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NRSC-R56

FOREWORD

NRSC-R56, EIA-CEG / DAR Subcommittee, WG-B / Laboratory Testing and SG-1 / VHF Channel
Characterization Test — Final Report, documents the results of a test program conducted by the DAR
Subcommittee of the Electronics Industries Association (EIA, precursor to CEA) to establish the
characteristics of multipath fading at VHF frequencies for a variety of reception environments including
urban, suburban, rural, and terrain obstructed.

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

1. CHANNEL SIMULATION BACKGROUND

At the October 18, 1991 DAR Subcommitiee meeting at the EIA, Working Groups
A and B were established to begin describing and then testing DAR systems. By the next
meeting in November a draft outline of WG-A and WG-B tasks had been prepared. The
WG-B outline began the listing of channel problems to be evaluated relative to DAB
system performance. Atthe January 22, 1992 meeting the "Digital Audio Radio Technical
Performance and Service Objectives” were discussed and adopted. ltem 2 of that
document listed Immunity to Multipath. This item was carried forward into the second
WG-A task outline regarding, Channel coding effectiveness - Multipath Fades. Thus the
requirement for multipath performance testing was set.

2. EARLY CHANNEL SIMULATION ASSUMPTIONS & PLANS

Having decided to employ multipath conditions as part of the lab testing, the
question was asked regarding simulating those conditions and the multipath parameters
that would be used for the testing. General discussions revealed that the parameters
could be specified in a variety of ways, including the channel delay spread, Frequency
Domain characteristics or Direct Time Domain characteristics. The candidates for a
channel simulator are all directly programmed using time domain values for each channel;
including the 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. If such information were not available, the
time domain values would have to be estimated from other values for simulator
programming. A source of direct information on time domain parameters was sought.

3. CHANNEL SIMULATION CONTROL; SIMULATION AND DIRECT MODES
At the May 23, 1992 WG-A meeting the topic of VHF /UHF multipath characteristics

was discussed. Both the NTIA digital mobile propagation tests and the Hewlett Packard
digital mobile testing seminar were mentioned. At the July 16, 1882 meeting, Tom Keller
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was confirmed as the Chairman of WG-B (testing) and a draft strawman of the test plan
(version 1.0) was circulated. It described tests for system perfermance under multipath
conditions, with and without added noise. At the November 5, 1992 DAR WG-B meeting
the Hewlett Packard R.F. Channel Simulator, HP Model No. 11758C, was discussed as
a candidate laboratory multipath simulator. Subsequent discussions revealed the HP
Simulator operating modes, including those described as Doppler simulation, Rayleigh
simulation and Direct control. These modes later were lumped into two main categories
and came to be referred to as Sim mode (doppler and Rayleigh) and Direct mode. At a
May 4, 1993 WG-B meeting, Jim McVey from Hewlett Packard was present to discuss the
simulator. By September 1983, the NASA Lewis Laboratory was being offered as the

DAR testing laboratory and the proposed equipment list included the Hewlett Packard
simulator.

4, CHANNEL TEST BACKGROUND; EARLY INPUT AND THE DELCO PLAN

The Hewlett Packard Channel Simulator was chosen for laboratory testing, and its
operating modes became clear. So did the need to program its operation directly with
the time domain values of magnitude, time delay and doppler frequency (or phase) of the
R.F. signal on each of its operating channels. The source of such time domain
parameters was discussed and it was discovered that while considerable information
exists on the VHF channel delay spread and other qualitative factors, very little information
is available on actual individual reflection quantitative parameters. Measurement of those
parameters was discussed and the NTIA television measurement system and a new
proposed Delco Electronics test plan were explored.

In early 1993 the Delco channel test plan system was disclosed and a thorough
discussion of it was held during a WG-B, Sub Group-1 (channel characterization)
conference call on February 19, 1983. The Delco system is based on a design built and
used by others and described in a published paper. A preliminary memorandum was
provided by Brian Warren of Delco on February 23, 1993 describing the system. To meet
the needs of our group, and Delco, and because this would be one of very few such
systems ever built, it was a totally custom built experimental system, not depending on
any "off the shelf" hardware. The Delco system description evolved over a number of
months as detailed in the attached Appendix A, a series of memoranda and reports.

Following the channel characterization measurements the data that was to be
collected would be processed over a period of months to extract the time domain




parameters that would then be applied to the laboratory channel simulation. The data
formatting, processing and parameter extraction process is described in the attached
Appendix B.

5. RECONCILING SIMULATION AND TEST PLANS; THE DIRECT CONTROL
SIMULATION CHOICE

The Hewlett Packard simulator can be programmed in the direct mode with the
individual channel amplitudes, time delays and signal Doppler frequencies or phases to
simulate a multipath condition. At any one simulator setting the channel simulation
represents a snapshot of the channel at that time or at a particular location for a changing
channel. This simulation technique can achieve a dynamic simulation at fixed sequential
steps along a path (sequential snapshots). This "Direct” control simulation method was
discussed. The simulator control data update rate would allow for significant simulated
velocities with sufficient accuracy if a reasonably small step size is used. A step size of
about 1/10 wavelength would present an accurate simulation of the VHF channel and
such a step size could be easily accomplished in the VHF Characterization measurements
while allowing a reasonable data collection speed and manageable amount of total data.

