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Introduction
During last RAN4#91 meeting (Reno), contribution on spectrum allocation in Europe was presented in [1], including initial analysis of applications (incumbent users) in 7 - 24 GHz range, based on various ETSI harmonized standards specifications. It was referring to the WF in [2], which captured that:
“the deployment scenario may end up very dependent on the spectrum environment in which eventual bands end up; 
this cannot be known but assumptions on neighbour systems should be documented”.
In this contribution further analysis of applications (incumbent users) and spectrum management techniques defined by ETSI for the co-existence with the neighbouring systems in 7 – 24 range is presented. Draft TP to TR is provided. 
Discussion
Based on the European table of frequency allocations and applications, in [1] we have presented list of applications which were allocated in 7 – 24 GHz range in Europe. In this contribution, we extend the analysis of selected applicable with the information on the spectrum management techniques defined in ETSI EN standards (i.e. Harmonized Standards) to enable spectrum sharing and to protect primary users. 
In the following subsections, selected applications in 7 – 24 GHz range are analysed with the focus on the spectrum sharing and co-existence mechanisms, based on the related ETSI EN specifications. 
AES (Aircraft Earth Stations) 
Requirements for AES operation are captured by the ETSI EN 302 186 [3] harmonized standard. The below information was extracted from [3], with the aim to provide information on spectrum sharing scheme in 14 GHz band.
AES (Aircraft Earth Stations) is equipment with Tx and Rx capabilities for provision of aeronautical mobile satellite services. AESs equipment is for installation on aircrafts. The antenna of the AES is directional, with means of tracking the satellites, which can be achieved by using either an active phase array or reflective type configuration.
In Europe, some countries operate the following services in 14 GHz band: 
· Fixed Service (FS) links in the band 14,25 - 14,5 GHz (shared band with FSS) on a primary basis (i.e. France, Italy and United Kingdom), and 
· Radio Astronomy Service (RAS) in the band 14,47 - 14,5 GHz (shared with the FSS) on a secondary basis (i.e. France, Italy, United Kingdom and Spain). 
· In other countries outside Europe FS links may operate in other parts of the 14,0 - 14,5 GHz band on a primary basis and RAS in band 14,47 - 14,5 GHz on a secondary basis. 
Therefore, there is a need for requirement for protection of FS systems in the band 14,0 - 14,5 GHz and RAS sites in the band 14,47 ‑ 14,5 GHz from in-band and out-band emissions of AES operating in the band 14,0 - 14,5 GHz on a secondary basis. 
The specification of protection of FS systems and RAS is based on the Power Flux Density (PFD) limits per AES. For the locations where the PFD of an AES shall be limited:
· When the AES is operating in the frequency band 14,0 - 14,5 GHz and within the line-of-sight of the territory of an Administration where the Fixed Service (14,25 - 14,5 GHz) networks are operating in this frequency band, the PFD produced at the surface of the Earth by emissions from the AES shall be limited as defined in annex B of Recommendation ITU-R M.1643. 
· When the AES is operating in the frequency band from 14,0 - 14,5 GHz and within the line-of-sight of the RAS site operating in the frequency band 14,47 - 14,5 GHz, the PFD produced at the surface of the Earth by emissions from the AES shall be limited as defined in annex C of Recommendation ITU-R M.1643.
The relationship between the PFD and the EIRP of the AES is given in annex D of Recommendation ITU-R M.1643 [5], where the EIRP mask can be derived from the PFD mask. PFD limits are defined in dB(W/(m2 · MHz)) in function of the AoA above the horizon. 
Based on the above description of the AES operation in 14,0 – 14,5 GHz, the following was observed: 
Observation 1: Spectrum sharing is applied in 14 GHz band in some European countries to allow AES, FS and RAS services co-existance, based on prioritization of FS services (i.e. primary basis), RAS and AES services (i.e. secondary basis). 
Observation 2: technical solution to avoid harmful interference from AES transmitters to the primary FS users it 14,0 – 14,5 GHz band is based on regional PFD limitations.
Observation 3: AES operation on a secondary basis within 14,0 – 14,5 GHz band is allowed. 
UWB (Ultra WideBand)
UWB specification in ETSI EN 302 065-1 [9] consider two interference mitigation techniques: 
· Detect And Avoid (DAA), which is applicable to the 8,5 – 9 GHz band. DAA is further discussed in more details in the following subsection. 
· Low Duty Cycle (LDC); this technique is not applicable in 7 – 24 GHz range. 
Furthermore, ETSI EN 302 065-1 [9] does not consider Listen-Before-Talk (LBT) mechanism to be applicable to UWB applications.
1.1.1 DAA (Detect And Avoid)
DAA interference mitigation technique have been identified to protect radio location services (and other) in band 8,5 - 9,0 GHz, where also UWB can operate. Detailed description of DAA is captured in ETSI TS 102 754 [6].
Specification of the DAA mechanics in ETSI TS 102 754 [6] clarifies that those techniques are to some extent generic and may also be used with modifications for the protection of other radio services in the future if the technical requirements are identified. The proposed methods can be deployed by all kinds of UWB based applications and can be extended to other radio technologies.
The flexible DAA concept is based on the definition of different zones for which an appropriate UWB emission power level is authorized. Each zone corresponds to a minimum isolation (defined in dB) between the potential victim system and the potential UWB interferer. By deriving the distances based on the isolation it is possible to segment the region of space around the victim receiver into discrete spatial zones.
In the first zone, zone 1, the UWB device shall operate in the non-interference mode (NIM). In the last zone, zone N, the UWB device can operate without restrictions up to the maximum permitted power level of -41,3 dBm/MHz. All UWB devices enter a non-interference mode at start-up. This non-interference mode can only be changed after a signal detect, estimation and decision process has been performed.
The required UWB operational frequencies are defined by the victim services, e.g. X-band radiolocation in 8,5 – 9,0 GHz.
In case of DAA implementation, the allowed mean power spectral density limits (EIRP) as well as the maximum value of peak power are increased for the UWB device in 8,5 – 9 GHz band. 
Observation 4: DAA mechanics may be used with modifications for the protection of other radio services, and can be extended to other radio technologies.
Observation 5: with the application of DAA, the allowed power spectral density limits are increased for UWB secondary users. 

