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	Summary
This document describes criteria and procedures to protect radio monitoring stations in Germany from harmful interference emanating from nearby transmitters.


	Proposal

FM22 delegates are invited to study this document and to draw conclusions for their own monitoring stations as appropriate.
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1
Introduction
The protection of radio monitoring against harmful emissions is of particular importance in view of the increasing number of antenna sites for mobile and other radio services. It becomes more and more difficult to identify suitable new sites and to protect the existing ones.
This document describes the concept of the German Federal Network Agency for the establishment of protection zones for about 90 German radio monitoring stations. The stations are located in urban, sub-urban and rural areas.

2
General considerations

The specification of protection criteria for radio monitoring stations primarily involves considering technical aspects and is based on the principle that emissions from adjacent transmitting stations may not cause any interference at the monitoring stations. This includes especially the consideration of 3rd order intermodulation products which may be generated in a receiver resulting in fake emissions.
Due to the different output powers of transmitting stations it would not be appropriate to define a protection zone with a fixed radius around the monitoring station. A quick examination of the technical background of a radio frequency protection zone leads to the approach to assign a particular field strength that must not be exceeded. 
Beside technical aspects, monetary and management aspects are also of high importance. In order to reduce the administrative expenses an uncomplicated and efficient control process needs to be established. An uncomplicated process will be more acceptable by the telecommunication service providers.
For these reasons uniform protection criteria shall apply independent of the location of the monitoring stations and their technical specifications (direction finder or rotatable antenna, type of receiver, antenna cable length).

Radio operators and staff of the licensing department can verify the compliance with the protection field strength easily and sufficiently accurately by using a qualified software tool. If critical values are calculated field measurements can follow to determine the actual field strength at a certain location.

The calculations and the following examples are elaborated to get a well-balanced idea of the values that determine the protection criteria. They have in particular been valuable in an opinion forming process for the determination of the final field strength limits.
3
Calculation of the maximum permissible field strength 

3.1
Interference causes

There are two main causes of interfered radio monitoring stations. On the one hand the input voltage, respectively input power at the receiving installation. On the other hand the dynamic range and the large signal immunity.

The input power is the sum of power of every single incoming signal. This means every kind of noise, like white noise and other wanted and unwanted signals. The input power is always amplified by a certain antenna gain.
Large signal, as the opposite of small signal, means that a circuit can not be reduced to a linearized equivalent circuit around its operating point with sufficient accuracy. Thus large signal immunity describes the resistance of a receiver against intermodulation products.

Especially intermodulation products of 3rd order cause interference, hence they are formed close to the frequency used for signaling. Products of 2nd, 4th or even higher order are negligible.

3.2
Calculation using the antenna gain g

For each monitoring station its maximum agreeable field strength E needs to be calculated. By using this calculated field strength and the radiated power of the transmitter the minimum distance between the transmitter and the monitoring station can be calculated.
The calculation of the maximum agreeable field strength includes

· the large signal immunity (3rd order) of the receiver,

· the noise factor of the receiver,

· the minimum bandwidth (at intermediate frequency level) of the receiver,

· the gain of the antenna.
3rd order intermodulation products are calculated from the input power and the 3rd order intercept point (device constant) in accordance with
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The receiver noise power is
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where (all parameters in dB, dBm or dBHz)
	PIM3
	3rd order intermodulation product

	PE
	input power of the receiver

	PIP3
	3rd order intercept point ≥

	Pmin
	minimum power detectable by the receiver (receiver noise power)

	PR
	minimum input noise power at room temperature = -174 dBm

	NF
	receiver noise figure

	B
	effective (noise) bandwidth of the receiver


A 3rd order intermodulation product (PIM3) is already clearly visible and may cause an interference when its power corresponds to or exceeds the bandwidth-dependent receiver noise power Pmin of the receiver:
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The maximum receiver input power PE can be calculated with
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(5)
or with all parameters in dB, dBm or dBHz:
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(6)
The field strength E is related to input voltage U as follows:
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(7)

where ("K factor") kE is a frequency-dependent constant of the used antenna. If kE is not known, it can be calculated from the antenna gain g and the frequency f as follows:
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(8)

The following applies to connections at 50 Ω:
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(9)
Using (5) to (9), the maximum field strength E in dBµV/m is finally calculated with the known antenna gain g:
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Example:

The field strength at a monitoring station equipped with a receiver with PIP3 = 22 dBm, NF = 14 dB, B =1 kHz, antenna gain g = 15 dB, frequency f = 450 MHz should not exceed 86 dBµV/m.
3.3
Calculation using the K factor kE
Formula (10) can be simplified if the K factor kE is known instead of antenna gain:
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(11)

Example:

The field strength at a monitoring station equipped with a receiver with PIP3 = +30 dBm; NF = 12 dB; B = 50 Hz, antenna K factor kE = 20 dB should not exceed 99 dBµV/m.
3.4 
Required distance of a transmitter
The field strength a transmitter creates at a monitoring station is usually calculated by a qualified software tool. These tools can consider the landscape based on geographical data. Respectively these tools can also calculate the appropriate distance between transmitter and radio monitoring station. However, if this step has to be done without these tools free space propagation can be assumed for the calculation of the field strength.
Tropospheric and ground effects are practically nil. The required transmitter between a monitoring station and a transmitter is determined by:
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where

emax
in V/m



p
in W



d
in km
It has to be noted that formula (12) uses linear values instead of logarithmic values. Recommendation ITU-R P.525-2 [1] and sections 6.3 and 6.4 of the ITU Handbook on Spectrum Monitoring may be consulted for more detailed explanations on the calculation of free-space attenuation and conversion formulae.
3.5
Use of directional antennas on the transmitter side

Formula (12) and hence the calculated distances refer to omnidirectional transmitting antennas. In the case of directional emissions only those power components need to be considered which are emitted in the direction of the receiving installation. The use of directional antennas and varying the direction of maximum radiation provides some flexibility for telecommunication operators concerning the use of transmitter sites.

4
Protection criteria and licensing process
Taking account of the examples calculations and according to experience the German administration concluded that in the frequency range from 800 to 2600 MHz a reasonable maximum permissible field strength value is 90 dBµV/m. The permissible field strength for the frequency range below 800 MHz is set at 80 dBµV/m.

The licensing process is adapted to verify that a transmitter will not exceed the set field strength. A software tool is used to predict the field strength at the monitoring station caused by the transmitter. Depending on the result, the license will be issued.
· If the calculated value is obviously below the limit, the application will be accepted.

· A conditional acceptance will be issued if the calculated value gets close to or slightly exceeds the limit. To assign a final acceptance or to withdraw the conditional one an on-site field measurement is obligatory.

· The license request will be declined, if the calculated value exceeds significantly the threshold value.
An important party that has to respect the protections zones are the commercial telecommunication providers. To save time, man power and costs on both sides, necessary information needs to be shared between the regulatory authority and the providers. Beside the set protection criteria the provider should have a complete and updated listing of the monitoring stations that needs to be protected. This information allows the providers a practical handling with the applicable regulations and enables to an efficient network planning despite of the existence of protection criteria.
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