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apPLICATION FOR SQUIPHENT
FREQUENCY ALLOCATION

CLASSIFICATLON
UNCLASSIFIED

J/F 12/07052

|

DATE
o ¥rili ]

Page 1 of | JPages

pOD GENERAL INFORNATION

iTO US&F Frequenzy Manggesent Agency/SCH FROM Af material Coamand
200 N Fairtax Drive, Suite 203 AFRC/CSO/SCSF
Arlington, VA 22203-4613 422§ Logistics Avenue, sufte 20
\ Wright Pattersen AFB, O 45433-5759

1. APPLICATION TITLE (u) E-TCAS, gnhanced Tra‘fic

Avoigance Systies

ale~t and ¢ollision

i QETSSE——— e L g

B

SYSTEM NCMENCLATURE (V)

[\Y)
.

collisien

1ntegrazec €230 IFF and Tratfic Alert and
Avoidance Systes (TCAS=I1)

:
L]
3. STASE OF ALLOCATION ‘
(| |a. sTAGE1 [] B. STAGE 2 [:] ¢. STAGE 3 d. STAGE & ;
L CcoNCEPTUAL ZXPERIMENTAL DEVELOPMENTAL OPERATIONAL ‘
4. FREGUENCY REQUIREMENTS (U) ‘
. a. FREGUENCY(IES) 4
1.030 GHz 1.050 GHz i
" b. EMISSION DESIGNATOR(S)  (See Remarks}
S, TARGET STARTING DATE FOR SUBSEQUENT STAGES
. a. STAGE 2 { b. STAGE 3 c. STAGE & ]
; () na LW W W) NA !
'6. EXTENT OF USE (V) insarmittent use, 264 hrs a day, 7 dmys a veek H
7. GEOGRAPHICAL ARSA FOR
| 8. STAGE2 (1) M )
T ¥ STAGE'3 (U3 NA
( ¢. STAGE & (U) USEP and Specific Cverseas Locatiens
'8, NUMBER OF UNITS !
! b. STAGE 3 c. STAGE &
W) M () NA )y 200

i a. STAGE 2
1
{

'g, MNUMBER OF UNITS QPERRTING SIMU_TANEOUSLY IN THE SAME SNVIRONMENT (1) 20
10. STHER J/F 12 APPLICATION NUMEER(S) TG BE 11. 1S THERE ANY OPERATIONAL REQUIREMENT AS DESCRIRED IN !
- THE INSTRUCTIONS FOR PARAGRAPH 112
w a. SUPERSEDEE J/F 12/ NA

x| b. RELATED J/F 12/ 7090 7091

L)

w B a. YES D b. NO D c. NAVAIL

12. NARMES anND TELEPMONE NURBERS

w 3. PROGRAM MANAGER Lt Col Kevin Rankin (1) coMMERCIAL 513-255-6371 (2) DSN 785-£37
b. PROJECT ENGINEER Lt Tom Thibeult (1) coMmERCIAL 513-285-6371 (2) bSN 785-£371 5
13, REMARKS (U} :
b, Transmit Emission Designators: 10MOK1D and 10MOVID on 1030 MHZ
Receive Epission Designators: 1&MOVID and 14MOKID on 1050 WHz.
11. operaticnal with IFF Mode §, TCAS, and E=TCAS systems ysed by Dod
i components, U.S. government agencies and or other nations.
-~ Continued on Page 2 -—
r~INGRADING INSTRUCTIONS CLASSIFICATION
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== Continued *rom Page 1 —

1. The E-TCAS system is an ennanced version of the Allied Signal TCas-il

syster, The ennancements include the addition of @ special Rendezvous

Node designed to be used in sreas of low sircratt density. Rendezvous

Mode is seleciable by the flight crew and it is interded for refueling

operatisns, The features of Rendezvous node are: )

- 40 nautical mile range in all quadrants {as compared with <he &0
¢rone, 15 sides and 12 aft of the stangard modes).

Tracking of Mode-A cransponders identificatien codes.

Disabling e the standard interference Liaiting aigorithm designed for

use in hign tratfic density aress.

ccis-11 (or E-TCAS) is a conmercial system designed o provide 3
relisble ajrcratt separation assurance function in traffic densities as
high 2s 0.3 airsraft per square Rile (2¢ transponger equipped aircraft
vithin § naytical miles). This E-TCaS systea tracks as many as 30
eransponder equipped intruders at any time.

E=TCAS computes the range of the jntruding aircraft by measuring
transaission turn-around time. Altitude rate, bearing, range and range
rate are computed by tracking the reply inforsmstion.

The sysTem has Two operating modes: Tratfic Advisories (TA) and
Traffic/Resolution Advisories (TA/RAJ, In TA mode the system displays
the positicn of proximate aircraft that are, or could beconme, eollision
threats. 1n TA/RA mode the system also provides resolution advisories
(RA3). An Ra can be 2 correetive advisery, Which instructs <he pilot %9
deviate from the current flight path, or 2 preventive advisory (e.g.
apan't cligh® when the aircraft is in levet flight),

In a TCAS-ta-TCAS encsunter (or 2-TCAS), each sircraf: transaits
jnterrcgations ta the other via the nede § daza link. These
“soordination® interrogations ensure that each aircraft selects
complegentary RAs. The coordination interrogations are transmitted once
per secand by each YCAS for the duration of the RA. The Line diagras on
page 12 shows the communication links during 2 TCAS-ta=TCAS cosrdination.

