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Liaison Statement on work carried out in support of a draft new ECC Decision covering Earth Stations on Mobile Platforms in the Ka-band


Dear Benoist,

At its meeting in Biel/Bienne in July 2011, SE 40 continued its work on FSS Earth Stations on Mobile Platforms (ESOMP) operating in the 17.3-30.0 GHz band.

Based on the contributions discussed within SE 40, SE 40 would like to report the following:

1. With respect to cross-border sharing between aircraft-mounted ESOMPs and FS . SE 40 considered a study on the potential sharing issues between aircraft-mounted ESOMPs and FS in neighboring countries.  The following technical additional issues will be considered by SE40 in future studies:
a. Atmospheric attenuation: the study assumed free-space propagation.  A more realistic scenario should take into account atmospheric attenuation.
b. Power control: the study did not take into account power control.  Use of ATPC is mandatory for FS systems in most countries implementing FS links in the band 17.7-19.7 GHz, as described by decision ERC/DEC/(00)07.  The use of ATPC will impact the interference scenario.
c. Consideration of Worst-Case Scenario: the parameters of FS stations used in the study (coming from Rec F.758-4) are typical of FS deployments. However, further studies shall be made using worst-case values. FM44 may encourage administrations to provide other parameters that differ from the ones used in the study before the next SE40 meeting (November 2011).
d. Other mitigating factors that may limit the number of cases in which cross-border sharing may be an issue.
In addition, SE 40 discussed other issues which could be developed with further studies:
a. Results of FM 44 survey of administrations’ use of FS in the 28.8365-28.9485 GHz band.  SE 40 would like to be informed of the results of the survey in this band so that this information can be taken into account in its future work.
b. PFD threshold values on aircraft-mounted earth stations could be used as a possible trigger for starting a process of cross-border coordination.
2. With respect to the request of FM 44 to monitor the development of a Harmonised ETSI standard for ESOMP operations in the 27.0-31.0 GHz band, SE 40 will liaise with ETSI TC SES on this issue and monitor the development of the new EN. 
3. Regarding the potential impact from BSS feeder links (Earth-to-space) into FSS ESOMP (space-to-Earth), when for example an aircraft mounted ESOMP flies through a BSS feeder link beam, SE 40 agrees that FSS systems would have to deal with any potential interference from BSS feeder links and shall not put any constraints on BSS feeder links.


Sincerely yours,

Jean-Yves Guyomard
SE PT40 Chairman
Email:	 guyomard@anfr.fr



Attachment : 



* ECC policy is that in general all documents should be publicly available unless the author of the document requires that it be restricted to ECC family participants only
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Summary

This document contains results of a technical study concerning the compatibility of ESOMP terminals and FS ground stations operating at Ka-Band.



Scope

The aim of this document is to study a possible interference between the two services listed above. Two different scenarios have been considered:

- ESOMP transmitting, FS receiving @ 27.5 – 29.5 GHz
	- FS transmitting, ESOMP receiving @ 17.7 – 19.7 GHz

For both cases, a deterministic analysis has been done, showing the maximum altitude at which an ESOMP system might produce or suffer from interference.



Background

According to the Radio Regulations, both FS and FSS are allocated as primary services in the bands listed above.

No study assessing the sharing issues when an FSS earth station operating at Ka-Band is mounted on an aircraft has been done. Nevertheless, Recommendation ITU-R SF.1719, containing sharing studies between P-P/P-MP fixed service ground stations and transmitting earth stations of GSO FSS systems in the 27.5 – 29.5 GHz, and Recommendation ITU-R F.758-4, containing considerations in the development of criteria for sharing between the fixed service and other services, can be used as basis for the assumptions of this study.




1. Interference from ESOMP into FS 

1.1. Assumptions

The following assumptions are taken into account for this study:

· As a first approach, only one aircraft operating a sat terminal is considered within the visible region of the potentially interfered FS station.  The timeframe for the analysis is taken as the duration from the aircraft being just visible on the horizon, crossing the FS station overhead and just disappearing below the opposite horizon; 



· Figure 1 illustrates the geometrical scenario applied to the different simulations. It should be noticed that a smooth earth, with no ground obstructions and/or clutter is assumed; furthermore, as a worst case scenario, the two antennae are considered to be aligned in azimuth once the aircraft becomes visible to the BS antenna. 

