


Moreover, this Petition focuses exclusively on Next-Gen-AG service to aircraft over CONUS. If
the service is also provided over Canada, two rows of GSs will be needed within Canada to cover
the southern part of that country. The elevation angles from aircraft or GSs in Canada to the
Canadian GEO beams will be a few degrees less than the values over CONUS, and the
discrimination from aircraft transmitters or GSs over Canada to the Cahadian GEO beams will be
several dB lower than for the CONUS example. However, there will be fewer GSs deployed over
Canada, and there also will be fewer aircraft over Canada. Therefore, it can be shown that the

RoT limits can also be met if it is desired to provide the Next-Gen-AG service over Canada.

Also, a + 5° aircraft roll during normal cruise was accounted for in the above RoT calculation.
Qualcomm recognizes, however, that aircraft occasionally make rolls of larger angles. Many
aircraft fly routes are direct lines between waypoints, usually VOR ground stations. Charts
(maps), air traffic control procedures and electronic navigation aids are well developed to work
with this waypoint-to-waypoint routing. This results in the vast majority of cruise flight being
straight and level, with brief changes in direction via a standard rate turn. According to FAA
rules, aircraft flying faster than 250 knots make a 360 degree turn in four minutes. All turns
during flights under instrument rules shall be made at standard turn rate but with no more than
15° of bank. Below, the fraction of time a plane may make a 15° roll and the impact of such a

roll on the RoT to GEO-arc are considered.

Consider a flight route from San Diego to New York which potentially is the worst case in terms
of number of turns as the flight goes from southwest to northeast. Flight data during the cruise
portion of this flight shows that about 2 minutes of the 237 minutes flight is spent in turns. That
is approximately 0.82% of the flight time. However, only the north turns expose the antenna
toward the GEO-arc. Therefore, on average 0.4% of the flight time for this route is spent in a
15° roll toward the GEO-arc. However, most flights (such as north-south and straight east-west
routes) spend much less time turning in general. For all flights over the CONUS, perhaps at
most 0.2% of the flight time sees a roll of 15° toward the GEO-arc. Given a maximum of 600
planes on a given piece of spectrum and 0.2% average roll of 15°, on average there may be about
1.2 planes making a 15° roll toward the GEO-arc. Then, even if these planes introduce as much
as 20 dB (worst case) additional potential interference into the GEO-arc, they only tend to
increase the RoT computed above for the satellite at 140 longitude to ~ 0.26% from ~ 0.21%.
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While this straightforward calculation did not account for the standard deviation of number of
flights making 15° rolls simultaneously, it did consider the worst case interference increase of
20 dB. Accordingly, the margin of at least 3 dB built in the RoT before reaching 1% would
comfortably accommodate the 15° rolls. And, in any event, it certainly is possible to turn the
aircraft transmitter off during 15° rolls or design an antenna that steers the beam down during

15° rolls to completely avoid any potential interference.

The above calculation involved a single CONUS beam. As discussed earlier in this Appendix,
the analysis readily extends to multi-beam satellites. As the number of beams is increased, the
G/T of each beam is nominally increased by the number of beams; however, the number of GSs
or aircraft that are covered by the smaller satellite beams is reduced proportionately because of
the smaller coverage area of each beam. For instance, in going from 1 to 2 beams, the G/T is
nominally increased by 3 dB but the number of planes or GSs each beam sees is halved, i.e.,

reduced by 3 dB. This results in the same RoT that was computed for one CONUS beam.

3.3.2 Next-Gen AG Potential Interference into NGSO Satellites (Planes and GS Cases)

3.3.2.1  GS to NGSO Interference Protection Calculation

As explained above, the GS antenna uses an isoflux gain profile in elevation, wherein the
antenna gain is reduced according to the distance between the airplane and the GS. When taking
into account the curvature of the earth, the elevation of an airplane at a 10 km altitude is ~ 1° at
a distance of 300 km from the GS and ~ 15° at ~37.4 km from the GS. Due to the isoflux
antenna pattern in elevation of the GS, the antenna gain at 15° elevation is about 17 dB less than
the antenna gain at 1° elevation. Hence, the EIRP effectively drops by the path loss change at the
higher elevations so that the GS to aircraft link performance remains essentially the same for all
elevations and distances. When this effect is factored into the interference cases for the sample
NGSO system described above, the potential interference impact is reduced by at least 17 dB at
elevation angles > 15°.** With the assumed NGSO satellite orbit of 1000 km altitude, the
distance from the GS to the satellite at 15° elevation angle is ~ 2410 km, which results in a path

