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The Boeing Company ("Boeing"), by its attorneys and pursuant to Section 1.415

of the Commission's Rules, 47 C.F.R. § 1.415, hereby comments in response to the above

referenced Notice of Proposed Rule Making ("NPRM').

I. INTRODUCTORY SUMMARY

Boeing is a leading contributor to the global aerospace and satellite

telecommunications industries, providing technical expertise, manufacturing, launch

services and on-orbit network control for a wide variety ofcommercial and government

satellite systems. Boeing has pending before the Commission an application to launch

and operate a non-geostationary ("NGSO") medium earth orbit ("MEO") satellite system
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operating in the fixed satellite service ("FSS").l Grant ofBoeing's application would

expand Boeing's contribution to the global satellite industry by enabling Boeing to inject

new competition into the satellite telecommunications services industry.

In order to enable NGSO FSS systems to operate in the Ku-band, the Commission

released a NPRM proposing rules and policies for this new generation of satellite

systems. As the Commission repeatedly acknowledges in the NPRM, technical criteria

either already exist, or are in active development, that will enable NGSO FSS systems to

operate in the Ku-band without causing unacceptable levels of interference to existing

users of the band. Most of the technical criteria is being developed by the International

Telecommunications Union ("ITU"), Radiocommunications Sector ("ITU-R"), with the

assistance of satellite and radiocommunications experts representing many

administrations and nearly every segment of the telecommunications industry.

Boeing has been an active participant in the lTU-R studies. Boeing believes that

the results of the lTU-R deliberations have been very encouraging, producing consensus

on the vast majority of technical issues relevant to NGSO FSS operations in the Ku-band.

In light of the significant contributions to this process already made by ITU-R, along with

those that are expected to follow, Boeing frequently refers herein to lTU-R output

1 Boeing also has pending before the Commission an application to launch and operate a
NGSO satellite system operating in the 2 GHz mobile-satellite service ("MSS") medium
earth orbit ("MEO") satellite system to provide global air traffic communications services
to aircraft. See Applicationfor Authority to Construct, Launch and Operate a Non­
Geosynchronous Satellite System in the 2 GHz Mobile-Satellite Service and the
Aeronautical Radionavigation-Satellite Service, FCC File No. 179-SAT-P/LA-97 (Sept.
26, 1997). Boeing's application includes a request for authority to operate feeder links
using 109 MHz of paired spectrum in the Ku-band (11.591-11.7 GHz for downlinks and
14.391-14.5 GHz for uplinks).
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documents. Boeing also seeks to raise important issues in its comments that have not yet

been thoroughly vetted in the ITU-R process, or are not included in the ITU-R's Terms of

Reference.

Boeing's first major theme involves appropriate long-term EPFD limits for NGSO

FSS space-to-Earth operations in the Ku-band. Long-term interference is one of the two

major types of interference that should be considered in a spectrum-sharing scenario

involving NGSO and geostationary ("GSO") satellites. Long-term interference refers to

mainbeam transmissions of a NGSO satellite antenna into the sidelobes of GSO earth

station antennas. Such interference is always present in a co-frequency spectrum-sharing

situation, but the level of interference is sufficiently low that, by itself, it cannot impact a

GSO network's availability and reliability. In contrast, short-term interference refers to

sidelobe transmissions from a NGSa satellite antenna into the mainbeam of a Gsa earth

station antenna. Short-term interference occurs whenever an operating NGSO satellite

intersects the mainbeam of a Gsa earth station. Each short-term interference event can

produce sufficiently high levels of interference to cause a cessation in GSa signal

utilization.

While the ITU-R has made considerable progress in determining appropriate

long-term and short-term interference limits, a significant effort still must be completed.

In fact, since the close of the January 1999 meeting of JTG 4-9-11, Boeing has reached

new conclusions about the approach that should be taken in developing appropriate EPFD

limits for NGSa FSS operations. Boeing believes that the Commission should utilize

two principles when adopting long-term EPFD limits. First, the Commission should

oppose any effort to tighten the long-term EPFD limit if the sole reason for such an
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adjustment is to enable a relaxation of short-term EPFD limits. In order to maximize the

number of competitive NGSa FSS systems that can operate in the Ku-band, the

Commission should support efforts to equitably apportion allowable interference into

geostationary fixed satellite service ("GSa FSS") networks between long-term and short­

term interference regimes.

Second, the Commission should support the use ofa methodology that provides

an accurate, realistic and consistent long-term EPFD value to protect GSa networks.

Currently, international technical groups are attempting to determine long-term EPFD

limits by predicting the likely impact of these limits on the total period ofunavailability

for representative GSa space-to-Earth signal links. Boeing believes that a more accurate

and realistic criterion for long-term interference limits would be based on the level of

degradation to a GSa FSS signal link viewed as the decrease in C/N of the network.

Employing such a methodology could produce more reliable and realistic results,

ensuring adequate protection for GSa networks, while not unduly burdening NGSa FSS

licensees.

Boeing's other major theme in these comments involves spectrum sharing among

multiple NGSa FSS systems. It is becoming evident that in order to enable spectrum

sharing among NGSa FSS systems in the Ku-band, multiple inhomogeneous system

operators will have to work together closely to devise a workable spectrum sharing

methodology. As the Commission correctly observes, to be successful, each of the co-

frequency NGSa FSS systems will have to accept an equitable portion of the spectrum­

sharing burden.
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ITU-R is still considering exactly how many NOSO FSS systems can share the

same spectrum. At a recent meeting ofan lTV technical group, it was agreed that the

likely number of such systems was between three and five. It is becoming increasingly

evident to Boeing, however, that it may be technically difficult for more than three

NOSO FSS systems to operate co-frequency. In addition, the design, cost and launch

schedule of each co-frequency system will be heavily influenced by the designs of its co-

frequency"partners." Co-frequency Ku-band NOSO FSS operators will need to

cooperate in constellation designs, adjust satellite and earth station assets at each other's

behest, synchronize launch and start-up schedules, regularly modify sharing procedures

to accommodate disabled and spare satellites, and continually employ a global, in-orbit

control staff to constantly compare notes and make mutual accommodations.

Thus, while the exact number ofNOSO FSS systems that can share spectrum is

yet to be determined, it appears certain that each co-frequency NOSO FSS licensee will

have to rely closely on the representations and assurances made by its spectrum-sharing

partners. A NOSO FSS licensee should not be expected to construct a satellite system

designed to protect one NOSO FSS licensee, only to learn that the licensee was unable to

complete financing and a different first round licensee now needs protection.2

In order to ensure that NOSO FSS licensees can adequately rely on the

representations of their co-frequency partners, the Commission should issue licenses only

2 As discussed in Part 2, Section II, subsection C, such an outcome could occur if three
systems engaged in a "round robin" spectrum-sharing scenario in which system-l agreed
to protect system-2, which agreed to protect system-3, which agreed to protect system-I.
If anyone participant failed to construct on schedule, the entire spectrum-sharing plan
would collapse.
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to NGSO FSS applicants that are truly qualified to construct, launch and operate their

proposed systems. Each licensee must have the technical and financial qualifications

necessary to bring its satellite system into use pursuant to a construction schedule that

accommodates its co-frequency licensees.

