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Proposed modifications to ECC Report 159

	Summary:
This Document proposes to review ECC Report 159 and to make modifications regarding protection of ARNS systems operating in the frequency band 645 – 790 MHz from emissions of cognitive radio devices operating in “white spaces” (WSD).
In particular it is proposed:
- to include additional ARNS characteristics to Section 7.1 of the Report in accordance with characteristics contained in JTG 5-6 output documents (Annex 5 to Document 5-6/180) and CPM Report;
-to include the study results presented in this document to Section 7 of the Report 
-to bring the conclusions given in Section 12 in line with the presented studies. 


	

	Proposal:

	WG SE 43 is invited to review ECC Report 159 and make the appropriate modifications presented in Annex 1.


	Background:

	ECC Report 159 developed in January regarding protection of ARNS systems operating in the frequency band 645 – 790 MHz from WSD emissions contains ARNS system characteristics operating in the frequency range 645-862 MHz and preliminary proposals concerning possible protection measures of ARNS system only. Additionally the need of carrying out additional studies was noted in the Report.
With this respect this Report was analyzed and the results showed that characteristics of the considered ARNS systems are incomplete and its more detailed description can be found in JTG 5-6 output documents (Annex 5 to Document 5-6/180) and CPM Report.
Using these characteristics possible measures for providing protection of ARNS systems from WSD emissions were studied taking into account possible interference caused by broadcasting service allotments. Calculation results and proposals for modifications of ECC Report 159 are given in 
Annex 1.






Annex 1
[bookmark: _Toc151452596]Working Document towards Preliminary Draft revision of ECC REPORT 159

TECHNICAL AND OPERATIONAL REQUIREMENTS 
FOR THE POSSIBLE OPERATION OF COGNITIVE RADIO SYSTEMS 
IN THE ‘WHITE SPACES’ OF THE FREQUENCY BAND 470-790 MHz

[Cardiff, January 2011]

…
7 Protection of aeronautical radionavigation (ARNS) in the band 645-790 MHz from emissions of cognitive radio devices operating in ‘white spaces’
7.1 [bookmark: _Ref272092689][bookmark: _Toc272236749][bookmark: _Toc284414651]ARNS system characteristics and protection criteria
In accordance with No.5.312 RR the frequency band 645-862 MHz is allocated to aeronautical radionavigation service (ARNS) in several countries on a primary basis. Several types of the radionavigation systems are used in this service including:
· radio system of short-range navigation (RSBN);
· air traffic control secondary radars, including terrestrial radar and airborne transmitter;
· airfield and route primary radars for ATC 
The indicated systems are used to support navigation and air traffic control. 
[bookmark: _Toc258613742]The European Common Allocation includes the note EU13.
EU13 CEPT Administrations are urged to take all practical steps to clear the band 645-960 MHz of the
assignments to the aeronautical radionavigation service.
The main characteristics of different types of the aeronautical radionavigation stations operating in the frequency band 645-862 MHz are in JTG 5-6 output documents (Annex 5 to Document 5-6/180) and CPM Report and presented in Table 12



	Type of station
Characteristics
	RSBN
	RLS 2 (Type 1)
	RLS 2 (Type 2)
	RLS 1 (Type 1)
	RLS 1 (Type 2)

	Application
	“Air-to-Ground”
	Secondary radars – Type 1 
(air traffic control)
	Secondary radars – Type 2
	Primary radars – Type 1
	Primary radars – Type 2

	Transmitter characteristics

	Station name
	Aircraft transmitter
	Ground radar transmitter
	Aircraft transponder transmitter
	Ground radar transmitter
	Aircraft transponder transmitter
	Ground radar transmitter
	Ground radar transmitter

	Place of station 
	Aircraft
	Airfields
	Aircraft
	Airfields
	Aircraft
	Airfields
	Airfields

	Maximum effective radiated pulse power (e.r.p.), dBW
	30.532
	48
	35
	69,5
	34,5
	82
	82

	Pulse power, dBW
	2729
	31
	32
	40
	31
	52,5
	52,5

	Mean power, dBW
	0.5-9
	1
	14
	10,5
	10,5
	19,5
	19,5

	Pulse repetition cycle, ms
	2.333
	1,3
	0,6
	1,8
	1,8
	1,8
	1,8

	Pulse length, μs
	5.13
	1,3
	8,7
	2
	16
	0,9-2
	0,9-2

	Necessary emission bandwidth, MHz
	3/0,7
	4
	4
	3
	3
	3
	3

	Antenna height, m
	10 000
	10
	10 000
	10
	10 000
	10
	10

	Maximum antenna gain (dBi)
	3,5
	17
	3
	29,5
	3,5
	29,5
	29,5

	Antenna pattern
	ND
	3 dB beamwidth: vert. pl. = 28°
hor. pl. = 4°
	ND
	3 dB beamwidth: vert. pl. = 45°
hor. pl. = 3-5°
	ND
	3 dB beamwidth:
vert. pl. = 45°
hor. pl. = 4°
	3 dB beamwidth:
vert. pl. = 45°
hor. pl. = 4°

