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SUMMARY

FINAL REPORT OF THE MAJORITY OF THE ACTIVE PARTICIPANTS
OF INFORMAL WORKING GROUP 1 TO THE
MSSAC ABOVE 1 GHZ NEGOTIATED RULEMAKING COMMITTEE

IWG1l evaluated two distinct approaches to accommodating
different Mobile Satellite Service/Radio Determination Satellite
Service ("MSS/RDSS") systems in the 1610-1626.5 and 2483.5-2500
MHz bands -- full band interference sharing and band segmentation.

" Pive applicants and one potential applicant have agreed that
they can all viably operate their systems only by full-band
spectrum sharing. The sixth applicant, Motorola has steadfastly
maintained that its "vision" does not allow it to make any design
changes to conform to an interference sharing environment. It has
maintained that it can only operate in frequency assigned to it on
an exclusive basis and must operate bidirectionally in L-band.

. This IWGl Majority Report concludes that the full band
interference sharing proposal is the best sharing proposal because
it can accommodate multiple applicants and new applicants, which
would offer a wide range of new and low-cost services domestically
and internationally, such as voice, paging, facsimile and data.

It would also provide safeguards so that spectrum can be
reassigned if some licensees do not make use of their assigned
share. The inherent flexibility associated with this approach
will allow systems to effectively respond to the market
environment and, therefore, will best serve the public interest.

In this regard, this Report reaches the following conclusions
and recommendations:

(a) There is sufficient spectrum to accommodate all of the
pending applicants with some adjustments to all
currently proposed system designs and Celsat.

(b) A resource allocation plan, whether allocating frequency
segments, time slots, or interference power, should be
based upon sound principles and avoid arbitrariness. A
fundamentally important principle for resource
allocation is the equitable treatment of licensees.
Since MSS/RDSS is a new service, equity requires that
each applicant receive equal access to the spectrum
resource.

(c¢) The only viable means of assigning the available
spectrum resource among multiple systems is Full Band
Interference Sharing. Such an approach is the most
flexible and spectrum efficient, provides the greatest
aggregate capacity, facilitates international
coordination, promotes competition, and avoids
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Segmentation by Dynamic Band Sharing; and (4) Hybrid Full Band
Polarization Segmentation. Each of these approaches, like the
Motorola proposal, would require that procedures be established
for assignment of spectrum and dynamic reallocation.

3. Description of Technical Sharing Criteria

During coordination under the full band interference sharing
method, system operators would agree on changes to the parameters
of their systems to reduce the amount of interference caused to
other systems to the agreed upon levels. However, such agreements
would only be necessary with respect to a limited number of
parameters as identified below, and each system operator would be
able to optimize its system in terms of capacity, cost and service
quality within these overall sharing constraints. The following
are the parameters on which agreement is to be reached during the
coordination process:

Maximum Downlink PFD Spectral Density

Maximum Aggregate EIRP Areal Spectral Density
Polarization

Frequency Plans

Code Structures and Associated Cross-Correlation
Properties

Antenna Beam Patterns

Signal Burst Structures

- Overall Interference Allowance

These parameters are described in detail in Section 3 of this
Report.

Additionally, the ocut-of-band emission rule currently found
in Section 25.202(f) needs to be updated to reflect the operation
of MSS systems. It is proposed that Section 25.202 be amended to
specify a power spectral density (PSD) mask measured relative to
the average in-band PSD at the maximum design power setting for
the MSS/RDSS bands. Proposed out-of-band emission limits are
contained in Table 3-1 of this Report. 1In the event that the out-
of-band PSD specified in Table 3.1 of this Report is not met, a
waiver to the mask may be allowed if thexre is a showing that the
operation of the equipment would not cause harmful interference to
other systems or services or if it is shown that the out-of-band
PSD is below a coordinated interference level.

Additionally, a 45 dB isolation is proposed for protection
between a TDMA/FDMA system and a CDMA system or systems that are
operating at or near capacity.

