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	Summary
This document contains a Draft New ECC Recommendation of the determination of the radiated power through field strength measurements for frequencies between 500 and 2500 MHz as agreed in the spring meeting 2012 of FM22.


	Proposal
It is proposed to forward this PDNR to WGFM for consideration and adoption.


	Background
FM22 work programme




Determination of e.i.r.p. through field strength measurements 

(Month 2012)







introduction

The e.i.r.p of a transmitter is one of the most important parameters which characterise a transmitter and its emissions. Usually it is not possible to measure the e.i.r.p. directly. However, there are two different methods to determine the e.i.r.p. indirectly. The first method would measure the transmitter output power and calculate the e.i.r.p by taking into account cable losses and antenna gain (equivalent to an isotropic radiator). The second method measures the field strength and calculates the e.i.r.p. by taking into account the measurement distance and the propagation loss.

The purpose of this Recommendation is to provide a common measurement method which will enable CEPT administrations to determine the e.i.r.p. of a transmitter in the frequency range from 500 MHz to 2500 MHz from field strength measurements.
ECC recommendation (12)nn of Month 2012 on determination of e.i.r.p. of base stations in the frequency range from 500 MHz to 2500 MHz
“The European Conference of Postal and Telecommunications Administrations,

considering
a) that the limitation of the e.i.r.p. of a transmitter is essential for the limitation of co-channel re-use distances and for interference mitigation in neighboring channels,

b) that e.i.r.p is one of the parameters which is specified in many radio licenses,

c) that the verification of radio stations emissions for compliance with the license conditions is an important task of the radio monitoring or inspection services,

d) that e.i.r.p. is a parameter of selected Block Edge Masks (BEM) which are being developed as a new regulatory approach for the definition of a set of common and least restrictive technical conditions;
e) that e.i.r.p determination through measurements at the transmitter output are often impossible due to access problems or lacking test connectors,

f) that these measurements can be substituted by field strength measurements with subsequent conversion to e.i.r.p. under certain conditions,

g) that a e.i.r.p. determination through measurement at the transmitter output generally can only be done with the agreement and thus with the knowing about measurement activities of the operator or the operating company

recommends

1. that the measurement method described in Annex 1 should be used for the e.i.r.p determination based on field strength measurements in the frequency range from 500 MHz to 2500 MHz.

Note: 

Please check the Office documentation database (http://www.ecodocdb.dk) for the up to date position on the implementation of this and other ECC Recommendations.
ANNEX 1: e.i.r.p determination based on field strength measurements in the frequency range from 500 MHz to 2500 MHz
A.1.1 introduction

Field strength measurements are one of the basic tasks of all radio monitoring services. It is easy to measure the field strength at a single point in the electromagnetic field but due to reflections and other propagation effects the measured values may change extremely from one measurement point to the next. The measurement method below shows how these effects can be handled in order to retrieve reliable field strength values which may be used for the determination of the e.i.r.p. of a transmitter.

The measurement method is basically frequency independent. However, in practice there are limitations. For frequencies below 500 MHz the measurement would not be accurate enough because the assumed height of the measurement antenna (10 m) is not sufficient to capture both a maximum and a minimum field strength when performing a height scan to determine the effect of reflections.

A.1.2 Terms and Definitions / List of Abbreviations
	Abbreviation
	Explanation

	E
	Field strength in dB above 1 μV/m

	e.i.r.p.


	The equivalent isotropically radiated power of an antenna in dB(W) is the product of the antenna input power and the antenna gain, referenced to an isotropically radiating antenna, which does exist in theory only

	d
	Distance between transmitter antenna and measurement antenna in km

	h
	Antenna height in m


A.1.3 Conversion from receiver input level to field strength
The parameter field strength E is generally calculated from RF level measurements. The subsequent sections assume that field strengths are measured in the far field region under free space conditions using antennas with known antenna factors, cables with known losses, with adequate receiver bandwidth and sufficient signal to noise ratio. The formulas further assume an antenna load resistance of 50 Ω.
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where
e.i.r.p
in dB(W)



E
in dB(μV/m)



d
in km
Recommendation ITU-R P.525-2 [1] and sections 6.3 and 6.4 of the ITU Handbook on Spectrum Monitoring [2] may be consulted for more detailed explanations on the calculation of free-space attenuation and conversion formulae. Correct level measurement of digital signals and field strength measurements are specified in sections 4.3 and 4.4 of the ITU Handbook on Spectrum Monitoring [2].

A.1.4 The impact of ground reflections

Reflections have a substantial influence on field strength measurements. In extreme cases they may cause the total elimination of the signal or amplification by 6 dB, depending on the amplitude and phase difference between direct and reflected wave. Field strength measurements for e.i.r.p. calculation assume a direct line-of-sight position of the receiving antenna to the transmitter and an unobstructed propagation path with no objects causing considerable reflections in the vicinity. However, ground reflexions will always be present and have necessarily to be taken into account when the radiated power of a transmitter is calculated from the measured field strength.

Ground reflections can be detected by varying the antenna height h. Considerable ground reflexions exist if at least one sharp minimum and one maximum of the measured field strength can be detected. This effect occurs more distinctive with horizontally polarized signals.