	Direction of the antenna main beam
	Lower hemisphere
	Azimuth: 
0-360°
Scan rate: 
6 min-1
	Lower hemisphere
	Azimuth: 0-360°
Scan rate: 
10 min-1
	Lower hemisphere
	Azimuth: 0-360°
Scan rate: 
6/10 min-1
	Azimuth: 0-360°
Scan rate:
6/10 min-1





	Type of station
Characteristics
	RSBN
	RLS 2 (Type 1)
(air traffic control)
	RLS 2 (Type 2)
	RLS 1 (Type 1)
	RLS 1 (Type 2)

	Receiver characteristics

	Station name
	Ground radar receiver
	Aircraft responder of ground radar
	Ground radar receiver
	Aircraft responder of ground radar
	Ground radar receiver
	Ground radar receiver
	Ground radar receiver

	Antenna height, m
	10
	0–10 000
	10
	0–10 000
	10
	10
	10

	Polarization
	Linear, horizontal
	Linear, vertical
	Linear, vertical
	Linear, horizontal
	Linear, horizontal
	Linear, horizontal
	Linear, horizontal

	Maximum antenna gain (dBi)
	22
	3
	17
	3
	28,4
	29,5
	29.5

	Antenna pattern
	3 dB beamwidth:
vert. pl. = 50°
hor. pl. = 360°
	ND
	3 dB beamwidth:
vert. pl. = 28°
hor. pl. = 4°
	ND
	3 dB beamwidth:
vert. pl. = 45°
hor. pl. = 3‑5°
	3 dB beamwidth:
vert. pl. = 45°
hor. pl. = 3-5°
	3 dB beamwidth:
vert. pl. = 45°
hor. pl. = 3-5°

	Direction of antenna main beam
	Azimuth: 0-360° 
Revolution speed 100 rev/min

	Lower hemisphere
	Azimuth: 
0-360°
Scan rate:
6 min-1
	Lower hemisphere
	Azimuth: 
0-360°
Scan rate:
10 min-1
	Azimuth:
0-360°
Scan rate:
 6/10 min-1
	Azimuth: 0-360°
Scan rate:
 6/10 min-1

	Permissible aggregate co-channel interference field strength provided for the necessary emission bandwidth (from all services), E, dB(μV/m)*
	42
	52[footnoteRef:1] / 59[footnoteRef:2] [1:  Presented by RCC countries ]  [2:  Can be used with regard to several other countries mentioned in No. 5.312, except RCC countries ] 

	291 / 332
	73
	241 / 282
	13
	13


[bookmark: _Ref272079062]*The values given in the Table are the permissible values of the aggregate co-channel interference field strength presented for the required emission bandwidth (from all services). There are two values that can be used for sharing studies and these values shall be updated after detailed consideration of study results and should not contradict GE06 Agreement.
Table 12: Technical characteristics of ARNS systems operating in the 645-862 MHz frequency band