If the Commission fails to issue licenses only to truly qualified applicants, it will

inject significant uncertainty into the viability of spectrum sharing between multiple

NGSO FSS systems. This uncertainty will escalate investment risks for licensees and

reduce the overall likelihood that Ku-band NGSO FSS will become operational. Such an

outcome would harm consumers by reducing the possibility that a new generation of

broadband telecommunication services will be made available on a global basis.

In order to ensure that Ku-band NGSO FSS licensees are truly qualified, the

Commission should: (1) adopt strict financial qualifications rules for Ku-band NGSO

FSS systems, (2) require every applicant to adhere to all technical rules developed in this

proceeding, and (3) strictly enforce the Commission's threshold application filing

requirements by dismissing non-compliant applications as unacceptable for filing.

In arguing for strict enforcement of the Commission's application filing rules,

Boeing believes that an applicant's adherence to the filing requirements provides a clear

indication of whether an applicant has the technical expertise necessary to launch and

operate a NGSO FSS system and whether the applicant is willing to invest the resources

necessary to bring such a system into service. NGSO FSS applicants that have failed to

include a thorough technical analyses in their applications and have failed to provide

information required by the Commission's rules and applicable public notices should be

deemed unqualified to hold a Ku-band NGSO FSS authorization. By taking such action,
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the Commission will significantly increase the likelihood that an innovative generation of

NGSO FSS systems can benefit the public interest by bringing new broadband

telecommunication services to consumers on an expedited basis.

PART ONE
NGSO FSS SPECTRUM ALLOCATION

I. THE COMMISSION SHOULD GIVE SUBSTANTIAL DEFERENCE TO
THE VALUABLE TECHNICAL STUDIES PREPARED BY THE ITU-R
WITH THE ACTIVE PARTICIPATION OF THE UNITED STATES
RADIOCOMMUNICATIONSCOMMUNITY.

Since the beginning of the 1997 World Radiocommunication Conference ("WRC-

97"), a major effort has been underway by the ITU-R and the international satellite and

radiocommunications community to develop criteria for the operation ofNGSO FSS

satellite systems in the Ku-band on a shared basis with other users. Joint Task Group 4-

9-11 ("JTG 4-9-11") was established as a focal point for these efforts, with a number of

other committees - Working Party 4A ("WP 4A"), Joint Working Party 4-9S ("JWP 4-

9S") and Joint Working Party 1O-11S ("JWP 1O-11S") - providing technical expertise

and input. Each of the international committees has engaged in weeks of deliberations,

reviewed hundreds of input documents and has drafted nearly a hundred output

documents addressing issues that have achieved consensus.

As the Commission acknowledged in its November 24, 1998 NPRM, significant

progress has been made by the ITU-R in resolving NGSO/GSO spectrum sharing issues?

3 See Operation ofNGSO FSS Systems Co-Frequency with GSO and Terrestrial Systems
in the Ku-band Frequency Range and Subsidiary Terrestrial Use ofthe 12.2-12.7 GHz
Band by Direct Broadcast Satellite Licensees and Their Affiliates, Notice of Proposed
Rulemaking, FCC 98-310, ~ 7 (Nov. 24, 1998) ("NPRM').
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Since the release ofthe Commission's NPRM, JTG 4-9-11 has held a third international

meeting in Long Beach, California, resulting in international consensus on a number of

additional issues. In achieving this consensus, radiocommunications experts have not

diverged significantly from WRC-97's original findings on NGSa FSS spectrum

sharing.4 In fact, on many issues, international consensus has gravitated toward technical

conclusions that are similar to those provisionally adopted by WRC-97, a point the

Commission repeatedly acknowledges in the NPRM.5

Importantly, international ITU-R deliberations have been largely free from

excessive influence by any single special interest. While NGSa FSS proponents have

been well represented at international meetings, proponents have been outnumbered

consistently by representatives of incumbent spectrum users.

The United States has also been well represented. The United States has held

dozens of meetings in preparation for international sessions and has mustered U.S.

delegations that have been so large that, at the most recent JTG 4-9-11 meeting, U.S.

representatives nearly outnumbered all of the non-U.S. representatives combined. More

4 A major exception exists, however, with respect to protection ofbroadcast satellite
service ("BSS") interests in the 11.7-12.7 GHz band. As discussed infra in Part 1,
Section IV, subsection B, the WRC-97 provisional interference limits have been modified
significantly by international technical groups at the behest of the U.S. direct broadcast
satellite ("DBS") industry.

5 See, e.g., NPRM, ~ 26 (observing that ITU-R is expected to adopt EPFD levels to protect
Gsa FSS operations that "will not vary greatly from the WRC-97 provisional limits");
NPRM, ~ 36 (concluding that APFD limit needed to protect GSa FSS operations "will not
vary greatly from the WRC-97 provisional limit); see also NPRM, ~~ 14, 20 (proposing to
adopt the NGSa PFD limits developed at WRC-97 because they have generally proven
reliable for sharing between Gsa FSS and fixed services);
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than 200 participants attended the fourth international meeting of JTG 4-9-11 in Long

Beach, California. Nearly 100 of the participants were with the u.s. delegation.

Boeing has been actively participating in the international technical groups

considering NGSO FSS operations in the Ku-band and, without exception, Boeing supports

the technical conclusions that have achieved consensus. Boeing believes that the various

technical group outputs constitute a reasonable compromise, in that they enable NGSO FSS

operations in the Ku-band while providing more than adequate protection for other spectrum

users. Because ofBoeing's support for ITU-R's technical accomplishments, Boeing makes

repeated references herein to the output papers ofJTG 4-9-11 and other study groups.

Boeing believes that the technical analysis included in the ITU-R's body ofwork provides

an authoritative and reliable resource that can be used by the Commission as a basis for

establishing a thorough record in this rule making proceeding.