[image: ]

Figure 1 – Geometrical description of the scenario



· As specified in [1], the following protection criteria are assumed:

- Long-Term criterion: 	I/N = -10 dB not to be exceeded for more than 20% of time;

			

- Short-Term criterion: 	I/N = 9 dB not to be exceeded for more than 0.001% of time.



· The following Tx parameters are considered to be valid for the ESOMP terminal:




		Antenna Diameter

		60 cm



		Antenna efficiency

		50 %



		BUC power

		4 W



		Carrier bandwidth

		2 MHz



		Minimum elevation angle

		5 deg



		Polarisation

		Circular



		Transmitting frequency

		29.25 GHz







Table 1 – Parameters for the ESOMP terminal



· The max EIRP/40 kHz specification contained in [2] has been applied to the ESOMP emissions. It should be noticed that this publication covers the 29.5 – 30.0 GHz band and the aim of the mask is to protect other satellite uplink systems. Although FSS shares with FS a primary allocation in 29 – 29.5 GHz, we assume that the same values could also apply to this portion of the spectrum.



The mask mentioned above is defined as follows (values in dBW/40 kHz):



 					for		

 							for 		

 					for 		

 							for 	       	





· The studies contained in [1] have considered various types of FS stations and their parameters are consistent with Recommendation ITU-R F.758. According to [1], a Multipoint Distribution System is composed of one or more hub stations, which, employing an omnidirectional or sectored antenna, serve multiple subscriber stations. On the other end, subscribers typically use a much higher-gain and higher-directivity antenna. The path lengths are typically around 5 km.
In accordance with [1], the parameters listed below are describing only a P-MP system. As specified in section 6 of the same Recommendation, the data currently available for the fixed P-P systems is still quite limited, but it is reasonable to assume that typical parameters are not very different from the ones applicable to the “SUB” type links of this study.

Table 2 contains the relevant parameters for the most commonly employed FS stations:




		

		HUB 1

		HUB 2

		HUB 3

		HUB 4

		HUB 5

		SUB A

		SUB B

		SUB C



		Antenna height (m)

		34

		34

		34

		34

		34

		31

		31

		31



		Elevation tilt (deg)[footnoteRef:1] [1:  Tilt is considered to be 0 deg when antenna boresight is parallel to the ground. Negative values indicate a tilt toward the ground, positive values toward the sky.] 


		-2

		-2

		-2

		-2

		-2

		0

		0

		0



		Max Rx Gain (dBi)

		20

		15

		15

		24

		24

		47

		36

		36



		Feeder Loss (dB)

		0

		0

		0

		0

		0

		0

		0

		0



		Receiver Noise Figure (dB)

		10

		7.5

		7.5

		7.5

		7.5

		8

		7

		7



		Noise Equivalent Bandwidth (MHz)

		16.4

		1.36

		2.5

		1.36

		2.5

		16.4

		40

		50



		Noise power (dBm)

		-91.83

		-105.14

		-102.5

		-105.14

		-102.5

		-93.83

		-90.96

		-89.99



		Long-Term Interference (dBm)

		-101.83

		-115.14

		-112.5

		-115.14

		-112.5

		-103.83

		-100.96

		-99.99



		Short-Term Interference (dBm)

		-82.83

		-96.14

		-93.5

		-96.14

		-93.5

		-84.83

		-81.96

		-80.99







Table 2 – Parameters for FS stations



· In line with [1] and [3], the following average radiation pattern is applied to the FS Hub systems under study:



 				for 		



			for 		



		for 		



Where:











· In line with [1] and [4], the following radiation pattern is applied to the FS Subscriber systems under study:



 			for 		



			for 		



					for 		



Where:



 ;



 ;



 .



·  Figure 1 shows the gain mask for the transmitting ESOMP terminal.