Uhen airborne, the E-TCAS system acnitors the squitters transaitted by
Mode S transponders. The systea transmits periodic interrogations te
Mede C and Node S transponder equipped aircraft. 1r response to these
interrcgations, the Transponders respond vith signals reporting aircraft
altitude. One of the most signifizant differences betueen Mode C (also
referred to as Air Traffic tomtrol Radsr Beacsn Systedm (ATCRBS))
transponders and Mode § transpanders js that Mode S transponders have
unique addresses while fode € transponders do not. For that reascn Node
€ interrogaticns are “ail=call® broadcast type transmissions vhile Mode S
interrogations are dirested to individual aircraft. This poses 3 problea
to many potential Wode C ajrzraft responding all at once with their
replies stepping over each other. To handle 3his nsynchroncus garble"

during surveillance interrogaticn of Mode C aircrafl, E-TCAS wtilizes 8

_technigue of interrogation seguences referred to as Whisper-Shout ws).

MODE C SURVEILLANCE, WHISPER=SHOUT (US) INTERROGATIONS

A US sequence consists of incremental power sTeps. Each Mode C pulse

rain (P1, P2, P3, P4) is transnitted at approximately one dB mere power
than the previocus transmission. The object of WS interrogations, as
explained belov, is to produce 8 spavable reply area® that Locks like 2
90 degree arc cutout from a donuyt shape that goes out fur<her in range
for each transmission within 8 WS sequence. )

A key element in the mechanisa of Whisper-shout interrogations is the
use of transponder Side Lobe suppresion (SLS). Basically Mode C
transponders will suppress (not reply) if the interrogation wavefora has
a pulse P2 vith equal or greater amplitude than pulse P1 (Ref: RTCA/DO-
1814 sectien 2.2.5).

us interrogations (except the g$irst 2 lovest power interrogations in
each VS sequence) include an additional suppression pulse S1. Pulses s1
<o P& are transmitted in a directicnal bema while P2 is transmitted
omni-directionally. The directional bean has a gain of sppreximately 3
dB over the omi transmission. The antehna page cSntaing the specific
derails of The 160 variable transmissions generated by the & WS scquences
of the E-TCAS equipment. '

he first transmission in eacn Sequence is made 3T 30 dom (1 vate).
The separatien between each transaission within a given US sequence 15
1.5 gilliseconds. The spacing froe one uE sequence to the other 23
approxisstely 100 milliseconds.

— Continued on Page I —
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The ~soult +3 that all Mode € equipped aireraft outside of the
directional beam are suppressec and 0o not respond to any of the US
interragationz. This is because those Made C transponders see the
omni-girectionally ~razmitted P2 puise stronger than P1. Only these
airzraét positioned within tne direczional beam (where P1 is das
stronger than F2) are in pesitien to respond. Within the directional
beam, the S1 pulse and the imceemental power steps come into play t©
elizit replies trom di“ferent aircratt at different ranges. »2 is low in
reiazive amp.itude within the directional beam and does not cause
suppression, But the 31-71 pulse cembimation is spaced to Lok like a
P1-P2 combination and can cauae suppressicn 1o Those transgonders that
are sensitive encugh to detect the lover amplitude $1 pulse. The first
e lov power «ranspission (30 and 31 dBe) do not have S1 pulses. Any
Koce - aircraft within a 2-3 mile range should detect and respond.
Transponders tnat are further avay in range de mot see §1 or P, As
pover iz graocually increased, the closest target will detec? both 1 and
71 ang will go into suppression, while mid=-range aireraft will see P1 but
not detect S1 (below Minisus Triggering Level) so they reapond. far out
aircra‘t sTill do net see either 1 or P1. Space lesses and eypical
=ransponder sensitivity are such that at msx, power (52 dBm) aireraft
Locazed up %0 4O miles awsy reply to tne TCAS interrogation.

MODE § SURVEILLANCE INTERROGATIONS

flcde 5 transponder equipped aircra‘t sguitter with an average peried
of one per second (max. period = 1.2 sec). These sguitiers are
shart-fospat messages (56 data Bies) with the downlink format (bF) field
ses w5 9. E-TCAS deteels the pressnce of Mode S equipped aircraft by
Liszening at 1C90 NH2 <o 0F1% squitters. Each squitter daza field
contains the unique Mooe € address of <he tranamitting transponder.

onze per second E=TCAS examines & list of received pF11 squitters to
deteraine if there are nev Mode 5 equipped aircraft vithin listening
range that should be eracked. For each new Mode S target that is
identified via its sauitter, B8 series of short (56 bit) interrogations
are congucted to establish its altitude and range. Fouf interrogation
gnd reslies are required to acquire and establish the target vith its ewn
surveillance track. The interrogation and replies are all shert forpats.
The data contained in the replies includes gax. airspesd and alvitude.
Range and besring are determined froa time of reponse and phase
direczicnality cf the received signal. The tirst interrogation in the &
cranssission-reply track sequisition cycle is conducted at full power (52
¢Bm). The remaining three interrogations are power-programed a5 &
tunctisn of the aircraft range determined trom the first reply. Rode 5
azquisition interrogations are <ransaitted out cf the antennd that the
squitzer was received from. Once 8 Mode § aircraft's track is
establisned, E-TCAS will go back to that target once per second %O
‘mainsain surveillamce with 2 power prograamed interrogation. If a target
does not reply then a second atiemot is sade at full pover. .

The power managing algoritha is described in RTCA/DO-1ES section
2.2.16.3.2. Sesically, targets vith ranges greater than 10 nautical
2iles are interrogated at full power. Other targets are interrogated
with -sduced power based on the tormula:

Power = Max. Power (dBY) + 20 Log trange/10), where range <or =10

The number of Mede § surveillance transmissions is not B constant
number as in the case of Mode C WS transwission, lode S transsissions
and tne resulting sversge =ransmicted pover vary as a ¢uction of number
of node S targets and how sany re=tries are required To establish @
specific target.