In light of the tremendous resources and efforts that ITU-R has devoted to

studying NGSO FSS spectrum sharing issues, and acknowledging the United States'

substantial role in the process, the Commission should carefully consider each of the

ITU-R's technical conclusions. This does not mean that the FCC should "rubber stamp"

technical outputs of JTG 4-9-11 and other ITU-R technical groups. It does mean,

however, that when assessing the technical and spectrum sharing issues outlined in the

NPRM, the Commission should give substantial deference to the valuable contributions

that the international ITU-R study process has provided to this proceeding.
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II. NGSO FSS GATEWAY DOWNLINK OPERATIONS CAN SHARE THE
10.7-11.7 GHz BAND WITH INCUMBENT SERVICES. (~~ 16-31)

A. The Commission Should Protect GSO FSS Downlink Transmissions
Using EPFD Limits Similar to Those Provisionally Adopted by WRC-97.
(~~26-28)

Boeing supports the Commission's tentative conclusion that NGSO FSS space-to-

Earth operations can share the 10.7-11.7 GHz band with incumbent fixed services ("FS")

and GSO FSS operations.6 In order to protect GSO FSS downlink operations, WRC-97

adopted provisional EPFD limits for NGSO FSS operations in the band. The provisional

limits are being studied by ITV-R technical groups in preparation for review by the

World Radiocommunication Conference in April-May of2000 ("WRC-OO"). As the

Commission observes in the NPRM, studies conducted to date by lTU-R indicate "that the

EPFD levels needed to protect GSO FSS operations will not vary greatly from the WRC-97

provisionallimits."7

While the work ofITV-R has been promising, additional efforts must be completed

in order to establish consensus. For example, lTV-R technical committees have agreed that

the aggregate interference impact of all co-frequency NGSO FSS systems should not

increase the total time period of unavailability for GSO FSS space-to-Earth links by more

than 10 % ("10 % limit"). One of the issues that has not been resolved, however, is the

6 See id,' 16.

7 Id" 26.
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exact EPFD limits (both long-term8 and short-term9
) that should be imposed on NGSO

FSS operators in order to ensure that the 10 % increase in GSO link unavailability is not

exceeded.

A range ofviewpoints exists on this issue, in part because ofdisagreement about

whether NGSO FSS systems should protect operating and planned GSO FSS earth

stations, or whether hypothetical GSO FSS earth stations must be protected as well. One

participant in the international process is seeking protection for poorly designed "paper"

earth stations that would exist in high altitude, desert regions where interference from

factors such as rain is so low that a 10 % increase in unavailability would equate to

almost no additional interference at all.

Despite these differences, Boeing is confident that an equitable and spectrally

efficient solution will be reached with respect to the appropriate EPFD limits needed to

protect GSO FSS downlinks from NGSO FSS operations. Boeing has been contributing

to domestic and international efforts to achieve consensus. Boeing is actively

participating in WP 4A, JWP 10-11 S and JTG 4-9-11 deliberations and is preparing

additional papers, which it expects to discuss during upcoming international meetings in

May 1999.

8 Long-term interference refers to mainbeam transmissions of a NGSO satellite antenna
into the sidelobes of GSO earth station antennas. Such interference is always present in a
co-frequency spectrum-sharing situation, but the level of interference is sufficiently low
that, by itself, it cannot impact a GSO network's availability and reliability.

9 Short-term interference refers to sidelobe transmissions from a NGSO satellite antenna
into the mainbeam of a Gsa earth station antenna. Short-term interference occurs
whenever an operating NGSO satellite intersects the mainbeam ofa GSO earth station.
Each short-term interference event can produce sufficiently high levels of interference to
cause a cessation in GSO signal utilization.
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Among the issues that Boeing intends to address in its presentations to

international technical groups are new conclusions that Boeing has reached in recent

weeks about the approach that should be taken in developing appropriate EPFD limits for

NGSO FSS operations. Boeing has recently developed several basic principles that it

believes should be utilized by the Commission and ITU-R to establish EPFD limits that

would be adequate to protect GSO FSS earth stations operating co-frequency with NGSO

FSS licensees. 1O Boeing urges the Commission to endorse these principles, both in its

rules for u.s. licensed Ku-band NGSO FSS systems and as a part of the U.S. positions

that will be presented to ITU-R technical groups and WRC-OO.

First, in order to ensure that multiple NGSO FSS systems will be able to operate

in the Ku-band, the Commission should adopt long-term EPFD limits that adequately

protect GSO FSS operations without unduly burdening NGSO FSS licensees. To

accomplish this, the Commission should not tighten the long-term EPFD limits if the sole

reason for such an adjustment is to allow a relaxation of the provisional short-term EPFD

limits. Instead, the overall permissible level ofunavailability for NGSO FSS space-to-

Earth operations (the 10% limit) should be efficiently and equitably distributed between

short-term and long-term interference events. This should be done in order to avoid

penalizing NGSO FSS operators that designed their systems with adequate equatorial arc

avoidance to avoid causing any short-term interference events to GSO networks.

10 Boeing believes that it is premature to recommend exact values for the appropriate
long-term and short-term EPFD limits that should be adopted for U.S. licensed NGSO
FSS systems in the Ku-band. Boeing is still attempting to develop EPFD limits that
would be appropriate for all parties. Once Boeing has ascertained appropriate limits, it
will present its findings to the Commission and to U.S. committees preparing for relevant
international ITU-R technical meetings.
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Second, the Commission should adopt long-term EPFD limits that are derived

from the most accurate method available to ascertain an interference limit that will

provide a consistent level of protection for Gsa FSS earth stations, regardless of antenna

size. As Boeing explains below, the best means available to ascertain an appropriate

long-term EPFD limit is to use a methodology that is based on the level ofdegradation of

Gsa signal links viewed as the decrease in C/N of the network.

1. The Commission Should Oppose Any Change to the Long-Term
EPFD Limit for NGSO FSS Systems Solely to Permit a Relaxation
of the Short-Term Limit.

In developing EPFD limits for NGSa FSS space-to-Earth operations in the Ku-

band, the Commission should support the adoption of short-term and long-term EPFD

limits that provide adequate protection for Gsa FSS earth stations without unduly

burdening NGSa FSS licensees. In this respect, the Commission should encourage the

international community to determine the most appropriate short-term and long-term

EPFD limit independent of each other, rather than subordinating the appropriate value for

either limit in order to accommodate a relaxation of the other limit.

In urging that the appropriate short-term limit and long-term limit should be

calculated independently, Boeing is not suggesting that the fundamental ceiling of a 10 %

increase in link unavailability (the 10 % limit) should be disregarded. Boeing

acknowledges that agreement has been reached that the aggregate increase in

unavailability resulting from the total short-term and long-term EPFD levels should not

exceed 10 %. In adopting appropriate short-term and long-term EPFD limits, however,

both the Commission and the international community should allocate equitably the 10 %

limit between the short-term and long-term interference regimes.

13

.4



In this regard, Boeing is concerned about a suggestion in the Chairman's Report

for the January 1999 meeting of JTG 4-9-11 that the long-term EPFD limit might be used

as a non-contingent variable that can be adjusted freely in order to maximize the

allowable EPFD limit for short-term interference events. II Specifically, the report

indicates that JTG 4-9-11 may recommend that a value for short-term interference should

be established by selecting the most lenient EPFD limit available that does not result in

excessive sync-loss to GSa FSS space-to-Earth links. The report then suggests that the

10 % unavailability limit could be complied with by making "consequential adjustments

to other limits" - presumably referring to the long-term EPFD level. 12

Boeing strongly opposes any approach that assigns a value for short-term EPFD

levels at the expense of the appropriate long-term EPFD limit. Such an approach is

inappropriate because it rewards NGSO FSS operators that have designed constellations

with high levels of short-term interference, while penalizing NGSa FSS systems that

manage to produce little or no short-term interference.