ESOA (earth stations located on-board aircraft)
Harmonized Standard for the Earth stations located on-board aircraft (ESOA) communicating with non-geostationary satellite systems in 11 - 13 GHz FSS frequency bands in under construction in ETSI EN 303 984 [7]. The ESOA equipment are for installation on aircraft, operating as part of a NGSO satellite system used for the provision of broadband communications.
ESAO can transmit in frequency band 12,75 - 13,25 GHz (Earth-to-space) and 10,7 - 12,75 GHz (space-to-Earth), subject to national regulation. The ESOA transmits at elevation angles of 50° or greater, relative to the horizontal plane.
There are technical requirements placed on the ESOA in regards to the PFD (power flux density) limits are based on the protection requirements to protect the stations of the FS.  
1.1.2 Cessation of emissions
For the ESOA operation, there is requirement on cessation of emissions defined, for the cases where the ESOA is not allowed to transmit (within the location accuracy declared). The cessation of ESOA emissions shall consider the location of the ESOA and the boundaries of the authorized operating area so that cessation of emissions occurs prior to entering any exclusionary zone including any inaccuracy in determination of the geographic location of the ESOA.
NOTE:	The above zone may require a reduction of ESOA transmit power, rather than a cessation of its emissions.
1.1.3 	Power flux density limits
European countries and countries elsewhere operate Fixed Service (FS) links in the band 12,75 - 13,25 GHz on a primary basis. There are CEPT requirements for protection of FS in 12,75 - 13,25 GHz bands. According to these requirements each ESOA has to meet certain PFD limits on the surface of the Earth. Therefore there is a limit of the Power Flux Density (PFD) at the surface of the Earth resulting from the ESOA transmissions, which is controlled by the Network Control Facility (NCF).	
NEST (non-geostationary satellite systems)
Harmonized Standard for the fixed and in-motion Earth Stations communicating with non-geostationary satellite systems (NEST) in 11 GHz (10,70 - 12,75 GHz (space-to-Earth)) to 14 GHz (14,0 - 14,50 GHz (Earth-to-space)) FSS frequency bands was defined in ETSI EN 303 980 [8].
Similar to ESOA above, the NEST also has requirements on the cessation of emissions and the PFD limits. 
Observation 6: for some applications, techniques such as PFD limits or cessation of emissions are used for protection of the primary services. 
Summary table of the related ETSI HAS specifications
Table from [1] was updated and extended with additional information, which is presented in table 1 below. 
Based on the European table of frequency allocations and applications in the frequency range 8.3 kHz to 3000 gHz [4] (i.e. so called ECA table) information on the applications in 7 – 24 GHz range was extracted in table below. 
NOTE: All the considerations in table 1 are limited to the analysis of 7 – 24 GHz frequency range. 
Table 1: Applications in 7 – 24 GHz range based on European table of frequency allocations [4]
	








