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	Summary: 

	ECC Recommendation (15)01 is a reference document for negotiating bilateral or multilateral cross-border coordination agreements. In order to verify whether agreed field strength values are respected measurements in the field should be performed (usually by radio monitoring department).
Different equipment might be used to perform measurements and due to internal noise of measuring system there is a limit on the field strength values the equipment can measure.
This input shows the lowest measurable level of three type of measuring equipment commonly used in practice – a) measuring receiver, b) spectrum analyser and c) radio scanner.
Based on the analysis it can be observed that measuring receiver and spectrum analyser will not be suited to measure field strength values for unsynchronised operation in 3400-3800 MHz frequency band as the lowest measurable limit for data channel is around 52 dBµV/m/5 MHz and for control channel 30 dBµV/m/30 kHz.
In addition to internal noise of measuring system, there is always external noise which might impact the measurements and needs further considerations. According to Recommendation ITU-R P.372 the level of external noise at 3.5 GHz frequency is around 36 dBµV/m/5 MHz (14 dBµV/m/30 kHz).
It is also important to mention that, commonly available equipment can perform only average measurements. Therefore clarification is required whether field strength values for data channel expressed as median value in ECC Report 331 (and considered in the revision of ECC Recommendation (15)01) can equally correspond to the average values measured in the field.

	Proposal:

	invites Group to
when defining field strength levels in new revision of ECC Recommendation (15)01 reflect limitations to perform measurement in the field for low levels
add new material provide in this input as new Annex 6 to the ECC Recommendation (15)01
make appropriate reference to this new Annex in section A1.3 of ECC Recommendation (15)01

	Background:

	ECC PT1 work item PT1_43 on update of ECC Recommendation (15)01 on 3.4-3.8 GHz part taking into account ECC Recommendation (20)03 and draft ECC Report 331 on “Efficient usage of the spectrum at the border of CEPT countries between MFCN TDD networks in the frequency band 3400-3800 MHz”.
ECC PT1 meeting #69 agreed to have correspondence group (CG) to address updates to ECC Recommendation (15)01.


Limit of the field strength measurement due to the internal noise of the measuring equipment
In order for administrations to know whether mobile operators comply to the conditions agreed in bilateral or multilateral agreements between neighbouring countries measurements in the field might be performed (usually by monitoring department). There are few methods how to measure field strength. These can be grouped as frequency selective or code selective measurements. Three type of measuring equipment are commonly used in practice:
measuring receiver
spectrum analyser
radio scanner

This Annex analyses the lowest limit of field strength level above mentioned equipment can measure.
Frequency selective measurements
Measurement receivers or spectrum analysers are commonly used to measure field strength with this method.
Measuring receiver
The internal noise power of the measuring receiver PN recalculated to its input is equal to:
	
	
	(1)


Where: 
NF is the receiver noise figure in dB; 
f is the receiver noise bandwidth in Hz;
With sufficient accuracy for the measuring receivers in equation (1), instead of the noise bandwidth Δf, the intermediate frequency IF bandwidth can be used. 
Field strength E and the resulting power at the input of the receiver PR are related by the expression:
	
	
	(2)


Where: 
f is frequency in MHz; 
G is gain of the receiving antenna to the direction of the monitored transmitter in dBi;
Rloss is the receiving transmission line losses (cable, feed and mismatch) in dB.
Combining equations (1) and (2), under the condition that PN = PR, the field strength EN that produces the power at the input of the receiver equal to the power of its internal noise is equal to:
	
	
	(3)


Spectrum analyser
The internal noise of spectrum analysers is usually characterized by the parameter DANL (Displayed Average Noise Level). The relation between DANL (given for a 1 Hz bandwidth) and noise figure is:
	
	
	(4)


Combining equation (3) and (4), the field strength EN that produces the power at the input of the spectrum analyser equal to the power of its internal noise is:
	
	
	(5)