For example, Boeing designed its NGSa FSS system to be completely free of

short-term interference incidents. The Boeing system incorporates an equatorial

exclusion zone that is sufficiently large to avoid inline interference events with GSa FSS

satellites and earth stations, regardless of their location. Incorporating this capability into

the Boeing NGSa FSS system necessitated an increase in space segment assets, boosting

the total cost of the Boeing constellation.

11 See Chairman's Report of the Third Meeting ofJTG 4-9-11, ITU-R Doc. 4-9-11/367-E,
at Attachment 1, Section 11.3.2 (Feb. 5, 1999).

12 Id
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In order for Boeing to operate its NGSa FSS system on a cost effective and

competitive basis as compared to other proposed NGSa FSS systems, both the

Commission and the international community must adopt space-to-Earth EPFD limits

that appropriately distribute the burden of spectrum sharing between short-term and long­

term interference regimes. Without such an equitable distribution of burden sharing, only

a few of the pending NGSa FSS applicants may be able to construct their systems,

eliminating an opportunity for significant additional competition in the broadband

telecommunications services industry.

In arguing for equitable burden sharing, Boeing notes that other parties have also

identified this interference aggregation problem and have proposed their own solutions.

For example, at the January 1999 meeting of JTG 4-9-11, an Intelsat input document

evaluated an interference technique that would divide the 10 % unavailability criterion

equally among the three to five inhomogeneous NGSa FSS systems that could share

spectrum. 13 Carrying this idea of independent criteria one step further, Boeing believes

that it may be appropriate to permit each NGSa FSS licensee to develop its own EPFD

limit mask that best represents the interference characteristics of its system. In

developing its own mask, each licensee would be required to operate within its allocated

share of the overall 10 % unavailability criterion. Utilizing such an approach, Gsa FSS

systems would be adequately protected from NGSa FSS interference because the

aggregate of all NGSa FSS systems would still satisfy the 10% unavailability limit.

13 See Doc. JTG 4-9-11/348.
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2. The Commission Should Calculate Appropriate Long-Term
Interference Levels Based on the Level of Degradation to a GSO
Network Signal.

As mentioned above, two interference regimes must be considered when

evaluating the impact ofNGSa FSS emissions into GSa FSS space-to-Earth links -

long-term and short-term interference. Each interference regime can be traced to a

distinct physical process in which both the cause and the effect of the interference are

different. Accordingly, Boeing believes that it is inappropriate to use the same

interference criteria to set limits for both types ofregimes.

Long-term interference results from the mainbeam transmissions of a NGSa

satellite antenna into the sidelobes ofa Gsa earth station antenna. This interference will

exist whenever a NGSa satellite is operating co-coverage and co-frequency with the

Gsa satellite. The level of interference will vary as the NGSa satellite moves and

changes geometry with respect to the Gsa earth station, but the interference will always

be present. 14 In this respect, the long-term interference impact of a NGSa satellite on a

Gsa network is similar to the impact of a GSa satellite on an adjacent GSa network.

In contrast, short-term interference is the result of sidelobe transmissions from a

NGSa satellite antenna into the mainbeam ofa Gsa earth station antenna. 15 This type of

interference has a periodic nature - occurring when the NGSa satellite is in alignment

14 The amount ofvariation of interference is a function of the discrimination angle
between the GSa satellite and the NGSa satellite as viewed from the Gsa earth station.

15 There is a third interference regime that exists when the sidelobes of the NGSO
satellite antenna causes interference into the sidelobes of the GSa earth station antenna.
The level of interference in this regime is significantly below either of the other two
interference regimes and it therefore does not need to be considered separately.
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with the GSa earth station and the GSa satellite. Because functioning satellite antennas

have radiation patterns with peaks and valleys in the sidelobes (similar to a Bessel

function), the peak interference will occur when a sidelobe peak is in the direction of the

GSa earth station.

The duration of short-term interference is highly dependent on the angular

velocity (altitude) ofa NGSa satellite and the width of the mainbeam of the Gsa earth

station. It should be noted, however, that not all NGSa systems produce short-term

interference into GSa networks. For example, Boeing has designed its MEa Ku-band

NGSa FSS systems with a sufficiently large equatorial exclusion zone to make it entirely

free of short-term interference events to co-frequency GSa networks.

In addition to different physical generating processes between long-term and

short-term interference, the two interference regimes produce different effects on GSa

networks. For example, the total time period of incidence of short-term interference can

have a direct correlation on the total period of unavailability for a GSa signal link. This

is because short-term interference produced by NGSa FSS networks can be at

sufficiently high levels to cause a complete cessation in GSa signal utilization. As a

result, short-term interference, considered alone, can in some cases prevent a GSa

network from meeting its bit error rate ("BER") performance objective.

In contrast, long-term interference, considered by itself, has essentially no impact

on Gsa network availability and reliability. The degradation due to the long-term

interference is generally below the system margin that is provided for other variable

sources of link degradation such as rain fade, scintillation, depolarization, etc. With the

presence of only long-term interference, the GSa link will still generally achieve the
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system BER performance objective. Long-term interference will contribute to the period

of signal unavailability for a GSa link only when other link degradation sources such as

rain fade, simultaneously reach peak levels, which will only occur rarely, if at all.

Despite these significant differences, ITU-R technical groups have been

attempting to use the same methodologies to calculate appropriate limits on long-term

and short-term interference. JTG 4-9-11 has been engaging in studies to develop EPFD

limits for both types of interference based on the criterion that an aggregate increase in

signal unavailability for Gsa FSS links should be 10 % or less (the 10 % limit). Since

short-term interference can often be directly correlated with signal unavailability, JTG 4­

9-11's methods may be suitable to calculate appropriate short-term interference limits.

In recent weeks, however, Boeing has become concerned that these methods

appear to be producing inexact and inappropriate results with respect to long-term

interference. Boeing believes that continued use of these methods may lead ITU-R

technical groups to recommend long-term interference levels that are more stringent than

necessary to ensure adequate protection for GSa FSS systems.

Boeing believes that a more accurate and consistent measure of long-term

interference should be based on the level of degradation of the signal to the Gsa

networks. Degradation of the GSa network can be viewed as the decrease in e/N ofthe
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network due to the added interference from the NGSa system. Such a degradation can

be shown as:

c c=---,----.,-
N+I N{I+ ;J

where C is the signal power at the GSa earth station from the GSa satellite,
N is the equivalent thermal noise power at the GSa earth station receiver,
10 is the interference noise power density at the GSa earth station receiver due to
the NGSa satellite,

and No is the equivalent thermal noise power density at the Gsa earth station receiver.