	Application in 7- 24 GHz range
	Related or referred ETSI EN standards
	Basic information on application
	Co-ex issues
	Applicable frequency range 
(GHz)

	Active sensors (satellite)
	
	e.g. altimeters, scatterometers, precipitation
radars	, rain radars from satellites, cloud radars
	
	

	Aeronautical military systems
		
	
	
	

	Aeronautical navigation
	
	Civil and military e.g. airfield approach 
The use of band 8750-8850 MHz by the aeronautical radionavigation service is limited to airborne Doppler navigation aids on a centre frequency of 8800 MHz.
	
	8750 – 8850 MHz 

	AES (Aircraft Earth Stations)
	EN 302 186: Satellite Earth Stations and Systems (SES); Harmonised Standard for satellite mobile Aircraft Earth Stations (AESs) operating in the 11/12/14 GHz frequency bands
	AESs are equipment for installation on aircraft, using directional antenna(s) systems.
The technical requirements for the AES in regard to the Power Flux Density (PFD) limits reduction to protect Fixed Service (FS) and Radio Astronomy Service (RAS).
	Transmissions from AES to the Satellite in 14,0-14,5 GHz band fall under a secondary allocation to the Mobile-Satellite Service (MSS). AES Tx should not cause harmful interference to primary FS services, and at the same time cannot claim protection from harmful interference from those services. 
In relation to RAS service in band 14,47 - 14,5 GHz, the AES Tx shall not cause unacceptable interference to RAS sites operating in this band.
	AES Rx: 10,7 - 11,7
AES Rx: 12,5 - 12,75
AES Tx: 14,0 - 14,5

	AGA (air–ground–air) communications (civil)
	
	
	
	

	Airborne doppler navigation aids
	
	e.g. Doppler radar low power sensing
	
	

	Amateur
	EN 301 783: Commercially available amateur radio equipment
	
	
	

	Amateur-satellite
	
	
	5.481: In many countries the frequency band 10.45 - 10.5 GHz is also allocated to the fixed and mobile services on a primary basis.
5.150: 24 - 24.25 GHz is also designated for ISM applications. Radiocommunication services operating within these bands must accept harmful interference which may be caused by these applications.
	10 – 10,5 GHz 
24 – 24,25 GHz

	BFWA (Broadband Fixed Wireless Access)
	EN 302 326
	
	
	3 – 11 GHz

	Broadcasting (satellite)
	See also EN 302 340 (ESV): 11, 12, 14 GHz
	
	
	

	
	EN 302 448: Satellite Earth Stations and Systems (SES); Harmonised Standard for tracking Earth Stations on Trains (ESTs) operating in the 14/12 GHz frequency bands
	Earth Stations located on board Trains
	
	EST Tx: 14-14,25 GHz
(FSS, Earth-to-space)
EST Rx: 10,7-12,75 GHz (FSS or BSS (space-to-Earth)) 

	Earth exploration-satellite
	
	
	
	