loss of approximately 183.0 dB at 14 GHz. As shown in Table A.13, with a Next-Gen AG GS

i Aircraft communications handoffs to another GS will typically occur at GS-to-aircraft elevation angles of

10°. In some cases, such as when aircraft is flying close to the southern U.S. border, aircraft may be served by a GS
at an elevation angle as high as 20°.
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The average path loss from NSGO terminals to the airplane, for the full 300 km radius footprint
area, corresponds to 114 km from the aircraft. So the potential interference can be computed
simply by assuming that all NGSO terminals are located at approximately 114 km from the
aircraft. The NGSO terminals are not, based upon reasonable system design assumptions, served
above 15° elevation; then the combined antenna roll-off of the NGSO terminal and aircraft
antennas is at least -33 dB based on the antenna pattern of Type A antenna in Table A.7 and
elevation roll-off of the aircraft antenna. (The harm case where an NGSO terminal points

directly at an aircraft is separately analyzed below.)

Combining these factors, the link interference calculation uses 40 dBW EIRP for a reasonable
high data rate NGSO system in a 5 MHz bandwidth, a path loss of 156.5 dB at 14 GHz to the
aircraft from the average location of 114 km (as discussed above), an average off-axis combined
elevation NGSO terminal/aircraft antenna roll-off -33 dB, a 6 dB increase from double spectrum
usage plus two NGSO satellite beams on the ground, and the average azimuthal spatial gain of
the aircraft’s antenna off axis directivity of -7 dB relative to the main lobe G/T performance
(-13 dB/K). I/N is calculated as shown in Table A.16.

NGSO Terminal EIRP per 5 MHz 40.00 dBW
Average Roll-off of Aircraft Antenna in Azimuth -7.00 dB
Average Combined Elevation Roll-off of NGSO

Terminal and Aircraft Antenna -33.00 dB
Average Atmospheric (Oxygen and Water Vapor) Loss

at Ku Band -2.00 dB
Plane G/T -13.00 dB/K
I/BW (BW = 5 MHz) 6699  -dB-Hz
1/Boltzmann 228.60 -dB/K-Hz
Path Loss (at Average NGSO Location of 114 km

relative to Aircraft, at 14 GHz) -156.50 dB
NGSO Satellite Circular and GS Linear, but NGSO Uses

both Polarizations 0.00 dB
4 Reuses of 5 MHz Carrier in Aircraft Field of View 6.00 dB
Incso/N at Aircraft Receiver -3.89 dB

Table A.16. I/N at aircraft receiver from NGSO terminal transmitters

The C/1vsartInscotN), where Iysqr is interference from VSAT terminals and Iyvgso is

interference from NGSO terminals may be computed as follows:
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lvsaT+ingso+N  TUSAT,L N = Tysar,Ingso/N N°
vsar+inGso S +—"-"'-%5-9-+ = 34 s

Where Iys47/C is given in Table A.15, Iygso/N is given in Table A.16 and C/N is given in
Table A.1. Thus, C/(fys_qr‘l‘fﬁsgo'f'w is ~8.1dB.

3.3.5 Direct Harm Cases, Probability of Occurrence

3.3.5.1 GEO Hubs into Next-Gen AG-Equipped Aircraft

While this potential interference source can be large enough to completely knock out the GS to
aircraft link, it is short lived — on the order of seconds — because the aircraft flies quickly through
the beam at altitude. Such interference may cause some packet retransmissions but it would
hardly be noticed. Moreover, the probability of occurrence is quite low, less than 1/10,000™ of

1% (9.3e-7).