The direct control of the simulator based on the actual measured channe! characteristics
was pursued.

B. CHANNEL TEST NEEDS; EQUIPMENT, VENUE, ETC.

The channel test program is summarized in Appendix C, a paper presented at the
Toronto DAR symposium in March, 1994. The test signal occupies a wide bandwidth and
therefore a wide bandwidth R.F. channel must be used. An unused VHF television
channel rather than an FM band channel is required. The FM band is immediately
adjacent to TV Channel 6, making that the preferred test band. The received digital signal
must be recorded in computer data files and a suitable instrument van is necessary to
carry the receivers, computers and associated equipment along the test paths. A General
Motors minivan was available to Delco. The purpose of laboratory testing with simulated
multipath is to present difficult but controlled propagation tesis to the DAR systems.
Therefore, benign environments were not desired and the difficult paths, or difficult
portions along a path, in various surroundings were measured. Only one city could
reasonably be used for channel characteristic testing because of cost and time limits,
therefore it should contain many areas that represent as many “difficult” environments as




possible. Finally the city and transmission facility must be available and easily accessible.

T CHANNEL TEST IMPLEMENTATION,; CHARLOTTE, ISEMTLE. SALT LAKE CITY

Advanced Television (ATV) testing was being conducted in Charlotte at the time
the VHF channel characterization testing was planned and the ATV test hosts offered the
Charlotte site for testing. The environment at Charlotte presented a modest central city
urban area, sufficient surrounding sub-urban and rural areas, modestly rolling terrain with
some low hills and mountains at some distance away. It was not the all encompassing
significant multipath environment but it was available and easily accessible.

By May 1893, plans were underway for conducting a channel characterization test
in Charlotte, N.C. The test would use the existing ATV test tower and TV Channel 6
transmitter with a separate Circularly polarized transmission antenna. Those early tests
revealed system and operational limitations in conducting such tests. They are detailed
in the July Subcommittee meeting and in a report attached as Appendix D. The early
test equipment was subject to internal and external noise interference and the Channel
6 testing interfered with cable television operations in the area immediately around the test
transmitter site, so testing could only be done at night. That initial test data proved
useless for channel simulation, though it provided the basis for equipment and
measurement procedure improvements. Plans were made to revise the eguipment and
test at another venue where daytime testing could proceed. A new test venue was
sought.

Bonneville Broadcasting, a long time participant in the EIA-DAR test program
offered its transmitter site in Seattle, nearly an ideal test environment with a large central
city developed area, hilly terrain, much vegetation, over water paths, and much more.
The site was investigated and scheduled for testing in August of 1883. However,
problems arose with tower availability which prohibited testing there. The Bonneyville Salt
Lake City transmitter site on Farnsworth Mountain was then offered and investigated. An
FCC experimental application was filed in September and by early fall the site was
approved for testing. The equipment was delivered and set up at the site with testing
beginning in late September and continuing to early October of 1983. Equipment removal
was accomplished in a relatively short time thereafter, well before the winter snows,
fortunately delayed that year, closed the mountain to further work.




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

In early October 1993 the actual Salt Lake City channel characterization test data
was collected over approximately one week. Attached as Appendix E is a description
of the measurements and the data collected. The first section describes the data
collection, defines some terms and generzally indicates the data structure; the second
section details the data analysis and presentation; the third explains the areas over which
data was measured and the derivation of the four "environment” classifications into which
the data was divided; the fourth and last section discusses the application of the data to
the laboratory multipath simulation.

Approximately 126 kilometers of paths were examined and measurements were
made every 1/10 wavelength (0.35 meters) at over 361,000 points along the paths. At
each point the signal parameters (the time delay, magnitude and phase) for the six most
significant signals was measured for both the vertical and horizontal polarizations, yielding
about 4.3 million path parameter values. A briefing on the channel test program with
preliminary results extracted from the data was presented at the November 17, 1993 DAR
Subcommittee meeting.

By March of 1994 the preliminary raw data reduction had been completed,
delivering samples of data in a form now suitable for building control files for the channel
simulator. Testing the simulator with sample files revealed some of the physical limitations
of the equipment as explained below. The sample files were also used to refine the
computer methods to expeditiously review all of the collected test data and extract the
files which have significant multipath impact. During this time the hardware used for the
channel characterization measurements and methodology of data collection and analysis
was tested to confirm that it correctly measured the channel characteristics. The findings
indicated that this channel characteristic data represented the best (and only) available
directly measured time domain data from which to extract control values for the H.P.
channel simulator. Attached as Appendix F is a March 7, 1994 memorandum discussing
this aspect.

