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	Summary: 

	This document analyses the existing coordination agreements related to Mobile/Fixed Communications Networks (MFCN) operation conditions (i.e. field strength levels) on the border of Lithuania with neighbouring countries and raises questions regarding measurements in the field.

	Proposal:

	FM22 is invited based on the material to discuss the following:
Is it necessary to periodically monitoring MFCN fields strength levels in the border areas if there is no reported interference?
If periodical monitoring is carried out should the measured field strength be strictly in line with the threshold set in the bilateral agreements without any deviation (considering that threshold in agreements are based on relevant ERC/ECC Recommendations which define only predicted field strength levels)?
What should be the measurement methodology considering that threshold values is calculated with time and location probabilities?
Participants are also invited to share their monitoring practice on how conditions in bilateral agreements for the field strength levels created by MFCN in the border areas are ensured.

	Background:

	ERC/ECC recommendations regarding cross-border coordination for MFCN.
information on the practice when the excess of the MFCN field in the border area of the threshold level is considered a violation of bilateral agreements regarding the cross-border coordination for MFCN in which this level is set only for the predicted field strength.




1 Introduction
The Lithuanian administration has signed a number of agreements with neighbouring countries regarding the cross-border coordination for Mobile/Fixed Communications Networks (MFCN). According to these agreements, which are based on relevant ERC/ECC recommendations, the need for coordination of base stations is required if certain threshold of the predicted field strength is exceeded. A number of administrations began to believe that such threshold is also the basis for the control of field strength and require that measured level at the border should not exceed the threshold value for the predicted field. Recorded threshold exceedances began to be interpreted as violations of bilateral agreements. Although there is no methodology specified in relevant ERC/ECC recommendations for how to carry out such measurements. Moreover, the questions arises on the necessity of such measurements if there is no interference reported. In case such control would seem necessary, this document provides a number of observations regarding its implementation. 
2 Ecc recommendations concerning the coordination of MFCN at the border areas
Cross-border coordination between MFCN systems in border areas is necessary to avoid mutual interference and use the spectrum efficiently. The coordination procedures in separate frequency bands (from 700 MHz to 3800 MHz) are described by the following recommendations: ERC/REC/(01)01, ECC/REC/(14)04, ECC/REC/(11)05, ECC/REC/(05)08, ECC/REC/(08)02, ECC/REC/(15)01 and ECC/REC/(11)04 (hereinafter will be referred to as Recommendations). All Recommendations state that the need for coordination with a neighbouring country depends on the predicted level of field strength at the border. The coordination is not required if the predicted field strength does not exceed a certain threshold. If that threshold is exceeded the coordination with a neighbouring country is required. A certain threshold is sometimes referred to as trigger field strength.
[bookmark: _Ref90458624]Table 1: List of ECC recommendations regarding coordination between MFCN
	Frequency band
	ECC/ERC Rec
	Condition for the threshold
	Version history

	700
	ECC/REC/(15)01
	mean field strength of each cell
	14-02-2020, 05-02-2016

	800
	ECC/REC/(11)04
	mean field strength produced by the cell (all transmitters within the sector)
	03-02-2017, 26-05-2011

	900
	ECC/REC/(05)08
ECC/REC/(08)02
	field strength of each carrier
mean field strength of each cell
	03-02-2017, 01-02-2006
08-02-2019 (27-04-2012, 21-02-2008 mean field strength of each carrier)

	1500
	ECC/REC/(15)01
	mean field strength of each cell
	14-02-2020, 05-02-2016, 13-02-2015

	1800
	ECC/REC/(05)08
ECC/REC/(08)02
	field strength of each carrier
mean field strength of each cell
	03-02-2017, 01-02-2006
08-02-2019 (27-04-2012, 21-02-2008 mean field strength of each carrier)

	2100
	ECC/REC/(01)01
	predicted mean field strength of each carrier
	05-02-2016, 13-02-2001

	2300
	ECC/REC/(14)04
	mean field strength of each cell
	25-06-2014

	2600
	ECC/REC/(11)05
	mean field strength produced by the cell (all transmitters within the sector)
	03-02-2017, 26-05-2011