Considering the 100 or so estimated GEO hubs with thin pencil beams radiating up from GEO
hub stations, these pencil beams intersect a CONUS sized sheet at altitude of 10 km, and the
aircraft would have a random chance of flying through the total area of intersection of these
pencil beams within that elevated CONUS sheet. The aerial calculation reveals the total area
from the pencil beams is 3 square miles (.03 square miles per hub) sprinkled throughout the total
CONUS area of 3 million square miles. Hence the probability of GSO satellite interference turns
out to be less than 1/10,000 of 1%. If the aircraft happens to run into a pencil beam, the
maximum duration of harm may last as long as 3 seconds if the aircraft flies down an elongated
elliptical intersection from a low elevation hub contact to GEO satellite, but the more likely
duration is 0.8 seconds duration and the even more likely higher elevation intersection is 0.25

seconds — each of which can be handled by the Next-Gen AG system.

3.3.5.2 VSATs into Next-Gen AG Equipped Aircraft

As shown in Section 3.3.3, nominally VSATSs only cause a general background drop in C/N to
the aircraft on the order of 0.8 dB (i.e., a small RoT effect), as long as the aircraft is not directly
in the beam of a VSAT terminal. This was shown in the first analysis case for VSAT
interference into aircraft. For the direct harm case where the aircraft antenna is directly within
the VSAT beam boresight, the harm affects only a small fraction (1/50 for VSAT signal
bandwidth of 1 MHz) of the bandwidth and may erase the symbols sent in that portion of the
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band. Overall this is expected to be a small effect and is mitigated through interleaving of
symbols over frequency tones and error correction coding. Given that this occurs in a beam
diameter that is as much as 25 times the area of the GEO hub case, and with approximately 100
times as many transmitters as the GEO hub harm case, the probability that aircraft will fly

directly into a VSAT beam is only a few tenths of one percent.

3.3.5.3 VSAT Hubs into Next-Gen AG-Equipped Aircraft

Considering that these terminals are smaller than GEO hubs and fewer in number than the VSAT
terminals, the previous two analyses effectively encompass this case, and it is reasonable to

conclude that VSAT hubs pose no harm case of interest for the interference into aircraft either.

3.3.54 NGSO Terminals Looking Directly into Next-Gen AG-Equipped
Aircraft

NGSO terminals are assumed to transmit within a 5 MHz block of spectrum. If an NGSO
terminal looks directly at the aircraft, it only knocks out 5 MHz out of the 50 MHz channel used
by the GS to aircraft transmission. This represents an erasure of only 10% of the symbols being
sent within the 50 MHz channel, which could be addressed through error correction coding and
interleaving. If the NGSO terminals are allocated wider bandwidth, then the terminals will use
the allocated bandwidth in a TDM fashion, and, at worst, some of the packets of Next-Gen-AG
will be lost when the NGSO terminal antenna boresight points directly at the aircraft, which, as

explained above, is a very low probability event.

33.55 NGSO Hubs into Next-Gen AG-Equipped Aircraft

While this is a more complicated case, the probability calculation demonstrates that it is an

exceedingly low probability event that the Next-GEN AG system can easily tolerate.

This section shows the probability that the aircraft will receive an excessive amount of
interference from the NGSO hubs is very small. The potential interference may be further
mitigated by reassigning the aircraft to a piece of spectrum not used by the NGSO hub that is
temporarily causing interference to the aircraft. Note that the NGSO system is presumed to
divide the spectrum among the terminals of 3 adjacent satellite beams that operate on a
frequency reuse of 3 basis and the hub that serves those 3 beams. Thus, the hub only uses a

portion of the available spectrum. So, if the aircraft receives excessive interference on a given
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Plane EIRP 3.00 dBW

Average aircraft Antenna Roll-off -7.00 dB
TDRSS Off-Axis Antenna Gain (+45° from Peak) -9.30 dB
Atmospheric Loss at Ku Band 0 dB
Number of Aircraft in Three Quadrant (525) 27.20 dB
Path Loss (average 114 km from Aircraft to TDRSS _

Site, at 14 GHz) a0 4
Total Received Power by TDRSS Receiver from 142.80 dBW

Aircraft in the Three Off-Axis Quadrants

Table A.18. Power received by TDRSS from aircraft in the three quadrants off of main beam of
TDRSS, but outside the 0.1° boresight