Moce S surveillance for €-TCAS i3 essentially the same 3s TCAS-I1 frem
an electromagnezic emission perspective. The data contents of & few Mode
S interrogations (once every 10 secsnds) is ditferent but the number of
transm:ssions is the sare as TCAS-11.

Since the E-TCAS is limited %0 ceacking 8 maximum of 30 sircraft (Mode
5 or Mode C), the worst eheoreical case is 8 scenaric in which there are
no moge C aircesft in range and here are 30 Mode S cargets all located

at ranges exceeding 10 niles requiring max. pewer interrogations.

e= ConTinued on Page & —
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— Continued from Page 3 —

E-TCAS BROADCAST INTERROGAT JONS
£-TCAS uses long Moge S special surveillance interrogations (112 data
pits) with a bradcast address. These special interrogations go not
elicit replies from other TCAS. They are intenced t¢ provide every TTAS
equipped aircraft a means of tracking the number of T(aS equipped
aircraft in range. This number is used to minimize the power and number

of interrogations That a TCAS can generate N high traffic density areas.

COLLISION AVOIDANCE, E-TCAS COORDINATION INTERROGATIONS
When E-TCAS declares another TCAS equipped agquipped sircraft <o be 2
collision threst, interrogations o that airzraft are tranzmitted to
arive at a Resolution Advisery (R). Coordination transmissions are of
the Long (112 bit) type.

HOW E=-TCAS MANDLES
Mode A transponders respond o <he Mode C (ATCRBS) Uhisper-Shout (vs)
jnterrogations with a “non=aititud
transponders inse
Because the altitu
Advisories (TA).

recuirenents described i
Performance Standards.

the system success
Test and the High
basin).

7c. USBP includes:

Anchorage AX;
maxwell AF8, aL;

‘Oxnard, CA;

pobbins AFB, GA;
Ronoluly, K,
Baltimore, HD;

st. Joseph, MO;
Niagara Falls ANGE,
Youngstown, OH;
villev Grove, PR}
paltas, TX;
Charleston, WV;

overseas Includes:

Rhein Mein AB, GE;
nildenhall AB, UK;

Foreign Disclosure

rt their “ldent”
de is unkmoun, E-TCAS
The display symbology
sape as for Mode C intruders except
not appear next to the intruder syzbol.

COMPLIANCE

The E-TCAS system is fully operational
rerains compatibility with other TIAS and it meets all zhe functionality
No. RTCA/DO-18% Minimum Operational
standard TCAS-11 and rendezvous)
tutly passed the FAA required TCAS-tc-TCAS toardination
¢ {in the Los Angeles
t3 are outlined in AA Advizory

n Document
in both modes (

Density Survei
Both flight test requirsmen
Circular 20-131A.

Elmendorf AF8, AK;
Liztle Rock AFS, AR;
Petersen AFB, CO;
Savannah, GA;
chicage, IL;
selfridge ANG3, NI
charlotze IAP, NC;
stratton ANGB, NY:
Howard AFB, Panama;
Quonset Point, RI1;
pyess AFB, TX;
marzinsburgh, WV;

Kadena AB, JA;
veodbridge AB, UK.

paperwork has been initiated.

MODE A INTRUDERS

e reporting” reoly.
code in place of altitude data.
zan only generate Traffic
used for Mode A intruders is the
for altitude retated nusbers vhich do

Llance Flight Tes

Mods A

as a stancard TCAS-I1. It

Kulis ANGB, AK;
Rarch AFE, CA;
Uitminton, BE;
Hictam AFE, Hl;
Louisville, KY;
Ninnespolis, MN;
pcoe AFB, NC;
nanséield, OH;
sittsburgh, PA;
Nashville, TN
M5 Lwaukee, W1
Cheyerne AP, WY.

Yokota AB, JA;

e e ———
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ZLASSIFICATION

PAGE 5
UNCLASSTFIED
TRANSAITTER EGUIPMENT CHARACTERISTICS |
. NOMENCLATURE, MANUFACTURER'S mDDEL mo. 2. MANUFACTURER'S NANME ‘
ruy) E=-TCAS, Transmitter (U) Allied Signal (See Remarks)
P/N D66-50000-090
3. TRANSMITTER INSTALLATLON L. TRANSAITTER TYPE
(U) C730H, 2133.,%c730 (1) Pulsed
7. TUNING RANGE l6. METHOD OF TUNING
Zy) 1.030 GHzZ
! Uy Fixed Crystal
!8. EMISSION BESIGNATOR .
. RF CHANNELING CAPASI.ITY
(U3 None (u) 10MOK1d 10MOV1D
3. FREQUENCY TOLERANCE 12. ENISSION BANDUIDTH
vy 20 ppe
D CALCULATED B MEASURED
‘D. FILTER EMPLOYED
- ~
W Eﬂ . YES | | b w0 a. -3 dB (1 3 Mz w W
b, -20 dB (U 10 MWz w ({TH]
i1. SPREAD SPECTRUM
— , c. -40 dB (U) 20 MH2 w w
w) | L e YES X| &, NO
- | d. -60 d8 (W 35 Mz w )
'3, MAXIMUM BIT RATE e. O0c-BY (V) 23 MMz w w
(U) & Mbps
15. MAXIMUR MODULATION FREGUENCY
“¢. MODULATION TECHNIOUES anD COSING ) & MHz
(u) =
17. DEVIATION RATIO
W N
15, PRE-EMPHASIS 18. PULSE CMARACTERISTICS
—/
w [] a. Y3 Eﬂ b. NO a. RATE (U) See Remarks (L) w
©.. POWER | b. VIDTH (U} Seec Remarks (U) w
a. MEAN (U) 100 ¥ W) 100 ow W
c. RISE TIRE (U) See Remarks (U} (41]
b, PEP (U} 58 W (4) 158 W w | d. FaLL TIME (W) See Remarks (W) (W i
e. COMP RATIO (L) NA w w AJ
20. oUTPUT DEVICE i
(L) Tramsistor 21. HARMONIC LEVEL !
2. SPURIOUS LIVEL a.2nd (W) -1 B i
Wy -9 2
p, 3rd  (U) -50 d8 AJ
23. FCC TYPE ACCEPTANCE NO.
()  AQI9PGTPA-BIA . OTHER (U) -90 c8 |
24, REMARKS ()
2. manu‘acturer's Name: Allied Signal Comsercial Avienics System, Fort
Lauderdaie, FL.
E § 14. Emwission Designator: The two different meiulation schemes used
with zhese interragstion signals determine the exission designators:
Pulse Amplituge Modulated (PAM) signals tor pode C transponders (JOMOK1D)
signals and mixed Pan and Differential Phase Shife Keying (DPSK3
ranspissions for fode S transpengers (10MOVID) .
'_- Cantinued on Page & —
i ;
CLASSIFICATICN 5
J/8 12/0705
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— Continued from Page 5 —

