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NRSC-R33

FOREWORD

NRSC-R33, High-speed Subcarrier (Digital) HSSC Laboratory Test Report, is the first of three test reports
submitted to the NRSC'’s High-Speed FM Subcarrier (HSSC) Subcommittee. Three digital FM subcarrier
systems were evaluated during these tests—DARC (submitted by Digital DJ, Inc.), STIC (submitted by
Mitre Corporation), and HSDS (submitted by Seiko, Inc.). The co-chairmen of the HSSC Subcommittee
at the time of the submission of NRSC-R33 were Michael Rau and David Kelly. The NRSC Chairman at
the time of the submission of NRSC-R33 was Charles Morgan.

The NRSC is jointly sponsored by the Consumer Electronics Association and the National Association of
Broadcasters. It serves as an industry-wide standards-setting body for technical aspects of terrestrial
over-the-air radio broadcasting systems in the United States.
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PROPOSAL FOR HIGH-SPEED SUBCARRIER SYSTEM

February 14, 1994

4.0 Required elements for description

4.1 Narrative system description
Using a new digital modulation method called L-MSK (Level controlled Minimum Shift

Keying), which is a type of MSK, this system has a transmission capacity of 16kbps, and
is multipath proof. It is also compatible with RDS/RBDS because it uses different

frequency band.
4.2. Technical description of the system
42.1 Transmitted signal description
4.2.1.1 Data transmission format

(1) Modulation
Modulation method, utilizes L-MSK method to control the level of multiplex

signal (multiple level) according to the level of the stereo vocal (analog) signals
(Left and Right).

(2) Base band center frequency (subcarrier frequency)
With coexistence of FM multiplex signal and stereo signal, cross-talk signal
protection ratio, and CCIR advice (recommendation) to be considered, the
subcarrier frequency will be at 76KHz.

(3) Base band frequency spectrum
Figure 1 indicates the arrangement of the FM multiplex signal and Stereo vocal
(analog) signal.
Figure 2 indicates the base band frequency spectrum of the L-MSK 16kbps
signal when the vocal signal of colored noise is modulated with RDS signal.

Layer 1 L+R Iz Maltiple Signal 16kbit/s, LMSK
(Trnsmission //////////
Path Layer)
0 13 38 76 (kHz)

Fig.6.1-1: Hierarchical structure of character and graphic coding

Figure 1. FM multiplex signal and stereo vocal signal position
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Figure 2. Baseband spectrum of L-MSK signal with RDS signals

(4) Subcarrier injection levels
Figure 3 shows the Multiplex level characteristics necessary to obtain multiplex
signal bit error rate of less than 1072 without error correction, and coexistence of

multiplex signal and stereo signal.

G ‘
2 :

S” L]

1

[ :

Q>) :

—_— [}
+

8) b

- —— 1]
s 4 ! :

—— 1 1]
! : :
2= ' :
3 s s
= : :

(64

0 25
Modulation level of stereo L-R signals (%)

Figure 3. L-MSK method level control characteristics.



(5) Subcarrier channel symbol rate

Bit rate of multiplex signals is 16kbps.

(6) Word synchronization
Figure 4 indicates frame composition of a product code (279,190) *(279,190)
using (279,190) coding. The largest element in the structure is called a "frame"
with 78,336 bits. Each frame is comprised of 190 information blocks of 288 bits,
and 82 parity blocks of 288 bits. Each information block is comprised of a block
identification code of 16 bits, a data packet of 176 bits, a CRC of 14 bits, and
a parity of 82 bits. Each parity block is comprised of a block identification code
of 16 bits and a parity of 272 bits. Block synchronous pattern utilizes 4 patterns
so that the possibility of creating individual correlation and interchangeable
correlation is minimized.

Digital DJ, Inc.

BIC1 0001 0011 01010 1110
BIC2 0111 0100 1010 0110
BIC3 1010 0111 1001 0001
BIC4 1100 1000 0111 0101
272bit
190bit
<16 176bit 14 82hit
Lt-t-Pac
BI-GL-1-Pac
BIC1 Packet 1
BIC3 Packet ]
T T L
C4 FParitv:P
BIC3 3ac <et
BIC3 Packet 17 123
BICA b Parity PacKet i i rins o
1 N Pat
Frame; 1 g3&\\
BIC3 packet 85 :
BIC4 E-Pacrty:Packetd 2
BIC2 Packet 96 PO 'K
! ! 5&\\\1’81‘ 3
RN v
1C2 Packet 108
IC3 Packet 109
BIC3 Packet 110
BIC4 P Parity-Packet4Z
BIC3 acket 189
[C3 Packet 190
[C4 b:Paritvi§L

BIC: Block Identification Code
: Data transmission order
Figure 4, Frame structure after interleaving of FM Multiplex broadcast signal
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(7) Error correction/detection
For Error correction, product code (272,190)*(272,190) known as "Shortened
majority logic decodable difference set cyclic code"”, will be used.
Figure 5 indicates the frame structure of the (272,190)*(272,190) product code.
The total capacity of the 1 frame is 49,536 bits, with the data bits taking up

33,440 bits (4,180 byte).

A product code (272, 190)*(272, 190) is used to enable the receiver/decoder
or detect and correct the errors which occur in reception. The generator
polynomial for the product code (272,190)*(272,190) is given as follows:

8(x) =282+ X774 x76 4 271 4 257 4 x66 4 356 4 x52 4 x48 4 x40 4 (36 4 34 524
+x2+ x84 5104 x4 4 1

14 bits of CRC (Cyclic Redundancy Check) is used to enable receiver/decoder to
detect errors. From the 176 information bits, a CRC is calculated using the
generator polynomial:

gy =x4+xll+x2=1

The interleaving of parity blocks is performed in order to be able to transmit
information almost uniformly during the whole frame (see Fig. 4).

<162 176 14 82
Bloc |k ’r
Layer 2 idenjtification
CRC | Parity 190
(Error ) Data X
Correction| pPb—m———————080—o—— 1 - 3
Layer) Parity 2

Figure 5. Frame structure of product code (279,190)*(279,190)

(8) Latency
As shown in Figure 5, the waiting period for error correction for horizontal parity

only is 18msec. For both horizontal and vertical parity error correction, the
waiting period increases to 4.896 sec.

(9) Information bit rate
Information bit rate when error correction is made only on horizontal parity is
9.778kbps. When error correction is made for both horizontal and vertical
direction parity, the information bit rate is 6.830kbps.
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(10) Potential Interference
(10-1) Multipath influence

With FM Multiplex broadcasting, if there is a multiple path on the transmission
route on the upper limit area of the stereo analog signal for layering digital
signal on the baseband, there is a tendency for interference and degradation of
both analog signal and multiplex signal.
The need to confirm coexistence with present broadcasting, a research was
conducted in regards to interference of FM multiplex signal to stereo analog
signal under the multipath.

With L-MSK method and MSK method, (multiplex level 4%, 6%, and 10%),
Figure 6 shows the multipath DU ratio to bit error characteristics with
regards to multipath transmission route. L-MSK method has same
characteristics as MSK method at multiplex level of 10%, and very effective
in regards to multipath interference.
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Figure 6, Multipath DU ration vs. Bit error rate

‘i};



3o

Digital D], Inc.

(10-2) "Fading" Influence.

Figure 7 shows the input voltage vs. bit error rate characteristics during
"fading”. Mobile reception has the tendency to be affected by "fading”, and
the phenomenon known as 'flooring"” occurs when the bit error rate does not
improve with increased input voltage. On diagram 3.3-7, as the input voltage
is increased to more than 40 dBu V, the bit error rate is the same for both
L-MSK method and 10% multiplex level MSK method, and the bit error rate
at this time is 7x 103. From this, the hypothesis that I.-MSK method is very
effective against fading, with normal transmission path is used for mobile
receiver.
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Figure 7, Input voltage vs. Bit error rate

Figure 8 shows bit error rates measured in field tests changing the bits rates,
from 9.5KHz and 19K}Hz, and the modulation method. The bit error rates of
RDS also have been measured for comparison. Two channel space diversity
was sued for these tests. Three typical roads, ordinary , multipath, and
highway were selected. Considering the recent progress in error correction
code techniques, a bite error rate before error correction of a service boundary
is about 10-2. Figure 8 shows that L-MSK has the best performance among
all digital modulation methods considered there is a possibility of a high bit
rate transmission at 9.5kbsp of 19kbps, and the performance of L-MSK is
almost equal to that of RDS in terms of bit error rate.
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Figure 8, Bit error rate

(11) Service Area
Can secure FM broadcast (stereo vocal broadcast) and similar (equal)

FM Multiple broadcast service area

5.0 Additional Information
5.1 Higher layer protocol capabilities
Capabilities of FM multiplex broadcast, multiplex signal layer structure

Layer 1 Physical transmission path.

Layer 2 Signal frame composition, error correction for transmission

Layer 3 When sending several information in parallel, recognition of data
packet method selection.

Layer 4 Data group discernment and error correction for transmission of
Muitiple packet

Layer 5 Discernment of program data structure and program selection

Layer 6 Correspondence of characters and figures

Layer 7 Application for news, weather, and traffic information
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Figure 9 will show outline of FM multiplex signal broadcast layer structure.

Layer 1 News, weather information, traffic information, etc.
(Application Layer)

Layer 6 Eight-bit coding scheme, transparent scheme
(Presentation Layer)

Layer § R{Data |Data unit |R|Data |Dataz unit ) RiData |Data unit
(Prfgram S {header [group S jheader {group S |header [group
yer) -
Layer 4 S{Data Data E{S|Data Data E ) S|{Data Data E
O (group fgroup |T[0|group group |T Ojgropt -{group |[O
(DataLg§g¥? Hiheader [Data X[Hlhead Data X} ___{Hihead data T
K<~  Data group 0 ¥~ Data group 1 > <~ Daa group N =i
- .
I-’[ "
] > Data group
Data block ”
Layer 3 Prefi D block
t
(Data Packet ~< fx 22 2i0¢ .
Layer) K—32 bit 144 bit —_——
16> 176 14 82
Bloc |k
Layer 2 idenjtification
CRC Parity 190
(Error Data
Correction | (——m—e———— 1§ ... A
Layer) Parity 82
Layer 1 Lip - Maltiple Signal 16kbit/s, LMSK
+ - ST
(Trnsmission é%%%?%??

Path Layer)0 19 38 16 (kHz)

Figure 9: Higher Layer Protocol characters
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5.2 Intended Application

Currently under planning

Data transmission application
Digital D.J.(DDJ) is a system that allows radio listeners to visually access a variety of
information, 24 hours a day, regardless of the location, through an LCD screen installed
on the radio receiver. DDJ will provide both 1)Audio related information, and
2) Independent information as follows:

1) Audio related information services will enable listeners to see various information
such as names of the song, artist, album title, and concert schedules, etc., while
the music is being broadcast.

2) Independent information will provide listeners with various information relating to
Traffic, such as city maps highlighting areas of congestion; Events, such as
movies, concerts, theater, and other activities in the area; News, such as stock
prices, weather, headlines including local, regional and worldwide, and more.
Also, all the information can be stored in the memory for later recall.

5.3 Product Availability
With cooperation from Sanyo Electric Co. Ltd., Sharp Corporation, and NHK
Engineering Services, Digital DJ Inc., first introduced the basic system at the 93 NAB
Radio Show in Dallas, in September. During the 94 NAB Show at Las Vegas in March,
the total system will be available for demonstration. Alpha site testing is scheduled to
begin in July 1994. After testing various information services, the product is scheduled
for commercial availability in 1995.

5.4 Patents, Licensing .
NHK and DDJ have filed U.S. patents respectively. Technologies will be licensed for a
reasonable royalty fee after the alpha site testing.

6.0 Hardware availability for testing
(provide said equipment)

{x)
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ABSTRACT

NHK has succeeded in development of a high
capacity FM multiplex broadcasting system called
DARC(Data Radio Channel). It is characterized by
transmission rate ten times greater than the RDS
method used in Europe and the United States, multipath
interference resistant LMSK modulation method, and
powerful error correction, enabling multiplex
broadcasting to offer real-time trafficc DGPS
(Differential GPS) and time information in addition to
pews and music hroadcasting for mobile. We would like
to report our success in developing the system
necessary to implement FM multiplex broadcasting
including transmission system for the broadcasting
station, receiver and its core technology, LSI.

FM MULTIPLEX BROADCASTING

In addiion to music programs offered by

conventional FM broadcasting, FM multiplex

Transmission System

Information Program Encode LMSK
Production/Transmission ncoder 1 Moduiator
Device

CD/DAT Controller

Y

CD DAT
Music Program

- + M .
Transmitter

Production/Transmission
Device

broadcasting called DARC(Data Radio Channel) allows
simultaneous reception of digital information FM
broadcasting separates the stereo signal into L+R signal
and L—R signal transmitted at the power spectrum
indicated in Figure 1. As indicated in Figure 1, although
FM broadcasting band is approximately 100 kHz per
channe], when transmitting music signal, only the lower
halfthat is, less than 50 kHz is being used FM
multiplex broadcasting multiplexes various digitized data
in the upper 50 kHz gep to offer simultaneous
broadcasting of digital information and music.

Power spectrum
Digital signal

Audio .
signal Audio signal
L+R L—n
19 38 76

Figure 1. Power spectrum

(kHz)

Reception System

, Sound Signal Reproducing
M LR || Power } : _ .....
Amplifier ..

Tuner Matrix
------ --Muttiplexing Signal Reproducing-,

Sync. '
e | N | i
= {4 decading 4
Oemodulator Error Lonliguration i . °
Conection }

Display

Figure 2. FM multiplex broadcasting system
(Parts of slant lines are that we developed recently)



Overall schemes for FM multiplex broadcasting
system is indicated in Figure 2. Transmission system
installed at the broadcasting station is indicated on the
left of Figure 2. FM music programs are
conventionally produced by audio devices such as CD
player and tape recorder as well as editing device and
mixer to control those audio devices. In order to

'implement FM multiplex broadcasting, dedicated devices

to product and transmit multiplex programs are
necessary. The information program is produced, mixed
with the music program and transmitted as FM radio
wave. The receiver is indicated on the right. The
receiver must be able to playback and display multiplex
signal in addition to conventiopal playing back of the
music. We shall now describe each of the components
in our system.

TRANSMISSION SYSTEM

Transmission system consists of four devices,
pamely Information Program Production/Transmission
Device, CD—DAT Controller, Encoder and LMSK
modulator.

- INFORMATION PROGRAM
PRODUCTION/TRANSMISSION DEVICE — In order
to implement FM multiplex broadcasting, a device to
produce and transmit program data according to the
pre—recorded transmission schedule is pecessary. We
built this system on an engineering work station. A
photo of the system is indicated in Photo 1. Our system
makes program production as simple as word
processing, by handling characters and graphics using a
keyboard, a mouse and a scanner.

For example, text can be input rapidly from the

Photo 1. Information Program
Production/Transmission Device

keyboard, and figures can be drawn with a mouse or the
scanned image may be traced as a template. Data
attributes are specified by selecting parameters
indicated on each window with a mouse. Since programs
must be offered real time, we particularly paid close
attention to creating an effective and easy—to—use user
interface in order to reduce production time. The
program data is automatically encoded according to the
FM multiplex encoding method The FM multiplex
encoding method is based on the hierarchical structure
of the OSI (Open Systems Interconnection) used for the
Japanese closed caption TV broadcasting. Using the
schedule assignment menu, a user can designate each
program to be broadcast on schedule. Assigned
programs are transmitted to the encoder on schedule. In
addition to the regular transmission of programs, our
systemm can also access outside database through a
phone line to transmit its data directly or after
processing. Our system 1s capable of simultaneous
multi—task  processing of program production,
transmission schedule designation and data transmission
using multi—windows.

CD—DAT CONTROLLER - CD-DAT Controller
controls multiple CDs and DATs according the
transmission schedule from Information Program
Production/Transmission Device. This unit is espedally
useful when beginning of multiplex signal transmission
must be synchronized with the CD playback such as
Karaoke broadcasting where the lytic is displayed along
with the music. Also, this unit is capable of selecting
audio output from multiple CDs and DATs.

ENCODER — Encoder is a device to convert data
transmitted by Information Program Production
[Transmission Device into transmission format and
trapsmit it in synchronization with LMSK Modulator’s
16 kHz clock according to the transmission schedule.
Both parallel and serial connections with Information
Program Production/Transmission Device are available.
RS232C or IIDLC are available for serial connection and
Centronics connector is available for parallel connection.

Frame configuration for the FM multiplex
broadcasting is indicated m Figure 3. Each frame
contains 190 blocks of program data at 176 bits per
block. Our system adds 14—bit CRC code for error .
detection, 82 bit horizontal by 82 block vertical
two—dimensional (272,190) shortened majority logic
decodable code, and BIC (16—bit synchronizing signal)
at the beginning of each block to form one frame (288 x
272 bits). The (272,190) shortened majority logic
decodable code capable of correcting approximately 11
bit per 272—bit block also used for Japanese closed
caption TV broadcasting makes it possible to play back
data accurately in areas with weak electnc field or
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Figure 3. Structure of the frame

excessive noise. Furthermore, by incorporating this
powerful error correction code two dimensionally and by
changing its transmission order, resistance against both
random noise and burst noise has increased
considerably making the reception quality suitable even
for mobile. We attach PN code (transmission scramble)
to all data except BIC in order to simplify clock
playback of the receiver by removing direct current
element of the data.

Data are transmitied in an order indicated oo the
‘right side of Figure 3 in synchronization with the LMSK
Modulator’s 16 kHz clock. Pseudo—random data may be
transmitted from the internal ROM, for example, to
transmit "service unavailable” message when the

connection with Information Program
Production/Transmission Device is cut off.
LMSK MODULATOR -  Multiplex signal

transmitted from encoder is LMSK modulated in
copjunction with music signal level to transmit data to
FM modulator. LMSK modulation method is developed
for FM multiplex broadcasting to make MSK modulation
level variable in conjunction with L—R signal level of
stereo sound. When the audio signal level is small, the
modulation level is lowered to reduce audio signal
interference. When the audio signal level is large, the
modulation level is increased to reduce multi—path
interference. Addition of this method has little affect
over the music broadcasting, while being resistant
apainst muitipath Interference making it sutable for
mobile. With the conventional broadcasting system, it
was difficult to maintain sufficient reception quality for
mobile due to electric field variance from multipath
interference and fading.

RECEIVER

Since FM multiplex broadcasting receiver needs to
display texts as well as graphics, it incorporates
muitiplex signal playback device and a monitor to the
conventional FM broadcasting receiver. An example of
automobile—mounted receiver is indicated in Photo 2
and screen of traffic information service is indicated in
Photo 3. Description of the FM multiplex broadcasting
receiver is as the following.

CONFIGURATION -~ Configuration of FM
multiplex broadcasting receiver is indicated in a block
diagram in Figure 4. The audio signal is played back
through an amplifier and speakers after removing high
frequency element with LPF and going through L/R
matrix processing. It consists of four blocks as indicated
in Figure 4.

The signal output through the tuner is filtered by
BPF to remove audio signal and noise ,and to detect
LMSK signal multiplexed at 76 kilz. Since the detected
multiplex signal level is npot consistent, the level
variation is removed by the comparator to obtain MSK
signal. Digital data is obtained from MSK signal using
MSK demodulation. Synchronizing signal is detected
from the digital data by synchronization reproduction
circuit to find the start of the data block. Then the PN
code, initially applied to remove the DC content of the
data is removed from the starting position. Error
correction drcuit corrects errors by using product code
of the (272,190) shortened majority logic decodable
code. Since this error correction code is capable of
correcting approximately 11 bits per 272—bit block, it
normally corrects errors sufficiently with the horizontal
error correction alone. At this time, CRC code is used



to detect any uncorrected error. When there are too
many errors to correct with horizontal error correction,
vertical error correction is also applied. As indicated on

Photo 2. Automobile—mounted receiver
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Figure 4. Block diagram of receiver

the right side of Figure 3, since data block and parity
block are transmitted alternately, one frame is received
from the beginning to reshuffle the order as indicated
on the left side of Figure 3 before applying vertical

error correction. It then applies borizontal error
correction again to formulate a truly powerful error
correction.

Because data for each program are pot necessarily
transmitted consecutively, CPU must reconfigure the
corrected data for each program. It then decodes data to
be displayed in each screen frame.

DISPLAY FORMATS — There are various possible
types of receiver, such = as portable,
automobile—~mounted, component/radio cassette player.
However, its implementation depends largely on the
monitor size. While there are various display formats for
FM multiplex broadcasting, they are all based on three
types, level 1, 2, and 3 described below.

LEVEL 1 — Characters and dot pattems are
displayed in the 15.5 character by 2.5 line (248 by 60
resolution) area. Since the amount of information
displayed is small, the screen can be made compact
making it suitable for portable terminals.

LEVEL 2 — Characters and praphics are displayed
together in the 15.5 character by 8.5 lne (248 by 204
resolution) area. Compared with the level 1, amount of
information displayed is considerably larger allowing
larger variety of programs to be offered. For example
automobiles without a navigation system can access a
simple map to work as a map database. Furthermore,
traffic information may be transmitted to avoid
congested areas.

LEVEL 3 — This level allows superimposed display
of information over the navigation system screen. Level
3 utlizes the more detailed map of the navigation
system to display its information by linking their data.

LSI INTEGRATION

We have described about drcwit to convert
transmitted multiplex data with signal processing to
visually display text and graphics in the previous
section. In order to offer compact and inexpensive
receivers, it is essential to integrate circuits into LS!.
chips. We have integrated LMSK demodulation crcuit
as well as synchronization reproduction/error correction
circuit into LSI chips. They both are fundamental
technologies for multiplex broadcasting receiver. The
LSIs are indicated in Photo 4. The FM multiplex
receiver circuit with the LSIs is indicated in Photo 5. In
Photo 5, the LMSK demodulator consisting of the BNC
connector on the right and the LSI chip on the top is
indicated. The LSI chip on the bottom and the memory
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Photo 4. First generation LSI

Photo 5. FM multiplex receiver circuit

circuit on its right side comprises the synchronization
reproduction and error correction component. The I/F
component of the CPU is located at the left edge of the
circuit board. The area on the lower right of the drcuit
board with no installed component is reserved for the
communication contro]l device for external data
transmission.

LMSK DEMODULATION CIRCUIT LSI - This
LSI demodulates MSK signal after removing the level
variation and outputs data in synchronization with the
16 kHz clock. Since phase detection method does mot
require carrier playback, we selected delayed phase
detection method suitable for mobile. Also, in terms of
MSK method, there is a certain correlation between
one—bit delayed phase detection and two—bit delayed
phase detection, so we took advantage of this
correlation to perform error correction in order to
improve demodulation characteristics. Since clock

.,
s

Lo

playback is digital, external PLL circuit is not necessary.
Also since median of the data is obtained through
calculation, accurate clock playback is made possible.
The circuit consists of approximately 8,000 gates with
1.5 micron rule and 80—pin flat package for the process.

SYNCHRONIZATION REPRODUCTION/ERROR
CORRECTION LSI — This LSI outputs 176—bit data
and 14-bit CRC code (190 bit) per block after
synchronization reproduction and performing error
correction using data output by the LMSK demodulation
LSL. The data is output parallel at 8 bits at a time.
Hardware automatically executes various controls. The
only peripheral component necessary is 32 KB memory.

Each parameter for the LSI may be designated
arbitrarily by CPU. The circuit consists of approximately
13,000 gates with 1.2 micron rule with 80 pin flat
package for the process.

SECOND GENERATION LSI — We have
successfully integrated the drcuit into LSIs using gate
arrays as our first step and already started developing
the second geperation LSI with superior integration in
cooperation with NIIK Engineering Services,Inc. LMSK
demodulator and error correction component (two LSI
chips described above as well as the external memory
crcuit) are going to be integrated into ope LSI. The
filter portion of the LMSK demodulator will also be
integrated into ope IC. Therefore, the receiver circuit
shown in Photo 5 will consist of three chips; 2 newly
integrated chips and a crystal oscillation chip, to make
the receiver drcuit more compact and inexpensive. The
LSI for LMSK demodulator and error correction
compopents will be a 48—pin QIP or a 28—pin MFP,
while the filter IC will be a 14—pin MFP. ES for both
chips are scheduled to be shipped in the second quarter
of 1994.

APPLICATION

There are various possibilities for application of FM
multiplex broadcasting. Raoge of application is
broadened by freely receiving music broadcasting along
with digital broadcasting of texts and graphics. For
example, by selecting to display lyric synchronized with
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the music, one can enjoy karaoke (sing—along). It is

also possible to find out the music title and artist name
even if the listener misses the DJ introduction. By
selecting stock information, FM multiplex broadcasting
turps into an information terminal. Displaying traffic
information and a simple map enables drivers to avoid
congestion to arrive at the destination smoothly.
Accurate time is always at your fingertip. Possibilities
for application are limitless.

Japanese government is considering a traffic
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information service using FM multiplex broadcasting
taking advantage of the features above. In November
1993, a large scale field test was conducted. It proved to
be very successful. This service transmits congestion
information for particular regions every five minutes
using FM multiplex broadcasting. It enabled drivers to
access useful information for avoiding traffic congestion
through texts and maps. Also the DPGS service system
to improve the accuracy of navigation system by
sending orientation signal through FM multiplex
broadcasting is under development In addition to
personal entertainment, FM multiplex has a high
potential to improve the social infrastructure itself

SUMMARY

We have successfully developed all essential
technologies for FM multiplex broadcasting from
transmission system to receiver and core LSls. Based
on our achievements, we will proceed further with total
development of FM multiplex broadcasting system.
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STIC System Description

The Subcarrier Transmission Information Channel (STIC) system was developed for the United
States Department of Transportation in support of its Intelligent Transportation System (ITS)
activities. The system has been optimized for use in broadcasting ITS data to vehicular receivers.
It uses a version of DQPSK modulation on a 72.2 kHz subcarrier with a symbol rate of 9025
symbols per second (18050 bits per second). A concatenated Forward Error Correction (FEC)
coding approach is used which incorporates convolutional coding with Viterbi decoding, Reed-
Solomon coding, and two interleavers. Modulation and coding parameters are summarized in
Table 1.

Because of the powerful concatenated code, this system exhibits exceptional robustness in
multipath fading and noise, especially for long messages up to 228 bytes in length. The system
provides a net throughput of 7600 bits per second, plus some capacity reserved for low latency
data, depending on the frame structure selected. (This low latency data path is intended for
Differential GPS (DGPS) and/or other high priority messages of an emergency nature). The low
latency capability was not tested, but the transmission capacity is reserved for this feature.

The system is compatible with RBDS as well as with the main stereo channel. The system is
compatible with, but does not explicitly include, conditional access and receiver addressability
features.

Table 1. Summary of STIC Design Characteristics

Characteristic Description

1.  Modulation n/4 shifted DQPSK

2.  Baseband Center Frequency 72.2 kHz

3. Baseband Frequency Spectrum See spectrum analyzer plot below

4.  Subcarrier Injection Levels Nomunally +/- 7.5 kHz

5. Subcarrier Channel Symbol 9.025 ks/s

Rate

6. Word Synchronization See frame structure

7. Error Correction/Detection Reed-Solomon and convolutional coding with soft
decision Viterbi decoding

8. Latency Variable depending on interleaver depth and frame
size

9. Information Bit Rate 7.6 kbps plus low latency data

Transmit End Processing

The STIC system provides two data paths: a main data path and a data path reserved for low
latency data. The main data path has four optional interleaver depths which correspond to four
superframe durations: 46.08, 23.04, 11.52, and 5.76 seconds. These options allow trade-offs



between system latency and system robustness in slow fading. As directed by MITRE, only the
11.52 second option was tested.

From the point of view of the signals at the transmitter, the following processes are accomplished
for the main data path:

1.

2.

-
J.

10.

11.

An input data rate of 7600 b/s is assumed. This is assumed to be a continuous data stream
based on one 228-byte data packet every 240 mS. Each byte consists of 8 bits.

The message is block encoded using a (243,228) shortened Reed Solomon 256-ary code.
The Reed Solomon coded message is block interleaved by writing 8-bit bytes to a memory
with 243 rows and 6 columns. Each cell in the memory contains one 8-bit byte and the
message is written by columns and read by rows.

The block interleaved message is convolutional encoded using a rate 1/2, constraint length 7
code with generator polynomial coefficients 554 and 744 (octal). The coder runs
continuously without flushing.

The encoded message is interleaved using a convolutional interleaver with 72 different
paths. Each path has a different length shift register with an integer multiple of “I” stages as
given in Table 2. Each stage represents one bit. The first path has 71*7J stages, the second
path has 70*] stages, ... ,and the last path has zero stages. The switch arm changes once for
each input bit and at the same time the bits in the shift registers in that path shift one bit.
The interleaved message is exclusive-OR'ed with a repeating pseudo-noise (PN) random
pattern. The length of the PN pattern is given in Table 2. The PN pattern is synchronized
to the interleaving and to the superframe. This process is called covering.

The covered message is divided into subframes, frames, and superframes. There are 72 data
bits per subframe. The number of subframes per frame is given in Table 2. There are 72
frames per superframe. Framing is synchronized with the interleaver so that the first bit in a
subframe comes from the first path in the convolutional interleaver. Four bits are appended
as a suffix to each subframe to make each subframe 76 bits long. These four additional bits
are called channel state bits.

Each frame is provided with a 76-bit synchronization subframe as a prefix. This
synchronization subframe consists of a 56-bit "correlation word", a 15-bit frame
identification word plus one unused bit, and 4 channel state bits. The 56-bit correlation
word is the same for every frame. The 15-bit frame identification word is the encoded frame
number using a Bose, Chaudhuri, and Hocquenghem (BCH) (15,7) code. There is always
one synchronization subframe per frame.

Some subframes are reserved for the low latency data path. The number of subframes
reserved in this way depends on the interleaver/superframe option as shown in

Table 2. The number of total subframes per frame is also given in Table 2. There are
always 72 frames per superframe.

The formatted message is modulated on a 72.2 kHz subcarrier using nt/4 shifted differential
quadrature phase shift keying (DQPSK). The transmitted symbol rate is 9.025 kb/s.

The modulated signal is filtered using square root raised cosine (SRRC) filtering with a roll-
off factor of 0.684. This results in a nominal bandwidth of 15.2 kHz ( from 64.6 kHz to
79.8 kHz baseband).
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Low latency subframes are provided to allow the transmission of data which must be processed
quickly for applications which cannot tolerate the delay associated with interleaving. These
subframes contain 76 bits and are multiplexed prior to covering as shown in Figure 2. The data
rate reserved for the low latency data path is shown in Table 2.

The process described above produces the subcarrier waveform that is frequency division
multiplexed with the other signals prior to FM modulation at the broadcast transmitter. An
injection level (in terms of the peak amplitude of the subcarrier) of +/- 7.5 kHz is envisioned as
typical. Other injection levels are possible with trade-offs in terms of bit error rate (BER) .
performance and the performance of other subcarriers sharing the transmission.

Table 2. Interleaver and Framing Options

superframe duration 5.76 11.52 23.04 46.08
(seconds)

data packets per 24 48 96 192
superframe

Convolutional 18 36 72 144
Interleaver, “J” =

# stages in m-sequence | 17 18 19 ' 20

# bits from m-sequence | 93312 186624 3783248 746496
total sub-frames per 19 38 76 152
frame

low latency subframes | 0 1 3 7

per frame

Low latency data rate 0 475 712.5 831.25
(bps)

synchronization 1 1 1 1
subframes per frame

data sub-frames per 18 36 72 144
frame

Figure 1 shows a block diagram of the primary data path processing from the point of view of the
transmit end signal processing. As shown in the figure, a 4-byte header could be included in the
228-byte packet. This may be used for identification of the service provider, or for the application




and data format that follows in the 224-byte packet payload. This header was not used during the
testing.

Figure 2 shows the remainder of the signal processing at the transmit end including multiplexing
of the reserved subframe, covering, multiplexing of the synchronization subframe, and
modulation.

Figure 3 shows an example frame for the case of the 11.52-second superframe.

228-byte ».| Reed-Solomon | .| Block Interleave

payload (243,228) 243X6 ,

Convolutional Convolutional Framing: To
> coder, r=1/2, [ Interleaver —p| 72 bits - modulatfon
k=7 per frame processing
Figure 1. Main Data Path
Frameddata ___ g, | Covering
Modulate [

Synchronization ——»
and channel state
bits

Figure 2. Modulation Signal Processing Overview
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Soft Decision Decoding

The Viterbi algorithm is used for decoding of the convolutional forward error control (FEC)
coding. Soft decisions are made in the receiver based on the channel state bits. Soft decision

metrics are determined as follows:

1. Each demodulated data bit provides the most significant bit (MSB) for the Viterbi algorithm

decoder (VAD) input.

