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Antenna Size (m) .33
.66

Antenna Gain (dBi) 39
44

Antenna 3 dB Beamwidth 1.7
(degrees) 1

Antenna Polarization HN

Receiver Noise Figure 8
(dB)

J! The selected FS exam Ie is a mt-to- int s stem.

The total assumed FS link budget was defmed as a means to accommodate effects of probable self
(FS) and external (FSS) interference into a victim FS system while maintaining the required system
performance in a rain/atmospheric absorption dominated propagation environment. Based on the
starting condition of a minimum [C + ClIl threshold of -149.5 dBW/MHz for BER = 1 x 1Q"6 and
99.999% availability over a 2.9 km link, a radio interference budget of 2 dB was established by
reducing the assumed link distance to 2.3 km to obtain adequate signal margin to overcome an
assumed level of radio interference from all sources, while maintaining the desired FS system
threshold availability and BER derived from the rain attenuation model set forth above in Section 3.
The resulting 2 dB radio interference margin was then allocated to self (FS) and external (FSS)
interference on a 90% /10% basis respectively. ~ Recommendation ITU-R F.1094-1. This
results in 1.8 dB being allocated to FS self-interference and .2 dB for all FSS interference sources.

Based on the allocated radio interference and attenuation budgets, the [C + C/(I+ N)J requirement is
now -147.5 dBW/MHz (-149.5 dBW/MHz + 2 dB =-147.5 dBW/MHz) which will allow the
interference to degrade the desired signal by 2 dB to -149.5 dBW/MHz and still maintain the specified
minimum threshold performance in the rain-dominated propagation environment. The ability to
accommodate rain and other atmospheric attenuation and radio interference separately in a link budget
is considered critical to overall FS performance and availability objectives. given the propagation
environment.

The next step was to determine the interference power levels that would cause .2 dB and 1.8 dB
increase in the C + C/(I + N) threshold.

The resulting threshold interfering power levels for self and FSS interference are:

Self: I:s; -152.4 dBW/MHz for 1.8 dB increase

FSS I:s; -162.8 dBW/MHz for.2 dB increase
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B. Potential FSS Interference Into FS Receivers

Single Entry Interference. The potential for interference from FSS transmitters to an FS receiver
was evaluated by calculating the total FSS interference power density at a victim PS receiver and
comparing it to the interference budget. A single entry PSS into PS sidelobe coupling event resulting
from the normal assumed operations of the representative NGSO PSS constellation and a
representative victim PS system was evaluated.

For the analysis, the representative NGSO PSS satellite was assumed to be at an elevation of 25°
above the horizon, and emitting a signal with the maximum power flux density allowed in Article 28
of the Radio Regulations (-105 dBW/m2 in a 1 MHz bandwidth). ~ RR 2578, RR 2582, RR 2583
& RR 2584.

The received interfering signal resulting from this coupling case was assumed to be noiselike, have no
polarization mismatch loss, and to add cumulatively to the noise power in the receiver.

The received interference signal level from the PSS scenario was calculated assuming the power flux
density limits described in RR 2578, the satellite elevation angles above the horizon, and capture area
of the PS antenna utilizing Equation 3. The gain of the FS anteMa was determined utilizing the
maximum elevation angle, given reasonable deployment assumptions, corresponding to the 2.3 km
link presented in Section 4 (8°).

IFSS = Pd + GR - 20 Log f + 38.5

PSS interfering signal power
PSS power flux density at angles ~ 25°
bandwidth)
PS receiver anteMa gain, 12 dBi
PS frequency, 40 GHz

Equation 3

(-105 dBW/rrr in a 1 MHz

Based on Equation 3, the received PSS interference power at the PS receiver is computed to be 146.5
dBWIMHz.

The worst case situation for PS receiver interference susceptibility occurs when the PS signal is fully
faded due to rain attenuation. This is the condition reflected in the link budget presented above. For
the purposes of this analysis, it was assumed that the FSS signal was also faded. The FSS signal was
reduced by 6.8 dB to account for fading due to rain attenuation as assumed in the representative
NGSO system proposal. The resulting FSS interfering power level at the PS receiver was computed
to be 153.3 dBW/MHz after accounting for bandwidth, and fading factors.

The radio interference budget for a fully faded PS signal allows the PSS interference to be
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-162.8 dBWIMHz for no impact. The FSS single entry case exceeds this threshold by 9.5 dB, which
in turn reduces the available C + C/(I+ N) from -149.5 dBW/MHz to 148.0 dBW/MHz. This will
have the effect of increasing the BER of the modeled FS link under heavy rain-faded conditions.
Under unfaded conditions on the FSS path, the interfering FSS signal will reduce the available FS
fade margin from 49.7 dB to 48.2 dB, and thus reduce the availability of the FS link. It should be
noted that the degradation of FS link margins resulting from FSS downlink interference will be
mitigated by increases in link margin that result from shorter FS path lengths.