Table 3-2 of this Report contains the proposed downlink out-
of-band emissions limits. The table forms a power spectral
density (PSD) mask which protects FDMA/TDMA or CDMA receiving
mobile units from emissions from satellite downlinks in another
band within the 2483.5-2500 MHz band or within the 1613.8-1626.5
MHz secondary downlink band.
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In this analysis, backlobe interference displaced from 6
(Ellipsat) to 623 (Constellation) MSS channels per spread
bandwidth. See IWG]l Majority Report, § 4.4, Table III. Sidelobe
interference reduced from 0 (LQSS) to 31 (TRW) MSS channels per
spread bandwidth. In the transhorizon case, the number of signals
interfered with ranged from a low of 78 (LQSS) to a high of 7,348
(TRW) per spread bandwidth. The aggregate interference impact on
the various proposed systems would be substantial, e.g., 5,241
aggregate voice circuits lost under the sidelobe analysis for
Constellation; Celsat would lose an aggregate 41,040 voice
circuits in the transhorizon case. WGl Majority Report, § 4.4.
With respect to time and duration of interference, it was noted
that the transhorizon case is always present. The sidelobe and
backlobe cases are potentially present in all beams continuously.

+ § 4.4, Table V. During these periods, there
is a potential loss of capacity up to the maximum specified in the
Report.

According to this analysis, the use of secondary downlinks by
the Iridium system with the parameters described in Section 4 of
this Report would result in harmful interference to each of the
proposed systems analyzed for substantial periods of time.

Motorcla asserts that certain mitigating effects can be
employed to avoid "harmful interference" from secondary downlinks
into primary uplinks that may occur and identified five: band
segmentation, downlink masking by primary uplink, beam management,
frequency management and antenna adjustments. See
Repoxrt, § 4.5. However, this Report concludes that Motorola‘s
suggested mitigating effects would not be sufficient to eliminate
harmful interference from Iridium secondary downlinks. These
parties recommend that no burden be imposed upon users of primary
uplinks in order to avoid harmful interference from secondary

downlinks. See IWG] Majoritvy Report, § 4.6.

Based upon the predicted harmful interference from secondary
downlinks, and the apparent infeasibility of Motorola’'s proposed
mitigating effects, this Report concludes that a secondary MSS
downlink of the type proposed for Motorola’s Iridium system would
result in the loss of system capacity for MSS systems operating
co-frequency uplinks in an interference sharing environment.

5. Realizable Capacities/Performance Analveis

Realizable capacities and performance of the proposed MSS
systems were analyzed based upon a model designed to determine
capacities and performance under actual operating conditions.
Under the Full Band Interference Sharing approach described in
Sections 2 and 3 of this Report, the downlink and uplink for the
proposed systems using CDMA access technology were analyzed

separately. JIWGl Majorjty Report, § S5.1.

Results for individual and aggregate CONUS capacities
demonstrate that the full-band interference sharing approach
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MHz, and has advance published with the IFRB for the GLONASS-M

system up to 1620.6 MHz. See IWG]l Majority Report, § 7.2. If

sharing with GLONASS cannot be resolved, the 1610-1616 MHz band
may be unavailable for MSS/RDSS.

Third, the Global Positioning Service ("GPS") system operates
under the radionavigation-satellite (space-to-earth) allocation in
the 1559-1610 MHz band and may present out-of-band emission
issues. Out-of-band emissions limits would resolve any

interference issue related to GPS. §See IWGl Majority Report,
§ 7.3.

Fourth, the Instructional Television Fixed Service ("ITFS")
and the Multichannel Multipoint Distribution Service ("MMDS")
operate above 2500 MHz, and certain out-of-band emissions may have
an impact on downlink operations in the MSS/RDSS Band.

Industrial, scientific and medical applications could also impact
operations in the 2483.5-2500 MHz band. These services should not
significantly restrict use of the S-band by MSS. IWGl Majority

Report, § 7.4.
8. Analysis of the Sharing Options

In evaluating sharing options and technical rules for the
proposed MSS allocation, consideration must be given to Section 1
‘of the Communications Act of 1934, the PCC’'s existing policies on
domestic and international satellite services, and the ITU

Convention. IWG]l Majority Report, § 8.0.