2. Based on the number of errors in the demodulation of the four known channel state bits in each
subframe, a soft decision metric is determined using the following mapping:

errors maps to the integer value
error maps to the integer value

errors maps to the integer value
errors maps to the integer value
errors maps to the integer value

PN - O

6

— W WL 0

3. Linear interpolation is done across the subframe using the results of the mapping above, based
on channel state bits at both ends of subframe.



4. A soft decision result for the VAD nput is determined for each data bit in the subframe (72
data bits per subframe). Assuming a three bit, twos complement format with a half bit offset
for the VAD input, the input to the VAD is determined from the following table:

Table 3. Soft Decision Conversion

Interpolated value data bit = “0” data bit = “1”
1to 4 000 111
5to0 8 001 110
9to 12 010 101
13to 16 011 100

5. The above soft decision results are deinterleaved in the convolutional deinterleaver, prior to
being provided to the VAD.

Note: Certain features of the STIC waveform and system are protected under United States
patent law (U.S. Patent No. 5,442,646). The STIC system has been, and will be, licensed to
interested users.

Reed Solomon Decoding

The Reed Solomon Code used for the STIC system is capable of correcting as many as 7 symbol
errors but can also detect all 8-symbol errors. This feature is used in place of a cyclic redundancy
code (CRC) to reliably determine whether a packet has been received correctly.
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STIC Bandwidth Occupancy

Figure 4 shows a spectrum analyzer plot of the FM baseband from 50 kHz to 100 kHz. The
baseband spectrum in this plot includes a 57 kHz RDS signal, the 72.2 kHz STIC signal injected
at +7.5 kHz, and a 92 kHz analog subcarrier. The 50 dB attenuation at 64 and 81 kHz, is
adequate to ensure that the STIC waveform does not impinge on the adjacent 57 kHz RDS or the

92 kHz sub carriers.

Lo
int
3 E;‘ - . 6 ‘:3 )‘v' 18 . gy
R 12 .’3 ‘ﬁm AT 18 dB 4 o EAR
PEAK ; = ' ’ : {OWRITE A
L0
o8¢ : MAY
S POHOLD A
RES By eI ’{é L
S AT, LY
30 Mz ,,'3"} \,{ ; i ITW A
fi / ] y
Y 7 * ¥ 7
R | %} k BLANK A
4p G !ﬁg§‘¥%§ )J 1';‘ §
82 FShond { ? | Troca
CORR *; i § : Ao ¢
i b I - P of 3
START 58,88 kiMz STCP 188.38 kHz
#FRES BY 388 Hx ¥BY% 308 Hrx SYP .87 sec

Figure 4. STIC Spectral Characteristics

System Configuration

The complete STIC test configuration which MITRE uses to do performance tests consists of the
following items connected together in sequence:

TX-end PC

STIC modulator

Commercial grade FM stereo generator and FM exciter

Channel simulation (attenuators and/or HP multipath simulator)

Alpine FM receiver

STIC demodulator

RX-end PC

NNk LN~



There is no connection between the TX-end and RX-end PCs. The transmit end PC is used to
format the data prior to transmission. The STIC modulator creates the waveform at 72.2 kHz. It
does the DQPSK modulation and filtering required to maintain good spectral characteristics. At
the receive end, the Alpine receiver accomplishes the tuner function. The output of the FM
discriminator of the Alpine receiver is provided to the STIC demodulator. In the demodulator,
the 72.2 kHz signal is detected, synchronized, deinterleaved, and decoded. The receive end PC is
used for error detection utilities.

Test Utility Description

There are several modes, two of which should be useful to the testing. A “BER” mode is useful
for system check-out and troubleshooting. A “packet” mode should be used for the actual
performance tests. In the “packet” mode, this is what happens:

1. In the TX-end PC, a binary file is used as the transmit data. Any arbitrary binary file can be
used. Ifthe file is shorter than a superframe the data in the file is repeated to fill up the
superframe. If the file is longer than a superframe, the file is truncated to exactly fit the
superframe. This data is sent repeatedly superframe after superframe.

2. The STIC demodulator passes received data after all error correction to the RX-end PC.

3. A utility in the RX-end PC accepts the received data and develops statistics (on a one sample
per superframe basis) of bit error rate, 20-byte message error rate, and 220-byte message error
rate. Error rates are displayed by the utility for the current superframe and for the cumulation
since the last reset of statistics. A message is counted as being in error if one or more bits in the
message is received incorrectly. Loss of synchronization also resets the statistics. In fading, for
the x1 interleaver, loss of synchronization occurs about 12 dB below the error rate threshold.

4. The test utility in the RX-end PC has another feature which allows the data actually received to
be written to a file. This in combination with the ability of the TX-end PC to send any arbitrary
data file allows the independent validation of the test utility. Questions about the utility can be
resolved by using an independent comparison of the source data with the received data.
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HSDS SYSTEM DESCRIPTION

1. HSDS Overview

The High Speed Data System (HSDS) is a flexible, one-way, communications protocol and permits very
small receivers. Receivers, with duty cycles varying from continuously on to duty cycles of less than
0.01%, provide flexibility to select message delay, data throughput and battery life. HSDS can operate
as a single or multiple transmitter system. Multiple transmitters are accommodated by frequency-agile
receivers, time offset transmission, and lists of alternate frequencies. Reliability can be enhanced through
packet reransmission.

The system employs time division multiplexing with a system of master frames, subframes and time slots.
Each timeslot contains a single data packet. In multiple ransmitter systems, each HSDS master frame is

synchronised to Universal Co-ordinated Time (UTC).
The error correction scheme is flexible and varies with the application.

HSDS modulation and encoding provides a high data rate, narrow bandwidth with high spectral
efficiency and negligible impact on the main channel. Modulation is Amplitude Modulation Phase Shift
Keying (AM-PSK) with duobinary encoding. The channel data rate is 19,000 bits per second.

HSDS deviation can be set from 3.75 to 15 kHz. Sharp transmission filter skirts result in low impact on
the main channel in no multipath situations; and pseudo-randomised data reduces impact on the audio
even in multipath situations. The narrow bandwidth of HSDS ensures compatbility with RDS, and
complies with ITU-R BS.450.

2. Physical Layer

2.1 Modulation
The HSDS modulation scheme satisfies the following criteria:

— Non interference with FM radio receivers

— Compatibility with ITU-R recommendations

— compatible with either a 67 kHz or 92 kHz analogue subcarrier
— Simplicity in IC implementation of the demodulator

— Low-cost mobile receiver with a small form factor

— Adegquate Bit Error Rate performance in the presence of noise
— Commercially satisfactory coverage area

— Relatively high data rate.

The HSDS subcarrier frequency is located at either 66.5 kHz. or 85.5 kHz and is phase-locked 10 the
pilot at approximately 63 degrees. Double-sideband suppressed-carrier amplitude modulation with
duobinary encoding is used. Duobinary encoding employs controlled inter-symbol interference to achieve
1 bivsec/Hz efficiency. The duobinary encoding technique achieves this result by using a filter to create
inter-symbol interference that combines the current and previous data bit, creating a three level output

signal in the demodulator.

Amncx 2 of draft mmw Rec.
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2.1.1 Compatibility with main channel audio

HSDS is more than 60 dB below the pilot outside the subcarrier envelope and uses data randomization to
‘whiten' any otherwise audible signal elements — avoiding generation of tones in the audio portion of the

band.
Figure 1 shows a screen dump of the baseband spectrum of the 66.5 kHz subcarrier in a unfaded
situation.

RPA-[RNL_ CULNIRUM teclCand® Baseband Spectran)
Lard Tsak Qptionz Frequency View Window Help
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Frequency (kHz) Bandwidth 31 Hz
RF input Frequency Altenuator
-47.4 dBm $8.2 0dB
Figure 1 Unfaded Baseband Spectrum
3. Link Layer

The link layer includes features required to make a reliable single transmitter data link and includes the
frame and packet structure (size, word synchronisation, error detection and correction).

3.1 Packet Structure

HSDS employs fixed-length packets. The bottom part of Figure 2 illustrates the packet structure used in
the HSDS Protocol. Each packet is 260 bits long. Packet format bits in each packet define the packer's
structure. A typical packet consists of a word synchronisation flag, Error Correction Code (ECC),

information bits and error detection code.
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Figure 2 Frame and Packet Structure

For the typical packet format, information bits from higher layers consist of 18 octets (8 bits per octet)
per packet. A two octet ITU-T standard 16 bit Cyclic Redundancy Check (CRC) is generated from the
18 octets and appended, thus creating a 20 octet link data unit. The first octet (the incrementing slot
number) of the 20 octet data unit is exclusive or’ed with each of the following 19 octets creating
pseudo-randomised data to minimise apparent effects of multipath or other distortions to the signal.

Appended to each octet of randomised data is 4 bits of Hamming ECC. This error correction method
provides single bit error detection and correction in 12 bits, or 8.3% correction capability, is easy to
decode and reasonably efficient. Because of the small size and modular nature of the base error
correcting code a variety of packet type can be created for various transport needs.
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To increase burst error correction capability, data is interleaved providing immunity to 20 bit error
bursts. Word synchronisation is established by a 20 bit flag sequence at the beginning of the packet.
Various flags may be used to create multiple networks. Two such flags are defined “A” and “B”.

Table 1 shows the steps in the link layer transmitter encoder and the reverse steps performed by the

W ous

receiver decoder,

Step Transmit Encoder Receive Decoder
1 Compute and add CRC Find flag
2 Randomise data De-interleave data
3 Add error correction Apply error correction
4 Interleave data De-randomisc data
5 Add flag Compute and compare CRC

Table 1: Typical Packet Structure Encode and Decode steps

3.2 Frame Structure

HSDS uses a packet oriented Time Division Muldplexed (TDM) scheme. The top section of Figure 2
illustrates this. The largest structure used by the protocol is a master frame. Each master frame contains
64 subframes. Each subframe is divided into 1027 units called time slots. Each timeslot contains a data
packet. The first three timeslots in each subframe are Conwol Slots, and the remaining 1024 are data
timeslots. Control Slot packets carry the time of day and date, and lists of related nearby transmitters also
carrying HSDS. Data timeslot packets typically include a slot number, receiver address, data format,
packet format, and the message data.

The pilot signal is used as the data clock . The frame structure provides for inaccuracy of the pilot signal
through anticipation of bit padding. Since the stereo pilot may not be exactly 19 kHz at the time of
transmission, a single bit may be added (pad bit) between packets as required to maintain
synchronisation. This occasional addition of a pad bit ensures proper synchronisaton between
ransmitters, and battery savings receivers.

3.3 Small Block Structure

Double error correction on a stream of packets has been designed for applications with less severe power
constraints, and with requirements for higher data reliability. There are 15 packets per small block. The
first 11 packets of each small block contain information data while the last 4 packets contain ECC on the
first 11 packets. The Block ECC uses a (15,11) Hamming Code. The first packet of each small block
contains a 10 bit slot number, 6 bit logical channel number, and 8 bit packet format. Packets 2 through 11
contain the slot and channel numbers in the first 2 bytes. The 11th packet contains in the last 2 bytes a
CRC on the 218 bytes of data in the small block. For transmission the each subframe is divided into §
tme division multiplexed “physical” channels. Small blocks are typically placed in one of the 8 “physical”
channels. Hence each packet of a small block is located 8 slots away from the previous packet.

Below is a diagram of the small block structure.
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Figure 3 Small Block Structure

4. Network Layer

The network layer includes features required to make a number of individual transmitters act as a single

systemn. This includes:

- receiver addresses

- application muldplexing

- alternative frequency lists

- ransmitter time offsets (required for battery savings receivers)

- time synchronisation between transmutters (required for battery savings receivers)

daos
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4.1 Multipie Transmitters

When multiple transmitter networks are required, master frames are synchronised and begin at the start
of each quarter hour (plus an individual transmitter’s time offset). The synchronised, and time offset
transmitters provide an opportunity for the receiver to change the tuned frequency and make subsequent
packet reception attempts on the alternative frequencies with no loss of data synchronisation.

4.2 System Reliability

While extensive error correction techniques are useful for a moving receiver, they become ineffective
when the receiver is stopped in an extremely low signal strength area or moving very slowly through
multipath nulls. HSDS addresses multipath and shielding with a combination of frequency, space and time
diversity; and in the case of paging, message numbering.

A repetition of packets can result in an effectively higher data quality. If the receiver can receive packets
from different transmitters, with different propagation paths, the receiver may receive messages although some
packets get lost. The HSDS receiver has the possibility to switch between ‘k’ time-shified wansmitters, each
repeating the same packets ‘n’ times.

The MCR is calculated by the formula:
MCR=PCR;" +PCR," +... + PCR,"

5. Applications

HSDS implements up to 64 asynchronously multiplexed logical channels at the ransport layer. Channels
include 3 link packet types: Data Gram Packets, Data Stream Packers, and Data Block Packets.

Data Grams are stand alone packets consisting of 15 bytes of transport data. Data Gram Packets can be
delivered in non-sequential order.

Dazra Streams are continuous streams of ransparent data. Any segmentation of transport data is
performed at a higher level in this packet type. There are no transport level indications of the beginning
or end of Data Stream Packets. Order information is included in Data Sream Packets so that they may be
interleaved with other data packets on the same channel. At any one time on a single logical channel, up
to 128 Data Stream Packets may be delivered in non-sequential order. Data Stream Packets may include
repeats of the same Data litream Packet for enhanced reliability.

Data Blocks provide capability to send from 1 to 768 bytes of transparent transport data. Transport
messages are broken into multiple data blocks. Each data block is broken into multiple DB Packets. Each
DB Packet carries up to 12 bytes of transport data. At any one time on a single logical channel, up to 32
Data Blocks may be interleaved. DB Packets may be interleaved with other data packets on the same
channel or other logical channels. At any one time on a single logical channel, up to 32 DB Packets may
be delivered in non-sequential order. DB Packets may include repeats of the same DB Packet for
enhanced reliability."
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Summary of System
HSDS
Parameters
Subcarrier center frequency | 66.5 kHz (mid band) or 85.5 kHz (high band)
Bandwidth 16 kHz @ mid band and 19 kHz @ high band
Channel data Bit rate 19 kbps
Information data rate Packets - 10,51 kbps
Small blocks - 8.3 kbps
Modulation method double-sideband suppressed-carrier amplirade
modulation with duo-binary encoding
Enror correction Packets - interleaved Hamming (12, 8)
Small Blocks - time spread packets with
additional Hamming (15.11)
Error detection 16 bits of CRC, initial value of 0
Injection level 3.75 kHz to 15 kHz nominally 7.5 kHz
Special Features
Power saving Yes, duty cycles from 0.01% 10 100%
Receiver addressability 32 bit, 16 bit, § bit - flexible
Support of different data Data Grams, Data Streams, Data Blocks
types
Possibility for additional Yes, RDS and either 67 kHz or 92 kHz
subcarrier services analogue
latency inherent delay 13.6 ms per packet Other
delays are transmission system and receiver
implementation dependent
Multiple station access Yes, including time offset transmission for
batiery savings receivers
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Appendix B

LABORATORY TEST PROCEDURES

Procedures Rev #5

Procedures Changes
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HP 11759C MULTIPATH PROFILES

DAR90240.DAT

& Profile #1

O:TITLE “"AIRPLANE FLUTTER SCENARIO #1 VHF

0:IQDATA_DIR "CACHAN_NEW" .

0:CORR_MODE 3X3

0:DELAY_RES LOW

0:CHAN_ATTEN 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00

0:GROUP_LOSS 0.000000e+00

0:SPECTRUM PHA DOP OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF

QIQFILE ™ v o o e s o o s i s

0:DELAY_US 0.0000 27.5191 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0:DOPPLER_HZ 333.5646 34.8760 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0:PHASE_DEG 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0:ATTEN_DB 0.0000 8.0000 0.0000 0.00060 0.0000 0.0000 0.0000 0.6000 0.0000 0.0000 0.0000 0.0000
0:CORRELATION 0.0000 0.6000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

# Profile #2

1I:TITLE "AIRPLANE FLUTTER SCENARIO #2 VHF

LIQDATA_DIR "C:\CHAN_NEW”

1:CORR_MODE 3X3

I:DELAY_RES LOW

I:CHAN_ATTEN 0.000000e-+00 0.000000e+00 0.000000¢+00 0.000000e+00

1:GROUP_LOSS 0.000000e+00

I:SPECTRUM PHA DOP OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF

LIQFILE o i e o s o it o ot o o

LI:DELAY _US 0.0000 13.6761 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1:DOPPLER_HZ 333.5646 17.4380 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1:PHASE_DEG 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1I:ATTEN_DB 0.0000 6.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1:CORRELATION 0.0000 0.00600 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

# Profile #3

2:TITLE “AIRPLANE FLUTTER SCENARIO #3 VHF

2:IQDATA_DIR "C:\CHAN_NEW"

2:CORR_MODE 3X3

2:DELAY_RES LOW

2:.CHAN_ATTEN 0.000000¢+00 0.000000¢+00 0.000000e+00 0.000000e+00

2:GROUP_LOSS 0.000000=+00

2:SPECTRUM PHA DOP OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF

2UQEILE o v o s o o o o e o s o

2:DELAY _US 0.0000 6.8381 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2:DOPPLER_HZ 333.5646 8.7190 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2:PHASE_DEG 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.6000 0.0000
2:ATTEN_DB  0.0000 4.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2:CORRELATION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Digital Radio Test Laboratory
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DIGITAL SUBCARRIER LABORATORYTEST OUTLINE

REV #5
January 16, 1996

Calibration

1. Check signal injection/power daily

2. Plot RF spectrum daily

3. Noise check daily

4. Weak signal check daily

5. Analog channel proof biweekly

6. Calibrate modulation monitors monthly
7. Proponent self check (optional)

8. Calibrate test bed monthly

Characterization of Signal Failure

1. Noise

2. Co-channel

3. Multipath and noise

4, Impulse noise

5. Airplane flutter

6. Weak signal failure
Reacquisition

1. Failure due to simulated weak signal
2. Failure due to multipath

Digital Subcarrier -> Host Analog

1. Interference to host analog
2. Interference to host analog with multipath

Host Analog -> Digital Subcarrier

1. Host analog to digital subcarriers
2. Host analog to digital subcarriers with multipath

HS Data -> RBDS, Analog, and 57 kHz Paging Subcarriers
1. HS data to analog subcarriers
2. HS data to RBDS
3. HS data to 57 kHz paging

Adjacent Channel

1. First adjacent
2. Second adjacent

SYSTEM SPECIFIC
1. Phase, digital to 19 kHz pilot
2. Nonstandard injection levels

3. Variable injection

SUBCARRIER GROUP TABLE



January 16, 1996 REV #5

HIGH SPEED DATA LLABORATORY TESTS

Test Group

Test &

TEST PROCEDURE Type of Sig Lev }{ System |} System | System Test Results
Impairment Eval Seiko Digital | MITRE | Data to be
DJ Recorded
A 1 HS data The injection will be determined by percentage of Objective | As X X X Injection
subcarrier modulation and peak deviation. needed
Calibration | injection
(daily) 10% 4-10% | 10%
2 Spectrum An RF plot of each system will be taken daily. Baseband Objective | M X X X Spectrum
(daily) spectrum analyzer settings: Sweep 100 kHz, rez. band width record
300 Hz, Video 30 Hz, and 30 sec sweep.
RF spectrum analyzer settings: Sweep 200 kHz or 500 kHz,
rez. band width 1000 Hz, and video 30 Hz.
Subcarrier group A & B will be used for this test. 10% 10% 10%
3 Noise Gaussian noise will be added to the signal in 0.25 dB steps Objective | M X X X Noise level at
(daily) until the onset of message errors is observed. the onset of
Subcarrier group A & B will be used for this test. 4& message
10% 10% 10% errors
4 Weak signal Starting with a medium signal level, the signal will be Objective | M X X X Signal level at
(daily) reduced until the onset of message errors is observed. the onset of
Subcarrier group A & B will be used for this test. 4& message
10% 10% 10% errors
5 Proof host During the compatibility tests, an automated proof of Objective | M NA NA NA Record of
transmitters performance will be conducted weekly on the analog frequency
(weekly) transmitters. The test will include the analog system response,
performance with and without the subcarrier groups A & B. separation,
A high quality demodulator will be used for the test. and distortion
6 Monitor The FM analog modulation monitors will be calibrated Objective | NA NA NA NA Calibration
calibration monthly. record in lab
(monthly) log
7 Proponent This test will use the proponent self certification routine to Objective | System Note in lab
self check determine if the system is operating within specified limits. need log
8 Test bed All of the critical components in the test bed including the Objective | NA NA NA NA Calibration
calibration multipath simulator, attenuators, combiners, filters, record in lab
{monthly) generators, and measuring instruments will be calibrated on

a monthly schedule.

log

abe



January 16, 1996 REV #5

HIGH SPEED DATA LABORATORY TESTS

Test Group | Test & TEST PROCEDURE Type of Sig Test Results
Impairment | Note: 1. The co-channel undesired transmitter will be modulated Eval Lev Data to be
by clipped pink noise with two subcarriers, 67 kHz and 92 dBm Recorded
kHz, each set for 10% injection. System
2. To minimize possible measurement variations caused by -
hysteresis, the noise and co-channel will be increased rather Seiko | D/DJ | MITRE
than decreased when finding HS data errors.
B 1 Noise 1. Using clipped pink noise for main channel modulation and only Objective | M X X X Noise level at
the HS subcarrier under test, the gaussian noise will be added to the | & Lab the onset of
Character- sighal and increased to a level that produces the onset of message EO&C message errors
ization of errors.
HS digital 2. Subcarrier groups A & B will be individually added to the signal, Analog S/N at
subcarrier and any change in HS data errors will be noted. the onset of
signal 3. The 92 kHz analog subcarrier channel audio S/N will be message errors
failure measured with no noise added to the RF channel and with the noise
added that produced message errors in step #1. Audio recordings Noise level at
for subjective audio evaluation will be made of the analog subcarrier. onset of RBDS
4. Noise will be added to the signal until un-correctable RBDS block block errors
errots are observed (Subcarrier Group A). 10% Auto | 10%
2 Co- 1. Using the undesired transmitter signal modulated with clipped Objective | M X X X D/U at 45 dB
channel pink noise and the two reference subcarriers (110%), the co-channel | & Lab SIN
interference will be increased until an audio S/N of 45 dB is EO&C
observed on the desired channel without modulation. Any changes
2. The HS subcarrier, subcarrier group A, and subcarrier group B caused by
will be added to the undesired transmitter. Any further changes in subcarrier
the desired channel’s stereo or subcarrier S/N will be recorded. groups
3. With the HS data channel the desired path, the undesired co-
channel signal will be increased until the onset of message errors on D/U with
the HS data channel. The D/U will be recorded at this point. 4& message errors
4. The Delco 16192463 and Pioneer SX-201 receivers will be used. 10% 10% 10%
3 Multipath | 1. This test will be conducted four times, each with a different Objective | M X X X HS system
with noise multipath scenario. The scenarios will be those used by the EIA & Lab error with each
DAR Subcommittee for testing DAR systems. EO&C multipath
2. Using subcarrier group A and without noise added, each of the
multipath scenarios will be assessed for impairment. or
3. If impairments are observed, the message error and BER will be
recorded. ' Noise level
4. For those multipath tests where no impairments are observed, with multipath
noise will be added to the signal in 0.5 dB steps until an increase in at the onset of
message errors and BER is observed. 10% Auto | 10% errors

§nt
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HIGH SPEED DATA LABORATORY TESTS

Test Group | Test & TEST PROCEDURE Type of Sig Lev System Test Results
Impairment Eval Data to be
Seiko D/DJ MITRE Recorded
B 4 Impulse 1. A 10 nanosecond pulse will be used for this test. Starting Objective | M X X X Pulse rate that
noise with a pulse rate of 100 Hz, the pulse rate will be increased & Lab causes an
Character- until an increase in message error is observed. EO&C increase in
ization of 2. The pulse generator output will be mixed with the DAR system errors
HS digital signal.
subcarrier 3. The pulse amplitude will be 1 volt. If HS message errors are Pulse amplitude
signal detected with the 1 volt signal, the voltage will be reduced until in Volts P-P
failure errors discontinue, _ that causes an
4. Subcarrier group A will be used for this test. increase in
10% Auto 10% errors
5 Airplane 1. Tests will be conducted with the three airplane flutter EO&C W&M | X X X Multipath
flutter scenarios used in the DAR laboratory tests by WG-B of the or scenario &
EIA DAR Subcommittee. objective noise level that
2. If an increase in message error rate is not observed with ‘cause increase
multipath, the attenuation for the delayed signal will be reduced in system errors
until an increase message error rate is observed.
3. Subcarrier group A will be used for this test.
10% Auto 10%
6 Weak 1. Starting with the medium signal level, the signal level will be Objective | Varying | X X X Signal level at
signal reduced until the onset of message errors is observed (0.25 dB increase in
steps). errors
2, Subcarrier group A, B, and Off, will be used for this test.
Any change
caused by the
addition of
10% Auto 10% subcarriers

Air Multipath Scenarios (Each of these tests will include a path without delay or attenuation.)

Scenario Speed KPH Delay usec. AttenuationdB
#1 400 8.25 16.0

#2 200 412 12.0

#3 100 2.06 8.0

o Lo o,
= 1t
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January 16, 1996 REV #5 HIGH SPEED DATA LABORATORY TESTS
Test Group Test Number TEST PROCEDURE Type of | Signal Test Results
and Eval Level & Data to be
Impairment Note: 1. Continuous music will be used for the FM dBm System Recorded
audio modulation. .
2. These tests will be conducted using subcarrier Seiko | D/DJ | MITRE
group A.
1 1. Noise will be added to the signal in 0.25 dB steps until | EO&C | M X X X Acquisition
C a complete loss of message is observed. in Lab time at each
Simulated 2. The FM transmitter with subcarrier group A will be noise level
Acquisition weak signal disconnected from the receiver to assure loss of lock.
and failure and 3. Three tests will be conducted with the noise reduced Any sign of
reacquisition acquisition in 2.0 dB, 4.0 dB, & 6.0 dB steps below message failure hysteresis
tests for each test.

4. The signal will be reconnected to the HS data receiver
and acquisition time recorded for each noise level.

5. EO&C comments will be recorded by the laboratory
specialists.

10% Auto 10%

2 1. This test will be conducted four times, each with a EO&C | M X X X Acquisition
different multipath scenario. The scenarios will be those | in Lab : time for each
Simulated used by the EIA DAR Subcommittee for testing DAR multipath
acquisition systems, scenario,
with multipath | 2. Noise will be added until the signal fails. noise level,
and noise 3. The FM transmitter with the subcarriers will be and MP start
disconnected from the receiver to assure loss of lock. time.

4. A different scenario will be selected.

5. For each of the multipath scenarios, three tests will be
conducted with the noise reduced to 2.0 dB, 4.0 dB, &
6.0 dB below packet failure.

6. The signal will be reconnected to the HS data receiver
at 5, 10, 15, & 20 seconds into the multipath scenario
and the acquisition time recorded for each of the test

parameters in step #5. ) 10% Auto | 10%
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January 16, 1996 REV #5

HIGH SPEED DATA LABORATORY TESTS

Test Group

Test

TEST PROCEDURE Type of Desired System Test Results &
Evaluation | Signal Data
Level Seiko D/DJ MITRE to be Recorded
dBm
D 1 1. Five consumer receivers will be used for the tests: two Objective, | M & W | X X X Program channel
auto, one portable, one high end home Hi-Fi, and one EO&C, audio S/N for
HS data HS data home HI-Fi FM receiver. The high end Hi-Fi receiver and each receiver:
subcarrier subcarrier | will have a built in RBDS decoder. A 92 kHz analog subjective
-> host to host subcarrier receiver will be available for these tests. The without
analog analog performance of these receivers has been characterized subcarriers
by the EIA DAR Subcommittee Working Group B.
2. The main audio channel S/N will be first measured with HS data
with no subcarriers. subcarrier
3. The main audio channel S/N will then be measured
with the HS data subcarrier turned on. with subcarrier
4. The subcarriers group A and B will be turned on, and group A
the noise contribution to the main audio channel will be
measured, with subcarrier
5. With moderate processed audio on the program group B
channel, the HS data channel will be alternately
switched on and off, and the program channel audio
recorded on digital audio tape. The RBDS and analog
subcarriers will also be separately switched on and off,
and the results recorded on DAT.
10% Auto | 10%
2 1. The receivers used in test D-1 will be used for this EOQ&C M X X X Effect of the HS
test. and data subcarrier &
HS data 2. This test will be conducted four times, each with a subjective MP on the main
to host different multipath scenario. The multipath scenarios audio:
analog will be those used by the EIA DAR Subcommittee for
with testing DAR systems, without
multipath | 3. The desired audio signal will be modulated with subcarriers
classical music, rock music, silence, and spoken voice.
Moderate audio processing will be used. with HS data
4. With each multipath scenario and each subcarrier subcarrier
group, the quality of the program channel will be
compared to a program channel operating without with subcarrier
subcarriers. group A
5. A separate EO&C report will be written for each
multipath scenario and subcarrier combinations. with subcarrier
6. Audio recordings will be made of the test group B
combinations for the further subjective assessment. 10% Auto | 10%
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January 16, 1996 REV #5

HIGH SPEED DATA LABORATORY TESTS

Test Group | Test TEST PROCEDURE Type of Desired Test Results &
Note: 1. The FM stereo audio modulation will be set Eval Signal System Data
for 90% and the combined subcarriers for 20% Level ) to be Recorded
for a total of 110% . dBm Seiko | D/DJ | MITRE
E 1 1. The FM analog modulation will be alternately Objective | M X X X HS data errors:
switched on and off while observing the high speed data
Analog Host analog | channel for impairments. This test will be conducted No audio
program to digital with clipped pink noise modulating the program modulation
-> high subcarrier channe!l. Subcarrier group A and B will be used for this
speed with no test. Pink noise
digital other 2. If impairments are observed, the analog FM and 57 modulation
subcarrier impairments | kHz subcarriers will be switched off, and any changes in
HS data errors noted. Compressed
3. The above procedures (step 1&2) will be repeated audio modulation
with the main FM audio channel heavily modulated with
processed stereo rock music. Possible
impairments
caused by main
channel
Auto modulation and
& subcarrier group
10% 10% 10% AorB,
2 1. This test will be conducted four times, each with a Objective | M X X X Changes in errors
different multipath scenario. The scenarios will be or caused by main
Host analog those used by the EIA DAR Subcommittee for testing EO&C channel
to digital DAR systems. Clipped pink noise will be used for the modulation with
subcarrier program channel audio modulation. multipath
with 2. The audio modulation will be alternately switched on
multipath and off while observing the high speed data channel for Auto
errors. &
10% 10% 10%

o)
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January 16, 1996 REV #5

HIGH SPEED DATA LABORATORY TESTS

Test Group

Test

TEST PROCEDURE Type of Desired System Test Results &
Evaluation | Signal Data
Note: Clipped pink noise will be used for the FM Level to be Recorded
program channel modulation. dBm Seiko | D/DJ | MITRE
F 1 1. Subcarrier group A will be used for this test. Objective M&W | X NA X Changes in analog
2. With all the subcarriers in group A operating, the | & subcarrier audio
HS Data HS data audio S/N for the 92 kHz analog subcarrier channel | subjective S/N with the
subcarrier subcarrier to | will be measured. presence of the HS
-> RBDS analog SC 3. The HS data and the RBDS subcarriers will be data and RBDS
and analog alternately turned on and off. Any change in audio
subcarriers S/N on the analog subcarriers will be noted. Subjective changes
4. Recordings will be made of the 92 kHz analog in the analog
signal tests for subjective assessment. subcarrier with the
presence of HS
10% 10% data and RBDS
2 1. Subcarrier group A will be used for this test. Objective M&W | X X X Changes in RBDS
2. With all the subcarriers is group A operating, errors with HS
HS data to noise will be added to the signal until errors are data or the analog
RBDS observed. subcarrier
3. The HS data and the analog subcarriers will be
alternately turned on and off. Any change in RBDS
errors will be noted.
10% Auto | 10%
3 1. Subcarrier group B will be used for this test. Objective | M&W | X X X Changes in 57 kHz
2. With all the subcarriers is group B operating, : paging errors with
HS data to noise will be added to the signal until errors are the HS data
57 kHz observed.
paging 10% Auto | 10%
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HIGH SPEED DATA LABORATORY TESTS

Test Results

Test Group | Test & TEST PROCEDURE Type of Sig Lev
Impairment [ Note: 1. The undesired adjacent channel signal will be Eval dBm Data to be
modulated by clipped pink noise. Recorded
2. The desired transmitter will have a stereo generator, System
67 kHz subcarrier generator set for 10% injection, and
92 kHz subcarrier generator set for 10% injection. Seiko | D/DJ | MITRE
3. The Delco Model 16192463 and Pioneer Model SX-
201 receivers used for the DAR compatibility tests will
be used for the stereo 45 dB S/N measurement.
G 1 First 1. With the first adjacent channel transmitter modulated with Objective | M X X X D/U at 45 dB
adjacent clipped pink noise, 67 kHz analog subcarrier, and 92 kHz & Lab S/N
Adjacent subcarrier, the first adjacent signal will be increased (0.5 dB EO&C
channel steps) until an audio S/N of 45 dB is observed on the desired Changes in
interference stereo channel. At this D/U the subcarrier S/N will also be program audio
measured. or analog
2. Subcarrier groups A and B will be substituted for the two subcarrier S/N
analog subcarriers on the undesired first adjacent channel caused by the
transmitter. Changes in the desired channel stereo audio S/N, 10% Auto | 10% addition of
or subcarrier S/N will be noted. adjacent channel
3. With the HS data channel the desired path, the undesired first HS subcarriers
adjacent signal will be increased until the onset of message
errors on the HS data channel. The D/U will be recorded at D/U with
this point. message errors
2 Second 1. With the second adjacent channel transmitter modulated with | Objective | M X X X D/U at45dB
adjacent clipped pink noise, 67 kHz analog subcarrier, and 92 kHz & Lab S/N
subcarrier, the second adjacent signal will be increased (0.5 dB EQ&C
steps) until an audio S/N of 45 dB is observed on the desired Changes in
stereo channel. At this D/U the subcarrier S/N will also be program audio
measured. or analog
2. Subcarrier groups A and B will be substituted for the two subcarrier S/N
analog subcartiers on the undesired second adjacent channel 10% Auto | 10% caused by the

transmitter. Changes in the desired channel stereo audio S/N,
or subcarrier S/N will be noted.