Boeing believes that the long-term EPFD values should be based on a criteria of IJNo, or

equivalently, the long-term degradation of the Gsa network due to NGSa interference.

The EPFD value can be derived from an IJNo criteria as follows: 16

EPFD =4n . _/_0 •kT . _B_W_re,-if-
No sys 5.89. D 2

/ BWrefEPFD =4n ._0 .kT .--=---=-
No sys 6.92. D 2

D
-<100
'A

D
->100
'A

where k is Boltzman's Constant,
Tsys is the effective noise temperature of the GSa earth station,
BWrefis the reference bandwidth (4 kHz for Ku-band),
D is the diameter of the GSa earth station antenna,

and 'A is the wavelength of the transmission.

16 The coefficients of5.89 for D/'A < 100 imply an antenna efficiency of 0.6, and 6.92
implies an efficiency of 0.7. These are based on the reference antenna pattern agreed to
by the JTG for assessing NGSO interference into GSO systems. See Doc. JTG 4-9­
11ITEMP171.
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Using this fonnulation, a set ofEPFD limits can be developed that provides a consistent

level of degradation to the GSa networks regardless of the size of the GSa earth station

antenna.

A number of examples are available in ITU Recommendations in which this

method has been utilized to calculate appropriate interference into Gsa networks. These

examples provide affinnation of the level oflong-tenn interference that has been

pennitted in order to allow co-frequency operations of other new satellite networks. For

example, a level of6 % increase in ~TIT (IJNo is equivalent to ~TIT) is allowed by

Appendix 29 of the Radio Regulations for interference from one Gsa network to a

neighboring Gsa network without resorting to coordination. The 6 % IJNo is equivalent

to a C/N degradation of 0.25 dB. When bilateral coordinations are actually conducted,

Gsa networks commonly accept even greater levels of interference than 6 % from

neighboring Gsa systems.

Another example can be found in ITU-R Recommendation S.1323, which was

originally developed to consider the case ofNGSa MSS satellite systems that operate

feeder links in the FSS bands. A long-tenn level of 6 % ~TIT was allowed for each

NGSa system.

Boeing includes herein three possible sets of long-tenn limits, which have been

calculated based on different levels ofIJNo. The resulting EPFD levels are shown in

Tables 1 to 3. 17 Table 1 is the case for a IJNo of 6 % for each NGSa system. The Table

17 The EPFD for different size antennas is given along with the provisionallong-tenn
EPFD values adopted by WRC-97. In calculating the EPFD values in all three tables a
Tsys = 1880 k was used.
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includes the aggregate EPFD limits that would result from assuming 3 and 5 NGSO

systems are operating co-frequency. Boeing provides these examples simply to illustrate

the results that can be achieved using different levels of IJNo and is not offering them as

a formal proposal. 18 In fact, Boeing agrees that this level of impact on GSO systems

would be unacceptable in the case of multiple NGSO systems.

Table 1 - EPFDs for IJNo = 6 % per NGSO System
Example EPFD Yalu{'s WRC-97

pnn isinnal
limits

Antenna Single-entry Aggregate Aggregate Single-entry
diameter EPFD EPFD, N=3 EPFD, N=5 EPFD
Meters dBW/m"'-4kHz dBW/m"'-4kHz dBW/m"'-4kHz dBW/m"'-4kHz

0.6 -174.3 -169.6 -167.3 -179
3 -188.3 -183.5 -181.3 -192

10 -198.8 -194.0 -191.8 -195

Table 2 provides the details for an aggregate of 6 % 8T/T for all NGSO systems. In this

case, the single entry EPFD values are shown assuming 3 and 5 NGSO systems operating

co-frequency.

Table 2 - EPFDs for IJNo =6 % Aggregate for all NGSO Systems.
Example EPFD '"alues WRC-97

pnn isinnal
limits

Antenna Aggregate Single-entry Single-entry Single-entry
diameter EPFD EPFD, N=3 EPFD, N=5 EPFD
Meters dBW/m"'-4kHz dBW/mL.-4kHz dBW/mL.-4kHz dBW/m"'-4kHz

0.6 -174.3 -179.1 -181.3 -179
3 -188.3 -193.1 -195.3 -192

10 -198.8 -203.5 -205.8 -195

18 Boeing does intend to submit a formal proposal to the Commission on appropriate
long-term interference levels when Boeing's examination of the issue is completed.
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Table 3 is the case ofassuming that the WRC-97 provisional limits are for an aggregate

of all NGSO system rather than a single entry value. The EPFD for the 60 centimeter

antenna is used as a starting point and the EPFD for the other size antennas is adjusted to

provide the same level ofGSO network degradation based on I1T/T. Also shown are the

single entry EPFD values assuming 3 and 5 NGSO systems operating co-frequency. As

is evident, the single-entry EPFD values in Table 3 are very difficult for a NGSO system

to meet and still be able to provide an economical service.

Table 3 - EPFDs for IJNo = 2 % Assuming Provisional Limits are Aggregate
Exampll' EPFD Valm's \\ RC-97

prO\ isional
limits

Antenna Aggregate Single-entry Single-entry Single-entry
diameter EPFD EPFD, N=3 EPFD, N=5 EPFD
Meters dBW/m.£-4kHz dBW/m.£-4kHz DBW/m.£-4kHz dBW/m"-4kHz

0.6 -179.0 -183.8 -186.0 -179
3 -193.0 -197.7 -200.0 -192

10 -203.4 -208.2 -210.4 -195

In light of the increased accuracy and consistency that can result from the use of

an IJNo methodology to calculate long-term interference, Boeing urges the Commission

to adopt this approach in this proceeding. Boeing also urges the Commission to advocate

a United States position in WP-4A, JWP 1O-11S, JTG 4-9-11 and WRC-OO that

incorporates this methodology into the ultimate international consensus that is established

on this issue.