In establishing policies and rules governing domestic
satellite services, the FCC has identified four specific
objectives: (1) expedite the introduction of new technology and
services; (2) afford reasonable opportunity for multiple entry;
(3) facilitate removal of institutional restraints on systea
development; and (4) allow for incorporation of future
technological advances. See -

Pacilities, 84 FCC 2d 584, 586 (1980).

The FCC has recognized that multiple entry and competition
among satellite system operators fosters these policy objectives
by promoting market-driven services, cost-based charges, and
technological innovation to improve service. §See, e.g., Radio-
DRetexmination Satellite Service, 60 RR 2d 298, 301 (1986). This
multiple entry policy has a direct bearing on the adoption of
technical rules because the FCC should select "the system design
which best assures that the benefits of a competitive marketplace
are made available to . . . users." ]Id.; see also

Carrier, 85 FCC 2d 1 (1980).

Moreover, the need for international coordination of
satellite systems has long been recognized as a part of U.S. radio
communications policy, and the United States, as a member of the
ITU, is committed to fostering the shared interests of all
Administrations in planning use of spectrum resources. These
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segmentation approaches. The simplicity of coordination under the
full band interference sharing approach would carry over to the
international forum. See IWG]l Majority Report, § 8.3. On the
other hand, it would be inherently difficult to coordinate a
bidirectional system which cannot share spectrum with other MSS
systems on a co-frequency, co-coverage basis for the same reasons
which make Motorola’s Iridium system difficult to coordinate with
the other proposed U.S. MSS systems, and authorization of such a
system could result in service gaps at the U.S. borders to
accommodate foreign or international MSS systems.
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1. BACKGROUND.

This report will describe and evaluate proposed methods of
achieving multiple entry and sharing among satellite systems in the
1610-1626.5 MHz and 2483.5-2500 MHz MSS/RDSS bands on the basis of
Full-Band Interference Sharing and Band Segmentation.!
Applications to provide mobile satellite service (MSS) and
radiodetermination satellite service (RDSS) have been filed by six
corporations: Constellation Communications, Inc. (Constellation),
Ellipsat Corporation (Ellipsat), Loral Qualcomm Satellite Services
(LQSS), Motorola Satellite Communications, Inc. (Motorola), TRW
Inc. (TRW), and American Mobile Satellite Corporation (AMSC) (MSS
only). Celsat, Inc. (Celsat) has indicated an intention to file an
application to use the MSS/RDSS bands.

At the 1992 World Administrative Radio Conference (WARC-92),
spectrum was allocated internationally for MSS in these bands on a
primary basis. The band 1613.8-1626.5 MHz was also allocated on a
secondary basis for MSS downlinks. Subsequently, the Federal
Communications Commission (FCC) proposed to allocate the 1610-
1626.5 and 2483.5-2500 MHz bands to MSS/RDSS (in ET Docket 92-28)
and convened this Negotiated Rulemaking Proceeding (CC Docket 92-
166). The charter of the Negotiated Rulemaking Committee (the
"Committee") states that "(t]he purpose of the committee is to
provide recommendations to the Federal Communications Commission to
be used in the formulation of technical rules governing the
provision of mobile satellite services (MSS) operating in the
1610-1626.5 MHz (Earth-to-space), 1613.8-1626.5 MHz
(space-to-Earth), and 2483.5-2500 MHz (space-to-Barth) freguency
bands. The committee will also assist the FCC in resolving
questions relating to (1) the maximum sharing of available
frequencies for mobile satellite services, and (2) coordination of
these services with existing and future terrestrial and/or
satellite services, domestically and internationally." (MSSAC-1.)