3. With the HS data channel the desired path, the undesired
second adjacent signal will be increased until the onset of
message errors on the HS data channel. The D/U will be
recorded at this point.

addition of
adjacent channel
HS subcarriers

D/U with
message errors
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X

L

Ly
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January 16,

1996 REV #5

HIGH SPEED DATA LABORATORY TESTS

Test Group | Test TEST PROCEDURE Type of Desired System Test Results &
Evaluation | Signal Data
Level Seiko D/DJ MITRE to be Recorded
dBm
H 1 The following tests will be conducted with the HS Objective M X Changes caused by
data system not locked to the stereo 19 kHz pilot. & the loss of lock to
System Phase, digital EO&C noise performance
specific to 19 kHz B-1 Noise and compatibility
pilot
D-1 Interference to host analog 10%
2 The following tests will be conducted with 17% Objective M X X Possible
injection level and 3% RBDS. With some of the & performance
Nonstandard | systems this injection level will exceed the EO&C improvements or
. injection restrictions of Part 73.319 of the FCC Rules. changes in
levels interference or
B-1 Noise compatibility
B-2 Co-channel! '
B-6 Weak signal failure
D-1 Interference to host analog
G  Adjacent channel 17% 17%
3 The following tests will be conducted on the system | Objective | M X Changes from
(Digital DJ) that uses the stereo level to control & previous tests
Variable the HS data injection level. Each of the tests listed | EO&C
injection below will be conducted with low and high audio
signal levels. The low audio (low injection)
program material will be classical music, and for
the high level program material, (high injection)
processed rock music will be used.
B-1 Noise
B-2 Co-channel
B-3 Multipath and noise
B-4 Impulse Noise
B-6 Weak signal failure
C Reacquisition
D-1 Interference to host analog
Auto




I. SUBCARRIER GROUPS
January 16, 1996

REV #5
Group A
RBDS

System #1 Seiko System #2 Digital DJ | System #3 MITRE
RBDS 57.0 kHz 3% | RBDS 57.0 kHz 3% RBDS 57.0 kHz 3%
Data 66.5 kHz 10% | Data 76.0 kHz 10% Data 72.2 kHz 10%
FM 92.0 kHz 7% | FM 92.0 kHz 74% | FM 92.0 kHz 7%

Group B

57 kHz Paging

System #1 Seiko System #2 Digital DJ | System #3 MITRE

Paging 57.0 kHz 10% | Paging 57.0 kHz 10% Paging 57.0 kHz 10%

Data 66.5 kHz 10% | Data 76.0 kHz 10% | Data 72.2 kHz 10%

aE




Test Signal Levels
w Weak
M Moderate

S Strong

-75 dBm
-65 dBm

-50 dBm

General
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HSSC LABORATORY TEST PROCEDURES REVISION #5 January 16, 1996

FURTHER CHANGES

Test

B.24 Denon TU-380 RD Receiver replaced Pioneer SX-201.
B.2 S/N measured at OME.

BS Airplane flutter should read:

Air Multipath Scenarios (Each of these tests will include a path without delay and
attenuation.)

Scenario Speed KPH Delay usec. Attenuation dB
#1 400 275 8.0
#2 200 13.7 6.0
#3 100 6.8 4.0
D.1 Subjective (EO&C) only at moderate signal level (-65 dBm).
E.1 CBN added.
D.I/H.1 Receivers used for tests: Ford, Pioneer, and Denon.
H-1 Digital DJ was added.
H.2/D.1 All five receivers were used for tests.
&G
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Summary of Channel Multipath Characterization Report

Multipath Profiles
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. SUMMARY OF:
THE FINAL REPORT OF THE
CHANNEL CHARACTERIZATION TASK GROUP;
THE DERIVATION AND RATIONAL FOR MULTIPATH SIMULATION
PARAMETERS FOR THE EIA-DAR LABORATORY TESTING

NOTE: This is a condensed version of the above titled report. It follows different
section headings but with the same appendix reference as the full report.
Only Appendix J is attached to this summary. The full report is available as
a separate document.

MULTIPATH CHARACTERIZATION AND CHANNEL SIMULATION BACKGROUND

At the January 22, 1992 meeting of the EIA-DAR Committee, the "Digital Audio
Radio Technical Performance and Service Objectives” were discussed and adopted. The
requirement for multipath performance testing was set.

The candidate laboratory channel simulator could be directly programmed using
time domain values; the relative attenuations, doppler frequencies (or relative phases) and
time delays. Searching the literature for channel characteristics in the time domain for
direct application to the simulator revealed very little information. A source of direct
information on time domain parameters, the characterization test, was required.

in early 1993 the Delco channel test plan system was disclosed. The Delco system
description evolves over a number of months as detailed in the series of memoranda and
reports in Appendix A. The Channel Characterization data would be coliected and then
processed to extract the time domain parameters that would then be applied to the
laboratory channel simulation. The processing plans are described in Appendix B.

The Hewlett Packard simulator, model No. 11759C was chosen for the laboratory
testing. It can be programmed in the Direct mode with the individual channel parameters
to simulate a muiltipath condition. Use of this technique to achieve a dynamic simulation
at fixed steps along a path (sequential snapshots) was discussed and the direct control
of the simulator based on the actual measured channel characteristics was pursued.

CHANNEL TEST NEEDS; EQUIPMENT, VENUE, ETC.

The channel test program is summarized in Appendix C. Only one city could
reasonably be used for channel characteristic testing because of cost and time limits,
therefore the test venue should contain many areas that represent as many “difficult”

environments as possible.

By May 1993, plans were underway for conducting a channel characterization test



in Charlotte, N.C. Those early tests revealed system and operational limitations in
conducting such tests, detailed in the July Subcommittee meeting and in a report in
Appendix D. Plans were made to revise the equipment and test at another venue.

Bonneville Broadcasting, a long time participant in the EIA-DAR test program,
offered its transmitter site in Salt Lake City on Farnsworth Mountain. The site was
investigated and the equipment was delivered and set up at the site with testing beginning
in late September and continuing to early October of 1993.

CHANNEL TEST DATA COLLECTED; FINDINGS; ENVIRONMENTS, SPEED, DATA,
VOLUME COLLECTED, PROCESSING, ETC.

In early October 1993 the actual Salt Lake City channel characterization test data
was collected over approximately one week. Appendix E is a description of the
measurements and the data collected. As data was collected along each path, the
environment around the area was described. Four major “Environments” quickly
emerged: Urban, Suburban, Rural and Terrain Obstructed. Appendix F is a March 7,
1884 memorandum discussing the data collected, its analysis and the certification of the

test method.

The data extraction strategy was studied and modified from its initial frequency
domain dependent version to one which selected reflections based on time domain values
in order of the strongest reflections with their accompanying delay and relative phases.

By April 1894 the VHF Channel Characterization data had been analyzed, providing
the overall range of reflection magnitudes verses time delay for the four significant
environments in Salt Lake City as shown in Appendix G. Further analysis then extracted
the individual channel reflection vs. time information on a file by file basis as explained in
the memorandum report dated April 17, 1894 in Appendix H.

" The measured VHF reflection time vs. magnitude information was studied to arrive
at the range of data appropriate for challenging multipath Environments. Information from
other sources was also compared to the measured VHF channel data so that the
simulation could include the 1.4 GHz UHF channel DAR system as well. The Canadian
CRC investigation relating to L-Band characterization lead to the exchange of several
documents, a selection of which are included in Appendix 1.

The listings of time delays and magnitudes with appropriate doppler velocities and
Rayleigh file parameters for each of the three environments (four tests), as adopted by
the EIA-DAR test laboratory and is indicated in the attached Appendix J.
SIMULATOR LIMITATIONS; ATTENUATOR RATE OF CHANGE & "ARTIFACTS"

The direct control method, described in the Simulator operating manual, was tested

Wy
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in early 1994 and limitations quickly appeared. The simulator attenuator control circuits
have a significantly slow time constant which will allow only slow changes in the siriulation
channels, far slower than were measured. This was implemented and found to function

properly.

Tests were run on the simulator using sample direct control data and observing
the simulator effect in the frequency domain. Upon close observation it could be seen
that artifacts were being generated. Appendix K is a memorandum and report of July 12,
1984 describing the findings. The report and attachments indicate that the frequency
domain artifacts are generated by the step changes in the simulator channels.

in an attempt to resolve the Frequency Domain artifacls the data was “smoothed”,
as indicated in Appendix K, by limiting the rate of change of some of the parameters and
approximating missing data between data files. The artifacts decreased but still remained.
It was decided, not knowing the impact of the artifacts on the systems under test, that the
direct control of the simulator was not possible.

IMPLEMENTING SIMULATION MODE; MAINTAINING VARIABILITY

The Simulation or "sim” mode of operation allows for two variations. The first is the
"Doppler” mode, a fixed parameter mode with a fixed cyclical simulation, and the second
applies a Rayleigh variation characteristic on the "Doppler” control parameters. This
Rayleigh characteristic will restore some of the channel variability lost in going from the
Direct to the Sim mode of channel simulation.

The Rayleigh fading characteristic is imparted on the simulator action by a control
file that is generated by the HP program IQMAKE. The Rayleigh fading values are
oriented about the basic channel parameters, those which were measured in Salt Lake
City, not any other parameters associated with any standard Cellular or Land Mobile
system. The resulting simulation has the overall characteristic of the measured control
values but with the Rayleigh variation characleristics specific for the frequency and
velocity of interest for the test, impressed on each of the control channels. This effect on
each of the individual channels then generates a combined effect on the overall variation
of the combined R.F. channel output.

DISCUSSION OF APPROPRIATENESS OF DOPPLER VS. RAYLEIGH CHARACTERISTICS

Much discussion centered about the proper use of the Doppler or Rayleigh
simulation modes. Objections were raised citing the HP instruction manual with various
references to the Rayleigh model defined for mobile cellular radio. Concerns were
expressed relative to whether or not a Rayleigh faded channel was appropriate for the
mobile environment. The use of particular sections of the Salt Lake Cily measured
channel characteristics and then only that one venue was questioned.



Many individual experts in mobile communications reviewed the questions and
concerns and have supported this simulation concept as appropriate for the laboratory
testing. Appendix L contains the observations, comments and responses regarding the
Rayleigh and Doppler simulations.

As a result of the questions regarding the use of Rayleigh simulation a decision
was made to incorporate both Doppler and Rayleigh simulations in an expanded

laboratory test.
CHANNEL TEST AND SIMULATION; LESSONS LEARNED

This channel characterization project and the channe! simulation in the laboratory
has again confirmed the immense variability that exists in an R.F. propagation path which
can not be carried to and totally duplicated in laboratory simulation. For laboratory
purposes, however, capturing all that variability would be counter-productive. For
example, in an average environment, much of the time the R.F. channel may be quite
benign with few if any interesting and stressful multipath conditions. The laboratory
testing is meant to be a critical test of the systems. [t is the relatively rare but stressiul
conditions that need to be reliably and rapidly repeated in the laboratory. This goal
guided the extraction of "significant” muiltipath segments from the four environments to
concentrate on those areas that generally would yield harsh tests.

Ideally, the original laboratory test would have used the actual channel parameters
measured in the field, complete with their variability along the measurement path, to
control the channel simulator as if driving along that same path. Hardware limitations
prohibited this. The same general channel characteristics for the difficult path segments
were used but with the parameter variability now supplied by the Rayleigh fading profile
applied to those characteristics.

The channel simulation testing has been applied uniformly to all of the proponent
systems, even to the extent of testing in both Rayleigh and Doppler modes. The systems
individual relative performances will be determined by the systems themselves, not by the
design of the testing. If the testing were designed so that all systems were to fail the test,
or where all were to easily pass the simulation test, the results would be useless. The
only valid test is one that spans the range of performance from perfect to failed for all
systems under test and hence determines a threshold of actual performance. The
laboratory simulation provides such a test.

b B
s~



HP 11759C MULTIPATH PROFILES

FILE NUMBER __ TEST DESCRIPTION Page
DAR90100.PRO B-3  VHF RAYLEIGH 9 PATH SIMULATIONS 2
DAR90240.PRO B-5 VHF AIRPLANE FLUTTER SIMULATIONS 3

Digital Radio Test Laboratory Page 1 of 3



HP 11759C MULTIPATH PROFILES

€

G0

DAR90100.PRO

# Profile #1

O:TITLE "URBAN SLOW RAYLEIGH

0:IQDATA_DIR "C:\chan_new"

0:CORR_MODE 3X3

0:DELAY_RES LOW

0:CHAN_ATTEN 0.0000002+00 0.000000e+00 0.000000¢+00 0.0000002+00

0:GROUP_LOSS 0.000000e+00

0:SPECTRUM RAY RAY RAY RAY RAY RAY RAY RAY RAY OFF OFF OFF

O:IQFILE ~ "RAY21Q" "RAY2.IQ""RAY2.IQ" “RAY2.IQ" "RAY2.1Q" "RAY2.IQ" "RAY2.IQ" "RAY2.1IQ" "RAY2.1Q" ™ "
O:DELAY_US  0.0000 0.2000 0.5000 0.9000 1.2000 1.4000 2.0000 2.4000 3.0000 0.0000 1.6000 2.0000
0:DOPPLER_HZ 0.1744 0.1744 0.1744 0.1744 0.1744 0.1744 0.1744 0.1744 0.1744 0.0000 2.0000 1.5000
0:PHASE_DEG 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 6.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0:ATTEN_DB  2.0000 0.0000 3.0000 4.0000 2.0000 0.0000 3.0000 5.0000 10.0000 0.0000 2.0000 2.0000
0:CORRELATION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.6000 0.0060 0.0000 0.0000 0.0000 0.0000

# Profile #2

L:TITLE "URBAN FAST RAYLEIGH

1IQDATA_DIR “C:chan_new"

1.CORR_MODE 3X3

L:DELAY RES LOW

1:CHAN_ATTEN 0.000000e+00 0.000000e+00 0.6000002+00 0.000000+00

1:GROUP_LOSS 0.000000e+00

1:SPECTRUM RAY RAY RAY RAY RAY RAY RAY RAY RAY OFF OFF OFF

LIQFILE ~ "RAY52.1Q" "RAY52.1Q" "RAY52.1Q" "RAY52.1Q" “RAY52.1Q" "RAYS52.1Q" "RAY52.1Q" "RAYS52.IQ" "RAY52.1Q" " »» =
I:DELAY_US  0.0000 0.2000 0.5000 0.9000 1.2000 1.4000 2.0000 2.4000 3.0000 0.0000 1.0000 2.0000
1:DOPPLER_HZ 5.2314 5.2314 5.2314 5.2314 5.2314 5.2314 5.2314 5.2314 5.2314 0.0000 2.0000 1.5000
1:PHASE_DEG 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.6000 0.0000 0.0000 0.0000 0.0000 0.0000
L:ATTEN DB 2.0000 0.0000 3.0000 4.0000 2.0000 0.0000 3.0000 5.0000 10.0000 0.6000 2.0000 2.0000
1:CORRELATION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

8 Profile #3
2TITLE  "RURAL FAST RAYLEIGH "

2:1QDATA DIR “C:\chan_new"

2:CORR_MODE 3X3

2:DELAY RES LOW

2:CHAN_ATTEN 0.000000e+00 0.0060000e+00 0.000000e+00 0.000000+00

2:GROUP_LOSS 0.000000¢+00

2SPECTRUM RAY RAY RAY RAY RAY RAY RAY RAY RAY OFF OFF OFF

ZIQFILE  "RAYI3LIQ" "RAY131IQ" "RAYI3LIQ" "RAYI3LIQ" "RAYI3LIQ" "RAY13LIQ" "RAY I31.IQ" "RAY131.IQ"
"RAY131.IQ" ™ = "

2Z:DELAY_US 0.0000 0.3000 0.5000 0.9000 1.2000 1.9000 2.1000 2.5000 3.0000 0.0000 1.0000 2.0000
2:DOPPLER_HZ 13.0785 13.0785 13.0785 13.0785 13.0785 13.0785 13.0785 13.0785 13.0785 0.0000 2.0000 1.5000
2:PHASE_DEG 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

2:ATTEN_DB 4.0000 8.0000 0.0000 5.0000 16.0000 18.0000 14.0000 20.0000 25.0000 0.0000 2.0000 2.0000
2:CORRELATION 0.0000 0.6000 0.0000 0.0000 0.0000 0.06000 0.6000 0.0000 0.0000 0.0000 0.0000 0.0000

4 Profile #4
3:TITLE  "TERRAIN OBSTRUCTED FAST RAYLEIGH

3:IQDATA_DIR *“C:\chan_new"

3:CORR_MODE 3X3

3:DELAY_RES LOW

3:CHAN_ATTEN 0.000000e+00 0.000000e+00 0.000000¢+00 0.000000¢-+00

3:GROUP_LOSS 0.000000e+00

3:SPECTRUM RAY RAY RAY RAY RAY RAY RAY RAY RAY OFF OFF OFF

3IQFILE  "RAYS521Q" "RAY52.IQ" "RAYS2.IQ" "RAYS2.1Q" "RAYS2.1Q" "RAY52.1Q" "RAY52.1Q" "RAY52.IQ" "RAYS2.1Q" ™ =* =
3:DELAY_US  0.0000 1.0000 2.5000 3.5000 5.0000 8.0000 12.0000 14.0000 16.0000 0.0000 1.0000 2.0000

3:DOPPLER _HZ 5.2314 5.2314 5.2314 5.2314 52314 5.2314 5.2314 5.2314 5.2314 0.0000 2.0000 1.5000

3:PHASE_DEG 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

3:ATTEN_DB  10.0000 4.0000 2.0000 3.0000 4.0000 5.0000 2.0000 8.0000 5.0000 0.0000 2.0000 2.0000

3:CORRELATION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

\
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HP 11759C MULTIPATH PROFILES

DAR90240.DAT

¥ Profile #1
O:TITLE  "AIRPLANE FLUTTER SCENARIO #1 VHF

0:IQDATA_DIR “C:ACHAN_NEW* -

0:CORR_MODE 3X3

0:DELAY RES LOW

0:CHAN_ATTEN 0.0000002+00 0.000000e+00 0.000000¢-+00 0.000000e+00

0:GROUP_LOSS 0.000000¢+00

O:SPECTRUM PHA DOP OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF

QAQFILE ™ = o o s e s o e o o o

0:DELAY_US  0.0000 27.5191 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0:DOPPLER_HZ 333.5646 34.8760 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0:PHASE_DEG 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0060 0.0000
0:ATTEN_DB  0.0000 8.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
0:CORRELATION 0.0000 0.0000 00000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

4 Profile #2
I-TITLE  “AIRPLANE FLUTTER SCENARIO #2 VHF

L:IQDATA_DIR "C:CHAN_NEW"
1:CORR_MODE 3X3
I:DELAY RES LOW
I:CHAN_ATTEN 0.000000¢+00 0.000000¢+00 0.000000¢+00 0.000000e+00
1:GROUP_LOSS 0.000000e+00
I:'SPECTRUM PHA DOP OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF
LIQFILE = = o o s tm o o o e o
1:DELAY_US  0.0000 13.6761 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1:DOPPLER_HZ 333.5646 17.4380 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1:PHASE_DEG 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
L:ATTEN_DB  0.0000 6.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
1:CORRELATION 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

# Profile #3

2:TITLE "AIRPLANE FLUTTER SCENARIO #3 VHF

2:IQDATA_DIR “C:ACHAN_NEW"

2:CORR_MODE 3X3

2:.DELAY_RES LOW

2:CHAN_ATTEN 0.000000¢+00 0.000000<+00 0.0000002+00 0.000000e+00

2:GROUP_LOSS 0.000000e+00

2:SPECTRUM PHA DOP OFF OFF OFF OFF OFF OFF OFF OFF OFF OFF

2:IQFILE o e win oo oot ot et i 1o s v o

2:DELAY_US 0.0000 6.8381 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2:DOPPLER_HZ 333.5646 8.7190 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2:PHASE_DEG 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2:ATTEN_DB 0.0000 4.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
2:CORRELATION 0.0000 0.0000 0.0000 0.0000 0.0600 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000

Dagital Radio Test Laboratory
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COMPATIBILITY RECEIVER CHARACTERIZATION

REPORTS
05
Ay
Receiver #1 Delco “
Receiver #2 Denon Coon
| .24
Receiver #3 Panasonic s

Receiver #4 Pioneer

° . Y 3(7(.4
Receiver #5 Ford —— veEw ™ 1



Delco

#1



EIA Digital Audio Radio Test Laboratory

Engineers: RMc/DL
Date: 8/16/96
Print Date: 1/6/97

PROJECT: RECEIVER CHARACTERIZATION

Radio Mfg.: Delco Electronics RX #7
Model No.: 16192463
Sertal No.: 1000703

FM TESTS (TEST FREQ. 94.1MHz)

TEST SET-UP
Ant. Net: Delco/JFW AM/FM composite Dummy Antenna Insertion loss = -6dB
Audio Ref: 2.0Vrms  Load Imp = 4 ohms
Rec. set up: Graphic EQ - Flat, Loudness - Off, Fader & Bal.- Centered

Test bed: Test Bed, W/Orban Stereo Gen & Harris Exciter as Signal Source
Meas.: Audio measurements made with Audio Precision as rms unweighted

S/N RATIO - 1KHZ, 100% MOD

, MAX 62 dB (mono)
THD - 1KHZ, 100% MOD (-50dBm)
MONO 0.51 %

STEREO 0.67 %

LIMITING THRESHOLD (Audio -1dB)

-96 dBm

HIGH CUT THRESHOLD

Audio: 10KHZ, L+R, 100% Mod, Pilot off
-3dB = -86 dBm

SEPARATION @ -62dBm

Freq. L->R R->L

File Name: DELCO2.XLS FM DATA Page 1 of 17
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IKHZ
10KHZ

SIGNAL, NOISE & SEPARATION VS RF LEVEL

31dB
21.6dB

(W/O Pre-Emph)
(W/O Pre-Emph)

EIA Digital Audio Radio Test Laboratory

* Left channel used as the measurement channel for Signal and Noise data
* Left channel driven (L only) for separation data
* Audio test frequency = 1IKHZ

* RF levels represent power into the dummy antenna
* Filt. Noise figures represent noise measurements made with a 15khz low pass filter to teject the pilot

CURVE DATA

SIGNAL, NOISE & SEPARATION VS RF LEVEL

-130§ -27.40 -27.60 -27.30 -27.30 -27.60 -130} -27.50 -27.60
-125)  -27.30 -27.60 -27.00 -27.40 -27.60 -125) -27.20 ~27.60
=120  -26.70 -27.60 -26.10 -27.30 -27.60 -120]  -26.70 -27.30
-115] -23.30 -27.80 ~22.40 -27.60 -28.60 -115] -25.60 -25.80
-110]  -15.80 -28.30 -15.70 -28.00 -28.30 -110] -20.50 -20.50
-108 -7.90 -31.40 -7.60 -31.00 -31.00 -105) -13.35 -13.60
-100 -2.70 -42.40 -2.50 -42.00 -41.60 -100] -8.39 -8.72
-95 -0.69 -54.50 -0.60 -53.10 -53.00 -95]  -6.24 -7.10
-90 -0.38 -59.90 -0.30 -52.20 -52.10 -90f -4.60 -8.38
-85 -0.15 -60.70 -0.10 -50.90 -50.60 -85 -2.77 -11.10
-80 0.00 -61.90 0.00 -52.60 -80}] -1.74 -13.70
-75 0.00 -62.00 0.00 -54.00 -715]  -0.44 ~21.90
-85 0.00 -62.10 0.00 -61.20 -57.90 -58 0.00 -31.30
-50 0.00 -60.30 0.00 -39.50 -56.90 -50 0.00 -31.30
-48 0.00 -60.50 0.00 -60.90 -57.70 -45 0.00 -31.30

File Name: DELCO2. XLS FM DATA

Page 2 of 17
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EIA Digital Audio Radio Test Laboratory

SIGNAL/NOISE VS RF LEVEL
10.00
0.00

-10.00 //
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-60.00 — —
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EIA Digital Audio Radio Test Laboratory

SIGNAL/NOISE VS RF LEVEL

10.00
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EIA Digital Audio Radio Test Laboratory

SIGNAL/NOISE VS RF LEVEL
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EIA Digital Audio Radio Test Laboratory

SIGNAL/NOISE VS RF LEVEL
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0.00
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EIA Digital Audio Radio Test Laboratory

SIGNAL/NOISE VS RF LEVEL
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EIA Digital Audio Radio Test Laboratory
Engineers: RMc/DL
Date: 8/16/96
Print Date: 1/6/97

PROJECT: RECEIVER CHARACTERIZATION

Mfg.: Delco
Model No.: 16192463
Serial No.: 1000703

AM TESTS ( TEST FREQ, 1660KHz) (No data taken due to generator faiture)

TEST SET-UP
Ant. Network: JFW composite antenna dummy
Audio Ref.: 2.0Vrms (0dB)
Rec. set up: Loudness off, graphic EQ flat, balance & fade centered

Test Bed: Test Bed: Boonton RF generator used as signal source
Meas.: Audio measurements made with Audio Precision as rins unweighted

THD -400HZ, 80% MOD (-47dBm)

.MONO %
STEREO %
Selectivity (RF level = -105dBm)
Narrow Wide Narrow Wide
+ 10KHz = + 10KHz = +20KHz = NA +20KHz = NA
- 10KHz = - 10KHz = -20KHz = -20KHz =
Average = Average = Average = Average =

* Lefi channel used as the measurement channel for Signal and Noise data

File Name: DELCO2.XLS AM_DATA

Page 8 of 17




EIA Digital Audio Radio Test Laboratory
* Audio test frequency = 400HZ
* "Signal”" mo 35.3dB
* "Wide Band" refers to "Am-St" sclected
* "Narrow Band" refers to "Am-St" off

CURVE DATA

Audio VS RF Level

-125
-120
-115
-110
-105
-100
-95
-90
-85
-80
-75
-70
-65
-60
-55
-50
-45

File Name: DELCO2.XLS AM_DATA Page 9 of 17 O
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EIA Digital Audio Radio Test Laboratory

SIGNAL/NOISE VS RF LEVEL
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EIA Digital Audio Radio Test Laboratory

SIGNAL/NOISE VS RF LEVEL
10
0
-10
. De|co Auto Radig
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EIA Digital Audio Radio Test Laboratory

AM FREQUENCY RESPONSE
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EIA Digital Audio Radio Test Laboratory

DAR Lab

8/16/96

RMc/DL

Delco First Adjacent Channel Characteristics
Desired Frequency:  94.1MHz

Operating Level: -62dBm

Lower First Freq.: 93.9MHz

Note:

The resuits here represent a chacteristic receiver input signature based on ramping the undesired
signal up in 1dB increments and recording the signal to noise ratio.

The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection.
The interfering signal is modulated with clipped pink noise at 100% modulation (no piiot).

SCAs were added, as a second test, at 20% (67kHz@10%, 92kHz@10%) to clipped pink noise.
While this represents overmodulation of 10%, it demonstrates the impact of SCA signals

in an adjacent situation.

W/SCAs

UNDES. SIN SIN D/U

ATTEN. (dB) (dB) (dB) |0dB D/U Calibration Details
50.00 49.50 49.50 22.0 Output Attenuator: 17 dB
49.00 49.50 49,50 21.0 input Attenuator; 2.4 dB (Desired sig.)
48.00 49.50 49.50 20.0 {Co-Chan."” Attenuator: 28 dB (Undesired sig.)
47.00 49.50 49.50 19.0 |red Ch. Output Level; -62 dBm
46.00 49.50 49.50 18.0 Key Point Meas. -6.86 dBm (Desired sig.)
45.00 49.50 49,50 17.0
44.00 49.50 49.30 16.0
43.00 49.50 49.20 15.0
42.00 49.50 49.00 14.0
41.00 49.50 48.90 13.0
40.00 49.50 48.90 12.0
39.00 49.50 48.70 11.0
38.00 49.50 48.50 10.0
37.00 38.50 37.90 9.0
36.00 26.10 26.10 8.0
35.00 24.00 23.70 7.0
34.00 23.00 23.00 6.0
33.00 22.90 22.60 5.0
32.00 22.70 22.50 4.0
31.00 2260 22.50 3.0
30.00 22.60 22.40 2.0
29.00 22.50 22.40 1.0 Desired Signal

-62 dBm

27.00 22,40 22.20 -1.0 at Receiver
26.00 22.30 22.10 -2.0
25.00 22.30 22.00 -3.0
24.00 22.20 21.90 -4.0
23.00 22.10 21.80 -5.0
22.00 22.00 21.50 -6.0

File Name: DELCO2.XI.S Lower 1st

Page 13 of 17



EIA Digital Audio Radio Test Laboratory

DAR Lab

8/16/96

RMc/DL

Delco First Adjacent Channel Characteristics
Desired Frequency: 94.1MHz

Operating Level: -62dBm

Upper First Freq.: 94 .3MHz

Note:

* The results here represent a chacteristic receiver input signature based on ramping the undesired
signal up in 1dB increments and recording the signal to noise ratio.

* The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection.

* The interfering signal is modulated with clipped pink noise at 100% modulation (no pilot).

* SCAs were added, as a second test, at 20% (67kHz@10%, 92kHz@10%) to clipped pink noise.
While this represents overmodulation of 10%, it demonstrates the impact of SCA signals
in an adjacent situation.

W/SCAs

UNDES. SIN SIN D/U

ATTEN., (dB) (dB) {(dB) |0dB D/U Calibration Details
50.00 49.50 49.50 22.0 Output Attenuator: 17 dB
49.00 49,50 49.50 21.0 Input Attenuator: 2.4 dB (Desired sig.)
48.00 49.50 49.50 20.0 |[Co-Chan." Attenuator: 28 dB (Undesired sig.)
47.00 49.50 49.50 18.0 jred Ch. Output Level: -62 dBm
46.00 49.50 49.50 18.0 Key Point Meas. -6.86 dBm (Desired sig.)
45.00 49.50 49.50 17.0
44.00 49.50 49.50 16.0
43.00 49.50 49.50 15.0
42.00 49.50 49.00 14.0
41.00 49.50 48.90 13.0
40.00 49.50 48.90 12.0
39.00 49.50 48.60 11.0
38.00 49.50 48.90 10.0
37.00 49.50 48.30 9.0
36.00 49.50 47.90 8.0
35.00 49.50 47.50 7.0
34.00 49.50 46.90 6.0
33.00 49.50 46.50 5.0
32.00 49.50 45.60 4.0
31.00 49.40 45.00 3.0
30.00 49.40 44.30 2.0
29.00 48.80 40.40 1.0

-62 dBm

27.00 27.50 26.50 -1.0
26.00 23.90 23.50 -2.0
25.00 22.90 22.70 -3.0
24.00 22.70 22.50 -4.0
23.00 22.60 22.20 -5.0
22.00 22.50 22.00 -6.0

File Name: DELCO2.XLS Upper 1st

Page 14 of 17
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EIA Digital Audio Radio Test Laboratory

Delco Second Adjacent Channel Characteristics

Desired Frequency:
Operating Level:
Lower Second Freq.:

Note:

94.1MHz
-62dBm
93.7MHz

The resuits here represent a chacteristic receiver input signature based on ramping the undesired

signal up in 1dB increments and recording the signal to noise ratio.

