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To: The Commission
REPLY

Final Analysis Communication Services, Inc. (“Final Analysis™), by its attorneys, sub;:;:ts
this Reply to the Leo One USA Corporation (“Leo One”) Opposition to Fi:rlzii:?f;;ﬁalysié’é :
Application for Clarification and Review (“Review Application”) of its “Little LEO” License.'
Leo One has not established that it will suffer increased potential interference as a result of Final

Analysis’s proposed amendments. and offers no credible basis for denial of the requested relief.

L. THE PUBLIC INTEREST REQUIRES APPROVAL OF FINAL
ANALYSIS’S GOOD FAITH PROPOSAL

Leo One revises history to argue that Final Analysis misled the other Little LEO
applicants in attempting to obtain approval for a system beyond the bounds of the industry
settlement. Final Analysis does not propose a “superior or “unfairly enhanced” system, merely
a minimally functional one. Final Analysis accepted the assignment to System 2 — with severely
constrained spectrum --in good faith.” Final Analysis’s Conforming Amendment retlected its
understanding that implementation ot the System 2 constellation was to be consistent with the

[nternational Bureau's objectives to authorize an operable “large™ constellation competitive with

' Final Analysis Commumcation Services, Inc.. Order and Authorization, DA 98-616 (Int’l Bur, rel. April 1,
1998) (" Bureau Order’™).

* Final Analysis did not demand a switch in service and feeder links. as alleged by Leo One, but actually
was compelled to agree to System 2 due to Leo One’s insistent and unyielding demand for assignment to System 1.



ﬁrs; rom& licensee ORBCOMM. ° Thus, Final Analysis’s amendments do not upset, but rather
preserve the “delicate balance” of the settlement and regulatory objectives.

Other parties, including Leo One. were granted amendments to maximize system
performance that. although technically outside the bounds of the settlement. did not create
additional potential interference. In this case, where neither Leo One nor any other party has
demonstrated any additional potential interference, Final Analysis asks only that it be afforded
the sarﬁe opportunity. It urges the Commission, in the context of such a new and untried service,
to approve its proposals which maximize utility of scarce spectrum. In contrast, as authorized,
its system risks failure. The market. not regulation, should determine winners and losers.

I NO INCREASED POTENTIAL INTERFERENCE HAS BEEN
DEMONSTRATED DUE TO PROPOSED DOWNLINK CHANGES

Final Analysis has previously demonstrated, on the basis of its own real-world
experience. that without the requested increase in downlink EIRP the system simply will not
work. and that such an increase does not cause additional potential interference. The Bureau
Order accepted at face value Leo One’s unsupported assertions to the contrary. However, Final
Analysis's view now has been independently verified by the analyses of three well-respected
technical experts: Lockheed Martin Management and Data Systems (“Lockheed Martin™), ITT
Corporation (“ITT™) and W.L. Pritchard & Co. ("Pritchard”) *  These experts consistently
conclude that closure simply will not be possible without the higher power.

As detailed in Final Analysis's original Application and October 1997 conforming
Amendment. its proposed downlink EIRP will not increase potential interference because the

relevant measure of the etfect of increased satellite power on the ground, “power tlux density™ or

" Leo One misstates the International Bureau's test for acceptance of amendments. Those necessitated by
the Second Round Report and Order. [B Docket No. 96-220 (rel. Oct. 15, 1997) were to be accepted unconditionally,
while others were to be “scrutinized independently”” under existing rules. not flatly rejected. See Bureau Order at §
{2. As Final Analysis believes the International Bureau could and should have accepted its amendments under this
standard. its Application for Review is not procedurally defective.

* These analyses are Exhibits to the Consolidated Engineering Statement supplied as an Attachment hereto.
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“pfd;’ does not increase above ITU and FCC threshold coordination levels of -125
dBW/m2/4kHz. Indeed. Pritchard and ITT independently verify that in the band that Final
Analysis shares with NOAA, ORBCOMM. Leo One and E-SAT, its pfd is decreased.

Leo One falsely claims that it did not receive approval for increased pfd.” Indeed, an

appropriate band-by-band analysis shows that Leo One requested, and was approved for,

significant increases of pfd:6

Company Band Pending Application 1997 Amendment Change/Impact
Pfd (dBw/m2/4kHz) Pfd (dBw/m2/4kHz)
Leo One 137-138 MHz -125.7 -1252 Increase + 0.2 dB
400-401 MHz -1359 -125.1 Increase +10.8 dB
Final 137-138 MHz -130.8 -131.67 Decrease — 0.8 dB
Analysis 400-401 MHz -136.2 -127.8 Increase + 8.4 dB

Leo One’s comparison of power changes by type of link (e.g., subscriber link or feeder
link) is meaningless as the frequency assignments for each type of link have changed. An
assessment of power changes other than on a band-by-band basis is just irrelevant.® Not only has
Leo One intentionally misled the Commission on this issue, it has also failed to prove any actual
or potential degradation to its own system. This approach discredits its entire Opposition.

The International Bureau's conclusion that such increases were acceptable, though not
required by the Second Round Report and Order, was based upon the assessment that pfd would

not exceed [TU limits. The application of a separate approach to Final Analysis is not justified.

As shown in Final Analysis's May 7. 1998 Request for Investigation of Leo One and ORBCOMM’s
‘“farch 23. 1998 Notice of Possible Ex Parte violation, Leo One has engaged in a pattern of misrepresentation in this

proceeding.

* See Consolidated Engineering Statement.

This ptd level is calculated per the November 12. 1997 letter from Peter Batacan. counsel for Final

Analysis to Magalie R. Salas, FCC Secretary. clarifying Final Analysis’s emission designators. See aiso Pritchard,
at |

% The same is true for Leo One’s attempt at p. 24 to show that Final Analysis could achieve an acceptable
margin at lower power. An analysis of power and data rates is useless unless associated with a particular frequency.
Leo One's analysis conveniently omits reference to the frequency change required by Final Analysis’s conformance
1o System 2. Lockheed Martin also refutes Leo One’s analysis.