· Figures 2a and 2b show typical antenna gain patterns for FS stations.
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Figure 2 – Antenna gain mask for the transmitting ESOMP terminal
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Figure 3a (left) –Typical antenna gain pattern for the FS Hub (HUB 1 represented)

Figure 3b (right) – Typical antenna gain pattern for the FS Subscriber (SUB A represented)
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· Considering that the ESOMP antenna is typically installed on the top of the fuselage or the bottom of the vertical stabilizer (i.e. on the upper and back part of the aircraft), the attenuation due to the fuselage must be taken into account.
With no official study being available about this matter, a measurement campaign run by an aeronautical Internet Service Provider has been considered as reference. In this particular study, the attenuation due to the aircraft body on the roll-plane (i.e. for azimuth = 90 deg) has been measured when an antenna was mounted on top of a full cylinder with radius of curvature approximately equal to that of a Boeing 737 fuselage. 

Although all the measurements were made at 14.2 GHz, it is assumed that they can be extended to the higher frequencies this document is referring to. It is probably the case that this is an underestimation of the real attenuation one could experience.

The following Figure 4 visualizes the path loss over the roll plane considered in the simulations of this study;  = 0 = 180 deg is the aircraft horizontal axis.



[image: ]

Figure 4 – Attenuation due to the fuselage of the aircraft



1.2. Simulations and analysis of results

The following Tables 3 and 4 resume the results obtained through the simulations run considering the parameters described above, assuming a minimum ESOMP antenna elevation angle of 10 and 5 degrees respectively It should be noticed that, following the geometrical scenario depicted in Figure 1, all along the route the worst case azimuth alignment between the AES and FS antennae is considered.





		FS Station Type

		Criterion Exceeded

		[bookmark: OLE_LINK1][bookmark: OLE_LINK2]FSS antenna elevation (deg)[footnoteRef:2] [2:  For a given altitude, the antenna elevation corresponding to the worst interference scenario is considered. It should be noted that better results (i.e. lower altitudes) are obtained for higher elevation angles.] 


		Minimum AC 
altitude (ft) to avoid interference



		HUB 1

		None

		10

		-



		HUB 2

		Long

		10

		3000



		HUB 3

		Long

		10

		1500



		HUB 4

		None

		10

		-



		HUB 5

		None

		10

		-



		SUB A

		Long

		10

		15500



		SUB B

		Long

		10

		17500



		SUB C

		Long

		10

		19500








Table 3 – Results (ESOMP vs. FS) with a minimum ESOMP antenna elevation angle of 10 degrees



		FS Station Type

		Criterion Exceeded

		FSS antenna elevation (deg)2

		Minimum AC 
altitude (ft) to avoid interference



		HUB 1

		None

		5

		-



		HUB 2

		Long

		5

		5000



		HUB 3

		Long

		5

		3500



		HUB 4

		None

		5

		-



		HUB 5

		None

		5

		-



		SUB A

		Long

		5

		25000



		SUB B

		Long

		5

		40000



		SUB C

		Long

		5

		35500








Table 4 – Results (ESOMP vs. FS) with a minimum ESOMP antenna elevation angle of 5 degrees



· Figures 5 - 8 show the value of I/N for the variation of the angle between the FS station and the ESOMP terminal. In each case, the graph displays the scenario for the minimum FSS antenna elevation (ranging from 10 to 90 deg) and maximum aircraft altitude at which one of the criteria defined above is not met.
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Figure 5a (left) –I/N pattern for FS station type “HUB 1” (ESOMP antenna elevation = 10 deg, AC altitude = 1000 ft)

Figure 5b (right) – I/N pattern for FS station type “HUB 2” (ESOMP antenna elevation = 10 deg, AC altitude = 3000 ft)
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Figure 6a (left) –I/N pattern for FS station type “HUB 3” (ESOMP antenna elevation = 10 deg, AC altitude = 1500 ft)

Figure 6b (right) – I/N pattern for FS station type “HUB 4” (ESOMP antenna elevation = 10 deg, AC altitude = 1000 ft)
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Figure 7a (left) –I/N pattern for FS station type “HUB 5” (ESOMP antenna elevation = 10 deg, AC altitude = 1000 ft)

