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HUGHES
NETWORK SYSTEMS

AHUGHES Ei.ECTRQN:CS COM""N'

March 10,1997

William F. Caton
Acting Secretary
Federal Communications Commission
1919 M Street, N.W.,lloom 222
Washington, D.C. 20554

FCC Interference Standards for WCS Auctions Contained in GN
Docket No.....22. Are Unnecessarily Strict

Ladies and Gentlemen:

Hughes Network Systems. a b"siaca unit of GeaeraI Motors HuJbcs BlectroDic:s, is a major
supplier of cellular radio equipment aDd one of the cIriviDg forces behiDd the com"""JCialization of the Personal
Acc:css Communications System rPACSj. PACS itself is a Iow-tier, low power system standardized for operation
in the 18SQ-1990 MHz baDd licensed by the FCC for broadbuJd Personal Communications SeJvices rpCSj.

In its Report and Order, ON Docket No. 96-228 (released Febnwy 19, 1996), tbe FCC amended
its Rules to reallocate and assign the use of frequencieI at 2305·2320 and 2345-2360 MHz, to be known as
Wireless Communications SeJvice rWCSj. This WCS spectrum is located on either side of the 25 MHz of
spectrum allocated for satellite Digital Audio Radio Service ("SOARS"). In the Report and Order, the FCC
adopted technical rules to protect SOARS reception from 0Ul..af-band emissions from WCS transmitters. Simply
stated. these out-of-band emission limits are much more resIrictive thaD necessary to protect SOARS, and if
allowed to stand, would efrectiveIy preclude any use ofthe WCS spectrum for portable communications. Based on
the technical analysis outlined below, however, it would be pow1)1e for the FCC to protect SOARS from damaging
interference from WCS operations while allowiDI for tbe use of specific segments of the WCS bands for ponable
services.

Specifically, the FCC caD both aft'ord SOARS the protection it requires and allow ponable
services such as PACS to operate in the WCS baDd by adoptiq the allocations aDd operating parameters discussed
below. Table 1 describes the recommended frequeDcy allocations for the A and B WCS bands.

Table 1.
Band SU TX Frequency SU RX Frequency

- -Ranft IIMI "'I Ran2e I nil ""

A 2305-2310 23SQ-2355
B 231G-231S 2355·2360

Note that, contraly to the Commission's JeCM1mendation, the Subscriber Unit transmit allocations are at the low
end of the A and B bands. The Commission had suggested making Subscriber Unit transmit at the low end ofthe
A baDd aDd the high end ofthe B baDd to keep it as tar away as possible from the SDARS n:ccivers. Hughes
objects to this plan for three reasons
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I. The additional 5MHz separation will provide only minimal additional protection since the inexpensive and
physically sma111iJters will not have adequaI.c roU-of[

2. The "band swapping" would~ significantly di1fcrcnt RF designs for the A band and B band handsets.
This will raise costs since their will be lower volumes for each type ofcomponent

3. The Radio Pons and Subscn'ber Units in the A and B bands would be transmitting adjacent to each other.
This will create interference between the Base Station IDd the Subscn'ber unit .

The emissions limits in the 2320-2345 MHz SOARS band from PACS Subscriber Units and Base Stations
operating in either the A or B bands as described in Table 1 are a follows:

Subscriber Unit TlaDSIDit
Base Transmit

81 + 10 Jog (P) dB
75 + 10 log (P) dB

Table 2 provides the technical parameters requiJed to afford SOARS adequate protection.

Table 2. Additional Technical Parameten
Handset Duty Cvcle 12.5% Duty Cvc1e. 312.5 microsecond Dulses CVCJ'V 2.5 milliseconds
SU Transmit Power 200 milliwatts
RP Transmit Power 800 milliwatts for RP at 2.5' beigbt. For base stations IIlOUDted higher, it will

be possible to raise the power in accordm:e with the additional path loss
a1rordcd bv the ueater distance

Polarization Linear

Finally, PACS in the WCS band wiD be restric:ted to oI'er 0D1y wireless local loop and portable services. Portable
services are specifically distinguished from mobile services in that the PACS bandset anteDDa will not be mounted
on the vehicle. Rather, the bandsct and its transmiUing anteDaa wiD be operated within 20 em of the subscriber's
head.

