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[bookmark: dbreak]Introduction
This proposal addresses a possible allocation for MetAids in the band below 9 kHz in the Radio Regulations under a new proposed method.
WRC-12 Agenda item 1.16 requests administrations “to consider the needs of passive systems for lightning detection in the meteorological aids service, including the possibility of an allocation in the frequency range below 20 kHz, in accordance with Resolution 671 (WRC‑07)”.
Currently there is only one method (Method A) in the draft CPM text to satisfy this agenda item, which proposes a primary allocation to MetAids in the band 9-11.3 kHz for passive applications with provisions to protect existing radionavigation use in the band. The method also includes the footnote to protect MetAids use below 9 kHz as lightning detection systems are based on a 3 kHz bandwidth between 8.3–11.3 kHz (see Resolution 671 (WRC‑07)). 
The proposal outlined in this document includes an additional method (Method B) which, although primarily based on the original Method A, seeks to achieve more appropriate recognition of MetAids below 9 kHz. 
Method B addresses the protection of MetAids by means of extending the frequency band 9–11.3 kHz to 8.3–11.3 kHz. This approach is considered more appropriate than the footnote recognition provided in the original Method A proposal.
Such an approach provides greater assurance and protection for the whole MetAids operational bandwidth, and gives greater visibility and clarity of MetAids use below 9 kHz within the Radio Regulations (RR).
It should be noted that there are no provisions in the Radio Regulations preventing allocations below 9 kHz. The wording “not allocated” used in the table of allocations in Article 5 only reflects that such allocations have not been made up to now.
Proposal
To add method B to the CPM text on AI 1.16. Method B proposes an allocation in the band 8.3-11.3 kHz for MetAids for passive applications.


AGENDA ITEM 1.16
(WP 7C / (WP 3L), (WP 5B), (WP 5C), (WP 7A))
1.16	to consider the needs of passive systems for lightning detection in the meteorological aids service, including the possibility of an allocation in the frequency range below 20 kHz, and to take appropriate action, in accordance with Resolution 671 (WRC‑07);
Resolution 671 (WRC‑07): Recognition of systems in the meteorological aids service in the frequency range below 20 kHz
[bookmark: _Toc269128812]4/1.16/1	Executive summary
WRC-12 Agenda item 1.16 deals with the review of suitable technical and regulatory provisions relative to existing and un-recognized MetAids lightning detection systems operating within the band below 20 kHz. This work has been made with a view that a suitable regulatory environment exists for ensuring recognition and protection is afforded to these existing lightning detection technologies/systems for the future.
Resolution 671 (WRC-07) invites ITU-R to conduct the relevant studies without placing undue constraints on existing services operating in accordance with the Radio Regulations. These shall include sharing and compatibility studies with services already having allocations in potential spectrum for systems in the MetAids taking into account the needs of other services.
The only Two methods areproposed to satisfy WRC-12 Agenda item 1.16.
Method Aproposes allocation in the band 9-11.3 kHz, and thereforesupports the segmentation of the frequency band 9-14 kHz into two new frequency bands, namely 9-11.3 kHz and 11.3-14 kHz. The band 9-11.3 kHz will be allocated on a primary basis to the MetAids collectively with the existing primary allocation to the RNS under some provisions to provide protection to existing RNS systems.
Method B proposes an allocation on a primary basis to the MetAids in the band 8.3-11.3 kHz, maintaining the existing primary allocation to the RNS in the band above 9 kHz; therefore this method supports also, like Method A, the segmentation of the band 9-14 kHz.
In both cases, tThe band 11.3-14 kHz will remain allocated on a primary basis to the RNS only. Studies required by Resolution 671 (WRC-07) are completed and this Resolution should be suppressed. 
[bookmark: _Toc269128813]4/1.16/2	Background
Long-range lightning detection using observations near 10 kHz has been performed since 1939, originally with a very manpower-intensive system measuring the direction from which signals were received, and then since 1987 with an automated arrival time difference system (ATD) using the time differences of signal received to derive stroke locations. A distributed network of ground‑based sensors can locate the origin of the lightning stroke, using the time differences between the arrivals of the lightning emission at the individual sensor sites.
The maximum spectral emissions from lightning strokes centre between 9 to 20 kHz. At these frequencies the sky waves, reflected off the ionosphere, propagate for very large distances with relatively little attenuation. Thus, it is possible to receive the emissions from a lightning stroke at thousands of kilometres from the stroke location. 
The optimal frequency for ATD spectral emission measurements is around 9.766 kHz. However, the frequency 13.733 kHz is successfully used by the existing ATD systems for measurements, with a reduction of existing system performance seen at 9.766 kHz of around 15%.
The data provided by the ATD system is used by meteorological organizations worldwide and contributes towards safety of life of the global community, both in terms of forecasting for public safety and safety in forecasting aviation operations, especially over the oceans, and large areas of land, where national lightning detection systems do not exist. As well as the dangers of the lightning strike itself, thunderstorms can result in intense precipitation with consequent flooding, severe icing, wind shear, turbulence and gusting winds.
As the ATD lightning detection system relies on naturally occurring emissions from lightning strokes it can be compromised by interference from other sources including man-made emissions. Due to the long range propagation in this frequency band interference can affect many ATD stations simultaneously and this can seriously degrade system performance, including in some cases the total loss of data.
The output from the system is illustrated in Figure 1 where the lightning locations have been detected from a network of 10 sensors distributed across Europe from Iceland to Cyprus, at a time of year when there are many thunderstorms in Europe. 
Figure 1
Example of two hours’ lightning detection output around the world from a long range lightning
detection system based in Europe, the numbers on the left show the number of lightning strokes
detected in each 5 minutes, sensors operating at 13.733 kHz