10. Filter Employed; Two filters are empioved - First s a 3-pole
ceraaic bandpass filter with 2 22 M2 band=pass centered 8T 1030 nhHz
(-45 o2 band-pass of 120 MHz). Second filter is a S-pole low pass
printed Chebychev to atIenuste all harmonics by & mirimuc of 20 ¢8.
Tezal insertion loss of poth filters is 1.5 dB max,

1z. Emizsion Bemguwidth: Item 12 shows measured values. These values
peet the FAA output spectrum limits per document No RTCA/DO-185 paragraph
2.2.2.2.1. The sodulaTion oethods for Mode C and Mode § transpender
requiresents (as described in RTCA/DO-181A) uers applied, The sutout
spectrums were recorded for each of the four antenna poris.

12d. It was established that 55X of the total transmitted pover was
contained in 8 23.08 M2 wandwidth, and that the remaining energy wWas
equally distributed on both sides of the occupied band centered on 1030
M2,

18 a,b. Pulse Rate & width charscteristics: The rate of the 10MOK1D i3
dependsnt on whether it is interrogating a Moge A or Mode C platform. In
a Moce & interrsgatien, there is a preamble of a P1 and p2 pulse pair
vhich is seperated by 2.0 usec and followed by » P3 and P4 pulse pair
which is 8.0 usec from leading edge of the P1 pulse. P3 and P4 pulses
are seperated by 2.0 usec. In 3 Mode C interrsgation the oniy difference
is the P3 and PL pulse pair are 21.0 uses from Leading edge of the P
pulse, Both Aode A and Rode C interrogaticns wait 2.5 usec from trailing
edge of P4 pulse and repeat cycle beginning with P1. For the node §
interrogation, the same preaadle of the P1 and P2 pulse pair is present.
The P1 and P2 Dair are seperated from 2 PS pulze by 1.5 usec and is 16.25
usec long. The pulse rate $prop one Mode S string (P1, P2, and P6) to the
next Mode S string varies non-periodicly betwesn 1 pulse per millisecond
20 1 ;ulse every 10 sezonds. These vaveforns are shown in Figure XX on
Page /.

18 ¢,d. Pulse Rise & Fall Time Characteristics: The rise and fall time
are based on the limits set by the specification document. for both Mode
E and Node § the rise and fall time values are .05 = .1 usec. The
average is approximetely .D6 usec.

19a. Mean Power: Mode C and ncde A WS Transmissions (set A): For
simplicity, assume that all 160 steps (antenna page) to be at maximum
pewer of 195 uatis: 160 x 195V x & pulses x 0.0000008 sec/puise = 0.4,

pode S Surveillance Transmissions (set 8): Assume worst case, 30
targets in track, all st maximum range requiring 195 ¥, 16.2% usec P§
pulse » 0.B usec P1 pulse + 0.8 usec 92 = 17.85 usec: 30 transaissions x
195 wates x 0.00001785 sec/pulse = .18,

" 19b. Peak Power: The PEP output of the cransmitter is 52 dBm (158

vatts) st the terminals of the R/T. The nominal cable loss is 2.5 d8,
The directional antenna has a gain of 3.6 d& which brings the radiated
output within the antennas beam 1o (52 - 2.5 + 3.5 = 53,1 dB= (205
watts)). The effective pover &8s related 1o an omni-direstiocnal antenna,
ysing a beam width of 100 degrees, js 205 x (100/36D0) = 56.945 waits.
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E-TCAS Waveform Descriptions

Mode A Interrogation
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non-perindichy hetveen | pulse per millisecond to 1 pulse every 10 seconds.