The measurements are made using a 15khz low pass and CCIR fitters with quasi-peak detection.
The interfering signal is modulated with clipped pink noise at 100% modulation (no pilot).

SCAs were added, as a second test, at 20% (67kHz@10%, 92kHz@10%) to clipped pink noise.
While this represents overmodulation of 10%, it demonstrates the impact of SCA signals

in an adjacent situation.

WISCAs
UNDES. | RADIO RADIO
ATTEN. | SIN (dB) | S/N (dB)
40 49.6 49.6
39 49.6 49.6
37 49.6 49.6
36 49.6 496
35 49.6 49.6
34 49.6 49.6
33 49.6 49.6
32 49.6 49.6
31 49.6 49.6
30 49.6 49.6
29 49.6 49.6
28 49.6 49.6
27 49.3 49.3
26 49 49
25 48.6 48.6
24 485 48.5
23 48.3 48.3
22 48 48
21 47.6 47.8
20 47.1 47.1
19 49.9 48.9
18 46.7 46.7
17 48.7 46.7
16 46.9 46.9
15 47 47
14 47 47
13 46.9 48.9
12 486.7 46.7
11 46.5 46.5
10 483 46.3
9 48 46
8 48 46
7 48 46
8 46.2 46.2
5 48.3 46.3
4 46.5 46.5
3 46.8 46.8
2 471 47.1
1 473 47.3
0 47.7 47.7

-10
11

File Name: DELCO2.XLS Lower 2nd

0dB D/U Calibration Details

Output Attenuator: 7 dB
Input Attenuator: 12.4 dB (Desired sig.)
“Co-Chan."” Attenuator: 38dB (0dB D/U)
ired Ch. Output Level: -62 dBm

Key Point Meas. -16.88 dBm (Desired sig.)

Note: Various test levels were re-tested with
SCAs on/off to verify that the inclusion
of SCA signals had no effect.
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EIA Digital Audio Radio Test Laboratory

DAR Lab
8/18/96
RMc/DL

Deilco Second Adjacent Channel Characteristics
Desired Frequency: 94.1MHz

Operating Level: -62dBm
Upper First Freq.: 94.5MHz
Note:

The results here represent a chacteristic receiver input signature based on ramping the undesired

signal up in 1dB increments and recording the signal to noise ratio.

The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection.
The interfering signal is modulated with clipped pink noise at 100% modulation (no pilot).

SCAs were added, as a second test, at 20% (67kHz@10%, S2kHz@10%) to clipped pink noise.
While this represents overmodulation of 10%, it demonstrates the impact of SCA signals

in an adjacent situation.

WISCAs
UNDES. | RADIO RADIO DIu
ATTEN. | SIN (dB) | S/N (dB) (dB)
40 49.6 49.6 2
39 49.6 49.6 1
0

37 49.6 49.6 -1

36 49.6 49.6 -2 0dB D/U Calibration Details

35 496 49.6 -3 Qutput Attenuator; 7 dB

34 486 49.6 -4 input Attenuator; 12,4 dB (Desired sig.)
33 49.6 48.6 -5 “Co-Chan." Attenuator: 38 dB (0dB D/U)
32 49.6 49.6 -6 ired Ch. Output Level: -62 dBm

31 49.6 49.6 -7 Key Point Meas. -16.88 dBm (Desired sig.)
30 49.6 49.6 -8

29 49.6 49.6 -9

28 49.6 49.6 -10

27 49.6 49.6 -11 Note: Various test levels were re-tested with
26 49.6 49.6 ~-12 SCAs on/off to verify that the inclusion
25 49.6 49.6 -13 of SCA signals had no effect.

24 49.6 49.6 -14

23 49.6 49.6 -15

22 49.3 49.3 -16
21 49.1 49.1 -17
20 49 49 -18

19 48.8 48.8 -19

18 48.5 48.5 -20

17 48.4 48.4 -21

16 48.1 48.1 -22

15 47.8 47.8 -23

14 47.5 47.5 -24

13 47.2 47.2 -25

12 46.9 46.9 -26
11 46.6 46.6 -27

10 46.5 46.5 -28

9 46.7 46.7 -29

8 46.8 46.8 -30

7 46.9 46.9 -31

6 46.8 46.8 -32

5 46.5 486.5 -33

4 46.3 46.3 -34

3 46 46 -35

2 45.7 45.7 -36

1 45.8 458 -37

0 45.9 45.9 -38

File Name: DELCO2.XLS Upper 2nd
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DAR Lab

6-Jan-97 DELCO2.XLS
RMc

DELCO Channel Characteristics 94.1MHZ

Audio VS RF Frequency

Note:

The results here represent a chacteristic receiver input signature based on sweeping the RF signal
through the desired channel

* The test signal is modulated with 1khz @ 100%

The measurements are made using 15khz low pass and CCIR filters with quasi-peak detection

RF level is -62dBm

RF | AUDIO
FREQ. | LEVEL
93.70 | -13.2 DELCO: AUDIO VS RF FREQUENCY
9372 | -13.2 e
9374 | -13.2 m ] R
9376 | -13.2 & uay
5378 | 132 3 W \
93.80 | 14 2 -
93.82 X 3:
9384 | 514 :
93.86 58 ~o 24 % %0 Teo Do Yo
9388 | 564 S 8% 8Y 3© 3° 3° 3
93.90 55 RF FREQUENCY
93.02 | 552
93.04 | 587
93.96 | 03
93.98 | -19.1
9400 | 203
9402 | -045
94.04 0
94.06 0
94.08 0
94.12 0
9414 | 022
9416 | -0.42

94.18 -20.37
94.20 -20.57
94.22 -18.92
94.24 -14.9

94.26 -14.06
94.28 -14.97

94.30 -4.3
94.32 4.2

94.34 4.35
94.36 3.16
94.38 -3.9
94.40 -12.3
94.42 -13.1
94.44 -13.1
94.46 -13.1
94.48 -13.1
94.50 -13.1
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DAR FM TEST RECEIVER DATA
Receiver Lab #2

Type High End Home Hi-Fi

Description

Laboratory FM -> FM D/U Ratios

Radio Characterization/Confirmation

Signal, Noise, & Separation VS RF Level
Graph of Signal & Filtered Noise VS RF Level
Graph of Separation VS RF Level

Graph of Signal, Noise, Filtered Noise, & Separation VS
RF Level

Woodstock Engineering Receiver Test Report

Audio VS RF Frequency Test‘ (no measurement made)
Receiver Upper 1lst Adjacent Interference/Noise
Receiver Lower 2nd Adjacent Interference/Noise

Receiver Upper 2nd Adjacent Interference/Noise
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FM -> FM Laboratory Measurements for the Denon Model TU-380 RD

Laboratory Receiver #2

Type: High end home Hi-Fi
Measurements were made at a moderate signal level of -62 dBnm.

The signal to noise ratio was set at 45 dB and this measurement
was made using a 15kHz low pass and a CCIR filter with quasi-peak

detection.

Test Results:

Co-Channel D/U 43.39 dB
Lower First Adjacent D/U 23.61 dB
Upper First Adjacent D/U 12.46 dB

Lower Second Adjacent D/U -24.67 dB

Upper Second Adjacent D/U -33.18 dB

Page 1



ELECTRONIC INDUSTRIES ASSOCIATION
Digital Audio Radio Laboratory

Engineers: RMc/DL

DATE: 2/21/95

PROJ.: RADIO CHARACTERIZATION/CONFIRMATION
* Key point measurements for comparison to Grossjean data
* Additional data with regard to audio performance VS RF level

TEST SET-UP
* Receiver:  Denon TU-380RD
* Ant. Net:  50/75 ohm resistive pad (-7.8dB insertion loss)
* Audio Ref: 724mVrms
* Receiver in "Auto” Mode for stereo tests
* Receiver in manual mode for mono tests
* Test Bed, W/Orban Stereo Gen & Harris Exciter as Signal Source
* Audio measurements made with Audio Precision as rms unweighted

FM TESTS { TEST FQ. 94.1MHZ)

S/N RATIO - 1KHZ, 100% MOD
MAX 70dB -62dBm {mono)

THD - 1KHZ, 100% MOD (-50dBm}
MONO 0.17 %
STEREO 0.24 %

LIMITING THRESHOLD (Audio -1dB)
-106dBm

HIGH CUT THRESHOLD
Audio: 10KHZ, L+R, 100% Mod, Pilot off
NA due 1o mute

SEPARATION @ -62dBm

Freq. L->R R->L
1KHZ - -38dB -37dB {(W/0 Pre-Emph}
10KHZ -35dB -34dB {W/O Pre-Emph}

SIGNAL, NOISE & SEPARATION VS RF LEVEL

* Left channel used as the measurement channel for Signal and Noise data
* Left channel driven (L only) for separation data

* Audio test frequency = 1KHZ
« Receiver in "Manual” mode for Mono measurements, “Auto” mode for stereo measurements

* RF levels represent power into the receiver after 50/75 ohm conversion

Page 2



CURVE DATA
SIGNAL, NOISE & SEPARATION VS RF LEVEL
mono (L) Stereo (L} Separation L->R
RF Levei Signal Noise Signal Filt. Noise Noise |RF Level Left Right

dBm dB dB dB dB ds dBm dB dB
-130 -12 412 -73 -73 -73 -130 -73 -73

-125 -12 -12 73 -73 -73 -125 -73 -73

-120 -12 -12 -73 -73 -73 -120 -73 -73

-115 -9 -12 -73 -73 -73 -115 -73 -73

-110 -3.7 -21 -73 -73 -73 -110 -73 -73

-105 -0.6 -33 -73 -73 -73 -105 -73 -73

-100 -0.05 -44 -73 -73 -73 -100 -73 -73

-95 o] -47 0 -33 -33 -95 0 -29

-90 0] -562 0 -38 -38 -90 0 -33

-85 1] -57 0 -43 -43 -85 o] -36

-80 0 -62 0 -48 -48 -80 ] -37

-75 0 -66 ] -53 -53 -75 0] -38

-70 0 -68 0 -57 -57 -70 0 -38

-62 0 . -70 0 -62 -62 -62 0 -38

-57 0 -70 0 -64 -64 -57 0 -38
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EIA DAR LAB
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GEN RCVR
TUNER TEST DATA
Manufacturer: Denon
Model Number: TU-380RD
Serial Number: (4056301149)
3 High End Home Hi-Fi

RCVR

Using IEEE/EIA 10Q,108,45Q matching pad

FM 308 modulation(98.1MHz)

20 dB S/N 2.2 1.1 wv 12.1 dBf
30 dB S/N 3.2 1.6 uv 15,2 dBf
50.dB S/N 25.2  12.6 uv 33.3 dBf
Interstation Noise -3.0 dB
Mute start Level 10.0 5.0 uv 25.2 dBf
High cut at 10KHz none
Fo+kIF rejection 16.0 8.0 mv 77.2 dB
Image rejection 794.0 397.0 uv 51.1 dB
FM 1008 MODULATION MONO
Usable Sensitivity 4.0 2.0 v 17.3 dBf
50dB S/N 11.0 5.5 uv 26.1 dBf
Maximum S/N 78.0 dB
THD % 0.2
AM Rejection at lmv  §5.2 dB
FM 100% MODULATION STEREO
Usable Seneitivity mutes
50dB S/N 80.0 40.0 uv 43.3 dBf
Maximum S/N 66.0 dB
THD % 0.2
1KHz separation 55.0 ds
10KHz separation 37.0 dB
Stero Blend action: none T
Separation at 25uV receiver input dB 39.2 dBf
67KHz SCA Rejection <-66.0 dB
&F=5KH2
19 and 38KHzproducts -53.0 dB
FM TWO SIGNAL TESTS(98.1 MHz)
708uV (=-50dBm)
Capture Ratio 2.3 ds
Selectivity@ 200KHz
for 30dB S/N 11.0 dB
for 50dB S/N 9.5~ ds
Selectivity@ 400KHz
for 30dB S/N 67.0 dB
for 50dB S/N 46.5— dB
IM Rejection 3.5 1.8 mv 76.1 dBf
(98.9 and 99.7 )
2MHz IM rejection 4.0 2.0 mv 77.3 dBf
(99.1 and 100.1)
IF mix rejection 4.0 2.0 mv 77.3 dBf
(96.4 and 107.2)
AM 30% MODULATION MONO
DUMMY ANTENNA: 50Q generator to AM ANT terminals
20dB S/N 3.0 3.0 uv -97.4 dBm
Max S/N 53.0 dB
THD at max S/N 0.3 )
THD at 80% mod c.8 %
-3dB Audio Response
600KHz 1945.0 Hz
1400KHz 1945.0 Hz
$10KHz Selectivity 33.0 ds
$20KHz Selectivity 52.0 dB

Local AGC action:
level for -3dB 600KHz desired signal reduction

1400KHz none
10MHZ
27MHzZ

IF mix rejection

(1400 & 945 or 950) 2.5 1.8 mv -39.0 dBm

-~106.2 dBm
«103.0 dBm
-85.0 dBm
-93.0 dBa

-88.9 dBm
-55.0 dBm

-101.0 dBm
-92.2 dBm

-74.9 dBm

-73.0 dBm

-42.1 dBm
-41.0 dBn
~41.0 dBm

Ngf
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DAR Lab
Mar 8/95 DENUP1.XLS

RMc
Denon TU-3B0RD Adjacent Channel Characteristics

Upper first adj. channel 94.3mhz

Note:
* The results here represent a chacteristic receiver input signature based on ramping the undesired
signal up in 1dB increments and recording the signal to noise ratio.
* The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection
* The interfering signal is modulated with clipped pink noise
* SCA's {group B) are employed on both the desired and the undesired signals.

UNDES. | RADIO
ATTEN. | SIN (dB) o
40 DENON TU-38RD uppsn 1st ADJ. CHARACTERISTICS
39 50 ] i
38 40 T “ o
37 2 T
36 g 30| T
35 :20_ p . E;fi,‘
34 @ S ;
33 10 J | by
32 0 .
31 OmvaOCD(O?_SSODGD?N
M N N N &N N = v
30 UNDESIRED ATTENUATOR SE‘ITB% 048
29
28
27
26
25
24 48.6
23 48
22 474
21 46.5
20 46
19 45.2
18 44.2
17 43.4
16 425
15 41.6
14 40.5
13 39.7
12 38.8
11 37.8
10 36.8
) 35.8
8 34.8
7 33.8
6 32.7 |b/U=0dB
5 32
4 30.9
3
2
1 9
)




408

DAR Lab
Mar 8/95 DENLOW2.XLS

Denon Adjacent Channel Characteristics

Lower second adj. channel 93.7mhz

Note:

The resuits here represent a chacteristic receiver input signature based on ramping the undesired
signal up in 1dB increments and recording the signal to noise ratio.

The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection
The interfering signal is modulated with clipped pink noise

SCA's {group B) are employed on both the desired and the undesired signals.

UNDES. | RADIO
ATTEN. | S/N (dB)
40 DENON TU-380RD: LOWER 2nd ADJ. CHARACTERISTICS
38 % L I
40 . SO RO .\_/ - 3 L T
37 =) T i
35 Sl | ."T’IS?
= z e
33 @ 0 1] l P
32 ) P
31 839 IJegreogre o
gg D/ﬁ=qwd%slnso ATTENUATOR SETTING
28 50.5
27 50.5
26 50.5 |D/U=-20dB
25 50
24 49.8
23 49.3
22 47.4
21 41.9
20 38.2
19 37.9
18 41.3
17 43.5 ,
16 43
15 43
14 42.8
13 42
12 41.4
11 40.5
10 39.8
9 38.9
8 38.3
7 37.5
6 36.6
5 36
4 35.2
3
2
1 Page 10
0




DAR Lab

Mar 13/95

DENUP2.XLS

Denon TU-380RD Adjacent Channel Characteristics

Upper second adj. channel 94.5mhz

Note:

* The results here represent a chacteristic receiver input signature based on ramping the undesired
signal up in 1dB increments and recording the signal 1o noise ratio.

* The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection

* The interfering signal is modulated with clipped pink noise

* SCA'’s (group B) are employed on both the desired and the undesired signals.

UNDES. RADIO
ATTEN. S/N (dB)
40 51.2

338

38

37

36

35

34

33

32

31

30 51.9
29

28 51

27 50.9

26 50.8

25 50.6

24 50.5

23 50.3

22 50

21 49.8

20 48.5
18 49.2
18 48.8
17 48.2
16 47.7
15 47
14 46.3

13 45.2
12 42.5
11 39.4

10 36.6
9 34.8
8 33.7
7 32.9
6 32.6
5 32.4
4 32.5
3 32.8
2 32.8
1 32.9
0 32.9

D/U=-20dB

S/N RATIO

o DENON: UPPER 2nd ADJ. CHARACTERISTICS

Pt ]| |1 Pl

40 ) RN
30 L | e e ] . S S 2 e — _T } R
20 b-Lfd b b bd DL ] L N THﬂ-
10 bl
o _

O O O I N O W W < &N O © O <« o~ O

M N &N N N N v — «—

DlU=

A UNDESIRED ATTENUATOR SETTING
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DAR FM TEST RECEIVER DATA
Receiver Lab #3
Type Portable

Description

Laboratory FM -> FM D/U Ratios

Radio Characterization/Confirmation

Signal, Noise, & Separation VS RF Level
Graph of Signal & Filtered Noise VS RF Level

Graph of Separation VS RF Level

Graph of Signal, Noise, Filtered Noise, & Separation VS
RF Level

Woodstock Engineering Receiver Test Report
Audio VS RF Frequency Test

Receiver Upper 1st Adjacent Interference/Noise
Receiver Lower 2nd Adjacent Interference/Noise

Receiver Upper 2nd Adjacent Interference/Noise



K

FM -> FM Laboratory Measurements for the Panasonic Model RX-FS430

Laboratory Receiver #3
Type: Portable (Blaster)
Measurements were made at a moderate signal level of -62 dBm.

The signal to noise ratio was set at 45 dB and this measurement
was made using a 15kHz low pass and a CCIR filter with gquasi-peak

detection.

Test Results:

Co-Channel D/U 40.94 dB
Lower First Adjacent D/U 27.33 dB
Upper First Adjacent D/U 27.19 dB

Lower Second Adjacent D/U -22.41 dB

Upper Second Adjacent D/U 2.16 dB

Page 1



ELECTRONIC INDUSTRIES ASSOCIATION
Digital Audio Radio Laboratory

Engineers: RMc/DL

DATE: 2/21/95

PROJ.: RADIO CHARACTERIZATION/CONFIRMATION
* Key point measurements for comparison to Grossjean data
* Additional data with regard to audio performance VS RF leve!

TEST SET-UP
* Receiver: Panasonic Portabie stereo

* Ant. Net:  50/75 ohm resistive pad (-7.8dB insertion loss)}

* Audio Ref: 1.0Vrms

* Test Bed, W/Orban Stereo Gen & Harris Exciter as Signal Source

* Audio measurements made with Audio Precision as rms unweighted except stereo noise.

FM TESTS { TEST FQ. 94.1MH2Z)

=
¥

S/N RATIO - 1KHZ, 100% MOD

MAX -61dB -62dBm  {mono)

THD - 1KHZ, 100% MOD {-50dBm)

MONO 0.54 %

STEREO 1.10 % (increase due to pilot content)

LIMITING THRESHOLD (Audio -1dB)
-86dBm

HIGH CUT THRESHOLD
“Audio: T0KHZ, L+R, 100% Mod, Pilot off

NA

SEPARATION @ -62dBm

freq. L->R R->L
1KHZ 30.8dB 29dB (W/O Pre-Emph)
10KHZ 25d8B 24dB {(W/O Pre-Emph}

SIGNAL, NOISE & SEPARATION VS RF LEVEL

* Left channel used as the measurement channel for Signal and Noise data
* Left channel driven (L only) for separation data

* Audio test frequency = 1KHZ
* RF levels represent power into the receiver after 50/75 ohm conversion

Page 2
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CURVE DATA
SIGNAL, NOISE & SEPARATION VS RF LEVEL
mono (L) Stereo (L) Separation L->R

RF Level Signal Noise Signal Filt. Noise Noise |RF Level Left Right

dBm dB dB dB dB dB dBm dB dB
-130 -27.8 -27.8 -28 -27 -28 -130f -27.5 -27.5
-125 -27.7 -27.8 -28 -27 -28 -125§ -27.5 -27.5
-120 -27.3 -27.9 -28 -27 -28 -120f -27.5 -27.5
-115 -24.6 -28.2 -25.4 -25 -29 -115] -26.2 -26.7

-110 -18 -29 -18.4 -24 -29.7 -110] -21.5 -22
-105 -9.8 -31.5 -10.2 -21.5 -32 -105 -14.1 -14.8

-100 -3.46 -37 -3.8 -22 -28 -100 -3.2 -22
-85 -0.6 -46.5 -0.6 -29.6 -32.3 -95 -0.5 -26.3
-80 0 -55.4 o -34.4 -36 -90 0 -28.3
-85 0 -61 0 -39.5 -38.6 -85 0 -29.4

-80 0 -64.5 0 -46 -40 -80 0 -30
-75 0 -66 0 -51 -40.5 -75 0 -30.6
-70 0 -66 0 -55.7 -40.7 -70 0 -30.7
-62 0 -66 0 -61 -40.7 -62 0 -30.8

-57 -57

Page 3




AUDIO LEVEL (dB)
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EIA DAR LAB
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EIA DAR LAB

PANASONIC RX-FS430
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EIA DAR LAB

PANASONIC RX-FS430
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RCVR RCVR
FM TUNER TEST DATA

Manufacturer: Panasonic
Model Number: RX~FS$430
Serial Number: GR3JA01184
Type: Personal Portable

using IEEE/IHF 109,100,450 resistive pad
external antenna disconnected

FM 30% modulation(98.1MHz)

20 dB S/N 4.3 2.15 uv 17.9 dBf ~100.3 dBm
30 dB S/N 6.8 3.4 uv 21.9 dBf -96.4 dBm
50 dB S/N 80 40 uv 43.3 dBf -74.9 dBm
Interstation Noise -15 dB
Mute start Level Hv dBf dBm
High cut at 10KHz dB at uv
Fo+4IF rejection 8 4 mv 65.4 dB
Image rejection 36 18 uv 18.5 dB
FM 100% MODULATION MONO
Usable Senditivity 6 3 uv 20.8 dBf -97.4 dBm
50dB S/N 14 7 uv 28.1 dBf -90.1 dBm
Maximum S/N 61 dB
THD % 0.34
AM Rejection at lmv 48 ds
FM 100% MODULATION STEREO
Usable Sensitivity . 9 4.5 uv 24.3 dBf -93.9 dBm
50dB S/N 100 50 uv 45.2 dBf -73.0 dBm
Maximum S/N 60 dB
THD % 0.35
1KHz separation 35 dB
10KHz separation 38.5 dB
Stero Blend action: none
Separation at 50uV dB 39.0 dBf -81.0 dBm
67KHz SCA Rejection 54 ds
SF=5KHzZ
19 and 38KHzproducts -40 ds
FM TWO SIGNAL TESTS(98.1 MHz)
708uv (-50dBm)
Capture Ratio 1.4 dB
Selectivity@ 200KHz
for 30dB S/N 5.5 dB
for 50dB S/N 2 dB
Selectivity@ 400KHz
for 30dB S/N 29 dB
for 50dB S/N 23.5 dB
IM Rejection 4 2 mv 77.3 dBf -41.0 dBm
(98.9 and 99.7 )
2MHz IM rejection 4 2 Vv 77.3 dBf -41.0 dBm
(99.1 and 100.1)
4 2 v 77.3 dBf -41.0 dBm

IF mix rejection
(96.4 and 107.2)

AM 30% MODULATION MONO
DUMMY ANTENNA: 500 gem to 5.6uH in series with ferrite antenna
20dB S/N 16 16 uv -82.9 dBm
Max S/N S1 dB
THD at max S/N 0.7 %
THD at 80% mod 1.1 %
-3dB Audio Response %
600KHz 1570
1400KHz 1680 Hz
*10KHz Selectivity 14 ds
$20KHz Selectivity 28.5 dB .
dBm

Local AGC action:
level for -3dB 600KHz desired sxgnal reduction

1400KHz mv dBm
10MHZ 141 141 mv -4.0 dBm
27MHz mV dBm
IF mix rejection
(1400 & 545 or S$50) NM mvV dBm

local AGC prevents measurement

7



H4i8
DAR Lab
Mar 15/95
Panasonic Channel Characteristics

PANAVRF.XLS
94.1MHZ

Audio VS RF Frequency

Note:

The results here represent a chacteristic receiver input signature based on sweeping the RF signal
through the desired channel

The test signal is modulated with 1khz @ 100%

The measurements are made using 15khz low pass and CCIR filters with quasi-peak detection
RF level is -62dBm

Manual tuned radio - tuned for lowest distortion for center tuning

RF AUDIO

FREQ' LEVEL . ——— P -a - . - . PP N - -—

93.70 -3.6 PANASONIC: AUDIO VS RF FREQUENCY

93.72 0.12 1oL l.llli':::;

93.74 2.31 @ ol N L | | P L

93.76 3.36 & g0 | LA ' LU T

93.78 3.72 = II‘ i

93.80 3.65 g 20f "']~"f§§ i

93.82 3.15 2 30 H,!’— Hy

93.84 2.03 40 BRRRE SR
- - (3] [ap} [Te]

e [ on So 8o go 8o §o 3o 3o 3° E°

93.90 -2.66 RF FREQUENCY

93.92 .77

93.94 -1.22

93.96 -0.83 o o A o

93.98 -0.56 PANASONIC: AUDIO VS RF FREQUENCY

94.00 -0.34 10 NP ’

94.02 -0.17 2 o LT HHRBUVZIBR

94.04 -0.03 ?u 10 g ‘P‘*FFV ’ ; | P ' x

34.06 0.05 > [ i

94.08 0.07 g 20 ! MR

94.10 0 Tuning 2 -30 [ | l Pidre

94.12 -0.09 40 REBERE

94.14 -0.29 ~ @ o} o - o~ ] < o ©

54.16_| 0.4 5°8°8°35°3°3°3°38°3° 3

94.18 -0.85 RF FREQUENCY

94.20 -1.21

94.22 -1.63

94.24 2.12

94.26 -2.69

94.28 -3.34

94.30 -4.09

94.32 -4.95

94.34 -5.94

94.36 -7.18

94.38 -8.82

94.40 -9.56

94.42 -1.51

94.44 3.06

94.46 5.32

94.48 6.36 Page 8

94.50 6.89




DAR Lab
Mar 8/85 PANUP1.XLS

RMc
Panasonic Adjacent Channel Characteristics

Upper first adj. channel 84.3mhz

Note:
* The results here represent a chacteristic receiver input signature based on ramping the undesired

signal up in 1dB increments and recording the signal to noise ratio.
* The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection
* The interfering signal is modulated with clipped pink noise
* SCA's (group B) are employed on both the desired and the undesired signals.

UNDES. | RADIO

ATTEN. | S/N (dB)
40 PANASONIC: UPPER 1st ADJ. CHARACTERISTICS
39 48.2 50 | 11 : ~ f SRR
38 47.8 40 L | | H IRESN
37 47.3 o) ~— L RN NN
36 46.7 g 30 T IR RERERE
35 46 Z 20 | l EENEEN
34 45.5 & REREK
33 44.8 10 ! EEERRE
32 43.9 0 S
31 43.3 ! STLEIJLIreTae®o v o0
30 42.3 , UNDESIRED ATTENUATOR SETTB% —04B
29 41.4 =
28 40.5
27 39.6
26 38.7
25 37.8 PANASONIC UPPER 1st ADJACENT CHARACTERISTICS
24 36.7 50 | piiy) ) e
——— o TEEAERRALLL L
22 34.9 o) > SE S I
21 33.9 2 30 T
20 32.9 z 20 | il
19 32 s il
18 31 10 I,"‘Hi‘ """
17 30 0 ! i ’ Pl
16 O~ ¥ = O Ih &N O © M O ~ ¢ -~
= i UNDESIRED ATTENUATOR SETTING ) _ o o
o b e e .
12
11
10
9
8
7
6 D/U=0dB
5
4
3
2
1 Page 9
0




DAR Lab
Mar 8/95 PANLOW2.XLS

Panasonic Adjacent Channel Characteristics

Lower second adj. channel 83.7mhz

Note: .
The results here represent a chacteristic receiver input signature based on ramping the undesired

signal up in 1dB increments and recording the signal to noise ratio.

The measurements are made using a 15khz low pass and CCIR filters with guasi-peak detection
The interfering signal is modulated with clipped pink noise

SCA's (group B) are employed on both the desired and the undesired signals.

UNDES. | RADIO
ATTEN. SIN ‘dB) .- .—— P e e mee e - PR - . - e maea
40 PANASONIC: LOWER 2nd ADJ. CHARACTERISTICS
39 50 sy YRy
38 40 N ; i
37 9 N : |
36 g% ~ ] j e
: e | b
34 @ b
33 10 R S FUORS W U GO QU JUUR S QU U AN Y U S SN QPO g JUOR G S ! _{T- -
32 ) P
31 O ©® © < N O W W <+ N O W W ¢ N O
™M N N AN N N v = = v
gg D/U _UNDESIRED ATTENUATOR SETTING
28
27
26 D/U=-20dB
25 48.3 i
24 47.3
23 46.2
22 44.6
21 40.6
20 36.5
19 33.2
18 31.4
17 30.8
16 30.8
15 30.6
14 29.2
13 27.5
12 25.8
11
10
9
8
7
6
5
4
3
2
1 Page TO.
0

b gE



-

DAR Lab

Mar 13/95

PANUP2.XLS

Panasonic Portable Radio Adjacent Channe! Characteristics

Upper second adj. channel 94.5mhz

‘Note:
The results here represent a chacteristic receiver input signature based on ramping the undesired

signal up in 1dB increments and recording the signal to noise ratio.

The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection
The interfering signal is modulated with clipped pink noise

SCA's {(group B) are employed on both the desired and the undesired signals.

UNDES. RADIO
ATTEN. S/N (dB)
40 47.9
39 49.7
38 49.5
37 48.7
36 48.8
35 47.5
34 48
33 47.5
32 46.8
31 46.1
30 45.6
28 45
28 44.1
27 43.3
26 42.5
25 41.4
24 40.6
23 39.8
22 38.8
21 38
20 37
19 36.1
18 35
17 34
16 33
15 32
14 31
13 30
12 28
11 28
10 27
9 26
8 25
7 24
6 23
5 22
4 21
3 20
2 19
1 15
0 5

D/U=0dB

S/N RATIO

40

30 |-

20

50 PANASONIC: UPPER 2nd ADJ. CHARACTERISTICS

L

10 } |

et
J-- N5~\
—t_]

0
o]
™

Q@ © < N O © © < &N O ® O v N O
N N N &N N = = ™ = =«

A
D/U =l6ngESIRED ATTENUATOR SETTING
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DAR FM TEST RECEIVER DATA
Receiver Lab #4

Type Home Hi-Fi

Index
Page Description

1 Laboratory FM -> FM D/U Ratios

2 Radio Characterization/confirmation

3 Signal, Noise, & Separation VS RF Level

4 Graph of Signal & Filtered Noise VS RF Level

5 Graph of Separation VS RF Level

6 Graph of Signal, Noise, Filtered Noise, & Separation VS

RF Level

7 Woodstock Engineering Receiver Test Report

8 Audio VS RF Frequency Test

9 Receiver Upper 1st Adjacent Interference/Noise
10 Receiver Lower 2nd Adjacent Interference/Noise

11 Receiver Upper 2nd Adjacent Interference/Noise



FM -> FM Laboratory Measg;ements for the Pioneer Model SX-201
Laboratory Receiver #4

Type: Home Hi-Fi

Measurements were made at a moderate signal level of -62 dBm.

The signal to noise ratio was set at 45 dB and this measurement
was made using a 15kHz low pass and a CCIR filter with quasi-peak

detection.