Multiple Entry Interference. Multiple entry FSS space-to-Earth mainbeam-to-sidelobe interference
events into a victim FS receiver are readily probable in the case of a single representative interfering
NGSO FSS constellation. For the representative NGSO FSS single constellation configuration,
multiple entry interference can be modeled by assuming up to three FS sidelobe coupled interfering
mainbeam FSS signals entering the FS antenna from an elevation of 22° above the horizon.
According to a representative NGSO FSS system proposal. most of CONUS will see two satellites all
of the time. and a portion of CONUS will see three satellites up to 75% of the time.

The likelihood of multiple entry FSS into FS interference events also increases substantially when two
co-channel NGSO FSS constellations are assumed. This assumption can be based on a satellite
diversity FSS to FSS network sharing scheme to effectuate co-channel operations by the subject
NGSO FSS constellations. Such a two constellation NGSO FSS model was proposed by the
proponent of the representative NGSO FSS system. The resulting multiple entry interference scenario
could involve upwards of 130 NGSO FSS satellites. Thus, it can be assumed that up to six FSS
mainbeam into FS sidelobe cases could occur simultaneously.

Interference levels for the single representative NGSO FSS constellation multiple entry case could be
3 - 5 dB higher than the single entry case.

The predicted interference power from the two NGSO FSS constellation multiple entry scenario will
result from up to six FS sidelobe coupled signals, and. thus. will present at least a 3 dB worse
interference condition than the single constellation case.

C. FS Interference Into FSS Earth Station Receivers

Based on the system deployment model indicated for NGSO FSS networks. NGSO FSS earth station
receivers are likely to be deployed to address many of the same service applications and. often. in
many of the same locations that FS systems are utilized. Since the desired locations of many FS
systems are. by defmition. flexible and unpredictable prior to actual deployment. and the desired
locations of the FSS earth station receivers are often likely not to be known in advance. potential
interference from an FS transmitter to an FSS earth station receiver was evaluated by computing a
required distance separation for several coupling conditions. The coupling conditions that were
evaluated were FS sidelobe-to-FSS mainbeam. FS mainbeam-to-FSS sidelobe. and FS sidelobe-to-FSS
sidelobe paths. In addition. two FSS sidelobe antenna gain levels were evaluated. The first ("S/L-! ")
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corresponds to the level presented in a representative NGSO system, and the second (ItS/L_2 1t
)

corresponds to a low sidelobe level implementation of the same antenna.

The pertinent FSS earth station receiver characteristics that were used for this analysis are listed in
Table 2. These characteristics were obtained from the representative NGSO FSS system proposal
used for the FSS into FS interference study. The selected representative DS-3 FS transmitter
characteristics are listed in Table 1.

Table 2
REPRESENTATIVE PROPOSED NGSO FSS SPACE-TO-

EARTH CHARACTERISTICS

Frequency Range (GHz) 37.5 - 40.5

Antenna Gain (dBi) M/B: 54.4
S/L-1: -1.5
S/L-2: -4.5

Receiver Thermal Noise -201.6
Level (dBW/Hz)

Required IJNo (dB) -10.5

The required propagation path loss (La.) and corresponding distance separation (d) between an FS
transmitter and NGSO FSS earth station receiver for the three coupling cases was determined using
Equations 4 and 5.

Equation 4

where Pr = FS transmitter power, -92 dBW/Hz
Gr = FS antenna gain in direction of FSS receiver, dBi
Gil = FSS receiver antenna gain in direction of FS transmitter, dBi
IofNo = FSS Receiver degradation criteria, -10.5 dB
No = FSS Receiver thermal noise level, -201.6 dBW/Hz

LIl = 20 Log(tj + 20 Log(d) + A(d) - 27.6

where f = FS frequency, 40 GHz
d = Required distance separation (meters)
A = Atmospheric absorption (H20, OJ•.00015 dB/m

Equation 5
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As a worst case scenario the FS signal was assumed to not be faded for the calculations and the PSS
space-to-Earth transmission path was assumed to be fully faded. This is reflected in the FSS space-to­
Earth maximum interference power threshold in Table 3. The signals were also assumed to be co­
polarized. The results of the application of Equations 4 and 5 are shown in Table 3 for the three
coupling cases cited above.

g

Table 3
RFSULTS OF FS TO FSS REQUIRED DISTANCE SEPARATION

CALCULATIONS

Antenna PS PSS Receiver Required Required
Coupling Transmitter Antenna Gain Loss (LR) Distance

Antenna Gain (GR) (dBn (dB) Separation (d)
(GT) (dBn

PS MlB to 44 SIL-l: -1.5 S/L-l: 162.6 S/L-l: 40.4 km
PSS S/L S/L-2: -4.5 S/L-2: 159.6 S/L-2: 32.5 km

FS S/L to PSS 41' 54.4 178.6 96.6 km
M/B

FS S/L to FSS 41' S/L-l: -1.5 S/L-l: 122.6 S/L-l: 800 m
S/L S/L-2: -4.5 S/L-2: 119.6 S/L-2: S70 m