[image: image3.emf]Height scan at 950 MHz

40 dBµV

45 dBµV

50 dBµV

55 dBµV

60 dBµV

65 dBµV

70 dBµV

75 dBµV

80 dBµV

2 m 3 m 4 m 5 m 6 m 7 m 8 m 9 m 10 m

Antenna height

Received level


Figure 1: Dependency of the field strength on height

For the elimination of effects due to ground reflections a correction value nk has to be applied. It can be determined from the difference between the maximum field strength and the adjacent minimum field strength. 
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With ΔE, Emax and Emin in dB(µV/m). The result can also be taken from Figure 2.
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Figure 2: Correction curve for nk
The free space field strength value E is determined by the following formula:
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A.1.5 Measurement procedure

The measurement procedure works as follows:

1. Inspect the installation

The field strength measurement requires that the monitoring antenna can be positioned in the main lobe of the transmitter and that the area between transmitter and monitoring antenna is unobstructed. Hence, first the base station must be inspected. Height, directivity and down tilt of the transmitter antenna have to be determined.

2. Calculate at which distance the main lobe reaches 10 m above ground

This is usually done with the help of an electronic map that includes terrain height or field strength prognosis tools. Alternatively, the measurement car can search the area in question until maximum receive strength is reached.
3. Search a suitable measurement point

The measurement point within the area determined in step 2 must have a line of sight to the transmitter. If directional transmit antennas are used, the monitoring antenna has to be placed in the direction of the main lobe. Usually the distance will be in the range of one to several hundred meters.

4. Measure the field strength at the predetermined point

Using a directional measurement antenna mounted on a retractable mast on the measurement vehicle, first at roof height, measure the field strength of the transmitter in question. If multiple frequencies are used (e. g. GSM stations), this is done on a channel that is constantly on the air with maximum power. For GSM, this will be the frequency carrying the BCCH, in UMTS this is the code domain power of the CPICH and the total field strength is 10 dB above the CPICH power.
 

Usually the measurement has to be done with an RMS detector. For continuous emissions, the measurement time has to be long enough to equalize any changes due to traffic or propagation. For pulsed emissions (TDMA systems like RLAN), the average burst power has to be measured (this is the RMS power during the burst only). Some specific systems such as analogue TV require the use of the Peak detector.


The measurement bandwidth should be equal to or higher than the occupied bandwidth of the signal under investigation. The polarisation of the measurement antenna should be the same as used by the transmitter. In case of cross-polarized transmitter antennas the polarisation of the measurement antenna is not relevant. Further details regarding field strength measurements may be found in section 4.4 of the ITU Handbook Spectrum Monitoring [2].


The field strength can be calculated using the antenna factor of the monitoring antenna (field strength = receive level + antenna factor). 
5. Search for the location with the highest field strength

The location with the highest field strength is searched by moving the measurement vehicle a few meters back and forth. This is done to ensure that possible reflections at the measurement location do not have significant influence in cancelling out with the direct wave.

6. Perform a height scan

This is done by permanently recording the receive level while the mast rises from roof level to 10 m above ground.
7. Determine the maximum field strength from the height scan

The maximum field strength is called Emax. Depending on reflections, especially from the ground, Emax must not necessarily be at the maximum antenna height.
8. Determine the field strength at the local minimum next to the maximum

This local minimum is hereafter called Emin. It is not the overall minimum of the complete height scan, but the minimum just next to the predetermined Emax. See also Figure 1.

9. Calculate the final magnitude of the field strength

The final magnitude of E is determined according to section A.1.4 above. This cancels out the effect of reflections that may have influenced the measurement result, especially the ground reflections.

10. Calculate the e.i.r.p 

The e.i.r.p is calculated by using the free space propagation formula according to section A.1.3 from the measured field strength E and the measurement distance d.

A.1.6 Measurement equipment

A laser distance measuring device, a GPS receiver, binoculars and a compass are usable tools for the visual inspection of the transmitter and the determination of the antenna height.

For the field strength measurement of many types of emissions a spectrum analyzer or measurement receiver may be used. For UMTS a PN scanner together with special software is required in order to achieve power measurements in the code domain. 

A.1.7 Measurement accuracy

The accuracy of this method depends on the local circumstances. The accuracy of the e.i.r.p. determination by using this method is typically accurate by at least +/- 3 dB, in some cases the accuracy is even better than +/- 1 dB. This has been proven in several 1000 measurements at base stations of mobile phone operators and verified by measurements using test transmitters with known parameters.
If the location of the transmitter antenna (roof, mast) is accessible, the accuracy of the method presented here may be verified as follows: A test transmitter with known parameters (power, antenna gain) is installed close to the antenna, operating on a free frequency close to the frequency of the actual transmitter to be measured. A height scan of the test transmitter at the predetermined measurement location is performed and its radiated power is calculated using the method described in this document. By comparing the result with the known true radiated power of the test transmitter the measurement error for the particular radio path can be determined. The calculated power of the actual transmitter to be measured can then be corrected by the magnitude of the error.
A.1.8 List of references

[1] Recommendation ITU-R P.525-2
Calculation of Free-Space Attenuation

[2] ITU Handbook Spectrum Monitoring
Edition 2011
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