B. Appropriate Coordination Procedures are Available to Protect GSO FSS
Operations With Large Earth Stations. (, 27)

Boeing acknowledges that Ku-band NGSO FSS must protect GSO FSS earth

stations with antennas greater than 10 meters in diameter. Boeing does not believe,
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however, that coordination is necessary in every instance to adequately protect GSa

systems with large antennas. Instead, it would be adequate for the Commission to adopt

a coordination threshold based on the peak: value of the ratio of interference power to

inherent thermal noise ("IJNo") produced by the NGSa satellite at the location of the

Gsa earth station. Coordination would be required if an IJNo level is exceeded, and not

required if the IJNo level is not exceeded. The degradation ofthe C/N of the GSa earth

station due to interference from a NGSa satellite can be shown as

The Commission should adopt a coordination threshold of IJNo = 2 %. Such a

threshold would minimize the need for coordination activities, while providing good

protection for large antenna GSa earth stations. Specifically, a threshold of2 % would

result in a C/N degradation to the Gsa operator less than 0.1 dB. Figure 1 shows the

IJNo produced by the Boeing Ku-band NGSa FSS system into a 10-meter diameter Gsa

earth station antenna at the worst case location. The Boeing Ku-band NGSa FSS system

produces only a low-level, long-term interference into GSa systems (well below the 2 %

value proposed) because it was designed to avoid inline interference events. Because the

long-term interference to the GSa earth station is into its sidelobes, the peak: interference

level is essentially independent of the antenna size, as shown in a paper that Boeing

presented to USWP 4A at its February 25, 1999 meeting. 19

19 See Doc. USWP 4A/61 ("Methodology to Describe Continuous Curves ofLong-Term
EPFD Limits as a Function ofAntenna Size").
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Figure 1 - IJNo for 10 Meter GSO Antenna

If three NGSa systems simultaneously produced 2 % IJNo peak interference into

the GSa network, it would result in an overall C/N degradation ofonly 0.25 dB, which

should be acceptable. It is highly unlikely, however, that three independent NGSa

systems would be simultaneously producing their peak interference into the large antenna

of a GSa earth station.

A major concern in the GSa community is the loss of synchronization due to

interference from NGSa systems. It has been shown that loss of synchronization occurs

when the C/N ofthe signal is reduced by about 2.2 dB below the operating performance

threshold.20 Using the above coordination threshold, a Gsa earth station with a large

antenna operating at its minimum performance threshold would not suffer loss of

synchronization. Therefore, the Commission can adequately protect large GSa receive

antennas using Boeing's proposed coordination threshold.

20 See Doc. lTU-R WP-4B/Temp/30.
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C. The Commission Should Protect GSO FSS Space Stations in Inclined
Orbits of up to 3°, With Less Protection Thereafter. (~27)

Boeing acknowledges that Ku-band NGSa FSS systems could be required to

provide a level ofprotection to GSa satellites in inclined orbit. While such satellites are

nearing the end of their useful lives, they often can still be used to provide services to

consumers without placing unreasonable sharing constraints on co-frequency systems.

The Commission should acknowledge, however, that in protecting satellites in inclined

orbits, the size and cost of the sharing burden imposed on co-frequency NGSa FSS

systems increases as the Gsa satellite's inclination increases. At some point, however,

the burden imposed on Ku-band NGSa FSS systems will outweigh the benefits provided

by extending the service life of older, and arguably less efficient, Ku-band GSa satellites

in degraded orbits.

Recognizing the need to strike an efficient balance between the declining benefits

to Gsa operators and the escalating costs to NGSa operators, the Commission should

require NGSa FSS operators to utilize the same EPFD limits intended to protect non-

inclined Gsa satellites in order to protect Gsa satellites in inclined orbits of up to 3°.

For GSa satellites in inclined orbits greater than 3°, the EPFD limits should be increased

linearly by 2 dB up to a maximum of 5° inclination for up to 2 % of the time. The

Commission should not require NGSa FSS systems to meet EPFD limits for GSa

satellite inclinations greater than 5°. The EPFD formulation would be:

EPFD(1) = EPFD(O) + (1 -3)

where EPFD(I) is the EPFD allowed at inclination I.
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Studies done by JTG 4_9_11 21 have shown that the maximum EPFD at the GSa

receiver increases at inclinations higher than 3 degrees. For example, at inclinations of

5°, the EPFD is 5 to 8 dB higher than for Gsa satellites with no inclination. Independent

studies done by Boeing have shown that, for its system, there is an increase in the

maximum value of interference into the sidelobes (generally considered long-term) of

inclined GSa satellites as the inclination is increased. This increase in EPFD occurs for

percentages of time less than about 1 %, and has a peak of 5 dB for a 5° inclined GSa

satellite. A simulation was done to evaluate the effect of inclination angle on EPFD for

the Boeing Ku-band NGSa FSS system. Figures 2 and 3 show the increased EPFD for a

Gsa satellite with a 3° inclined orbit and with a 5° inclined orbit, as compared to a non-

inclined GSa satellite for an earth station using a 60-centimeter antenna. The results are

very similar for larger diameter earth station antennas.

60 cm ES with 3 degree Inclined GSa
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Figure 2 - 3° inclined GSO

Non-inclined GSa
)

21 See Doc. JTG 4-9-11/TEMP/41 ("NGSa Sharing with Quasi-Geostationary Systems
and Inclined GSa Satellites").
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60 cm ES with 5 degree Inclined GSa
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D. Existing Procedures Should be Used to Protect GSO and NGSO Satellites
During Transfer Orbit and in Emergency Situations. (~~ 29,31)

The Commission is correct in concluding that case-by-case consultation should

continue to be used to coordinate the temporary operation of satellites in transfer orbit

and in emergency conditions. The Commission should continue to require the use of

these procedures in order to protect both GSO networks, as well as satellites in NGSO

constellations. Under the current procedures, a licensee operating a satellite in transfer

orbit, or pursuant to emergency conditions, has a responsibility to coordinate its

temporary operations with other satellite networks in order to protect neighboring

satellite systems. These activities often require regular communications between ground

control personnel in order to ensure that no satellite is impaired by temporary changes in

telemetry, tracking and control ("TT&C") transmission protocols. Only through the

continued use of these cooperative efforts can satellite operators continue the successful

growth and development of the commercial satellite industry.
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E. The Commission Should Adopt the EPFD Limits Under Consideration by
JTG 4-9-11 in Order to Protect TT&C Operations. (~~ 29)

The Commission should conclude that the EPFD limits under development by JTG

4-9-11 for Ku-bandNGSa FSS systems will be adequate to protect GSa FSS IT&C

operations. Studies have indicated that the long-term provisional EPFD limits will not

have a significant impact on the performance ofGsa FSS TT&C systems. This can be

demonstrated by converting the EPFD limits to a degradation ofthe C/N of the GSa

network, which includes the TT&C links. Degradation of the link C/N can be shown as

The IoINo can be determined from the EPFD as

EPFD· 5.89· D 21
0 =-------

No 41t . k· Tsys . BWre/

EPFD· 6.92· D 2

D
-<100
A

D
->100
A

where D is the GSa earth station antenna diameter
k is Boltzman's Constant
Tsys is the effective noise temperature of the GSa earth station receive system
BWrefis the reference bandwidth (4 kHz for Ku-band)

and Ais the wavelength of the transmission

Table 4 lists the long-term provisional EPFD limits and the C/N degradation that results.

Under worst case conditions (the TT&C system operating at performance threshold with

worst case rain fade), the degradation caused by the additional long-term interference due

a NGSa satellite will result in a slight increase in BER, but not loss of synchronization or

outage of the signal.