4! Measured value at 30° Off-axiS an Ie

D. FS Multiple Entry Interference Into FSS Earth Station Receivers

The single-entry PS OS-3 link that was chosen for purposes of this study is an optimistic test case for
the analysis of FS interference into PSS earth station receivers. Higher spectral densities produced by
FS OS-1 systems with a transmitter power of 17 dBm in a S MHz bandwidth are likely to cause
higher levels of interference into PSS receivers at greater distances than the level of interference
produced by an FS OS-3 transmitter. Under current FS operational scenarios, there can be a very
large number of DS-l and OS-3 data rate links operating simultaneously at random locations and
pointing angles within a given geographic area. Thus. multiple entry PS interference into FSS
receivers is quite likely and will couple more interference power, at more antenna pointing angles into
the victim PSS receivers. The effect of this will be to extend the period of time that an PSS receiver
will experience degradation as it tracks satellites across the sky. making sharing extremely difficult.
It is anticipated that higher data rate FS systems using more complex modulation schemes and
substantially higher e.i.r.p. (up to 5S dBW e.i.r.p.) than current systems will be deployed at a rapid
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pace in the near future. These developments will only serve to make FS/FSS sharing even more
difficult.

4. SHARING BETWEEN FS AND FSS EARTH-TO-SPACE OPERATIONS

A. Representative FS and FSS System Parameters

The parameters used for the selected representative 47.2 -50.2 GHz FS and FSS systems are shown
below in Tables 4 & 5.

po ypop

Table 4
CHARACTERISTICS OF REPRESENTATIVE

47.2 - 50.2 GHz DS-I FS SYSTEM~

Data Rate/Capacity DS-l

Frequency Range (GHz) 47.2 - 50.2

Modulation Type 2FSK

Necessary Bandwidth (MHz) 5

Transmitter Power (dBM) 19

Transmit e.i.r.p. (dBW) 35

e.i.r.p. density 28.01 dBW/MHz
-31.99 dBW/Hz

Receiver Sensitivity (dBW) -122
(BER 1 x IQ"6)

Antenna Size (m) .66

Antenna Gain (dBi) 46

Antenna 3 dB Beamwidth 0.7
(degrees)

Antenna Polarization HN

Receiver Noise Figure (dB) 11

!t T e selected FS exam le IS a lOt-to- lOt s stem.
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Table 5
REPRESENTATIVE PROPOSED NGSO FSS

EARTH-To-SPACE CHARACTERISTICS

Frequency Range 47.2 - 50.2 GHz

Main Beam Gain 49.3
(dBi)

Sidelobe Gain (dBi) G = 32.25 log e
Data Rate (Mbps) 10.24

Modulation type QPSK

Necessary bandwidth 10.24
(MHz)

Transmit Power 1.26
(dBW)

Transmit e.i.r.p. 50.6
(dBW)

Antenna polarization circular

Receiver Thermal -201.6
Noise Level
(dBW/Hz)

Required IJNo (dB) -13 dB

B. FS Interference Into FSS Space Station Receivers

Using the representative OS-l FS parameters, it can be observed that harmful interference will only
be experienced when an NGSa FSS space station passes within, or close to, the FS transmitter main
beam. With the assumed representative FS e.i.r.p. level of 35 dBW, and a resulting e.i.r.p spectral
density of 28.01 dBW/MHz, when the FS station transmits at an angle of 22° above the horizon, the
VNo =-0.17 dB. This is approximately 13 dB above the interference threshold of IJNo=-13 dB.
This result is based on the computed distance to the victim satellite space station receiver of 2585.5
km with a combined path loss and atmospheric absorption of - 208.27 dB.

It should be noted that the representative OS-1 FS system, which is typical of types now in service.
has a receiver input threshold level of -122 dBW, while upcoming 16 QAM and 256 QAM FS
systems require -106 and -94 dBW respectively <1&, an increase in 16 and 28 dB respectively). It
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can therefore be seen that FS e.i.r.p. levels will of necessity be required to move towards the 55
dBW maximum value in order to provide satisfactory long term performance.

When comparing the representative peak e.i.r.p. density of 28.01 dBW/MHz with a recently proposed
limit of 51·11(0-15)/2, (at 22° this is 12.5 dBW/MHz) the difference of 15.5 dB, which is the amount
of e.i.r.p. reduction that is being proposed for the FS. However, if the proposed e.i.r.p. limit is
imposed on the FS, besides having a deleterious impact on long term system performance and
development, it will also cause the FS system to become more susceptible to FSS earth station
interference.

C. FSS Earth Station Interference Into FS Receivers

For purposes of analyzing potential FSS earth station interference into FS receivers, it is assumed that
the worst case interference into the FS network occurs when the FSS earth station is transmitting
towards a space station at its minimum 22° working elevation angle. This would be the condition
under which the maximum sidelobe interference would be encountered. An example case is evaluated
below.