Where: 
f is the spectrum analyser noise bandwidth in Hz.
With sufficient accuracy, instead of the noise bandwidth Δf, the resolution bandwidth (RBW) of spectrum analyser can be used.
Code selective measurements
Radio scanners are commonly used to measure field strength with this method as such equipment is capable to decode network information.
Radio scanner
Field strength level can be calculated using equation (2). However in this case PR is the lowest received signal power level (i.e. scanner’s sensitivity level).
examples of typical noise figures for each type of equipment
Measuring receiver
At 3.5 GHz typical noise figure in normal mode is 10 dB.
Spectrum analyser
At 3.5 GHz typical DANL value of spectrum analyser is -164 dBm.
Radio scanner
At 3.5 GHz typical noise figure of radio scanner is 6 dB.
The scanner can also decode digital signals. In 5G NR case scanner measures Synchronization Signal reference signal received power (SS-RSRP) quite accurately when its value is not less than SSB (Synchronization Signal/PBCH block) sensitivity. Standards allow to transmit SSB with a periodicity of 5 ms, 10 ms, 20 ms, 40 ms, 80 ms or 160 ms. A UE can assume a default periodicity of 20 ms during initial cell search or idle mode mobility. For this periodicity SS-RSRP sensitivity is around -146 dBm.
Antenna
Weakly directional log-periodic antennas are usually used to perform measurements at fixed points. At 3.5 GHz typical gain of this type of antenna is 5.5 dBi.
Omnidirectional antennas with vertical polarization are used to perform measurements while in motion. At 3.5 GHz typical gain of this type of antenna is 4 dBi.
Calculation of the minimum measurable field strength level
The minimum measurable field strength Emin will be calculated for each of the monitoring equipment type. The antenna gain of 5.5 dBi will be used as a reference. It is also assumed that at the Emin, the power at the input of the receiver or spectrum analyser should be 6 dB higher than the receiver's own noise level PN in order to achieve acceptable measurement accuracy.
Calculation results are provided in Table 1 below. It was assumed that 5 MHz bandwidth corresponds to data channel and 30 kHz to control channel.
[bookmark: _Ref90458624]Table 1: Minimum measurable field strength level with monitoring equipment
	Equipment
	F,
MHz
	Bandwidth (1)
	NF,
dB
	Antenna G,
dBi
	Rloss,
dB
	PN,
dBm
	EN,
dBµV/m
	Emin,
dBµV/m

	Measuring receiver
	3500
	30 kHz
	10
	5.5
	1
	-119.7
	23.7
	29.7

	
	3500
	5 MHz
	10
	5.5
	1
	-97.5
	45.9
	51.9

	Spectrum analyser
	3500
	30 kHz
	12.5 (2)
	5.5
	1
	-117.0
	26.4
	32.4

	
	3500
	5 MHz
	12.5
	5.5
	1
	-94.8
	48.6
	54.6

	Radio scanner
	3500
	30 kHz
	6
	5.5
	1
	-146.3 (3)
	-2.6
	-2.6 (4)

	
	3500
	5 MHz
	6
	5.5
	1
	-102.3 (5)
	41.1
	41.1 (4)

	Note 1: for measuring receiver it is IF bandwidth and for spectrum analyser it is RBW;
Note 2: value derived from equation (4) using DANL value of -164 dBm;
Note 3: according to equation (1) the value would be -124.5 dBm/30 kHz but specifications provide higher sensitivity, most likely due to coherent accumulation of received reference signals;
Note 4: the value for Emin is equal to EN since it was assumed that addition of 6 dB is required only for receiver or spectrum analyser;
Note 5: in this case scanner is working in frequency selective mode (like measuring receiver or spectrum analyser), although in code selective mode SS-RSRP level could be used and EN will be equal to 23 dBµV/m (assuming that antenna gains of data and SSB channels are the same).


Additional aspect
The results in Table 1 take into account only internal noise of the equipment, however both external noise and the internal noise generated within the receiver must be considered. Recommendation ITU-R P.372-15 provides information on the background levels of radio noise in the frequency range from 0.1 Hz to 100 GHz. This recommendation defines external noise figure Fa and corresponding values of field strength EN.
For a short (h << ) vertical monopole above a perfectly conducting ground plane, the vertical component of the field strength is (equation 7 of Recommendation ITU-R P.372):
	
	
	(6)


Where: 
Fa is external noise figure in dB;
f is centre frequency in MHz;
B is noise bandwidth in Hz.
For a reference isotropic antenna in free space field strength is (equation 8 of Recommendation ITU-R P.372):
	
	
	(7)


At 3.5 GHz the Fa is equal to -5 dB (see Figure 3 of Recommendation ITU-R P.372 for the case of E, which is sky noise due to oxygen and water vapour for 0 elevation angle), hence the corresponding values of field strength EN of external noise is:
15.2 dBµV/m/30 kHz and 37.4 dBµV/m/5 MHz for a short vertical monopole;
13.9 dBµV/m/30 kHz and 36.1 dBµV/m/5 MHz for a reference isotropic antenna.
Overview
From the analysis it can be observed that measuring receiver and spectrum analyser will not be suited to measure field strength levels for data and control channels for some operation modes in Annex 1 (i.e. unsynchronised operation without DSB, unsynchronised operation without preferential frequency blocks, DSB implementation zone).
In addition to the limitations of the measuring equipment due to the internal noise, there is always external noise, which should be taken into account.
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