Test Results:

Co-Channel D/U 44.18 dB
Lower First Adjacent D/U 31.87 4B
Upper First Adjacent D/U 21.22 4B

Lower Second Adjacent D/U -15.16 dB

Upper Second Adjacent D/U -14.92 @B

Page 1



ELECTRONIC INDUSTRIES ASSOCIATION
Digital Audio Radio Laboratory

Engineers: RMc/DL

DATE: 2/21/95

PROJ.: RADIO CHARACTERIZATION/CONFIRMATION

* Key point measurements for comparison to Grossjean data
* Additional data with regard to audio performance VS RF level

TEST SET-UP
* Receiver: Pioneer SX-201

* Ant. Net:  50/75 ohm resistive pad {-7.8dB insertion loss}

* Audio Ref: 580mV
* Receiver in “Manual Tuning” Mode for all measurements

* Test Bed, W/Orban Stereo Gen & Harris Exciter as Signal Source
* Audio measurements made with Audio Precision as rms unweighted

FM TESTS ( TEST FQ. 94.1MH2Z)

*.

S/N RATIO - 1KHZ, 100% MOD

MAX -65dB -62dBm  (mono)

THD - 1KHZ, 100% MOD (-50dBm)

MONO 0.64 %

STEREO 137 % (Increase due to pilot content)}

LIMITING THRESHOLD (Audio -1dB}
-108dBm

HIGH CUT THRESHOLD
Audio: 10KHZ, L+R, 100% Mod, Pilot off

NA

SEPARATION @ -62dBm

Freq. L->R R->L
1KHZ -33.4dB -34.5dB  (W/O Pre-Emph)
10KHZ -23dB -24.4dB  (W/O Pre-Emph)

SIGNAL, NOISE & SEPARATION VS RF LEVEL

* Left channel used as the measurement channel for Signal and Noise data

* Left channel driven (L only} for separation data
* Audio test frequency = 1KHZ
* Receiver in “Manual Tuning” Mode for all measurements

* RF levels represent power into the receiver after 50/75 ohm conversion
* Filt. Noise figures represent noise measurements made with a 15khz low pass filter to reject the pilot

Page 2



CURVE DATA

SIGNAL, NOISE & SEPARATION VS RF LEVEL

mono (L) Stereo {L) Separation L->R
RF Level Signal Noise Signal Fiit. Noise Noise {RF Level Left Right
dBm dB dB dB dB d8 dBm dB dB
-130 -14.3 -14.3 -14.8 -14.5 -14.8 -130 -15 -15
-125 -14.3 -14.3 -14.8 -14.5 -14.8 -125 -15 -15
-120 -12.8 -15.3 -13 -14.7 -15 -120 -15 -14
-115 -7.8 -17.5 -8.3 -16.5 -17 -115 -13.5 -8.7
-110 -2.2 -25 -2.5 -22.5 -24 -110 -8.6 -6
-105 -0.2 -46 -0.23 -43.5 -40 -105 -6 -6
-100 0 -53 ] -52.6 -41.5 -100 -6 -6
-95 o] -58 0 -57.9 -42 -85 -6 -6
-90 0 -62.3 0 -62.3 -42 -90 -6 -6
-85 0 -65 0 -45 -39 -85 0 -33.1
-80 (0] -67 0 -50 -39.8 -80 0 -33.4
-75 0 -67 0 -54.8 -40 -75 ] -33.4
-70 (o] -68 0 -569.3 -40 -70 o} -33.4
-62 0 -68 .0 -64.5 -40 -62 0 -33.4
-57 -57
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E!A DAR LAB

PIONEER SX-201
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EIA DAR LAB

PIONEER $X-201
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GEN RCVR
F¥ TUNER TEST DATA 30048
Manufacturer: Pioneer
Model Number: SX-201
Serial Number: OA3965843C
Type: Home Hi-Fi

RCVR

using JEEE/IHF 10Q,10Q,45Q resistive pad

and balun transformer
FM 30% modulation(98.dBm levels are 300Q balanced output

20 dB S/N 3

30 dB S/N 4.4

S0 dB S/N 7

Interetation Noise -2
Mute start lLevel

High cut at 10KHz 0

Fo+&IF rejection 5

Image rejection 224

FM 100% MODULATION MONO

Usable Senditivity 4.4
50dB S/N : 14
Maximum S/N 75
THD % 0.33

AM Rejection at 1lmV 56

FM 100% MODULATION STEREO

Usable Semnsitivity sewitches to mono
0

4.

22

3
4
7

5
4

S0

50dB S/N 7 35 uv
Maximum S/N 66 dB
THD % 0.8
1KHz separation 39 dB
10KHz separation dB
Stero Blend action:
separation at 50uVrec 37 ds
67KHz SCA Rejection 65 dB
§F=5KHz .
19 and 38KHzproducts <21 ds
FM TWO SIGNAL TESTS(98.1 MHz)
Capture Ratio 1.5 dB
Selectivity@ 200KHz
for 30dB S/N 6 dB
for 50dB S/N 2.5 ds
Selectivity@ 400KHz
for 30dB S/N 51 dB
for 50dB S/N 46.5 dB
IM Rejection -3 3 mV
(98.9 and 99.7 )
2MHz IM rejection 8 mV
(96.4 and 100.1)
1.4 mv

IF mix rejection 1.4
(96.4 and 107.1)

AM 30% MODULATION MONO
DUMMY ANTENNA:

r

at

14.8
18.1
22.1

64.4
37.5

42.1

39.2

74.8
83.3
68.1

dBf
dBf
[-3:34

dBf
dBf

dBf
dBf

dBf

dBf
dBf
dBf

replacing loop

500 ganerato
20dB Ss/N 5 15 uv -83.5 dBm
Max S/N 51 dB
THD at max S/N 0.1 S
THD at 80% mod 0.5 %
-3dB Audio Response L3
600KHZ 1484
1400KHz . 1484 Hz
+10KHz Selectivity 26 dB
*20KHz Selectivity 38 dB
Local AGC action: uv dBm
level for -3dB 600KHz desired signal reduction
1400KHz
10MHz oV dBm
27MHz oV dBm
IF mix rejection
{1400 & 945 or 950) 10 10 mV -26.98 dBm

level
~97.4 dBm

-94.1 dBm
~-90.1 dBm

dBm

100.1 dBm
-90.1 dBm

dBm
-76.1 dBm

-73.0 dBm

-37.4 dBm
-28.9 dBm
-44.1 dBm
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DAR Lab
Mg 8795 A 1Lk [5/Y5T PIONAVRF.XLS
Pioneer Channel Characteristics 94.1MHZ

Audio VS RF Frequency

Note:

The results here represent a chacteristic receiver input signature based on sweeping the RF signal

through the desired channel
The test signal is modulated with 1khz @ 100%
The measurements are made using 15khz low pass and CCIR filters with quasi-peak detection

RF level is -62dBm

RF AUDIO
FREQ. LEVEL
93.70 2.75 ' PIONEER: AUDIO VS RF FREQUENCY
93.72 9 } g l ' l ‘ il
93.74 10.4 z / N L LT
93.76 10.66 o - T
= S
93.78 10.63 > 1 R
93.80 10.4 s 320 1h ) AL f"i_; ===
93.82 9.88 2 B T
93.84 8.52 3 - AHIEERERE
93.86 4.12 ~ @ o o - ~ ™ < 0
93.88 | -1.76 $5° 8° 8° $° 8° 3° 3° 5° s°
93.90 -1.62 RF FREQUENCY
93.92 -1.52
93.94 -1.3
93.96 -1.05
93.98 -0.81
94.00 -0.6
94.02 -0.41
94.04 -0.26
94.06 0
94.08 0
94.10 0 Tuning Frequency
94.12 0
94.14 0
94.16 -0.13
94.18 -0.24
94.20 -0.39
94.22 -0.57
94.24 -0.78
94.26 1.07
94.28 -1.43
94.30 -1.88
94.32 -2.5
94.34 1.54
94.36 5.32
94.38 7
94.40 7.7
94.42 8
94.44 7.9
94.46 7.5
94.48 6.2 Page 8
94.50 4




DAR Lab
Mar 8/95
RMc

Pioneer Adjacent Channel Charactaeristics

PIONUP1.XLS

Upper first adj. channe! 94.3mhz

Note:

* The results here represent a chacteristic receiver input signature based on ramping the undesired
signal up in 1dB increments and recording the signal to noise ratio.

* The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection

* The interfering signal is modulated with clipped pink noise

* SCA's (group B) are employed on both the desired and the undesired signals.

UNDES. RADIO
ATTEN. | S/N (dB)

20

39

38

37

36

35

34

33

32

31

30 46.6
29 45.8
28 25.3
27 34.6
26 23.7
25 43
24 42
23 41
22 40.2
21 39.3

20 38.3
19 37.3
18 36.3
17 35.4
16 34.5
15 33.5
14 32.5
13 31.3
12 30.4
11 28.4
10 28.4
9 27.3
8 26.3
7 25.3
6 24 |D/U=0dB
5 23.2
4 22.1
3 21
2 19.9
1 18.6
0 17.4

S/N RATIO

PIONEER
0

b?%ﬁ~

40
30
20
10

$X-201: UPPER 1st ADJ CHARACTERISTICS
il
g = S I 0 I R P :

|
Hf':.._
!}'

I

!

!
L

@ O
N N

30%

Page 9

d N O O O I N O O W v N O
N N N ~ = +~ = o

UNDESIRED ATTENUATOR SETTB% 0dB



DAR Lab
Mar 8/85 PIONLOW2.XLS

Pioneer SX201 Adjacent Channel Characteristics

Lower second adj. channel 93.7mhz

Note:

The results here represent a chacteristic receiver input signature based on ramping the undesired
signal up in 1dB increments and recording the signal to noise ratio.

The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection
The interfering signal is modulated with clipped pink noise

SCA's {group B) are employed on both the desired and the undesired signals.

UNDES. | RADIO
ATTEN. | SIN (dB)
gg 5 PIONEER SX201: LOWER 2nd ADJ. CHARACTERISTICS
38 Tl NERRE
37 o O T m L
36 g 30 T BARER
35 49.9 :20 llllli
34 49.2 & BEEAE
33 48.5 10 NEEN
32 47.8 0 e
31 47 S L&IJLeiegrevarn
gg 4252 E D’.ﬁf'_&&%s.ém ATTENUATOR SETTIING
28 443
27 433
26 42.3__|D/U=-20dB
25 41.5 '
24 40.4
23 39.4
22 38.5
21 37.5
20 36.6
19 35.3
18 34.5
17 33.4
16 323
15 31.4
14 30.2
13 29.3
12 27.9
11
10
9
8
7
6
5
4
3
2
1 Page 10
0
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DAR Lab
Mar 13/95 PIONUP2.XLS

PIONEER SX-201 Adjacent Channel Characteristics

Upper second adj. channel 94.5mhz

Note:

The resuits here represent a chacteristic receiver input signature based on ramping the undesired
signal up in 1dB increments and recording the signal to noise ratio.

The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection
The interfering signal is modulated with clipped pink noise

SCA's (group B) are employed on both the desired and the undesired signals.

UNDES. | RADIO
ATTEN. | S/N (dB) _
40 PIONEER: UPPER 2nd ADJ. CHARACTERISTICS
39 50 A
35 sy R
37 o ¥ T RESEDE
35 27.5 £ 20 ] ol
34 46.9 > P!
33 46.1 107 | ' l
32 45.3 0 ' S O
31 44.6 e8I JRrreoyegr e vwo
gg :‘3‘: , b /ﬁzﬁ’ﬁ&?'“e” ATTENUATOR SETTING
28 42
27 41
26 40.1__|D/U=-20dB
25 39.3
24 38.2
23 37.5
22 36.3
21 35.4
20 34.3
19 33.3
18 32.3
17 31.1
16 30
15 29
14 28
13 26.8
12 25.5
11 24.3
10 23.3
S 22.2
8 20.9
7 20.2
6 19.3
5 18.6
1 17.8
3 17.3
2 16.3
1 15.6 Page 1 1
0 14.6
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Digital Radio Test Laboratory
ngineer(s): DML

Date: 8/27/96
Print Date: 1/6/97

PROJECT: RECEIVER CHARACTERIZATION

Radio Mfg.: Ford RX#8
Model No.: F5XF-19B132-CA
Serial No.: VFCH 108443

FM TESTS (TEST FREQ. 94.1MHz)

TEST SET-UP
Ant. Net: None
Audio Ref: 2.0Vrms  Load Imp = 8Q
Rec. set up: Fader & Balance-Centered

Test bed: Test Bed, W/Orban Stereo Gen & Harris Exciter as Signal Source
Meas.: Audio measurements made with Audio Precision as rms unweighted

S/N RATIO - 1IKHZ, 160% MOD (-50 dBm)

MAX 68.5 dB (mono)
66.0 dB (stereo)
THD - 1KHZ, 100% MOD (-50dBm)
0.84 % (mono)
0.70 % (stereo)

LIMITING THRESHOLD (Audio -1dB)

-83 dBm

HIGH CUT THRESHOLD
Audio: 10KHZ, L+R, 100% Mod, Pilot off

-3dB= -79 dBm
SEPARATION @ -62dBm
Freq. L->R
1KHZ dB (W/O Pre-Emph)
10KHZ dB (W/O Pre-Emph)

SIGNAL, NOISE & SEPARATION VS RF LEVEL

* Left channel used as the measurement channel for Signal and Noise data
* Left channel driven (L only) for separation data

*  Audio test frequency = 1IKHZ

* RF levels represent power into the dummy antenna

* Filered Noise represents noise measurements made with a 15 kHz low pass filter to reject the pilot

CURVE DATA

LEVEL

SIGNAL, NOISE & SEPARA

File Name: FORD2.XLS FM DATA

Page 1 of 13



Digital Radio Test Laboratory

-125] -32.70 -33.00 -32.50 -33.00 -33.00 -125) -32.20 -32.20
-120] -33.00 -33.00 -33.00 -33.00 -33.00 -120] -32.20 -32.00
-115) -32.50 -33.00 -32.50 -33.00 -33.00 -115§ -32.00 -32.00
-116] -28.00 -34.00 -28.00 -34.00 -34.00 -110§ -29.90 -30.00
-105] -18.20 -37.50 -18.50 -37.50 -37.30 -105] -21.50 -21.50
-100] -5.30 -45.00 -5.50 -45.00 -44.70 -100] -8.80 -8.90
95| -2.10 -54.00 -2.14 -55.20 -54.00 95| -7.05 -7.10
90] -1.54 -38.20 -1.57 -59.40 -58.00 90| -6.56 -6.64
-85} -1.15 -61.70 -1.18 -62.70 -61.50 -85] -6.13 -6.33
-80}] -0.81 -64.20 -0.84 -64.50 -63.50 -80§ -5.70 -6.15
=751 -0.55 -66.10 -0.57 -65.50 -64.30 =751 -5.22 -6.20
=701 -0.34 -67.00 -0.37 -65.50 -63.70 -70] 4.60 -6.50

File Name: FORD2.XLS

FM DATA

Page 2 of 15
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SIGNAL/NOISE VS RF LEVEL
10.00

0.00

-10.00 /

%, -20.00 V. ——-SIGNAL
3 / ——NOISE -
I..I>J :
i -30.00 )
o
a \\
3 -40.00
I \
-50.00 \\
-60.00 \\\
\\
-70.00
Q N () wn (o] n (=] [Te) () n o [Te) o o~ o iun o wn
@ N o = | S e < X @ © ~ ~ @ @ o w0 b

RF LEVEL (dBm)

File Name: FORD2.XLS FM SN VS RF Page 3 of 15
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Digital Radio Test Laboratory

SIGNAL/NOISE VS RF LEVEL
10.00
0.00 ———
L
-10.00 //
g -20.00 A —SIGNAL
o / ——NOISE
=
@ -30.00
-] \
o
S _40.00 AN
2 \\
-50.00
' N
L
60.00 \\ |
60. -
\\-—__—
-70.00
o [Te) () (Vo) o wn o wn o wn (o) wn (] o o w (o) w0
3 &8 8 2 2 8 8 % § 8 8§ F & ¢ 8§ & 8 ¥
RF LEVEL (dBm)
File Name: FORD2.XLS FM ST SN VS RF Page 4 of 15 s
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Digital Radio Test Laboratory

SIGNAL/NOISE VS RF LEVEL

10.00
0.00 —
-10.00 //
g -20.00 A SIGNAL
- / ——NOISE
ﬁ-so.oo A
o T
o \\
S -40.00
=4 \
-50.00 \\
-60.00 \\
\\
-70.00
o n (=) w0 o n o (o] o w0 (=) 0 o o~ o (Yo} (=] [Te
& & & ¢ £ 2 2 @ @ & & N K & & ®© ©» ¥

RF LEVEL (dBm)

File Name: FORD2.XLS FM ST SN VS RF (filt) Page 5 of 15
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SIGNAL/NOISE VS RF LEVEL
10.00
0.00
-10.00 J\fMi\ﬁ
% -20.00 ]/ ~p L CHAN.
" / —O—R CHAN.
> I
]
S -40.00
<
-50.00
-60.00
-70.00
S & 8 ©2 2 8838 8 8 %8 8 2 8 § B8 8 3 %
RF LEVEL (dBm)
File Name: FORD2.XLS FM ST SEPARATION
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SIGNAL/NOISE VS RF LEVEL

10.00
0.00
-10.00 /// ~
Q@ -20.00 / NN
-l
v /
iu -30.00
-l ——————
(o]
o \\
S -40.00
=4 \
-50.00 \
\\ L
\;\ —
-60.00 N
[ ————
-70.00
o wn o 0N o wn o (Vo) o ) o tn o o (=) W o [T}
© o N h = e e @ °? ® ° N~ N~ @ @ 4 w hi

RF LEVEL (dBm)

File Name: FORD2 XLS FM Composite Page 7 of 15
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First Adjacent Channel Characteristics

Digital Radio Test Laboratory

Date: 8/27/96

Desired Frequency:
Operating Level:
Lower First Adjacent:

Note:

* The results here represent a chacteristic receiver inpu
signal up in 1dB increment
* The measurements are ma

94.1 MHz
62.0 dBm
93.9 MHz

DIV SIN_ |Undesired|
(dB) (dB) ttenuation
22.0 55.70 50.00
21.0 55.60 49.00
20.0 55.60 48.00
19.0 55.50 47.00
18.0 55.40 46.00
17.0 55.30 45.00
16.0 55.10 44.00
15.0 55.00 43.00
14.0 54.50 42.00
13.0 54.10 41.00
12.0 53.70 40.00
11.0 53.10 39.00
10.0 52.50 38.00
9.0 52.00 37.00
8.0 51.40 36.00
7.0 50.80 35.00
6.0 50.10 34.00
5.0 49.60 33.00
4.0 49.10 32.00
3.0 48.60 31.00
2.0 48.30

1.0 48.20

0.0

-1.0 48.20 27.00
-2.0 48.40 26.00

Engineer(s): DML

t signature based on ramping the undesired
s and recording the signal to noise ratio.
de using a 15khz low pass and CCIR filters with quasi-peak detection.

* The interfering signal is modulated with clipped pink noise at 100% modutation (no pilot).

0dB D/U Calibration Details

A e e e e e ettt e

Output Attenuator:

input Attenuator:
"Co-Chan." Attenuator:
Desired Ch. Output Level:
Key Point Meas.

Lower 1st

17 dB
2.5 dB (Desired sig.)
28 dB (Undesired sig.)
-62 dBm

-6.99 dBm (Desired sig.)

Pagc8of IS5

Zhh



Digital Radio Test Laboratory

-3.0 48.80 25.00
-4.0 49.20 24.00
-5.0 49,30 23.00
-6.0 48.00 22.00
LOWER FIRST ADJACENT CHARACTERISTIC
56.00
55.00 I ——
— 54.00 o~
3 N
2 53.00
o N
= 52.00
= N
= 51.00 \\
» 50.00 <
49.00 ™ AN /,//\
I~
48.00 s
Q o =} o (=} (=} o o =] o o o o o o
(8] o [+0) [{o] <t N o o0 [lo} <3 N o N <+ [{e]
[aV] N -~ - - -~ L ¢ ' '
DIV (dB)
File Name: FORD2.XLS Lower 1st

Page 9 of 15



Digital Radio Test Laboratory

First Adjacent Channel Characteristics Date: 8/27/96
Desired Frequency: 94.1 MHz Engineer(s): DML
Operating Level: 62.0 dBm
Upper First Adjacent: 94.3 MHz
Note:

* The results here represent a chacteristic receiver input signature based on ramping the undesired
signal up in 1dB increments and recording the signal to noise ratio.

* The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection.

* The interfering signal is modulated with clipped pink noise at 100% modulation (no pilot).

D/U S/IN  |Undesired|

(dB) (dB) ttenuation 0dB D/U Calibration Details

22.0 55.30 50.00 Output Attenuator: 17 dB

21.0 55.00 49.00 Input Attenuator: 2.5 dB (Desired sig.)
20.0 54.80 48.00 "Co-Chan." Attenuator: 28 dB (Undesired sig.)
19.0 54.40 47.00 Desired Ch. Output Level: -62 dBm

18.0 54.00 46.00 Key Point Meas. -6.99 dBm (Desired sig.)
17.0 53.50 45.00

16.0 53.00 44.00

15.0 52.50 43.00

14.0 51.80 42.00

13.0 51.20 41.00

12.0 50.60 40.00

11.0 50.20 39.00

10.0 49.70 38.00

9.0 49.30 37.00

8.0 49.00 36.00

7.0 48.80 35.00

6.0 48.70 34.00

5.0 48.80 33.00

4.0 49.10 32.00

3.0 49.20 31.00

2.0 49.40 30.00

1.0 49.70 29.00

50 oy

-1.0 49.10 27.00

-2.0 48.00 26.00

File Name: FORD2.X1.S Upper 1st Page 10 of 15 R
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Digital Radio Test Laboratory

-3.0 47.20 25.00
-4.0 47.00 24.00
-5.0 47.10 23.00
-6.0 47.10 22.00
UPPER FIRST ADJACENT CHARACTERISTIC
56.00
55.00 ]
_ 54.00
3 53.00
O 52.00 AN
= N
é 51.00 AN
Z 50.00 \\\ [
? 49.00 P
48.00
47.00 P
e e o © o o o 9 9 o o o o o o
N o 0 (e < (3] o [+ (o] ~t N o N < (s}
N N - -~ -~ - -~ ! ' '
D/U (dB)
Upper 1st

Page 11 of 15
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Digital Radio Test Laboratory

Second Adjacent Channel Characteristics Date: 8/27/96
Desired Frequency: 94.1 MHz Engineer(s): DML
Operating Level: 62.0 dBm
Lower Second Adjacent: 93.7 MHz
Note:

* The results here represent a chacteristic receiver input signature based on ramping the undesired
signal up in 1dB increments and recording the signal to noise ratio.

* The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection.

* The interfering signal is modulated with clipped pink noise at 100% modulation (no pilot).

D/U S/IN  |Undesired|

(dB) {dB) ttenuation 0dB D/U Calibration Details

2.0 55.80 40.00 Output Attenuator: 7dB

1.0 55.80 39.00 Input Attenuator: 12.5 dB (Desired sig.)
0.0 55.70 38.00 "Co-Chan." Attenuator; 38 dB (Undesired sig.)
-1.0 55.70 37.00 Desired Ch. Output Level; -62 dBm

-2.0 55.70 36.00 Key Point Meas. -17 dBm (Desired sig.)
-3.0 55.70 35.00

-4.0 55.70 34.00

-5.0 55.80 33.00

-6.0 55.70 32.00

-7.0 55.70 31.00

-8.0 55.70 30.00

-9.0 55.70 29.00

-10.0 55.70 28.00
-11.0 55.70 27.00
-12.0 55.70 26.00
-13.0 55.70 25.00
-14.0 55.60 24.00
-15.0 55.70 23.00
-16.0 55.70 22.00
-17.0 55.70 21.00
-18.0 55.70 20.00
-19.0 55.60 19.00
-20.0 55.60 18.00
-21.0 55.50 17.00
-22.0 55.50 16.00

Lower 2nd

Page 12 of 15
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Digital Radio Test Laboratory

-23.0 55.40 15.00
-24.0 55.00 14.00
-25.0 53.80 13.00
-26.0 46.60 12.00
-27.0 48.00 11.00
-28.0 50.20 10.00
-29.0 52.10 9.00
-30.0 53.60 8.00
-31.0 54.70 7.00
-32.0 55.70 6.00
-33.0 56.30 5.00
-34.0 56.70 4.00
-35.0 56.80 3.00
-36.0 56.70 2.00
-37.0 56.60 1.00
-38.0 56.30 0.00
5700 LOWER SECOND ADJACENT CHARACTERISTIC
56.00 LA -
55.00 /
& 54.00 /
T 53.00 /
,9_- 52.00 \
< 51.00 Ty
z 50.00 \
48.00
47.00
46.00
O 0O 0 09 0 0 9 9o 9o o0 9 o 9 9 9 9 9 o g9 Q
N O NN <« (0O 0 O (N < (0O 00 O N <& ¢ 0 O N <+ W
S A A N AN T Y 2 A A
D/U (dB)
Lower 2nd

Page 13 of 15
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Digital Radio Test Laboratory

Second Adjacent Channel Characteristics Date: 8/27/96
Desired Frequency: 94.1 MHz Engineer(s): DML
Operating Level: 62.0 dBm
Upper Second Adjacent: 94.5 MHz
Note:

*

The results here represent a chacteristic receiver input signature based on ramping the undesired
signal up in 1dB increments and recording the signal to noise ratio.

* The measurements are made using a 15khz low pass and CCIR filters with quasi-peak detection.
* The interfering signal is modulated with clipped pink noise at 100% modulation (no pilot).

D/U S/IN | Undesired|
(dB) (dB) ttenuation 0dB D/U Calibration Details
2.0 55.7 40.00 Output Attenuator: 7 dB
1.0 55.7 39.00 fnput Attenuator: 12.5 dB (Desired sig.)
0.0 55.7 38.00 "Co-Chan." Attenuator: 38 dB (Undesired sig.)
-1.0 55.7 37.00 Desired Ch. Output Level: -62 dBm
-2.0 55.7 36.00 Key Point Meas. -17 dBm (Desired sig.)
-3.0 55.7 35.00
-4.0 55.7 34.00
-5.0 55.7 33.00
-6.0 55.7 32.00
-7.0 55.7 31.00
-8.0 55.7 30.00
-9.0 55.7 29.00
-10.0 55.7 28.00
-11.0 55.7 27.00
-12.0 55.7 26.00
-13.0 55.7 25.00
-14.0 55.6 24.00
-15.0 55.7 23.00
-16.0 55.7 22.00
-17.0 55.7 21.00
-18.0 55.7 20.00
-19.0 55.7 19.00
-20.0 55.6 18.00
-21.0 55.5 17.00
-22.0 55.4 16.00

Upper 2nd

Page 14 of 15
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Digital Radio Test Laboratory

-23.0 55.4 15.00
-24.0 55.3 14.00
25.0 55.2 13.00
-26.0 55.0 12.00
-27.0 55.0 11.00
-28.0 54.2 10.00
-29.0 47.0 9.00
-30.0 441 8.00
-31.0 446 7.00
-32.0 46.0 6.00
-33.0 471 5.00
-34.0 48 1 4.00
-35.0 49.2 3.00
-36.0 50.4 2.00
-37.0 50.4 1.00
-38.0 50.7 0.00
6.0 UPPER SECOND ADJACENT CHARACTERISTIC
55.0 e
54.0
~ 53.0
3 520 \
o 51.0
E 500 \\ /"/
S 49.0 7
2 48.0
B 47.0
46.0
45.0 \ 4
44.0
O 9 9 09 0 9 0 9 9 90 Q0 9 0 9 oo oo g o
(o] o o < [{e] [+ o (2] <+ (o] 0] (=) o < «© [«2] o o < [{e] 0]
S O N T K T B I
D/U (dB)
Upper 2nd
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Appendix E

SUBCARRIER INJECTION CALIBRATION



RF Exciter

Comp.
75kHz Dev.

Harris THE - 1

94.1MHz

Oscilloscope

Y

]
|

(BNCT)

TEK 2465B

o
Lot

Attenuator

Digital Radio Test Laboratory

Spectrum Analyzer

Splitter

Y

PLOT

RMS Voltmeter

Y

Sine Waves Only

Audio Precision

Audio Generator

MEASUREMENTS
Composite

13.586 kHz

STEP | Vpp | Vims

Mod.% Notes

1 2.85 ] 0.994

100 | This step includes plot

File Name:SCA_CAL2.XLS

STEP ONE

HP 8566B

Modulation Analyzer

100%

Y

Belar Wizard

Date: 7/31/96 Engineer(s): DML
Step 1 Calibrate RF Generator for 100% Deviation
Bessel Null
* Connect test set up as shown.

* Set audio gencrator to 13.586KHz.

* If applicable, fix RT gencrator modulation
input sensitivity to known state (Boonton).

* Set audio gencrator output level for
second null (100%) 11 significant sidebands.

* Measure and record the signal voltage levels
both as Vpp and RMS.

* Measure and record modulation meter reading
* Plot spectrum analyzer display.

Establishes 100% refercnce and
basic Modulation Monitor accuracy



RF Exciter

o_|Comp.
75kHz Dev.

94.1MHz

Harris THE - |

Oscilloscope

A ]
g
Y

(BNCT)

Altenuator

Digital Radio Test Laboratory

Spectrum Analyzer

Splitter

Y

RMS Voltimeter

Orban 8200

C SCA
L+R
Pilot OFF
1 kHz @ 100%

MEASUREMENTS
Composite

o_|Sine Waves Only

Yms

File Name:SCA_CAL2.XLS

STEP TWO

Modulation Analyzer]

100%

A

Step 2 Calibrate Stereo Generator to RF Generator for 100%
Match voltage method

* Connect test set up as shown.

* Set internal audio generator to:
1kHz, L+R, 100%, Pilot; 0%

* Using the voltmeter, set stereo generator
output level for the same output voltage

as in step one.

* Measure and record the signal voltage levels
both as Vpp and rms

* Measure and record modulation meter reading

Calibrates Stereo Generator for 100%
tracenble to Bessel null

20f6



Digital Radio Test Laboratory

RF Exciter Spectrum Analyzer
o_|Comp. 94. 1M1z . Attenualor - Splitter
"1 7.5kHz Dev. o o Plot
Harris THE - |

Y

Oscilloscope RMS Voltmeter Modulation Analyzer

Sine Waves Only 10%

Y
Y
Y

]
A

(BNCT)

Audio Generator Step 3 Calibrate Modulation to 7.5kHz Deviation (10%)
Bessel Null method

3.12KHz

* Connect test set up as shown.

* Set audio generator to 3.119 kHz.

* Adjust audio generator output level
for first null (10%).