The algorithm used to extract the channel parameters for the reflections was initially
designed to exiract those time domain parameters which presented the largest frequency
domain effect. That strategy was subsequently studied and modified from this initial
version to one which selected reflections based on time domain values in order of the
strongest reflections with their accompanying delay and relative pnases.

i




8. DATA PROCESSING AND INTEGRATION TO SIMULATOR(S)

By April the VHF Channel Characterization data had been analyzed to the point of
developing the overall range of reflection magnitudes verses time delay for the four
significant environments in Salt Lake City. Attached as Appendix G is 2 memorandum
report on this aspect. Further analysis then extracted the reflection vs. time information
on a file by file basis (with 160 sample points in each file) as explained in the
memorandum report dated April 17, 1994 attached as Appendix H. The measured VHF
reflection time vs. magnitude information was studied to arrive at the range of data
appropriate to simulate challenging multipath Environments for all systems under test.

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, samples of which are attached as Appendix I. The "Proposed
Channel Simulation Procedures”, outlined various tests at different velocities, time delays,
and amplitudes for the UHF environments which had been characterized. A proposal to
adopt unified VHF-UHF simulation parameters was discussed. Subsequent documents
compared the UHF and VHF data and unified test scenarios were subsequently
developed. Additional documents in Appendix |, trace the development of the use of the
three (of four original) unique environments with two speeds for the Urban environment,
thus still maintaining four tests. The use of nine active simulator channels (of a total of
12), leaving three channels for simulating multipath on later interference/compatibility
testing, also is adopted. This was made possible after the shift from the Direct simulation
mode which made only six simulator channels available. The resulting three unified VHF-
UHF environments and ranges of parameters is listed in a July 22, 1994 memorandum.

As a result of the now unified VHF-UHF simulation parameters a memo was sent
to the EIA-DAR test laboratory listing those parameters to be used and the laboratory
provided a document confirming the values actually programmed into the simulator.
Those listings of time delays and magnitudes with appropriate doppler velocities and
Rayleigh file parameters for each of the three environments (four tests) is attached as
Appendix J. By June and July benchmark testing of the laboratory simulator had been
completed and some anomalous simulation conditions were encountered.

(53]



10. SIMULATOR LIMITATIONS; ATTENUATOR RATE OF CHANGE LIMIT, TWO
SIMULATOR MODE.

As the Channel Characterization data was processed in early 1924, samples were
sent to the lab to test the direct control cperation of the simulator. The plan had been
to use the point-by-point amplitude, delay and relative phase to directly control the six
channel simulator. This method, described in the Simulator Operating Manual, was tested
and limitations quickly appeared. The simulator attenuator control circuits have a
significantly slow time constant which will allow only slow changes in the simulation
channels, far slower than were measured. The Hewlett Packard simulator was on loan
and therefore, modification of the circuits to alter the time constant was not possible and
another remedy was sought. By operating TWO simulators in parallel the relative phase
between the two parallel channels can be changed rapidly, thus generating the required
rapid level changes. This was implemented and found to function properly.

11.  SIMULATOR LIMITATION; STEP FUNCTION DATA INTRODUCES "ARTIFACTS"

When more file data became available for the multipath "significant” paths, tests
were run using a relatively wide band FM modulated signal. An FM modulator was driven
by a sine wave tone at approximately 1khz modulation to generate 2 1.5 mHz wide R.F.
spectrum. This was monitored on a spectrum analyzer with a 1 mHz bandwidth display.
The resulting "flat top” display easily shows the radio frequency nulls introduced by the
multipath simulation. Upon close observation, especially by slow motion or frame-by-
frame playback of a video recording of the analyzer, it could be seen that frequency
domain artifacts were being generated.

Attached as Appendix K is a memorandum and report of July 12, 1994 describing
the findings. The report and attachments indicate that the frequency domain artifacts are
generated by the step changes in the simulator channels. Dummy dafa tests wilh
controlied uniform step sizes indicates worsening artifacts with larger step size. An
attempt to smooth the direct control data was made.

12. ATTEMPTED DATA SMOOTHING;

In an attempt to resolve the Frequency Domain artifacts 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.
Further testing with artificially created test files with controlled step sizes revealed that the
simulator is very sensitive to even relatively small but rapid steps in the control values.
The decision is reached that, not knowing the impact of the artifacts on the systems
under test, the direct control of the simulator is not possible. The fall-back plan of using
the "simulation” mode of operation, with Doppler and Rayleigh faded Doppler channel
variations, was followed.

13. IMPLEMENTING SIMULATION MODE; MAINTAINING VARIABILITY WITH
RAYLEIGH FADING

The Simulation or "sim” mode of operation allows for two variations. The first is the
"Doppler” mode, described in the Hewlett Packard Manual as simulating a "static" Doppler
effect, where each channel can be assigned a doppler frequency to represent relative
velocity between the transmitter, reflectors and receiver due to actual motion of the
receiver. The relative Doppler frequency can range from O to full actual velocity frequency
equivalent and for both positive (approaching) and negative (receding) frequencies. This
simulates velocity by phase change but without any variation of other parameters that
would also be changing with motion, for example the amplitude and time delay
parameters. It is like simulating velocity without motion. The second simulation mode,

employing a Rayleigh variation characteristic on the control parameters, will restore some
of this variability.

