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MEASUREMENT REPORT

Scope -

devi ces

and regul ations of th

§2983 (a) General Information

i ncl udi ng
radi ators for

Measur ement
el ectromagnetic em ssions (EME)
i ntentional

conpliance with the

e Federal

det ernmi nati on of

of radio frequency
and/ or unintenti onal
technical rules
Conmmmuni cati ons Conm ssi on

and

Applicant
Systems
Address:

Attention:

Name:

Siemens Transportation

50, rue Barbes
92542 Montrouge Cedex, France
Mr. Regis Lardennois

e FCC ID:
e (Class:
e Type:

QSCWAYSIDE
Spread Spectrum Transceiver (DSS)

Transportation Control System

e Freqg. Range: 2408 - 2474 MHz
e Method/System: Direct Sequence System (DSS)
e Model No(s): Wayside
e Max. RF Output Power: 35.8 dBm EIRP
e Rule Part(s): § 15.247
e Dates of Tests: Sept 25 - Oct 1, 2002
e Place of Tests: PCTEST Lab, Columbia, MD
U.S.A.
e Test Report S/N: 220925502.QSC
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INTRODUCTION

The neasurenent procedure described in American National Standard for
Met hods of Measurenent of Radio-Noise Enmssions from Low Voltage
El ectrical and El ectronic Equi prent in the Range of 9kHz to 40GHz ( ANSI
C63.4-1992) and FCC Public Notice dated July 12, 1995 entitled
‘“@Qui dance on Measurenent for Direct Sequence Spread Spectrum Systens’’
were used in the neasurenent of Sienens Transportation Control System

These  nmeasurenent tests were conducted at PCTEST  Engi neering
Laboratory, Inc. facility in New Concept Business Park, GCuilford
I ndustrial Park, Colunbia, Maryland. The site address is 6660-B Dobbin
Road, Col unbia, MD 21045. The test site is one of the highest points
in the Colunbia area with an elevation of 390 feet above nean sea
level. The site coordinates are 39° 11'15" N latitude and 76° 49'38" W
longitude. The facility is 1.5 mles North of the FCC | aboratory, and
the anbient signal and anbient signal strength are approximately equal

to those of the FCC |aboratory. There are no FM or TV transnitters
within 15 mniles of the site. The detailed description of the
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PRODUCT INFORMATION

Equipment Description:

The Equi prent wunder test (EUT) is a Sienmens Transportation Control
System using spread spectrum direct sequence and tine division duplex
t echni ques.

Frequency Range: 2408 - 2474 MHz

Channel s: 9

Ant enna: Various, Max Gain is 13.9 dBi Yagi
Spread Spectrum Met hod: Direct Sequence (DBPSK nodul ation)
Max RF Qut put Power: 35.8 dBm EI RP

Port/ Connect or (s): RS232
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|

Fi gure 4. Shiel ded
Encl osure Line-
Conducted Test Facility

&l

Fi gure 2. Line Conducted
Em ssi on Test Set-Up

Figure 3. Woden Table &
Bonded LI SNs
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Description of Tests

Conducted Emissions

The line-conducted facility is located
inside a 16' x20' x10" shielded enclosure. It
is manufactured by Ray Proof Series 81 (see
Figure 2). The shielding effectiveness of
the shielded roomis in accordance with ML-
Std-285 or NSA 65-6. A 1Im x 1.5m wooden
table 80cm high is placed 40cm away from
the vertical wall and 1.5m away from the
side wall of the shielded room (see Figure
3). Solar Electronics and EMCO Model

3725/ 2 (10kHz- 30MHz) 500/ 50uH Li ne- | npedance
Stabilization Networks (LISNs) are bonded to
the shielded room (see Figure 4). The EUT
is powered from the Solar LISN and the
support equipnent is powered from the EMCO
LISN. Power to the LISNs are filtered by a
hi gh-current high-insertion |oss Ray Proof
power line filters (100dB 14kHz-10GHz). The
purpose of the filter is to attenuate
anbient signal interference and this filter
is also bonded to the shielded enclosure.

Al el ectri cal cables are shielded by
brai ded tinned copper zipper tubing wth
i nner diameter of 1/2". If the EUT is a
DC- powered device, power wll be derived
from the source power supply it nornally
will be powered from and this supply lines

will be connected to the Solar LISN LI SN
schematic diagramis shown in Figure 5. All
interconnecting cables nore than 1 neter
were shortened by non-inductive bundling
(serpentine fashion) to a 1-neter |[|ength.
Suf ficient time for the  EUT, support
equi prrent, and test equipnment was allowed in
order for them to warm up to their nornal
operating condition. The RF output of the
LI SN was connected to the spectrum anal yzer
to determne the frequency producing the
maxi nrum EME from the EUT. The spectrum was
scanned from 450kHz to 30MHz with 20 nsec.
sweep tine. The frequency producing the
maxi mrum |evel was reexanmned using EM/

J ke Field Intensity Meter and  Quasi - Peak
adapter. The detector function was set to
Cl SPR quasi - peak node. The bandw dth of the
Figure 5. LISN Schematic receiver was set to 10 kHz. The EUT,
Di agr am support equi pnent , and i nt erconnecting
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cables were arranged and manipulated to maximze each EM:
em ssion. Each enission was maexi nm zed by: swi tching power |ines;
varying the node of operation or resolution; clock or data
exchange speed; scrolling H pattern to the EUT and/or support
equi pnent, and powering the nonitor fromthe floor nounted outl et
box and the conputer aux AC outlet, if applicable; whichever
determ ned the worst-case emni ssion. Phot ographs of the worst-
case em ssion can be seen in Appendix C. Each EME reported was
calibrated using the HP8640B si gnal generator.
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Figure 6. 3-Meter Test
Site
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Description of Tests (Continued)

Radiated Emissions

Prelimnary neasurenents were namde indoors at
1 meter wusing broadband antennas, broadband
anplifier, and spectrum analyzer to deternine
the frequency producing the rmaxi num EME
Appropriate precaution was taken to ensure
that all EME from the EUT were naximzed and
i nvestigated. The system configuration, clock
speed, node of operation or video resolution,
turntable azimuth with respect to the antenna
were noted for each frequency found. The
spectrum was scanned from 30 to 200 MHz using
bi conical antenna and from 200 to 1000 MHz
using log-spiral antenna. Above 1 GHz,
linearly polarized double ridge horn antennas
wer e used.