The technical analysis supporting these specifications can be found in the Hughes Network Systems' letter to
Digivox dated January 27, 1997and is attae:bed hereto a Exhibit A. That Ictb:r included a IDOdd of the PACS
emissions, path losses between PACS and SOARS, antenaa caupliDp. and SOARS protection requirements. As
there bas bceD DO tefutation oftbis model, we J'l'!Q)lllmend that the FCC accept the out ofband emissions
re<:ornmendations from that letter and repeated in this Icaer.

Very truly )'OUII,

~.;::/
s:K;;"J
Assistant Vice PresidcDt
Hughes Network Systems

Attachments
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Stanley Edward Kay

PROFESSIONAL EXPERIENCE

HUGHES NETWORK SYSTEMS
Gennantown, MD

ASSISTANT VICE PRESIDENT 1990 to Present

Currently program manager on the PACS radio port, a PCS technology
approved by the Joint Technical Committee and supported by Motorola,
Hughes and BellCore.

System Engineering lead in HNS' entry into cellular. Developed and
simulated the air interface protocols for Extended-TDMA which combines
low rate speech encoding with digltallpeach interpolation. Provided system
engineering input into the handotr algorithms and other call management
procedures. HNS technical representative to the TIA and was instrumental
in the development of the system capacity models used by TR45.3.4. Key
system engineering role on the HNS fixed wireless telephony system.
Evaluated and resolved deployment issues in mobile and fixed wireless
prodUcts. Filed two individual and over 20 group patent disclosures. Gave
numerous technical presentations and seminars about the HNS cellular
system to potential customers in the US and in Asia.

ADVISORY ENGINEER 1985 to 1990

Responsible for perfonnance analysis and design evaluation of new
prodUcts. Develop and use software tools for analysis, modeling and
simulation for product line enhancements. Among the tools used on the
Personal Earth Station Produd are models of a forward error correcting
sequential decoder, satellite motion induced timing errors, and phase lock
loops. Condudedextensive protocol and access method analysis and
design for the Federal Express VSAT program. Developed system
architedure for the inTELEconferendng system including a novel distributed
TDMA control algorithm. Prepared system specifications on the Telephony
Earth Station produd and invented an overhead-free ADPCM synchronizer.
Directed internal research and development projects in neural networks and
wireless LANs. Made major contributions to the HNS cellular systems
planning.

SENIOR PRINCIPAL ENGINEER 1984 to 1985

Lead system engineer for the architectural study of the Federal Express
VSAT based ZspMail system. Study combined hardware, software and
systems analysis, required 7 • 10 engineers, and culminated in optimized
terrestrial and satellite resources to support the new product.



PRINCIPAL ENGINEER 1982 to 1984

Designed, modeled and simulated the acquisition and synchronization
system used for the GTE SpaceNet wideband TDMA earth terminals.
Instrumental in developing DAMA algorithms for MlA-cOM Metropolitan Area
Netwof1( product, RAPAC. Led customer funded technical feasibility study
for the INMARSAT Standard-D shipboard satellite communications terminal.

SENIOR MEMBER TECHNICAL STAFF 1981 to 1982

Supporting advanced networking concepts for the NASA ACTS program in
association with General Electric SSD. Analyzed performance of MIA-COM
voice switch for INMARSAT shore station.

WESTINGHOUSE DEFENSE AND SPACE CENTER
Salltimore, MD

SENIOR ENGINEER 1978 to 1981

Performing communications networ1t analysis for national air space
management and naval jamming resistant systems. Supervised design and
test of dynamic RAM system with error detecting and correcting codes.
Specified and supervised hardware and firmware design of microprocessor
based ADCCP communications controller.

PROGRAM MANAGER 19nto 1978

Managed 12 hardware and software engineers on satellite weather data
processing equipment projects.

ENGINEER 1969 to 19n

Digital design and project level responsibility for high speed satellite weather
data preprocessing equipment, synchronization hardware and central control
facility integration.



EDUCATION

Stevens Institute of Technology
Hoboken, N. J.

B. S. in Electronics

George Washington University
Washington D. C

M. S. in Communications.

1964 to 1969

1975 to 1979

Attended numerous in-house courses at Westinghouse in digital signal
processing and logic design. Also attended continuing education seminars
on CCITT ><'25 Protocol and Packet Switching, Error Correcting and
Detecting Codes, and Neural Networks.

Post-masters graduate courses at George Washington University in
statistics and simulation and a training session in the use of SIMSCRIPT 11.5.

PUBLICATIONS

Adaptive DAMA TDMA Netwotlc, T. P. Gaske, R. Gooch, S. E. Kay, A. Khalil,
IntemationaJ Conference on Digital Satellite Communications, Pheonix,
Arizona, Sept 1983.