Performance of ATD systems depends on the number of measuring stations and level of man-made interference at the ATD system receiver front end. The systems of the services already having allocations in the range below 20 kHz can be considered as the man-made interferences sources. However through the implementation of mitigation methods such as notch filtering the impact of constant and known man-made sources can be minimized to a certain extent.
Other national and regional lightning detection systems currently operate within this and higher frequency bands. Such systems require a higher number of receiver stations due to the substantial reduction in coverage area of each receiver. Detection with such systems over large areas of ocean and land mass where local infrastructure does not exist is normally difficult and highly costly to implement. Additionally coverage over large oceanic areas with these systems, such as the middle of the Atlantic, is not possible.
Additionally there are other types of lightning detection systems such as multi-component measuring systems operating in the range from 0.5 to 50 kHz. 
[bookmark: _Toc269128814]4/1.16/3	Summary of technical and operational studies and relevant ITU-R Recommendations
Existing relevant ITU-RRecommendations: ITU-R P.368 and ITU-R P.684.
New relevant ITU-R Recommendations and Reports: Recommendation ITU-R RS.[20 kHz ATD PROTECTION], Reports ITU-R RS.[20 kHz SURVEY]; ITU-R RS.[ATD] and ITU‑R RS.[ATD‑RNAV(20 kHz)].
[bookmark: _Toc269128815]4/1.16/4	Analysis of the results of studies
Coexistence and sharing between RNS systems and ATD sensors have been shown to be possible, not only from a theoretical basis as seen in studies but in practice also. Coexistence is achieved through the use of mitigation techniques employed by MetAids stations by means of notch filtering. Such notch filtering would be of the following order at 1 kHz offset (0.02 kHz), at 2 kHz (0.2 kHz) and at 3 kHz (0.2 kHz).
Assuming this mitigation is applied by MetAids stations, the results of sharing analysis indicated that the necessary separation distances were found to be of the order shown in Table 1 below.
Table 1
Necessary separation distances between radionavigation transmitters of assumed 
ERP of 40 dBW and ATD sensors of the MetAidsservice
	Path dielectric