Fi nal neasurenents were nade outdoors at 3-
neter test range using substitution techniques
per FCC enmil correspondence (see Figure 6).
The test equipnent was placed on a wooden and
pl astic bench situated on a 1.5 x 2 neter area
adjacent to the neasurenent area (see Figure
7) with the antenna nounted on a mast that
simul ated actual installation conditions (See
phot os) . Sufficient tinme for the EUT, support
equi pnrent, and test equipnment was allowed in
order for them to warm up to their nornal
operating condition. Each frequency found
during pre-scan nmeasurenents was re-exam ned
and investigated wusing EM/Field Intensity
Meter and Quasi-Peak Adapter or power neter.
The detector function was set to Cl SPR quasi -
peak node and the bandw dth of the receiver was
set to 100kHz or 1 Mz depending on the
frequency or type of signal for reference
readings on the EM neter. Peak power was
measured with a power neter.

The EM neasurenent system was tuned to the
frequencies found during prelimnary radiated
measur ements. The EUT was configured as per
the attached configuration draw ng(s), and
support equi pnment and interconnecting cables
were re-configured to the set-up producing the
maxi mum emission for the frequency. The EUT,
support equi pment, and interconnecting cables
were re-arranged and nanipulated to nmaxinze
each EME em ssion. The reference reading
antenna height was varied 1 to 4 neters and
stopped at the azinuth or height producing the
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maxi mum eni ssi on. Each emission was maxin zed. Phot ogr aphs of
the worst-case emission can be seen in Appendix C Each EME
reported was calibrated using an HP synthesized signal generator
for the frequency of neasurenent. The Theoretical Nornalized
Site Attenuation Curves for both horizontal and vertical
pol ari zation are shown in Figure 9.
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§ 15.205 Restricted Bands

Special attention is made for the EUT' s harnonic and spurious
radi ated em ssion in the restricted bands of operation. The EUT
was tested from 9kHz and up to the tenth harnonic of the
fundamental frequency of the transmtter using ClSPR quasi peak
detector below 1GHz. Above 1 GHz, average neasurenents was used
using RBW1 Miz - VBW 10Hz and linearly polarized horn antennas.
In addition, peak neasurenents were taken to ensure that the
peak | evels are not nore than 20dB above the average limt. Al
out of band enissions, other than those created by the spreading
sequence, data sequence, and the carrier nodulation nust not
exceed the limts showin Table 1 per 15.209.

Frequency FI'S Meas.
Di st.

(M) (W/m (Meters)
0. 009- 2400/ F 300
0. 490 (kHz)
0. 490- 24000/ F 30
1.705 (kHz)
1. 705- 30 30
30. 00

30.0-88.0 100 3
88. 0- 150 3
216.0
216. 0- 200 3
960. 0

Above 960 500 3

Table 1. Radiated Em ssion Limts Per 15.209

Test Equipment

HP 8566B Spectrum Anal yzer 100Hz- 22HGHz
HP83017A M crowave Anal yzer 40dB Gain (0.5 - 26.5 GHz)
HP 3784A Digital Transm ssion Anal yzer
EMCO 3115 Horn Antenna (1 - 18GHz)
HP 8495A 20dB Attenuator (DC-40GHz) 0-70dB
HP 8493B 10dB Att enuat or
EVALUATI ON' REPORT
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Systems Quality Manager
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HP Power Meter
M croCoax Cables Low Loss M crowave Cables (1-26.5 GHz)
CDI Dipol es Di pol e Antennas (30 - 1000 MHz)
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§ 15.203 Antenna Requirement

An intentiona
no antenna other that that
used with the device.
or of an antenna that
radi ator shall
unl ess the
installed. This

requi r enent

radi at or ant enna shal

be designed to ensure that

furnished by the applicant can be

be considered sufficient

trai ned i ndi vi dual s.

"Installation Instructions”.

The Sienens
815. 203.

CONCLUSI ON

The equi pnent

Waysi de

nmust be professionally installed.

uni t

equi prent nmust
system nust be professionally
Please see the file

complies with

t he Antenna Requirenents of 8§15.203

t he

The use of a permanently attached antenna
uses a unique coupling to the intentiona
to conply with this

be professionally

installed by

att achnment

requi renent of

The unit neets

PCTEST™ PT. 15.247 REPORT
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§15.247 (a) (2) - Direct Sequence Bandwidth

100 kHz (10dB/ di v)

Res. Bandwi dt h

Vid. BW= 100 kHz
Span = 30 MHz
Ref . Level 23.6 dBm
Sweep 4 s

(see attached bandwi dth plots)

FREQ 6dB Bandwi dt h
(MHz) (MHz)
2408 4.13
2441 4.13
2474 4.13

Tabl e 2. 6dB Bandw dt h neasur enents

M ni mum St andard - The transmtter shall have a m ni mum 6dB
bandwi dt h of 500kHz (0.5 MHz) using a 100 kHz RBW

REMARKS:
PASS
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EMISSIONS MEASUREMENTS

§15.247 (b) & (d) Maximum Peak Output Power
and Power Spectral Density

M nimum Standard - The

transmtters.

each ant enna
configuration.
output limt,

this application nust
power to the antenna,
exceed 1 watt

basic configurations
During testing,
variation

as specified

power and power spectral
meters using a substitution technique as required by the FCC for

El RP neasurenents.
for

power meter

the above

maxi mum peak
transmtter shall not exceed 1 watt
are four possible

measured at

f peak power
spectral density measurenents.
neasur enent

out put

power of the
equivalent to 36 dBm There

for the wayside

t hat was appl i cabl e
In order to show conpliance with the peak power
the FCC has directed that

process has been

attachnent to this application.

Ant ennas t hat
configuration
configuration are

can be used for sone or

fol |l ow

power table for the configuration tested:

Gin
dBi
13.9

9

Following is

transmtter.

val ues of EIRP.
maxi m zing process
and

mani pul at ed

board fails.