	3600
	ECC/REC/(15)01
	mean field strength of each cell
	14-02-2020, 05-02-2016, 13-02-2015


Most of the Recommendations state that the basic model to be used for assessing the trigger for coordination between administrations in order to decide if coordination would be required, is the latest version of Recommendation ITU-R P.1546 (“Method for point-to-area predictions for terrestrial services in the frequency range 30 MHz to 4 000 MHz”). Recommendations also recommend that coordination between MFCN systems (or between MFCN system and other system) in border areas shall be based on bilateral or multilateral agreements between administrations (hereinafter will be referred to as Agreements) and that these Agreements be prepared on the basis of the material given in those Recommendations.
It is important to emphasize that Recommendations do not provide any procedures for checking the level of the field strength in the border areas. 
Moreover all Recommendations have the section regarding propagation model to be used to trigger coordination which also indicates that:
“It should be noted that following methods provide theoretical predictions based on available terrain knowledge. It is practically impossible to recreate these methods with measurement procedures in the field. Therefore only some approximation of measurements could be used to check compliance with those methods based on practical measurement procedures. The details of such approximation are not included in this recommendation and should be negotiated between countries based on their radio monitoring practices.”.
3 Structure of bilateral agreements between Lithuania and neighbouring countries concerning the coordination of mfcn at the border areas
The Lithuanian Administration has signed a number of Agreements with the Administrations of neighbouring countries concerning the use of the frequency bands for MFCN. Each Agreement usually covers one frequency band. Moreover, the structure of all Agreements is almost the same and usually consist of the following chapters: Preamble, Principles, Use of frequencies, Procedure, Revision and cancellation, Entry into force. The main chapters specifying operation conditions and coordination are Use of frequencies and Procedure, the content of which is taken verbatim from the respective Recommendation.
The chapter Use of frequencies specifies that the frequencies (or frequency band) may be used without coordination with a neighbouring Administration if the predicted field strength (sometimes the terms field strength or predicted mean field strength are used) of each cell produced by the base station does not exceed a certain threshold at the borderline between countries and also at a certain distance inside the neighbouring country.
The chapter Procedure describes the coordination procedure if threshold is exceeded and how interference should be mutually eliminated. It also provides guidance on the choice of a model for calculating predicted field strengths.
It is important to note that the Agreements as well as the Recommendation do not mention anything about the control of field strength in the border area.
4 Ambiguity arising in the implementation of bilateral agreements
There are some elements arising when implementing bilateral agreement conditions if administrations desired to check compliance of theoretical predictions with the practical measurements.
First element, from Lithuanian experience, some of our neighbouring administrations believe that the field strength at the border should never exceed a threshold value. Those administrations periodically carry out measurements at the border, to which they are fully entitled, and if the threshold level is exceeded, they send letters to the Lithuanian Administration demanding to eliminate violations of the terms of the Agreements. Previously, in turn, the Lithuanian Administration also used this practice. As a result, administrations have required their mobile network operators to reduce field strength levels at the border.
In our opinion, such a practice, at least, is not effective. Firstly, this practice is quite expensive, as it requires a lot of resources and time. Second, the measurements feels redundant since no interference has ever been observed in all recorded cases of exceeding the threshold level (even if the exceedance is in the order of tenth dBs). Third, the Agreements, like the related Recommendations, do not explicitly state that field strength cannot exceed thresholds. As mentioned above, field strengths levels should normally be calculated according to the model described in the Recommendation ITU-R P.1546. This model is to be employed for the probabilities of 50% of locations and 10% of time. This means that even when the predicted field strength is equal to the threshold value, it could be exceeded in 10% of the time and 50% of the location. Fourth, if the measured field strength exceeds the threshold, then it could be interpreted that according to the Agreements the coordination would be required. But again, according to the Agreements, the coordination is based only on the predicted values of the field strength and not measured.