	ESV (Satellite Earth Stations onboard Vessels)
	EN 302 340: Harmonised Standard for satellite Earth Stations on board Vessels (ESVs) operating in the 11/12/14 GHz frequency bands allocated to the Fixed Satellite Service (FSS)
	Earth Stations located on board Vessels (ESVs)
	Any transmission from ESVs within the 125 km minimum distance of each country where the ESV transmit frequency band is used by FS will be subject to the prior agreement of the concerned administration(s) or to the relevant ECC Decision and may specify additional operational requirements.
	ESV Tx: 14 – 14.5 GHz (Fixed Satellite Services (FSS); earth-to-space)
ESV 
Rx: 10,7 – 12,75 GHz (FSS; space-to-earth)

	Feeder links
	
	e.g. Feeder links for the BSS service
	
	

	Fixed
	EN 302 217, EN 302 326
	
	
	

	FSS (Fixed Satellite Service) Earth stations
	EN 301 360, EN 301 427, EN 301 428, EN 301 430, EN 301 459, EN 302 340, EN 302 448
	
	
	

	GBSAR (Ground Based Synthetic Aperture Radar)
	EN 300 440
	
	
	

	GSO (GeoStationary Orbit) ESOMPs (Earth Stations On Mobile Platforms)
	EN 303 978
	
	
	

	HEST (High E.i.r.p. Satellite Terminals)
	EN 301 360, EN 301 459, EN 301 428
	
	
	

	ISM (industrial, scientific and medical)
	
	
	
	

	Land military systems
	
	
	
	

	Land mobile
	
	
	
	

	LEST (Low E.i.r.p. Satellite Terminals)
	EN 301 360, EN 301 459, EN 301 428
	
	
	

	Maritime military systems
	
	
	
	

	Maritime radar
	
	
	
	

	MSS (Mobile-Satellite Service) Earth stations
	EN 301 360, EN 301 459, EN 301 427, EN 302 977
	
	
	

	NGSO (Non-GeoStationary Orbit) ESOMPs (Earth Stations On Mobile Platforms)
	EN 303 979
	
	
	

	Non-specific SRDs (Short Range Device)
	EN 300 440
	
	
	

	Passive sensors (satellite)
	
	
	
	

	PMSE (Programme Making and Special Events)
	
	
	
	

	Radio astronomy
	
	
	
	

	Radiodetermination applications
	EN 300 440, EN 302 372, EN 302 729
	
	
	

	Radiolocation (civil)
	EN 302 194, EN 302 248, EN 302 752, EN 303 135, EN 303 213
	
	
	

	Radiolocation (military)
	
	
	
	

	Satellite systems (military)
	
	
	
	

	Space research
	
	
	
	

	SRR (Short Range Radar)
	EN 302 288
	
	
	

	Synthetic aperture radar
	
	
	
	

	TTT (Transport and Traffic Telematics)
	EN 302 858
	
	
	

	UWB (Ultra – Wideband) applications
	EN 302 065-1: Short Range Devices (SRD) using
UWB technology; Part 1: Requirements for Generic UWB applications
	
	Detect And Avoid (DAA) mitigation technique: The detect and avoid mechanism is an active mitigation technique for the protection of sensitive potential victim systems in the vicinity of the UWB device based on a sensing approach including an active reduction of the interference potential if required.
In case DAA is used, relaxed requirement for the maximum value of mean power spectral density limit (e.i.r.p.) and relaxed requirement for the Maximum value of peak power applies in 8,5 – 9 GHz band for the protection of radiolocation services. 
	30 MHz – 10,6 GHz
(for 6–9 GHz: an increased emission levels allowed)

	VSAT (Very Small Aperture Terminal)
	EN 301 428, EN 301 430, EN 301 459
	
	
	

	Weather radar
	
	
	
	

	Weather satellites
	
	
	
	