-
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III. NO INCREASED POTENTIAL INTERFERENCE HAS BEEN
DEMONSTRATED DUE TO PROPOSED INCREASED SATELLITES
AND UPLINK CHANGES

Leo One complains that Final Analysis’s proposed constellation design, including the
addition of satellites and inactive receivers, will constrain Leo One’s use of shared uplinks.’
However. the Consolidated Engineering Statement and Pritchard show that appropriate analyses
compel the conclusion that Final Analysis’s proposed design does not increase uplink usage.
First, as demonstrated in the Consolidated Engineering Statement, Final Analysis does not
propose activation of any more than the 14 VHF uplink receivers described in its pending
Application. In this respect. the assumption in the Bureau Order that an increase in active
receivers was requested is in error. Second, as detailed in the Consolidated Engineering
Statement, the proposed reduction in data rates for uplinks from 19.2 kbps to 9.6 kbps result in

an overall reduction of total data throughput (e.g., active uplink channels x data rates):

i Constellation ' VHF Receivers ' Data Rate Satellites Throughput

Original 14 19.2 kbps 26 6,989 kbps
Amended 14 9.6 kbps 32 4,301 kbps

A reduction occurs even under Leo One's assumption that more satellites will be in view:

; Constellation VHF Receivers Data Rate Satellites in View Throughput
" Original L4 ¢ 19.2 kbps 0.67 180 kbps
* Amended R . 9.6 kbps 1.25 168 kbps

This inevitable reduction in throughput due to the decrease of data rate on uplinks shows that
Leo One's assertion that its probability of accessing uplinks will decline from 99% to 1% is
based upon completely false assumptions.'” Third. Pritchard independently verifies that uplink

o - o N 12
use is iimited by downiink capacity. ' Leo One’s own statements on the record support this.'

Leo One relies on the argument that additional satellites are unnecessary to recover lost availability,
because sharing of gateways in the 137 MHz band is not materially different from Final Analysis’s original proposal
to share gateways in the 400 MHz band. This is an urelevant point. Additional satellites are required to recover
availability due to timesharing outages on service links in both the 137 and 400 MHz bands, not feeder links. Final
Analysis never proposed to timeshare service links.

’ See Consolidated Engineering Statement.
In this respect, Final Analysis properly relies on Orbital Communications Corp.. 9 FCC Red 6749

(1994) for the notion that impacts ot configuration changes must be assessed on a total system basis.
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Leo One’s claim that NOAA will suffer increased potential interference is also false.
Pritchard concludes that the combined effect of reduced transmitters and increased on-board
computers results in a lower probability of interference to NOAA." Final Analysis respectfully
requests that the Commission ask NOAA to confirm this conclusion as soon as possible.

Finally, Leo One argues that approval of certain satellite design features is premature.
The design life of the satellites is 7 years. It will be impossible to modify the design of the
spacecraft in orbit. Thus, without approval of appropriate design features now, Final Analysis

effectively will be denied use of the future allocations upon which System 2 uniquely depends.

IV.  CONCLUSION
WHEREFORE, for the reasons stated, Final Analysis respectfully requests the

Commission expeditiously grant its Review Application so as to avoid further disadvantage to
Final Analysis and unnecessary harm to the public’s interest in a competitive Little LEO market.
Respectfully submitted,

FINAL ANALYSIS COMMUNICATION SERVICES, INC.

By: M&W

Aileen A. Pisciotta

Joan Griffin

KELLEY DRYE & WARREN LLP
1200 19 Street, N.W.. Suite 500
Washington, D.C. 20036

(202) 955-9600

Dated: June 2. 1998 [ts Attorneys

{...continued)

" In its original A'B Plan proposal. Leo One calculated uplink usage as a function of downlink capacity.
Leo One Comments. IB Docket No. 96-220, Dec. 20, 1996, Appendix B. Leo One, at p. 16, also acknowledges that,
because Final Analysis’s terminals do not frequency hop, its downlinks are constrained. Under a STARS/DCAAS
operation, downlinks must occur first to cue uplinks. Thus, Leo One undercuts its own argument on increased

uplink use.

Leo One incorrectly argues that the Bureau Order reliance on informal NOAA comments was not
proceduraily improper. The analysis presented here demonstrates the Bureau Order s error in relying on the NOAA
contractor's incomplete assessments based upon erroneous assumptions.
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CONSOLIDATED ENGINEERING STATEMENT

The Oppositions filed on May 18, 1998 by Leo One USA Corporation (“Leo One”) and
Orbital Communications Corporation (‘ORBCOMM?”) to the Final Analysis
Communication Services, Inc. (“Final Analysis”) May 1, 1998 Application for Clarification
and Review of its license raise new technical issues and present new technical
analyses. This Consolidated Engineering Statement is provided in support of the
responses to these new technical issues provided in Final Analysis’s Replies to
ORBCOMM and Leo One, filed contemporaneously herewith. This Consolidated
Engineering Statement is also supported by independent technical analyses by three
separate, well-respected firms in the aerospace and telecommunications industry, as
well as by a joint letter to Regina Keeney, Chief of the international Bureau, by counsel
for ORBCOMM and Final Analysis, provided in the following exhibits:

Exhibit 1 - Lockheed Martin Management and Data Systems
(“Lockheed Martin”)

Exhibit 2 - ITT Corporation
Exhibit 3 - W.L. Pritchard & Co.(“Pritchard”)

Exhibit 4 — Letter dated June 2, 1998, by Aileen A. Pisciotta, counsel
for Final Analysis and Stephen L. Goodman, counsel for
ORBCOMM (“Joint ORBCOMM/Final Analysis Letter”)

l FINAL ANALYSIS’S PROPOSED DOWNLINK CHANGES DO NOT
INCREASE POTENTIAL INTERFERENCE

Leo One provides new technical arguments to attempt to demonstrate that Final
Analysis's proposed increase in downlink power is not required to achieve an
acceptable margin. Leo One also asserts that an increase in Final Analysis downlink
power will degrade other systems. Orbcomm raises new concerns regarding potential
out-of-band interference and the need to evaluate the impact of Final Analysis’s
proposed use of GMSK modulation. The analysis below addresses these issues.

