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	SUMMARY

	Recently ITU-R has been considering the introduction of systems in frequency bands above 137 MHz, for example as part of studies for Agenda Item 1.7 (AI1.7) for the 2019 World Radiocommunication Conference (WRC-19). In that effort, the potential use is being considered of existing space operations service (SOS) allocations to support communications to non-geostationary orbit short duration (NGSO-SD) satellites. This paper provides a study of the potential interference from such systems, using the proposed characteristics for such communications links, and the defined protection criteria for the AM(R)S systems.


1. INTRODUCTION

1.1
Interference protection levels for AM(R)S systems operating in the frequency band 117.975 to 137 MHz have been determined.  Those levels, taken as the aggregate of all sources, are that the max RFI aggregate power flux density (PFD) at the input to a victim AM(R)S receiver should not exceed -170 to -176 dBW/m2/4 kHz for AM(R)S base station receivers, or -167.8 to -173.8 dBW/m2/4kHz for airborne AM(R)S receivers depending on the assumption made for the optional aviation safety margin. Note that since they are normalized in 4 kHz, those interference protection levels apply both to AM(R)S systems using 8.33 kHz and those using 25 kHz channels.  

1.2
Recently ITU-R has been considering the introduction of systems in frequency bands above 137 MHz, for example as part of studies for Agenda Item 1.7 (AI1.7) for the 2019 World Radiocommunication Conference (WRC-19). In that effort, the potential use is being considered of existing space operations service (SOS) allocations to support communications to non-geostationary orbit short duration (NGSO-SD) satellites. This requires study of the potential interference from such systems, using the proposed characteristics for such communications links, and the defined protection criteria for the AM(R)S systems.
2. DISCUSSION

2.1
Depending on the type of interference being studied, the interference scenario determines which AM(R)S interference protection level will be used in the compatibility study.  For example, if considering interference from SOS downlinks of NGSO-SD satellites, the worst scenario is for AM(R)S base stations with receive antennas pointing upward at aircraft, and so the max RFI aggregate power flux density (PFD) of -170 to -176 dBW/m2/4 kHz at the input of the AM(R)S base station receiver antenna will be used. For the case of the NGSO-SD SOS uplink, the worst scenario is for aircraft with receive antennas pointing downward at their earth stations, so the max RFI aggregate power flux density of -167.8 to -173.8 dBW/m2/4kHz at the input to the airborne AM(R)S receiver antenna will be used. The antennas for the AM(R)S base station and aircraft station, as well as the NGSO-SD (s-E) satellite, are assumed linearly polarized. The NGSO-SD (E-s) earth station antenna is circularly polarized.
2.2
The first case to be considered is possible adjacent-band interference from SOS NGSO SD systems (s-E) in 137-138 MHz into AM(R)S base station receivers in 117.975-137 MHz

Table 1 shows the NGSO-SD space-to-Earth power flux density on the earth surface in 137-138 MHz assuming the NGSO-SD characteristics as contained in Draft New Recommendation ITU-R SA.[SHORT DURATION NGSO CHARACTERISTCS]:
Table 1
NGSO-SD (s-E) Power Flux Density on the earth surface in 137-138 MHz band
	SPACE  TO  EARTH
	90 deg elevation
	5 deg elevation

	Carrier Frequency, MHz
	137
	137

	Tx bandwidth, Bt, kHz
	25
	25

	Elevation angle, rad
	1.571
	0.087

	SS altitude, km
	300
	300

	Slant range, km
	300
	1500

	Pt, per Bt dBW
	0
	0

	Gt, dBi
	3
	3

	Eirp per Bt, dBW
	3
	3

	Path loss, dB
	124.72
	138.70

	RFI power per Bt,  dBW
	-121.72
	-135.70

	dBW to dBW/m2, in dB
	4.18
	4.18

	Bt (25 kHz) to 4 kHz conversion, dB
	-7.96
	-7.96

	RFI Power flux density, dBW/m2/4 kHz
	-125.49
	-139.47


Recommendation ITU-R SM.1541-6, section 5 of Annex 5, provides the OOB mask for the SRS, SOS, and EESS space-ground links operating in the 1-20 GHz bands. The emission mask is specified in dBsd /4 kHz, as below:

· Attenuation = -15 + 15 (X / 50%)   dBsd, for 50% < X ≤ 150%

· Attenuation = 12 + 6 (X / 50%)   dBsd, for 150% < X ≤ 250%

· X = a percentage of the necessary bandwidth.