The Rayleigh fading characteristic is imparted on the simulator action by a control
file that is generaied by the HP program IQMAKE. The basic attenuation and Doppler
control values for each channel of the simulator are modified by the computer algorithm
to create a control value file which is used to rapidly update the simulator channels. This
dynamically controls the channel parameters, simulating the multipath environment for a
finite time depending on the size of the file made. The Rayleigh fading values created by
IQMAKE are criented 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 characteristics 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. six-channel output.




What would be a uniform and repeated R.F. channel fading with the Doppler
simulation, determined by the beat frequency of the various Doppler frequencies,
becomes a significantly random fading channel, similar to what is expected when driving
along a path with changing parameters. With this simulation none of the direct control
artifacts are evident. The IQMAKE program is specified for the Radio Frequency of
interest and the Doppler frequencies (based on the anticipated vehicle velocities) for all
simulator channels. This makes it specific for the R.F, frequency and measured channel
characteristics with only the Rayleigh fading impressed on the control parameters.

14. DISCUSSION OF APPROPRIATENESS OF DOPPLER VS. RAYLEIGH CHANNEL
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
proposed laboratory testing of the mobile environment. The use of particular sections of
the Salt Lake City measured channel characteristics and the use of only that one venue
was questioned.

Use of the IQMAKE program to generate a Rayleigh fading file supplies control
data specific to the actual measured channel characteristics, the radio frequencies in
question and the anticipated Doppler frequencies (velocities) under test. This yields a
Rayleigh characteristic representative of VHF propagation, not specific to cellular 900mHz
frequencies or cellular frequency channel characteristics. The fading characteristic is
generated and applied separately for each channel in the simulator and the overall R.F.
channel response is the composite addition of all the channels. That overall response will
have much variation but not a strictly single channel Rayleigh characteristic. Many
individual experts in mobile communications reviewed the questions and concerns and
have supported this simulation concept as appropriate for the laboratory testing.
Attached as Appendix L are several of the observations, comments and responses
regarding the Rayleigh and Doppler simulations.

15. PARALLEL DOPPLER AND RAYLEIGH TESTING; COMPARISCON OF RESULTS

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. To characterize the effects of both simulations on a familiar medium, an
FM modulated signal carrying audio test segments was passed through the simulator and
then detected and recorded. The resulting audio clearly illustrated the repetitive nature
of the Doppler simulation and the random fading nature of the Rayleigh simulation. That
audio tape is available upon reguest.

16. CHANNEL TEST AND SIMULATION; LESSONS LEARNED

This channel characterization project and the channel 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 guite
benign with few if any interesting and stressiul multipath conditions. The laboratory
testing is meant to be a critical test of the systems. It is the relatively rare but stressful
conditions that need to be reliably and rapidly repeated in the laboratory. This goal
guided the exiraction of "significant” multipath 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. Having collected the
data at uniform distances along the path, various and changing velocities could be
simulated by changing the update rate of the simulator. When 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 aciual performance. The
laboratory simulation provides such a test.

10
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APPENDIX A - CHANNEL TEST BACKGROUND; EARLY INPUT

A-1

A2

A-3

A4

E. Moriyama, etall "Development of Multipath Measurement and Simulation
Equipment for Wideband Mobile Radio”

FAX memo from B. Warren, DELCO, to DAR Subcommittee, WG-B, Channel
Characterization Task Group (hereafter "CCTG"), "PN Sequence Test Setup”

FAX memo from B. Warren, DELCO, to "CCTG", "Meeting Summary of 2/18"

FAX memo 03/05/93 from B. Warren, DELCO, to "CCTG", PN Test System”

FAX memo from B. Warren, DELCO, to "CCTG", "Main Points from Charlotte
Meeting — 3/3/93"
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(enras 23 countcrmessurs i elunne] sl the i gt
propagticn environnent.

uclioy

In Jaad mohile digital radin euanenicaiom, invdogilile bt ci-
s vecr due t (ading (1121 1t s well hnows (it as duli e
incroases, iegducible Uit ertors duke to mudtpart distortin albo
IACTAARE,

As for muliipath propagation characicnslics themadves, ey
just like nafrow-band Nield stienpil chatacierisdivy, #r¢ severly
effrcied by radio abstructive nhjacis succh zs B dinps aned Bills
Therelors, (o realize high bit ige digial comanuication Sysens
& deterministic multipsth estimation wedel s indispensable. Iy
uristg 1he model with & geuprrplival and £ lilding dutialvasre.
ihi= cell confliguzaion desipn prnciple Tor high Tar rate contmii
calion sysicm cen e estehiished  However, a ver thetaited
databace is needed for predi g molbpal propagatin Jaa sl
since this i5 not wndly asiilable, messuement of panddiparh 1
vory impettant for clarilying the TuMeciey of plsbncles md e
Nective ohjedls.