A. Increased EIRP is necessary for an operational system

Final Analysis has previously demonstrated in itsOctober 1997 Conforming
Amendment. as well as in its December 15, 1997 Opposition to the Leo One Petition to
Deny, that the increase in downlink EIRP proposed in the Conforming Amendment is
necessary to enable it to have a technically operable system. This conclusion is
supported by Pritchard and Lockheed Martin.

L ockheed Martin states that “the link will not close under the reasonable assumptions
stated in the letter, using the licensed power.” They further say * ..downlink EIRP of
12.8 dBW produces a negative margin assuming all other link analysis parameters are



left unchanged. Our link analysis shows closure is achieved when using the Final
Analysis requested EIRP value.”

L ockheed Martin also states that “...the 600 bits per second data rate used in the link
analysis is significantly lower than the original and amended data rates proposed by
Final Analysis. The lowering of the bit rates was done to ensure reliable link closure.”

B. increased EIRP meets ITU/NTIA limits for pfd coordination
requirements

Final Analysis has stated that its requested increased EIRP will not increase the
potential for interference to other users. lts pfd remains well within the established ITU
and NTIA limits of -125 dBw/m?/4kHz. This conclusion is supported by both Pritchard,
ITT and Lockheed Martin. Lockheed Martin concludes that the pfd resulting from the
increased EIRP is well within ITU limits. Furthermore, as stated by Pritchard and ITT,
the pfd of the Final Analysis system operating in the band timeshared with NOAA has
actually decreased.

ITT states “analysis of the revised submission shows that the revised power spectral
density on the ground will actually decrease.” They further state, “the potential for
interference with other receivers listening on the same frequency is actually reduced
from the initial submission.”

C. Out of band interference has not increased

Final Analysis has previously demonstrated that its use of GMSK modulation will protect
users of adjacent bands from out-of-band emissions to a level acceptable to the voice-
sensitive cellular industry. ORBCOMM acknowledges that GMSK modulation tends to
reduce out-of-band interference. This efficacy of GMSK modulation is also supported by
the independent Pritchard and ITT analyses.

Pritchard states “on this basis, Final Analysis will cause less out-of-band interference to
ORBCOMM and Leo One than they will cause to Final Analysis.” Pritchard concludes
that the Final Analysis system performs better than the other modulation regimes used

by ORBCOMM and Leo One.

ITT reports:

For the adjacent channel analysis, the modulation waveform used
is GMSK, a waveform specifically designed for reducing potential
interference in adjacent communication channels. The waveform
has rapid reduction in spectral emissions away from the occupied
bandwidth of the signal. Our analysis shows that the emission in
the adjacent channel is significantly reduced from the peak signal
level and at the power levels contemplated, the signal power in the
adjacent channel will be below the detectable limits of the receiver.

[



Although theoretically there is always some adjacent channel
signal, realistically the energy is below thermal noise and not

discernable.
D. There is no harmful impact to other licensees
1. Leo One

There is no demonstrated increased potential interference to Leo One. Leo One does
not offer any specific argument that it is harmed by Final Analysis’'s proposed increase
in downlink EIRP. Indeed, since no downlink spectrum is shared with Leo One, the only
potential for interference would come from out-of-band interference into the adjacent
channel. As shown above, the out-of-band emissions into the adjacent channel will be
below “thermal noise” and hence undetectable by Leo One's receivers.

2. ORBCOMM

There is no demonstrated increased potential interference to ORBCOMM. In the
ORBCOMM/Final Analysis Joint Letter, the parties agree that out of band emissions
from downlink operations can be addressed through post-licensing coordination. As is
true with Leo One, no downlink spectrum is shared with ORBCOMM, and thus the only
potential for interference would come from out-of-band interference into the adjacent
channel. Again out-of-band emissions into the adjacent channel will be below “thermal
noise” and hence undetectable by ORBCOMM's receivers.

3. E-SAT

Final Analysis’s pfd in the VHF band has actually decreased. Therefore, the impact of
Final Analysis operations on the CDMA system (E-SAT) is less, not more, than before.
The Report & Order requires Final Analysis to coordinate operations with E-SAT in the
137.138 MHz band in the same way as would have been required for coordination with
GE-Starsys. With regard to Starsys, ORBCOMM was required to reduce its power to a
certain limit only when operating in the Starsys ground station antenna's main beam,
and not all the time. Final Analysis will coordinate its operations in the same manner as
it relates to E-SAT's system.

E. Final Analysis’s change in pfd is less than that approved for
Leo One

Leo One's increase in downlink EIRP approved by the Commission results in a larger
increase in pfd than the increase requested by Final Analysis and denied by the
Commission. The analysis presented in Leo One’s Opposition is misleading. Leo One's
comparison of "service link pfd" to "service link pfd" and "feeder link pfd" to "feeder link
pfd" is inappropriate because it does not take into consideration changes in frequency
bands. Pfd comparisons must be for a particular spectrum band. Therefore, Leo One’s
argument that "its downlink power increase results in the same or lower pfd" is

inaccurate.