Technical Feasibility of Multl-channel Standard D Ship Earth Station for
Advanced INMARSAT Services, S. E. Kay, E. Laborde, P. J. Freedenberg,
IntemationaJ Conference on Satellite System for Mobile Communications
and Navigation, June 1983.,
An Intelligent Teleconferencing VSAT System, Stan Kay, Bob Kepley, Car1
Henson, Adrian Morris, AJAA International Communication Satellite Systems
Conference, March 1990.

Telephony Earth Station, Adrian Morris, Stan Kay, IEEE Global
Telecommunications Conference, November 1989.

VSAT Based Videoconferencing Networlcs, E. R. Cacaamani, Stan Kay,
Pacific Telecommunications Conference, 1990.

Digital Repon card, Stan Kay, Person-ta-Person, Building Your Personal
Communications Future, October 1992.

E-TDMA, Stan Kay, Cellular Business, June 1992

Extended-TDMA, A High Capacity Evolution of US Digital Cellular, ICUPC,
October 1992

E-TDMA: High Capacity Digital Cellular Radio, ICC, June 1992

Wireless Access Communications Systems for PCSlAIN Applications,
WCF94, February 8, 1994



Two-tier Scheme Yields High Mobility, America's NETVVORK, August 15,
1994

CORPORATE AWARDS

Presidential Award for Excellence in the Field of Technology, 1991

Telecommunications and Space Sector Patent Award, 1993

PATENT AWARDS

STABILIZED TELEPHONY COMBINER, 5,278,409, JANUARY 4, 1994.

METHOD AND ApPARATUS FoR ExPLorrATlON OF VOICE INACTIVITY To
INCREASE THE CAPACfTY OF A TIME DIVISION MULTIPLE ACCESS RADIo
COMMUNICATIONS SYSTEM, 5,299,198, MARCH 29, 1994

CHANNEL COMPRESSION AND DYNAMIC REPARTITIONING FOR DUAL MODE
CELLULAR RADIO, 5,343,513, AUGUST 30, 1994

TRANSMISSION PoWER LEvEL ADJUSTMENT IN RADIO TELEPHONY, 5,357,513,
OCTOBER 1e, 1994

CELLULAR SYSTEM HAVING FREQUENCY PLAN AND CELL LAYOUT WITH
REDUCED COCHANNEL INTERFERENCE, 5,365,571, NOVEMBER 15, 1994 -

SEQUENTIAL PoWER ESTIMATION FOR CELLULAR SYSTEM HANDaFF, 5,367,559,
NOVEMBER 22, 1994

VESTIGIAL IDENTIFICATION OF COCHANNEL INTERFERENCE IN CELLULAR
COMMUNICATIONS, 5,390,197, Fes 14,1995

TDMA SYNCHRONIZATION USING VISlBlLfTY DESIGNATION, 5,315,589, MAy 24,
1995

CHANNEL COMPRESSION AND DYNAMIC REPARTITIONING FOR DUAL MODE
CELLULAR RADIO, 5,422,932, JUNE 6, 1995

METHOD AND SYSTEM FOR EFFECTING HANDOFF IN A CELLULAR
COMMUNICATION SYSTEM, 5,422,933 JUNE 6, 1995

METHOD FOR ExPLOITATION OF VOICE INACTIVITY To INCREASE THE CAPACfTY
OF A TIME DIVISION MULTIPLE ACCESS RADIo COMMUNICATIONS SYSTEM,
5,513,183, APRIL 30, 1996

DYNAMIC THRESHOLDING FOR MoBILE ASSISTED HANDOFF IN A DIGITAL
CELLULAR RADIo SYSTEM, 5,483,669, JANUARY 9, 1996

CELLULAR TELEPHONE WITH DATAGRAM AND DISPATCH OPERATION, 5,475,689,
DECEMBER 12, 1995



OTHER PROFESSIONAL ACTIVITIES

Represented MIA-COM on the IEEE 802.5 Metropolitan Area Networks
Committee and represented HNS on the IEEE a02.4L Radio-LAN
subcommittee. Represented HNS on the Telecommunications Industry
Association's TR45.3 Standards Committees.

