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1
Introduction
By the decisions of World Radiocommunication Conferences 2012 and 2015, the frequency bands 694-790 MHz, 790-862 MHz and 1 427-1 518 MHz were identified for International Mobile Telecommunication (IMT) on a global or regional basis. Also, in several countries the band 470‑694 MHz was identified for IMT in accordance with relevant footnotes of the Radio Regulations.
At the same time, global and regional satellite systems in the radionavigation-satellite service (RNSS) operate in the frequency bands below 3 GHz. Subject to No. 4.10 of Radio Regulations: "Member States recognize that the safety aspects of radionavigation and other safety services require special measures to ensure their freedom from harmful interference; it is necessary therefore to take this factor into account in the assignment and use of frequencies". Ensuring freedom from harmful interference in the frequency bands 1 164-1 215 MHz, 1 215-1 300 MHz and 1 559-1 610 MHz is essential for the reliable operation of the RNSS.

The frequency bands identified for IMT do not overlap by their main emissions with these RNSS frequency bands. However, unwanted emissions from IMT transmitters, including out-of-band and spurious emissions, can impact RNSS receiving earth stations operating in the frequency bands 1 164-1 215 MHz, 1 215-1 300 MHz and 1 559-1 610 MHz. 

In the RNSS frequency band 1 559-1 610 MHz, impact of the second harmonic emissions of IMT stations that use the frequency bands 694-790 MHz and 790-862 MHz is possible, as well as impact of spurious emissions of IMT stations that use the frequency band 1 427-1 518 MHz (see Fig. 1).

Figure 1
Potential interference from IMT transmitters to RNSS receivers operating in the frequency band 1 559-1 610 MHz
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Potential impact to the RNSS frequency bands 1 164-1 215 MHz and 1 215-1 300 MHz could be produced by the second harmonic emissions of IMT stations operating in the frequency band 470‑694 MHz and by spurious emissions of IMT stations operating in the frequency band 1 427‑1 518 MHz (see Fig. 2).

Figure 2
Potential interference from IMT transmitters to RNSS receivers operating in the frequency range 1 164-1 300 MHz
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Results of studies of potential unwanted emissions from IMT stations to RNSS receiving earth stations operating in the frequency bands 1 164-1 300 MHz and 1 559-1 610 MHz are provided below. These studies were conducted for theoretical (specified in Recommendations ITU-R M.2070 and ITU-R M.2071) and for actual (estimated) levels of unwanted emissions caused by IMT stations.
2
Initial data

2.1
Unwanted emission limits for IMT systems in the range below 3 GHz 
The unwanted emission limits for mobile stations of IMT systems are established in Recommendation ITU-R M.2071 «Generic unwanted emission characteristics of mobile stations using the terrestrial radio interfaces of IMT-Advanced» and in Recommendation ITU-R M.2070 «Generic unwanted emission characteristics of base stations using the terrestrial radio interfaces of IMT-Advanced» for IMT base stations. Subject to these Documents for IMT systems operating in the frequency bands below 3 GHz the unified limit of spurious emissions for IMT mobile and base stations as well as defined: minus 30 dBm/MHz (minus 60 dBW/MHz).
In spite of the fact that the spurious emission limits are defined as identical for IMT mobile and base stations the interference from only IMT mobile stations are considered as this interference scenario is more likely and difficult to control.

Figure 3
Spurious emission limits for IMT systems below 3 GHz
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It should be noted that in practice the actual IMT station spurious emission levels in the RNSS frequency bands can vary from the levels presented above. In some countries
 where Federal Communication Commission (FCC) regulation applies the spurious emission levels for IMT systems are more stringent. However currently there is no any formal internationally recognized limits or requirements with other limits of unwanted emissions in RNSS frequency bands. Therefore the unwanted (spurious) emission levels of IMT stations provided in the specified ITU-R Recommendations are used in further theoretical studies.

Apart from that, experimental studies were conducted where the actual unwanted emission levels for transmitting mobile stations were measured and based on the measured level additional estimations were made. 