[N I B

PR

e e —— i e,

| TLASSIFICATION

1

J/F 12707092

L

DO FORM 14%4, MAY 91

S/N 0302-LF-001-4941

Exhibit I
Page 9 of 15



P4 O - - T - -

 CLASSIFICATION
' paGE @
i UNCLASSIFIED
‘ : RECEIVER EGUIPRENT CHARACTERISTICS
[1.  womencLaTuRE, AANUFACTURER® S MODEL NO. ‘z. MANUFACTURER'S NAME
:y) E-TCAS, Receiver () Allied Signal (see page 5,426}
| #/N 06£&-50200-0512 ]
‘2. RECEIVER INSTALLATION la. RECEIVER TYPE
| “tuy  c130H, 2-3304, HC-130 | (W single Conversion Pulse Logarithmic &mp
IS, TUNING RANGE 6. RMETHOD OF TUNING
iUy 7.050 Gz (U) Fixed Crystal
i {8. EMISSION DESIGNATOR!S) '
{7 RF CHANNELING CAFABILITY W) 1emv1d 14MCK1D !
(U) NONE 41, RF SELECTIVITY l
9. FREQUENCY TOLERANCE — ‘
(uy 750 ppm 2y CALCULATED D MEASURED
—
10. IF SELECTIVITY | | .
182 (W) ‘ 2nd (W) 3ed (W) a. -3 48 (u) 30 MHz |
a. -3 dB| 11 Mz | ma l N L Wy 60 MMz |
b, -20 dB| 20 Mz . Na DN | e -t ) 85 MMz i
c. =40 d8| 50 mHz l NA NA ‘ d. Preselection Type (U) (see Remarks) :
12. 1F FREQUENCY ]13. MAXMUM POST DETECTION FREQUENCY
a. ist (U) 60.2000 MHz Uy NA
b, 2nd (U) NA 14, MINIMUM POST DETECTION FREGUENCY
c. 3rd (1) Na : () NA
146, MAYIMUM BIT RATE

5. GSCILLATOR TUNED | 15t an | 2nd W0 ETTRL

(u) 1 Mbos

| 17. SENSITIVITY

1 t

a. ABOVE TUNED FREQUENCY

b. BELOW TUNED FREQUENCY | x| | a. SENSITIVITY (U) = 99 dbm
c. EITHER ABOVE OR BELOU | | b. CRITERIA (w -77 dem NTL
THE FREQUENCY |

¢. NOISE FIG (u 3 d8

18. DE-EMPHASIS

— d. NOISE TEWP (U3 NA
w E] a. YES |xi b. NO
- |
19. IMAGE REJECTION - 20. SPURIOUS REJECTICN
(y) 70 dB (B 70d8

121. REMARKS (D

Vv 10 § 71. IF / RF Seiectivity: The ~pceiver selectivity is essentially
decerained by the IF selestivity {single converter) since the RF
preseiector is wideband.

11d. Preseleczion Type: &-pole gurtervorth filter.

17a. Sensitivity: For reliable \int cperation the specification (docusent
‘Ne., RTCA/DO-385) states tnat the ginimug signal at the sntenna input 45
-7L d8m (minimum triggering levei(MTL)). The antenna has a zero dB gain
in receive mode. With a cable less of 2 dB max, the ML inout signal at
she receiver is =77 dim. The receiver sensitivity is =95 dBm. Reliable
sulse detection requirss 2 signel 15 g8 above the noise floor. With =77
2Bm inpuz, this yields a signal margin of ¥ - 77 = 22 8.

| : ,
1170, triteria: For an input signai power ievel of - 80 dam witn a S/N
ratic of 2D g8, the %Tracking erro” (bearing) is one degree.

|casstricaTion |
_ R J/F 12707092
UNCLASSIFIED - .

pb FORM 1494, RAY 91 s/N 0102-LF-001-4941
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. 0ocT 28 ’9'6 12:43PM RF SPECTRUM MGMT -
¢ _ASSIFICATION e ‘
UNCLASSIFIED :
ANTENNA EGUIPMENT CMARACTERISTICS J
W — a. TRANSMITTING r\ b. RECEIVING B c. TRANSMITTING AND RECEIVING 1
|
2. NORENCLATURE, MANUFATTURZR $ NODEL NC. %. MANUFACTURER'S NAME
(yy $-TCAS, Transzitting and Rezeiving antenna 814 {U) Sensor Systems Inc. \.
4. FREQUENCY RANGE S. TYPE :
(uy *.C30 Griz - 1.090 Gn2 (U3 Four elegent directional arrsy i‘
|
6. POLARIZATION 7. SCAN CHARACTERISTICS
(u) vertical a. TYPE (U) ELECTRONIC
B, AN X b, VERTICAL SCAN O
_a. MAIn gEan (1) Max Elev uy 35 deg
l (; (See Remarks) (2) min Elev (u) -5 deg !
‘ 5. -st MAJOR SIDE LOSBE (%) Scan Mate (U NR
i () (See Reu;rks) c. MORIIONTAL SCAN )
5. SerwIETH | \ (1) Sector Scan () 360 degrees

a. HORIZONTAL
X (2) Scan Rate ()
1 (3 B85 deg

one 360 degree scan per second

b. VERTICAL \
d. SECTOR BLANKING ()
9] {S=e Remarks)

D (1) YES E (2} No

170, REMARKS () .

: 5. Type: Duat 4-element antennas are used (ome on top af the aircraft and

: one on bottem). The following Table discribes the E-TCAS yhisper Shout
(WS) sequence steps which shows the antenna positiening through the
entire 119 steps (takes tour secords to sveep) used in communizating with

i Mode £ transpanders:
SEQUEINCE STEPS ANTENNA 8ERM POUER
: 1 o - 24 <op 0 deg 20 - 52 dBs
! 2 25 - 34 botTTom 0 deg 30 - 39 dBm
! 3 35 - 58 top 90 deg 30 - 45 dia
) 53 - 6B bottom 90 deg 30 - 39 ¢EBa
H 89 - 92 tep 270 deg 30 = L5 dBm
6 93 -102 bottem 270 deg 30 - 39 dBm
\ 7 102 =126 top 180 ceg 30 - &b dBm
s 127 -136 portem 1B0 deg 30 - 39 dBa
9 137 -14C tep * 30 - 52 dBa

| * Sesuence § is 8 Mode A intersogatisn sequence conducted on @
; different beam cvery second.