The following chart illustrates the impact on pfd per band of Final Analysis's and Leo
One's EIRP changes:

{ Company | Band Pending Application : 1997 Amendment : Change/Impact

§ ﬂ Pfd (dBw/m2/4kHz) . Pfd (dBw/m2/4kHz) :

, Leo One 137-138 MHz -125.7 i -1252 Increase +0.2dB
| 400401 MHz -133.9 ; -125.1 ~ Increase +10.8 dB
| Final ¢ 137-138 MHz -130.8 -131.6' | Decrease — 0.8 dB
| Analysis ;| 400-401 MHz 1362 -127.8 "Increase — 8.4 dB

As the chart indicates, Leo One significantly increased (by 10.8 dB) its pfd in the band it
timeshares with the Air Force DMSP system (400-401 MHz), while Final Analysis
decreased its pfd in the band it timeshares with NOAA (137-138 MHz). Furthermore,
Leo One's increased EIRP resulted in increased pfd in both bands.

I FINAL ANALYSIS'S PROPOSED UPLINK CHANGES DO NOT CAUSE
ADDITIONAL POTENTIAL INTERFERENCE

Leo One raises the single argument that an increase in use of uplinks by the Final
Analysis system will reduce the ability of Leo One to find clear channels to nearly zero.
Additionally, Leo One’s position on this issue in its challenges to Final Analysis's license
contradicts its earlier representations in support of its own A/B Plan in Appendix B to its
December 20, 1996 Comments in 1B Docket No. 86-220.

Both of the Leo One and ORBCOMM positions are based upon incorrect factual
assumptions regarding the number of proposed active VHF receivers and uplink
throughput of Final Analysis’'s proposed system. Final Analysis’'s conclusions that no
additional potential interference will be created are confirmed by the independent
experts.

ORBCOMM's further argument that Final Analysis’s proposed increase in uplink power
may cause additional potential interference should be addressed in post-licensing
coordination of their respective proprietary DCAAS and STARS channel polling
algorithms. See ORBCOMM/Final Analysis Joint Letter.

A. Increase in satellites will not cause increased use of uplinks

Little LEO systems operate uplinks and downlinks interdependently, as is required by
STARS/DCAAS operating methods. Uplinks are not activated unless and until they are

" The pfd value differs from that shown in the Conforming Amendment because it was
calculated using the values for data rate and bandwidth listed in the November 12, 1997
letter from Peter Batacan, counsel to Final Analysis, to Magalie R. Salas, Secretary of
the FCC. This letter supersedes the information in the Conforming Amendment. The
Pritchard analysis likewise uses this value.



interference. Increased interference can occur only with an increase in malfunctioning
transmitters operating in the same frequency as NOAA.

2. The number of transmitters was reduced

In its Application for Clarification and Review, Final Analysis showed that the reduction
in the number of transmitters per satellite reduced the potential for interference.
Specifically, the Original Application proposed three VHF transmitters on each of 26
satellites, for a total of 78 transmitters operating in the 137-138 MHz band. The
Conforming Amendment proposes one VHF transmitter on each of 32 satellites, a
reduction of 66%. Since interference only occurs if transmitters fail to operate as
designed, fewer transmitters means lower possibility of failure.

B. The probability of interference has been reduced

1. NOAA's concerns were based on the possibility of failure

In the December 1997 emails from NOAA contractor Frank Eng relied upon in the
Bureau Order, Mr. Eng points out that the possibility of interference due to the increased
number of satellites is a function of the probability of operational failure: "If all FAI
systems operated perfectly as planned there would be no grounds for concern,
however, in the real world there is always a finite chance of faulty operations." In
connection with Final Analysis's proposed system, however, Mr. Eng failed to note at
that time that the number of transmitters in the system had been reduced from 78 to 32.
This reduction in transmitters reduces the potential for failure (i.e., there are fewer
transmitters to fail), which reduces the potential for interference.

2. Independent analysis verifies reduced probability of failure

Pritchard has undertaken an independent analysis of the probability of failure for Final
Analysis's original and amended constellations. Pritchard concludes that the probability
of failure, and consequently the potential for interference, is lower for the amended
constellation compared to the original constellation. This is due to the fact that
fransmitters in the 137 band are reduced. Therefore, there is a reduced potential for
interference, and no increased potential interference, from the additional satellites.
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May 29, 1998

Final Analysis, Inc.

Attn: Nader Modanlo, President
9701 E. Philadelphia Court
Lanham, Maryland 20706-4400

Dear Mr. Modanlo:

We are pleased to provide the letter that you requested, regarding the link analysis for the
Final Analysis’ System. We used a reasonable approach to the link analysis because we want
the links to be reliable in the real environments that users will operate the service.

We specifically addressed the need for additional power, showing that the link would not close
under the reasonable assumptions stated in the letter, using the licensed power. We also point
that given the increased power the power flux density will stay within NTIA limits.

We believe that this provides the information that you requested, and if we can be of further
assistance, please let us know.

Sincerely, ™
, I

Lawrence Wharton
Program Manager, Final Analysis Program
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lTT I n d UStfi eS ITT Aerospace/Communications

Automotive Division
Defense & Electronics ITT Defense & Electronics
100 Kingsiand Road

Fluid technologies
Clifton, NJ 07014-1993

Tel: (973) 284-0123

June 2, 1998

Mr. Nader Modanio
President

Final Analysis, Inc.
9701-E Philadelphia Court
Lanham, MD 20706-4400

Subject: Analysis of Changes in the FAl Payload Performance Parameters

Dear Nader:

(TT Aerospace/Communications Division (AJCD) proposed an architecture for the Final
Analysls, Inc. (FAl) satellite payload based on the concept contained in the FAl
submission to the FCC for a little LEQ communication system license. In response to
revised FAI requirements, [TT A/CD evaluated potential interference Issues. One
change was the increase in transmitter power for the downlink service transmission from
10 to 32 watts. ITT A/CD analyzed the potential of in-channel and adjacent channel
interference to other users and its impact on the payload architecture.