Member IEEE and IEEE Communications Society

Co-developed and taught a successful semiannual George Washington
University Continuing Education Department course on Satellite
Communications: System Planning, Design and Operation at Ku and K.
Bands
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HUGHES
NETWORK SYSTEMS

AHUGHES ELECTRONICS COMPANY

January 27, 1997

JohnPrawat
President and CEO
DigiVox Corporation
P.O. box 65094
Washington, DC 20035

Dear John:

Hughes Network Systems (HNS), a business unit ofGeneral Motors Hughes Electronics, is a major
supplier ofcenular radio equipment and one of the driving forces behind the commercialization ofthe
Personal Access Communications System (PACS). The Commission's Rules to Establish Part 27 offer
potential bands for PACS technology ifthe interference into SDARS proves manageable.

In our 22 January letter to you we used the allowable interference noise energy of-137.9 dBWIMHz
proposed in the 13 January Lucent Supplemental Technical Statement ofLucent Technologies Inc.. We
had mistakenly assumed from Lucent's statement"After technical discussion with Primosphere Limited
Partnership we agree that the WCS spectrum with SDARS in the middle ofthe band is unique...", to
mean that Lucent and Primosphere had reached agreement on the parameters to use in the analysis.

After subsequent review, we agree with Primosphere that Lucent's assumption of20000K receiver noise
temperature is unrealistic. On the other hand, we feel that Primosphere has failed to provide adequate
justification for their claimed noise floor of200°K. HNS is the leading manufacturer ofVery Small
Aperture Terminals (VSAT) and understands the noise floor behavior ofsatellite terminals. While 2000K
is a reasonable number for VSAT and other satellite communications terminals with narrow beam
antennas pointed to cold sky in C-Band and Ku-Band applications, we question its legitimacy for a 2.35
GHz, car-mounted antenna for the fonowing reasons:

11717 ExploraltOn Lane. Germantown. MD 20876
Tel: (301) 428-5500 TWX: 710-828-0541
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1. The VSAT antenna does not pick up significant terrestrial emissions because there is minimal
spurious noise generated at Ku Band and because the antenna points towards OaK space. In contrast,
the side lobes ofthe SOARs antenna will see a variety ofterrestrial sources. The 2.35 GHz band is
near the 2.4 GHz ISM band in which most microwave ovens operate. Interference may also come
from harmonics ofthe 450 MHz band terrestrial mobile radio and UHF broadcast channels 64 and 65.
In addition to potential signal emissions, the temperature ofthe people, buildings, trees, car ignitions,
etc., in the antenna pattern will be much warmer than outer space. For this reason HNS suggests
adding an ambient temperature ofat least 2900K to the LNA noise temperature.

2. A C Band or Ku Band LNA uses a waveguide front end with very low loss. The SOARS receiver
must reject the A, B, C, 0, E and F bands. HNS estimates that this would require a filter ahead ofthe
LNA with an insertion loss close to 2 dB. This is because the SOARS equipment receiver response
must roll offbefore entering the neighboring WCS channels to prevent a signal from a WLL base or
mobile station into the front end LNA

3. Primosphere correctly states that the LNA Noise Figure may be 1 dB. A typical receiver noise figure.
however, degrades as the signal passes through mixers, filters, etc., and for low cost design can closer
to 2dB.

Based on the above, HNS estimates the effective noise floor at the receiver as follows

Thermal Noise -168.6 dBWIMHz
800 K LNA + 2900 K 26 dB It may be worse than this when
Environment terrestrial sources are nearby
Filter Insertion Loss 2 dB To reject bands A.B,C.O.E and F
Post LNA Contributions 1 dB Mixer Amolifiers. etc.. followin~ LNA
HNS "Worst Case" Scenario -139.6 dBWIMHz
Primosohere claim -145.6 dBWIMHz
Split the difference -142.6 dBWIMHz Used for the rest oftrus letter

HNS suggests a compromise noise floor between the excessively optimistic Primosphere value of-145.6
dBWIMHz and the non-optimal design configuration described by HNS resulting in -139.6 dBWIMHz.
HNS believes that the FCC should require Primosphere to offer evidence that -145.6 dBWIMHz is their
actual noise floor. For the remainder oftrus letter, HNS assumes a noise floor of-142.6 dBWIMHz.

Primosphere should also demonstrate the accuracy oftheir claims in two other areas, the antenna pattern
and the allowable noise rise.