The Committee created three Working Groups. The Committee’s
Work Program directs Working Group 1 to " (r]ecommend modifications
to the existing rules for these bands (47 C.FP.R. § 25.141), or new
rules as necessary, to maximize multiple entry and to avoid or
resolve mutual exclusivity among the non-geostationary satellite
applicants, and between proposed non-geostationary and proposed or
authorized geostationary satellite systems, while maintaining the
economic viability of the systems." (MSSAC-1.)

The PCC has stated that "[(a)lpplicants filing by the cut-off
date [June 3, 1991) will be afforded an opportunity to amend their

! This report was developed in accordance with the work plans
previously adopted by the participants.
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applications, if necessary, to conform with any requirements and
policies that may be adopted for satellite systems in these bands."
(Report No. DS-1068 (April 1, 1981).)

In general, the applicants have described a variety of ser-
vices, which include near-toll quality wvoice, data, paging,
facsimile, and RDSS (position determination) to users with handheld
and/or vehicular terminals domestically and, in some cases,
internationally. Five applicants have proposed to offer such
services through a network of low or medium earth orbiting (LEO)
satellites. The sixth applicant (AMSC) proposes to provide
services within the United States in the same bands using
geostationary (GEO) satellites. Celsat also proposes to use
geostationary satellites in conjunction with terrestrial
facilities. The fact that several other administrations have
submitted advance publication information to the International
Frequency Registration Board ("IFRB") for use of these bands
indicates that some non-U.S. entities may be interested in
constructing MSS systems.

1.1. Nominal Parameters of Proposed LEO and GEO Systems.

This section contains a brief description of the proposed
MSS/RDSS systems and some of the nominal parameters of each
system.? See also section 1.4, where a tabulation is given for the
frequency plan, modulation and channelization scheme of each
system.

1.1.1. Constellation. Constellation proposes a LEO satellite
system that it calls "Aries", which would provide voice, data,
facsimile and RDSS. The proposed system consists of 48 satellites
in 4 planes in polar orbits at an altitude of 1020 km above the
Earth. As originally (filed, Constellation proposed to use
SCPC/FDMA uplink transmissions from user terminals and TDM
transmissions spread over the 16.5 MHz downlink to user terminals.
The system is now under review to increase satellite capacity and
will use CDMA access techniques across the 16.5 MHz allocated for
user terminal uplink transmissions.

2 The information in Section 1 of this Report was provided
by each applicant and represents a combination of data
from the applications, other FCC filings, current
thinking on system design and considerations to maximize
the shared use of the MSS/RDSS bands by authorized
entities. See Sections 5 and 6 of this Report for
additional explanation.
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1.1.2. Ellipsat. Ellipsat proposes a satellite system, known as
"Ellipso", to provide voice, data, facsimile and RDSS. Ellipsat
initially plans to build, launch, and operate € LEO satellites, and
eventually to increase capacity by expanding to a maximum of 24
satellites. It proposes to operate the satellites in inclined
elliptical and equatorial circular orbits with a maximum altitude
of 7800 km. Ellipsat claims that its use of elliptical orbits
would optimize coverage of the United States with a minimum number
of satellites. It plans to operate this system using channelized
CDMA digital spread spectrum techniques.

1.1.3. LQOSS. Loral Qualcomm Satellite Services proposes a LEO
system called “"Globalstar" that would provide voice, data,
facsimile, and RDSS services. The Globalstar system would use a
network of 48 satellites in inclined orbits 1414 km above the
Earth. It plans to use a channelized CDMA access technique, based
closely on the CDMA wideband digital cellular telephony standard
currently being finalized by the Telecommunications Industry
Association (TIA).

1.1.4. Motorola. The system proposed by Motorola is known as
"Iridium", with which it has proposed to offer voice, data,
facsimile and RDSS. Motorola has proposed bi-directional operation
in the 1616-1626.5 MHz band. The Iridium system would be composed
of 66 LEO satellites in 6 polar orbit planes at an altitude of 780
km above the Earth. Each satellite would be capable of
demodulating user signals, and cross-linking them to adjacent
satellites. The system would use a TDMA/FDMA access format.