* Measure and record the signal voltage levcls
both as Vpp and rms

* Measure and record modulation meter reading

MEASUREMENTS * Plot spectrum analyzer display.
Composite

Ensures modulation monitor lincarity

3 0.285 1 0.1008 | 11 |This step includes plot

File Name:SCA_CAL2.XLS STEP THREE 3of6



Digital Radio Test Laboratory

RF Exciter Modulation Receiver Spectrum Analyzer
o |Comp. 94.1M1iz . Attenuator - Splitter o —
7.5ki1z Dev. o o T Plot
Harris THE - 1 AFM 2 (baseband)
HP 8566B

Oscilloscope RMS Voltmeter Modulation Analyze

[_] . o |Sine Waves Only . 10%
A (BNCT)
Step 4 Establish 10% reference
Peak to Peak voltage, Mod meter, & Comp. Baschand
4a * Connect test set up as shown.
* Measure and record the Peak to Peak voltage
of the oscilloscope including the broadband
baseband noise, and the rms voltage .
Stereo Generator ' * Measure and record modulation meter reading
C SCA
Internal Audio Establishes the 10% reference as
Generator Peak to Peak Voltage + Noise
3.15kHz @ 10%
4b * Increase 3.15 kHz level to 100% and calibrate 0dI3
MEASUREMENTS on spectrum analyzer baseband signal

Composite

* Turn off 3.15 kHz signal and tum on Pilot at 9%
Measure and record modulation level
Plot baseband spectrum

3 3 4 B - .- n 3
4a 0.285 | 0.100 11 13.15 kHz Vpp reading is: Vpp + noise Establishes the Pilot signal as a
4b 0.275 | 0.080 10 }19 kHz Vpp reading is: Vpp + noise spectial reference

File Name:SCA_CAL2 XLS STEP FOUR 40f6
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Digital Radio Test Laboratory

Modulation Receiver Spectrum Analyzer
RF Exciter
- SCA 94.1MHz o Attenuator o Splitter . . Plot
o o o T AFM 2 o
Harris THE-1 HP 85668
Modulation Analyze
Oscilloscope RMS Meter
-] o . -
J -
L (BNCT)
CRL SCA Gen
Step § Calibrate SCA Reference Generator Modulation Level
57 kHz Subcarrier Match voltage method
RBDS
Mixer * Connect test set up as shown.
' CRL SCA Gen
Source 2 P * Sclect position | (RBDS)
: 67 kHz Subcarrier On the Source SelectSwitch
- Unmodulated
* Measure Vpp on Oscifloscope and injection on Belar
CRL SCA Gen {cant measure rms with AP)
92 kHz Subcarrier * Select position 2 (67 kHz)
Unmodulated On the Source SclectSwitch
* Measure Vpp on Oscilloscope, injection on Belar
MEASUREMENTS - and Vrms on AP
Composite Harris SCA IN (must select Low Pass with fc=500 kHz)
STEP] Vp Vrms | Mod.% | V Vrms |Notes
1 * Repeat last 2 steps with position 3 (92 kHz)
2
3 * Plot bascband spectrum
4a
4b
5a
5b
Sc

File Name:SCA_CAL2.XLS STEP FIVE 50f 6



Digital Radio Test Laboratory

Modulation Receiver Spectrum Analyzer
RF Exciter
o {SCA 94.1MHz - Attenuator . Splitter . . Plot
" linput o o o AFM 2 o
Harris THE-1 HP 85668
Modulation Analyze
Oscilloscope RMS Meter
_l - % Injection
[_j o o Belar FM Wizard
A (BNCT) Tektronics
Calibrate Group A, B and C Subcarrier Groups
Superposition Match Voltage Method
* Connect test set up as shown.
Mixer * Select Group A
Remove 92 kHz Patch from Mixer Input
Source |
* Select Position #4 (Aux)
* Verify 3% RBDS Injection, Vpp on Oscilloscope
and injection on Belar
* Switch to Group B and verify 10 % 57 kHz Injection
Measurements * Select Group A
Harris THE-1 Harris THE-1 Remove 57 kHz Patch from Mixer Input
Composite SCA
Input Input * Connect 92kHz Patch to Mixer Input
STEP| Vpp | Vimis [Mod.% | Vpp Vrms |Notes
1 2.88 | 1.018 100 NA NA | This step includes plot * Verify 7% 92kHz Injection, Vpp
2 2.85 | 1.007 100 NA NA
3 10288 ] 0.102 10.7 NA NA __ [This step includes plot * Remove 92 kHz Patch from Mixer Input
4a | 0.285 | 0.101 10.6 NA NA  ]3.15 kHz Vpp reading is: Vpp + noise
4b 1 0.262 | 0.0926) 9.8 NA NA 119 kHz Vpp reading is: Vpp + noise * Select Position #1 (Seiko)
Sa NA NA 11 0.285 NA [57kHz
5h NA NA 11 0.285 0.100 |67 kHz * Verify 10% Proponent Injection, Vpp
Sc NA NA 10 0.285 0.100 |92 kHz
6a NA NA 1 0.280 NA _ |Sciko * Select Position #2 (DDJ) Verify 10% Injection, Vpp
6h NA NA 11 0.280 NA |DDJ
6¢ NA NA 11 0.280 NA |MITRE * Select Position #3 (MITRE) Verify 10% Injection, Vpp
Ta NA NA 4 0.092 NA  {57kHz 3% Group A
7b NA NA 11 0.285 NA 157kHz 10% Group B
7c NA NA 8 0.190 0.074 192 kHz 7% Group A
File Name:SCA_CAL2.XLS STEP SIX 6of6
o
A



Digital Radio Test Laboratory

(m’ >4 gt mw#‘ﬂ)

100 mV, S0uscc / Division 100 mV, S0usec / Division
MITRE SEIKO
17% 17%

Non-Standard Injection Page 1 of |



50 mV, SOusec / Division
DIGITAL DJ

50 mV, Spsec / Division
DIGITAL DJ

File Name: TEMPLATE.XLS

(At Scd  iopad
Digital Radio Test Laboratory

50 mV, S0psec / Division
MITRE

50 mV, Spsec / Division
MITRE

10 % Injection

,i'l |‘

g

50 mV, SOuscc / Division
SEIKO

50 mV, Susecc / Division
SEIKO

Page 1 of |
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BESSEL. NULL 78kHz Deviation 7—-31-96

E T A REF

10 dB/

.8 dBm

ATTEN 10 dB

MKR 94.286 3 MHZz
-2 .80 dBimn

s

CENTER 94.180 MHZz
RES BW 1 kHz

VBW 3 kHZ

SPAN 10808 kHz
SWP 320 msec

=
iR



BESSEL NULL 7.8kHz Deviation 7-31-96

E I A REF

14 a8/

CENTER 94.100 @ MHz

B.a

dBm

ATTEN 102 dB

MKR 94.486 72 MHz
—16.74 dBm

=

5k

- U ——

RES BW 3009

Hz

VBW 1 kHz

SPAN 20.0 kHz

SWP 1.00

sec

cof



BASEBAND 3. 15kHz at 785kHz Deviation + Pilot 7—-31-96

ETA REF —15.1 dBm

19 d8/

START @

L e sty

- xe)w\rc_i

ATTEN 1@ dB

o

Jos

o m MOM

A,

¥ /1“"

T /‘v;\;, QL,A’,Q‘ s

) * ﬁY il ‘k“’] ll‘j M:;L‘nl !| .,in ’I": ;'IIJHL W’hn “ |l‘g;!;,‘m{ufal N H M 'l “
A W l" _~“_ L1 ]

RES BW 1 kHz

VBW 3 kHz

SWP 30090 msec



57. 67 and 92 kHz Subcarrier Bas
T A HREF —-15.414 dBm

19 a8/

START 9

ATTEN i4 dB

v&(wffo?mh

ebandh7~31—98

1

, wwﬁ%&%E%i..w‘

e
b
=

'“mm.u i

“'“F‘ﬁhmﬁﬂf'"ﬁrl"jL”Lw T hﬁ l|l“ ” f h
A

' l

| ﬂ"'

I

Hz
RES BW 1 kHZz

VBW 3 kHz

STOP 100 kHz

SWP 300 msec

il
I B



Digital Radio Test Laboratory

CH 1: 2.0 V, 10pscc / Division
CH 2: 0.5 V, 10usec / Division
Pilot vs S7TkHz

Zero Crossings Aligned

S7kHz Phasc

Page 1 of |
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RF COMPONENT CALIBRATION



(i

1 dB/ REF 0 dB

24 Aug 1994

i6:

54: 56

2 —-.9192 dB

CH1 Spy  1log MAG
- 94.600 0d0 MHz
PR
o 836 MHz
21—,
8471 MHz
?
3
. V
JA
Z

CENTER

94.100 000 MHz

SPAN

2.000 000 MHz

-
in

Tlovne -
Mool §1234
& -lLocly ':.{.-_p et .

Ft-aooeh

Y3 Y

ookl
o. Tl
loa®
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CH1 Sy  1log MAG 1 dB/ REF 0 dB % ~1.0807 dB - gjoyyy
i 95.100 000 MHz

A —-1.0403 dB
9 1 MH2z

ca2 . 4.
ﬁEinLﬂiﬁﬁ_ﬂB

93./14 MHz

3.¢'L+IY\4 Y
— ot f

S — L5
*.? — .S B

— ot

- 2.calhA

~4.0d8

START 83.100 000 MHz STOP 85.100 000 MHz

£y



%L

! Ghem

CH1 Spq log MAG 8 dB/ REF O daB 3;—9.0448 aB -
@31 85.100 000 MH2 SNI5267
1 -9.0d81 aB
ca 84.1 MHz
e - (=]}
83./1 MMz -
Qg,H-W\QQ'
- $oafs
— P TS S
—'32"00('3
L )
START 83.100 o000 MHZz STOpP

85.100 o000 MHZz



Sresr¢

R AIEE

SN IS 766

Dotting ¢
- 0ot

—_ .25}
-y dB

-~ l.ocdd

- 2.0d04

- 400l

CH1 So4 log MAG 1 dB/ REF 0 dB 3; ~1.0401 dB -
Ba 95.4100 000 MHz
1l—-1.0198 dB
oo 94,1 MHZ
& 93./1 MHZ
‘m————zjnz.__m ———— Mmﬂ:‘
START 93.100 000 MHz STOP 95.100 000 MHz



Snes e

CH1 Sa1q log MAG 8 dB/ REF 0 dB 2 —-9.051 dB -
1.7 85.100 000 MH2

1 -9.022 dB

ce 94./1 MHz|
—&i= 93./14 MHz

1
START 83.100 000 MHz STOP 95.4100 000 MHZz

il b

SNIS?¢C

Sckling g

Yoo

1G6.oaf}

32,0l

&
33



’
{

CH1 Sp4 log MAG 5 dB/ REF O dB 1l -5.1057 dB
(hel 894.100 000 MHZz
ca
1
V
‘\
\
\ _
START. 1.000 000 MHz STOP 800.000 000 MH=z

517154
ZESC- % 13
(R

Al PoAY ML v

Plot

oLk



CH1 Sp4  log MAG 5 dB/ REF 0 dB 1; —3.1908 dB
kel 94.100 000 MH=z
ca
1
|V -
START 1.000 000 MHz STOP. B00.000 000 MHz

501315 ¢

2ESc-Z-1w
B o2

Isl—\\

DoRL ploty e twe
Plat



CH1 Spy4  1log MAG 5 dB/ REF O dB 2 -8.268¢ dB
L7 94.400 000 MHz
1:/-8.2547 a8
co 1288 MHZ
2
i
START 1.000 000 MHz

STOP 2 200.000 000 MH=z

/24154
. 285¢-4/5
6 “wey Sphtte.

PAats ta reid



“43%

Appendix G

ANALOG TRANSMITTER TESTS



Digital Radio Test Laboratory

Analog Proof
Audio Precision L o~ F7 Orban 8200 #2 Ky _. Li Harris THR-1 #1
R << F8 K6 S L6 Composite Input
— SCA Input #1
T.oad Test Files: Recall Presct
REFFR.TST 01 Bypass
REFTHD.TST 0 dB Gain
REFSEP.TST 30 Hz HPF OFF
For Seperation pull Patch ¥8
Mixer Source #1 }
Proponent Only
Pave . ° s |
Y -32.90 dBm -
Aftenuator -
BOONTON 4220
KAY 839 6 Way Splitter..~* . o fPad o s
1 8.27 dB - 25.28 dB
A o Simulator Network MCl. SAT -20-2-3
TELONIC o |Pave et
o -1.62 dBm
MCL ZBSC-615 BOONTON 4220
MCL ZFSC-2-1W \
2 Way Splitter - {Spectum oo 1T
3.55 dB o
HP 85668
A
= 7 A b,
[
Stereo Monitor Gl ..~ L{Audio Precision
G12 >> R
&
BELAR
File Name: TEMPLATE.XLS A Page 1 of |
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Reference Frequency Resp

5.6000

8.0

-5.0008

-10.

-15

.00

.08

.ug

.00

.00

.aa

.88

.80

.80

AMPL (dBr) & ANPL(dBr) vs FREQ(Hz) 11 FEB 97 14:38:23

Ap

.-d-"\

|

]

40

20

100

1k

18k 28k




Reference THD+N(%) & THD+N(%) vs FREQ(Hz) 11 FEB 97 14:37:48
1.0000

Ap
.900a80

. 80000

. 780080

.68800

.58000

.40000

.38000 /j

.28000

. 10008

0.8

20 160 1k 18k 28k




Reference Sep L->R

5.0000

a.0

-5.0800

~-10

-15

.80

.00

.00

.80

.00

.80

.60

.08

.08

.00

AMPL(dBr) & AMPL(dBr) vs FREQ(Hz) 11 FEB 97 14:468:49

Ap

e

—r

)

24

1008

1k

1Bk 20k




7 .
CPN 917% Pilot 9, RBDS 1¢7 2-11-96

fCL{/)a.oQ rhf( Nnoite

ETA REF ©.2 dBm

12 dB/

CENTER

ATTEN 10 dB

( Mern Muu)

11

94 . 1083 MHz
RES BW 18 kHz

VBW 30 kHz

SWP 30.0

W

SPAN 580 kHz

msec




CPN 817 Pilot 92 6B7kHz 107 92kHz 107 2—-11-96

FTA REF

18 dB/

.8 dBm

ATTEN 10 dB

e

1

CENTER 94.1040 MHz

RES BW 10 kHz

VBW 38 kHz

SPAN 500 kHz
SWP 380.0 msec
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CUSTOM LABORATORY EQUIPMENT

Subcarrier Mixer
Remote Control System

Pilot LP Filter

Dummy Aritenna



Subcarrier Mixer



DIGITAL RADIO TEST LABORATORY

SCA MIXER 11 OSCILLOSCOPE
Pilot ORBAN 2 l o |[MPX SCA 1 -
Stereo Proc { In Monilor
REA ] o |57KHz
RBDS | Comp
Out
CRL = |67KHz HARRIS
67KHz THE-1 Exciter
TX1 [(SCA1)or(SCA2) - |SCA RF Out
l CRL 1 92KHz Out el (Desired Signal)
92KHz | | _impx
I BbJ ] _ |opy SCA
| Source 1 \
Inputs
MITRE - JMITRE RF Signals to Test Bed
I SEIKO ] SEIKO
[ o HARRIS
THE-1 Exciler
AUX TX2 {(SCA2)or (SCA 1) - |SCA RF Out
= Out (Undesired Signal)
- {MPX
| CRL 1 o I57KHz
RBDS |
SCA
CRL - {67TKHz Source 2
67KHz Inputs . OSCILLOSCOPE
SCA2 .
CRL 1 o J92KHz Monitor
92KHz |
ORBAN 1 | /
Slereo Proc |
HIGH SPEED DATA LABORATORY TESTS
SCAMIXER I
SCA CONNECTION OVERVIEW 106
RMc¢
File Name. SCA_MIX2.XLS Conneclion Overview Page 10110
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INPUTS
MPXIN

SOURCE 1

S§TKH

87KHz

92KH2

SEIKO

[ ]

MITRE

AUX

$SOURCE 2
$TKHz

87KHz

92KH

DIGITAL RADIO TEST LABORATORY

”

Selector
Swieh

0"
YV

MPXIN Board |
MPX Modui
GAIN - UNITY
SCA2 IN (MPX) + (SCA 1) or {SCA 2) 6 )
SCA1 IN
SCA M
OUTPUT MODULE /e
GAIN - VARIABLE (N
Proponent
SCA
OUTPUT MODULE SCA1 SCAfor2 /.
GAIN . VARIABLE o
Front Panet
Growp A Growp A Growp B Growp C SCA { Level Aduust
Mixer Mixer Mbxer Mixer
Module Module Module Modue
SCA SOURCE 1
SCA2 >
SCA SOURCE 2 OUTPUT MODULE SCA 2 SCAtor2 ).
GAIN - VARIABLE \_
Feont Pane! b2
SCA 2 Level Adust SWITCH
Growp 1 Growp 2 Group 3 Group 4
Mixer Mbxer Mixer Mixer
Module Module Module Module SCA 2M
OUTPUT MODULE e
] GAIN - VARIABLE <
Board 2

AN
N

SCA MIXER 1)
96
Rivic

File Name:SCA_MIX2.XLS

Mixer l Block Diagram

Page 2 0f 10

Comp,
our

SCA 1
MONITOR

™1
OuTPUY

T™>?2
QUTPUT

SCA2
MONITOR



EIA SCA MIXER il

RMc

SCA Group Chart

DIGITAL RADIO TEST LABORATORY

- INPUT:

1 Proponent 10 Proponent 0 Proponent 10 Proponent 10
2 57KHz RBDS 3 67KHz 10 57KHz RBDS 10
3 92KHz 7 92KHz 10

File Name:SCA_MIX2.XLS Group Chart

Page 3 of 10



{see Group Chan)

DIGITAL RADIC . £ST LABORATORY

SIKHz > —O é?:,,:w
e | e Group A Ouj
| I———
"—"{ T CA | s
A - To: TX Refays on Board 2
92KHz
&
¢ 7
. [RY e o e
[ Vol ] |
Al =1 ]
Proponent SCA 1 Levet 100 (et}
Relay (N.O.} is Front Penel}
Horm: 53;1 ed
for
kel " K3 3]
Gomt tF%0 { ™} sca2
st 1 ey e oy | ety
ar
feasasd = ] ] ’
Mixer Modute Group A (Detaji}
Comp. [ o I [ SCA 1 or SCA 2 Groups
87KHz | S | S
$CA Source 1
B82KHz Inputs Mixer Module Group A" K2
Proponent 18
[ 1 o H5Y
Oftset >
§7KHz © L
8CA Source 1
1 Irputs Mixer Module Group B X3 .
Proponen —L l——ilrl—* 10
tM318 | a1} 1 o Comp.
Oout
- $CA Source 1 R —
1 lnpt Mixer Module Group C X4 gPﬁ £ ‘__E .
a
Proponent (Unity)
[T ]
IP'AP)( e | R
AJ Op Amps decoupled with 10uf at supply Inpits
o iV
Gt T Select Swken "
een elect ¢!
DD D (board2) DODD o
PROPONENT Proponent Select Group Select
INPUTS S
AUX A s s 7 %] 52 A
e O 2,. 10K 47 : ; O o
MITRE Mc o D I B o A
Q I A F0\‘
[»]s%] ~ o M NS4 O B
SEIKO s O A I AO o [
™" .
[ : l 196
MG

File Name: SCA_MIX2.XLS

Schemalic Board 1

Page 4 of 10



Fite Name: SCA_MIX2.XLS

DIGITAL RADIO TEST LABORATORY

+24Vde

-24Vde

LM340 o tisv
15 -~
= 47 o= Al
o
LM320 o - 15V
-15 P
E 5= AN

Power Supply

Schematic Board ¢

Page 50110



DIGITAL RADIC (£ST LABORATORY

STKiH2 [ (e ey | SCA2
| ] - © ) Grow Ou
K7
Pyl
e Group Gain .
g e _—
I LF356 SCA2
Auf - o TX20u
[~ + { 3Vial}
67KHz [ . —
| e d
{3}
A RE )
gy
.
[ SVecol ]
l — SCA 2 Levei : -
(Front Panel)
B2KH2 [ 1 | ®T
| S | Como SCA SCA1
—L 0“8 -
K3 ain
1% ((3vcal )
- _
T s
£
M - TX 1 Out
& ) . { SVcol]
R - ol
T S——.
2%
e I
: ‘]7
SCA 2 Groups - X1 X 2
(To K8, Board 1) Green » Red =
Relays (N.O.) are SCA1to TX1 SCA2toTX2
Normmaly Ener?ud
2 for Growp OF Red » Green =
$CA 1 Groups SCA 210 TX1 SCA1loTX 2
{From Board 1)
AR Op Amps decoupled with 10uf at supply lnputs
A4 1w 1K "
IV o
SO?'CA . X1 X 2 SOSCA 2
K 1® ce urce
e ® O O @ T )
81-Color
SCA Source 2 LED
Group Select TX Switch
070920 84 057 Kﬂ Oﬂo 83 oOﬂ
o of xe Rev Norm
o Cot o
K6) v
ev
67 9. K5
oY o2 S > o
jorm
57 o o 87 + 92 K7= szﬂ I on © O on
S A i
Col
— , nf fo 3 — e
Yo Board 1Q ‘s’; WIXERTT
NOTE: (KS) and (K8} are located on board 1 Rk

file Name: SCA_MIX2.XLS

Schematic Board 2

Page 6 of 10




DIGITAL RADIO TEST LABORATORY

X1

6] o TX2

File Name: SCA_MIX2.XLS

MIXFACE FRONT LEFT

S b M A A A B C SCASOURCE1 O O SCA SOURCE2
O o] o} o o} o} (o} (o] (0]
COMP. + SCA
ouT
O O O O
PROPONENT SCA OFF CAL/MAX TX
GROUP OUT SELECT GROUP SELECT SCA LEVEL SWITCH
LEFT FRONT

Page 7 of 10
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DIGITAL RADIO TEST LABORATORY

o TX2

O SCA SOURCE2

@

[ E1A SUBCARRIER MIXER / SWITCH |

@

57 67 92 67+92
0O o o o

O

Q

1 IN/OUT

SCA OUT

O

TX OFF CAL/MAX SCA
SWITCH SCA LEVEL SELECT
RIGHT FRONT

File Name: SCA_MIX2.XLS

MIXFACE FRONT RIGHT

Page 8 of 10
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DIGITAL RADIO TEST LABORATORY

SCA INPUTS (SOURCE 2)

O O O O

S7TKHz 67KHz 92KHz
DCPOWER
+24 Ov -24
SCA OUTPUT
o O O
EXCITERS
X TX
1 2
LEFT REAR
File Name: SCA_MIX2.XLS LEFT REAR Page 9 of 10
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(SN

DIGITAL RADIO TEST LABORATORY

SCA INPUTS (SOURCE 1)
SOURCE 2 X SOURCE 1 O O O
o —————————
™ switch
* STKHZ 67KHZ 92KHZ _
PROPONENT INPUTS
O] -« O o @ O @,
COMP.+ SCA COMP. 1 2 3 4
ouT IN SEIKO DDJ MITRE OTHER
RIGHT REAR

File Name: SCA_MIX2.XLS RIGHT REAR

Page 10 of 10



Remote Control System
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MouseE .
Anm o.gcp Rk TRIG -
.- MOUSE
i 9v :
18ary,
Yoo Kyan -
Lol rewme" g Buk SRy ol anree THRU ¢ "
Repare canIvol.. upP * AuTo cp N
a - " \[ .
DBREAxaQUT BaX
o T DUD -
TOM'S SALVO BaX
ettt eatemrsrnsened
RECORD RAT < SRY
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o) IV KEYGOARD
BCS597 il—
LNTER/OFF
’\ 14 1
(/ 1)
1 l u é " € "
kY Y
KEYRQOARD
1248 _BME..
EIA . —_
REMITE KEYBIARD.
| SONTAQLLER

e e



£y
T

28mm I

TOIRIGGLR. o

(KeyBaarD coNTROLLER)

3.5mm

7
CROM . REMOLE @ @ 0 % REAIOTE QREAKO
| o[ Rs e | | |

3.5mm
ml o) ) eiMedid
3 ,
K1
|
AUTO ‘Q\i J:_'/O PDLK
TRiG
\3\0“1—9
bunry l———————' Q GRrRY 0 P GAMD O 1 eND.
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(Tks8)
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Pilot LP Filter

2
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AUDIO PRECISION AMPL(dBu) vs FREQ(Hz)

20.080

38 DEC 94 11:41:38

15.008

10,000

Ap

5 .0808

8.6

-5.008

-10.68

-15.08

~20.00

-25.80

-30.00

-35.00

-40 .68

-45.08

-50.00

-55.68

-60.00

20

100

1k

18k

308k

£



b,
L

5.0008
8.8

-5.000
-16.08
-15.68
~26 .08
-25.60
-38.88
-35.68
~40.00
-45.608
-59.00
-55.08
-68.88
-65.688
~76.80
-75.68

-80.00
16.0k 12.8k 14.6k 16.0k 18.8k 28.8k 22.8k 24.8k 26.8k 28.8k 38.0k

AUDIO PRECISION AMPL(dBu) vs FREQ(Hz) 38 DEC 94 11:51:58
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Appendix 1

EQUIVALENT NOISE BANDWIDTH CALCULATION
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Noise Equivalent Bandwidth Calculation
by the Method of Least Squares Approximation

Introduction

If white noise with a two-sided power spectral density of Ny/2 is
passed through a band-pass filter with a transfer function H(f),
the average noise power at the filter output is given by

] [= ¢}
Pno = Jlii(f)lz(No/Z)df = No IIH(f)|2df (1)

-C0 0

If the filter were ideal (i.e. a "brick-wall" magnitude
response), with a bandwidth By and a mid-~-band gain (or point of
minimum insertion loss) Hy, the output average noise power would

be
Pyo = NoByHo® (2)

By equating the expressions in equations (1) and (2), it is
possible to determine the noise equivalent bandwidth of a real
filter as

= <]

By = (l/Ho)szH(f) |2qf (3)

-0

where the mid-band, or maximum gain of the real filter has been
adjusted to an amplitude of Hp. Note that only the filter's
magnitude response is involved here. By means of equation (3) a
band-pass filter's noise equivalent bandwidth may be determined
if the band-pass filter's transfer function is known
analytically, or can be determined experimentally.

While the analytic expressions for band-pass filters are well
known, they do not take into account the de-tuning effects of
lossy components or the parasitic coupling between various
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components and between components and the enclosure. Therefore,
while it would be easier to integrate an analytical expression
for H(f), it would not properly include the effects of the real
filter that is being used. Consequently it was decided to obtain
the filter transfer function experimentally and evaluate equation
(3) using numerical methods.

A network analyzer is a natural choice for obtaining these type
of measurements since it evaluates the frequency response
(cffering both magnitude and phase information) of devices under
test. The analysis band can be easily adjusted and proper
calibration can be done to place the analyzer's reference planes
at the 'input and output of the filter to be characterized. Thus,
only the filter's response is obtained, including the parasitic
and package effects. Data may be obtained in linear magnitude
format, which is the natural choice for use with equation (3). An
HP 8753D automatic vector network analyzer was used for data
collection.

There are several limitations involved in obtaining an accurate
representation of H(f) which must be considered and compensated
for before it is certain that the By value obtained in equation
(3) is correct. These limitations are-

(1) the expression for H(f) thus obtained is truncated in
frequency, that is, H(f) information is not obtained for all

frequencies, 0<f<ew, but rather over a finite range I, <f<f,.

(2) The analyzer provides a discrete representation of H(I)
in the frequency domain, i.e. it is not a continuous response.
The analyzer used could provide up to 1601 calibrated data points
across any desired frequency band.

(3) The amplitude information thus obtained is subject to
errors due to noise and numerical round-off.

(4) As a result of (2) and (3) above, the filter's actual
shape, specifically it maximum transmission gain (minimum
insertion loss) location, could be missed if proper care is not
taken in obtaining the data.

To ensure that the filters are properly characterized given the
above limitations, the following steps are taken-

(1) Each filter was characterized on the 8753D to find its
minimum insertion loss point (Hy, in equations (2) and (3)), which
was chosen as the filter's center frequency. The upper and lower
frequencies, f, and f; respectively, over which the filter
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characterization would occur were chosen as the frequency(s) at
which the magnitude response was 5% of the filter's minimum
insertion loss; i.e., 0.05H;. Since the integral in equation (3)
involves lH(f)I2 this choice ensures that 99.5% of the area under
the filter's response curve is accounted for. The validity of
this choice was ascertained by checking the 0.025H, frequency
band as well; the resulting By values were practically unchanged
(<~0.1% difference) from the 0.05H; interval.

Each filter's transmission maximum was normalized to 1.0,
and the rest of the data points scaled accordingly. The magnitude
response of each filter as obtained from the network analyzer
appears at the end of this appendix. Note that the scale used is
linear, not logarithmic.

It is the area under this curve which must be evaluated so
that the equivalent "brick-wall" filter bandwidth may be
obtained. Note that by normalizing the filter's insertion loss to
1.0, the (1/Ho)? term appearing in equation (3) is absorbed into

the expression for |H(f) 2.

{2) To verify that the transmission peak H,, was the proper
one, the frequency band, defined as f,-f; was shifted by an

amount f, /2, where

-fa = (£,-f1)/1600 (4)

where 1600 is the maximum number of intervals between the 1601
data points that the 8753D can display. This frequency shift also
verified that the filter response in question had no spurious
responses in the region of interest.

{3) and (4) To account for the HP 8753D's finite resolution
and frequency step size, it was decided that rather than
performing a Simpson's rule integration on the raw data, a curve
fitting procedure would be employed using polynomial functions,
as follows

N

l7(£) |2 = 2 ands (n) (5)
n=_0
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for i=0,1,2,...Imax, where Imax is the number of data points

obtained from the 8753D and the ¢;{n) represent the polynomial
functions that will be used to fit the filter transfer function
over the interval from £f; to f,. The maximum polynomial order, N,
is chosen based on a convergence criterion to be discussed later.
The H(f;) are the filter transfer function data pcints as
obtained from the 8753D using the linear scale at the discrete
frequencies f;. The H(f;) are normalized so that the filter's
minimum insertion loss is 1.0. The coefficients a, will be
determined using the method of least squares so as to minimize
the error in a mean square sense. Thus, the polynomial expansion
on the right hand side of equation (5) will represent the best
approximation to the actual filter transfer function.

To guarantee an accurate representation of H(f) over the interval
from £, to f,, three sets of data points were taken, the first
set consisting of 1601 points, the second consisting of 3201
points, and the third set consisting of 6401 data points taken
over the interval from f; to £,. Since the 8753D can only
generate 1601 calibrated data points over any one interval, the
interval from £, to f, was sub-divided into two and then four
sections to obtain 3201 and 6401 data points respectively. The
sub-sections were combined to re-create the original interval of
f, to f, in the computer program which performed the curve fit
technique. Thus, in equation (5), Imax1=1601, Imax2=3201 and
Imax3=6401 points respectively.

The choice of polynomial functions on the right hand side of
equation (5) is appropriate since they form a linearly
independent set of functions on an interval [a,b], and because
the analytical expressions for the actual band-pass filter
transfer functions, in both the pass-band and in the skirt
regions can ultimately be expressed in terms of polynomial
functions. Thus the use of polynomial functions to fit the data
represent a "natural" choice.

To avoid numeric overflow that would inevitably occur if the
curve fit was attempted in the region of the filter's center
frequency, the filter's response was shifted from f,, its
original center fregquency, down to zero frequency. Thus, f; and
f. are shifted to f;-f, and f,-f,, respectively. Finally the band
of interest, namely f,-f, was re-defined to be the interval [-
1,1], and this interval was subdivided into the appropriate
number of sections corresponding to the appropriate f, in
equation (4). Once the unknown coefficients, the a,, have been
obtained, the noise equivalent bandwidth, B,, is re-normalized to

the band f,—f:.
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It should be noted that there is no loss of accuracy introduced
by re-defining the bandwidth of the frequency shifted filter
response to the interval [-1,1], even though this process will
shift the filter's minimum insertion loss point (i.e. which was
defined as f, and then shifted to zero frequency) away from zero
(unless of course it Jjust so happens that f, also corresponds to
the midpoint defined as (£f,+f))/2). This is not a problem since
the method of least squares, which is used here, will fit the
best curve to the data regardless whether the general shape of
the data to be fit is symmetric about the ordinate or not. Since
our purpose is to obtain the equivalent "brick-wall" filter
response whose area is the same as that of the actual filter
being characterized, maintaining the filter shape with respect to
its position along an abscissa is not critical, maintaining the
area under that filter shape is.

With the filter's band-pass so defined, there is no loss of
accuracy if the abscissa is re-defined from a frequency scale to
the x-axis, and the ordinate is now referred to as the y-axis. We
now have a set of data points described in the x-y coordinate
system. The expression in equation (5) may now be expressed as

N

fix;) = Z andn (%) (6)
n=0

where i=0,1,2,...Imax as before. the coefficients a, are obtained
by applying the method of least squares (a brief description of
which appears at the end of this section) to equation (6)
followed by Gauss elimination to invert the resulting square
matrix. The coefficients resulting from the application of this

technique provide the best fit of the expansion function ¢,(x;)
to the data points. Once coefficients of the polynomial function
have been obtained, the area under the curve may be obtained by
an analytical integration of this function. Thus, the expression
for B,, the equivalent noise bandwidth of the filter given in
equation (3) has been obtained.

The calculated noise equivalent bandwidth for the filters are
presented below, along with the frequency band over which the
filter data was obtained (the frequencies between which the
filter response is 20.05H;) the resulting step size, f, given in
equation (4) and the filter's minimum insertion loss, H; as
obtained from the network analyzer.
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Filter Type f.-f, (MHz) fa (kHz) Hy (dB) B, (MHz)
AM #1 2.72 1.700 -0.29 1.04400
™ #1 20.00 12.500 -2.72 6.44868
M #2 20.00 12.500 -2.80 6.41530
L-Band 24.00 15.000 -1.03 11.58017
S-Band 36.00 22.500 -0.90 17.82766

Table 1. Band-pass filter data.

Remarks on the Accuracy of the Expression for B,

There are two main questions regarding the accuracy of the
technique used that must be properly addressed so as to have a
high confidence level in the numerical results obtained by this

method. They are-

(1) Have sufficient data points in freguency been obtained
for the filter, and

(2} is the polynomial order of the ¢,(x) in equation (6)
sufficiently high to ensure the expression for B, thus obtained
has converged to its limiting value.