The antenna plays a critical role in the analysis. HNS assumes that the antenna is some sort ofa flat panel
antenna mounted on the roofofthe vehicle. The metallic floor and the car body will prevent the antenna
pattern from being omnidirectional. Ifthe PACS handset is in a vehicle or at street level, it may not be in
the main beam ofthe Primosphere antenna. Also, the vertical polarization ofthe PACS signal will
interact in an unknown way at the beam edge ofthe circularly polarized Primosphere antenna. HNS will



use 3 dB main beam antenna gain for the Primosphere antenna, but include 6 dB of side lobe loss and
another 3 dB ofprotection for linear polarization.

Allowable noise rise normally depends on the system margins. The typical fixed Ku Band VSAT
application only needs rain fade margin. For SOARS, HNS expects that the largest need for margin
would be for shadowing from buildings in urban areas. Primosphere should have included margin on the
order of6-10 dB for building shadowing. For the rural case there is less building shadowing, but HNS
argues that the chance ofa handset being very near an SOARS receiver in the rural environment is small.
Both urban and rural environments should include 3-6 dB margin for Riceari fading. In such highly
variable propagation environment, HNS argues that it is unreasonable to limit the noise floor rise from
WCS to 0.2 dB. Even a noise floor rise of2 dB is very generous because the handset contribution really
should be combined in a root-sum-squared (RSS) manner with the shadowing and fading variances. Using
-142.6 dBWIMHz as the noise floor and allowing a 2 dB rise, means an allowable interference level of
-144.9 dBWIMHz for PACS.

HNS wishes to make one other point before presenting the link budgets. Since the AlE and BIF bands are
spaced 5 MHz from the SOARS band, the PACS signal energy will be in the transmitter noise floor. The
design constraint is controlling the broadband noise emissions. The typical design ofthe transmitter is a
mixer from roughly a 300 MHz IF to the 2.3 GHz transmit band followed by a power amplifier. The
noise floor comes from

1. Noise entering the final mixer stage. A SAW filter at the final IF can reduce this noise at 5 MHz
from the band edge

2. Final mixer noise figure. Commercially available parts provide a noise figure of 10 dB.
3. Oscillator phase noisejrom thefinal mixer stage. Handset compatible frequency sources (reasonably

priced, small, low power) will have significant phase noise energy at 5 MHz from the carrier. Since
the output ofthe final mixer is in the transmit band, the filter Q to achieve meaningful attenuation
from 2315 and 2320 MHz is unreasonable.

4. Gain ofthe power amplifier.. The final amplifier stage will amplify the noise at its input. To control
this, one could use a high gain mixer to reduce the gain requirements ofthe final stage. The~

components are relatively expensive.
5. Final amplifier noisefigure. Commercial amplifiers will have roughly a 10 dB noise figure in this

band and at these powers.

Assuming an amplifier noise figure of 10 dB, a high power mixer with a -10 dBm output and a final
amplifier gain of33 dB, the noise input at the power amplifier must be -124 dBWIMHz. HNS contends
that even the best known handset layout, packaging, and shielding techniques cannot do better than this
due to the close proximity of the digital signal processing and the fluctuations ofthe power circuitry.
Furthermore, HNS notes that four ofthe five techniques suggested by Primosphere's January J3 Ex Parle
filing are being used by HNS to suppress the broadband noise, i.e., frequency planning, spectIUm shaping,
filtering and cross polarization. The fifth technique, amplifier backott: is irrelevant in suppressing
broadband noise.



The above assumptions result in the link analysis given in Table 1.

Table 1. Proposed Revene Direction Link Bud2et
Handset Noise Floor - 81.0 dBWIMHz Broadband Noise is the limiting factor
Handset Dutv Cvcle - 9.0 dB 12.5% Dutv Cvcle. 312.5 msec Dulses every 2.5 msec
Min Path Loss -51.0 dB 12 foot separation is more realistic in vehicular traffic
SDARS Ant. Gain 3.0 dB Per Primosphere filings
Head Loss -5.0 dB 3 to 15 dB tvDical for ener.RV absorbed bv human head
SDARS Beam Shape - 6.0 dB Hemispheric beam pointing up gives loss ofat least 6dB

for typical PACS handset location in traffic
Polarization Loss - 3.0 dB Circular to linear polarization decouDlin2
Total -152.0 dBWIMHz
Interference Allowed -144.9 dBWIMHz
MarJrin 7.1 dB PACS Drovides more than the needed marJrin

For the forward link, PACS base stations will be mounted as low as 25 feet or as high as 100 feet. At the
25 foot height, the base station transmitter will be limited to 800 mw which is 6 dB more power than the
handset. The additional gain required in the final amplifier stages will raise the noise floor by 6 dB. Table
2 shows that these assumptions provide 1.1 dB ofmargin in the forward direction. For base stations
mounted higher, it will be possible to raise the power in accordance with the additional path loss afforded
by the greater distance.