For the inchanne! analysis, the increase in transmit power apparently would cause an
increased received power flux density (pfd) in shared service receivers. However,
because of a wider channel bandwidth allocation, the signal data rate was also
increased from 4800 to 18,000 bits per second. The original signal strength on the
ground was -130.8 dBW/m?¥4kHz which is 5.8 dB below the required coordination limit
of -125 dBW/m?¥4kHz. An anaiysis of the revised submission shows that the power
spectral density on the ground will actually decrease. The increase in transmit power is
mitigated by the increased bandwidth of the signal as a result of the increased data rate.
Thus the potential for interference with other user receivers listening on the same
frequency is actually reduced from the initial submission.

For the adjacent channel analysis, the modulation waveform used is GMSK, a waveform
specifically designed for reducing potential interference in adjacent communication
channels. The waveform has rapid reduction in spectral emissions away from the
occupied bandwidth of the signal. Our analysis shows that the emission in the adjacent
channel Is significantly reduced from the peak signal level and at the power levels
contemplated, the signal power in the adjacent channel will be below the detectable
limits of the receiver. Although theoretically there is always some adjacent channel
signai, realistically the energy is below thermal noise and not discemible.
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Amendment to Application October 30, 1997) in order to comply with the NTIA power flux density requirement. Figure 3
depicts the permissible EIRP to meet NTIA flux density limits and the EIRP required for one dB link margin. The Final
Analysis requested satellite EIRP curve resides berween the NTIA limit and the EIRP required for | dB margin and therefore

satisfies both requirements.

Based on this analysis. due to the fact that the design complies with the NTIA requirement, we believe that there should be
no interference issues.

Satellite EIRP vs Earth Station Elevation Angle
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FCC Document DA 98-616. “Final Analysis Communications Services. Inc. Order and Authorization., April 1, 1998
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Inroduction - We at Lockheed Martin Management and Data Systems have analyzed the radio links proposed by Final
Analysis. We have determined that the Satellite Service Downlink power level (EIRP) as specified in the License' is
insufficient to support the associated air interface 1o a subscriber, when operating in an Urban Man-made noise environment.

Summary of Analysis - Your proposed system will provide

narrowband digital data services to subscribers using a
constellation of Low Earth Orbit (LEO) satellites. The RF links
between the subscriber terminals and the satellites are in the
VHF and UHF bands. For a hand-held transceiver incorporating
an omni-directional antenna, RF link analysis has shown that the
links are interference limited due to the large amounts of man-
made interference in these bands. (Ref. ITU-R, Rec 372-6). Due
to this interference, low link margins are predicted, even at low
channe! bit rates (<1000 bits per second). Note that the 600 bits
per second data rate used in the link analysis 1s significantly
lower than the original and amended data rates proposed by
Final Analysis. The lowering of the bit rates was done to insure
reliable link closure.

As shown in Table 1, your licensed (ref. FCC Order and
Authorization DA 98-616 par. 66-67) downlink EIRP of 12.8
dBW produces a negative link margin assuming all other link
analysis parameters are left unchanged. Our Link Analysis
shows link closure is achieved when using the Final Analysis
requested EIRP value. To improve link performance, more EIRP
1s better.

The link analysis addressed the amount of satellite EIRP
required to produce a | dB link margin for a hypotheucal Earth
Stauon viewing a satellite from horizon to horizon. The results
are plotted as requred EIRP (dBW) versus Earth Station
sievauon angle (degrees) in Figure 1. This graph indicates that

Service Link Service Link
Downlink per FA | Downlink per FCC
Reguest License
Bit Rate(s) bps 600 600
Moduiation GMSK (BT=0.3) GMSK (BT=0.3)
Transmitted Power 32 10
(Watts)
EIRP (dBW) with 16.5* 12.8
respect to receiver
Man-Made Noise Urban Urban
FEC Decoder 1x10™ 1x107
Qutput Bit Error
Rate
FEC Coding Rate 1/3, k=7, soft- | Rate 1/3, k=7, soft-
decision, conv. decision, conv.
Elevation Mask 16 16
(degrees)
Required Ex/No 5.5 5.5
(dB)
Link Margin (dB) ! 333 -0.37

* 16.5 dB (vs. 17.8 dBW) was used in the Link Analysis to
account for additional expected losses in the transmit path

Table 1 Licensed vs. Requested EIRP Performance
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with 12.8 dBW EIRP,. only users with elevauon angles greater than 25 degrees can obtain reliable link closure. This high
elevation angle severely limits coverage. Whereas. with 16.5 dBW EIRP. users can obtain reiiable link closure with a more
reasonable 5 degree elevaton angle. When comparing 5 and 25 degree elevation angles. figure 2 indicates a reduction in
satellite coverage of approximately 50 % for the 25 degree minimum elevation angle.

-120 -100 -§0

Figure 2

The link analvsis also addressed compirance with the NTIA regulations 647B and 599A.:
647B—The use of the band 400.13-401 MHz by the mobile satellite service is subject to the application of
the coordinauon and noufication procedures set forth in Resolution 46. However. coordination of a space
stauon of a mobile satellite service with respect to terrestmal services is required only if the power flux
density exceeds -125 dB-(W/m 4 kHz) at the Earth's surface. The above power flux-density limit shall
apply unul such ume as a competent world admunustanve radio conference revises it. In making
assignments to the space statuons in the mobile satellite service in the above band. administrations shall take

all pracucal steps to protect the radio astronomy service 1n the band 406.1-410 MHz from harmful

<

interterence from unwanted emissions.

399A—The use of the band 137-138 MHz by the mobile satellite service 1s subject to the application of the
coordination and noufication procedures set forth in Resolution 46. However. coordination of a space
stauon of a mobile satellite service with respect o terrestrial services is required only if the power flux
density exceeds -125 dB-(Wim™4 kHz at the Earth's surface. The above power flux-density limit shall
appiv unul such ume as a competent world admumstauve radio conference revises it. In making
assignments to the space stanons in the mobile sateflite service in the above band. administrations shall take
all pracucal steps to protect the radio aswronomv service in the band 150.05-133 MHz from harmiful
mnterterence from unwanted emussions.
The last phase of the anaiysis determunes the sateilite EIRP required to produce the flux density limit as set forth in the

regulation and compares 1t to the Final Analvsis satellite design EIRP. The Final Analvsis ransmutted signal uses source data
encoding technigues in conjuncuon with an antenna that incorporaes an 1soflux taper (ref. Figure [I-6b of the Final Analysis
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In summary, we find that the interference potential for the Final Analysis conforming
submission is not significantly different for both the In-channel and adjacent channel
users. We also find that the impact on the payload architecture and design will be

minimal.