Recommendation ITU-R SM.329-12 provides the maximum permitted levels of spurious domain emissions for category A, space services (space stations): the attenuation (dB) below the power (W) supplied to the antenna transmission line, 43 + 10 log P, or 60 dBc, whichever is less stringent.  Since the NGSO SD SS transmit power is 1 watt, the emission attenuation in the spurious domain is 43 dB.  Figure 1 shows the OOB & spurious emission mask based on Recommendations ITU-R SM.1541-6 and ITU-R SM.329-12. 

figure 1
OOB and spurious emission mask based on Recommendations ITU-R SM.1541 and ITU-R SM.329
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In section 9.3.1 of Preliminary Draft New Report ITU-R SA.[SHORT DURATION NGSO – SHARING STUDIES], it is shown that the number of satellites in view from a station in Seattle, Washington (USA) is 33 based on a constellation of 300 NGSO-SD satellites.  If, conservatively, half of the total 300 NGSO SD satellites are from the United States, then for the case of 33 satellites in-view of a particular AM(R)S base station, on the average, 16 or more satellites can communicate with their respective earth stations in the United States due to very wide (omni) NGSO SD satellite antenna beamwidth (0 to 3 dBi antenna gain). The satellites will be spread on channels across 0.9 MHz of total spectrum, with un-coordinated channel selection and the operational duty cycle during earth station contact of up to 100%. The binomial probability distribution is used to determine the probability of n or more transmitting satellites being co-channel from an average of 16 or more satellites that are in view of their Earth stations in the U.S.  Assuming a required probability of rare event for aviation systems of less than 10-6, this results in 6 simultaneous co-channel transmitting NGSO SD satellites. 

Using the NGSO-SD characteristics

The 6 co-channel NGSO-SD satellites are assumed to be at different elevation angles. The in-band (i.e., in the 137-138 MHz band) PFD for each satellite, together with and the aggregate PFD are shown in Table 2 below:

TABLE 2
In-band PDF as a function of NGSO-SD satellite elevation above the horizon

	90 deg
	75 deg
	60 deg
	45 deg
	30 deg
	15 deg
	Aggregate

	-125.49
	-125.78
	-126.68
	-128.31
	-130.98
	-135.29
	-119.92 dBW/m2/4kHz


In addition to the 6 co-channel NGSO-SD operating at 137.0125 MHz, it is assumed that the other 10 in-view NGSO-SD satellites are operating on channels separated in frequency such that their emissions into the band below 137 MHz fall in the spurious domain. Table 3 shows the aggregate PFD from those 16 satellites in view into the AM(R)S base station receiver operating at 136.975 MHz:

Table 3
NGSO-SD (s-E) Power Flux Density in AM(R)S base station receivers operating at 136.975 MHz
	Parameters
	OOB domain
	Spurious domain

