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Action required: 

The document provides delegates with information on the main aspects involved in implementing a strategy for planning of a spectrum management and monitoring system.

Abstract: 

Further to the work accomplished by ITU-R Study Group 1, the document sets out general principles for the introduction of a national spectrum monitoring system.

1
Topics to be considered

A national Radio Regulatory Authority, has to interpret and implement the provisions of the international Radio Regulations ( RR of ITU ) which have the force of international treaty. It has also to implement the national statutory provisions of the national laws and the Rules framed thereunder, relating to radiocommunications. Compliance of the provisions of the authorisations/ licenses by various wireless users spread all over the country, has also be enforced. Monitoring Organisation is the field organisation of the national Authority providing practical data as relevant for spectrum management including control and regulation of wireless networks with a view to ensuring interference-free operations of all networks. 

The Monitoring Organisation is entrusted with all necessary responsibilities for effecting coherent and extensive usage of radiocommunications in the country (See IUT-R Spectrum Management and Spectrum Monitoring Handbooks). Following aspects relate to planning, coordination and regulation of the RF spectrum in the national context:

(a)
Optimising the utilisation of radio spectrum by following the latest international standards and practices for spectrum management and wireless monitoring functions;

(b)
Utilisation and protection of orbit/frequency resource for national satellite and other space systems by publishing, notifying and registering national system with ITU and ensuring continued protection from new systems of other countries;

(c)
Identifying the spectrum need for new wireless networks, and assigning to them suitable frequency(ies), power, bandwidth, emission, hours of operation, and other technical parameters with appropriate operational, regulatory and administrative provisions;

(d)
Authoring the installation and operation of wireless stations by specifying all the necessary technical and operational parameters like frequency of operation, power, emission, hours of operation, etc;

(e)
Establishing regulations, technical parameters and standards governing the use of each frequency band or specific frequency by stations of different radio services, having regard to current international regulation and agreements;

(f)
Undertaking special coordination work for use of radio systems/ equipments in special situations such as natural calamities, etc.;

(g)
Maintaining and updating all information on authorised radiocommunication systems such as frequencies, locations of stations, power, call signs etc.;

(h)
Radio Monitoring, including Mobile Monitoring, is an important part of RF spectrum management process. It plays a significant role in the planning, engineering, electromagnetic compatibility and in ensuring compliance with licensed/authorised parameters. In fact the monitoring is known as eyes and ears of  RF spectrum management.

The ITU-R Handbook on Spectrum Monitoring provides many detailed descriptions of monitoring stations, equipment and procedures. This document provides an overview of the planning and studies required when concerning either a nation-wide monitoring system or a fixed or mobile monitoring station.

Radio frequency spectrum is to be used equitably, economically, efficiently and rationally (See the Report ITU-R SM 2012 Economic aspects of Spectrum Management and the ITU-D Handbook Economic , organizational and regulatory aspects of national spectrum management). Appropriate frequency repeatability is, therefore, required to be ensured. Adoption of appropriate equipment and monitoring system required to be ensured.

2
Strategy process

When an administration of a nation intends to set up a nation-wide monitoring system, a local monitoring station, a mobile monitoring station, or monitoring equipment the first requirement is an exhaustive analysis of the system requirements and its operational concept.

This should include:

2.1
Inventory of needs

2.1.1
Business Plan 

A system requirements study (B.P.) is prepared either by the Administration and/or by consultants.

2.1.2
A concept for a radio monitoring system

Spectrum Monitoring process is complex, each link of every network is required to be technically examined, analysed and evaluated for coexistence without mutual harmful interference. Practically the frequency bands are shared between different types of radiocommunication services. Within one type of service, there are many applications and within one type of application, there are many users – nationally as well as internationally. Mutual compatibility is to be ensured, based on protection radios, technical requirements, quality of service etc. This technical examination has to take into account network planning, equipment characteristics, radio propagation models, system configuration, inter modulation products, physical terrain, climatic condition, electro-magnetic pollution environment, etc.

Increase in number of service providers, number of networks and number of links increasing exponentially, the problems and complexities of electromagnetic environment, thus, increasing the intricacies of mutual compatibility and coexistence many fold. While protecting the existing technologies, the new technologies need to be followed, gradually allowed and spectrum made available for them.

In defining the operational concept, the following elements need to be adressed:

· Automation of data management and spectrum monitoring process, with appropriate computer softwares. The computer software and equipment for spectrum monitoring activities are specialized. Consequently provision of adequate materials would be essential for these activities;

· Augmentation of automated spectrum monitoring, radio noise surveys, and direction finding facilities, both in the fixed and mobile modes (capabilities up to 3 GHz);

· Specialised monitoring facilities for microwave and other higher frequency bands and for specialized services – up to 40 GHz;

· Augmentation of satellite monitoring facilities for GEO and Non-Geostationary satellites systems;

· Structure of the organization (staff) and its interaction with other organizations particularly by the spectrum management;

· Existing and required infrastructure;

· Training of personnel for institutional competence and capacity building; etc.

