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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 for this task. However due to internal noise of measuring system there is a limit on the field strength values the equipment can measure.
This paper analyses limitations for three type of measuring equipment commonly used in practice – measuring receiver, spectrum analyser and radio scanner.
Based on the analysis it can be observed that measuring receiver and spectrum analyser will not be suited to measure proposed field strength values of Emedian and ESSB for unsynchronised operation with partial duplex misalignment and ECC Recommendation (20)03 recommended scenario without DSB (mode #3) and for fully-unsynchronised operation (100% duplex misalignment) with or without preferential frequency (mode #5 and mode #4).
In addition, there is always external noise which might impact the measurements and needs further considerations.
Moreover, commonly available equipment can perform only medium 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 medium values measured in the field.

	Proposal:

	invites Group to
when defining field strength levels in new revision of ECC Recommendation (15)01 take into account limitations to perform measurement in the field for very low levels

	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.
Document CG X-border #29_4 investigates implications of the values obtained in ECC Report 331 for the mobile operators to deploy TDD networks in the Republic of Lithuania focusing on unsynchronised operation.


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 or code selective measurements. Common practice is using one of the following equipment:
measuring receiver
spectrum analyser
radio scanner
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, we will obtain an equation for the field strength EN that produces the power at the input of the receiver equal to the power of its internal noise:
	
	
	(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), we will obtain an equation for the field strength EN that produces the power at the input of the spectrum analyser equal to the power of its internal noise:
	
	
	(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
For code-selective measurement of the field strength, radio scanners are usually used as they are capable to decode 5G network information.
Radio scanner
The equation (2) applies. However in this case PR is received signal power level (i.e. scanner’s sensitivity level).
Typical equipment used for measurements in the field
Antenna
Weakly directional log-periodic antennas are usually used to perform measurements at fixed points. A typical antenna of this class is Rohde&Schwarz HL040E[footnoteRef:2]. At 3.5 GHz typical gain of this antenna is 5.5 dBi. [2:  https://www.rohde-schwarz.com/brochure-datasheet/hl040e/] 

Omnidirectional antennas with vertical polarization are used to perform measurements while in motion. The company PCTEL offers a wide selection of such antennas adapted for mounting on the roof of a car. Typically, users will prefer an antenna with a medium peak gain. Typical example for this class of antenna is OP278H[footnoteRef:3]. At 3.5 GHz typical gain of this antenna is 4 dBi. [3:  https://dev2.pctel.com/wp-content/uploads/2020/07/PCTEL-Outdoor-Scanning-Receiver-Antennas-Datasheet.pdf] 

Measuring receiver
One of the most widely used quality measuring receivers is the Rohde&Schwarz EB500[footnoteRef:4]. At 3.5 GHz typical noise figure in normal mode is 10 dB. [4:  https://www.rohde-schwarz.com/brochure-datasheet/eb500/] 

Spectrum analyser
Some of widely used spectrum analysers are Anritsu Field Master Pro MS2090A[footnoteRef:5] and Rohde&Schwarz FSVR[footnoteRef:6]. At 3.5 GHz typical DANL value for MS2090A is -164 dBm and for FSVR is -163 dBm. [5:  https://www.anritsu.com/en-us/test-measurement/products/ms2090a]  [6:  https://www.rohde-schwarz.com/brochure-datasheet/fsvr/] 

Radio scanner
A typical device of this class is Rohde&Schwarz TSME6[footnoteRef:7]. At 3.5 GHz typical noise figure is 6 dB. [7:  https://scdn.rohde-schwarz.com/ur/pws/dl_downloads/dl_common_library/dl_brochures_and_datasheets/pdf_1/TSME6_bro_en_3607-6873-12_v1300.pdf] 

Calculation of the minimum measurable field strength
Based on equipment specifications the minimum measurable field strength Emin will be calculated for each of the measurement option using Rohde&Schwarz antenna HL040E. It will also be 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. Such condition is required in order to achieve acceptable measurement accuracy.
The scanner measures SS-RSRP quite accurately when its value is not less than SSB index detection threshold. According to specification this threshold for 30 kHz subcarrier spacing and 10 ms periodicity is -145 dBm and for 40 ms periodicity the value is -140 dBm. By default, the value is usually 20 ms, so we would assume an average value of -142.5 dBm in the calculations.
Calculation results are provided in Table 1 below.
[bookmark: _Ref90458624]Table 1: Minimum measurable field strength level with monitoring equipment
	Equipment
	F,
MHz
	Bandwidth,
MHz (1)
	NF,
dB
	Antenna G,
dBi
	Rloss,
dB
	PN,
dBm
	EN,
dBµV/m
	Emin,
dBµV/m