In general, for develuping ati-padripsale evhangue s, Ceaiipi
er simulation based upon st idealized palbpath mid 2 s
psed. However, since mnultipaih pitrdels waed '[1.1 tailbyent
proups difler, nmediie coyrrison beiween dase fechinigees

f« not 2asy. Indeed, compurisum o th Busis ol S ulealisod
model is amificial, For such o purpese, messured mudipatl s
mwst be cofrect and exicnsive enough to povide a stpdaad
pcssure.  Fur cxample, apatrally varying tead multipmih dat
<howtd be used fur ovaluting m egqualizcss ki vitpithality
wnder finie varant molfipati vendition using v simnla
tivn p tabormory dest, Howeseloe urrents . orw Ly PRI S T
otter simptified mudtipath iade] B et maead
What iy teeded 1 salve thes pealilen s mesile] basead oo i

anprebemive dataluse of seal awlipaih dati. Curtelernig
e aboye B, fest Squipmen] was develaped T
cujuipmicat hus bath the capalahity T mbltipaih measnneaeid
and also for whdchee! 10 N2 gBgiat cinuldin ol Lol iy
bk raadiv chaaned

In thrs mensprndian, e gescribe the conliguration wmd baxic
performance of e pewly develeped equipment and bricly
s latwratory (st cesalts ol simulated multipath and u field
test westill of ineasured pdipati,

_2 mMultingih miegsuremalst

There are nany witdehand mdiv propagativn meeuring meth-
edv, These e elassificd avoending o e 150 af lansmilling
sipnal, fin cxample, anpuisc [3-51. Ireguency ssreeping, multi-
carrier and pseudo-nuise (PN [6-11). However, of these mzin-
wide, the PN metlud Tas s advantape in 5N and the vapalility
of plarse micssuremant, and i« used freguerily Tt band mobile
tadiee propagation EsuCICILs. This seetion consisis several
ol Taewe metiods st eaplains why we adopied 8 PN hased lech-
e i which ealewlation of impulse mwapsnte is nel porfomm in
real i but By off-Fne conelation in lalreatory, The equipmeni
for rowcihvang o bransititied N sigoal, b clwssified Ly corrzlatian
feehnigue, lin esmmplc. real mne stiding anadog eorrelator [6-8]
malchad filier corvelation psing fure wample, CCD (vharge cou-
pléd device), SAW sulace avpushic wave) device 1%], digitzl
signal processing Furclati, of recelved signal storing for off-
ot signal prscessing |10 12]. Siice real time shiding anaing
correlation equipnnent has e capability of real time delay profile
menitnang, which is conveniom fur Gcld measureincats, i1 has
been ped iequently. Coreelalion is perfonmed by 2 douthle-bal.
sl miser acting as pdtiplier nd @ losw pass filer 25 inlcgra-
jot, secordingly it is diffualt o acyeiee 8 wide corrglation dy-
antic range, n vontrst, in e recejved signal storing lype
el porretation is peshmmed by off- e digitul sipnal pro-
cossing il 2w cotehitn dynamic-range, whicliis chiclly s
eptitend 1, v o pelanoe, s sipesing bl anheg sliding e
Mummcmenl peredl of pal-Drowe hiding: correlislinin s pivenln

B WS
u hene

b Syt sprcinling vedde Tegalh Jelig]

et ehip iy [ehipfsev]
Wellerehtion wirlih Juhip]

= vorefativn e U
S Slihany slep sl [chipl

Fur evauphie, For avode lenpthoul 1123=200 ) pody rate of S
M-chipsfar, sliding step seee ot 12chip and e lation widith of
201 g1~ e correlanon wadds ¥ s W20 10 M5 1P 1R ehip

amd mesurement peaiod 16 is Ro 0235 1 1L TR
b v Do et sovondog ol mislipratls spotial surhlis, [pane
sautipling Py, fhes fiasutenienl inter el sy b leas than fesli
wane fenpih. (wy s e Cempencitiy heive @ shill Trejuwn -
vy Lareet Heth pianimnn [ropple Titgudie) .o Lo arssance, 1

1.5 il Damd, U s interval P o LTI R T T T
(L1 e Lo this esee, selnlar speed must be less st BT P
At o 3 A oo Rl Ragfhe Pins esuicting [v ualasurahhe
sermoth b ld mesantement. Forg wample, £ven HETEE