Conclusions
Based on the discussion above, the following was observed, based on analysis of selected ETSI harmonized standards: 
Observation 1: Spectrum sharing is applied in 14 GHz band in some European countries to allow AES, FS and RAS services co-existance, based on prioritization of FS services (i.e. primary basis), RAS and AES services (i.e. secondary basis). 
Observation 2: technical solution to avoid harmful interference from AES transmitters to the primary FS users it 14,0 – 14,5 GHz band is based on regional PFD limitations.
Observation 3: AES operation on a secondary basis within 14,0 – 14,5 GHz band is allowed. 
Observation 4: DAA mechanics may be used with modifications for the protection of other radio services, and can be extended to other radio technologies.
Observation 5: with the application of DAA, the allowed power spectral density limits are increased for UWB secondary users. 
Observation 6: for some applications, techniques such as PFD limits or cessation of emissions are used for protection of the primary services. 
Based on the above, it is proposed to continue investigation on incumbent users in 7-24 GHz range, and to collect information on the spectrum management techniques standardized by ETSI in harmonized standard specifications. 
Draft TP to TR 38.820 is provided for reference. Interested companies are kindly asked to provide feedback on the proposed approach to capture such information in the TR.
It is proposed to endorse the approach presented in the TP and continue collection of information from ETSI specifications (as well as other regions).
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Draft TP to TR 38.820
In this section we provide Draft TP to TR 38.820.
------------------------------ Modified section ------------------------------
[bookmark: _Toc13084716]Annex A (informative):
Incumbent users and spectrum management techniques in 7 – 24 GHz range
In this annex, information on existing applications in 7 – 24 GHz range is extracted from ETSI harmonized standards. Spectrum management techniques and technical solutions for protection of the primary users is also collected for reference for future studies on the co-existence scenarios. 
Editor’s note: table A-1 to be further completed at later stage during SI.

Table A-1: Applications in 7 – 24 GHz range based on European table of frequency allocations [x]
	








	Application in 7- 24 GHz range
	Related or referred ETSI EN standards
	Basic information on application
	Co-ex issues
	Applicable frequency range 
(GHz)

	Active sensors (satellite)
	
	e.g. altimeters, scatterometers, precipitation
radars	, rain radars from satellites, cloud radars
	
	

	Aeronautical military systems
		
	
	
	

	Aeronautical navigation
	
	Civil and military e.g. airfield approach 
The use of band 8750-8850 MHz by the aeronautical radionavigation service is limited to airborne Doppler navigation aids on a centre frequency of 8800 MHz.
	
	8750 – 8850 MHz 

	AES (Aircraft Earth Stations)
	EN 302 186: Satellite Earth Stations and Systems (SES); Harmonised Standard for satellite mobile Aircraft Earth Stations (AESs) operating in the 11/12/14 GHz frequency bands
	AESs are equipment for installation on aircraft, using directional antenna(s) systems.
The technical requirements for the AES in regard to the Power Flux Density (PFD) limits reduction to protect Fixed Service (FS) and Radio Astronomy Service (RAS).
	Transmissions from AES to the Satellite in 14,0-14,5 GHz band fall under a secondary allocation to the Mobile-Satellite Service (MSS). AES Tx should not cause harmful interference to primary FS services, and at the same time cannot claim protection from harmful interference from those services. 
In relation to RAS service in band 14,47 - 14,5 GHz, the AES Tx shall not cause unacceptable interference to RAS sites operating in this band.
	AES Rx: 10,7 - 11,7
AES Rx: 12,5 - 12,75
AES Tx: 14,0 - 14,5

	AGA (air–ground–air) communications (civil)
	
	
	
	

	Airborne doppler navigation aids
	
	e.g. Doppler radar low power sensing
	
	

	Amateur
	EN 301 783: Commercially available amateur radio equipment
	
	
	

	Amateur-satellite
	
	
	5.481: In many countries the frequency band 10.45 - 10.5 GHz is also allocated to the fixed and mobile services on a primary basis.
5.150: 24 - 24.25 GHz is also designated for ISM applications. Radiocommunication services operating within these bands must accept harmful interference which may be caused by these applications.
	10 – 10,5 GHz 
24 – 24,25 GHz

	BFWA (Broadband Fixed Wireless Access)
	EN 302 326
	
	
	3 – 11 GHz

	Broadcasting (satellite)
	See also EN 302 340 (ESV): 11, 12, 14 GHz
	
	
	

	
	EN 302 448: Satellite Earth Stations and Systems (SES); Harmonised Standard for tracking Earth Stations on Trains (ESTs) operating in the 14/12 GHz frequency bands
	Earth Stations located on board Trains
	