For aircraft in the forward quadrant, the off-axis gain is a mix between the full backlobe (for
aircraft further south in that quadrant) and 45° to 90° off-axis for aircraft further east or west of
the TDRSS site depending on which direction the TDRSS is pointed. The overall azimuthal off-
axis aircraft antenna gain is -15 dB behind the aircraft antenna as described in Section 1.1. There
also is at least 2 dB of roll-off in elevation. The azimuthal plus elevation antenna roll-off behind
the aircraft is at least -17 dB. Given the TDRSS antenna characteristics described in Section
3.1.2, the average TDRSS antenna gain in the forward quadrant outside of 0.1° beamwidth is
about 27.7 dBi. Thus, while the forward quadrant produces a much higher interference input, per

Table A.19 below, it is still substantially below the required threshold.

Plane EIRP 3.00 dBW
Plane Off-Axis Gain (Front to Back) Roll-off -17.00 dB
TDRSS Antenna Gain at 0.1° from Peak 27.70 dB
Atmospheric Loss at Ku Band 0 dB
Number of Aircraft in Forward Quadrant (175) 2243 dB
Path Loss (average 114 km from Aircraft to

TDRSS Site, at 14 GHz) -156.70  dB
TR b e I s

Table A.19. Power received by TDRSS from aircraft in the forward quadrant of space in
front of TDRSS beam, but outside the 0.1° boresight

The total power from all quadrants is ~-120 dBW — well below the -100 dBW threshold
specified in Table A.4 for the 14.05 to 15 GHz band. Note that if this power is spread over the
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GS EIRP on 4 Beams in 50 MHz 4550 dBW

GS Antenna Roll-off (azimuth angle from BTS to TDRSS 55°) -6.75 dB
TDRSS Antenna Gain at 24° off Boresight -2.00 dB
Atmospheric Loss at Ku Band 0.00 dB
Power in 350 MHz vs. 50 MHz 8.45 dB
Path Loss, BTS to TDRSS Distance of 40 km, at 14 GHz) -147.40 dB

Received Power by TDRSS Receiver from an Aircraft in

the Boresight of TDRSS Beam A20. dBW

Table A.21. Received power by TDRSS receiver from GS

If the Next-Gen AG GS is directly south of the TDRSS site, then the off-axis gain of the WSC
antenna drops to the backlobe level (-10 dBi), in combination with no scan loss from the GS,
providing ~ 1 dB more protection than that shown in the Table A.21 computation. Note that
Table A.21 depicts an extreme case since it is much more likely that the total power would be
split between four beam directions, reducing the total interference in the example computed by
6 dB. In addition, the computation does not assume any shadowing effect from the mountain
range terrain that is close to the WSC location. The directional relationship between GS and
WSC could be such that these mountains would likely provide 10, 20, or 30 dB or more
protection from the GS radiation beams coming from the south on account of a shadowing effect.
Table A.21 also assumes free space path loss between the GS site and the TDRSS site which is
particularly conservative. Thus, given the most likely desired GS locations, nearby El Paso

Texas, the GS power levels will be well below the power requirement level of -100 dBW.

Although the total power level of -100 dBW is met, the power density requirement would not be
met if the GS were to operate at 14.0 to 14.05 GHz with the above conservative power approach.
At 14.0 to 14.05 GHz, where the power density must not exceed -146 dBW/MHz, the above
computed power (for 50 MHz) is equivalent to 18.4 dB more than allowed. Given that terrain
shadowing and a distance of 70 km rather than 40 km likely will be in play, the power density
will be below -146 dBW/MHz. Even if shadowing and path loss reductions were not available,
the GS could simply restrict use of that lower portion of the spectrum for the single narrow beam

that points toward WSC and still be able to use that spectrum for all the other beam directions.
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3.3.7 Radio Astronomy