Type
Yagi
Hor n

Configuration 1

configuration
If for any
unused RF port feeding that
ohm pad. Renoval of an antenna wl|l
This will always be
testing whereby
constraints of the
during testing to produce worst
redundant board
the primary RF

Note that

during
ori ent ed,
permtted nmounting variations
case results. one RF board

intended to provide backup service in the event

power
be measured as EIRP and that
the antenna input,
in Section 15.247.
density neasurenents were taken at 3

diagram No.1
reason one antenna is renmpved, the

t he maxi nrum El RP was obt ai ned for

to each

neasur enent for

the input
must not

Radi ated EI RP

Conducted neasurenments were mnmade using a
and a spectrum anal yzer
The FCC correspondence requiring

for power

submtted as an

all of the wayside
The actual antennas used in each
listed according to their gain in the EIRP
Manuf act ur er Model
Cushcraft PC2415N
Astron P- 2409

for the wayside

antenna will be termnated with a 50

within the

resul t

is a

in slightly | ower
the case due to he

the antennas were
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WAYSIDE TRANSMITTER ENCLOSLIRE
Configuration 1 (4 active antenna array)

Lightering
Arrestor
T ANTEMNMA
RF BOARD #1
Wayside
T Mirimum cable lengih to
each antenna s & melars
. Extarnal Antennas have 3.0
L Comb -
g:}ih'grer dB splitter
— 63dB [
RF BOARD #2
Wayside
>
{Redundant) ‘ TO ANTEMMA
Lightening
Amestor

Each configuration 1 transmitter will conform to this specification. Nominal RF output power
from each TX board is 27.5 dBm. Only one RF board can be active at one time. The second
RF hoard is redundant and is only used in the event the pimary RF output board fails, In this
canfiguration back to back antennas will be mounted on differant masl. The nominal loss in
thie RF combinaer'splitter i= 6.3 dB, lightening arrestor loss is approximataly 0.1 dB and the
nominal cable loss is 1.8 dB for a 5 meter length. Internal cables have 0.3 dB loss each for a
total of 0.6 dB in each path. All wayside transmitter installations will have a minimum of 5
meters of antenna cable length and most will be lonoer, Compliance with all power lavels is
basad on input power to the antenna as stipulated in the FCC interpretation letter that is part
of this filing. For all antennas configurations, compliance with the EIRP limit is based on
measurements made on an open area test site using the substitution technigue as requested
by the FCC.

Antennas in this configuration may be 13,9 dBi yagi, 948 i few
installations will use two 13.9 dBi yagi antenna and two 9 or 6 dBi horn antennas.
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There are three variants of the above configuration.
configuration is with a 3 neter spaci ng between parall el

back antennas nounted on nast approximtely 4 neters high.
for this configuration are presented in Table 3(a).

The basic

back to
Test

Ant ennas t hat

can be used in this configuration are listed according to gain

w t h manuf acturer and nodel
ant enna t abl e.

number

Wth this configuration,

referenced in the preceding
one antenna from each

back to back pair can be varied in azinuth angl e approxinately

+/ - 45 degrees.

Thi s angul ati on provides the antennas with the

ability to "bend" the antenna pattern to maintain conmuni cations
as the tunnels twi st and turn through curves.
possi bl e angl e variation was investigated by increnmenting the

angle in 5 degree steps to obtain maxi mum El RP.

The maxi num

Power Measurenents 3 neter Parall el
Frequenc
y Antenna | Number | Conducted Attenuation Power Measured System Power
MHz Gain of Power to Added Reduced EIRP Type Spec Den
dBi Antennas Antenna dB from nominal dBm dBm
dBm y/n
2408 13.9 4 15.7 0 n 30.4 Wayside <1 dBm
2441 13.9 4 15.7 0 30.5 Wayside <1 dBm
2474 13.9 4 15.7 0 30.3 Wayside <1 dBm
2408 9 4 15.7 0 254 Wayside <1 dBm
2441 9 4 15.7 0 25.5 Wayside <1 dBm
2474 9 4 15.7 0 25.4 Wayside <1 dBm
2408 6 4 15.7 0 224 Wayside <1 dBm
2441 6 4 15.7 0 22.5 Wayside <1 dBm
2474 6 4 15.7 0 22.4 Wayside <1 dBm
Table 3 (a)
The first variant of the above parallel arrangenent has the pair
of back-to-back antennas nmounted 10 neters apart. In this

configurati on,

are converging at an angle of approxi mately 15 degrees.

to permt
site,

the antennas are nornmally nounted such that they

| n order

measurement of this configuration on a 10 neter test
it was decided to actually aimboth pair of antennas

directly at the neasurenment antennas in order to maximnze the

reference |evel

arrangenent,

varied in azimuth angle approxi mately +/-

readi ng for determ ning ElIRP.

Wth this

one antenna from each back to back pair can be

45 degr ees.

Maxi mum

El RP was obtai ned by varying the angle in 5 degree steps as

above.

Thi s angul ation provides the antennas with the ability to

"bend" the antenna pattern to maintain comrunications as the
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tunnels twi st and turn through curves.

presented in Table 3(b).

Qut put Power

Measur enent s

10 nmeter Convergi ng

Data for this variant is

Frequenc

y Antenna | Number Conducted Attenuation Power Measured System Power
MHz Gain of Power to Added Reduced EIRP Type Spec Den

dBi Antennas Antenna dB from nominal DBm dBm

dBm y/n

2408 13.9 4 15.7 0 n 33.0 Wayside <1 dBm
2441 13.9 4 15.7 0 33.1 Wayside <1 dBm
2474 13.9 4 15.7 0 33.0 Wayside <1 dBm
2408 9 4 15.7 0 28.4 Wayside <1 dBm
2441 9 4 15.7 0 28.5 Wayside <1 dBm
2474 9 4 15.7 0 284 Wayside <1 dBm
2408 6 4 15.7 0 25.5 Wayside <1 dBm
2441 6 4 15.7 0 25.6 Wayside <1 dBm
2474 6 4 15.7 0 254 Wayside <1 dBm

Table 3(b)
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The second variant of the basic parallel back-to-back
configuration has the antenna pair nounted with a separation

di stance of 1 neter. |In this variant the antennas are nounted so
that they are slightly diverging, of the order of 10 degrees.
Wth this arrangenent, one antenna from each back to back pair
can be varied in azinmuth angle approximately +/- 45 degrees. In
all arrangenents, the forward facing antenna pair and the
rearward facing antenna pair will maintain the 10 degree

di vergent pattern. This angul ation provides the antennas with the
ability to "bend" the antenna pattern to maintain conmuni cations
as the tunnels twi st and turn through curves. Table 3(c) contains
the data for this variant. The maxi mum possi ble angle variation
was investigated in 5 degree increnents to obtain maxi mum El RP.