Table 2. Proposed Forward Direction Link Bud2et
Base station Noise - 75.0 dBWIMHz Broadband Noise is the limiting factor
Floor
Min Path Loss -57.0 dB 24 foot separation for handset directly under base station
Base antenna Gain 6 dB Omnidirectional stacked dipole
Directivity below base -20 dB Dipole has very low gain below and above antenna
station
SDARS Ant. Gain 3.0 dB Per PrimosDhere filingS
Polarization Loss - 3.0 dB Circular to linear polarization decouDlin2
Total -146.0 dBWIMHz
Interference Allowed -144.9 dBWIMHz
Marstin 1.1 dB PACS provides more than the needed marJrin



HNS could evaluate other for the handset being in the antenna main lobe. The typical vertical beamwidth
for a 6 dBd antenna is 10-20°. For the handset to be in the main beam it will be far enough from the base
station so as not to pose a problem.

Sincerely,

Stan Kay
Assistant Vice President
Hughes Network Systems
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EXHIBITB



From: RC Mil'kem~

Director, Radio Techniques and Technology
Bcllcore
331 Newman.~ Spring Rd.
Rcdbank, NJ, 07701
908-758-3357

Date: March 6. 1997

Tu: Dr. R. White
President, PACS Provider Fonun
445 South Str.
Murrisluwn. NJ 07960

Rc:WCS Out-of-band emissions limits should be modified for PACS

Dear Dr. White,

Bcllcore ha~perf(lnT1ed B technical analysis of the WCS rules in ON No.~8 adopted
February 19. 1997. These rules. in part, add~ the impact of wes servic:es on other
spectrum users and applopDately impose interference limits to protect these users.
However. the portion of the rules dealing with out-of·band emissions limits ftom the
WCS bcmds into the SDARS spectrum bond arc Wlnecessarily stringent for a low-power.
low mobil1ty technology such as PACS. These limits arc designed to accommodate
higher power, wide-urea mobility wirele.u technologies and are ther.efure overly
restrictive ofPACS. BeJicore believes PACS should be (;Onsidercd separately with
respect to the application ofout-of-bund emissions limits. Bellcore also believes that the
SDARS service will not be adversely affected by modifying the rules for out-of-band
emissions limits for PACS as dilCUSsed below. Therefore, it is desirable and appropriate
to modify the WCS rules dealing with out ofband emis.'lJions associated with PACS.

An out of band cmi"Siems limit of 81 dB fur the Subscriber Unit, stJt and 7S dB for the
Rudio Port. RP. will provide a suitable environment for both PACS wircl~ u.'ie1'S in the
bands from 2305 MHz to 231 S MIJ7. and from 23S0 MHz to 2360 MIh and will provide
!ilufficient margin for SDARS users in the 2320 MHz to 234S MHz band to operate
without interference. The PACS technology limits the RF output power uf the SU and
RP to 200 mw and 800 mw. respectively. PACS SU transmitters are operated 011 a
1.2.55% duty cycle basis thus averaging the potential for interference over the 2.5ms
frame period allowing forward error correction and bluck interleaving techniques to be
used effectively to reduce interference in other ,ervices.



Arguments made by Hughes Network Systems. dated January 22. 1997 and February 5,
1997~ correctly state that PACS uses a number of interference abatement techniques such
as Raised Root Cosine modulation filtering, transmil spectrum filtering and dynamic
power control with quasi linear RF power amplifier output to control out of band
emissions.

Path loss iactors. antenna d~vity and polari7Jltion effects -lIdd substantially to the
overall signal attenuation ilnd th~ reduction of interference. Free space path loss in this
trequency band is nearly S1 dB while antenna factor.; such as polarization dccoupJing,
SOARS antenna beam 5hape and lhe PACS SU antenna pattern will add another 9 to 12
dB ofadditional isolation. Head IUl$s can add. on average, another 3 loIS dB ofpath Joss
to the overall path loss budget

Finally, as ~1ated earlier. PACS uses adaptive power control over a 30 dB iclnge to
continuously lower the SU~s output power to thc lowest possible tral'lSmnter power levels
to reduec system interference thereby minimizing the interCenmce to other services as
well.

":
HWSheJTy