Very truly yours,

=

William F. Perry

Director
Communications and Navigation Space Systems
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W. L. PRITCHARD & CO., INC.
CONSULTING ENGINEERS IN SATELLITE COMMUNICATIONS

7315 WISCONSIN AVENUE, BETHESDA, MARYLAND 20814

TEL: (301) 654-1144
FAX: (301) 654-1814
E-MAIL: wipco@ix.netcom.com

1 June 1998

Mr. Nader Modanlo

President

Final Analysis Communication Services
9701-E Philadelphia Court

Lanham, MD 20706-4400

Dear Mr. Modanlo,

A brochure summarizing W.L Pritchard & Co., Inc.'s engineering qualifications and
extensive experience in satellite telecommunications is attached.

You had asked us several questions in connection with the application of Final Analysis
Communication Services, Inc. to construct, launch and operate a non-voice, nongeostationary
mobile satellite system in the 148 -150.05, 400.15-401 and 137-138 MHz frequency bands. The
questions and our answers are set forth below.

Power Flux Density in the VHF Band
for the Final Analysis 26-satellite versus 32-satellite Constellations

You asked us to calculate the power tlux density [PFD] in dBW/m2/4kHz of the two
constellations. We found that the PFD for the smallest occupied bandwidth transmission was
-130.8 dBW/m2/4kHz in the 26-satellite constellation, and -131.6 dBW/m2/4kHz in the
32- satellite constellation, a reduction of 0.8 dBW/m2/4 kHz. This improvement occurs for the
smallest occupied bandwidth transmission. Larger occupied bandwidths for services through the
new constellation would result in even lower PFD levels than the -131.6 value.

The calculations used a standard methodology and the following data:

26 Satellite Constellation 32 Satellite Constellation
Transmitted Power  10W 32W
Occupancy Factor L5 .5
Slant range at 6 3194 4 km 3194.4 km
Smallest occupied
bandwidth 72 kHz 27.0 kHz
Gain at 6 -3 dB +3 dB

Elevation angle 6 5° 5°
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The input values for the 26-satellite constellation were obtained from the original
Application as amended 23 February 1996.

Values for the 32-satellite constellation were obtained from the Conforming Amendment
of October 1997 and smallest bandwidth as stated in the 12 November 1997 letter to Ms Magalie

Roman Salas of the FCC, p. 2.

Probability of Failure

No interference would be caused to NOAA operations if the Final Analysis satellite were
working as planned as its footprint entered the NOAA satellite footprint. Interference would only
occur if the Final Analysis satellite failed to work as planned when its footprint intersected a
NOAA satellite footprint. We were asked to consider the probability that such failed operation
would occur. Final Analysis has stated that for either constellation, there is one on-board control
system (computer and memory) for each satellite. The system is radiation hardened but not
redundant. The control system and operating method are such that the transmitter default mode is
off. That is, the transmitter will only be turned on in the VHF band by the on-board computer
when the computer checks its time chart of NOAA transmissions and determines that a Final
Analysis signal will not cause interference to NOAA signals. We estimate the expectation of
harmful interference to NOAA VHF operation from a signal of the same frequency transmitted
from either the 26-satellite or 32-satellite constellation as follows.

Let  p = probability of a single failure of computer control or memory
P(k) = probability of exactly k failures in n independent events.

Alternatively, the transmitter could fail in the ON mode, and cause interference if in the VHF
NOAA bands.

Let g = probability of failure of a transmitter in the “ON" mode,
b = bandwidth of each transmitter in 3 transmitter/satellite case,
B = bandwidth of full transmutter in single transmitter case,

r = ratio of VHF bands to total downlink band available to FACS,
(Note that r 1s the same for both constellations.)

E(w) = expected loss to NOAA of bandwidth w.
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It is reasonable to assume that all failures are independent, whether computer or
transmuitter.

In the 26-satellite constellation each satellite has 3 transmitters. We understand from Final
Analysis that each transmitter radiates a single channel, and that when the three transmitters
operate simultaneously, each uses a different portion of the downlink bandwidth. Each satellite
therefore has the following expectation of lost bandwidth to NOAA:

E, () = brP(1) + 2brP(2) + 36rP(3)
= 3brg(1-q)* +2br(3¢*)(1-q) + 34>

After routine algebraic reduction we have:
E,(w) = 3brg

where 3q is the probability of losing bandwidth br as a result of transmitter failure.

Each satellite has a single control system with its associated probability of failure p and of
no failure (1-p). The original system of 26 satellites with 3(26) = 78 transmitters has a probability
P,¢ of harmful interference equal to the probability of either a computer OR a transmitter failure.
Since the joint probabilities of these events is negligibly small, the result is simply given by:

P, = P(any computer failure) + P(any transponder failure)
P,, = [1-P(no comp failure)] +{1- P(no lost bandwidth)]
P =[1-(1-p)*1+[1-(1-39)*]

Py =26-p+13:25-p ++26-3-g +13-25-3¢% +---

[f we 1gnore terms in higher powers of p and q

Py =26p+78q

We note the increased probability of interference due to 78 transmitters, but any single
transmitter failure has only about b/B as much effect on lost bandwidth to NOAA when compared

to a single wide band transmitter.