2.2
Protection criteria for RNSS receiving earth stations 
Protection criteria for RNSS receiving earth stations in the frequency ranges L1 (the frequency band 1 559-1 610 MHz), L2 (the frequency band 1 215-1 300 MHz) and L3/L5 (the frequency band 1 164-1 215 MHz) are provided in Recommendations ITU-R M.1902, ITU-R M.1903, ITU-R M.1905 in the Tables 1, 2 and 3.
Table 1
Protection criteria for RNSS receivers (space-to-Earth) operating in the frequency band 1 164-1 215 MHz
	
	1
	2
	3
	4
	5

	Parameter
	Air-navigation receiver №1
	Aeronautical navigation receiver  №2
	High-precision receivers 
	Indoor positioning

receivers 
	General purpose receivers

	Signal frequency range (MHz) 
	1 176.45 ( 12
	1 204.704 + 0.423K ± 4.095, where 
K = –7, …, +12
	1 176.45 ( 12
	1 204.704 + 0.423K ± 4.095, where 
K = –7, …, +12
	1 176.45 ( 12
	1 204.704 + 0.423K ± 4.095, where 
K = –7, …, +12
	1 207.14 ( 12 
1 176.45 ( 12
	1 204.704 + 0.423K ± 4.095, where 
K = –7, …, +12

	Maximum receiver antenna gain in upper hemisphere (dBi)
	+3
	7
	3
	3
	3

	Tracking mode threshold power density level of aggregate wideband interference at the passive antenna output (dB(W/MHz))
	–144.8
	−140
	–147.4
	–150
	−140

	Acquisition mode threshold power density level of aggregate wideband interference at the passive antenna output (dB(W/MHz))  
	–148.7
	−146
	–147.4
	–156
	−146


Table 2

Protection criteria for RNSS receivers (space-to-Earth) operating in the frequency band 1 215-1 300 MHz 

	
	1
	2
	3
	4
	5
	6
	7

	Parameter
	SBAS ground reference receiver*
	High-precision semi-codeless receiver*
	High-precision receiver using L2C*
	Air-navigation receiver
(Note 10)
	Indoor positioning
	Others
	General purpose 

	Signal frequency range (MHz) 
	1 227.6 ( 15.345
	1 227.6 ( 15.345
	1 227.6 ( 15.345
	1 246 + 0.4375*K ± 5.11,
where
K = –7, …, +6
	1 227.6 ( 12
	1 246 + 0.4375*K ± 5.11,
where K = –7, …, +6
	1 278.75 ( 21
	1 227.6 ( 12
	1 246 + 0.4375*K ± 5.11,
where K = –7, …, +6

	Maximum receiver antenna gain in upper hemisphere (dBi)
	–2.0
	3.0
	3.0
	7
	6
	6
	6

	Tracking mode threshold power density level of aggregate wideband interference at the passive antenna output (dB(W/MHz))
	–147.5
	–147.4
	–147.4
	–140
	–150
	–121
	−139

	Acquisition mode threshold power density level of aggregate wideband interference at the passive antenna output (dB(W/MHz))  
	-147.4
	-147.4
	–147.4
	–146
	–156
	–127
	–145


Table 3

Protection criteria for RNSS receivers (space-to-Earth) operating in the frequency band 1 559-1 610 MHz

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	Parameter
	SBAS 
Category I
Type 1
	SBAS 
Category I
Type 2
	GBAS 
Category II/
III
Type 1
	GBAS 
Category II/III
Type 2
	SBAS ground reference receiver*
	Air-navigation precision approach receiver
	A‑RNSS
	General-purpose No. 1
	General-purpose No. 2
	Indoor 
positioning
	High-precision* (Note 11)

	Signal frequency range (MHz) 
	1 575.42 ( 15.345
	1 602 + 0.5625K ± 5.11, where 
K = −7, …, +6 
and
1 602 + 0.5625N ± 0.511, where 
N = +7, …, +12
	1 575.42 ( 15.345
	1 602 + 0.5625K ± 5.11, where 
K = −7, …, +6 
and
1 602 + 0.5625N ± 0.511, where 
N = −12, …, −8
	1 575.42 ( 15.345
	1 602 + 0.5625K ± 5.11, where 
K = −7, …, +6
	1 575.42 ( 15.345
	1 575.42 ± 12
	1 602 + 0.5625K ± 5.11, where 
K = −7, …, +6
	1 561.098
± 2.046
1 589.742
± 2.046
	1 575.42 ± 12
	1 602 + 0.5625K ± 5.11, where 
K = −7, …, +6
	1 575.42 ± 15.345
	1 602 + 0.5625K ± 5.11, where 
K = −7, …, +6

	Maximum receiver antenna gain in upper hemisphere (dBi)
	+3.0
	+7
	+3.0
	+7
	−2.0
	+7
	0.0
	6
	3
	6
	+3.0