[bookmark: _Toc272065399][bookmark: _Toc272076526][bookmark: _Toc272088774][bookmark: _Toc272093803][bookmark: _Toc272094025][bookmark: _Toc272094266][bookmark: _Toc272094486][bookmark: _Toc272095479]The analysis of the presented data showed that in the considered frequency band mainly 3 types of ARNS systems are used:
1) radio system of short-range navigation (RSBN) (radiolink aircraft – ground);
2) Secondary radar Type 1 (radiolinks ground– aircraft, aircraft – ground);
3) Secondary radar Type 2 (radiolink aircraft – ground).
The indicated systems are considered below in the studies of sharing feasibility of WSD with ARNS systems. 
7.2 [bookmark: _Toc272236750][bookmark: _Toc284414652]Initial consideration on the protection of ARNS in the band 645-862 MHz from WSDs in the band 470-790 MHz
On the basis of the ARNS characteristics provided in section 7.1, it would be possible to initiate preliminary studies on the protection of this service from interference generated from WSD. However, some additional information would be required on the ARNS deployment conditions to allow the development of appropriate coexistence scenarios. This includes data on the service area of the considered ARNS systems and, if possible, elements on the frequencies used for each system, i.e. whether all of the described systems actually operate in the 645-790 MHz portion of the band.
From a theoretical point of view, the following means can be envisaged to consider protection of ARNS:
· For RLS1 systems (ground based primary radars), it is expected that sensing technique similar to the Dynamic Frequency Selection implemented in 5 GHz WAS/RLAN may be applicable in WSD. Detailed study would be required to define an appropriate detection threshold and the relevant operational requirements.
· For RSBN ground radar receiver, the applicability of sensing technique is more challenging since WSD with sensing feature would have to detect the RSBN signal transmitted from transmitters on-board aircraft potentially located at 10 000 m altitude. However, it is feasible to determine protection areas around the receivers to be protected in which WSD would not be allowed.
· For RLS2 systems (secondary radar), similar approach than for RSBN may be developed for the protection of ground receiver. For the protection or airborne receiver, further consideration would be necessary that would required additional information on the RLS2 deployment scenarios. In particular, the applicability of sensing may benefit from the fact that this system is a 2-way radionavigation system.
· The possible use of the geo-location approach to protect ARNS would depend on a number of factors, which would include the possibility to register the ARNS use in a database, with sufficient parameters to allow the database to provide in an appropriate way the information to the WSD on the availability of channels potentially used by ARNS systems.
7.2 Possible interference scenario from WSD to ARNS systems 
The analysis of WSD deployment scenario given in Section 3 and the analysis of ARNS characteristics operating in the considered frequency band showed that the following interference scenario can be possible:
1) WSD causes interference to ARNS ground station;
2) WSD causes interference to ARNS airborne station. 
Taking into account possible usage of WSD presented in Section 3 it can be assumed that WSD will be deployed mainly in the mobile service and will have characteristics similar to characteristics of MS which are planned to be used in the frequency band 790 – 862 MHz .
The studies of the required protection measures of ARNS from mobile service planned to be used in the frequency band 790 – 862 MHz were carried out in the framework of ITU-R JTG 5-6.This group developed methodologies for defining the required coordination distances (see Doc. 5-6/180).The indicated methodologies can be used for defining the required protection distances for ARNS systems in the considered frequency band from WDS network systems.
The frequency band 645–790 MHz subject to GE-06 Agreement. This Agreement includes allotment plan for broadcasting service. This Plan was developed in 2006 based on the assumption that only ARNS and broadcasting service systems will operate in the indicated frequency band. It was developed taking into account no any margins for interference caused by other systems to ARNS systems excluding broadcasting service allotments/assignments. While planning the usage of the frequency band 645–790 MHz by WSD it should be taken into account. 
In case interference caused by broadcasting service allotments/assignments to ARNS are exceeded or meet ARNS protection criteria without margins then operation of WSD is practically impossible. In this case distance between WSD and ARNS station can be not less 1000 km (in accordance with Recommendation ITU-R P.1546-4). This case is mostly common since when broadcasting plan was developed administrations did their utmost to receive maximum broadcasting allotment parameters.
If interference caused by broadcasting allotments/assignments to ARNS do not exceede ARNS protection criteria and there is a margin for interference then in this case minimum protection distance for ARNS systems can be defined. It is obvious that this protection distance will be defined by margin values, MS antenna height, its deployment scenario and etc. The example of estimation of the required separation distances between ARNS stations and WSD is given below. 
7.3 Assumptions and methodologies used in the estimations 
For defining the protection distances it was assumed that interference margin caused by systems excluding broadcasting systems is minimum and do not exceed 0.1 dB. This interference margin was used for defining the permissible interference field strength values from WSD given in Table 12a.

	ARNS systems 
	Protected field strength dB (µV/m) (under Rec. ITU-R M.1830)
	Permissible interference field strength from WSD, dB (µV/m)

	RSBN ground-based receiver 
	42
	25.6

	RLS 2 Type 1 ground-based receiver 
	29
	12.6

	RLS 2 Type 2 ground-based receiver 
	24
	7.6

	RLS 2 Type 1 airborne receiver 
	52
	35.6


Table 12а. Permissible interference field strength values caused by WSD.
Taking into account uncertainty with respect to WSD types and characteristics methodology based on statistical approach was used for defining separation distances between WSD and ground-based ARNS stations. This methodology was developed in the framework of ITU-R JTG 5-6 and given in detail in Doc. 5-6/180.
In estimation it was assumed that WSD antenna heights are 40-60 (set randomly) and EIRP of WSD is 55 dBm (comply with typical EIRP of MS base stations).It was also assumed that WSD stations form a network with the following deployment densities of stations:
- 0.008 per km2 for rural area;
- 0.13 per km2 for suburban area;
- 2.05 per km2 for urban area.
7.4 Estimation results of WSD emission influence to ARNS airborne and ground-based receivers 

In defining protection distances two following options are considered: 
1) Interference caused by WSD stations, located in rural area;
2) Interference caused by WSD stations, located in accordance with urban-suburban-rural scenario considered by JTG 5-6 (Fig.1)
[image: ]

Fig. 1 Urban-suburban-rural scenario
For both options land path (100 % land) and mixed (5 % land, 95 % sea) path were considered. 
The results for defining protection distances are given in tables A and B. Table A presents estimation results of the required protection distances for WSD in rural area. Table B presents estimation results of the required protection distances for WSD in accordance with urban-suburban-rural scenario.