	Measuring receiver
	3500
	0.03
	10
	5.5
	1
	-119.7
	23.7
	29.7

	
	3500
	5
	10
	5.5
	1
	-97.5
	45.9
	51.9

	Spectrum analyser
	3500
	0.03
	12.5 (2)
	5.5
	1
	-117.0
	26.4
	32.4

	
	3500
	5
	12.5
	5.5
	1
	-94.8
	48.6
	54.6

	Radio scanner
	3500
	0.03
	6
	5.5
	1
	-142.5 (3)
	0.9
	0.9 (4)

	
	3500
	5
	6
	5.5
	1
	-102.3
	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.
Additional aspects
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 given by equation 7 of that recommendation:
	
	
	(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 given by equation 8 of that recommendation:
	
	
	(7)


At 3.5 GHz the Fa is equal to -5 dB, hence the corresponding values of field strength EN of external noise will be:
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.
Consideration of field strength values based on ECC Report 331 results
ECC Report 331 addresses cross-border coordination for MFCN in the following operation modes (described in section 4.2 of the Report):
Mode #1 – Synchronised operation 
Mode #2 – Unsynchronised operation with partial duplex misalignment and ECC Recommendation (20)03 recommended scenario with Downlink Symbol Blanking (DSB)
Mode #3 – Unsynchronised operation with partial duplex misalignment and ECC Recommendation (20)03 recommended scenario without DSB
Mode #4 – Fully-unsynchronised operation (100% duplex misalignment) without preferential frequency blocks
Mode #5 – Fully-unsynchronised operation (100% duplex misalignment) with preferential frequency blocks
The simulated or calculated field strength values for these five cross-border operation modes can be found in Table 4 and Table 5 of ECC Report 331. The results account for different deployment scenarios (rural and suburban), various UL TP loss (30%, 20%, 10%) and operation of both AAS and non-AAS BS. Those field strength values will be the basis for further consideration in the revision of the ECC Recommendation (15)01.
For AAS BS three field strength values were obtained (depending on channel type (data or control) and antenna patterns (beamforming or fixed)):
Median data field strength value in dBµV/m/(5 MHz);
Maximum data field strength value in dBµV/m/(5 MHz);
SSB field strength values in dBµV/m/(30 kHz) for two types of SSB antenna patterns (single-beam and multi-beam). 
For non-AAS BS one set of field strength values was obtained, expressed in dBµV/m/(5 MHz), since same antenna pattern apply to both data and control channels.
Report also highlights that for determining the DSB implementation zone, it is preferred to have a field strength value without distinguishing between suburban or rural area and or between single-beam SSB or multi-beam SSB. Table 6 of ECC Report 331 gives average values between suburban and rural scenarios in order to ease the cross-border coordination at 10%, 20% and 30% UL throughput loss.
ECC PT1 correspondence group are discussing the approach how to choose field strength values from ECC Report 331 in order to find balance between capacity loss and coverage. Based on input documents the discussions are focusing on using the averaged simulation results between suburban and rural areas at 30% UL TP loss for AAS case. Noting that maximum data field strength values are a theoretical worst-case upper bound and that in real deployments the AAS beam will not be permanently pointing towards one direction since the maximum gain is directed to the UEs which are randomly distributed only median data field strength values and SSB field strength values are under further considerations. Those field strength values (at borderline for 3 m height above ground) can be summarised in the table below. 
[bookmark: _Ref90458942]Table 2: Averaged simulation results between suburban and rural areas at 30% UL TP loss for AAS case (at borderline for 3 m height above ground)
	Operation mode
	Emedian
(dBµV/m/(5 MHz))
	ESSB single-beam
(dBµV/m/(30 kHz))
	ESSB multi-beam
(dBµV/m/(30 kHz))

	Mode #1
Synchronised operation
	78.4
	69.0
	75.7

	Mode #2
Unsynchronised operation with partial duplex misalignment and ECC Recommendation (20)03 recommended scenario with Downlink Symbol Blanking (DSB)
	Same as mode #1,
10.4 outside DSB
	Same as mode #1,
0.6 outside DSB
	Same as mode #1,
1.8 outside DSB

	Mode #3
Unsynchronised operation with partial duplex misalignment and ECC Recommendation (20)03 recommended scenario without DSB
	26.5
	16.9
	18.5

	Mode #4
Fully-unsynchronised operation (100% duplex misalignment) without preferential frequency blocks
	12.2
	2.6
	3.8

	Mode #5
Fully-unsynchronised operation (100% duplex misalignment) with preferential frequency blocks
	49.6
	43.7
	45.9