These elements are adressed in the following sections.

Once the operational concept has been defined, a cost/benefit analysis should be conducted to assess whether the requirements of the administration would be met in a cost effective way. This is always necessary, no matter whether a new system or the modernization/modification of an existing system is planned.

2.2
System Planning and design
This chapter proposes a technical approach and a methodology in order to establish a schedule of conditions for the establishment of a national system of management and monitoring of the frequencies which takes into account the objectives described in the preceding chapters. In the same way, the principle described makes it possible to establish a structure of the management of the spectrum built around basic functions to achieve as described in Handbook UIT-R "National Spectrum Management ".

Some of its functions being able to be gathered or on the contrary subdivided according to the habits, resources of the country considered thus that size of the organization.

Methodology described hereafter, is based on 6 different tasks taking into account all the aspects: legal techniques induced by the management of the radioelectric spectrum in a mondialist environment.

2.2.1
Review of existing lawful and legal aspects

Task 1 will make it possible the Administration to be familiarized with the new laws and existing fees at the regional, world level and governing the use of the radioelectric spectrum. Of these allied studies to the knowledge of the national law of the country, it could be established an adequate national lawful framework.

2.2.2
Review of existing procedures and methodologies

This task will have to be taken into account by the persons in charge of the management and the control of the spectrum. It must have reviewed and to evaluate the planned organization of the regulator as well as the operations of management. It will have to be taken into account the framework as well as the operations of management. It will have to be taken into account the framework of work allowing a harmonization of the requests for licences, the attribution and the allowance of the frequencies as well as the payments y related. This information will be used in order to develop a data-processing general system corresponding to the needs for management and control of the spectrum.

2.2.3
Market evaluation

The radioelectric spectrum is a limited resource and like all limited natural resources, it has a value. Used like mean of communication, the radioelectric spectrum has a value as much for the investor (economic value) that for the company (economic lever and social wellbeing). The estimate of this value increased; this is due to the increasingly important use of the radioelectric spectrum by means of systems of modern and powerful radiocommunications.

2.2.4
Management Data Base implantation

This Management Data Base will allow the analysis of the elements of data (in quantity and quality) necessary to an effective management of the spectrum for the country. This implies an analysis of the data as well as average existing paper or electronics and their integration in the new information processing system which will rationalize the information flow and will ensure its storage of it.

2.2.5
Programs engineering analysis

The functionalities and the modules of applications to the engineering necessary are to be determined and should include/understand mainly:

· Allocation of the frequencies

· Analysis systems of engineering

· Interference and electromagnetic compatibility

· Calculation of the fees

· Billing 

· Inspection

· Homologation – Approval

· Reports/ratios

These application software modules must be directly inter-connected with the data base of administrative management. In chapter 8 of Handbook UIT-R “National Spectrum Management”, it is given a list of the basic and optional modules required.

2.2.6
Hardware and software evaluation

According to the needs for data processing (hardware and software) as well as equipment of vehicle inspection expressed in the conclusions for tasks 4,  and 5, the experts dedicated to this task must optimize and/or direct the solutions found as well according to criteria of coast as of maintenance/formation.

2.3
Development of specifications for the System
This chapter is based on the Radio Regulation, ITU-R Recommandations and in particular on the ITU-R SM 1139 , 1392 , the ITU-R Handbooks Spectrum Management and Spectrum Monitoring.

2.3.1
Measurement tasks

To define the essential measurement equipment characteristics for each operator position, the following points should be specified in relation with the lastest ITU recommandations :

-
Frequency measurement (Recommandations ITU-R  SM 377 and BT 655) 

· Frequency range from …. to …

· Required accuracy; is a central frequency standard available

· Types of emission (measurement method)
-
Field strength , level and power-flux density Measurement (Recommandations ITU-R SM 326 and 378)

· Quantity and methods of measurements at fixed stations, at mobile stations

· Required accuracy

· Frequency range

· Special measurements:
- Coverage measurements (measurements along a route)
- Measurement of antenna patterns (e.g. by helicopter)

-
Spectrum occupancy including channel occupancy (Recommandation ITU-R SM 182)

· HF emissions including HF broadcasting, VHF/UHF emissions

· Video/radio broadcasting

· Trunked radio, cellular radio, private mobile radio

· Technical specifications of channels: bandwidth, spacing, type of modulation

· Duration of occupancy recording: continuous, time from … to …, special days, repartition of scans

· Required scanning speed (software)

· Additional information to be recorded (e.g. call sign, automated identification/decoding)

-
Occupied bandwidth measurement (Recommandations ITU –R SM 443, 853 and 328; RRS 1.153)


-
B/2 and/or x-db method measurement using spectrum analysis or software


-
Others methods

-
Modulation  measurement (Recommandations ITU-R SM 1268 and BS 412)

Type of modulation

· Analog

-
AM, SSB, ISB, 

-
Angular (fM and/or FM)

-
Special (TV broadcast: meas. of quality parameters)

· Digital:
ASK, FSK, PSK, QAM  COFDM (Signal analysis)

· Measurement methods: analog, digital (vector signal analysis)

-
Direction finding measurement (Recommandations ITU-R SM 853 , 1053 and 1269) 

· System concept

· Type of station: fixed, mobile and class of accuracy

· Location (by triangulation or SSL) Digital terrain mapping required?