Jiicte sped is R feas (i s s inem sped i specd of
ather velacles surromsding e oieasuting vehicly G be
timlted whea micwsering o s Bipheay, Iy epse. oelecied
watves [ sunounding vehicles are obervet] as compopons
with froyueney shifl Loger thian thy gusimon Dyappler <hily,
T phiznoareny ciouses crpors ity estimeion of the delay
Lrappler setiering Dmction. Tl v of teclniyues with o last
OIS e aliows preater st voeluclye wi.rn_-][:.- e e e
thats s reeietinn in this kind o it b espected, Matehed filim
comelution echaigues, descrbed alsive, lave 4 viprehility o
proumpi teeasueemdal, by which ihe voreeet deling Duapgdes sea-
terng function com be obiined. Howerer, dovices suoli os
CCNor SAW correlntors hnee the folloswing Hmisitions
= (11 perow bandwidih

(21 smal) dynansic mnge
{3} shor code lenph

Thus these deviess ane seldom teed Tog niipath ineasuie

s menl

Az Tor real-line digital sipnad prevessing eoraelation, ihis vm
oraly b aceonnplished using many 1351 Gelipital sigend preges-
sy ol MAC [rml.]ﬁ’l]}'illg pecumplalod ) Nor eonclunors.
These make such eyuipnen wndealintically eapensive for Lol
meshile feld mcasureswent. Phoseser, 6 we sthancon (he ealoula-
tom of the correlititn in real fine and chooee st o store e
dat duriag the measwement, Uen the ahove initation of e -
rense e b svoided, This vpe of pesseremienl, correlation i
sl perfommed o el hut perfanned lalwimmerys Using this
rrethod we can wlloced to contpomane by destor o fatroduerd
by masuntint cyuipimant diring dat poscessing labifialiary .,
Sice caleulatitn is porfureed ol thie time I:fl.iﬂll s perfong
entfelelion dos o alleet e eTHoti e espomse G of i cors
relation equipment. As the messurenian el josd Tuis fo
sture fhe redeived slgnal, the effective medsuienen pepiond i
g iy LIC, W the sase example system pananckers presiously
sssumed Toe the Cose of sliding comelaion e wsed, 1his nies
surcanztn period becones T2V 020 ms. A deverilwed
before, measuring perind ol teal-tine jmalop shiding dyuygunem
ix 41 ms, this value of 102 jus i sabeot 200 Gines shorler,

Rrsignnft "n'\"'ilh 1'|‘|'||'Id\flllil] h Lfy Lin I Kitle witle veiner rfk'i]'l-!l.'ﬂ'
cresdnthe tanpe LA G o 3 0L s e pevogded, Dhise 1o
verved slpnal b bevn weowmded, it emn e ol eed ot edited 4
reguired. The weonded sjgmal is curelaied with 2 PN seg e
i !..'H"{n‘.‘lmr}- camTifru i soned wr e kg il ,11|Li'|].,-. e
vanrt b mesitod e ioaeal-tod gt i sgugmienn vins be
inthe form ol REIE, snabop o dhgital sipmals. Sanitaly, om
put edm B et facen ol N amadur o dipagl siprleo o |we syn-
thesiaed from tevorded dakie Tl delay speeed value culvulated
M the meacored iversge power delay protile s <usceptible o
e, Jo b read tiere connelation seheime, the BN s enlsunned
by usitig a slower sliding speed. Howesen, the stidog vl this
dechnigne for the uff-lne conelation scheme 1equmes 3 e
wovnl of menwry.  Instead, the cgupmen perfunps aveTmg
incread e, The N sigaed tansimiited B elemnel soiiriding is
Pretiodic with fiume Tenpih ol L bet soee < ol pgondic, Tl
wiprel alier addition S0t} s piven hy

2]

Sy PSR L et kL Jesp mitfe g rek Lo |t

k=il

wheee, PNOD i ransititted sipnal Tendng 8 poser ol Lowiinis
veanplen Grapssiae noise with powor of @ aod 1 and U are re-
Prrtinely the transiniteed mixd receiving Doquencics, I penesal,
rravond o clich slip during mweasurvnstut, wiy gl stalile nias-
L oseilintors wee psedl, Thus, [-07 is very elose 10 0 ek fhe
-"~f1'-';1:'n;: poad, Sinee, PRGNk b seeonme:

des |

St=1mPNu e E kL espliB e P 7
k=)
a1 NI Doeodines
Ijlql_" sl

SN e e s

Ing> ¢’
Thus 8N is enbaneed by @ Gwtar of 20 by sddinen,
L2 Muliipalh [ading elmy i

There ure many ohstocles end reflleailve uhjects in the land
tiebile mdio environment. Transmitied signal tevels by mans
different paths & o result of vasious abstroctions. sealicnng. and
reflections, In geocl. cach path hos & diflerent propagation
delity time. Thus Wi reecived signal can be expressed y the
supcr positions ol many immsmiled signal, The ransisued signal

is wapressed ax ReJulliespgf2 !'Lfll}f. where (L) has bandwidih

I After featismission, e euiput of the propagatian chansel can
Lo wapressed i erws of the syuivalens apped delay line o3

o
=X Dyt B ) e PErR el Py
=0

where by (1} Is the complex smpiinede of kil tap,

Hy sueeessively seming tap weiglis of & digital transvens! fil-
ter, mipliipaih fading can simalated. The cquivalent 1ap weights
ate revunded i the niin scmony belore stadting 8 fading simala.
Erentt tund thos i deviee lika a 151, that restricls the speed of g
weight chinpe, s reguined and the equipment lias the capability
lur simwlafing multipait st relatively greaier vehicular Fpceds
Tap weeipht can be sot B2 very Aexibic mannet wsing meaenrcd
narflip i itz qu, e witli conventional simulaiog, er ideal-
feed model suth 2 GSM or some fuivre medel sy b used
1] wi