	Satellites in view, operating at 137.0125 MHz
	6
	0

	Satellites in view, operating at 137.0625 MHz or higher
	0
	10

	NGSO-SD PFD, dBW/m2/4kHz
	-125.49
	-125.49

	Aggregate factor, dB
	5.57
	10.0

	Aggregate NGSO-SD PFD, dBW/m2/4kHz
	-119.92
	-115.49

	Polarization Mismatch (dB, linear-to-linear)
	0
	0

	Attenuation at 136.975 MHz using Figure 1, dB
	23.27
	43

	Received NGSO-SD PFD, dBW/m2/4kHz
	-143.19
	-158.49


Hence, the total NGSO-SD PFD, OoB + Spurious, seen by AM(R)S base stations at 136.975 MHz is -143.06 dBW/m2/4kHz, which exceeds the required AM(R)S protection level (-170.0 to -176.0 dBW/m2/4 kHz) by 26.94 to 32.94 dB. It should also be noted that since the AM(R)S protection levels are aggregates, the exceedences represent “best case” in that it is assumed the AM(R)S is receiving interference from no other sources.
2.3
In addition to the study of possible NGSO-SD SOS downlinks in 137-138 MHz, SOS allocations in the 148-149.9 MHz band are being considered for Earth-to-space communications to NGSO-SD satellites. As a result, studies are required regarding the ccompatibility of such links with airborne AM(R)S receivers in 117.975-137 MHz band.
DNR ITU-R SA.[SHORT DURATION NGSO – CHARACTERISTICS] provides the characteristics of the NGSO-SD earth stations.  Some key characteristics for this compatibility study are listed below:

· Transmit power = 50 Watts (17 dBW)
· Transmit max antenna gain = 10-17 dBi

· Transmit bandwidth = 25 kHz

· Operational duty cycle during earth station contact = up to 100%

· Uncoordinated frequency channel selection
Figure 2 shows the OOB & spurious emission mask based on Recommendations ITU-R SM.1541-6 and ITU-R SM.329-12.

figure 2
OOB and spurious emission mask based on Recommendations ITU-R SM.1541 and ITU-R SM.329
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The antenna polarization mismatch loss between the circular polarized NGSO-SD base station antenna and the linear polarized AM(R)S aircraft station antenna is assumed to be 1.5 dB.

Table 4 shows the interference from a single NGSO-SD earth station (operating in the 148-149.9 MHz band) into an airborne AM(R)S receiver operating below 137 MHz.

Table 4
Interference from a single NGSO-SD earth station into airborne AM(R)S receivers at 136.975 MHz
	Parameters
	ITU emission mask

	Tx frequency, MHz
	148

	Tx bandwidth, Bt, kHz
	25

	Tx Power, dbW
	17

	Tx Antenna gain, dBi
	17

	Tx EIRP per Bt, dBW
	34

	dBW to dBW/m2, in dB
	4.18

	Bt (25 kHz) to 4 kHz conversion, dB
	-7.96

	Tx EIRP PFD, dBW/m2/4kHz
	30.22

	Tx emission mask below 137 MHz using Figure 2, dB
	-60 

	EIRP PFD below 137 MHz, dBW/m2/4kHz
	-29.78

	Polarization mismatch (dB, circular-to-linear)
	1.5

	Rx antenna gain, dBi
	0

	Received RFI PFD, dBW/m2/4kHz
	-31.28

	Max RFI PFD allowed, dBW/m2/4kHz
	-173.8
	-167.8

	Required pathloss, dB
	142.5
	-136.5

	Required separation, km
	532 (note 1)
	532 (note 1)


Note 1:  the separation distance is limited by the radio horizon between aircraft and the NGSO-SD earth station to 532 km (using 4/3 earth propagation model, 30 m NGSO SD earth station antenna height (on roof of a building), and aircraft at 50,000 feet altitude).This separation is required independent of the optional  aviation safety margin, and assuming that no other sources of interference are present. 
The aggregate interference will be higher when taking into account that the aircraft will likely be in view of multiple NGSO-SD earth stations.  
2.4
In addition to considering the impact of NGSO-SD SOS on AM(R)S, the reverse direction (i.e., possible AM(R)S interference to NGSO-SD SOS) must also be considered.  Using the AM(R)S characteristics shown in Table 5, Table 6 shows the interference from a single airborne AM(R)S system and from a single AM(R)S base station below 137 MHz into NGSO-SD earth stations.  Since there is no emission mask for AM(R)S in ITU-R, it is assumed that the NGSO-SD earth stations are tuned sufficiently above 137 MHz such that the AM(R)S emissions are attenuated by 60 dB from peak.  From Table 6 the required path loss is very large, which results in very large separation distance in order to be below the NGSO-SD earth station’s interference protection level.