' 1For Node S cransponders: The sysiem detects the squitrers vhich are
l rransmitted and transmits jnterragation out the antenna (and angie) the
! squitter was received from,

7 and 3b. verzizal and horizonzal Scan. The maximum gain is &T an
slevation angie cf 20 degrees. Tne lovest elevation 3 48 point is a%
! apprsximateLy -5 degrees and the Joper elevation 2 dB point 15 at &0
 degrees.
Ba. Main Beam Gain: 3.6 d8 tramszit, O g6 receive.

— Continues cn Page 10 --

SSIFIZATION

1 UNCLASSIFLED

JfF 12707052

0D FGRM 1492, mAY 91 5/N 102-LF-001-4941

Exhibit I
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.- OCT 28 '&o D -
S ASSIFICATION PAGE 10 ‘
ANTENNA EQUIPRENT CONTINUATION PAGE ‘
— Cantinued tros Page § — ]
Bb. 1zt Major Side Lebe gain: The gain is =11 da relative to <he main
beam gain and Located ¢/~ 120 qB z=grees ¢rom the main beanm.
Sa. Morizontal Beamwidth: The phase control scitwvare used by the TCAS '|
processor resylts in a peamuidth =f 35 segrees <ypical. ‘l
)
|
|
| |
Il |
!
i
v ]
| |
1
1
l
i
1
1
!
| |
i
l b
é :
1 . l
. 1
| !
t
ASSIFICATION Jp— 'i
] ;
DO FORM 1494, MAY 91 . s/N 0102~LF=001=4941
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E-TCAS Surveillance Operation

Mode A Transponder
Equipped

Mode C Transponder
E-TCAS + Mode S Equipped
Transponder

Mode S Transponder
Equipped

Exhibit I
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;cLA5s1F1CATIcu-

PAGE 12
i . GENERAL CONTINUATION PAGE '
| . !
i 3 . . ;
E-TCAS Coordination Operation g
|
‘_
|
. -] Resciution Advisory Complements (1030 MHz) '
Mode 5 TCAS-TU Mode S Tranpender Replles (1090 MHz) '
T rasusponder E-TCAS '
- - |
]
429 D;u Lmk \
: (100 kHz) :
.: i
| \
| . - |
]
| TCAS TV Mode § -
E-TCAS { Transponder | ‘
429 D.-u Link \
(100 KkHz) '

|

Coordination Interrogations are transmitted oace per second by each aircraft for the duration of the

Resolution Advisory (RA). The information is & “complement” Le. if one aircraft selccts a climb RA,

it transmits to the other aircraft a message restricting it to find a solution in the downward direction.
The other aircraft sclects the degree of resolution based on the geometry of the encounter.

If two aircraft select the same sense advisory, the aircraft with the highest Mode S address will detect
the inconsisteacy and it will reverse the sense of its advisory. Usually, the highest ;ddms-:ircn!t
would have delaved display of the first advisory before the reversal (up to 3 seconds) to avoid bsuing
resolution reversals to the flight crew.

'CLASSIFIZATION

JIF 12/

00 FORM 1494, MAY 91 S/N 0102-LF-001-L541

Exhibit I
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- el == - -

'APPLICATION OR iCLASSIFICATION [
SPECTRUM REVIEW UNCLASSIFIED l PAGE 13
NTIA GENERAL INFORMATION
. APPLICATION TITLE (U E-TCAS, Enhanced Tratfic Alert and Collision
Avocidance Systed
-. SYSTEM NOAENCLATURE () Int=grated €130 IFF and Tratfic Alert and
tollision Avoidance System {T2AS=11D
3. STAGE Of aLLOCTATICN
Wy | oa. STAGE 1 1] b. STAGE & [ c. srase 2 E\ 4. STAGE &
— Z3NCEPTULAL EXPERIMENTAL L— DEVELOPMENTAL CPSRATICNAL J
.. SAEQUENCY REQUIREMENTS (L) ‘l
2. FREDUSNCY(IES) '
1.03C GHZ 1.09C GHz
. B, EMISSION 22SIGNATOR(S)  (See Remarks)
'S. PURPOSE OF SYSTE®, OPERATIONAL AND SYSTEM CONCERTS (UARTIME USE) H a. YES u b. NC

(U} Surveillance and tracking of other aircratt equipped with Rode &, C, or §

; sransoenders, The system is an ennanced TCAS-1l designed to coordinate

l proximicy flying sush as in re-fueling scenarios. The standard TCaS-11
capability and compatibility is recained

|6. INFORMATION TRANSFER REQUIRERENTS

1 (U) Mode S transponder b, osn aircratl attitude, max airspeed, coordination
mmneuvers.

‘9. SSTIMATED INITIAL COST OF THE SYSTEM 1)  $1CC,000 per system

[e. TARGET DATE FOR

(w 1w 55 ‘ (U 1 Jun 35 Wy 2615

a. APPLICZATION APPROVAL b. SYSTEM ACTIVATION c. SYSTEM TERMINATION

I~  SYSTEM RELATIONSHIF AND ESSENTIALITY

(u) Survesilance and tracking of other aircraft equipped with Mode §, Mode C
and Mooe A transponders,

10. REPLACEMENT INFORMATION (U} Na

111, RELATED ANALYSIS AND/CGR TEST DATA
{ ) &S5 Doc 0B4_500¢T nov £9; RTCA/DO-785 MOPS Seot 23.