FSS Transmitting Parameters At 0°

Sidelobe gain at 22° off main beam • 1.56 dBi

Sidelobe e.i.r.p. - 0.3 dBW

Sidelobe spectral density - 10.4 dBW/MHz
- 70.4dBW/Hz

FS Receive Parameters

Rx noise figure

System Noise Temperature

No =

Off boresight angle

Antenna diameter

Antenna gain (dBi)

11 dB

3660 K

-192.98

.66

46.0 dBi

-205.98 dBW/Hz

-13.0 dB



- 12 -

Path Parameters

Path loss

Absorption

Attenuation

Required separation distance
from NGSO earth station

181.58 dB

21.8 dB

159.8 dB

54.6 km radius

5. INTERFERENCE MITIGATION TECHNIQUES

Following is a discussion of possible techniques that may be considered as methods to mitigate
interference into FSS earth station receivers from FS operations.

Automatic Transmitter Power Control. FS automatic transmitter power control ("ATPC") has been
suggested as a means to facilitate sharing with FSS earth station receivers. This method would entail
reducing the FS e.i.r.p. by an amount corresponding to some portion of the signal margin designed
into the FS link budget to overcome fading due to rain attenuation. ATPC could be effective during
periods when the fade margin is not required to reduce somewhat the required distance separation
between FS transmitters and FSS receivers. However, rain-induced attenuation will often not be
correlated with respect to FS interferers and both FS and FSS victim receiving stations, rendering
ATPC ineffective, and even counterproductive to the provision of service. Because of the
uncorrelated fading problem, the application of ATPC is very likely to increase rather than decrease
interference into adjacent victim receivers, thus totally defeating any marginal benefit that might be
derived from the its application as an interference mitigation technique.

ATPC will substantially increase the cost and complexity of the FS systems and, thus, could
jeopardize the commercial viability of FS services. A leading manufacturer of millimeter wave FS
equipment has stated that ATPC is not a feature available on currently deployed equipment. If ATPC
were to be implemented, it would be accomplished through the use of sensors with a reliable range of
operation of 10 - 15 dB. To reliably control power over a wider range would require a completely
different approach that would increase the cost of transmitters by an estimated 33 - 50%. It would
also require time to implement in new equipment and retrofit into existing installations. This cost and
time impact is unacceptable to the operators and manufacturers of FS equipment.

While ATPC may result in reduced distance separations between FS and FSS installations, it appears
unlikely that the separation distance reduction afforded by ATPC will have any real measurable
benefits for sharing between FS systems and FSS receivers. Even with the use of ATPC the resulting
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required separation distances will be far in excess of a practical interservice coordination standard,
given the defmed operational objectives of the representative FS and FSS systems studied. In
addition, the use of ATPC causes FS receivers to be more susceptible to FSS downlink interference.
In Section 5, it was shown that FSS interference to FS receivers is minimal except when a maximum
length FS link is fully faded due to rain. In this case FSS downlink interference into FS receiver
antenna sidelobes will impact FS system performance. ATPC will effectively remove the signal
margin that protects FS receivers from FSS downlink interference. FS transmitter power control
causes the FS receiver to operate in a near fully faded condition all of the time with respect to the
FSS downlink signal. The use of ATPC coupled with the high likelihood of multiple entry FSS
interference will cause FS performance impacts to occur in less than fully faded conditions, or for
links operating at less than maximum path lengths.

Assuming that it would be technologically feasible and economically rational to implement ATPC for
purposes of facilitating compatibility with shared FSS operations, the added capability is likely to not
protect the operation of both services equally. If it could be implemented, the amount of power
control that is possible would depend on a trade-off between the allowable interference to FS receivers
from downlink signals, and the minimum acceptable distance separation between FS transmitters and
FSS earth stations for compatible operation. From Table 3 it can be seen that the amount of FS
transmitter power reduction required to allow uncoordinated FSS earth station receivers for likely
coupling conditions may approach or exceed the total margin available for a FS link. This coupled
with the increased likelihood of FSS downlink interference associated with ATPC and the cost and
time impacts makes power control unworkable.

Diversity. Spatial diversity has been proposed as a means to facilitate sharing between multiple
NGSa FSS systems, and has also been suggested for aiding sharing between NGSa FSS systems and
FS systems. This interference mitigation method relies on multiple satellites being able to
simultaneously communicate with the same service point, such that a change of FSS earth station
azimuth angle can be exploited to minimize interference.

The use of FSS spatial diversity may be effective in alleviating interference from traditional fixed
service systems with pre-determined static system architectures. It does not appear, however, that
this interference mitigation technique will be effective with respect to interference from FS systems,
which regularly have links located randomly and pointing in random azimuths and elevation angles.
It is quite likely that the ability of FSS systems utilizing spatial diversity to overcome interference
from FS systems will be completely offset by the large probability of a FSS receiver that is reoriented
to avoid a first FS interferer again being located in the interference area of a second FS transmitter.

Shielding. Various FSS earth station shielding methods have been employed in the past to facilitate
coordination between traditional long-haul fixed service systems and FSS space-to-Earth operations.
While such shielding has been effective in the past to some extent, it does not appear that the use of
shielding would be practical as a means of negating the significant level of harmful interference likely
to be experienced from nearby FS transmitters, which may be present in significant numbers. With
power level differentials expected of more than 40 dB between the FS transmitters and FSS receivers,
shielding of 10-15 dB may be readily achievable. However, any larger amount could require
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significant time and effort, and the successful outcome would still be in doubt. given the ubiquitous
deployment objectives characteristic of the representative NGSO FSS system and the operational
characteristics inherent to FS.