	Frequency offset from ATD measurement frequency
	Separation distance



	Land good
	1 kHz
	1 500-2 850* km

	Land poor
	1 kHz
	2 500-3 600*km

	Sea (Westerly)
	1 kHz
	2 900-3 600* km

	Sea (Easterly)
	1 kHz
	3 900-6 800* km

	Land good
	2 kHz
	1 800-3 450* km

	Land poor
	2 kHz
	1 250-3 150*km

	Sea (Westerly)
	2 kHz
	2 500-3 600* km

	Sea (Easterly)
	2 kHz
	3 500-4 700 km

	Land good
	3 kHz
	100 km

	Land poor
	3 kHz
	100 km

	Sea (Westerly)
	3 kHz
	No information available

	Sea (Easterly)
	3 kHz
	No information available


*	NOTE – The above figures represent separation distances between radionavigation transmitters assuming transmit powers of 40 dBW. Additionally those upper distances marked “*” are worst case derived from dominate mode propagation theory and are unlikely to be fully representative of real life sharing scenarios, which are likely to be lower.
From practical experience the two services have coexisted since 1989 with no impact to either service, even with a geographically dispersed ATD sensor network throughout the globe. In cases whereby close proximity between stations occurs, the effective implementation of notch filtering is sufficient to minimize the impact of interference to the meteorological aids system, even at 1 kHz frequency offset. Noting that historically with the Omega system, effective ATD sensor operations were possible on 9.766 kHz with transmissions on 10.2 kHz, at a separation distance of only 973 km over a sea path. This in part was possible due to short pulse widths of radionavigation transmissions (0.2 sec) and separation between pulses of 9 sec intervals. 
It can be concluded, given the nature of RNS systems and ATD sensors operating in this frequency band, the low density levels and static nature of station deployments, and this environment was to continue, that sharing between these services is possible.
In the future additional mitigation techniques which further reduce the impact of emissions of the existing services on the ATD system operation could be identified.
[bookmark: _Toc269128816]4/1.16/5	Methods to satisfy the Agenda item
Two methods are proposed to satisfy this agenda item. 
4/1.16/5.1 Method A
This method proposes a new allocation of thefrequency band 9-11.3 kHz to the MetAids on a primary basis under the following provisions.
Use of band 9-11.3 kHz by MetAids stations is limited to passive use only. In this band, the MetAids shall not claim protection in respect of any interference from radionavigation systems submitted for notification to the Bureau prior to the date of entry into force of the WRC-12 Final Acts.
The frequency band 9-11.3 kHz will include the additional allocation of the MetAids on a co‑primary basis with the existing allocation to the RNS. The frequency band 11.3-14 kHz remains allocated to the RNS only.
In addition, new footnotes to cover these provisions in RR Article 5 Table of Frequency Allocations in reference to the band 9-11.3 kHz shall be added (see Section 4/1.16/6).
Taking into account that studies required by Resolution 671 (WRC‑07) have been completed this Resolution should be suppressed.
Advantages
–	Provides long term security and assurance of the global network allowing for the registration and protection of stations of lightning detection system of the MetAids, including protection from systems operating outside the Radio Regulations.
–	No additional constraints are made to any future planned radionavigation systems in the frequency band 11.3-19.95 kHz.
–	Retains the quality of meteorological aids data supporting safety of life services including public safety, aviation operations, especially over the oceans, and large areas of land and the possibility of disaster risk reduction.
Disadvantages
–	Additional constraints placed on future radionavigation system deployments in the band 9-11.3 kHz.
_	Less visibility and regulatory consideration is provided for MetAids measurements within the band 8.3-9 kHz.
4/1.16/5.2 Method B
This method proposes new allocations of frequency bands 8.3-9 kHz and 9-11.3 kHz to the MetAids on a primary basis under the following provisions.
The use of the band 8.3-11.3 kHz by the MetAids service is limited to passive use only.
In the band9-11.3 kHz, the MetAids shall not claim protection in respect of any interference from radionavigation systems submitted for notification to the Bureau prior to the date of entry into force of the WRC-12 Final Acts.
The frequency band 9-11.3 kHz will include the additional allocation of the MetAids on a co‑primary basis with the existing allocation to the RNS. The frequency band 11.3-14 kHz remains allocated to the RNS only.
In addition a new footnote to cover these provisions in RR Article 5 Table of Frequency Allocations in reference to the band 8.3-11.3 kHz shall be added (see section 4/1.16/6.2).
Taking into account that studies required by Resolution 671 (WRC‑07) have been completed this Resolution should be suppressed.
Consequential changes to footnotes Nos. 5.53 and 5.54 shall be made.
There are no provisions in the Radio Regulations stating that allocations below 9 kHz would be prohibited; the words “not allocated” used in the Table of Allocations in Article 5 reflects only that such allocations have not been made up to now. The agenda item mentions an allocation  to the MetAids service in the frequency range below 20 kHz, without mentioning a lower limit.
Advantages
–	Provides long‑term security and assurance of the global network allowing for the registration and protection of stations of the lightning detection system of the MetAids, including protection from systems operating outside the Radio Regulations.
_	Allocation of the band 8.3-11.3 kHz within the Table of Allocations ensures that appropriate regulatory consideration and visibility is afforded to the whole MetAids measurement band.
–	No additional constraints are made to any future planned radionavigation systems in the frequency band 11.3-19.95 kHz.
–	Retains the quality of meteorological aids data supporting safety of life services including public safety, aviation operations, especially over the oceans, and large areas of land and the possibility of disaster risk reduction.
Disadvantages
–	Additional constraints placed on future radionavigation system deployments in the band 9-11.3 kHz.