1.1.5. IRW. TRW has proposed a system known as "Odyssey" to
provide voice, data, facsimile, and RDSS services. The Odyssey
system would employ 12 satellites, four in each of three orbital
planes, in a medium-earth orbit at an altitude of 10,370 km. The
Odyssey system would employ dynamically steerable satellite
antennas and channelized CDMA access techniques.

1.1.6. AMSC. AMSC, the U.S. domestic MSS licensee in the 1545-
1559 MHz and 1646.5-1660.5 MHz bands, has requested that the FCC
also license it for operation in the 1616.5-1626.5 MHz band and a
complementary downlink band on its second and third geostationary
satellites to be located at 62° and 139° West Longitude. AMSC
states that it needs access to additional spectrum because of
limitations imposed on access to its licensed bands due to
international coordination. AMSC proposes to use CDMA or
narrowband FDMA access techniques.

1.1.7. gelsat. Celsat has not filed an application with the FCC.
In its filings in ET Docket 92-28 and RM-7827, however, Celsat has
described its "Celstar® concept as comprising a hybrid
terrestrial/satellite system which would utilize two redundant
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geostationary satellites. It has proposed a channelized CDMA
access format, closely based on a CDMA wideband digital cellular
telephony standard currently being finalized by the TIA.

Company/System # of Satellite
: Satellites , Beams

Constellation/ 48 1020

Aries

Ellipsat/ 6, later 24 580 x 7800 8

Ellipso

LQSS/Globalstar 48 1414 6

Motorola/ €6 780 ' 48

Iridium

TRW/Odyssey 12 10,370 19

AMSC 2 Geostationary 4

62°W/139°W
Celsat/Celstar 2 Geostationary 149

76°W/116°W

Table 1: Summary of System Constellation Parameters

1.2. Resources Availasble.

The FCC has proposed (in BT Docket 92-28) to allocate
domestically two 16.5 MHz bands for MSS/RDSS on a primary basis:
an uplink band from 1610 to 1626.5 MHz and a downlink band from

' 2483.5 to 2500 MHz. This allocation for MSS would be co-primary
with the existing allocation for RDSS in these bands. The FCC has
also proposed a secondary MSS downlink band 1613.8-1626.5 MHz.
These band proposals are consistent with allocation decisions made
at WARC-92.

1.3. Known Band Sharing Considerations.

There are several sharing considerations on the use of these
banda, Pirsr. the lower part gf the unlink band (1610.6-1613 .8

| e T 4 o
‘g ————————————————————————————

—

on a co-primary basis. MSS and RDSS providers must coordinate use
of this part of the spectrum with RAS.
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Second, Aeronautical Radionavigation Service (ARNS)

example, the Russian GLONASS system, share primary status in one of
GLONASS has been coordinated in
accordance with Pootnote 732 and Article 14 in the band 1602-1616
GLONASS currently operates a space to earth link in the band
and has advance published with the IFRB for the

the bands internationally.

MHzZ.

1602-1616 MHZ,

GLONASS-M system up to 1620.6 MHz,

A number of footnotes to the ITU’s Table of Allocations affect

the use of the bands. International Regulation 731E states:

In addition to Footnote 731B, the FCC has proposed the
adoption of several other international footnotes which were
approved or modified at WARC-92.

below:

The use of the band 1610-1626.5 MHz by the
mobile-satellite service (Earth-to-space) and
by the radiodetermination-satellite service
(Earth-to-space) is subject to the application
of the coordination and notification
procedures set forth in Resolution 46
(WARC-92). A mobile earth station operating
in either of the gervices in this band shall
not produce an e.i.r.p. density in excess of
-15 db(W/4 kHz) in the part of the band used
by systems operating in accordance with the
provision of No. 732, unless otherwise agreed
by the affected administrations. 1In the part
of the band where such systems are not
operating, a value of -3 db(W/4 kHz) is
applicable. Stations of the mobile-satellite
service shall not cause harmful interference
to, or claim protection from, stations in the
aeronautical radionavigation service, stations
operating in accordance with the provisions of
No. 732 and stations in the fixed service
operating in accordance with the provisions of
No. 730.