	Tracking mode threshold power density level of aggregate wideband interference at the passive antenna output (dB(W/MHz))
	−140.5
	−140
	−140.5
	−140
	−146.0
	−140
	−146.9
	−136
	−140
	−142
	−147.4

	Acquisition mode threshold power density level of aggregate wideband interference at the passive antenna output (dB(W/MHz))  
	−146.5
	−146
	−146.5
	−146
	−147.4
	−146
	−146.9
	−142
	−146
	−148
	−147.4


3
Estimation of interference from unwanted emissions created by IMT stations to RNSS receiving earth stations operating in the frequency bands 1 164-1 215 MHz, 1 215-1 300 MHz and 1 559-1 610 MHz 

3.1
Theoretical estimations 
Theoretical interference estimations are made for the levels of IMT stations unwanted emissions (established in ITU-R Recommendations). At the same time it was defined both the required level of attenuation of unwanted emissions of IMT stations or separation distance between IMT transmitter and RNSS receiving earth stations that provide the required protection for RNSS receiver. 

The propagation model specified in Recommendation ITU-R Р.525-2 is used as the most suitable model for the potential separation distances.
The threshold power density levels of aggregate wideband interference in tracking and acquisition modes are used as the protection criteria for a certain RNSS receiver.

It is considered the worst case when the additional attenuations of RNSS receiver antenna gain and IMT transmitter towards each other are not applied. In practice such scenario is quite realistic taking into account the low antenna discrimination and also possible random location and direction of user antennas in the RNSS and IMT systems. In this case the required spurious emission power attenuation ΔP of IMT stations for RNSS receiver protection criterion is calculated by the following equation:  



ΔP = Plim – (Pout+Gmax)
where:


ΔP: 
required attenuation of IMT stations spurious emissions (dB);


Plim: 
RNSS receiver protection criteria (dB(W/MHz);


Gmax: 
maximum antenna gain of RNSS receiver (dBi);


Pout: 
IMT station spurious emission level (dB(W/MHz).
Using the propagation model in accordance with Recommendation ITU-R Р.525-2 the separation distances of transmitting and receiving systems can be calculated by the following equation:
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where:

Lbf :
free-space basic transmission loss (dB);

d :
distance (m);

 :
wavelength (m).
The equation can also be written in the following way: 



Lbf  = 32,4 + 20 log f + 20 log d 
where:


f: 
frequency (MHz);
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: 
distance (km).
Set equal ΔP to Lbf,, express d by the following:
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The estimation results of IMT station unwanted emissions impact to different RNSS receivers in navigation signal tracking and acquisition modes are shown in Tables 4, 5 and 6. For indoor RNSS receivers the interference from user IMT station located in the same building is considered. 

Table 4 
Estimation results of IMT stations (mobile/base) unwanted emissions impact to RNSS systems in the frequency band 1 164 ‑1 215 MHz
	
	1
	2
	3
	4
	5

	Parameter
	Air-navigation receiver №1
	Aeronautical navigation receiver  №2
	High-precision receivers 
	Indoor positioning
receivers 
	General purpose receivers

	Maximum receiver antenna gain in upper hemisphere (dBi)
	3
	7 
	3
	3
	3

	Spurious emissions level (dB(W/MHz))
	-60
	-60
	-60
	-60
	-60

	Interference power at the receiver antenna output (dB(W/MHz))
	-57 
	-53
	-57
	-57
	-57

	Tracking mode threshold power density level of aggregate wideband interference at the passive antenna output (dB(W/MHz))
	–144.8
	−140
	–147.4
	–150
	–140

	Required attenuation (dB)
	87.8
	87
	90.4
	93
	83

	Separation distance (m)
	498
	444
	672
	906
	287

	Acquisition mode threshold power density level of aggregate wideband interference at the passive antenna output (dB(W/MHz)) 
	–148.7
	−146
	–147.4
	–156
	−146

	Required attenuation (dB)
	91.7
	93
	90.4
	99
	89

	Separation distance (m)
	780
	885
	672
	1808
	572


Table 5

 Estimation results of unwanted emissions impact from IMT stations (mobile/base) to RNSS receivers in the frequency band 1 215‑1 300 MHz
	
	1
	2
	3
	4
	5
	6
	7

	Parameter
	SBAS ground reference receiver*
	High-precision semi-codeless receiver*
	High-precision receiver using L2C*
	Air-navigation receiver
(Note 10)
	Indoor positioning
	Others
	General purpose 

	Maximum receiver antenna gain in upper hemisphere (dBi)
	–2.0
	3.0 
	3.0 
	7 
	6
	6
	6