· Response time

· Available space for DF antenna

-
Identification measurement (Recommandation ITU-R  SM 1052)

· Classes of emission

· Call signs for selective calling

· Identification by locating and on communication content (detection)

· FFT analyzers

· “Finger printing”

-
Measurements of specific systems 

-
Spacecraft, i.e. satellite monitoring (Recommandation ITU-R SM 1055) 

· Frequency, bandwidth, power – flux - density measurements
· Determination of orbital positions
· Occupancy of frequency bands at orbital positions

-
Multimedia broadcast

· Type terrestral or satellite

· Quality of received signal (needs special equipment)

-
Cellular radio: (propagation measurements) – also applicable for mobile monitoring
a) Which service (+ technical parameters)?


Cellular radio (GSM / PCS / TACS / AMPS, N-AMPS, PHS , CDMA, IMT-2000, etc)


Private mobile radio (e.g. railways)

b) Which parameters?


Only field strength or


Also quality parameters loke RxQual / CIR /BFR fo RGSM for example


Additional information like handover for cellular radio

c) Number of channels?


Number of channels recorded at the same time

d) Maximum allowable distance between measurement points


Max. distance between the measurement points of the same frequency/channel (valid for all allowed velocities)


Are there special requirements?

e) Data evaluation


Is a special evaluation tool needed and is it the intention to combine this system with the mobile monitoring (mapping) system?

f) Are measurements other than signal strength for coverage information required?

g) Are spread spectrum emissions to be monitored (e.g. using DSP based equipment)?

-
Microwave links and earth stations


Receiving and measuring equipment in the 1 to 40 GHz range for which services? (Equipment)

2.3.2
Equipment Specifications
With regard to the elected measurements: to define the equipment allowing these measurements in each monitoring centre, fixed (remote) and/or mobile station.(See Recommandation ITU-R SM 1392 and ITU-R Spectrum Monitoring Handbook).

a)
System concept and architecture center, station, means of communications, software.

The performance of a monitoring station is directly related to the quality of antennas, receivers or field meters and radio direction-finders.

b)
Antennas

To determine the types and the number of antennas for each station with regard to the elected the following details have to be known measurements.

· Basic questions

a) Polarization (diversity) and frequency ranges (subranges)

b) Approximate distances from the region to be monitored (radius)

c) Geographic pointing of the antennas (in degrees)

d) Distance between antennas and signal distribution system

· Signal distribution system

a) Frequency range

b) Number of receiver connections per antenna

c) Is antenna diversity intended? If so, for how many antennas?

d) Operation of the signal distribution system: manual, semi-automatic or automatic

· Omnidirectional and dipole Antennas

· Active receiving antennas

· Transmitting/receiving antennas

· Air traffic control antennas

· Directional antennas

· Linearly polarized log-periodic antennas

· Dual-polarized log-periodic antennas

· Dish and feed antennas

For all antennas: frequency range (from 10 kHz to 40 gHz or further); identification of the antenna types in cooperation with the system supplier.

c)
Receivers, Direction –Finders

· frequency bands

· reception channel number

· digital type recommended with regards to the new digital services 

· manual and/or automatic control (computers, softwares)

d)
Additional equipment

Certain additional equipment will permit more effective operation of a monitoring station. One example is the reporting equipment: reproduction machines, oscilloscopes , audio-video recorders, printers, …

2.3.3
Specifications for Services

2.3.3.1
Site survey

If the site is not known, the following facts must be taken into account.

The siting of a radiomonitoring system has a very large effect on its efficiency and on the costs that are involved. Siting is governed by geographic, topographic and climatic conditions including local noise and sites must be selected very carefully because this must guarantee the performance of the overall system. Generally the site investigations will be done by the user. Documents, results of measurements, topographical maps, etc. must then be made available.

In developing the system’s operational concept the number of individual stations and their tasks will have been decided, and the selection of sites can be made according to the ITU-R recommendations. In the HF region sites can be selected by evaluating computerized radio-propagation forecasts, but supplementary measurements should still be carried out on-site.

2.3.3.2
Telecommunication links and network

· Are telecommunication links between the individual stations to be quoted for? If so, of what kind (lines, radio links, microwave)? Will the administration provide them? Are telecommunication lines available?