Qut put Power Measurenents 1 nmeter Diverging

Antenn

Frequency a Number | Conducted Attenuation Power Measured System Power
MHz Gain of Power to Added Reduced EIRP Type Spec Den

dBi [Antennas Antenna dB from nominal dBm dBm

dBm y/n

2408 13.9 4 15.7 0 n 31.4 Wayside <1 dBm
2441 13.9 4 15.7 0 31.6 Wayside <1 dBm
2474 13.9 4 15.7 0 n 31.3 Wayside <1 dBm
2408 9 4 15.7 0 n 26.5 Wayside <1 dBm
2441 9 4 15.7 0 n 26.5 Wayside <1 dBm
2474 9 4 15.7 0 n 26.4 Wayside <1 dBm
2408 6 4 15.7 0 n 23.4 Wayside <1 dBm
2441 6 4 15.7 0 n 23.5 Wayside <1 dBm
2474 6 4 15.7 0 n 22.3 Wayside <1 dBm

Tabl e 3(c)

Test site measurenent distance in all of the above neasurenents
was 10 neters.

Configuration 2

Following is configuration diagram No.2 for the wayside transmitter. If
for any reason one antenna is renoved, the unused RF port feeding that
antenna will be ternmnated with a 50 ohm pad. Renoval of an antenna
will result in slightly lower values of EIRP. This will always be the
case due to he maxim zing process during testing whereby the antennas
were mani pulated and oriented, within the constraints of the permtted
nounting variations, during testing to produce worst case results. Note
that one system is a redundant system intended to provide backup
service in the event any conponent from RF board to antenna of the
system fails. Such an arrangenent provides naxi mum security and safety
for special applications in the subway train control system Agai n,
this configuration generally has a parallel antenna arrangenment but nay
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al so have t he previously def i ned conver gent and di ver gent
configurations.
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WAYSIDE TRAMSMITTER ENCLOSLURE
Configuration 2 (4 active antenna array)

Lightening
Arrastors
TO ANTEMMA |—% %
RF BOARD #1
Wayside Splitter r
™ Minimum cable length o
each antenna is 5 meters
Extarnal Antennas have 3.0
dB splitter
RF BOARD #2
Wayside "
T Splitter
T ANTEMMA
Redundant
\ RF Systam
\ Ligghtening
Arrasiors

Configuration 2 systams will confarm 1o this specification, Nominal RF output power from each
TX board is 27.5 dBm. Only one RF board can be active at one ime. The second RF board
and antennas are redundant and are only used in the event the primary RF output board or
antenna{s) fail. In this configuration two back to back antennas will be mounted on the same
mast with separate mast for esch pair, The redundant antenna system will use the same
miasts as the primary antenna system . The nominal loss in the RF splitter is 3 dB, lightaning
amestor loss is approximately 0.1 dB and the nominal cable loss is 1.8 dB for a 5 meter length.
Intemal cables have 0.3 dB loss each for a tofal of 0.6 dB in each path. All wayside transmitier
installations will have a minimum of 5 meters of antenna cable length and most will be longer.
Comgliance with all power levels is based on input power to the antenna as stipulated in the
FCC interpratation lettar that is part of this filing. For all antenna corfigurations, complianca
with the EIRP limit is based on measurements made on an open area test site using the
substitution technique as requested by the FCC.

Antenras used in the configuration will be 13,9 dBi yagi, 2 dBi horn or 6 dBi horn, Back o
back anfennas can ba the same or mixed. For example, 2 13.9 dBi and a 9 or 6 dBi can be
mounted back to back.
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Qut put Power

Measur enent s,

10 Meter Separation Converging

Frequency | Antenna | Number | Conducted Attenuation Power Measured System Power
MHz Gain of Power to Added Reduced EIRP Type Spec Den
dBi Antennas| Antenna dB from nominal dBm dBm
dBm y/n
2408 13.9 4 19.0 0 n 35.6 Wayside 0.30
2441 13.9 4 19.0 0 35.8 Wayside 0.40
2474 13.9 4 19.0 0 35.5 Wayside 0.10
2408 9 4 19.0 0 29.8 Wayside 0.30
2441 9 4 19.0 0 29.9 Wayside 0.40
2474 9 4 19.0 0 29.7 Wayside 0.10
2408 6 4 19.0 0 26.7 Wayside 0.30
2441 6 4 19.0 0 26.8 Wayside 0.40
2474 6 4 19.0 0 26.7 Wayside 0.10
Tabl e 3(d)
Qut put Power Measurenents, 3 Meter Separation Parall el
Frequency| Antenna | Number Conducted Attenuation Power Measured System Power
MHz Gain of Power to Added Reduced EIRP Type Spec Den
dBi Antennas Antenna dB from nominal dBm dBm
dBm y/n
2408 13.9 4 19.0 0 n 32.4 Wayside 0.30
2441 13.9 4 19.0 0 32.5 Wayside 0.40
2474 13.9 4 19.0 0 32.3 Wayside 0.10
2408 9 4 19.0 0 27.4 Wayside 0.30
2441 9 4 19.0 0 27.5 Wayside 0.40
2474 9 4 19.0 0 27.4 Wayside 0.10
2408 6 4 19.0 0 24 .4 Wayside 0.30
2441 6 4 19.0 0 24.5 Wayside 0.40
2474 6 4 19.0 0 24 .4 Wayside 0.10
Table 3(e)

PCTEST™ PT. 15.247 REPORT

EVALUATI ON REPCRT
Siemens Transportation

Systems

Reviewed By:
Quality Manager

Test Report
SIN:15.

220925502

Test Dates:
Sept 25 - Oct 1, 2002

EUT Type:
Transportation Control
System

FCC |1 D
QSCWAYSI DE1

Page 21 of 19




PCTEST

Engineering Laboratory , Inc.