With the wlp ol wicnna switching conteoller, we can gimulia-
reotsly store dita measunsd by mulliple witennas op vertical and
Borbontal polaizations, Using this capshility, polerization
vhanpe due o scattciing can bt observed on cach delayed parh.
Altaregively, if a lincar array of recoivg antenias is orfemed 1o
tsevetse (0w dirgction of the test roule, we can obain 2 dimen-
sl alata ais the mehsement vehigle travels aloap the road. By
eil-hine processing vl this dats, we can syniliesize dillorent ro
SUTveE ey dineciicnes, A initial niesurement u_-.ing dual an-
bt sy i sepontil B separate papes in this eenference 130

Fhes capability showld prove eaetul for developing and evaly
atiz wdaplive mirays snd space doversily amennas gs counicr
medstires fo clnned distonion in the mubtipath propagation en
Lurgmwal,

tl’iulnuulul
41_'Tle miegsurrment gquipment

T simplified bock diapram of the equipment is shown in
Vig. 1. The equipment condsis of s analog bluck and 3 dipital
block. The detlled seliematic dizgeam of dipital bleck is shown
in g 2. Confipuration of each block are described as follows.

Fim ficld measurement conveniente, funclions such as
whiel iale pulee cownler mod an event muaher are Included.

Thes section consist of tunable band pasy Niter, low noise
amplificr. AGC muedule {comsisting of pin diade switches end
finedd vitlue atienuaiors), and g mixer for dusn conversion
Iy ming fixed vadue alicouaturs Top AGC the cyuipment can
achivve nowidde dynamic fange without Tosing winplitude end
plese seevraey. The Ted anenisator valug is chasen from O 1o
Ml e psrhiples o 1205, Two 10 hiess AJD conveniers (SONY
CRJ220-0 aving 3 masimon sampling cleck frequency of 111
AL e i) Thie ottt ferm resembles hirmry fTrot-




i ot foranat with 2 bits fonmal of dota wisid, ansists of 2
bt AGC data and 10 N1 ADC data and 10 Tir A/ datin

This section consists of 1wo parts, an averaping par fu ot
tansing 1l 5N, and & wpped delay line Tor spnalming wuln-
path. A‘ﬂ:!’lgin%; te 15 selected sucd the vuenlect of hit poriod is
given by Zm. This sllaws sn m bt shifl aperation, by hariel
<hifier, to e uscd instead of division, This averaging is valid
an tho sssumprion that vehicle iz statdonary, At high vehicle
spoad, the Doppler shift in 7t resulis in fmperleer aversging
which imipair the aecwacy of the mullipath measucnil,
Avcraging is implemented using fiigh specd memory hy a1 2d-
dress pereratut which can be adjusted foran whiteary T frame
lenpth, The tapped delay fine for multipath simulition is fmple-
mented using eight ZORAN ZRA38Y1 clips por clannel, These
are connceled in cascade to exprnd the nusimuo delay lime, and
1ap weight and controlled by an B bil data word.  The nuin
miematy of the equipnent has a eapawity of B M-wardichanned
and is wsed for duts collection duting mobtipath measuecimen,
and for tap weight storage dering muldpath simelative, Smee
{1 number of (ap is fap/chip* Bchip/chamel= i rapfchanel,
munker of groliles glored in 1he equipment jx B B-word fi-te 135
k-profite, 1 ihe maxinwm Doppler [regueney (fd) < 10 H st
spatial sampling frequency for simalufan ix paumad 1w be
20%(g, thus rageneraling thne lengil is 125 k- proftes/1020-
633 sccond. This Ix shout 10 fiuaies and i suTRcient Tor st
sguiprient tesis conducied i the latxuatory. The vhoiee ol =
drgits! tapped delay line for multipath simulation sveids the in
fiucace of phase thanges dud 1o wmpetalue cliipe which oc
curs, for example, witll SAW doviees
413 Majn moemory

Sinc= the acvess tme of the 1 Mbit dymwonic RAM el for
yeasyrement storage 15 somewhat slower than prsimun A/l
convening perind of 100 nx, Iwo way inferleaving iscapliged
1z reduce the elfective dats transler mate,. Menoy copaily 1+ %
Bs-weordichanne]l where each words is 12 bitg long. of 2 hits
AGC data =nd 10 Lite A data, thus the main pediory copoecily
s K*1222/8=24 MBytc. During pultipath simnukation tap weigls
data having & & bitword s moeed n msinorny