Protection of the Radio Astronomy Service in the U.S. will be in accordance with US203 and
US342 of 47 C.F.R. § 2.106. The 30 MHz band from 14.47 to 15.0 GHz will not be used in an
exclusion zone around the Radio Astronomy (“RA”) sites when radio astronomy systems are
operating. The exclusion zone needed between GSs and RA sites will depend on the terrain and
propagation characteristics near each site and will be determined during Next-Gen AG system
deployment. Next-Gen AG aircraft, however, will most likely have a free space propagation

toward the RA sites and will need an exclusion zone of as much as 500 km from the RA sites.
4. Conclusion

The foregoing analysis considered all potential interference conditions from/to the proposed
Next-Gen AG system to/from all services that operate (or, may operate) in the 14.0 to 14.5 GHz
band. The analysis shows that the Next-Gen AG system will present an RoT (AT/T) of less than
1% (in fact, less than 0.5% for the parameters set forth above) into the GSO satellite uplink.
Note that since the aircraft and GSs transmit in a TDD (Time Division Duplex) fashion, at any
given instant of time on a given GS-aircraft link, only the GS or the aircraft will be transmitting;
thus, the RoT into the satellite uplink is not the sum of all aircraft and GS transmissions but

rather the sum of only those GSs and aircraft that are transmitting at a given instant of time.

For the NGSO systems, an RoT of 6% was used because NGSO systems do not exist in Ku band
today, and they can be designed in the future to cope with 6% RoT that existing systems are
required to meet. Nonetheless, even in this case, baseline system assumptions of the Next Gen
AG system led to an RoT below 1% from Next-Gen AG-equipped aircraft into NGSO system
and below 1% from Next-Gen AG GS to NGSO satellites.

It also was shown that the proposed system will protect NASA’s TDRSS service and meet the
interference thresholds that NASA has required in similar circumstances. It may be necessary to
restrict GSs from using the 14.0 to 14.05 GHz band in small areas or in particular directions near

the three TDRSS sites, but it will not materially impact the Next-Gen AG system performance.

Potential interference from GSO satellite terminals and potential future NGSO systems into the
Next-Gen AG system were examined too. The proposed system design copes well with these

sources of interference while supporting a combined throughput of 300 Gb/s over the CONUS.
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Title 47 of the U.S. Code of Federal Regulations shall be amended by adding the following rules.

Section 2.106, the Table of Frequency Allocations, is amended by adding a mobile allocation
as secondary within the 14.0 to 14.5 GHz band for the Next Generation Air-Ground mobile

broadband communications service.

§ . . Definitions Associated With Next-Gen Air Ground Service.

Next-Gen Air-Ground Service. A next-generation mobile broadband communications service
that operates in the 14.0 to 14.5 GHz band and provides high-data-rate connectivity between
terrestrial Ground Stations and aircraft flying above the Continental United States (“CONUS”).

Next-Gen Air-Ground Equipped Aircrafi. Aircraft equipped with Next-Gen Air-Ground Service

mobile broadband communications technology.

Ground Stations. Fixed terrestrial-based communications stations that provide Next-Gen Air-

Ground Service to Next-Gen Air-Ground Equipped Aircraft.

§ . . Next-Gen Air Ground System Protection of GSO Satellites. The aggregate Rise
over Thermal (AT/T) from all Next-Gen Air-Ground-Equipped Aircraft and Ground Stations into
the uplink of GSO satellites shall not exceed 1%. This 1% AT/T limit may be met by

complying with subsection (a) and (b) below:

a) For a baseline Next-Gen Air-Ground system consisting of 600 beams (e.g., 150 Ground
Station sites and 4 beams per site) operating on a given band of spectrum, the transmit
power spectral density from a single Ground Station beam into the GEO-arc must be less
than -74.5 dBW/Hz. If the number of Ground Station beams is increased beyond 600 or
reduced below 600, then the total transmit power toward the GEO-arc must be adjusted
accordingly, such that the total transmit power toward the GEO-arc from all beams is not
greater than -46.7 dBW/Hz. The Next-Gen Air-Ground system may allocate different
amounts of power to different Ground Stations for communications with Next-Gen Air-
Ground Equipped Aircraft, so long as the sum of the emissions into the GEO-arc does not
exceed -46.7 dBW/Hz. Furthermore, the transmit power from any one beam into the
GEO-arc shall not exceed -68.5 dBW/Hz.
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