Qut put Power Measurenments 1 Meter Separation Diverging

Frequency| Antenna | Number Conducted Attenuation Power Measured System Power
MHz Gain of Power to Added Reduced EIRP Type Spec Den

dBi Antennas Antenna dB from nominal dBm dBm

dBm y/n

2408 13.9 4 19.0 0 n 34.4 Wayside 0.30

2441 13.9 4 19.0 0 34.6 Wayside 0.40

2474 13.9 4 19.0 0 34.3 Wayside 0.10

2408 9 4 19.0 0 29.5 Wayside 0.30

2441 9 4 19.0 0 29.5 Wayside 0.40

2474 9 4 19.0 0 294 Wayside 0.10

2408 6 4 19.0 0 26.4 Wayside 0.30

2441 6 4 19.0 0 26.5 Wayside 0.40

2474 6 4 19.0 0 26.3 Wayside 0.10

Tabl e 3(f)

Configuration 3

Following is configuration diagram No.3 for the wayside transmitter. If

for any reason one antenna is renoved, the unused RF port feeding that
antenna will be ternmnated with a 50 ohm pad. Renoval of an antenna
will result in slightly lower values of EIRP. This will always be the

case due to he maxim zing process during testing whereby the antennas
were nmani pulated and oriented, within the constraints of the pernmtted
nounting variations, during testing to produce worst case results. Note
that one RF board is a redundant board intended to provide backup
service in the event the primary RF board fails. Such an arrangenent
provi des maxi mum security and safety for special applications in the

subway control system

In this configuration the typical antenna arrangenent wll be back-to-
back using the following antennas: 13.9 dBi yagi, 9 dBi horn or 6 dBi
horn. For sone applications, only a single antenna will be used. All

antenna configurations were tested and, in confornmance with Conmm ssion
policy, the data presented for the highest gain single antenna which is
the 13.9 dBi antenna.
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WAYSIDE TRANSMITTER ENCLOSURE
Corfiguration 3 (2 antenna array)
(2 antenna aray may be replaced by the
single antenna arrangement shown via the
dashed line

Lightening
Arrestor

RF BOARD #1

T3 AMNTEMMA

Wayside
TX

RF BOARD #2
Wayide

RF Combiner

TX
{Redundant}

—_——————,e—e e — =

Minimum cable length to
edach antenna is 5 meters
External Back to Back
Antenna have splitter

For single antenna
systemn, the £ antenna
array will be removed and
a single antenna will
replace the dual back to
back antennas.

Each configuration 3 transmitter installed will conform to this specification. Nominal RF output
power from each T board is 27.5 dBm. Only ona RF board can be active at ona tima. The
second RF board is redundant and s only used in the event the primary RF output board fails.
The nominal loss in the RF combiner is 3 dB, lightening amrestor loss is approximately 0.1 dB
and the nominal cable loss is 1.8 dB for a § meter length. Intemal cables have 0.3 dB loss
aach for a total of 0.6 dB in each path. All wayside transmitier installations will have a
minimum of 5 meters of antenna cable length and most will be longer. Compliance with all
power levels is based on input power to the antenna as stipulated in the FCC interpretation
letter that is part of this filing. For all antenna configurations, compliance with the EIRP limit is
based on messurements made on an open area test site using the substitution technigue as

requested by the FCC.

Antennas may be 13.9 dBi vagi, 9 or 6 dBi horn or they may be mixed. For example, a 13.9
dBi antenna may have a 9 dBi antenna in a back 1o back amangement

Single antenna configuration will use one of the following antennas: 6 dBi omni directional, 6

dBi horm or 9 dBi hom.
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Qut put Power Measurements, Dual Antenna Array
Frequency| Antenna | Number Conducted Attenuation Power Measured System Power
MHz Gain of Power to Added Reduced EIRP Type Spec Den

dBi Antennas Antenna dB from nominal dBm dBm

dBm y/n
2408 13.9 2 19.0 0 n 33.3 Wayside 0.30
2441 13.9 2 19.0 0 33.4 Wayside 0.40
2474 13.9 2 19.0 0 33.3 Wayside 0.10
2408 9 2 19.0 0 28.4 Wayside 0.30
2441 9 2 19.0 0 28.5 Wayside 0.40
2474 9 2 19.0 n 28.4 Wayside 0.10
2408 6 2 19.0 0 25.4 Wayside 0.30
2441 6 2 19.0 0 25.4 Wayside 0.40
2474 6 2 19.0 0 25.6 Wayside 0.10

Tabl e 3(0)
Qut put Power Measurements Single, Antenna
Frequency| Antenna | Number Conducted Attenuation Power Measured System Power
MHz Gain of Power to Added Reduced EIRP Type Spec Den

dBi Antennas Antenna dB from nominal dBm dBm

dBm y/n
2408 13.9 1 22.0 0 35.6 Wayside 3.0
2441 13.9 1 22.0 0 35.8 Wayside 3.6
2474 13.9 1 22.0 0 35.7 Wayside 3.8
2408 9 1 22.0 0 na Wayside 3.0
2441 9 1 22.0 0 na Wayside 3.6
2474 9 1 22.0 0 na Wayside 3.8
2408 6 1 22.0 0 na Wayside 3.0
2441 6 1 22.0 0 na Wayside 3.6
2474 6 1 22.0 0 Na Wayside 3.8

Tabl e 3(h)
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M ni mum St andard - The transmtter peak output power delivered to the
antenna input shall not exceed 1 watt. Max EIRP shall not exceed 36
dBm

REMARKS:
PASS

Configuration 4

Following is configuration diagram No.4 for the wayside transmitter. If
for any reason one antenna is renoved, the unused RF port feeding that
antenna will be termnated with a 50 ohm pad. Renoval of an antenna
will result in slightly lower values of EIRP. This will always be the
case due to he maxinmzing process during testing whereby the antennas
were mani pul ated and oriented, within the constraints of the permtted
nounting variations, during testing to produce worst case results. Note
that one systemis redundant and is intended to provide backup service
and is activated only in the event the prinmary system fails. Such an
arr angenent provides maxi num security and safety for speci al
applications in the subway control system

In this configuration the typical antenna arrangenment will be back-to-
back using the following antennas: 13.9 dBi yagi, 9 dBi horn or 6 dBi
horn. For sone applications, only a single antenna will be used. All

antenna configurations were tested and, in confornmance with Conmm ssion
policy, the data presented for the highest gain single antenna which is
the 9 dBi horn antenna.
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WAYSIDE TRANSMITTER ENCLOSURE
Configuration 4 (2 active antenna array,
2 antenna array may be replaced by the

single antenna arrangement shiown via the

dashead ling)