· What is to be transmitted (voice, music, data)?

· Details of lines: type (public dialling network, dedicated network, dedicated PTT line*), quality (transmission rate in bauds, bits/s), length, system (two-wire, four-wire).

· Details of radio or microwave links**: frequency, mode, channel bandwidth, transmit/receive system.

· Details of structure: point-to-point, ring, star.

· Is masking or encryption called for?

2.3.3.3
Training

In order to make effective use of the monitoring facilities, it is essential that a comprehensive training program is acquired, along the monitoring facilities. There are two components of this training program as listed below:

a) Factory training is to be provided at the supplier’s factory on equipment that is identical to that being purchased by the Administration. The classroom training must include a course on the fundamentals of spectrum monitoring (and spectrum management) by suitably qualified trainers with first-hand experience.

b) Site training is to be provided at Administration monitoring facilities once the equipment has been installed. Most of the remaining time shall be used for Administration to learn on-the-job increasingly sophisticaded monitoring tasks. A final information classroom shall be provided to show how monitoring information is to be utilized to validate a national spectrum monitoring.

For training the number and qualifications of the persons taking part, the location and duration of the training must be discussed. This calls for separate training courses at different levels.

2.3.3.4
Maintenance and repair

The concept for maintenance and repair should under all circumstances be worked out (e.g. what is to be repaired locally, what centrally and what by the manufacturer(s)?).

Stocking of spares, the considerations to be made are as follows:

a) single components

b) subassemblies (e.g. circuit boards)

c) whole rack-mounts or plug-ins

d) life-line equipment

It is also necessary to check the time interval for which the stocking is intended (not forgetting the differing MTTRs = mean time to repair).

2.3.3.5
Documentation (and training)

Equipment/system documentation is provided in the necessary language(s).

Detailed documentation must be available as part of the project.

2.4
Acceptance of systems and subsystems

2.4.1
Factory Acceptance 

The provider shall (at its own expense carry out) at the place of manufacture all such tests and/or inspection of the equipment and any part of the equipment as specified in the contract according the factory acceptance documents submitted by the provider amended or not by the Administration (Mutual agrement).

2.4.2
Site Acceptance Test Procedure 

The provider supplies the site acceptance document(s) to the Administration and shall give a reasonable advance notice of such test and/or inspection and the place and time thereof the project. The tests are carried out to demonstrate that all items of equipment are present; that they are correctly assembled and interconnected; that they function correctly according the technical specifications (Visual inspection and technical tests).

Provisional Acceptance 

Provisional acceptance shall occur in respect of the equipment or any part thereof when :

· the Provisional Acceptance Test has been sucessfully completed and functional guarantees are met; or

· the Provisional Acceptance Test has not been sucessfully completed or has not been carried out of reasons not attribuable to the provider 

· any minor items 

It is given hereafter an example of the Provisional Site Acceptance Test Procedure Report's content concerning a H/V/UHF Fixed station:

a) Subject

The document describes the acceptance procedures of a Spectrum Monitoring Fixed Station under the terms of the contract. 

b)
Visual Inspection 

Operations to be carried out to check the presence of all the items listed on the contractual configuration statement and fill in the configurations and handbooks

- Antennas systems

- Antennas switching

- Antennas cables

- Lightning protection 

- Masts, towers (stays, painting, ligthning, .... )

- Inspection of building, wiring, security devices, frames, racks, computers, receivers, energy, software implantation, ...

- Handbooks

- Marking (Equipment Homolagation)

- Documentation will be controlled and the list of the delivered documents annexed to the acceptance report 

c) Technical Tests 

· Energy check (Main supply and UPS)

· H/V/UHF Direction Finding functions: fixed frequency, scannings, location

· H/V/UHF ITU Measurements: fixed frequency, frequency scanning, memory scanning 

· Signal Analysis 

· Manual and automatic missions: systematic control of transmitters, frequency occupation rate, search of unknown transmitters, …….

· Bite 

The result of the tests carried out during acceptance will be consigned in the Acceptance Test Report signed by the Administration and the supplier.

Final Acceptance

After the Provisional Acceptance Certificate (signed by both parts), according to the administrative terms specifying the guarantee time (generally one year), it is delivered the Final Acceptance Certificate.

________________

* 	Interfaces according to ITU-T recommendations (e.g. V24).


** 	If available computers are to be integrated into the system, it is necessary to have details of the type, memory capacity, interface conditions, peripherals and software. A transmitter (or transmitters) shall normally be operated remotely to avoid interference to the monitoring station.





______________

Contact point:
Mr. Philippe Mège, Thales Communications, Paris (France)
Tel.: +33 1 46132145 / Fax: +33 1 46132076
e-mail: philippe.mege@tcc.thomson-csf.com
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