To ensure that sufficient data points (1601) were obtained for
the filter response, three things were done, they are-

la) The band f,~f, was divided into two, then four sections
so that the overall band was represented by 3201 and 6401 points,
respectively. This was done by taking 1601 data points per band
and properly joining the data together in the program to fill the
entire band f,-f; with data.

1b) The start and stop frequencies, f; and f, respectively,

where shifted by one half of the frequency step, fai, for the case
of 6401 data points for each filter. This was done to verify that
there were no spurious transmission peaks between data points,
i.e., the data was smocoth. It should be noted that the frequency
steps given in Table 1 are so fine relative to each filter's
center frequency (frequency of minimum insertion loss) that any

e
)
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transmission anomalies, resulting from spurious resonances, would
naturally appear in the data as measured. This procedure also
improved the possibility that the point of minimum insertion loss
was obtained for each filter.

lc) A Simpson's rule integration of the data was performed
for each of the three sets of data (1601, 3201, and 6401 points).
The resulting values of B, thus obtained were checked for

convergence using the criterion that AB, £ 1.0%, where AB, =
B,(3201 points)-B,(1601 points) and B,(6401 points)-B,(3201
points). By doing this, it was ascertained that 1601 data points
would be sufficient to characterize the filters listed in Table

1.

For the filter designated FM #1, 801 data points were taken as

well, as a check to see if using fewer points increased AB,. In
this case, B,(1601)-B,(801) produced a larger difference (~1.0%)
than B,(3201)-B,(1601) did, however, it still met our criterion

of AB, £ 1.0% and so 801 data points could have been used. We
decided to stay with 1601 data points because it gave better
accuracy and cost very little extra run time in the program.

It should be noted here that in terms of the B, obtained by this
method, a 1% error in B, represents a worst case error of <0.05
dB. This value, 0.05 dB, is well within the accuracy level of the
rest of the components and test equipment used in the test bed in
the DAR lab.

Performing a Simpson's rule integration on the raw data also
provided a check on the values obtained for B, obtained by the
least squares curve fit approach. This ensured us that no gross
error was made in obtaining the final values of B,.

A final check on the B, values was to perform the rather crude
but reliable technique of graphically computing the area under
the filter's response curve on the spectrum analyzer. This
technique is fully described in a Hewlett Packard application
note AN-150-4, (April 1974) and the description will not be
repeated here. In each case where this technique was used as a
check, the results were within 10% to 15% of those obtained by
the method of least squares. '

To ensure that an adequate order was used for the approximating
polynomial, the B, calculation was performed for each filter
using several different values of N, the highest order of

polynomial used, along with a criterion that AB, < 0.01% is
achieved before the iteration in N is terminated. In this case
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AB, is defined as B,{Ncur.)-B,(Ncur.-2) where Ncur. is the current
order of the polynomial and only an even polynomial order was
used in the procedure. In practice it was found that N=28 easily
met this criterion. The difference between N=28 and N=30 was
never more than 0.007% for any filter listed in Table 1. Using
N>30 produced no significant improvement or change in the B,
values obtained for any filter beyond one part in 10°.

Appendix: The Method of Least Squares

Let us consider a linear space of real functions £, g, h, ...
which are defined on a set of points, x, (which can be continuous
or discrete) on a closed interval {[a,b] on the real axis. A
scalar product can be defined in this space if, to any pair of
elements defined in this space, there corresponds a real number,
designated (f,g), which is called the scalar product of f and g.
The scalar product must also satisfy the following properties-

(a) (f,9)=(g, L) (Ala)

(b) (£,£)20; (f,f)=0 iff f=0 : (Alb)
(c) (af,g)=a(f,qg); were a is real (Alc)
(d) (£1+£2,9)=(£1,9)+ (£2,9) (Ald)

For continuous functions on the interval [a,b] the scalar product
may be defined as .

b
(£,9)=(1/ (b-a)) | £(x)g(x)dx (22)
a

While for functions defined on a finite set of discrete points on
the interval [a,b], the scalar product my be defined as

N

(£,9)=(1/ (N+1)) 2 £ (Xa) G (Xa) (23)
n=0
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In this case, these functions are defined to exist on a N+l
dimensional linear space, and the function f may be considered as
a (N+1l) dimensional vector f=(fy, f;,£f;,...£fy) on this space. Thus
the scalar product as defined on equation (A3) may be considered
as a projection of the vector f onto a basis function, or along a
principal co-ordinate, of the space.

The norm of a scalar product may be defined as

l£l=(£, £) 2 (A4)

and a distance in the linear space as follows

d(f,q)=|f-gl=(f-g, £-g) 2 (A5)

Using the above terminology and definitions, we may now define a
function consisting of elements of a linear space as follows

N

D, (x) =aoho (X) +a1h1 (X)+ ... +anbe(X)=2. anbn (x) (A6)
n=0

where the a, are real numerical coefficients, as a generalized

polynomial with respect to the system of functions ¢,.(x). If an
arbitrary function f(x) belongs to a linear space E on which the
¢, (X) are defined, the problem of choosing the coefficients a,
in (A6) such that the mean square error is minimized can be
stated as a problem in which the distance d(f,®,) is minimized.
Using the concept of distance in the linear space as given in

equation (A4), we can define d(f,®,) as
d(f/ (Dn)=|f_(DnI=(f'(Dnl f'_(bn) 1/2 (A7)

The polynomial that satisfies the property of minimizing d(f,®.,)
is the polynomial which minimizes the mean square error between
f(x) and ®,(x) over the interval [a,b]. In this way, the
generalized polynomial defined in (A6) represents the "best fit"
to the data points.
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To see that an appropriate choice of the coefficients a; can

minimize the distance function d(f,®,) in equation (A7) we may
proceed as follows. Inserting the generalized polynomial defined
in equation {(A6) into (A7) and squaring the resulting expression
we can write

4 (£, ®,) =] £-@, | = (£-,, £-D,)

N N

=(£,£) + 2 asaclds, 0 - 2 2 a; (£,¢;) (A8)
j, k=0 j=0

The quantity d?(f,®,) in equation (A8) is a quadratic form
relative to the coefficients aj;, and consequently for any aj,

ad?(f, ®.)=0. The quantity d’(f,®,) will reach its non-negative
minimum when the distance, d(f,®.)=(d*(f,®.))Y2, reaches its
minimum. -

To obtain the coefficients a; for which this minimum occurs, we
can take the partial derivatives of equation (A8) with respect to
the a;'s and set them equal to zero. This will produce the
following set of linear equations

ao (o, Ho) + ay(d1,do) + @z(d2,90) + ... + an(dn,do) = (£,00)

ao (o, ¢1) + ar(ds,d1) + az(da,d1) + ... + an(da,do) = (£,61)
(AS)

PRI o s .

aO(‘bOI‘bn) + a1(¢ll¢n) + a2(¢21¢n) + ... an(d)nrd)n) = (ffd)n)

The scalar products (¢;,9;) in equation (A9) form an (N by N)
array. Since the functions ¢, are linearly independent, this
array will have a non-vanishing determinant and consequently it
may be inverted. Gauss elimination is used to invert the array,
and so equation (A9) can be solved for the a, which will provide

a minimum value for the d(f,®,). This is the technique used to
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find the proper coefficients a; in equation (5). The functions
¢$.({x) are chosen to be polynomial functions, i.e. ¢,(x)=x", for
the reasons given in the main body of this paper. Note that with
1601 data points and N=30, the system of equations described in
equation (4) is over specified, and that the method of least
squares described above reduces this system of equations to one
of N equations with N unknowns.

The program to evaluate the noise equivalent bandwidth of the
filters was written in HP BASIC. Data on each filter was obtained
from the HP 8753D using the linear scale. The program found the
maximum amplitude of the data , normalized the data to this
value, then squared it to create IH(fi)/HJz. The program then
evaluated the appropriate scalar products as defined in equation
(A9) . Gauss elimination was used to invert the matrix and thus
solve for the unknown a,'s. The corresponding value for B, was
obtained by integration of the resulting polynomial. A Simpson's
rule integration was also performed on the raw data and the
results displayed for B, obtained in this fashion as a check on
the least squares technique. The user may choose the order of the
polynomial function used in the curve fit, as well as the number
of data points to be used in the analysis.
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Appendix J

SUBJECTIVE ASSESSMENT
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LABORATORY SUBJECTIVE TESTS

The EO&C rating scale is the impairment rating scale used by the laboratory staff for
the evaluation of increase or decrease in interference to the desired signal caused by the
HSSC signal or other signals. The ratings were made in comparison to a reference. The
test is called Expert Observation and Commentary (EO&C).

EO&C Rating Scale
-3 Much Worse
-2 Worse
-1 Slightly Worse
0 The Same
1 Slightly Better
2 Better

3 Much Better
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Appendix K

IMPULSE NOISE

Page 1 0of 1 Oscilloscope Photos

Spectrum Analyzer Plots

1. 100 Hz pulse at 94.1 MHz
2. 200 Hz pulse at 94.1 MHz
3. 300 Hz pulse at 94.1 MHz
-4 600 Hz pulse at 94.1 MHz

S. ‘1 kHz pulse at 94.1 MHz
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MULTIPATH SIMULATION POWER
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1.0 Introduction

The High Speed Subcarrier (HSSC) subcommittee of the National Radio Systems Committee (NRSC)
has initiated tests on HSSC systems. Tests which use simulated multipath are included in the test
procedures. The simulated multipath environments used in the test procedures are detailed in this report.
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2.0 Methods
The two HP 11759C multipath simulators are connected as detailed in Figure 1.
BOONTON 4220 BELAR MCLIFSC2IW HP 9563
L Pave | IModilaia 2 Way SNt
=705 dBm
s BT
327 dB cwea
Pad ISIM#L |Pad T Comb
BOSB 6538
-
{%%c _' mm:;c e | — 2 jB
L8 | 258 i ST |
= I
6dB il
ML TBSCS1S Bunee MCLIFSC4-t
‘c::'r;u
MCLIFSCZIW  KAY 639 (ML TFSC2AW | -l7;€nﬂn
l 3&&:&&[ > [Matching TX | I TU-380RD
* Lym 3 & 00 | 750 Sw0d
g Erra
[Matching TX_| [Compa SCA._}
g ] sq| [eswd |
Figure 1: Simulator Connection
A CW signal at 94.1 MHz is input to the simulator network. The simulations are run with 2 km per hour
Doppler shifts to ensure measurement convergence. A spectrum analyzer (HP8566B) is connected to the
network where the proponent receiver is indicated in Figure 1.
2.1 Spectrum Analyzer Settings
The spectrum analyzer settings are as follow:
Center Frequency 94.1 MHz
Span 500 kHz
Resolution Bandwidth 30 kHz
Video Bandwidth 10 kHz
Sweep Time 20 ms
2 NRSC Digital Radio Test Laboratory
Consumer Electronics NASA Lewis Research Center National
Manufacturers Association 21000 Brookpark Rd MS 54-2 Association
a sector of the Cleveland , OH 44133 of
Electronic Industries Association Broadcasters
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2.2 Computer Control
A computer program controls the spectrum analyzer. The program instructs the analyzer to make 20 ms
sweeps then reads the average power into array variables. This process is repeated until two periods of
waveform data are collected. The waveform arrays are then scanned and written to hard disk. While
scanning the arrays the instantaneous average power in dBm is converted to Watts and accumulated.
After the accumulation is complete the mean of the instantaneous average power is calculated and

converted back to dBm.
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3.0 Collected Data

The instantaneous average power arrays are plotted in Figures 2, 3 and 4.
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Figure 4: Obstructed Environment

3.1  Offsets
The offsets from the one path zero phase reference power are listed in Table 1.
Environment | Offset (dB)
Urban -2.45
Rural -5.53
Obstructed -4.00

Table 1: Offsets

Clopd Joom  simmdobm fcalcabede
otk . (Z fe am /4,)
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4.0  Conclusion
The mean average power of the Urban, Rural and Obstructed Environments has been calculated.
The offsets from the one path zero phase reference are listed in Table 1.
4.1  Applying Offsets
The offsets can be applied to the Co/N, parameter in the B-3 test. The Cy/N, listed in the results of these
tests is based on an average power which was higher than expected by the offset amount. Subtracting the
absolute value of the offset from the listed C/N, will yield a parameter consistent with the mean average
power of the respective simulation.
6 NRSC Digital Radio Test Laboratory
Consumer Electronics NASA Lewis Research Center National
Manufacturers Association 21000 Brookpark Rd MS 34-2 Association

a sector of the Cleveland , OH 44135 of
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February 7, 1996

Tom Kelier
Consultant/CEMA
Springfield, VA

via fax (703) 569-3370

Re: Digital BJ Comments on Lab Test Results

Dear Tom:.

The Digita!l DJ system was tested under a number of different scenarios. The
following comments address concerns that may Influence comparisons of the

various data.

It 1s difficult to interpret the Composite Signal Descriptions. 1t is unclear when
Orben 1 and Qrban 2 aro ucod. It ie aleo unclear when Comp Out 1 and ? Aara
used. The reference diagrams availabie are HS_G_DDJ.XLS and the diggram in

tha test outliima 1018 uncicar that tho subeqrrior wae ljocked to the approptiale
Orban during co- and adjacent channel tests.

the left channel af the receivers except in D-1. The test outline generally calls

it is unspecified that the s/n measurements and DAT recordings were taken from > W
for the stereo s/n %

D series tasts which include subcarrier group A and B suffer an immediate 0.8

. dB nise in the noise floor as the main channel reference drops from 81% 10 B1%

modulation. This could be incorrectly considered as subcarrier crosstalk,

Please provide peak deviation and modulation specifications for the 82 kHz
subcarrier. As our system was not particularly designed to be compatibie with
82 kHz, comparison of these tests with and without group A would serve to
document DDJ 92 kHz compatibliity as well as the other proponents 82 kHz
cutnpalibilily. 1Uis urkiown whal innpacl thie 82 kHe subcairier inngroup A hiad un
BER and re-acquisition data.

Tests B-1 with pilot unlocked and with variable injection enabled should not be
directly compared to the first B-1 test with the pilot locked. Subcarrier group A

cmiba

T oa
Dhama  dNR.ITINTAN
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has been added. The initial B-1 test was conducted with the proponent
subcarrier only.

The H series D-1 "Proponent Variable and Pilot" tests do not represent the DDJ

*

90} (}\ subjective performance., Subjectively, the 4% figures are more accurate. When

Q” g@ taking host analoy s/n measurements, the main channel should be quiet and the
e injection is minimum, not varying from 4-10% via an external audio source.

Because the 10% fixed tests are available as a reference, the H series tests
should be conducted under the same conditions. All tests performed with the
DDJ system operating at fixed injection may not accurately reflect the
performance of the intended application,

It should aiso be taken into consideration that these tests do not rafiect the
effects of transmission system non-linear group delays, bandwidth limitations
and synchronous AM components which vary among typical FM facilities and
can affect particular subcarrier waveforms differently, principatly in the presence

of multipath.

Digital DJ will authorize the early release of the supplemental lab data delivered
on January 28, 1997.

Sincerely,

Philip Moore

ce J. Schwartz, T. Takahisa, S Azhar, D. Layer
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February 6, 1997
W096-L-011

Shazia Azhar

EIA/CEMA

2500 Wilson Boulevard
Arlington, VA 22201-3834

Subject: High Speed Subcarrier Test Results

Ms. Azhar:

In accordance with paragraph # 11 of the Contract for Testing between EIA/CEMA
and the Federal Highway Administration (FHWA), this letter describes some issues
and errors in the preliminary test data provided on January 16 and January 28, 1997
to MITRE, in its role supporting FHWA.

In general, it appears from the preliminary data package, that a complete and
thorough test plan has been implemented carefully and with great attention to
accuracy. It is clear that Tom Keller, Dave Londa, and Bob McCutcheon have done
an outstanding job. However, there are several issues with the data and its
presentation which must be disclosed. In general, these issues are relatively minor,
are related to specific tests, and are not meant to place the whole test report in a
negative light. The issues of concern are enumerated below:

(1) For test B4, an Interstate impulse generator, model # P25 was used. According
to Tom Keller, this generator has a frequency stability of about 1 Hz, as
measured in the lab. Also, Tom indicated that the pulse repetition rate was
manually set with an accuracy of about 1 Hz. This implies that the test was
done with a source which may have been accurate to within +/- 1 or 2 Hz. For
systems with channel interleaving, a small change in frequency, possibly as
small as 0.1 Hz, could make a large difference in performance. For example,
tests with pulse repetition rates which are multiples of 100 Hz are synchronous
with the STIC interleaver, and performance differences between 300 Hz and
301 Hz could be drastic. This test should be run with a more stable and
accurate impulse generator. Also, repetition rates should be tested on a finer
scale, with attention to potential problem areas for each proponent.

(2) In some places in the test report, the acronym HSDS was used to refer
generically to proponent systems in general. The HSDS acronym is specifically
associated with the SEIKO system and should not be used in any other way.
The term High Speed SubCarrier (HSSC) is preferable for reference to
proponent systems in general.

The MITRE Corporation
Washington C? Center
7525 Colshire Drive, McLean, Virginia 22102-3481
Telephone (703) 883-6000/Telex 248923
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(3) For test G1, the tabular results for the upper first adjacent channel rejection for
the Pioneer radio do not match the graphical plot of these results.

(4) The airplane flutter parameters listed in the test data package do not match those
in the latest test plan dated January 16, 1996. Tom Keller explained that the
values in the test data report are correct and he recalls mentioning the error in the
test plan during one of the HSSC subcommittee meetings.

(5) For test D1, using the Pioneer Radio, with no multipath, and group B
subcarriers, the spectral plot shows an increased noise floor. This test was
recorded on tape # HS40400, track ID # 12. Notes on the spectral plot indicate
anoise buzz. Discussions with Tom Keller indicated that this buzz was caused
by a problem with the tape. Tom faxed me another spectral plot which
exhibited the buzz alone and also showed the spectrum when the buzz was
avoided. The original plot and the plot provided by Tom are attached here as
Figures 1 and 2 respectively. I do not believe that the buzz is caused by the
STIC signal. CCIR grading of this segment was -0.2 (very small degradation).

(6) For test D2, using the Pioneer Radio, in urban slow multipath, and using only
the STIC subcarrier, the spectral plot shows a spiked noise floor and a tone at
about 3 kHz. This test was recorded on tape # HS40400, track ID # 18.
Discussions with Tom Keller indicated that this also was caused by a problem
with the tape. Tom faxed me another spectral plot which exhibited the buzz
alone and also showed the spectrum when the buzz was avoided. The original
plot and the plot provided by Tom are attached here as Figures 3 and 4
respectively. I do not believe that the STIC signal caused either the spiked
noise floor or the tone or any buzz. CCIR grading of this segment was 0 (no
degradation).

In conclusion, the test results, in general, appear to be very accurate and reliable.
With the exceptions noted above, these test results should be considered a good
starting point from which decisions regarding waveform standardization can
proceed.

Finally, as you requested in your letter dated January 28, I am willing to waive the
three week review period for the second data set. However, in order to simplify
distribution of the data, I urge you to provide data for all the proponents together,
for any give set of tests. In other words, I recommend that you hold the second
data set until the February 20® meeting if other proponents are not willing to waive
the three week review period.
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Sincerely,

% S o lE
" Jim Marshall

t .
Associate Center Manager
Signal Processing Center

Enclosures

cc: Tom Keller
Dave Layer
Jim Amnold
Gene McHale
Bill Jones
Mike Rau
Dave Kelley
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SEIKO Communications Systems, Inc.
Comments on NRSC - HSSC Lab Test Results and Report

Seiko objects to three primary areas of the NRSC - HSSC Lab test results and report.
Those are:

1. impact of 10% RDS injection on HSDS performance

2. multpath testing

3. limited report of 20 byte error rate

Regarding the impact of 10% RDS injection (Group B):
The tests do not reflect the results obtained by Seiko Communications Systems (SCS) in
our labs. The results suggest that the phase relationship between the RDS signal and the
HSDS was not set or was not set optimally. HSDS operates successfully with several
stations operating RDS at 10% injection. Anached are results from 1992 tests by SCS
Engineers regarding compatibility with RDS at various phases. This setup issue shows up
in the following test cases:

* B1.2 Group B -> HS Digital Subcarrier

¢ B6 Weak Signal -> HS Digital Subcarrier

¢ E] Analog Program -> HS Digital Subcarrier
In each case a RDS signal with similar injection to HSDS made the HSDS unabie to
operate in an error free mode. The lab has agreed to perform some re-tests in this area,
but at this time it is not clear whether the results in the report will reflect the re-test or not.

Regarding Multipath Testing: C

Testing only for exror free performance only is nota good measure of the HSDS system,
since repeats of data are expect on other frequencies and or at later times. HSDS is
designed for paging and waffic information to operate as low as 50% of 20 byte packets
successful from any one station Performance at much lower carrier to noise levels would
probably yield similar results to the high carrier to noise ratio - i.e. greater than 50% with
20 byte packets success in all cases except obstructed and urban fast in 220 byte blocks. It
would have been more representative of actual performance to test the systems over a
range of carrier to noise levels in multipath environments not at Jjust the Onset of Message
Errors.

Regarding limited reporting of 20 byte error rate:

The final report should include all 20 byte error rate data for HSDS. In actual commercial
operation of HSDS, all ITS and paging information currently utilize the 20 byte packet.
Reporting only 220 byte block does not accurately reflect the typical operational mode of
HSDS.

Gary Gaskill
Ly Ak P

Feb. 6, 1997

Booz2

1625 NW AmberGlen Court. Suite 140, Beaverton, Oragon 87006 Telephone: (503) 531-3450 ~acsimile: (503) 531-1700
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. Hsos
—RECEPTOR RFLINK  Specification
HSD s

C.3. COMPATIBILITY OF REECEPTOR TO RDS

Since at least a portion of the RDS signal occupies some of the RECEPTOR reception
bandwidth, an interference mechanism exists that can degrade the performance of the
RECEPTOR decoder when RDS signals are present. The amount of interference can be
quantified in terms of subcarrier injection levels of  each subcarrier signal.

Since the RDS subcarrier and RECEPTOR subcarrier are both phase locked to the 19kHz
pilot signal, an optimum phase relationship relative to the pilot exists for RDS that will
provide minimum interference to RECEPTOR. This minimum interference RDS to pilot
phase has been observed to be 64° (this should not be confused with the RECEPTOR

dara to pilot phase).

The following table is experimental data that was taken at STS. The table lists the
necessary injection level of an RDS subcarrier causing a 1dB degradation in sensitivity to

RECEPTOR.
Injection level of RDS necessary to cause a 1dB degradation in sensitivity to
RECEPTOR.
RECEPTOR RDS Injection level] RDS Injection | RDS Injection tevel

INJECTION LEVEL RDS to pilot level RDS to pilot RDS 1o pilot
phase=64° phase=0° phase=380°

10% 20.0% 11.2% 15.9%

9% . 17.8% 71% 14.2%

8% 11.2% 6.3% 11.2%

7% 8.9% 5.6% 71%

6% 7.1% 4.5% 71%

5% 5.6% 4.0% 5.6%

C.4. RDS TO RECEPTOR INJECTION LEVEL RECOMMENDATIONS

The following recornmendations are suggested when picking RECEPTOR and RDS
injection levels in situations when both services are in use.

« RECEPTOR subcarrier should be at least 7.5%.

1004-SPC-0755-01 SEIXO TELECOM PROPRIETARY AND CONFIDENTIAL - 15
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5.08000

Ap
6.8 ] .
\

//// —T]

-5.0800

-10.60

-15.00

-208.00

-30.00

-35.80

-40 .60

-45.80

-50.0d

-55.600
20 100 1k 18k 28k




Digital DJ Group B: 11—-J4—-96
F T A HREF —-14.9 dBm ATTEN 10 dB

10 dB/

CENTER 590 kH=z SPAN 100 kHz
RES BW 300 Hz VBW 30 Hz SWP 30.0 sec




Digital DJ Group B: 11-J4—96 MKH 94,149 J MHz

A REF J.4d dBm ATTEN 10 dB , —-13.63 dBm
13 dB/
¥
I
5 |
-
I 1!
'} | ;ﬂ
A [ ~

-

T T ——

¥ 1 A e
L I

\
,j\A4q-,m.A¢j ““AMuume\AJ\m

CENTER 94. 180 MH=z SPAN 580 kHz
RES BW 1 kH=z VBW 30 Hz SWP 50.0 sec



Digital DJ Freq. Response AMPL(dBu) & AMPL(dBu) vus FREQ(Hz) ©4 NOU 96 14:58:43

~-5.000
e T e

-10.00

-15.

g

.38 3 8838 8 8 8 8 8

o 100 1k 10k 20k




Digital DJ Group B THD+N(2) & THD+N() us FREQ(Hz) 04 NOV 96 15:07:36
1.0000

Ap

Pane'

.90000 - I, sl A
\/N .- /’\_,_,_,-n\__“\

. 80000 \\R\
\

. 600G

|
N
{
{:"

}

. 560000

L
d##

. 40000

. 30000

. 20000

. 10000

0.0

20 100 1k 10k 20k




Digital DJ Separation L->R AMPL(dBu) & AMPL(dBu) vs FREQ(Hz) 04 NOV 96 15:15:00
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Digital DJ B—4: HR=1kHz: ATTN=10dB8: 11—-7-96 MKR 94 .09 MH=z
= T A REF —-55.0 dBm ATTEN -1 dB —-56 .80 dBm

1Y adB/

CENTER 94 .19 MH=z SPAN 2.0 MHz
RES BW 3 kH=z VBW 130 kHz SWP 600 msec




Variable Injection



File Name: TEMPLATE XI1.S

50 mV, 500pusec / Division

Digital Radio Test Laboratory

50 mV, 500usec / Division
DIGITAL DJ
1 kHz @ %0

NI

DIGITAL DJ
1 kHz @ 5%

................................

R’ . PP SR

50 mV, 500uscc / Division
DIGITAL DJ
1 kHz @ 4%

50 mV, S00psec / Division
DIGITAL DJ

1 kHz @ 10%

Variablc Injection

Page 1 of |



Digital DJ Variable Injection Level 12-—-7-96
FE LA BEF —14.9 dBm ATTEN 19 dB

19 dB/

| (W

CENTER 540 kHz SPAN 100 kHz
RES BW 3J09 Hz VBW 30 Hz SWP 30.0 sec




Digital DJ Variable Injection Level 12—-7-96
ATTEN 14 dB

ETA REF —-14.9 dBm

19 dB/

RES

BW

307

Hz

1

CENTER 58 kH=z

RES BW 300

Hz

VBW 30

Hz

SPAN 100 kHz
SWP 30.0 sec



Digital DJ Variable Injection Level 12-7-96
FETA REF —14.9 dBm ATTEN 10 dB

100 dB/ ﬂ

CENTER 58 kHz
RES BW 380

SPAN 100 kHz
Hz VBW 30 Hz SWP 30.0 sec



Digital DJ Variable Injection Level 12—-7—-96
E T A REF —14.39 dBm ATTEN 10 dB

10 dB/ p

CENTER 580 kH=z SPAN 100 kHz
RES BW 300 Hz VBW 30 Hz SWP 30.0 sec



Digital DJ Variable Injection 12—-19-96

MKR 894.0899 5 MHz

| | :
it
N r“
LAl U ,
| W IR
L “ ’ LNV

CENTER 94.103 MHz

RES BW 1 kH=z

VBW 30

Hz

SPAN 580 kHz

SWP 583.0 sec



5 dB/

CENTER 894.175 MHz

ATTEN 10 dB

Digital DJ Variable Injection 12—19-96
ETA REF —-38.0 dBm

MKR A O Hz
6.55 dB

MARTF

s
iy

AN

\

Al

I i
B .4

Ul LA

U'N

RES BW 1 kHz

VBW 3 kHz

SPAN 180 kH=z
SWP 3700 msec



Digital DJ Freq Response  AMPL(dBr) & AMPL(dBr) ws FREQ(Hz) 23 DEC 96 18:47:08
5.06040

Ap

8.8
AT ' B

-5.08048

-18.08

-15.088

-25 .88

~-38.00

-35.60

-1 .68

-45 .00

-50.088

-55.04
28 100 1k 10k 28k




Digital DJ Group A
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THD+N () & THD+N() ws FREQ(Hz)
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Digital DJ Separation L->R AMPL(dBr) & ANPL(dBr) vs FREQ(Hz) 23 DEC 96 18:58:45
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Digital DJ Variable Injection:

E T A REF ATTEN 10 dB

190 dB/

CENTER 94. 100 MHz

g.J dBm

12—-23—-96 MKR 94 .899 @ MHz

—13 .93 dBm

Amanth

A

IRk

RES BW 1 kH=z

SPAN 588 kHz

VBW 30 Hz SWP 503.0 sec



Digital DJ Variable Injection: 12—-23-96

FTA REF —14.9 dBm ATTEN 10 dB
109 dB/
I
'lll
CENTER S0 kHz SPAN 100 kHz

RES BW 300 Hz VBW 30 Hz SWP 30.08 sec



Seiko
System Plots

(e additind olds o wd gt )



SEIKO Group A: 12—-3—96
E:[AlHEF —-14.9 dBm ATTEN 190 dB

L0 VB //

I’ | =

CENTER 50 kHz SPAN 100 kHz
RES BW 34d0d Hz VBW 30 Hz SWP 30.0 sec



SEIKO Group A: 12—3-96 MKR 94 .10 & MHz
ETIA HEF Aa.3 dBm ATTEN 10 dB ‘ -1 .9 dBin

13 B/

|
PP ﬂ | WAM

CENTER 94. 100 MHz SPAN 500 kHz
RES BW 1 kHz VBW 30 Hz SWP 58.0 sec




Seiko Frequency Response  AMPL(dBr) & AMPL(dBr) vs FREQ(Hz) 83 DEC 96 17:36:26
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Seiko Group f THD+N(x) & THD+N(x) vs FREQ(Hz) 63 DEC 96 17:39:45
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Seiko Separation L->R AMPL(dBr) & AMPL(dBr) vs FREQ(Hz) 83 DEC 96 17:43:34
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SETKDO Group B: 10-—-22—-936
= T A REF —14.9 dBm ATTEN 10 dB

1v B/

— N I B L '
CENTER 50 kHz SPAN 100 kHz
RES BW 3dQ Hz VBW 30 Hz

SWP 30.0 sec




SEIKO

I A REF g.a

14 B/

CENTER

Group B

dBm

1P -22-96
ATTEN 10 dB

MKR 94. 100 4 MHz
—-10.70 dBm

J‘Nﬁ

————

i

L 4

NTa PNV

]

Py

Q4. 180

RES BW 1 kHz

MHZz

VBW 30

Hz

SPAN 50 kH=z
SWP 5.0 sec



SEIKO Frequency Response AMPL(dBu) & AMPL(dBu) us FREf)(Hz) 22 OCT 96 16:46:28
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SEIKO Group B THD+N(2) & THD+N(x) vs FREQ(Hz) 22 OCT 96 16:50:18
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SEIKO Separation L->R AMPL(dBu) & AMPL(dBu) vs FREQ(Hz) 22 OCT 96 16:54:01
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LA REF -8

143

B/

SEIKO 3-4:; HH=1kH=z: ATTN=123dB: 11—-7—-986 MKH 4.9 MHz
5.0 dBm ATTEN 10 dB 556 .70 JdBin
il

CENTEH

| I v | B
G4 .10 MHz SPAN 2.0 MHz
FHES BW 3 kHz VBW 10 kHz SWPFP 6800 msec



Non-Standard Injection



Digital Radio Test Laboratory

SC/RO

100 mV, SOusec / Division
SEIKOQO
17%

Non-Standard Injection

— B

Page 1ol ]




SEIKO Non—Standard Injection 12—16-96 MKR 94 .10 @ MHz
FETA REF .0 dBm ATTEN . 19 dB —-13.70 dBm

10 dB/

mﬁwwwwmuweﬂJ PN W

CENTER 894. 1280 MH=z SPAN 5080 kHZz
RES BW 1 kHz VBW 30 Hz SWP 508.0 sec




SEIKO Non—Standard Injection 12—-16-96
ETA BREF —14.9 dBm ATTEN 10 dB

18 dB/

START & Hz STOP 130 kHZz
RES BW 300 Hz VBW 30 Hz SWP 300.0 sec



Seiko Frequency Response
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AMPL (dBr) & AMPL(dBr) vs FREQ(Hz) 16 DEC 96 16:56:10
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Seiko Non-Standard Injection THD+N(x) & THD+N(x) vs FREQ(Hz) 16 DEC 96 11:08:88
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Seiko Separation L->R AMPL(dBr) & AMPL(dBr) vs FREQ(Hz) 16 DEC 96 11:82:08
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SEIKO 13kHz RBDS 2kHz DEV Non—Standard Injection 12—-10-96