RF BOARD #1

Wayside
T

RF BOARD #2

Wayside
T

Lightening
Arrastor
TO AMTENMA
4 Minimum cable length to
1 each antenna is 5 meters
1 External Antennas have 3.0
1 dB splitter
2dB 1
Attenualor 1
|
1
DR R AR A
2dB
Attenuatar TO ANTEMMA

Lightening
Arrastor

Each configuration 4 transmitter installed will confarm to this specification,
Maminal RF output power from each TX board is 27.5 dBm. Only ane RF . o s

board can be active at one time. The second RF board and antenna is

redundant and is only used in the event the primary RF output board or
antenna fails. In this configuration the back o back antennas will be
mountad on the same mast, The nominal kess in the RF atlenuator is 2
dB, lightening arrestor loss is approximately 0.1 dB and the nominal cable
loss is 1.8 dB for a 5 meter length. Internal cables have 0.3 dB loss each
for a total of 0.6 dB in each path. All wayside transmitter installations will

have a minimum of 5 metars of antenna cable length and most will be
longer. Compliance with all power levels is based on input power o the
antenna as stipulated in the FCC interpretation letter that is part of this
filing. For all antenna configurations, compliance with the EIRP limit is
based on measurements made on an open area test site using the
substitution technigue as requested by the FOC,

Dual antennas used in this configuration will be 13.9 yagis, 9 dBi horns or
G dBi homs. Back to back antennas can be the same or mixed. For
example, a 9 dBi antenna can be mixed with a 6 dBi antenna.

Single antenna configurations may use 9 dBi horn, 6 dBl amni or & dBi

hom antenna.

+ Redundant

: RF System

I

I

I

I

I

: I

Far single antenna
system, the 2 antenna
array and splitter will be
removed and a single
antenna will replaca the
dual back to back

antennas.
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Qut put Power Measurenents for Dual Antenna
Frequency| Antenna | Number Conducted Attenuation Power Measured System Power
MHz Gain of Power to Added Reduced EIRP Type Spec Den
dBi Antennas Antenna dB from nominal dBm dBm
dBm y/n
2408 13.9 2 20.0 2 n 35.0 Wayside 2.0
2441 13.9 2 20.0 2 35.2 Wayside 2.1
2474 13.9 2 20.0 2 35.0 Wayside 2.2
2408 9 2 20.0 2 29.0 Wayside 2.0
2441 9 2 20.0 2 29.4 Wayside 2.1
2474 9 2 20.0 2 29.0 Wayside 2.2
2408 6 2 20.0 2 26.3 Wayside 2.0
2441 6 2 20.0 2 26.4 Wayside 2.1
2474 6 2 20.0 2 26.4 Wayside 2.2
Tabl e 3(i)
Qut put Power Measurenents for Single Antenna
Frequency| Antenna | Number Conducted Attenuation Power Measured System Power
MHz Gain of Power to Added Reduced EIRP Type Spec Den
dBi Antennas Antenna dB from nominal dBm dBm
dBm y/n
2408 9 1 23.0 2 n 32.0 Wayside 5.28
2441 9 1 23.0 2 32.1 Wayside 4.69
2474 9 1 23.0 2 32.0 Wayside 4.37
2408 6 Horn 1 23.0 2 na Wayside
2441 6 Horn 1 23.0 2 na Wayside
2474 6 Horn 1 23.0 2 na Wayside
2408 6 Omni 1 23.0 2 n na Wayside
2441 6 Omni 1 23.0 2 n na Wayside
2474 6 Omni 1 23.0 2 n na Wayside
Tabl e 3(j)
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M ni mum St andard - The transmtter peak output power delivered to the
antenna i nput shall not exceed 1 watt. Max EIRP shall not exceed 36
dBm The maxi num EIRP for any of the above 4 configurations is 35.8
dBm

REMARKS:
PASS
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§15.247 (d) Power Spectral Density

M ni mum Standard - The transmitted power density averaged over any 1
second interval shall not be greater than 8dBm in any 3kHz bandw dth
within these bands. Measurenents were nade on a spectrum anal yzer using
the foll owing settings.

Res. Bandwi dth = 3 kHz (10dB/ div)
Vid. BW= 3 kHz

Span = 30 MHz

Ref . Level 23.6 dBm

Sweep 1000 sec

dBm = Limt < 8dBm

Pl ease see data in Above Tables and the PSD Pl ots

Submtted with the file as "em ssions plots”

M ni mum St andard - The transmitter power density averaged over a 1
second interval shall not be greater than 8dBmin any 3 kHz BWwi thin

t hese bands based on neasurenents at the input to the radi ating antenna
under investigation. The naxi mum PSD for any of the above 4
configurations was 5.8 dBm

REMARKS:
PASS
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15.247 (c) SPURIOUS EMISSIONS MEASUREMENTS

Configuration 1

Transmitter With Quad Antenna Array Attached

Oper ati ng Frequenci es: 2408 MHz, 2441 MHz, and 2474 NHz
Di st ance of Measurenents: 3 neters or 10 neters using substitution
t echni que

As requested by the FCC, this data was neasured in terns of EIRP and is
presented as dB below the carrier nmeasurenents for non-restricted band
frequencies and in dBuvV/m for restricted bands. The data tables bel ow
specify the antenna to which it applies. A single back-to-back 4-
antenna array (see configuration 1 diagram) will be active at one tine.
Nine dBi or 6-dBi antennas may be substituted for both forward or both
rearward 13.9 dBi antenna in sonme cases. Antennas will be substituted
only in pairs facing the sane direction. Any unused RF ports wll be
termnated in 50 ohms in actual installations. Wrst case data is
present ed bel ow.