28



Table 4 - Effect of Long-Term, WRC-97 Provisional EPFD Limits

dBdBMnI kHz ddBW!Mt

Antenna EPFD (1., time BW Ts~s k Ij"\. Degradation
Diameter (',rceded I'd"

e ers m- 0 1 egrees
4kHz year k

Long-
Term

0.6 -179 0.3 1578 4 188 -228.6 -16.89 0.09
3 -192 0.1 526 4 188 -228.6 -15.91 0.11
3 -186 0.03 158 4 188 -228.6 -9.91 0.42

10 -195 0.03 158 4 188 -228.6 -8.45 0.58

F. The Same PFD Limits Used by GSO FSS Networks to Protect Fixed
Services are Adequate for Use by NGSO FSS Networks. (~~ 18-20)

The Commission is correct in proposing to require Ku-band NGSa FSS systems

to comply with the same PFD limits used by GSa FSS networks to protect fixed services

in the 10.7-12.75 GHz band.22 As the Commission acknowledges in the NPRM, WRC-97

provisionally adopted these PFD limits because they generally have proven to be reliable

for sharing between GSa FSS and fixed services. Furthermore, differences between

NGSa and GSa emission characteristics will not significantly alter the protection

provided to fixed services so long as the provisional PFD limits are met.

Since the close ofWRC-97, ITU-R Study Group 9 ("SG 9") and JTG 4-9-11 have

extensively studied the issue of interference from NGSa systems to FS systems. At the

January 1999 meeting of JTG 4-9-11, the international body reached a consensus that

"the current article S21 per satellite PFD limits ... are adequate for the protection of the

FS in the 10.7 - 12.75 GHz band from aggregate interference from three assumed non-

22 See NPRM, ~ 20.
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homogeneous, non-GSa FSS systems.,,23 Representatives of the FS service industry in

the United States actively participated in these deliberations. Accordingly, Boeing

believes that the Commission should concur with JTG 4-9-11 in acknowledging the

adequacy ofexisting PFD limits to protect fixed networks from both GSa and NGSa

transmissions.

G. Standard Coordination Procedures Should be Used to Protect NGSO FSS
Gateway Facilities From Terrestrial Transmitters. (-,r-,r 21-22)

In the NPRM, the Commission proposes to use the same coordination procedures

used for GSa earth stations to protect NGSO Gateway facilities from terrestrial

interference in the 10.7-11.7 GHz band.24 Boeing agrees that existing coordination

procedures are adequate to protect NGSO Gateway complexes. Boeing currently plans to

have two Gateway complexes within the continental United States ("CONUS"). Thus, it

is not anticipated that there will be any significant problem in this coordination.

H. The Commission Should Place Reasonable Limits on its Proposed Use of
Gateway Exclusion Zones. (-,r 23-25)

As the Commission acknowledges in the NPRM, any proposal to implement

exclusion zones for Gateway earth station complexes necessitates a balancing between

the needs of the fixed service and NGSO FSS licensees.25 The use of exclusion zone

restrictions that are excessively burdensome will increase the costs for NGSO FSS

licensees, without providing corresponding benefits to fixed services.

23 See Doc. JTG 4-9-11/TEMP/72(Rev. 1) ("PFD Limits in the 11/12 GHz Bands").

24 See NPRM, ~ 22.

25 See id, ~ 23.
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Boeing believes that the exclusion zones proposed in the NPRM exceed what is

necessary to protect terrestrial licensees. Use ofexcessive exclusion zones will increase

costs for Ku-band NGSO FSS licensees. This is because Boeing's Gateways will require

reliable access to the public switched telephone network ("PSTN") and fiber network

connections. Since such resources are not readily available in remote areas, Boeing would

be required to construct additional terrestrial telecommunications infrastructure,possibly at

significant cost.

A reduction in the proposed exclusion zone restrictions would minimize the

burden on Ku-band NGSO FSS licensees. Boeing recommends that the Commission

prescribe exclusion zones only around the 25 largest population centers and reduce the

size of the exclusion zone to 50 kilometers. The use ofa less restrictive exclusion zone

would not harm fixed licensees, particularly in light of the fact that Boeing is planning to

construct only about two Gateway complexes within CONUS.

The Commission should not prescribe exclusion zones for non-urban areas.

While Boeing acknowledges that numerous fixed links exist in non-urban areas, Boeing

believes that these users can operate co-frequency with Ku-band NGSO FSS Gateway

facilities using standard spectrum coordination procedures.

Finally, Boeing believes that any exclusion zone restrictions that are employed

should sunset five years following their adoption. As the Commission notes in the

NPRM, the purpose of the exclusion zone would be to permit the migration of fixed

services from the 2 GHz band allocation for the mobile satellite service ("MSS"). The

launch of2 GHz MSS systems is likely to begin next year, with a number ofMSS

systems in operation several years later. Thus, it seems likely that migration of the fixed
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service from the 2 GHz MSS band will be completed well before the five year deadline,

eliminating any further need for the Commission's exclusion zone restrictions.

III. NGSO FSS LICENSEES CAN PROVIDE GATEWAY UPLINK
OPERATIONS IN THE Ku-BAND ON A SHARED BASIS WITH EXISTING
USERS. (~~ 32-51)

A. Ku-band NGSO FSS Gateway Uplink Operations Can Share the 12.75­
13.25 GHz Band With Incumbent Terrestrial Services. (~~ 32-37)

Despite the heavy terrestrial use of the 12.75-13.25 GHz band, Boeing concurs

with the Commission's tentative conclusion that extending use ofexisting coordination

procedures to this band will be adequate for siting NGSO FSS Gateway complexes.26 As

mentioned above, Boeing currently plans to have two Gateway complexes within

CONUS. Thus, it is not anticipated that there will be any significant problem with

coordination. Boeing also agrees that exclusion zones are not required in the band.27

Boeing observes, however, that by adopting exclusion zones for NGSO FSS Gateway

facilities operating in the 10.7-11.7 GHz downlink band, the Commission is creating a de

facto exclusion zone that applies to each of the paired NGSO FSS Gateway frequency

bands.

With respect to mobile operations in the band,28 Boeing believes that its two

planned Gateway facilities will affect only a small area and should not have a significant

26 See id., ,-r 34. Extending existing coordination procedures to this band would require
changes to Parts 74, 76 and, perhaps, 101 of the Commission's rules.

27 With respect to GSO Gateway facilities, Boeing does not object to allowing domestic
GSO Gateway operations in the band. See id., ,-r 33. Boeing stresses, however, that its
support applies solely to Gateway-only earth stations.