6. CONCLUSIONS

For the cases analyzed in this study, the interference caused to an FS receiver by a single entry
sidelobe coupling event resulting from the space-to-Earth operations of the representative NGSO FSS
system degrades the FS link performance by 9.5 dB, and reduces the available C + C/(I+N) value
by 1.5 dB for a fully faded FS link. Under non-faded conditions the FSS interference will reduce the
available FS link fade margin by 1.5 dB. The impact of this condition is to potentially render a
maximum length FS link unusable under fully faded conditions, to slightly reduce availability under
fully faded conditions below the required performance level, or to require slightly shorter link lengths
to maintain system performance. These effects will be mitigated by increased FS link margin
resulting from shorter path lengths if FS e.i.r.p. is maintained.

The impact from multiple entry FSS space station transmitter interference into FS receivers is
predicted to be 3 - 5 dB worse than the single entry case. However if a two constellation, multiple
entry FSS interference scenario occurs, interactions from up to six sidelobe coupled FSS signals is
possible, and could increase the predicted interference level by up to 6 - 8 dB.

Interference from FS transmitters to FSS earth station receivers was evaluated by determining
required distance separations for several coupling conditions. The most likely coupling cases will be
FS mainbeam-to-FSS sidelobe, and FS sidelobe-to-FSS mainbeam interactions. It can be seen from
Table 3 and from defmed FS and FSS operational objectives U&." rapid high-density deployment),
that distances are far in excess of a practical interservice coordination standard, given the defmed
operational objectives of the representative FS and FSS systems studied. Advanced FS configurations
that will be deployed in the near future are expected to utilize higher order modulation schemes,
increased e.i.r.p. and/or dynamic bandwidth and antenna beamwidth capabilities. Thus, future FS
systems could be even more susceptible to harmful interference from FSS space-to-Earth operations,
or cause an even larger distance separation requirement for FSS earth station receivers than currently
deployed FS systems.

Several potential interference mitigation schemes have been proposed as methods to minimize
interference from FS transmitters into FSS earth stations. The use of FS automatic transmitter power
control ("ATPC"), FSS earth station and/or space station diversity, and FSS earth station shielding
are discussed in Section 5. Diversity and shielding may offer small gains in reducing interference,
however the high-density, uncoordinated deployment requirements of both services minimize the
potential for reducing interference.

The use of FS ATPC was proposed as a method of minimizing interference by reducing the required
distance separations between FS transmitters and FSS earth stations. ATPC looks attractive initially,
however there are several problems associated with it that render it ineffective. The amount of FS
power control required to allow uncoordinated FSS operation approaches or exceeds the total FS
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signal margin available. In addition, ATPC causes FS receivers to effectively operate in a fully faded
condition relative to FSS downlink signals, which in combination with likely multiple entry coupling
changes a minimal interference case into a more serious condition. Lastly. no current FS systems are
equipped with power control capability, and the cost and time required to redesign, implement, and
retrofit FS systems is very high and unacceptable. Furthermore, many cases of uncorrelated fading
can occur between interfering FS stations and victim FSS stations, thus rendering the use of ATPC a
highly unpredictable method of facilitating interference-free co-frequency operation.

As demonstrated in Section 4 of this study, the separation distances required to protect FS stations
from transmitting earth station emissions in the 47.2 - 50.2 GHz band render prospects for viable co­
frequency operations by FS and FSS systems impractical, given the assumed deployment objectives in
the respective services. Use of an e.i.r.p. mask may prove effective to protect space station receivers
from FS emissions, but will only serve to exacerbate the susceptibility of victim FS receivers to
interference from earth station transmissions.

Accordingly, it is reasonable to conclude that co-frequency FS and FSS system operations in bands
above 30 GHz are not operationally or economically feasible.
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consider the overall system nois= objectives in parallel with the system reliability (outage) objectives. Most
analog liD1a require significant carrier level increases above threshold sensitivity just to achieve acceptable
baseband signal-to-noise (e.g. >35 dB increase for 70 dB SIN in the worst message channel in an FM-FDM link).

4.3 Automatic Transmit Power Control in Dilital Links

~ IntmdVsP°l1:

AlItrmaric (ar Adaptive) Tnmsmit Power Control (ATPC) is a desirable feature ofa digital microwave
radio link that automatically adjusts transmitter output power baed on path fadiDB detected at the far-ead
receiver(s). A!PC allows the 1raD.Smitter to operate at less than maximum power for most of the time. \Vbcn
fBeliDa conditions occur, t:rIDSD:Ut power will be increased as ncccIed. ATPC is usetUl for extending cbe life of
trlDsmitter components, reducing power consumptio~ simplifying frequency coordiDatioa in congested areas.
allowing additional up-fade protection, and (in some radios) iDcreuinS the maximum power output (improves
tySlem gain).