Second element, not all Recommendations indicate the type of the field strength. It is not clear whether it is instantaneous, mean or median value. Thresholds (trigger field strength values) are usually derived from cross-border network interference analysis using Monte Carlo simulations. Therefore, the measured level must be compared with the value of the field strength that was used in the simulations to estimate the magnitude of the interfering field. Most of Recommendations state that the coordination procedure is not required if the predicted mean field strength does not exceed a certain threshold. This suggests that the mean value of the field strength was used in the simulation to estimate the field strength. However actually median value is quite often used to estimate the magnitude of the time-varying field strength.
When measuring the field strength of wideband signals based on OFDM (e.g. LTE), it is generally recommended to use an RMS detector. However such detector is not suitable to measure mean or median value. For such measurements, it is necessary to use a FASTE detector, which produces only one value of the first sample during the measurement time. The RMS detector outputs the root-mean-square value from all samples during the measurement time, and therefore, when repeating short measurements, a distorted distribution of field strength over time is obtained. To show this, successive 10-minute interval measurements of the field strength were carried out with the FASTE and RMS detectors. The measurements were carried out using the measuring receiver R&S EB500 and the software R&S Argus. For 10 minutes, EB500 worked in the mode of repeated measurements. The time of one measurement was 4 ms and IF bandwidth was equal 5 MHz. The measurement results are shown in Figure 1. From this figure it is clearly seen that the RMS detector distorts the amplitude distribution of the field strength. For this reason, the average and median values obtained using this detector will differ from their real values.
[image: C:\Users\gleontjev\Documents\Documents\Darbai\Darbai aktualus\FM22-\Fig. 1.tif]
Figure 1: The dependence of the field strength of the LTE base station from time, in the time intervals 0-60 s and 120-180 s measured using the RMS detector (black dots), and in the time interval 60-120 s measured using the FASTE detector (red dots). The time of one measurement in both cases was 4 ms.
In order to evaluate the influence of the detectors on the determination of the mean and median field strengths, the experiment described above was modified: the measurement interval with each of the detectors was reduced from 10 minutes to 1 minute. Then, for each 1-minute interval, the mean and median values were calculated, and the mean value was determined by averaging in a linear and logarithmic scales. Of course, the mean is understood as an arithmetic mean, and therefore, to calculate it, it is necessary to average the field strength samples on a linear scale. But since most measurement receivers and spectrum analysers use logarithmic averaging, we also used it for comparison. The results are shown in Figure 2.
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Figure 2: The time dependence of the base station mean field strength measured with RMS and FASTE detectors
From Figure 2 it can be seen that when using the RMS detector, the median value is close to the mean value, regardless of the averaging method. Median and the mean values using the RMS detector are noticeably higher than when using a FASTE detector. Moreover, when using the FASTE detector, the mean value strongly depends on the averaging method. The values obtained by linear averaging are approximately 2 dB higher than those obtained by logarithmic averaging.
Based on the above in order to obtain repeatable results when measuring the mean value of the field strength, the averaging time interval must be sufficiently large. From Figure 3 it could be seen that if the allowable variations in the results of individual measurements should not exceed 1 dB, then the averaging interval should not be shorter than 360 s (6 min).
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Figure 3: The dependence of the mean value of the LTE base station field strength from time for different averaging intervals (averaging interval 10 s - blue, 60 s - red, 360 s - black)
Third element, the use of cross-polarised signals (-/+45 degrees) in MFCN. In this case, the base stations emit two waves with orthogonal polarizations. It must be assumed that in this case it is necessary to measure two field strengths, one for the polarization of the receiving antenna with -45 degrees, another with +45 degrees. However Recommendations never mention cross-polarization. Typically, a vertically polarized directional antenna is used in measurements. In case such type of antenna is used to measure field strength of cross-polarised signals some correction should be considered. The following investigation will consider the case when the field strengths with polarizations of -45 degrees and +45 degrees are equal. Let's denote them as E(45). Their vertical components E(V) are:
	
	
	(1)


The sum of the two vertical components E(V) depends on their cross-correlation. If they are perfectly correlated, then their amplitudes simply add up:
	