Figure 7b (right) – I/N pattern for FS station type “SUB A” (ESOMP antenna elevation = 10 deg, AC altitude = 15500 ft)
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Figure 8a (left) –I/N pattern for FS station type “SUB B” (ESOMP antenna elevation = 10 deg, AC altitude = 17500 ft)

Figure 8b (right) – I/N pattern for FS station type “SUB C” (ESOMP antenna elevation = 10 deg, AC altitude = 15500 ft)



2. Interference from FS into ESOMP 

2.1. Assumptions

The following assumptions are taken into account for the simulations:



· The same geometrical scenario of Section 1 applies;

· For the ESOMP, a short term protection criterion of I/N = 0 dB not to be exceeded for 0.1% of the time and a long term protection criterion of I/N= -12 dB not to be exceeded for 20% of the time are applied; 

· The following Rx parameters are considered to be valid for the ESOMP terminal:



		Antenna Diameter

		60 cm



		Antenna efficiency

		50 %



		Antenna noise temperature (at 5 degrees elevation)

		190.0 K



		LNA Noise Figure

		1.4 dB



		Receiver equivalent noise temperature (max)

		300 K



		Equivalent noise bandwidth

		2 MHz



		Minimum elevation angle

		5 deg



		Polarisation

		Circular



		Receiving frequency

		19.45 GHz



		Feeder Loss

		0 dB







Table 5 – Parameters for the ESOMP terminal



· Same gain patterns of Section 2 apply for both antennae;

· As pointed out in [5], FS systems operating in the band 19.2 – 19.7 GHz are often P-P, so no distinction is needed between HUB and SUB systems like in the previous section. Therefore, the following Tx parameters are considered to be valid for two typical FS stations:



		Parameter

		SUB A

		SUB B



		Antenna height

		31 m

		31 m



		Elevation tilt[footnoteRef:3] [3:  Tilt is considered to be 0 deg when the antenna boresight is parallel to the ground.] 


		0 deg

		0 deg



		Max Tx Gain

		48 dBi

		48 dBi



		Antenna type

		Dish

		Dish



		Maximum output power

		-4 dBW

		-7 dBW



		Feeder/Multiplexer loss (minimum)

		7 dB

		3 dB



		Polarization

		Linear

		Linear



		IF bandwidth

		68 MHz

		10 MHz



		Transmitting frequency

		19.45 GHz







Table 6 – Parameters for the FS station



2.2. Simulations and analysis of results


Again, a deterministic approach has been followed for obtaining the following results:




		FS Station Type

		Criterion Exceeded

		FSS Antenna Elevation (deg)

		Minimum AC altitude to avoid interference (ft)



		SUB A

		Long

		10

		6500



		SUB B

		Short

		10

		14500







Table 7 – Results (FS vs. ESOMP) with a minimum ESOMP antenna elevation angle of 10 degrees



		FS Station Type

		Criterion Exceeded

		FSS Antenna Elevation (deg)

		Minimum AC altitude to avoid interference (ft)



		SUB A

		Long

		5

		8000



		SUB B

		Short

		5

		28000







Table 8 – Results (FS vs. ESOMP) with a minimum ESOMP antenna elevation angle of 5 degrees





· Figure 9 shows the value of I/N for the variation of the angle between the FS earth station and the ESOMP terminal. In each case, the graph displays the scenario for the minimum FSS antenna elevation (ranging from 10 to 90 deg) and maximum aircraft altitude at which the criterion defined above is not met.
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Figure 9a (left) –I/N pattern for FS station type “SUB A” (ESOMP antenna elevation = 5 deg, AC altitude = 8000 ft)

Figure 9b (right) – I/N pattern for FS station type “SUB B” (ESOMP antenna elevation = 5 deg, AC altitude = 28000 ft)



3. Conclusions

The results shown in the previous sections suggest that the operation of an ESOMP installed on an aircraft and operating during the en-route phase of a flight is compatible with co-frequency FS operations.

This document should be considered as a preliminary study, covering the case of an FS station interacting with only one aircraft at a time. However, the previous assumptions suggest that similar or better results would be obtained also taking into account realistic distributions of FS stations, aircraft and flight routes.

These results apply equally to sharing within one country and to cross-border cases. 
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