172, NUMBER Of MOBILE UNITS (U) 200

.13. GEOGRAPMICAL ARER FOR

| a.stacz2 W) m

b, STAGE 3 (U) KA

. .. STAGE ¢ (U) USEP and Spesific Overseas Locazions

I‘lL. LINE DIAGRAM (U)  See Page(s) N (See Remarks) 15. SPACE SYSTEMS (U)  See Page(s) # NA

;16. TYPE OF SERVICE(S) FOR STAGE &

‘ (U} Aeronautical Radisnavigation (uy RLB

17. STATION CLASS(ES) FOR STAGE &

11E. mEmarks (W)
45. Transmit Smission Designators: 10mMOKID and 10MOVIC on 1830 MHz;

l 1 Recetve Emission Designators: 14MOV1D and J4M0P1B on 109C MH2.
Y6 Line Diagram: Pages e conta:rs surveillance operation;
Page 72 contains zocrgination speration.
F"v?sanqz@a INSTRUCTIONS CLASSIFICATD
- Llasgifiex By: MA . UNCLASSIFIED

| - veslassitfy On:

|
+

J/F 12/07092

0D FORM 149¢, MAY 91 $/N 0102-LF-001-4941
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EXHIBIT IIX
FCC FORM 442 — Page 3, Item 35S(c?

Area of Operation:

Area A) Within a triangular area from Rome, GA (34-21.0 N, 083-
09.5 W) to Nashville, TN (36~-07.5 N, 086—-40.7 W) to Memphis, TN
(35-02.7 N, 089-58.7 W).

Area B) Off SE Georgia coast, warning areas W-132R/B, W-13&4, W-
157A/B and W-158C.

Area C) Off South Florida coast, warning areas W-151A/B/C/D, W-
155A/B, W-453 and W-470A/B/C.

Page | of &4
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EXHIBIT III
FCC FORM 442 — Page 3, Item 8

Cormntract Number /-Foreign Goverrniment:

Al A7a3/2000(GBLX—-1042) —— U.K., RAF

B? GLX-1133 —— Australia, RAAF

FPage 1 of 1




EXHIBIT IV
FCC FORM 4492 — Page 3, Item 10.

Program Descriptions
1) Testing Requirements.
2) Test Equipment.

3) Affected Aircraft (Ship Serial Numbers).
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E-TCAS TESTING REQUIREMENTS

The following is a brief description of the testing requirements
for E-TCAS. Note that E-TCAS operates in two modes: NORMAL and
RENDEZVOUS. The E-TCAS NORMAL Mode of operation functions the
same as commercial TCAS II systems.

1. E-TCAS NORMAL Mode. The first test of the E-TCAS NORMAL Mode
utilizes the TCAS 201 Ramp Test Set. During this test, the E-
TCAS transmitter transmits a normal TCAS II RF signal on 1030
MHz. It is received by the TCAS 201 Ramp Test Set. The TCAS 201
Ramp Test Set then responds on 1090 MHz. Both systems are ground
based. This is the same test conducted by commercial airlines.
This test will require one assignment for the ground based E-TCAS
transmitter and one assignment for the ground based TCAS 201 Ramp
Test Set. Only two TCAS 201 Ramp Test Sets are available at the
Lockheed Marietta facility and no more than two tests will be
conducted concurrently at any time. The frequencies to support
this testing requirement are being proposed under AF 975706 and
AF 975707.

a) 1030 MHz X E-TCAS Transmitter
TCAS 201 Ramp Test Set

b) 1090 MHz TX TCAS 201 Ramp Test Set
RX E-TCAS Receiver

2. E-TCAS NORMAL Mode. The second test of the E-TCAS NORMAL
Mode utilizes a target-of-opportunity. During this test, the E-
TCAS transmitter transmits a normal TCAS II RF signal on 1030
MHz. It will be received by any aircraft in the vicinity of the
E-TCAS transmitter. When a target-of-opportunity receives the
1030 MHz signal it will transmit a response on 1090 MHz. The E-
TCAS transmitter is ground based and the target-of-opportunity is
airborne. This test will require one assignment for the ground
based E-TCAS transmitter. An assignment on 1090 MHz is not
required since it is a normal airborne response. No unattended
operation of this equipment will be permitted. Operation for
test purposes will be limited to a maximum of 15 minutes during
any four hour time interval. The frequency to support this
testing is being proposed under AF 975708.

a) 1030 MHz TX E-TCAS Transmitter
RX Target-of-opportunity

Exhibit IV
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3. E-TCAS NORMAL Mode. The third test of the E~TCAS NORMAL Mode
utilizes a target-of-opportunity. During this test, the E-TCAS
transmitter transmits a normal TCAS II RF signal on 1030 MHz. It
will be received by any aircraft in the vicinity of the E-TCAS
transmitter. Once the 1030 MHz signal is received a target-of-
opportunity will transmit back on 1090 MHz. 1In this test, both
the E-TCAS transmitter and the target-of-opportunity will be
airborne. This test will require one assignment for the airborne
E-TCAS transmitter. An assignment on 1090 MHz is not required
since it is a normal airborne response. The frequency to support
this testing is being proposed under AF 975709.