If the maximum transmit power in a A!PC link is needed for only a short period of time, a traDsmit
power less thaD maximum may (ifcertain remic:tions are met) be used when mterf'cnac:e calculations are made
into othc:r systems. Many years offadiDs statistics have verified that fading on cWfereat physical paths is nan­
caaelat.ed, i.t: the likelihood of two paths in a Biven area being in • deep fade ad thus SCDSitivc to interfer=ce
simuJtIDeOusly is very small. Further, to allow for inevitable deep fadiDa, microwave paths~ desiJaed. with
Imfadcd carrier-to-noise (CIN) and carrier-to-interfcnncc (CII) ratios much...tIwL those required for high
quality path performance. Since f'adms is ncm...com1ated IIDOI1IPl. a short-term power iDc:rcasc by apath .
experieacins a d=p fade will not reduce the CII on other paths to ID objectionable level. .Qu.properly desiped ...~~'_
m&I!a cd ODe not a#'ect.eci by raiD out!@. ATPC-equipped traDImiUers will be at maximum power for a short
period oftime. However, because !be JDlXimtun power is available wbeD deep fides occur, Cm, tbresbold C1N,
and en calculations into an ATPC link may assume the "Maximum Transmit Power" rcccivc camer level.

ATPC bas been successAally implemented in FCC Part 21 common carrier blDds for sew:raI years, mel,
UDder FCC EI'DocJr..t 92-9, is now permitted under Part 94. Currelltly, tbero are twa types ofATPC available.
The "rampins" type increases power dB for dB wUh a fade areater thin I certain depth. The "stepped" type
~ power in a siDgle step to maximum power when a fade exceeds acertain depth. Besides lipiflcaDtly
aidiDB the frequency coordiDation process, ATPC also provides receiver up-fade overload protection due to the
bacbd-off transmit power UDder normal sipallevcl c:onditioas.

During the coordination process, the ATPC user must cIarly.. that ATPC will be used. The traDsmit
powers lSSQCiated with an ATPC system included on the coordination notice are de1ined IS follows:

Maximum Tl'IIIImit Power That trIDSmit power that will not be exceeded at my timet used for CfM lIDd
path reliability (OUtalC) c:omputatiODS, IDd for calculating the CIl into an
ATPCsystcm.

Coordin"ecl Transmit Power TbI1 trIDSmit power RJecmd by the ATPC I)'It.clm liCCDlClO as the pOWCD' to be
used in calculatina interfacnce levels into victim receivers.

NamiDal Tl'IDIIDit POM:r That tnmsmit power It or below the c:oordiDatcd power at which the system
will operate in DOrma1. uataded conditioDs.

... • to
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The Coordinated Transmit Power is restricted to a 0 to 10 dB I'IIlIC belOw the Maximum Transmit
Power. The Nominal Tnmsmit Power must be less than or equal to the Coorctiftited Transmit Power. with typical
values rIDging from 6 to 15 dB below the Maximum Tnmsmit Power. The rccoive level at which the system .....J--­

either s~s up or begins to increase (ramp up) the far-end transmit power (depecdina on the type of ATPC) is
referred to as the ATPC Trigger Level. Because shallow fadiq chancteristics are path depeDdent and
unpredictable, at least a 10 dB fade must occur before the Coordinated Transmit Power is exceeded.

In order to claim a CoorctiDattd Tnmsmit Power less than the Maximum Transmit Power (ATPC feature
is used), certain restrictions on the time that this power is oxc:eoded must be met. Below about 12 OJ!; the ••~-
=cpcctcd annual time pen:entages should Dot exceed the limits shown in FiJUre 4-4 and provided in Table 4-2. • ~

Those time pcrcea.tages caa be calculated by the applicable reliability calculauems as shown in Section 4.2.3. ; ~
First, the fade depth that causes the zransmit power to exceed the Coordinated Transmit Power by a certain .. l..-

II /I t
DUIDber ofdB must be calculated. This fade depth is then substituted for the CFM in the reliability calculation. • Co\- •

For ammpiDg A~C system that.uses a step increase in trIDImit power, a sinJle calculation oftho time that the ~ ~ J
fade depth to the ATPC triger level is exceeded is all that is required. For an ATPC system that iDcreases 'u ~ l'
(nmps up the) power in a liDear dB for dB~ calculations olthe time that the CoordiDated Transmit Power I: ~

is exc:=kd m1 the time that the Maximum TramitPower is reached are suflici=l Future A'fPC systemS that " ..,
boost tnmsmit power in some other way may RlqUire time percentage calculations for the entire range of transmit
power in excess oftbc Coordinated Transmit Power.