	DSB implementation zone
	10.4
	1.2


Note: values are at borderline for 3 m above ground
Since ECC Report 331 results were obtained separately for suburban and rural cases, the comparison of the values in Table 2 with the values for rural case is provided in ANNEX 1:.
It should be noted, that ECC Recommendation (15)01 defines field strength values also at 6 km distance inside the neighbouring country depending on synchronisation signal alignment. These values were previously calculated as 18 dB lower than the values at the border. Therefore Table 2 should be complemented with the values for the second line. These are summarised in Table 3 below.
[bookmark: _Ref90459089]Table 3: Averaged simulation results between suburban and rural areas at 30% UL TP loss for AAS case (for 3 m height above ground)
	Operation mode
	Emedian
(dBµV/m/(5 MHz))
	ESSB single-beam
(dBµV/m/(30 kHz))
	ESSB multi-beam
(dBµV/m/(30 kHz))

	Mode #1
Synchronised operation
	78 @ 0 km
and
60 @ 6 km
	69 @ 0 km
and
51 @ 6 km
	76 @ 0 km
and
58 @ 6 km

	Mode #2
Unsynchronised operation with partial duplex misalignment and ECC Recommendation (20)03 recommended scenario with Downlink Symbol Blanking (DSB)
	78 @ 0 km
and
60 @ 6 km
	69 @ 0 km
and
51 @ 6 km
	76 @ 0 km
and
58 @ 6 km

	Mode #3
Unsynchronised operation with partial duplex misalignment and ECC Recommendation (20)03 recommended scenario without DSB
	27 @ 0 km
	17 @ 0 km
	19 @ 0 km

	Mode #4
Fully-unsynchronised operation (100% duplex misalignment) without preferential frequency blocks
	12 @ 0 km
	3 @ 0 km
	4 @ 0 km

	Mode #5
Fully-unsynchronised operation (100% duplex misalignment) with preferential frequency blocks
	50 @ 0 km
and
32 @ 6 km
	44 @ 0 km
and
26 @ 6 km
	46 @ 0 km
and
28 @ 6 km

	DSB implementation zone
	10 @ 0 km
	1 @ 0 km


Note: @ stands for “at a distance inside the neighbouring country”
Comparing Table 3 and Table 1 it can be observed that measuring receiver and spectrum analyser will not be suited to measure both Emedian and ESSB for mode #3, mode #4 and mode #5.
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 for this task however due to internal noise of measuring system there is a limit on the field strength values such equipment can measure. Three type of measuring equipment commonly used in practice – measuring receiver, spectrum analyser and radio scanner were analysed.
From the analysis it can be observed that measuring receiver and spectrum analyser will not be suited to measure proposed field strength values of Emedian and ESSB for unsynchronised operation with partial duplex misalignment and ECC Recommendation (20)03 recommended scenario without DSB (mode #3) and for fully-unsynchronised operation (100% duplex misalignment) with or without preferential frequency (mode #5 and mode #4).
In addition, there is always external noise which might impact the measurements and needs further considerations.
Moreover commonly available equipment can perform only medium 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 medium values measured in the field. It might be the case if the proposed median field strength values derived from simulations follow Gaussian distribution however such assumption needs confirmation.
[bookmark: _Ref90458317]Comparison of field strength values
Table 4 below provides comparison for the averaged results between suburban and rural areas with the results for the rural areas at 30% UL TP loss for AAS case.
[bookmark: _Ref90495916]Table 4: Comparison of averaged results and values in ECC Report 331
	Operation mode
	Emedian
(dBµV/m/(5 MHz))
	ESSB single-beam
(dBµV/m/(30 kHz))
	ESSB multi-beam
(dBµV/m/(30 kHz))

	
	Suburban and rural average
	Rural
	Suburban and rural average
	Rural
	Suburban and rural average
	Rural

	Mode #1
Synchronised operation
	78.4
	78.7
	69.0
	68.8
	75.7
	75.6

	Mode #2
Unsynchronised operation with partial duplex misalignment and ECC Recommendation (20)03 recommended scenario with Downlink Symbol Blanking (DSB)
	Same as mode #1,
10.4 outside DSB
	Same as mode #1,
14.5 outside DSB
	Same as mode #1,
0.6 outside DSB
	Same as mode #1,
0.3 outside DSB
	Same as mode #1,
1.8 outside DSB
	Same as mode #1,
6.1 outside DSB

	Mode #3
Unsynchronised operation with partial duplex misalignment and ECC Recommendation (20)03 recommended scenario without DSB
	26.5
	31.5
	16.9
	17.3
	18.5
	23.2

	Mode #4
Fully-unsynchronised operation (100% duplex misalignment) without preferential frequency blocks
	12.2
	15.9
	2.6
	1.7
	3.8
	7.5

	Mode #5
Fully-unsynchronised operation (100% duplex misalignment) with preferential frequency blocks (Note 1)
	49.6
	49.6
	43.7
	43.7
	45.9
	45.9

	DSB implementation zone
	10.4
	14.5
	0.6
	0.3
	1.8
	6.1


Note 1: calculations in ECC Report 331 were performed only for suburban environment
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