a) 1030 MHz TX E-TCAS Transmitter
RX Target-of-opportunity

4. E-TCAS RENDEZVOUS Mode. The first test of the E-TCAS
RENDEZVOUS Mode utilizes a target—of—opportunity. During this
test, the E-TCAS transmitter transmits an RF signal on 1030 MHz.
It w111 be received by any aircraft in the v1c1n1ty of the E-TCAS
transmitter. Once a target-of-opportunity is identified, the E-
TCAS transmitter transmits a Mode A interrogation. The target-
of-opportunlty responds on 1090 MHz with its ID. Once E-TCAS
receives the ID, the test is concluded. The E-TCAS station is
ground based while the target-of-opportunity is airborne. No
unattended operation of this equipment will be permitted.
Operatlon for test purposes will be strictly limited to the
minimum interval required to verify system performance. This
test will require one assignment for the ground based E-TCAS
transmitter. An assignment for the response by the target-of-
opportunity is not required since it is the normal 1090 MHz Mode
A airborne response. The frequency to support this testing is
being proposed under AF 975710.

a) 1030 MHz TX E-TCAS Transmitter
RX Target-of-opportunity (any transponder)

5. E-TCAS RENDEZVOUS Mode. The second test of the E-TCAS
RENDEZVOUS Mode utilizes a target-of-opportunity. During this
test, the E-TCAS transmitter transmits an RF signal on 1030 MHz.
It will be received by any aircraft in the vicinity of the E-TCAS
transmitter. Once a target-of-opportunity is identified, the E-
TCAS transmitter transmits a Mode A interrogation. The target-
of-opportunity responds on 1090 MHz with its ID. Once E-TCAS
receives the ID, the test is concluded. In this test both the E-
TCAS station and the target-of-opportunity will be airborne. .The
test aircraft will strictly observe boundaries of the approved
airspace in which these tests are permitted. No testing of the

Exhibit 1V
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RENDEZVOUS Mode will be permitted except to verify system
performance. All tests will be conducted under the operational
control and supervision of Lockheed flight crews. This test will
require one assignment for the airborne E-TCAS transmitter. An
assignment for the response by the target aircraft is not
required since it is the normal 1090 MHz Mode A airborne
response. The frequency to support this testing is being
proposed under AF 975711.

a) 1030 MHz TX E-TCAS Transmitter
RX Target-of-opportunity (any transponder)

6. AN/APX-100(V)X Mode S Transponder. The first test of the
AN/APX~-100(V)X Mode S Transponder utilizes the ATC 601 Ramp Test
Set. During this test, the ATC 601 Mode S Transponder Ramp Test
Set generates a 1030 MHz interrogation. The AN/APX-100(V)X Mode
S Transponder responds on 1090 MHz. Both systems are ground
based. An assignment will be needed for both the ATC 601 Ramp
Test Set and the AN/APX-100(V)X Mode S Transponder. Only two ATC
601 Ramp Test Sets are available at the Lockheed Marietta
facility and no more than two tests will be conducted
concurrently at any time. The frequencies to support this

testing requirement are being proposed under AF 975712 and AF
975713.

a) 1030 MHz TX ATC 601 Mode S Transponder Ramp Test Set
AN/APX-100(V)X Mode S Transponder

b) 1090 MHz T AN/APX-100(V)X Mode S Transponder

ATC 601 Mode S Transponder Ramp Test Set

g

7. AN/APX-100(V)X Mode S Transponder. The second test of the
AN/APX-100(V)X Mode S Transponder will utilize any ground ATC
interrogation facility. This test is to verify normal operation
of the AN/APX-100(V)X Mode S Transponder while airborne. Since
this is a normal response to a ground interrogation, no
assignments are required.

Exhibit IV
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TCAS-201

This TCAS reply generator and monitor offers 10 user
programmable threat scenarios which permit dynamic or static
simulation of intruder aircraft. It verifies bearing accuracy.
TCAS traffic and resolution advisories, pOwer and frequency.
whisper/shout steps.and broadcast and surveillance
interrogations.

Generates ATCRBS and Mode § targets

In monitor modes, displays TCAS discrete data

Operating range of 0 t0 500 feet from the aircraft under test
Built-in self-test

1.5-hour battery operation

FCC Tvpe Acceptance approved

CE compliant

TCAS-201 Coupler (Option)

By coupling directly to the TCAS directional antenna. the
coupler allows the use of the TCAS-201 inside a maintenance
facility. This reduces the effects of multipath and clutter of
operational airborne traffic during testing of TCAS equipped
aircraft.

Exhibit IV
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ATC-6QO0A
ATC-601

ATC-600A

The ATC-G00A portable Transponder/DME ramp is designed
to provide accurate testing and maintenance of ATC transponders.
The test set will perform, with radiated signals. all ATCRBS tests
required by the revised FAA Regulations (FAR 91.413 and 43
Appendix F as amended December 19, 1973).

s Direct reading XPDR code and altitude, binary pulse
- information for code and altitude displayed
s Measures transponder frequency and checks for correct

DME channel ’
= Measures transponder receiver sensitivity and SLS tests
s Precision DME range and velocity signals in both X and Y

channels
» Checks position of XPDR second framing pulse relative to F;
= Front panel connector provided to verify output of altitude

encoders
s CE compliant

ATC-601

Modes S/A/C transponder ramp test set performs all tests
required by the revised FAR 91.172 and Part 43 Appendix F. The
Auto Test function allows the operator to verify and certify the
operation and installation of Mode S/A/C transponders with little
or no intervention once the test has been commanded.

s Auto Test performs 20 discrete tests
s Twenty individual test can be run continuously for
system malfunction analysis

m Antenna boot for diversity measurements

» Battery backup memory for storing last test results

s Built-in self-test

= Two-hour battery operation Exhibit IV

» FCC Type Acceptance approved Page 6 of 10
a

CE compliant
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