[bookmark: _Toc269128817]4/1.16/6	Regulatory and procedural considerations
4/1.16/6.1 Method A
ARTICLE  5
Frequency allocations
Section IV  –  Table of Frequency Allocations
(See No. 2.1)
MOD
9-110 kHz

	Allocation to services

	Region 1
	Region 2
	Region 3

	Below9		(Not allocated)
	5.535.54 ADD 5.A116

	9-11.314	METEOROLOGICAL AIDS
				RADIONAVIGATION
				ADD 5.B116

	11.3-14		RADIONAVIGATION

	...


ADD
5.A116	Administrations are urged to consider the needs of the meteorological aids service when considering use of the band below 9 kHz. 
ADD
5.B116	Use of the band 9-11.3 kHz by the meteorological aids service is limited to passive use only. In this band meteorological aids stations shall not claim protection in respect of any interference from stations of the radionavigation service submitted for notification to the Bureau prior to [the date of entry into force of WRC-12 Final Acts]. For sharing between stations of the meteorological aids service and stations in the radionavigation service submitted after this date the most recent version of Recommendation ITU-R RS.[20 kHz ATD PROTECTION] should be applied.
SUP
Resolution 671 (WRC‑07)
Recognition of systems in the meteorological aids service
in the frequency range below 20 kHz
[bookmark: _GoBack]
4/1.16/6.2 Method B
ARTICLE  5
Frequency allocations
Section IV  –  Table of Frequency Allocations
(See No. 2.1)
MOD
8.39-110 kHz

	Allocation to services

	Region 1
	Region 2
	Region 3

	Below98.3	(Not allocated)
	MOD 5.53MOD 5.54

	8.3-9			METEOROLOGICAL AIDS
				ADD 5.A116

	9-1411.3		METEOROLOGICAL AIDS
				RADIONAVIGATION
				 ADD 5.A116

	11.3-14		RADIONAVIGATION

	...


. 
MOD
5.53	Administrations authorizing the use of frequencies below 8.39 kHz shall ensure that no harmful interference is caused thereby to the services to which the bands above 8.39 kHz are allocated
MOD
5.54	Administrations conducting scientific research using the frequencies below 8.39 kHz are urged to advise other administrations that may be concerned in order that such research may be afford practicable protection from harmful interference.
ADD
5.A116	Use of the band 8.3-11.3 kHz by the meteorological aids service is limited to passive use only. In the band 9-11.3 kHz meteorological aids stations shall not claim protection in respect of any interference from stations of the radionavigation service submitted for notification to the Bureau prior to [the date of entry into force of WRC-12 Final Acts]. For sharing between stations of the meteorological aids service and stations in the radionavigation service submitted after this date the most recent version of Recommendation ITU-R RS.[20 kHz ATD PROTECTION] shouldbe applied.
SUP
Resolution 671 (WRC‑07)
Recognition of systems in the meteorological aids service
in the frequency range below 20 kHz
______________
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ATDnet Sferic data, starting at 1210 UTC on 29 /August/2008.
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