In the 32-satellite constellation, each satellite has one transmitter. For a total bandwidth
ot B, the expectation of lost bandwidth is
E(w) = BrP(l failure) = Brq = 3brq.
This 1s identical to the three transmitter case.
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For each satellite, the probability of any failure causing interference is

P, =1~ P(no failures)

A=1-(1-p)-(1-9)=p+q9-pq.

For 32 satellites with only 32 transmitters we have the following
prebability of harmful interference:

Py, =1-(1-p)*(1-9)™
Ignoring higher powers we have, to a very good approximation,

P, =32p+32g.

Considering only the effect of transmitter failure, the 32-satellite constellation has 32/78 = 0.43
less likelihood of causing interference due to failure. However, since p is not zero, there is a small
increase in computer failure probability, since there are 32 rather than 26 computers in this larger
constellation. The combined effect is a lower probability of failure, and therefore a reduced
potential for interference, for the modified constellation of 32 satellites compared to the original

constellation of 26 satellites.

Increased Use of Uplink

Without onboard storage there would be no increased use of uplinks, and no increased
potential for interference on the uplinks nor downlinks. What is uplinked must be immediately
downlinked. The utilization of the uplink is clearly limited by the amount of downlink capacity,
which is directly related to the total downlink bandwidth assigned to System 2.

With onboard storage, there is the possibility of storing some traffic information for relay
later at an appropriate time and location. Such operation improves the utilization of the spectrum
and orbits. We note that onboard storage capability of Leo One is larger than that of Final
Analysis and as a result Leo One's use of uplink could be greater than that of Final Analysis.
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Qut-of-Band Emission

Only Generalized MSK signals are used in System 2. These signals have lower out-of-
band emissions, with a 12 dB per octave roll off.

The Leo One and Orbcomm systems use only O-QPSK which has only 6 dB per octave
roll off. They have higher likelihood of causing interference to adjacent channels.

On this basis, Final Analysis will cause less out-of-band interference to Orbcomm and Leo
One than they will cause to Final Analysis.

This completes our summary of technical analyses of the FACS system.
Sincerely yours,

Wilbur Pritchard
President
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EXHIBIT 4



Alleen A. Pisciotta

Kelley Drye & Warren LLP
1200 19™ Street, N.W. Suite 500
Washington, D.C. 20036

Stephen L. Goodman

Halprin, Temple & Sugrue
1100 New York Avenue, N.W.
Suite 650, East Tower
Washington, D.C. 20005

June 2, 1998

Hand Delivery

Regina M. Keeney

Chief, International Bureau

Federal Communications Commission
2000 M Street, N.W.

Washington, D.C. 20554

Re: Final Analysis Communication Services, Inc., Order and Authorization to Construct,
Launch and Operate Non-Voice Non-Geostationary Mobile Satellite System
(File No. 7 -SAT-AMEND-98) DA 98-616 (rel. April 1, 1998)

Orbital Communications Corporation , Order and Authorization for Modification
Of Authorization to Construct Launch and Operate Non-Voice Non-Geostationary Mobile
Satellite System (File No. 8-SAT-AMEND-98) DA 98-617 (rel. March 31, 1998)

Dear Ms. Keeney:

This letter 1s jointly filed on behalf of Final Analysis Communication Services, Inc. (Final
Analysis™ and Orbital Communications Corporation ("ORBCOMM™) (referred to collectively as the
“Parties™) with respect to the above captioned Little LEO licenses. Specifically, this letter is to notify you
that, on Friday, May 29, 1998, representatives ot Final Analysis and ORBCOMM met to continue
discussions on the coordination of their two systems. Particularly with reference to ORBCOMM’s May
[8. 1998 Comments ("ORBCOMM Comments™) on Final Analysis's May 1, 1998 Application for
Clanfication and Review of its license (“Final Analysis Request™), the following points were agreed

upon:

¢ Downlinks: Both Parties anticipate that coordination between the two systems on downlink
operations can be resolved through the sharing of information with respect to operational
parameters acceptable to ORBCOMM under international standards and specification of Final
Analysis’s proposed downlink operations. including out-of-band emissions. The Parties have
agreed to exchange the necessary intormation over the next few weeks with the expectation
that coordination on downlink issues will be resolved as soon as possible.

DCOPISCA/35186 1



o Uplinks: The Parties acknowledge that coordination of uplink operations in the 148-149.9
MHz band will require substantial effort over an extended period of time, and will require the
review of certain proprietary information. including DCAAS and STARS algorithms and
frequency scanning data from real-worid observations.

° To begin the process. the Parties have agreed to engage an independent third party
expert to perform the necessary technical analyses on a proprietary basis. The
Parties will. over the course of the next couple of weeks, suggest names of
companies that may be invited to bid on this work.

° The Parties also have agreed to coordinate on a statement of work that will guide
the independent coordination analysis and to provide their respective proprietary
algorithms and data. on a confidential basis, to the independent contractor.

In addition to the coordination steps agreed upon as outlined above, the Parties shared the
following observations about comments that have been placed in the record with respect to Final
Analysis’s Request as well as ORBCOMM’s March 16, 1998 Application for Review of the NVNG MSS
license granted to Leo One USA Corporation (“Leo One”), DA-98-238 (rel. February 15, 1998) and Leo
One’s April 30, 1998 Application for Review of ORBCOMM’s license:

o Effective uplink coordination is dependent upon resolution by the Commission of the issues
raised by ORBCOMM concerning its rights, under Section 25.142(a) of the Commission’s
Rules, 47 C.F.R.§ 25.142(a), to interference protection as a first round licensee.

o The coordination steps outlined by the Parties above ultimately must involve Leo One as well.
Contemporaneously with the submission of this letter, the Parties are inviting Leo One to
participate in these coordination activities.

Respectfully,
Ailleen A. Pisciotta
Counsel for Final Analysis Communication Services. Inc.