13.9 dBi Yagi Antennas

Fund Spurious Emissions Fund Spurious Emissions Fund | Spurious Emissions
Freq. Freq dBc [dBuV/m| Freq Freq dBc |dBuV/m| Freq | Freq | dBc |dBuV/m
MHz MHz @3m || MHz MHz @3m | MHz | MHz @3m
2408 4816 |[-100.3| 27.9 | 2441 4882 (-100.2| 28.1 | 2474 | 4948 (-100.3| 27.9
2408 7224 [-122.2] 6.0 2441 7323 |-122.1| 6.2 | 2474 | 7422 |-1224| 59
2408 9632 [-122.3 2441 9764 |-122.2]| 6.1 2474 | 9896 [-122.6

Tabl e 4(a)
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9 dBi Horn Antennas

Fund Spurious Emissions Fund Spurious Emissions Fund | Spurious Emissions
Freq Freq dBc [dBuV/m| Freq Freq dBc |dBuV/m| Freq | Freq | dBc [dBuV/m
MHz MHz @3m || MHz MHz @3m | MHz | MHz @3m
2408 4816 [-100.9( 22.7 | 2441 4882 |-100.7 23 2474 | 4948 |-100.8 | 22.8
2408 7224 |-1225( 1.1 2441 7323 | 122.6 1.2 2474 | 7422 |-1226( 1.2
2408 9632 |-122.7| 0.9 2441 9764 | 122.8 1.0 2474 9896 |-122.7( 1.1

Tabl e 4(b)

6 dBi Horn Antennas
Fund Spurious Emissions Fund Spurious Emissions Fund | Spurious Emissions
Freq Freq dBc [dBuV/m| Freq Freq dBc |dBuV/m| Freq | Freq | dBc [dBuV/m
MHz MHz @3m || MHz MHz @3m | MHz | MHz @3m
2408 4816 |[-100.7| 20.0 | 2441 4882 |-100.6 | 20.2 | 2474 | 4948 [-100.7| 19.9
2408 7224 |-1226( 1.9 2441 7323 |-122.5| -1.7 || 2474 | 7422 |-122.8| -2.2
2408 9632 |-123.5( -2.8 2441 9764 | 1231 | -2.3 | 2474 9896 |-122.7| -2.8

Table 4 (c)
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Configuration 2

Transmitter With Quad Antenna Array Attached

Operati ng Frequenci es: 2408 MHz, 2441 MHz, and 2474 NHz
Di st ance of Measurenents: 3 neters or 10 neters using substitution
t echni que

As requested by the FCC, this data was neasured in terns of EIRP and is
presented as dB below the carrier nmeasurenments for non-restricted band
frequencies and in dBuvV/m for restricted bands. The data tables bel ow
specify the antenna to which it applies. A single back-to-back 4-
antenna array (see configuration 2 diagram) will be active at one tine.
Nine dBi or 6-dBi antennas may be substituted for both forward or both
rearward 13.9 dBi antenna in sonme cases. Antennas will be substituted
only in pairs facing the sane direction. Any unused RF ports wll be
termnated in 50 ohnms in actual installations. Wrst case data is
presented bel ow.

13.9 dBi Yagi Antennas

Fund Spurious Emissions Fund Spurious Emissions Fund [ Spurious Emissions
Freq. Freq dBc [dBuV/m| Freq Freq dBc |dBuV/m| Freq | Freq | dBc |dBuV/m
MHz MHz @3m || MHz MHz @3m || MHz | MHz @3m
2408 4816 |[-100.1| 30.7 | 2441 4882 |[-100.1| 30.9 | 2474| 4948 [-100.1| 30.6
2408 7224 1-120.8| 10.0 | 2441 7323 [-120.8| 10.2 | 2474 | 7422 |-120.8| 9.9
2408 9632 [-120.6| 10.2 | 2441 9764 |-120.6| 10.4 || 2474 | 9896 |-120.6| 9.8

Tabl e 4(d)

9 dBi Horn Antennas
Fund Spurious Emissions Fund Spurious Emissions Fund | Spurious Emissions
Freq Freq dBc |dBuV/m| Freq Freq dBc |dBuV/m| Freq | Freq | dBc [dBuV/m
MHz MHz @3m || MHz MHz @3m || MHz | MHz @3m
2408 4816 -99.3 | 25.7 || 2441 4882 [-99.2 259 || 2474 4948 | -99.3 | 25.6
2408 7224 |-120.8| 4.2 2441 7323 | 120.6 4.5 2474 | 7422 |-120.7( 4.2
2408 9632 |-121.0( 4.0 2441 9764 | 120.8 4.3 2474 | 9896 |-120.7( 4.2

Tabl e 4(e)
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6 dBi Horn Antennas

Fund Spurious Emissions Fund Spurious Emissions Fund | Spurious Emissions
Freq Freq dBc |dBuV/m| Freq Freq dBc |dBuV/m| Freq | Freq | dBc [dBuV/m
MHz MHz @3m | MHz MHz @3m || MHz | MHz @3m
2408 4816 -98 239 | 2441 4882 | -97.8 | 24.2 | 2474 | 4948 |-98.07 | 23.9
2408 7224 |-119.5| 24 2441 7323 [-119.5| 2.5 2474 | 7422 |-119.7 24
2408 9632 |-119.7| 2.2 2441 9764 | 119.9 2.1 24741 9896 [-119.9( 2.0
Table 4(f)

Configuration 3
Transmitter With Dual Back-To-Back Antennas Attached
Operati ng Frequenci es: 2408 MHz, 2441 MHz, and 2474 NHz
Di stance of Measurenents: 3 neters or 10 neters using substitution

t echni que

As requested by the FCC, this data was neasured in terns of EIRP and is
presented as dB below the carrier neasurenents for non-restricted band
frequencies and in dBuV/m for restricted bands. The data tables bel ow
specify the antenna to which it applies. A single back-to-back antenna
array (see configuration 3 diagram) will be active at one tine. The
second RF board is redundant in case of failure of the primry RF
board. A nine dBi or 6-dBi antenna nmay be substituted for one of the
13.9 dBi antennas. Any unused RF ports will be ternminated in 50 ohms in
actual installations. W rst case data is presented bel ow
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13.9 dBi Yagi Antennas

Fund Spurious Emissions Fund Spurious Emissions Fund | Spurious Emissions
Freq. Freq dBc [dBuV/m| Freq Freq dBc |dBuV/m| Freq | Freq | dBc |dBuV/m
MHz MHz @3m || MHz MHz @3m | MHz | MHz @3m
2408 4816 -98.7 [ 29.9 || 2441 4882 | -97.5 | 31.2 | 2474| 4948 | --98.3 | 30..2
2408 7224 |-120.5( 8.0 2441 7323 |-120.8| 8.2 2474 | 7422 |-119.5( 9.0
2408 9632 |-120.6( 8.0 2441 9764 |-120.5( 7.2 2474 | 9896 |-120.6( 97.9