TraaIadt Powerhl B.aea of CoanIiaIaed PoMr

OoS

~
1S7.,SOO

, 0.4 ...
.." .." , ~

«a 0'.3 J-l
J0.2 % ''''-.. MMSJ

"'-"0.1 ws

0.0 S,UIO

0 2 .. ,
I 10

PGMr(dB)

Figure 4-4 - Permitted Time Above Coordinated TraDSlllit Power

In dB stepS above the selected CoordiDaaed Tl'IDSIDit Power for nmpiDa-type ATPC systems. the permittild time
percleJili1e5 (and umual traDsmit power boost times) are shown in the foUowiDg table. Only ODe single value (
+6. +10 dB, .,c.) Deed be CODSideredin step-type ATPC systaDS (sec examples in Section 4.3.3).
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PlnNI' abaft permJtted tim.
Coordiaat.d -

Traaalt
Powv(dB) 'eretlat... Sec:oads

ofdme aerYar

0.0 0.'0 1,7JOO

1.0 0.33 103,950

2.0 0.22 69,300

3.0 0.15 47,,250

4.0 0.10 31-'00

5.0 0.07 22,050

6.0 0.047 .4,1OS

7.0 0.032 10.010

8.0 0.021 661'

9.0 0.014 4,410

10.0 0.010 3.150

P.5

TlA TSB lo.F

Table 4-2 - Time Permitted Above the Coordinated Traasmit Power in an ATPC LiDk

TIM. = 100 ( rUM, ICC) "
31.5 x 10'

(4.3-1)

ATPC«tUiPPed transmitteR that claim aCoordiDIted Tl'IDIIDit Power leu tbaD the Mmmum Traasmit
Power must bue tnmsmit power iDemIes OIl path facli.q. In thole GIICllI, _fawce or error caucc:ana
iDf'clnIIIdaa alcae is DOt suf&cic:IIt for iDcrcasina trIDImit power, but either or both lIlIY be UIIIcl U aD 1ddi1:i0Dll
criSaica. Fer syICaDI with spage dMnity. ATPC must be cc:mcUed by the stnmpr sipal from the two lDtama
S)'IIIm. ID ca1cuJIq the tim: pero::ntaps above CoantiDased Tl'IDSIDit Power, the space diversity impJOVaDeDt
factor may be foUDd to be less thaD one if the fade depth is small. In tbIIo iDstaDces, • space diversity
improvcmeat f'actor ofODe may be usumcd (DO improvemmrt or penalty from usiDI space diversity).

ATPC-equipped transmitters must DOt be allowed to stay iD die Maximum TrlllllZlit Power mode for
more tbID lID)' five minute duration. This event should result in III alarm c:oaditiau which retums the transmit
powII'to meNcrmal T1'IDImit Power, ATIJC sbouJd than not be re-eaabled UDtiIa det.mmiDatiou bu been made
that tbillaaa-=maarnaly bas been CC1Tected and normal operatico em be I'rlSl.IIDed. This criterioD will preveDt
aJcaa-b:rm cIepdaIicm, such as a down-stream receiver or CCXItI01 Marmet failure falsely implyiDs a deep fade,
&om causing a CZ'IDSmitter to be in the Maximum Transmit Powar mode tor aD meaded period oftimc.

Iftbe IbcM Jatricticms are met. iDtcrtenmce calculations from III ATPC system may ISSIJIDe the lower
CoantiDased Traasmit Power level. huert'ereuce and eFM calcu1acioDs into the rec:eiver ofaD ATPC-equi:pped
I)'ItaD caD thc:D ISSUIDe that !be M.mmDD Transmit Power is in use. Thus, in ca1culatiDI performance (outap.
etc.) aDd a CII for comparison to the objectives. the uC" is then bued on the Maximum TrlDSlDit Power.

When • Coord.iDated Transmit Power less thaD Maximum Tl'IDSIDit Power is claimed for an ATPC
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system, documentation .that the system will meet these rec:ommeadatious should be supplied during the
coordiIl.ation process. Because rain fading. obsauction rediD&, or swface duct fadiq could cause an ATPC
systan to increase power for a much longer time, additional justification for claimiDg a Coordinated Trmsmit
POWIr less than the Maximum Transmit Power may have to be provided for paths with inadequate clearmce or
10Da paths above about 10 GHz.· Paths that do not meet the restrictions may still usc: ATPC. but a Coordinated
Trmsmit Power equal to the Maximum Transmit Power must be used in the coordination process.

The cumulative yearly time at maximum trlDsmit power and the maximum transmit power smale
chntioD evan time offive minutes may not be appropriate for rad.igs apptjpg.boye about 12 GHz due to the
implCt ofrain rates and duration on interference cues. Further study in this IlU is needed. -...~-

In ordr:r to best reflect A!PC operation in the licensing process, the tranSmit.powet shown in the FCC
.filipg should be tho Maximum Transmit Power of the station. The station EIRP corresponding to the Maximum
Trmsmit Power must meet FCC EIR.P requirancnts.