	Spurious emissions level (dB(W/MHz))
	-60
	-60
	-60
	-60
	-60
	-60
	-60

	Interference power at the receiver antenna output (dB(W/MHz))
	-62
	-57
	-57
	-53
	-54
	-54
	-54

	Tracking mode threshold power density level of aggregate wideband interference at the passive antenna output (dB(W/MHz))
	–147.5 
	–147.4 
	–147.4
	–140
	–150
	–121
	–139

	Required attenuation (dB)
	85.5
	90.4
	90.4
	87
	96
	67
	85

	Separation distance (m)
	366
	644
	644
	429
	1227
	42
	346

	Acquisition mode threshold power density level of aggregate wideband interference at the passive antenna output (dB(W/MHz)) 
	–147.4
	–147.4
	–147.4
	–146
	–156
	–127
	–145

	Required attenuation (dB)
	85.4
	90.4
	90.4
	93 
	102
	73
	91

	Separation distance (m)
	362
	644
	644
	856
	2448
	83
	690


Table 6 
Estimation results of unwanted emissions impact from IMT stations (mobile/base) to RNSS receivers in the frequency band 1 559‑1 610 MHz 

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	Parameter
	SBAS 
Category I
Type 1
	SBAS 
Category I
Type 2
	GBAS 
Category II/
III
Type 1
	GBAS 
Category II/III
Type 2
	SBAS ground reference receiver*
	Air-navigation precision approach receiver
	A‑RNSS
	General-purpose No. 1
	General-purpose No. 2
	Indoor positioning
	High-precision 

	Maximum receiver antenna gain in upper hemisphere (dBi)
	+3.0
	+7
	+3.0
	+7 
	−2.0
	+7 
	0.0
	6
	3
	6
	+3.0

	Spurious emissions level (dB(W/MHz))
	-60
	-60
	-60
	-60
	-60
	-60
	-60
	-60
	-60
	-60
	-60

	Interference power at the receiver antenna output (dB(W/MHz))
	-57
	-53
	-57
	-53
	-62
	-53
	-60
	-54
	-57
	-54
	-57

	Tracking mode threshold power density level of aggregate wideband interference at the passive antenna output (dB(W/MHz))
	−140.5
	−140
	−140.5
	−140
	−146.0
	−140
	−146.9
	−136
	−140
	−142
	−147.4

	Required attenuation (dB)
	83.5
	87
	83.5
	87
	84
	87
	86.9
	82
	83
	88
	90.4

	Separation distance (m)
	227
	334
	227
	334
	240
	334
	335
	191
	216
	381
	502

	Acquisition mode threshold power density level of aggregate wideband interference at the passive antenna output (dB(W/MHz)) 
	−146.5
	−146
	−146.5
	−146
	−147.4
	−146
	−146.9
	−142
	−146
	−148
	−147.4

	Required attenuation (dB)
	89.5
	93
	89.5
	93
	85.4
	93
	86.9
	88
	89
	94
	90.4

	Separation distance (m)
	452
	666
	452
	666
	282
	666
	335
	381
	431
	759
	502


The estimation results show that the required attenuation of unwanted emissions from mobile/base stations is from 67 dB to 102 dB. These attenuation values correspond to the separation distances from 42 m to 2 446 m.

Taking separation distance between stations of 1 m as a minimum acceptable distance the required additional attenuation of unwanted emissions from IMT stations is from 33 dB to 68 dB. 

Thus the theoretical estimation results show that the unwanted emission levels from IMT stations established in Recommendations ITU-R М.2070 and ITU-R M.2071 do not provide the required protection levels for RNSS receiving earth stations operating in the frequency bands 1 164-
1 300 MHz and 1 559-1 610 MHz. Large separation distances (from 42 m to 2 446 m depending on RNSS receiver type) are required to ensure successful joint operation of RNSS receiving earth stations and IMT stations. Thus simultaneous application of these devices in one local spot isn’t feasible without additional compatibility measures. 

3.2
Experimental estimations 
The experimental interference estimations are conducted for actual (experimental measurements) unwanted emissions of IMT stations. Corresponding measurements with IMT equipment were performed.

Further (also as in theoretical estimations) the impact of actual unwanted emission level from IMT stations to different RNSS receivers is estimated and the required attenuation level of unwanted emissions or the required separation distance between IMT transmitter and RNSS receiver are defined. 