Stephen L. Goodman
Counsel for Orbital Communications Corporation

cc: Attached Service List



CERTIFICATION OF ENGINEER

1. David W. Grimes. Chief Engineer, Final Analysis, Inc., by my signature affixed below,
hereby certify, pursuant to Section 1.16 of the Commission’s rules. 47 C.F.R. § 1.16, that:

(1) I am the technically qualified person responsible for preparation of the engineering
information contained in the foregoing Consolidated Engineering Statement;

(2) 1 am familiar with the Commission’s rules set forth in Part 25 of Title 47 of the Code
of Federal Regulations;

(3) I have either prepared or reviewed the engineering information submitted in the
foregoing Consolidated Engineering Statement; and

(4) I certify under penalty of perjury that the foregoing is true and correct to the best of

my knowledge.

-

M Y. Grirffes. Chief Engineer

Final Analysis Inc.




CERTIFICATE OF SERVICE

I. Beatriz Viera, hereby certify that a true and correct copy of the foregoing “Reply” to
Leo One USA Corporation on behalf of Final Analysis Communication Services, Inc. was
delivered by hand or regular mail this 2™ day of June 1998, to each of the following:

Chairman William E. Kennard*
Federal Communications Commission
1919 M Street, N W., Room 814
Washington, D.C. 20554

Commissioner Gloria Tristani*
Federal Communications Commission
1919 M Street, N.-W., Room 826
Washington, D.C. 20554

Commissioner Harold W. Furchtgott-Roth*
Federal Communications Commission
1919 M Street, N.W., Room 802
Washington, D.C. 20554

Commissioner Susan Ness*

Federal Communications Commission
1919 M Street, N.'W., Room 832
Washington, D.C. 20554

Commissioner Michael K. Powell*
Federal Communications Commission
1919 M Street, N.W. Room 844
Washington, D.C. 20554

Mr. Thomas Tycz™

Chief Satellite Division

Federal Communications Commission
2000 M Street, N W Room 811
Washington, D.C. 20054

Ms. Cassandra Thomas™

Deputy Chiet, International Bureau
Federal Communications Commission
2000 M Street, N.W ., Room 810
Washington, D.C. 20554

Ms. Regina Keeney™

Chief, International Bureau

Federal Communications Commission
2000 M Street, N.W., Room 830
Washington, D.C. 20554

Ms. Tania Hanna*

International Bureau

Federal Communications Commission
2000 M Street, N.W., Room 800
Washington, D.C. 20554

Mr. Harold Ng*

Chief, Satellite Engineering Branch
Satellite and Radio Communication Div.
International Bureau

Federal Communications Commission
2000 M Street, N.W_, Room 801
Washington, D.C. 20554

Mr. Alex Roytblat*

Satellite and Radio Communication Div.
International Bureau

Federal Communications Commission
2000 M Street, N.-W.. Room 300
Washington, D.C. 20554

Stephen Goodman, Esq.

Halprin, Temple & Goodman

Suite 650 East

1100 New York Avenue, N.W.

Washington, D.C. 20005
Counsel for ORBCOMM



Henry Goldberg, Esq.

Joseph Godles, Esq.

Mary Dent, Esq.

Goldberg, Godles, Wiener & Wright

1229 19th Street, N.W.

Washington, D.C. 20036
Counsel for Volunteers in Technical
Assistance

Robert A. Mazer, Esq.

Vinson & Elkins

1455 Pennsylvania Avenue, N.W.

Washington, D.C. 20004-1008
Counsel for Leo One USA

Leslie Taylor, Esq.

Leslie Taylor Associates, Inc.

6800 Carlynn Court

Bethesda, MD 20817-4302
Counsel for E-Sat

Mr. Nelson Pollack

AFFMA

4040 North Fairfax Drive, Suite 204
Arlington, VA 22203-1613

* Hand Delivered

Mr. Richard Barth

U.S. Department of Commerce

National Oceanic and Atmospheric
Administration

Office of Radio Frequency Management

Room 2246, SSMC-2

1325 East West Highway

Silver Spring, MD 20910

Mr. William T. Hatch

Associate Administrator

Spectrum Management

U.S. Department of Commerce

National Telecommunications and
Information Admuinistration

14" and Constitution Avenue, N.W.

Washington, D.C. 20230

Kira Alvarez, Esq.

Attorney Advisor

Office of General Counsel

National Atmospheric and Oceanic Adm.
(Dept. of Commerce)

1325 East-West Highway 18111

Silver Spring, MD 20910

SMC/CIIS

Attn: Lt. Dave Meyer

2420 Vela Way, Suite 1467-A8
Los Angeles AFB

El Segundo, CA 90245-4659
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Beatriz Viera




Henrv Goldberg, Esq. Mr. Richard Barth

Joseph Godles. Esq. U.S. Department of Commerce
Marv Dent. Esq. National Oceanic and Atmospheric
Goldberg. Godles, Wiener & Wright Admunistration
1229 19th Street. N'W. Office ot Radio Frequency Management
Washington, D C. 20036 Room 2246. SSMC-2
Counsel tor Volunteers in Technical 1325 East West Highway
Assistance Silver Spring, MD 20910
Robert A Mazer. Esq. Mr. William T. Hatch
“Vinson & Elkins Associate Administrator
1455 Pennsylvania Avenue. N W Spectrum Management
Washington. D C  20004-1008 U.S. Department of Commerce
Counsel for Leo One USA National Telecommunications and
Information Administration
Lesiie Tavlor. Esq. 14" and Constitution Avenue. N.W.
Lesite Tavior Associates. [nc Washington. D.C. 20230
~800 Carivnn Court
Bethesda. MD 20817-4302 Kira Alvarez, Esq.
Counsel tor E-Sat Attorney Advisor
Office ot General Counsel
Mr Nelson Pollack National Atmospheric and Oceanic Adm.
AFFMA {Dept. of Commerce)
<040 North Fairtax Dnive. Suite 204 1325 East-West Highway 18111
Arlington. VA 22203-1613 Silver Spring, MD 20910
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Beatnz \iera

* “ang Delivered
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