28 See id.
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impact on the mobile services in the band. Boeing also observes that there is a long

history ofcooperation in avoiding interference among electronic news gathering ("ENG")

operators and other users of the band. Boeing will contact the several television stations

in the vicinity of its Gateway complexes and arrange communications paths to provide

assistance for ENG vehicles through periodic information on the hourly/daily variations

in interference contours for the areas surrounding the multiple tracking earth stations at

each Gateway. Since the movement of its satellites are quite regular and repeating,

Boeing will be able to provide long term data to "neighborhood" users of this band.

In the NPRM, the Commission also requested comments regarding FCC

proceedings involving the terrestrial use of the cable television relay service ("CARS")

allocation in the 12.7-13.25 GHz band.29 Specifically, certain fixed microwave licensees

are seeking to expand their operations in the band by transmitting video programming to

end users. Additionally, the Commission is considering the inclusion ofdigital broadcast

television signals over the cable TV infrastructure, which may increase usage and change

the interference characteristicsofCARS frequencies.

A further significant increase in the use ofthe 12.75-13.25 GHz band by terrestrial

services will make it more difficult for Ku-band NGSO FSS operators to site Gateway earth

stations, which will already be encumbered by the need to accommodate FS licensees in the

well used 10.7-11.7 GHz band. Additionally, the use ofthe 12.75-13.25 GHz band for

terrestrial point-to-multipointservices would make coordination ofearth stations

significantly more difficult. This difficulty is likely to be aggravated by the lack of

29 See id., , 35.
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spectrum coordination rules applicable to FS and FSS earth stations in the 12.75-13.25 GHz

band.30

Despite these concerns, Boeing has not formally opposed the petition for rulemaking

that was ftled by OpTel, Inc.31 Boeing would like the opportunity, however, to participate in

the drafting ofany rules that may be proposed in order to facilitate coordination between

Gateway earth stations and any new fixed services that are permitted to operate in the band.

B. The Commission Should Adopt the APFD Limits Under Development by
ITU-R to Protect GSO FSS Uplinks in the 12.75-13.25 GHz Band. (~36)

The FCC should adopt the WRC-97 provisional APFD limit of -170 dBW/m2
-

4kHz. ITG 4-9-11 has studied the issue extensively and has reached a consensus that the

provisional value is appropriate, even in light of the change in definition of APFD to

EPFDup.32

As shown in Part 1, Section II, subsection A2, an EPFDIAPFD value can be

converted to calculate the degradation of the signal C/N for a link. Using the revised

definition of APFD to include the GSO antenna receive pattern, the provisional APFD of

-170 dBW/m2-4kHz will result in a 0.1 dB degradation of the GSO uplink signal or a 2.3

% ~T/T. This is a very small impact to the GSO systems and is not considered

significant.

30 As noted previously, rules will need to be developed for coordination with satellite
systems in the band.

31 See OpTel Petition for Rulemaking, RM-9257 (April 1, 1998).

32 See Doc. ITG 4-9-11/TEMP/40(Rev. 2). The new definition of APFD - EPFDup ­

takes into account GSO satellite receive antenna directivity in order to make a more
accurate assessment of interference caused by NGSO FSS networks.
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1. The Commission Should Protect GSO FSS Uplinks for Satellites
With Inclined Orbits of up to 3°, With Less Protection Beyond
That Point. (~36)

Recognizing the need to strike an efficient balance between the declining benefits

of utilizing GSa satellites in inclined orbits and the escalating costs to NGSa operators

of protecting such satellites, the Commission should require NGSa FSS operators to

provide a progressively declining level of protection for inclined GSa satellites. The

Commission should require Ku-band NGSa FSS operators to use the same APFD limits

intended to protect non-inclined GSa satellites in order to protect Gsa satellites in

inclined orbits of up to 3°. For GSa satellites in inclined orbits greater than 3°, the APFD

limits should be increased linearly by 2 dB up to a maximum of 5° inclination for up to

2 % of the time. The Commission should not require NGSa FSS systems to meet APFD

limits for GSa satellite inclinations greater than 5°. The APFD fonnulation would be:

APFD(1) = APFD(O)+ (I -3)

where APFD(I) is the APFD allowed at inclination I.

Boeing has conducted interference studies on Gsa inclined orbit operations that

indicate that there is an approximate linear increase in APFD with GSa inclination angle

for percentages of time less than 2 %. Figure 4 shows the APFD for a non-inclined Gsa

satellite and for a GSa satellite operating at a 5° inclination.
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Figure 4 - 5° inclined GSO

Because of the technical justification for reducing the APFD limit for Gsa

inclinations beyond 3°, the Commission should adopt Boeing's proposal. Furthermore,

the proposed use of the same APFD limit for inclinations from 0° to 3°, with an increase

of 2 dB for Gsa inclinations up to 5° for up to 2 % of the time, would match inclination

break: points for EPFD limits discussed previously in Boeing's comments.33

2. The Commission Should Use the New Definition of APFD to
Appropriately Consider GSO FSS Receive Antenna Directivity.
('37)

In the NPRM, the Commission seeks comment on whether its definition ofAPFD

should take into account GSa satellite receive antenna directivity.J4 Consideration of an

antenna's directivity can provide a more accurate assessment ofinterference caused by

NGSa FSS systems into GSa FSS networks. Thus, in order to account for Gsa satellite

33 See supra Part 1, Section II, subsection C.

34 See NPRM, ~ 37.
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receive antenna directivity, the Commission should adopt the change in APFD definition

recently developed by JTG 4-9-11, which incorporates consideration of the directivity of

GSO satellite receive antennas into its calcu1ations.35 This new definition is referred to as

EPFDup•
36 The new definition also includes a reference antenna pattern to be used in

NGSO/GSO frequency sharing studies.

In the NPRM, the Commission also seeks comment on whether the new definition

ofAPFD, taking into account the directivity of the GSa satellite antenna, would necessitate

a corresponding change to the APFD levels. Comment was also requested on the

appropriate satellite receive antenna reference pattern(s) that should be considered in

developing a modified APFD definition.37 Boeing believes that the Commission should

follow the lead ofJTG 4-9-11 on these issues and retain the provisiona11imit of-170

dBW/m2-4kHzto protect GSa FSS services. The Commission should also utilize the GSa

FSS reference antenna pattern agreed to by JTG 4-9-11.38

C. The Commission Should Permit NGSO FSS Gateway Uplink Operations
in Portions ofthe 13.75-14.0 GHz Band. (~~38-44)

As the Commission observes in the NPRM, in additional to FSS, the 13.75-14.0

GHz band is allocated on a co-primary basis to government radio10cation operations and

is also used on a co-primary basis by standard frequency and time satellite operations and

space research/earth exploration-satellite operations, such as the National Aeronautical

35 See Doc. 4-9-1l/TEMP/40-E (Rev. 2).

36 To avoid confusion with EPFD, however, Boeing continues to refer to EPFDup as
APFD in many sections of these comments.

37 See NPRM,,-r 37.

38 See ITU-R S.672.
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