ET A REF —14.9 dBm ATTEN 10 dB
10 dB/

|

i | ' L
CENTER 58 kHz SPAN 128 kHz

RES BW 3008 Hz VBW 3484 Hz SWP 38.08 sec



(Atfackmest 7)
(4, s[27[97 Miniter)

ADDITIONAL SYSTEM PLOTS

- DigitalDJ Group A: 3-6-97 (shows DDJ and 92 kHz analog SCA)

- DigitalDJ Group B Ford Strong 3-12-97
- DigitalDJ Group B Pioneer Left Ch. Strong Signal 3-14-97
- DigitalDJ Group B Pioneer Strong 3-14-97

- Mitre Group B Ford Strong 3-12-97
- Mitre Group B Pioneer Left Ch. Strong Signal 3-14-97
- Mitre Group B Pioneer Strong 3-14-97

- Seiko Group B Ford Strong 3-12-97
- Seiko Group B Pioneer Left Ch. Strong Signal 3-14-97
- Seiko Group B Pioneer Strong 3-14-97



DIGITAL DJ GROUP A: 3-6-97
=T A REF —14.9 dBm _ ATTEN 1@ dB

1@ dB/

111
—
——
——

iR

CENTER 50 kHz SPAN 1920 kHz
RES BW 309 Hz vBW 300 Hz SWP 3.00 sec



DDJ GROUP B FORD STRONG 3-12-97
=T A REF 19.@ dBm  ATTEN 3@ dB

19 dB/

START @ Hz STOP 25.0 kHz
AES BW 1002 Hz VBW 303 Hz SWP 7.5@ sec



DDJ GROUP B PIONEER LEFT CH STRONG SIGNAL 3-14-97
ATTEN 28 dB

ETA REF

9.2 dBm

10 dB/

START O

“‘i

Hz
RES BW 10820

Hz

STORP 25.0 kH=z

SWP

7 .50 sec



DIGITAL DJ GRQUP B PIONEER STRONG 3-14-97
ETA REF 9.2 dBm ATTEN 2@ dB

10 dB/

- /

CENTER 52 kHz SPAN 1007 kHz
AES BW 108 Hz VBW 1008 Hz SWP 30.8 sec




MITRE GROUP B FORD STRONG 3-12-97
=T A REF 19.9 dBm _ ATTEN 3@ dB

12 dB/

START @ Hz STOP 25.@ kHz
AES BW 1020 Hz vBW 3320 Hz SWP 7.50 sSec



MITRE GROUP B PIONEER LEFT CH STRONG SIGNAL 3-14-97
=TA REF 9.0 dBm

13 dB/

START @

ATTEN 208 dB

I 4 il 1,,1 l'\',»d,ln:,,‘m*\

|

[E

Hz
RES BW 100

Hz

VBW 41230

Hz

STOP 25.0 kHz

SWP 7 .50 sec



MITRE GROUP B PIONEER STRONG 3-14-97
=TA REF 9.8 dBm ATTEN 2@ dB

10 dB/

| M%
| SPAN 103 kHz
Hz SWP 30.0 sec

CENTER 5@ kHz
RES BW 128 Hz VBW 140



SETKO GROUP B FORD STRONG 3—12-97
ETA REF 19.80 dBm ATTEN 3@ dB

1@ dB/

START @ Hz STOP 25.3 kHz
AES BW 188 Hz VBW 3038 Hz SWP 7.58 sec



SEIKO GROUP B PIONEER LEFT CH STRONG SIGNAL 3—-14-397

£ IA REF

9.4 dBm

ATTEN 22 dB

10 dB/

f

START @

|

I

A A

'U” W““'W h 'J-J 'Hu. R

l

Hz
RES BW 41909

Hz vBW 1208 Hz

STOP 25.4 kHz

SWP 7 .50 sec



SETKO GROUP B PIONEER STRONG 3-14-97
=T A REF 9.0 dBm ATTEN 2@ dB

10 dB/

Y

SPAN 123 kHz

CENTER 502 kH=z
SWP 30.94 sec

RES BW 120 Hz vBW 1209 Hz



HSSC Proponent Receiver Characterization

Date(s): 2/13-2/17/1997
Engr(s): DML, RMc

Digital Radio Test Laboratory

TEST DEVICE Modulation Injection RESULTS
Frequency Response: Proponent RX 10-100k Hz 100, 30 & 10% AP Graph
THD vs Frequency: Proponent RX 10-100k Hz 100, 30 & 10% AP Graph  HP Composite Plot

Limiting Threshold: Proponent RX 1kHz 100% Tabular Data / Plot

First Adj. Upper/Lower Proponent RX Proponent Center 10% HP Spectrum Plots
(6dB D/U) CPN 100%

Second Adj. Upper/Lower Proponent RX Proponent Center 10% HP Spectrum Plots
(-40dB D/U) CPN 100%

Note: Clipped Pink Noise (CPN)

File Name: PROP_RX.XLS

Notes

o X/INBIIY )

Page 1 of 5
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N

Digital Radio 1est Laboratory

Frequency Response

()

Audio Precision Harris RF Test Bed Proponent Audio Precision
THE-1 Receiver
Audio Analyzer
. | . e
Generator Exciter —50dBm L.
10-100k Hz 94.09981 MHz | Deviation: Composite BB
7.5kHz
22.5kHz
75kHz
Distortion + Noise
Audio Precision Harris REF Test Bed Proponent Audio Precision
THE-1 Receiver
Audio Analyzer
— ; |l———— L
Generator Exciter
10-100k Hz Deviation: -50dBm Composite BB
7.5kHz
22.5kHz
75kHz
Bulfer
Amplifier HP
Spectrum
> D 500 > Analyzer
Block Diagrams Page 2 of 5

File Name: PROP_RX . XLS



Audio Precision

Audio
Generator

1kHz Ref/ Off

File Name: PROP_RX.XLS

Harris
THE-1

Desired
Exciter

Digital Radio Test Laboratory

Limiting Threshold / Sensitivity

e
Deviation:
75kHz / CW

-50 to -130 dBm

%esired

Indesired
RF Test Bed

%utput

Proponent
Receiver
Comp.
BB
HP
Spectrum
Analyzer

Block Diagrams

15kHz Audio Precision
LP Filter
Analyzer
Page 3 of 5



Interstate
F71
Function
Generator

Digital Radio Test Laboratory

Audio Precision

Audio
Generator

Pink Noise

File Name: PROP_RX.XL$S

Proponent Center Frequency

Orban

Stereo
Generator

(Pilot Off)

CPN

Selectivity
Harris Proponent
THE-1 Receiver
Desired L. >
Exciter Deviation: esired utput Comp.
7.5kHz BB
Harris
THE-1
Adjacent L.
Exciter Deviation: ndesired
75kHz RF Test Bed
Block Diagrams

N
Buffer
Amplifier HP
Spectrum
Analyzer

DSOQ

1

Plotter

Page 4 of 5




N

Digital Radio 'fest Laboratory

HSSC Proponent Receiver Characterization

Buffer Amplifier Interface to HP Spectrum Analyzer

@ +15v

2 LM6321 7 )

220K 8

-5V

File Name: PROP_RX.XLS Buffer Amplifier Page 5 of 5
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RE AFMZ FREQUENRCY RESFONSE

ANPL(dBr) vs FREQ(HZz)

13 FEB 97 13:28:89
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[——
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1009, RE AFMZ DISTORTION + NOISE THD+N(:2) ws FRE)(Hz) 13 FEB 97 14:15:01
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AFNZ DISTORTION + NOISE 38
20

THD+N () ws FREQ(Hz)

17 FEB 97 19:25:46

Ap
18
1
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16 188 1k 18k 100k




AUDIO PRECISION FREQUENCY BRESPONSE AMPL(dBr) vs FREQ(Hz) 13 FEB 97 13:85:57
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AUDIO PRECISION DISTORTION

THD+N(:2) vs FREQ(Hz)

13 FEB 97 13:89:25
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(L(““”CC(L ond  of Fufial )

)de: 120> mVrVnS

DDJ FREQUENCY RESPONSE 38 ANPL(dBr) vs FREQ(Hz) 17 FEB 97 15:86:57
.58000
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DDJ FREQUENCY RESPONSE 188 AMPL(dBr) vs FREQ(Hz} 17 FEB 97 15:23:58
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DDJ DISTORTION + NOISE 188x THD+N(z) vs FREQ(Hz) 17 FEB 9?7 15:32:21
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DDJ DISTORTION + NOISE 18z THD+N(2) vs FREQ(Hz) 17 FEB 97 15:43:19
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DDJ DISTORTION + NOISE 38x THD+N(x3} vs FREQ(Hz) 17 FEB 97 15:36:47
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DDJ DISTORTION PRODUCTS: 2-17-97 MKR A 76.5 kHz
EIA BEF 10.0 dBm ATTEN 20 d8 -43 .20 dB
I T ]
10 dB/ ! |
e |
i | :

I 1
! !

: i i

—_—— e 4

i i i

765 wHz ] f i
—-43. gl dB ; ; | ,
( 1 K K -
| . !
! ! i ‘ ' .
37" ""— , T } =
Il H H .
: e r -
| : ;
| | | i
|- o i
! | !
f H !
"
i 1 i | A S —_
CENTER 258 kHz SPAN S0 kHz
RES BW 1 kH=z VBW 3 kH=z SWP 1.508 sec

DIGITAL DJ DISTORTION PRODUCTS 3-27-97

9.6 dBm ATTEN 249

E:[A‘REF

dB

1@ dB/

1

CENTER 5@ kHz

RES BW 300 Hz

vBW 3400

Hz

SPAN 10Q3 kHz
SWP 3.20 sec



Digital Radio Test Laboratory
HSSC Proponent Receiver Characterization

RF (dBm) | Signal (dB) | Noise (dB)
Date: 2/17/97 -50 0.00 -61.00
By: DML -55 0.00 -61.00
-60 0.00 -61.00
-65 0.00 -61.00
Desired Signal: 94.10 MHz Modulation: 1 kHz -70 0.00 -60.50
Injection: 100 % -75 0.00 -59.50
0dB: 406 mV -80 0.00 -57.10
) -85 0.00 -53.50
Measurement: Level, RMS, with 15k¥Hz Low Pass Filter 90 0.00 -49.00
95 | 000 ] 4420
Resuits: S/N vs RF Level Limiting| -100- | -0.16 -39.30
Threshoid| ~ -105 -0 | -34.20
-110 -5.20 -23.60
-115 -11.00 -17.30
Radio Type: Logic Control Diversity System -120 -14.00 -15.70
-125 -14.80 -15.20
-130 -15.00 -15.10
File Name: DDJ_RX.XLS SN vs RF Level Page 1 of 2
Digital Radio Test Laboratory
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HSSC Proponent Receiver Characterization

Digital Radio Test Laboratory

RF (dBm) | Signal (dB) | Noise (dB)
Date: 2/17/97 -50 0.00 -49.50
By: DML -55 0.00 -49.50
-60 0.00 -49.50
-65 0.00 -49.50
Desired Signal: 94.10 MHz Modulation: 1 kHz -70 0.00 -49.50
Injection: 100 % -75 0.00 -49.00
0dB: 764 mV -80 0.00 -48.70
-85 -0.10 -47.50
Measurement: Level; RMS, with 15kHz Low Pass Filter -90 -0.10 -44.50
95 | 004 | -40.50
Results: S/N vs RF Level Limiting| ~ -100. -0.15 -31.50
Threshold]  -105" -1.80 -10.00
-110 -4.50 -6.30
-115 -4.80 -5.00
Radio Type: PC Expansion Card -120 -4.80 -4.80
-125 -4.80 -4.80
-130 -4.80 -4.80
File Name: SEIKO_RX.XLS SN vs RF Level Page 1 of 2
Digital Radio Test Laboratory
5.00 - ; i
0.00 : i
-5.00 - </
-10.00 ' f
-15.00 l \
-20.00 : : \
-25.00 \
£730.00 : : ‘
235,00 : AN
S | | N\,
-40.00 . ; \
-45.00 : ; L :
-50.00 : , 1 |
-55.00 : ' | |
-60.00 i ‘ | :
: | !
-65.00 . g , { :
. I | i
-70.00 : ! : : ;_ | |
; : i i i i ! :
-75.00 - - i
< vy (=2 [Tal (=} vy (=) wvy [=3 vy (=2 vy (=) vy (=1 vy (=] ’
att B a = = b= = S S ® ® i hy Q 2 w w
RF Level (dBm)

Fite Name: SEIKO_RX.XLS

SN vs RF Level

Page 20f 2



SEIKO UPPER 41ST ADJACENT: 2-17-97

~ EIA REF -2.6 dBm ATTEN 18 dB
10 dB/
CENTER 58 kHz SPAN 183 kHz
RES BW 388 Hz VBW 1 kHz SWP 3.88 sec

./

SEIKO LOWER 1ST ADJACENT: 2—-17-97

ETA REF -2.6 dBm ATTEN 18 dB
18 dB/

= ! 4
CENTER 5@ kHz SPAN 188 kHz

RES BW 3902 =z VBW 1 kH=z SWP 3.008 sec



SEIKO UPPER 2ND ADJACENT: 2-17-97
- - ETA REF -2.6 dBm ATTEN 12 dB

° 1 ! l ! ! ‘ ! !
1@ dB/ ; ‘ i § ; i : ;
H IIMMNM
i ! :
! : ! !
| ! :
H ! l i
1 : | ;
i : { ;
! l i
| ! i
i i
| | *
CENTER 5@ kHz SPAN 180 kHz
RES BW 388 Hz VBW 1 kHz SWP 3.40 sec
\ _ _— . e -

SEIKO LOWER 2ND ADJACENT: 2-17-97
EIA REF -2.6 dBm ATTEN 18 dB

E ! [ ! ! ! [ [ B
183 dB/ : : ; : ; ; : : : |
; | :
1, ; :
- i : . 5
E 5 | ! ;
! ! | i i
| = | |
: i | t
! ' : i
i i i
T T LRI
- E 4 4 -2 y 3 ' : =
- 9 n "1 1 ey x4 v s v‘v‘ . et
|
E 1
- i i
e e ] — e
;

l i L | i
CENTER 50 kHz SPAN 100 kHz

RES BW 300 Hz VBW 1 kH=z SWP 3.9 sec




(/47‘/7«‘04/1««7/_' l>

Appendix P
-~ Co/No Adjustments

Methods for Expressing Signal to Noise Ratios in HSSC Tests



Co/No Adjustments

Introduction

Performance of digital communications systems is often characterized in terms of message error rate
(MER) and the required Co/No for these error rates. Co/No is a measure of the signal to noise ratio
required for a given performance (see discussion of methods for expressing signal to noise ratio below). In
general, for a given MER, the lower the required Co/No the better, since this implies that the system will
continue working (i.e. performing with a usable MER) even at lower received signal powers.

A full characterization of a system’s MER performance (in fading conditions or otherwise) can be thought
of in terms of a “waterfall curve” which is a plot of MER vs. Co/No. However, for the tests performed as
part of the NRSC’s evaluation of HSSC systems, only one point on this curve was typically measured, for
each of several fading conditions, for each system of interest, and for each of several message lengths. This
was done in the interest of reducing the time needed to complete testing, which was necessary because of
the many test combinations required.

Consequently, the results in the Lab Test Report consist of a pair of numbers for each test, i.c. the MER
and the required Co/No. In general, a system’s performance is better if it has a lower MER and/or a lower
required Co/No value. A lower MER means more reliable data, and a lower Co/No means less signal is
required for the system to work, implying better station coverage and operation to receivers farther from the
transmitter.

The Need for Adjustments

As recorded in the Laboratory Data Report, the Co/No values reflect a “raw™ value which needs to be
adjusted before it may be used as a parameter for comparing system performance. There are two
adjustments that must be made:

1) As recorded in the Report, the Co/No values do not take receiver noise power spectral density
(PSD) into account. Adjustments must be made to account for the fact that, in some cases, the
proponent receiver front end noise was greater than the noise added as part of the test; and

2) In the case of data obtained when using the multipath simulator, a correction factor needs to be
applied to account for the average received power (with multiple taps in Rayleigh mode) relative to
the constant power of a single tap (in Doppler mode) in the multipath simulator.

The first of these adjustments is discussed in detail below. Details of the second adjustment mentioned
above are provided in Appendix L to the Laboratory Data Report. However, a table of values for the
second adjustment is included here, as well, for convenience.

Important note (included as a result of action taken at the 6/25/97 HSSC Subcommittee
meeting): the adjustments discussed in this appendix are still being studied and any changes or
additions will be reported to the Subcommittee and distributed to holders (on record) of the data
report.

A point of clarification is in order regarding exactly what “Co/No” refers to, as it occurs in the Lab Data
Report. The values presented in the Report are most accurately described as “Subcarrier Co/No™ since
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they reflect the power in the subcarrier (which is only a fraction of the total RF carrier power). The
relationship between RF carrier and subcarrier PSD is explained in Attachment 1 to this appendix.

Determination of Receiver Noise Power Spectral Density

Figure 1 depicts the basic approach used in the HSSC tests to alter signal to noise ratio (and hence Co/No).
‘When tests requiring a changing signal to noise ratio were done, noise was added to the signal (see also, for
example, page 5 of the Lab Test Report), as opposed to the alternative approach which is to simply redace
the signal level to the receiver. Assumed in the added-noise approach is the fact that noise energy due to
the front end of the receiver does not significantly affect system performance, and furthermore that
variations in noise figure of the proponent receivers are not a factor in evaluation.

Signal System Under
Source Test
Variable

Noise Source |

Figure 1. Approach used in HSSC Tests to Vary Signal-to-Noise Ratio

In the HSSC system evaluations, with the additive noise reduced to zero, in some instances message €rrors
still occurred. In these cases, the noise added by the proponent receiver must be characterized to determine
the Co/No under which this “no-noise” MER is occurring. The purpose of the following analysis is to
determine the noise level added by the proponent receivers, and then to estimate the actual Co/No values for
this data.

The first step in this analysis is to determine the noise PSD associated with each proponent receiver. This
can be determined by comparing the unfaded system performance measured under two different test
conditions. In particular, the results from Test B-1 and Test B-6 can be compared as shown in Table 1.

In the first row of Table 1, the recorded value of subcarrier Co/No at onset of message errors (OME) for
test B-1 (system performance with noise) is given. This subcarrier Co/No value is converted to an RF
carrier C/No value in row 2, which is more convenient for subsequent calculations (see discussion of
methods for expressing signal to noise ratio below). The RF carrier C/No value corresponds to the
required RF carrier power to noise PSD ratio at OME. This can be compared to the RF carrier power at
OME measured in test B-6 test (weak signal performance). Knowing both the RF carrier C/No (row 2),
and the carrier power (row 3) at the same operating point (OME), the noise spectral density of the
proponent receiver can be estimated as follows:

No (dBm/Hz) = C(dBm) - C/No (dB Hz) ¢3)

The noise PSD of the proponent receivers, calculated using equation (1), is provided in row 4 of Table 1.
Noise figure can also be determined as follows:
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F (dB) = No(dBm/Hz) - 174 (dBm/Hz) 2)

where F is the noise figure in dB, and —174 dBm/Hz is the reference noise spectral density of thermal noise
alone (at 290 Kelvin). Noise figure results are provided in row 5 of the table.

Table 1. Estimated Receiver Noise Power Spectral Densities and Noise Figures
(refer to text for detailed explanation)

No. | Parameter Units DDJ MITRE SEIKO
1 | Subcarrier Co/No at OME (recorded; Test (dB) 5.85 582 9.35
B-1)
Corresponding RF carrier C/No at OME (dB-Hz) 73.61 73.58 77.11
RF carrier power at OME (Test B-6) (dBm) -91.50 -92.50 -82.50
Estimated receiver noise power spectral (dBw/Hz){ -165.11 -166.08 -159.61
density (PSD)
5 | Estimated receiver noise figure (dB) 8.89 7.92 14.39

Determining the Subcarrier Co/No of the Recorded Data With Receiver Noise Taken Into Account

With the noise PSD of each receiver now estimated, it is possible to determine adjusted subcarrier Co/No
values of the data at OME which will more accurately reflect the actual operating point of the systems.
The parameter values for doing this are given in Table 2. In the first row, the recorded subcarrier Co/No
values for each system are provided. These values are transformed into corresponding RF carrier C/No
values which are given in row 2.

All fading tests were done with an RF carrier power of —65 dBm, as shown in row 3. Using equation (1)
and the results given in rows 2 and 3, the PSD of the noise added to the signal can be determined. These
results are given in row 4.

Next, the total noise PSD is determined by adding the contributions from “added” noise and receiver noise
(in rows 4 and 5). Note that the values in the table are in decibel units, while the addition must be done
using linear units (mW/Hz). After doing the necessary conversions, adding, and converting back to
dBm/Hz, the results in row 6 are obtained. Notice how the receiver noise dominates in the first three
columns of results, while in the fourth column, the added noise dominates.

The final step in the process is to convert the total noise to an equivalent subcarrier Co/No value. This is
done in rows 7 and 8. Row 7 shows the net RF carrier C/No, which can be determined assuming a —65
dBm carrier level and using a rearranged version of equation (1) along with the values in row 6. Finally,
the RF carrier C/No values can be converted to a estimate of the actual subcarrier Co/No values, as shown
in row 8. '
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Table 2. Estimated Values of Subcarrier Co/No Taking Receiver Noise Into Account
(refer to text for detailed explanation)

With Added
No Added Noise Noise
DDJ MITRE SEIKO MITRE
No. | Parameter Units | (all B3 and E2 (B3 and E2 (all B3 and E2 | (maximum of
tests) tests, obstructed) tests) B3 and E2 tests)

1 | Subcarrier Co/No at OME| (dB) 63.30 63.30 63.30 17.00
{recorded; Tests B-3, E-2)

2 | Corresponding RF carrier | (dB-Hz) 131.06 131.06 131.06 84.76
C/No at OME

3 | RF carrier power (Tests (dBm) -65.00 -65.00 -65.00 -65.00
B-3,E-2)

4 | Added noise PSD (dBnvHz)| -196.06 -196.06 -196.06 -149.76
Receiver noise power (dBm/Hz)| -165.11 -166.08 -159.61 -166.08
spectral density (PSD)

6 | Total noise PSD (linecar |(dBm/Hz)| -165.11 -166.08 -159.61 -149.66
sum of 4 and 5)

7 | Estimated RF carrier (dB-Hz) 100.11 101.08 94.61 84.66
C/No (taking receiver
noise into account)

8 | Estimated subcarrier (dB) 3235 33.32 26.85 16.90
Co/No (taking receiver
noise into account)

Multipath Simulator Power Correction Factor

In addition to adjusting the subcarrier Co/No values recorded in the lab data report to take into account the
receiver noise, an adjustment also is needed to address differences in the average received power, relative to
the power from one tap of the fading channel simulator. These values have been determined elsewhere
(Appendix L), but are provided here for convenience in Table 3.

Table 3. multipath Simulator Power Correction Factors

Scenario
Urban
Rural

Obstructed

Correction
245 dB
55dB
40dB

Using the corrections provided above, summaries of the test results showing performance of the systems in
multipath fading are provided in Tables 4 through 6.

Page P4



Table 4. Digital DJ System — Corrected Co/No Values
Subcarrier group A used for all tests

Message Error Rate
(%)
Main | Recorded | Corrected
Fading Report | channel Co/No Co/No
scenario Test | page # audio (dB) (dB) 20-byte | 220-byte
Urban Slow | B-3 14 CPN 63.3 29.90 0.60 2.14
E-2 25 CPN 63.3 29.90 2.65 4.57
E-2 25 pilot 63.3 29.90 0.00 0.00
Urban Fast B-3 14 CPN 63.3 29.90 6.60 33.57
E-2 25 CPN 63.3 29.90 6.35 34.29
E-2 25 pilot 63.3 29.90 0.27 1.86
Rural Fast B-3 14 CPN 63.3 26.85 2.82 17.00
E-2 25 CPN 63.3 26.85 2.69 16.43
E-2 25 pilot 63.3 26.85 0.31 - 243
Obstructed B-3 14 CPN 63.3 28.35 100.00 100.00
E-2 25 CPN 63.3 28.35 65.50 98.00
E-2 25 pilot 63.3 28.35 15.56 63.86
Table 5. Mitre System — Corrected Co/No Values
Subcarrier group A used for all tests
Message Error Rate
(%)
Main Recorded | Corrected
Fading Report | channel Co/No Co/No
scenario Test | page # audio (dB) (dB) 20-byte | 220-byte
Urban Slow B-3 37 CPN 15.5 12.98 0.10 0.30
E-2 48 CPN 14.5 12.00 0.03 0.15
E-2 48 pilot 12.5 10.00 0.18 0.52
Urban Fast B-3 37 CPN 13.5 11.00 1.13 3.26
E-2 48 CPN 13.0 10.51 0.65 1.64
E-2 48 pilot 11.0 8.52 1.19 3.41) -
Rural Fast B3 37 CPN 17.0 11.40 0.80 2.74
E-2 49 CPN 17.0 11.40 0.10 0.30
E-2 49 pilot 15.5 9.93 0.04 0.15
Obstructed B-3 37 CPN 63.3 29.32 100.00]  100.00
E-2 49 CPN 63.3 29.32 100.00]  100.00
E-2 49 pilot 17.0 12.90 0.05 0.74
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Table 6. Seiko System — Corrected Co/No Values
Subcarrier group A used for all tests

Message Error Rate
(%)
Main | Recorded | Corrected
Fading Report | channel Co/No Co/No
scenario Test |pageno.| audio (dB) (dB) 20-byte | 220-byte
Urban Slow | B-3 59A%t CPN 63.3 24.40 1.30 10.30
E-2 70 CPN 63.3 24.40 n/a 10.30
E-2 70 pilot 63.3 24.40 n/a 0.00}
Urban Fast | B-3 59A% CPN 63.3 24.40 23.20 93.70
E-2 70 CPN 63.3 24.40 n/a 93.70
E-2 70 pilot 63.3 24.40 n/a 77.70}
Rural Fast B-3 59A% CPN 63.3 21.35 14.60 54.90]
E-2 70 CPN 63.3 21.35 n/a 62.30
E-2 70 pilot 63.3 21.35 n/a 58.30
Obstructed B-3 59A% CPN 63.3 22.85 100.00]  100.00
E-2 70 CPN 63.3 22.80 n/al 100.00
E-2 70 pilot 63.3 22.80 n/a]  100.00]
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Methods for Expressing Signal to Noise Ratios in HSSC Tests

In evaluating the various results contained in the Lab Test Report, comparisons may be made among the
proponent systems. Tests in these groups fall into two categories. First, there are weak signal tests which
evaluate various performance measures as the carrier power is reduced (e.g. Tests A-4 and B-6). Results
of tests in this category depend on the noise figure performance of the proponent’s tuner, as well as the
performance of the proponent waveform. Consequently, tests in this category do not provide a good basis
for comparison of the proponent waveforms.

A second category of test involves adding noise with the carrier power fixed at a moderate level (¢.g. Tests
B-3, C-1, and C-2). Tests in this category provide a good basis for comparison of the proponent
waveforms, since noise from the tuner is obscured. Consequently, tests results in this category will be
determined almost entirely by the performance of the proponent waveform.

In evaluating the results of tests using added noise, an impartial method of expressing the relative signal
and noise levels must be selected. One method for expressing these levels is in terms of “C/No.” This is
the ratio of total carrier power to noise PSD and has units of dB-Hz. This quantity can be used to compare
proponent systems in a fair and impartial way since the quantities used in calculating “C/No” will be the
same for all proponent systems. Any other means of expressing the relative signal and noise levels which
differs from “C/No” by a constant value which is the same for all proponents would also be fair to use.

In this report, results are reported in terms of a nominal “Co/No” which is actually a “subcarrier Co/No”
since the carrier PSD utilized reflects only that fraction of the carrier power associated with the subcarrier.
Conversions between these two quantities (i.e. RF carrier C/No and subcarrier Co/No), expressed in dB,
can be made as follows:

Nominal Co/No

C/No - 26 dB - 10*Log(15 kiTz) 03)
C/No - 67.76 dB

Here, -26 dB is the nominal level of the subcarrier sidebands relative to the carrier at 10 % injection (7.5
kHz deviation), assuming a 75 kHz subcarrier (refer to Attachment 1 for a derivation of this figure), and 15
kHz is the nominal bandwidth of the proponent modulation. Note that an actual subcarrier Co/No value
would vary among proponent systems due to differences in subcarrier center frequency and modulation
bandwidth. However, we are more interested in maintaining a constant delta between subcarrier Co/No and
RF carrier C/No, among all proponents, than we are in precise subcarrier Co/No descriptions.

Expressing performance in terms of RF carrier C/No has the disadvantage that the quantity provides little
insight into performance of a real deployed system since it does not relate directly to other more familiar
quantities. One way to remedy this is to express relative signal and noise levels in terms of more familiar
quantities that would occur for a reference receiver. For example, a particular reference receiver could be
considered which has a 200 kHz noise equivalent bandwidth (NEBW) in the intermediate frequency (IF)
stages prior to FM demodulation. Relative signal and noise levels could be expressed in terms of an IF
signal to noise ratio (SNR) in this receiver. Conversion between this quantity and C/No, in dB, is as
follows:

IF SNR= C/No - 10*Log(200 kHz) 4
= C/No - 53.01dB
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Also, substituting (4) into (3), the conversion between IF SNR and nominal Co/No, in dB, can be obtained
as follows:

IF SNR= Co/No + 14.75dB o)

Another familiar quantity is the field strength required for a particular receiver. This quantity can be
related to C/No as follows:

C/MNo = E> A2 Gr (6)
Zo4nk T '

where:
E = the field strength (V/m)
A = the wavelength (m)

Gr = the receiver antenna gain (power ratio relative to isotropic)
Zo = 377 Q (the characteristic impedance of free space)

k = 1.38e-23 W/Hz/Kelvin (Boltzmann’s constant)

T = equivalent noise temperature {Kelvin)

Expressing quantities in dB, and assuming a wavelength of 3 meters, Equation (6) can be modified to
become:

C/No = E-F + Gr + 56.76 dB )

where:
E =the field strength (dB pwV/m)
F  =the noise figure (dB)
Gr = the receiver antenna gain (dBi)

For example, consider a fictitious proponent system which requires a nominal Co/No of 20.0 dB for a
particular test. This can be converted to the following:

Co/No =20.0 dB
C/No =87.76dBHz

IF SNR =34.75 dB (in a reference receiver with 200 kHz IF bandwidth)
E =46.0 dB pV/m (in a reference receiver with 15 dB noise figure, and
0 dBi antenna gain)

Proponent system performance could be fairly compared using any of these four quantities, as long as the
assumptions are the same for each proponent.
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Director of Engineering

Consumer Electronics Manufacturers Association

Electronic Industries Association Phone: (703) 907-7638
2500 Wilson Blvd. Fax: (703) 907- 7601
Arlington, VA 22201-3834

Dear Ralph,

Co/No is defined as nglal Power Spectral Dens.lty
Noise Power Spectral Density

where,

Cq= Average Carrier Power-26 dB -10log(BW) where BW is the nominal bandwidth of the
subcarrier signal which for comparison purposes is set to 15 kHz for all proponent systems and

No= Average Noise Power -10log(NFBW) where NFBW is the equivalent noise bandwidth of the
noise filter which 1s 6.449 MHz.

The 26 dB factor in the above C, expression comes from the modulation index f, modulating
frequency F,, and the Bessel Function relationship between carrier and sideband levels.

Since 10 percent injection relates to 7.5 kHz of deviation and the systems tested range in frequency
from 66.5 kHz to 76 kHz the minimum B which corresponds to the minimum sideband level can be
calculated as

o 15Kz
76 kHz
Then substituting into the Bessel Equation for the first sideband level yields:
© n n2n+l _01_]3_25_37 3 5 7
MBFZ S i ) ﬂl +( 1)ﬂ3 +( ) ﬂs +(1) ﬁ7+"':£_—’87'+ g 7 12811%"'
onl(n+1)12 1(1)2 1(2)2°  2(6)2° 6(24)2 2 28 (32" 32

=.0968421

and where 3<1 this quantity converges to -‘g—

Then converting to decibels yields

Sideband #1 Level = 2010g(—§—)dBc = 20log(
and with rounding the factor is thus -26 dBc.

'—0—9—658£1 )dBc=-26.3 dBc

Jim Marshall put together a document which details thé conversions from Co/N, to other expressions
which can be used to evaluate system perfomance.

EJA / NRSC Digital Radio Test Laboratory

NASA Lewis Research Center

Communications System Branch

21000 Brookpark Road, MS 54-2 Telephone (216) 433-3445
Cleveland, OH 44135 Telefax  (216) 433-8705
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