Table 5
Characteristics of AM(R)S systems in the frequency band 117.975 – 137 MHz
	Platform
	Aircraft
	Base station

	Type of emission
	Voice
	Data
	Voice
	Data

	Channel bandwidth (kHz)
	8.33/25
	25
	8.33/25
	25

	Modulation type
	AM-DSB
	D8PSK/MSK CSMA
	AM-DSB
	D8PSK/MSK CSMA

	Type of operation
	Simplex
	Simplex
	Simplex
	Simplex

	Typical SINAD (dB) or BER (%)
	20 dB
	0.1%
	20 dB
	0.1%

	Max antenna height (m)
	15240 (MSL)
	15240 (MSL)
	15 – 50 (AGL)
	15 – 50 (AGL)

	Transmitter
	
	

	Power (W)
	5 to 25 (note 2)
	18 to 25 (note 2)
	25 to 100
	25 to 100

	Coverage radius (km)
	370
	370
	370
	370

	Bandwidth (kHz)
	8.33/25
	25
	8.33/25
	25

	Antenna gain (dBi)
	0
	0
	2.2
	2.2

	Radiation pattern
	Omni
	Omni
	Omni
	Omni

	Antenna polarization
	Vertical
	Vertical
	Vertical
	Vertical

	Receiver
	
	

	Noise figure (dB)
	6
	6
	6
	6

	IF bandwidth (kHz)
	8.33/25
	25
	8.33/25
	25

	Sensitivity (dBm)
	-107
	-107
	-107
	-107

	Antenna gain (dBi)
	0
	0
	2.2
	2.2

	Radiation pattern
	Omni
	Omni
	Omni
	Omni

	Antenna polarization
	Vertical
	Vertical
	Vertical
	Vertical


Note 2:  These values are based on a survey of actual operating equipment. As comparison with avionic specifications, the minimum aircraft transmit output powers (voice) are 16 watts for 200 nautical miles max range with 8.33/25 kHz channel separation, and 4 watts for 100 nautical miles max range with 8.33/25 kHz channel separation.  The minimum aircraft transmit output powers (data link – mode 0/2) are 15 watts for 200 nautical miles with 25 kHz channel separation, and 4 watts for 100 nautical miles with 25 kHz channel separation.

Table 6
Interference from a single AM(R)S system into NGSO-SD earth station receivers in 137-138 MHz

	Parameters
	Airborne AM(R)S
	AM(R)S base station

	Tx frequency, MHz
	136.975
	136.975

	Tx bandwidth, Bt, kHz
	25
	25

	Tx Power, dbW
	14
	20

	Tx Antenna gain, dBi
	0
	2.2

	Tx EIRP per Bt, dBW
	14
	22.2

	Assumed attenuation, dB (Note 3)
	60
	60

	RFI power density at 137.0125 MHz, dBW/Hz
	-90
	-81.8

	Polarization mismatch loss, dB
	1.5
	1.5

	NGSO-SD ES antenna gain, dBi
	17
	16 (at 5o elevation)

	Received RFI power density, dBW/Hz
	-74.5
	-67.3

	Max RFI density allowed, dBW/Hz

(Recommendation ITU-R SA.363-5)
	-194.82
	-194.82

	Required pathloss, dB
	120.32
	127.52

	Required separation, km
	181
	51.8 (Note 4)