Note: ATPC is DOt n:ccmmended for usc with analog radios because ofthc Sipl.to-DOise dcJf8da%ion
with the increase in thc:rmal DOise proportional to the normal transmitter back-otl

~ AIPC time above Coordin.w4 Transmit Pow sample ca1culati911S

In order to best reflect ATPC operation in the liCCDSiDa process, the trlDsmit power shown in the FCC
&lina abauld be the Maximum Transmit Power ofthe station. The following examples Wustrate typical ATPC
computations:

EHmpl, 1: Ramping-type ATPC is to b, w,d on a 40 /em (25 ",il,) 6.7 GHz path wtthout
IJNle, diVInity. Th. A'/'PC trigg,r level is -55 dbm. OnCl this trill'" llWl is reached. th,
system will IncrelU' tJ'tmSmU pow,r on, dB for """Y additional dB oflad,. Th, Nominal
TrtmsmitPowerofthe 'ptpm",t Is +J4 dBm with Q Maximum Tnln,mI, P(JWIt of+29 dBm.
Awrag. climate. ,,"am. Qnd telI'Ipll"tltUrt conditions aist on th, path. 171.path II dutgned
lor II Ncttve IrtJl~ with Nominal Transmit Power. 01-43 dBm. 171, dutp', wishes to check
ifa CoordinatedTransmit Powe, of+J9 dBm, J0 dB b,low the Mtzdmwn T1't:Insmit Power,
t:tl1l b, sp,qjfled und" th, recomm,ndlltio1U:

A fad' depth of12 dB from -43 to .55 dBm emu,s th, trl., 'r,1e1 to be reached. An
llddttional 5 dB ollad, boosts the pow,,. from +14 dBm to th, +19 dBm Coordinated
Trtmsmtt Power. Th, time rhllt the fade depth ~"ds J2+$-17 dB Is computed to be:

-ill}
T • 20 (6.7)(25)' 10 \10 • 41 ;716 ..0IIIl6

or 0.1326 percent o/the rim" which me,ts the O.S p.rcent TltJIlirement.

An additional 10 dB 01fade will caus, th, transmitter to reach Its +29 dBm Marlmum
TrtmSmlt Power. The time that thelade depth exceeds J7+J0 • 27 dB is t:Omput,d to b,:

(4.3.2)

•• 13 '"_... ~':_"'~ :-_M'"~:::;s.".;.;·::~.;,--:
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T • 20 (6.7)(25)' 10 - f:ro) :; 4,178 letINU
(4.3-3)

(4.3-4)

orO.OJ33pel'Cento[rhe time. This does not m"t th~ NqutNlMlltO[O.OJ p.rcmtofth. tim,
for JO dB above the Coordinated Transmtt Power.

SiMI lh, pOWlr is allo~d to exceed lhe Coordi1Ulua Trt:I1ISmil Power by as much as 9 dB
fDr 0.014 percent Oflh~ time. a Coordinated TrtulSmit Power of+20 dBm (9 dB below the
MtD:Imum Transmit Power) may thus be specified.

Eumpk 2: ATPC Iqalipmmt that ;nCrlflSes power in a single It,p to MlD:lmum Transmit
POWl'is to b, constder,d On th, non-dtwrsitypath in th, p1YVlOII8 "ample. The Nominal
1ivzIumitPowr is +24 dBmfor a "«M level of-33 dBm. TIre Marlmum T1'ansmtr Po.""
is +30 dBm QIId the ATPC trigger level Is 10 dB abow th, JqJ BER OUtl'lp th7Uhold of-74
dBm. The destgner wants to ch,ck ifQ Coordinated Transmit Powr el/alal to th, NOminal
Transmit POWlr can be spectfied under th,s, rul,s:

Th,..A.TPC trigger lewl is -64 dBm (10 dB abo", th, Ut' BER thP'Uhold) and a/ade .pth
0131 dBfrom the nominalpowrrecem lwei will cause this trigg,r level ro be Nach,d. 1h,
tim, that th,fllde d,pth excseds 31 dB is computed to be:

_£Jl)
Toll) • 20 (6.1)(25)110 \10 •. 1.6S~

or 0.ooJ3 p'r'Cmt of"" Nm,. SinCl a path is p,mINd to b, 6 dB ilbove the Coo1'dt1lflted
Transmit Power (+24 boosttdto +30 dBm) for 0.047percent 0lth, It"", this pilth mila thl
NqulN1M1It.

eqm," 3: A Itngle-st'p A.TPC'd tralUmin.,. ;S coM/aredfor a 48 kin (30 mi) 6. 'J GHz
IptlCr rilYemtypath with 9 m(30ft) dish spacing. AWI'tlgf climtltt tel'P'tJ1Jt ad tlmpc1'tltJIre
conditions ll1'e prelmt on the path. Th, Nominal (and Coordinated) T1't:tIvmit PQWlr is
+20 dBm (+30 dBm 1IVIJf:imwn) for Q -42 dBm nominal receive "1. Th, A.'1'PC trigger lewl
is 10 dB above the -77 dB!' 1(tI BER oural' thre,hold, or -67 dBm.

Th, ATPC II thlll trigg,,,d with~ spac, diwr,ity Nc.iwn fllded from -42 dBm to
-67 dBm. or 25 dB. Th, Itme that the/ade depths both ac,ed 25 dB tJ: computed to be:

r If) •
(4.3-5)

or 0.0086perctnt ofthe rime. Since a path Is permin,d to be 10 dB abDW the Coordinated
Trcm.rmtt Pow,,. O.Ol~ ofthe rime. this 'pace diYfrsity link meers th, requirement.
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