Table А
	System
	Transmitter antenna height, m
	Distance up to the first line of transmitters, km

	
	
	100% land 
	5% land , 95% sea 

	RSBN
	40 … 60
	83
	162

	RLS 2 Type 1
	40 … 60
	225
	278

	RLS 2 Type 2 
	40 … 60
	280
	335



Table В
	System
	Transmitter antenna height, m 
	Distance up to the first line of transmitters, km 

	
	
	100% суша
	5% суша, 95% море

	RSBN
	40 … 60
	190
	262

	RLS 2 Type 1
	40 … 60
	320
	375

	RLS 2 Type 2
	40 … 60
	370
	430


Table D
The analysis of the received data showed that in rural area the required protection distance for land path is not less 280 km and for the mixed path is not less 335 km. In conditions of urban-suburban-rural scenario the required protection distance for land path is not less 370 km and for the mixed path is not less 430 km.
Except the above-mentioned cases influence from WSD to ARNS airborne receivers was considered. The received results showed that in this case the required protection distance shall be not less than line-of-sight distance (444 km) for all ARNS type systems. 

7.5 Conclusions 
The presented studies showed:
In case interference caused by broadcasting allotments/assignments to ARNS are exceeded or meet ARNS protection criteria without margins then operation of WSD is impossible in radius of 1000 km with respect to ARNS stations.
· If interference caused by broadcasting allotments/assignments to ARNS do not exceeded ARNS protection criteria and there is a margin for interference then for protection of ARNS systems stringent limitations for WSD station deployment shall be specified. For providing protection of ground stations of ARNS systems separation distance of typical WSD from ARNS stations shall be not less 370 km for land path and 430 km for mixed path.
· For protection of ARNS airborne stations the separation distance of typical WSD from ARNS stations exceeds the line-of-sight distance ad shall be not less than 432 km.
[bookmark: _Toc272065401][bookmark: _Toc272076528][bookmark: _Toc272088776][bookmark: _Toc272093805][bookmark: _Toc272094027][bookmark: _Toc272094268][bookmark: _Toc272094488][bookmark: _Toc272095481][bookmark: _Toc272065402][bookmark: _Toc272076529][bookmark: _Toc272088777][bookmark: _Toc272093806][bookmark: _Toc272094028][bookmark: _Toc272094269][bookmark: _Toc272094489][bookmark: _Toc272095482][bookmark: _Toc271594550][bookmark: _Toc272065403][bookmark: _Toc272076530][bookmark: _Toc272088778][bookmark: _Toc272093807][bookmark: _Toc272094029][bookmark: _Toc272094270][bookmark: _Toc272094490][bookmark: _Toc272095483]Taking into account that in many cases there are no margins for interference the usage of WSD shall be avoided in the frequency bands of ARNS systems operating in countries indicated in RR No.5.312.  


…
12 [bookmark: _Toc272236788][bookmark: _Toc284414685]conclusion 
…
· Protection of aeronautical radionavigation (ARNS) in the 645-790 MHz band
Preliminary considerations have been provided on the relevance of the sensing and geo-location techniques for the protection of ARNS. However, some additional information would be required on the ARNS deployment considerations in order to perform an appropriate analysis.
The presented studies showed:

1. In case interference caused by broadcasting allotments/assignments to ARNS are exceeded or meet ARNS protection criteria without margins then operation of WSD is impossible in radius of 1000 km with respect to ARNS stations.
2. If interference caused by broadcasting allotments/assignments to ARNS do not exceeded ARNS protection criteria and there is a margin for interference then for protection of ARNS systems stringent limitations for WSD station deployment shall be specified. 

· For providing protection of ground stations of ARNS systems separation distance of typical WSD from ARNS stations shall be not less 370 km for land path and 430 km for mixed path.
· For protection of ARNS airborne stations the separation distance of typical WSD from ARNS stations exceeds the line-of-sight distance and shall be not less than 444 km.
Taking into account that in many cases there are no margins for interference the usage of WSD shall be avoided in the frequency bands of ARNS systems operating in countries indicated in RR No.5.312.  

Further it can be required:
- to refine characteristics and usage scenario of WSD;
- to refine protection criteria for ARNS with respect to WSD;
-to carry out additional studies taking into account the refined protection criteria for ARNS and WSD characteristics including studies estimation studies of the required protection measures of ARNS ground stations from multiple interference caused by WSD.

…
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