharing studies with the RAS
TBD

List of relevant documents

Recommendation ITU-R S.1340

Recommendation ITU-R M.1730-1

Report ITU-R M.2170 
CPM Report 

Annex 14 to Document ITU-R WP5B/417-E/16-12-2009 “Working Document towards draft CPM text on WRC-11 Agenda Item 1.21”

Document ITU-R 5/174 + Corr. 1 -E/02-06-2009 “Draft New Report ITU-R M.[RLS15.4-15.7GHZ] Compatibility analysis and results for radiolocation systems planned to operate in the 15.4 to 17.3 GHz band and aircraft landing system operating in the 15.4-15.7 GHz band as well as the radio astronomy service operating in the adjacent band 15.35-15.40 GHz”

Further no changes 
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