Tabl e 4(qg)

9 dBi Horn Antennas
Fund Spurious Emissions Fund Spurious Emissions Fund | Spurious Emissions
Freq Freq dBc [dBuV/m| Freq Freq dBc |dBuV/m| Freq | Freq | dBc [dBuV/m
MHz MHz @3m || MHz MHz @3m || MHz | MHz @3m
2408 4816 -98.9 [ 24.7 || 2441 4882 | -98.7 | 25.0 | 2474 | 4948 | -99.0 | 24.6
2408 7224 |-120.5( 3.1 2441 7323 | 1205 | 3.3 || 2474 | 7422 |-120.7| 31
2408 9632 |-120.6| 3.0 2441 9764 | 1205 | 3.2 2474 9896 |-120.5( 3.1

Tabl e 4(h)

6 dBi Horn Antennas
Fund Spurious Emissions Fund Spurious Emissions Fund | Spurious Emissions
Freq Freq dBc [dBuV/m| Freq Freq dBc |dBuV/m| Freq | Freq | dBc [dBuV/m
MHz MHz @3m || MHz MHz @3m | MHz | MHz @3m
2408 4816 -98 23.9 | 2441 4882 | -97.8 | 24.2 | 2474 | 4948 [-98.07| 23.9
2408 7224 |-1195( 24 2441 7323 |-119.5| 2.5 || 2474 7422 |-119.7| 24
2408 9632 |-119.7 22 2441 9764 | 119.9 21 2474 9896 |-119.9( 2.0

Tabl e 4(1)
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Transmitter With Single Antenna Attached

Operati ng Frequenci es: 2408 MHz, 2441 MHz, and 2474 NHz
Di stance of Measurenents: 3 neters or 30 neters using substitution
t echni que

As requested by the FCC, this data was neasured in ternms of EIRP and is
presented as dB below the carrier neasurenents for non-restricted band
frequencies and in dBuV/ mfor restricted bands. The data tables bel ow
specify the antenna to which it applies. A single antenna (see
configuration 3 diagram) will be active at one tinme. The second RF
board is redundant in case of failure of the primary RF board. A nine
dBi or 6-dBi antenna nmay be substituted for the 13.9 dBi antenna. Any
unused RF ports will be terminated in 50 ohnms in actual installations.
Worst case data is presented bel ow and per FCC policy for a single
antenna, the data is presented for the highest gain antenna.

13.9 dBi Antenna (single)

Fund Spurious Emissions Fund Spurious Emissions Fund | Spurious Emissions
Freq. Freq dBc [dBuV/m| Freq Freq dBc |dBuV/m| Freq | Freq | dBc |dBuV/m
MHz MHz @3m || MHz MHz @3m | MHz | MHz @3m
2408 4816 -98.6 | 32.2 | 2441 4882 | -98.7 | 32.3 |[2474| 4948 | -98.7 | 32.2
2408 7224 |[-120.6| 10.2 | 2441 7323 |-120.1| 10.9 (2474 | 7422 |-120.6| 10.2
2408 9632 (-121.6| 9.1 2441 9764 |-121.3| 9.7 24741 9896 [-120.6( 9.8

Table 4(j)

Configuration 4
Transmitter With Dual Back-To-Back Antennas Attached
Operating Frequenci es: 2408 MHz, 2441 MHz, and 2474 NHz
Di stance of Measurenents: 3 neters or 10 neters using substitution

t echni que

As requested by the FCC, this data was neasured in ternms of EIRP and is
presented as dB below the carrier neasurenents for non-restricted band
frequencies and in dBuV/ mfor restricted bands. The data tables bel ow
specify the antenna to which it applies. A single back-to-back antenna
array (see configuration 4 diagran) will be active at one tinme. The
second RF board is redundant in case of failure of the primary RF
board. A nine dBi or 6-dBi antenna nay be substituted for one of the
13.9 dBi antennas. The dual array may be replaced with a single 9dBi or
6dBi horn or omi antenna. Any unused RF ports will be termnated in
50 ohns in actual installations. W rst case data is presented bel ow

13.9 dBi Antenna
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Fund Spurious Emissions Fund Spurious Emissions Fund | Spurious Emissions
Freq. Freq dBc [dBuV/m| Freq Freq dBc |dBuV/m| Freq | Freq | dBc |dBuV/m
MHz MHz @3m || MHz MHz @3m | MHz | MHz @3m
2408 4816 [-100.3| 29.9 | 2441 4882 |-100.2| 30.2 | 2474 | 4948 |[-100.0| 30.2
2408 7224 |-122.2| 6.0 2441 7323 |-1221| 6.2 2474 | 7422 |-1224( 5.9
2408 9632 |-122.3| 5.9 2441 9764 |-122.2| 641 2474 | 9896 |-122.6( 5.7

Tabl e 4(k

9 dBi Antenna

Fund Spurious Emissions Fund Spurious Emissions Fund | Spurious Emissions
Freq Freq dBc [dBuV/m| Freq Freq dBc |dBuV/m| Freq | Freq | dBc [dBuV/m
MHz MHz @3m || MHz MHz @3m || MHz | MHz @3m
2408 4816 -99.5 [ 24.7 || 2441 4882 | -99.6 25 2474 | 4948 | -99.6 | 24.6
2408 7224 |-121.5( 3.2 2441 7323 | 121.6 3.2 2474 | 7422 |-121.6( 3.2
2408 9632 |-122.7( 0.9 2441 9764 | 122.8 1.0 2474 9896 |-122.7( 1.1

Tabl e 4(!I

6 dBi Antenna

Fund Spurious Emissions Fund Spurious Emissions Fund | Spurious Emissions
Freq Freq dBc [dBuV/m| Freq Freq dBc |(dBuV/m| Freq | Freq | dBc [dBuV/m
MHz MHz @3m || MHz MHz @3m | MHz | MHz @3m
2408 4816 -97.7 | 23.8 || 2441 4882 |-97.7 239 || 2474 4948 | -98.3 | 23.2
2408 7224 |-1191| 24 2441 7323 |-118.1| 3.5 || 2474| 7422 |-118.2| 3.3
2408 9632 |-119.3| -2.2 2441 9764 | 1194 | -2.2 | 2474 9896 |-119.3| -2.2

Table 4(m
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