	EST Tx: 14-14,25 GHz
(FSS, Earth-to-space)
EST Rx: 10,7-12,75 GHz (FSS or BSS (space-to-Earth)) 

	Earth exploration-satellite
	
	
	
	

	ESV (Satellite Earth Stations onboard Vessels)
	EN 302 340: Harmonised Standard for satellite Earth Stations on board Vessels (ESVs) operating in the 11/12/14 GHz frequency bands allocated to the Fixed Satellite Service (FSS)
	Earth Stations located on board Vessels (ESVs)
	Any transmission from ESVs within the 125 km minimum distance of each country where the ESV transmit frequency band is used by FS will be subject to the prior agreement of the concerned administration(s) or to the relevant ECC Decision and may specify additional operational requirements.
	ESV Tx: 14 – 14.5 GHz (Fixed Satellite Services (FSS); earth-to-space)
ESV 
Rx: 10,7 – 12,75 GHz (FSS; space-to-earth)

	Feeder links
	
	e.g. Feeder links for the BSS service
	
	

	Fixed
	EN 302 217, EN 302 326
	
	
	

	FSS (Fixed Satellite Service) Earth stations
	EN 301 360, EN 301 427, EN 301 428, EN 301 430, EN 301 459, EN 302 340, EN 302 448
	
	
	

	GBSAR (Ground Based Synthetic Aperture Radar)
	EN 300 440
	
	
	

	GSO (GeoStationary Orbit) ESOMPs (Earth Stations On Mobile Platforms)
	EN 303 978
	
	
	

	HEST (High E.i.r.p. Satellite Terminals)
	EN 301 360, EN 301 459, EN 301 428
	
	
	

	ISM (industrial, scientific and medical)
	
	
	
	

	Land military systems
	
	
	
	

	Land mobile
	
	
	
	

	LEST (Low E.i.r.p. Satellite Terminals)
	EN 301 360, EN 301 459, EN 301 428
	
	
	

	Maritime military systems
	
	
	
	

	Maritime radar
	
	
	
	

	MSS (Mobile-Satellite Service) Earth stations
	EN 301 360, EN 301 459, EN 301 427, EN 302 977
	
	
	

	NGSO (Non-GeoStationary Orbit) ESOMPs (Earth Stations On Mobile Platforms)
	EN 303 979
	
	
	

	Non-specific SRDs (Short Range Device)
	EN 300 440
	
	
	

	Passive sensors (satellite)
	
	
	
	

	PMSE (Programme Making and Special Events)
	
	
	
	

	Radio astronomy
	
	
	
	

	Radiodetermination applications
	EN 300 440, EN 302 372, EN 302 729
	
	
	

	Radiolocation (civil)
	EN 302 194, EN 302 248, EN 302 752, EN 303 135, EN 303 213
	
	
	

	Radiolocation (military)
	
	
	
	

	Satellite systems (military)
	
	
	
	

	Space research
	
	
	
	

	SRR (Short Range Radar)
	EN 302 288
	
	
	

	Synthetic aperture radar
	
	
	
	

	TTT (Transport and Traffic Telematics)
	EN 302 858
	
	
	

	UWB (Ultra – Wideband) applications
	EN 302 065-1: Short Range Devices (SRD) using
UWB technology; Part 1: Requirements for Generic UWB applications
	
	Detect And Avoid (DAA) mitigation technique: The detect and avoid mechanism is an active mitigation technique for the protection of sensitive potential victim systems in the vicinity of the UWB device based on a sensing approach including an active reduction of the interference potential if required.
In case DAA is used, relaxed requirement for the maximum value of mean power spectral density limit (e.i.r.p.) and relaxed requirement for the Maximum value of peak power applies in 8,5 – 9 GHz band for the protection of radiolocation services. 
	30 MHz – 10,6 GHz
(for 6–9 GHz: an increased emission levels allowed)

	VSAT (Very Small Aperture Terminal)
	EN 301 428, EN 301 430, EN 301 459
	
	
	

	Weather radar
	
	
	
	

	Weather satellites
	
	
	
	



------------------------------ End of modified section ------------------------------