Note 3:  it is assumed that the NGSO-SD earth stations are tuned sufficiently above 137 MHz such that the AM(R)S emissions are attenuated by 60 dB from peak. This is considered “best case”.
Note 4: the separation distance is limited by the radio horizon between the AM(R)S base station (ground height and antenna height) and the NGSO-SD earth station (ground height and antenna height).  The minimum separation distance without accounting for the ground heights of both is 51.8 km, based on a 4/3 earth propagation model, 30 m NGSO-SD earth station antenna height on roof of a building, and 50 m AM(R)S base station antenna height on roof of the control tower.  When accounting for the ground heights of both ends, the separation distance could be larger.
2.5
Possible mitigation approaches
2.5.1
Improved NGSO-SD emission masks:  Figures 3, 4 and 5, taken from DNR ITU-R SA.[SHORT DURATION NGSO CHARACTERISTCS], provide measurements of a sample system that may actually perform much better than the mask in the OOB and spurious domains. As a result, improving the required (i.e., regulatory) NGSO-SD emission mask could offer a method of improving compatibility. However it is important to note that the measured spectrum presented appears to be for systems using a bandwidth of less than 25 kHz (15 dB down at 50% of necessary bandwidth, instead of 3 dB down at 50% of necessary bandwidth for a 25 kbps signal).  In Figures 3 and 4, the emissions are reduced by implementing a low-pass filter (LPF) in baseband to achieve the required attenuation at the spurious boundary (250% of the necessary bandwidth).  In Figure 5, in addition to the LPF, a cavity filter can be introduced to achieve further attenuation; normally starting at frequencies beyond the spurious boundary.
2.5.2
Guardbands:  A second possible mitigation would be to introduce a guardband in the 137-138 MHz band such that all interactions between AM(R)S and NGSO-SD occur in the spurious domain.

2.5.3
Reduced NGSO-SD in-band PFD: Other regulatory PFD limits being considered (e.g., -140 dBW/m2/4kHz for all elevation angles) could provide some mitigation.

2.6
Other considerations

2.6.1
It should be noted that the possible mitigation approaches presented in Section 2.5 would have limited utility in addressing the AM(R)S interference to NGSO-SD issue discussed in Section 2.4. Further study is required.

figure 3
Measured out-of-band emissions (upper frequency range) in the space-to-Earth direction versus out-of-band emission mask from Recommendation ITU-R SM.1541
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figure 4
Measured out-of-band emissions (upper frequency range) in the Earth-to-space direction versus out-of-band emission mask from Recommendation ITU-R SM.1541
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figure 5
Measured out-of-band emissions (upper frequency range) in the Earth-to-space direction versus spurious emission mask from Recommendation ITU-R SM.1541
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3.                      SUMMARY AND ACTION BY THE MEETING

3.1
Summary of Results

	Scenario
	Calculated Interference Level
	Analysis

	Interferer
	Victim
	
	

	NGSO-SD (s-E)
	AM(R)S Base Station (BS)
	-143.06 dBW/m2/4kHz
	26.94 to 32.94 dB larger than the aggregate protection criteria depending on the optional safety margin assumptions

	NGSO-SD (E-s)
	AM(R)S Aircraft Station (AS)
	-31.28 dBW/m2/4kHz
	Required separation beyond radio line of sight (RLOS), e.g., 532 km, irrespective of optional safety margin assumptions

	AM(R)S BS
	NGSO-SD BS
	-67.3 dBW/Hz 
(Note 5)
	Required separation beyond radio line of sight (RLOS), e.g., 51.8 km

	AM(R)S AS
	NGSO-SD BS
	-74.5 dBW/Hz 
(Note 5)
	Required separation of 181 km


Note 5: Assumes NGSO-SD is tuned far enough above 137 MHz such that the received AM(R)S emissions are attenuated by at least 60 dB from peak.
3.2
The meeting is invited to:

a) note and review the contents of this working paper;

b) endorse the fact that, as currently defined, NGSO-SD (s-E) transmissions in the 137-138 MHz band and/or NGSO-SD (E-s) transmissions in the 148-149.9 MHz band  would not be compatible with AM(R)S operations below 137 MHz; and
c) ensure the ICAO WRC-19 Position for agenda item 1.7 correctly reflects the results of these studies.
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