231F - The use of the band 1613.8-1626.5 MHz by the
mobile-gatellite service (space-to-Earth) is
subject to the application of the coordination and
notification procedures set forth in Resolution 46.

J33E -- Harmful interference shall not be caused to
stations of the radio astronomy service using the
band 1610.6-1613.8 MHz by stations of the
radiodetermination-satell:i-e and mobile-satellite
services (No. 2904 applies).

These footnotes are set forth
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234 -- In making assignments to stations of other
services, administrations are urged to take all
practicable steps to protect the radio astronomy
service in the band 1610.6-1613.8 MHz from harmful
interference. Emissions from space or airborne
stations can be particularly serious sources of
interference to the radio astronomy service (see
Nos. 343 and 344 and Article 36).

753F -- The use of the band 2483.5-2500 MHz by the
mobile-satellite and the radiodetermination-
satellite services is subject to the application of
the coordination and notification procedures set
forth in Resolution 46. Coordination of space
stations of the mobile-satellite and
radiodetermination-satellite services with respect
to terrestrial services is required only if the
power flux-density produced at the Earth’s surface
exceeds the limits in No. 256€6. In respect of
assignments operating in this band, the provisions
of Section II, paragraph 2.2 of Resolution 46 shall
also be applied to geostationary transmitting space
stations with respect to terrestrial stations.

International Footnotes 727 and 730 provide additional L-band
allocations to fixed service on a secondary and primary basis,
respectively, in certain foreign countries.

As set forth in Section 7 of this Report, IWG1l received inputs
from IWG2 relating to the use of the 1610-1626.5 MHz band by other
services.

Thixd, the sawglink hand (2483 .5-28N0 MH2) = llacared |
— -

> I_"_,fl-H\—.

—— ”
and applications on a primary basis. 1In the U.S., fixed service
systems operate in the band pursuant to U.S. footnote NG 147. To
avoid interference to the terrestrial services, WARC-92 set in
Footnote 753F a coordination trigger level of -142 ABW/m*/4kHz on
downlink PFD from each satellite (and a lower PFD level at low
elevation angles, see ITU RR 2566).

Fourth, WARC-92 allocated the 1613.8-1626.5 MHz band
(space-to-earth) on a secondary basis only, whereas the MSS
uplinks in the 1610-1626.5 MHz band are allocated on a primary
basis.
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1.4. Proposed Modulation and Channelization Schemes.

The following table depicts the proposed systems’ frequency
plans, modulation and channelization schemes as currently
envisioned:

Company/System | Modulation Multiple Multiple Channelisation
Access Msthod Access Mathod (MEs)
_ (Forward Link) | (Return Link)
Constellation QPSK Spread TDM Channelized 16.5 forward 1610-1626.5
CDMA 1 to S return 2483.5-2500
Ellipsat OQPSK Channelized Channelized 1.1 1610-1626.5
CDMA CDMA 2483.5-2500
LQSss QPSK Channelized Channelized 1.25 1610-1626.5
CDMA CDMA 2483.5-2500
Motorola DE - QPSK FDMA/TDMA FDMA/TDMA 41.67 KHz 1616-1626.5
TRW BPSK Channelized Channelized 5.5 1610-1626.5
CDMA CDMA 2483.5-2500
AMSC QPSK COMA (or CDMA (or 5.5 MHz (or 1616.5-1626.5
FDMA/TDMA) FDMA /TDMA) € KHez) 2483.5-2500"*
Celsat QPSK Channelized Channeliszed 1.28 1610-1626.5
CDMA CDMA 2483.5-2500

- AMSC has indicated an intention to amend its applications to use the 2483.5-2500 MHz band

Table 2:

for downlink operations.

Summary of MSS System Parameters