The unwanted emissions from IMT stations in the frequency bands 1 164-1 215 MHz, 1 215‑1 300 MHz and 1 559-1 610 MHz can be produced by the second harmonic frequency of IMT equipment operating in the frequency band 470-862 MHz (see Figures 1 and 2).
In order to minimize potential negative impact to the currently operating RNSS equipment, spurious emissions of the second harmonic of IMT user equipment were measured for LTE modem operating in the frequency band 854.5-862 MHz (the second harmonic frequency 1 709-1 724 MHz). The results are completely applicable for IMT user equipment operating in the frequency bands 470‑790 MHz, since IMT user equipment characteristics in the frequency range 800 MHz and 
600/700 MHz are identical.
The following equipment is used in the experiments:

–
Spectrum analyzer ANRITSU MS2720Т;

–
R&S HL040 antenna;

–
HF calibrated cable set;

–
LTE modem: HUAWEI LTE USB 822FT.

The spurious emission level (second-harmonic) of LTE modem is conducted subject to the scheme shown in Fig.4. The modem is adjusted to transmit information in the frequency range of 800 MHz (the operating frequency band 854.5-862 MHz). 

Figure 4
Setup for unwanted emissions measurements
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Spectrograms of main and second harmonic emissions shown on the Fig. 5 and Fig. 6 respectively.

Figure 5 

Spectrogram of LTE modem main emission in the frequency band 854.5-862 MHz  
[image: image13.jpg]00

Spectrum Analyzer Data
Re_glo_#2 (71212015 11:14:48 AM)

‘Spectrum Analyzer|

100
200
300
<00
500
00
700
200 / | | |

800 ! : : !
1000

Center Freq: 858.000 000 MHz

Channel Power Width: 1.000 MHz
Span: 15000 Mz

@Bm 85200 85350 85500 85650 85800 85950 86100 86250 86400

Span: 15.000 000 MHz

Channel Power.7.37 dBm

Channel Power Density: 67,37 dBmkz

Measurement Parameters

Frequency Span 5,000 000 MFz
Trace Mode Max Hold_| Reference Level 0,000 dBm.
Preamp OFF | Scale 0.0 dBidiv
Nin Sweep Time 15 | Operator Name
Reference Level Offset 0008 | Tower,
Input Afienuation 2008 | Serial Number 829726
RBW 100.0 Kz | Base Ver. V413
VBW 30.0kHz | App Ver V532
Detecion RMS | Model WMS27248
Center Frequency 858.000 000 MHz | Options §.19.25,27.31,33,34.
Start Frequency 850500 000 MHz | Date 7212015 11:14:48 A
Stop Frequency 865,500 000 MHz | Device Name





Figure 6

Spectrogram of LTE modem spurious emissions on second harmonic 
(854.5-862 MHz- operating frequency band, 1 709-1 724 MHz – second harmonic).
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To define the emission power level at the modem output the following equation is used: 



Рout = Рm - G + N + L
where: 



Рm: measured emission level in the frequency band 1 MHz, dBm/MHz;



G: antenna gain, dB;



N: cable loss , dB;



L: free-space path loss at the distance of 1 m, dB.

The following equation is used to calculate L: 



L = 20 lg D + 20 lg F +32,4 

where:



D: distance, km;



F: frequency, MHz.

The measurement results of the main emission power and second harmonic emission power at the modem output are shown in Table 2:
Table 7 
Measurement results 
	Parameter
	Main emission
	Second harmonic frequency emissions 

	F, MHz
	858
	1716

	Рm, dBм/MHz
	-7,37
	-62,45

	G, dB
	7,8
	7,5

	N, dB
	1,2
	1,5

	L, dB
	31,2
	37,14

	Рout, dBm/MHz
	17,23
	-31,31

	Рout, dBW/MHz
	-12,77
	-61,31


The measurement results show that on second harmonic frequency the spurious emission level of IMT user equipment is -61.31 dBW/MHz and it confirms the spurious emission level of IMT stations established in current ITU-R Recommendations.
It is obvious that the impact of IMT station unwanted emissions measured level to RNSS receiving earth stations will be close to the results of theoretical estimations provided in Section 3.1.

4
Conclusions

Results of theoretical and experimental estimations indicate that the levels of unwanted emissions of IMT stations that are defined in Recommendations ITU-R M.2070 and ITU-R M.2071 are not enough to provide required protection level for RNSS receiving earth stations that operate in the bands 1 164-1 300 MHz and 1 559-1 610 MHz. Required separation distances are from 42 m to 2 446 m depending on the type of RNSS receiver, which makes impossible simultaneous application of these devices in one local spot without additional compatibility measures.
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