	
	(2)


From this expression it is easy to get that:
	
	
	(3)


If the vertical components are completely uncorrelated, then:
	
	
	(4)


Thus, depending on the degree of cross-correlation of two fields with a polarization of -45 degrees and +45 degrees, the field strength of their total vertical component is always greater than the field strength of each of them. Our experimental measurements confirm this conclusion. However, we have observed some discrepancy in ECC Report 256 (LTE coverage measurements) which indicates that a correction of 1.5 dB may be added to the measured levels in order to compensate for the polarization loss. In our opinion 1.5 dB should be subtracted. Therefore if our finding is correct, the error should be corrected.
In case a vertically polarized antenna is used to measure RSRP (instead of field strength), the situation is much clearer. Scanners and other measuring devices measure RSRP separately for each of the polarizations. Therefore a correction of 3 dB may be added to the measured levels in order to compensate for the polarization loss. 
5 Permissible deviation of the predicted field strength value
The predicted field strength should be calculated for 10% of the time and 50% of location. In order to determine the magnitude of the temporal excesses of the predicted field strength for 10% of the time, it is necessary to compare this field strength with its value calculated for a significantly short percentage of time. For our comparison purposes, it is sufficient to take the field strength for 1% of the time. To estimate the possible time exceedance of the predicted value of the field strength the Recommendation ITU-R P.1546-6 could be used, which shows the curves of the field strength versus distance. These curves represent field strength values at 50% of the locations within any area of approximately 500 m by 500 m and for 50%, 10% and 1% of the time for land or sea paths. It can be seen from the curves that as the percentage time value decreases, the predicted field strength value increases. For example for the curves for a frequency of 2000 MHz, a transmitting antenna height of 30 m and for land path the comparison results are shown in Figure 4. It could be observed that if the predicted field strength for 10% of the time is equal to the threshold value, then for 1% of the time the threshold value can be exceeded by 4 dB. Therefore, even when no coordination is required, the field strength may exceed a threshold value.
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Figure 4: The difference between the predicted field strengths for 1% and 10% of time
(frequency – 2000 MHz, transmitting antenna height – 30 m, land path)
Let us estimate the spread of the field strength on the surface. According to the Recommendation ITU-R P.1546-6 for a land receiving antenna location the field strength, E, which will be exceeded for q% of locations is given by:
	
	
	(5)


Where: 
Qi (q) is inverse complementary cumulative normal distribution as a function of probability; 
σL is standard deviation of the Gaussian distribution of the local means in the study area.
The representative values relate to the 50th percentile of the cumulative distributions of measured standard deviation of location variability σL is:
	
	
	(6)


Where: 
f is frequency in MHz;
wa is prediction resolution in m (in our case it is equal to 500 m).
The calculated results of σL are shown in Figure 5. 
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Figure 5: The dependence of standard deviation of location variability from frequency
(prediction resolution is equal to 500 m)
The figure shows that at a frequency of 2000 MHz, the parameter σL is close to 3.24 dB. The percentage of locations q is realistically chosen to be equal to 10%. The parameter Qi(10%) in this case will be equal to 1.282. Finally we get:
	
	
	(7)


Thus, at 10% of the location, the predicted field strength can be 4 dB above the median (for 50% of the location) value. And given the change in time, the total excess of the predicted field strength at 1% of the time and 50% of the location can exceed the predicted field strength at 10% of the time and 50% of the location by 4+4=8 dB. 
6 Conclusions
Neither the Recommendations nor the Agreements indicate a need to control a field strength levels in border areas. Though it is not clear that such control should be carried out in the field. Moreover, if such activity would be required some questions need to be addressed:
First, it is necessary to clarify what value of the field strength must be measured, averaged (mean) or median. Members of FM22 are invited to pay attention to this issue of ambiguity (see Section 4 for more information).
Second, the threshold for control a field strength level in border areas needs to be clarified. As shown in Section 5, even when the measured field strength is equal to the predicted value, the deviation could be 8 dB.
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