4.1.4 _ L/A sceilon

Two 10 hits IJA converters(SONY UXI0MIEA 1) lving &
piaximum clock freguency of 1ML are wsed for peaeriting
Dass band signals,

4 |

This zection consists of three pans. The Tiest (g contabs g -
pering, Tripgeting can L Initinted tm, for pasmnple, o e vary
ing signal such TRMA burst signat ar veliely distanee pule
Tuggering contyl is implememed by dligital compataion aml
pltiet devices The secund part comitrls aithnns Wil Thns
weleis recoive antenmis synchinowshy with e Tanme eyl ol
the transmitied PR seguenoe. The vomber of ieeciving snieman
can be u (o 256, This part w implamenied Uy conlers and g
diude ewitch drivers. The thivd pant contrals AGC during fiekd
peeasoremends, 1 e tmasionun recvived sigiol level donnp ong
measurement eycle is luger thar wpper tieshokl Jevel, then &
Largor atienwalor value is electind for the next PN ooz eyche by

in diode switch, Conversely, 1f (e murinum reveived sigosl
r-t\'g:[ ol one measuromicnt eyele i less tmn lower limit faesimtd
fevel, then s smaller guenmates valine is sologted lur the newd PN
frame eycle. Wil tlw help of the AGC contrallvr, piven tlen
both lewer and upper Wireshold Tesels me sppiapiate. e AS1
converss input s contratled b peopr valoe,

A LEOA processur Conttoly ol ol leds weetion, Hlowever e
processur only sels the meisunement conditlon. shicintatinu pas
ratieiers belum Saring s wicasoreigal, Therelowe, meitlier dety
rectring o Gansfer aperd ate reshied By e processn,

43 Lerighecaly
421 Uala frapsler and stering
All reveived data i Stered 1eniporary in the wuin mamory of the
eczsurement cquipment. When measurement ol onoc course is
Mnichad the daton the nmin memory is tamsfemed o PCex.
punsion meey, For this purpose 32 MByte of commersially
availahle expansion memory for NEC PCx is instalied 1o en-
Iy i ey e a
Data is giored on MO disk (Sony NWP-5135) having & onc
sidde capuzily af 250 M-lyie. Afler this measursnwnt eycle is
finishied. measurcinent on anether cowrse can begln,
4.2.2 deluy. grofile munitering - i
The equipment docs nol show deluy profiles in real timic,
[owerer 3 nnitaring capsony. is peeferable for pnsth ficld
measgrement, Theefe, instead ol real-tine wpnitoring, a
verier sipnal prawessurl VIR TOMAN ZRMIGTDC-20) board
44 s il ot comtteMing PO Tor ehiain delay prafiles Trom
veenrded diu Tor mullipathy monimrim and equipgoent check in
the field, The baxd coploys FFT alporithin ysing the Tullowing
pekaatimnzishifgs toy eanin by profile

1 [l
Ritka—{ut i) el PRI L A - )
31,11
|
it <m> ——— Wihs Vi e i (6)
3

where

Eiv=delay prahiwe

ypsrereivie fnpan

vrit=Pe e plica stmed oo VAP

LAy aca 2 wnd aoud,

Vil <> vl anc Powder rgston pains
4.1.3 Uperating seftware descriplion

The uperaiiom af lw eqgupment is controlicd by o mens driv-
cn computer progrant which con select 10 sub progeams. Theesa
progam are written in TASIC esvept Tor the dala insfer par
whic i is wiitten in machine Engeape for speed.

§_DMleasurement Hesulls

Falxratory wests and Neld measunenient lest were carricd oul 1o
eomfirm the equipment performuance, Fig. 3 shows an creaiple
of the nuliipabh dita genwested by this egaipment in multipaih
simatation tosle, This ligure was ebiained by feeding the cuiput
al e sionerbistin e conventional shidmge conclator. "Transvpesal
filter tag weighits, with 4 yicnsccind slep sire, weore sel wilh
alineardy deovssing amplitody oot to e masimom delay of 4.4
e second A slpran i “L{ Xodelay FI'HrI[l.' 15 crinsisient
with e tap werghis, Fip 4 stwss the delay profile reseliing
frutn direet couplig of Ta. md R ot 1 which shows il he
divewy path lesol, wloch v eheerved pear {1} myigrg second
thekie, 19 i hesn 300 Targen e the level of [alsc echo, We
varried aut i rdpaih mcpearement 1o eonliva e ficld vpera-
lion o the equipment Frp. 5 shows un example delay profile
casured in b tailrosd cassing. Measurentent froguency is 23
Gil Lz i) Daane sttion anteinns Ledghit is M) m, As shown In Fag.
&, sdpmad peak escevtls mase foor by 40 dil under ficld condis
tivma,

. Copclusjon

Io thes work e development of equipmient for the dual pur
pose o mubipatl sy i nod symbicsis is desciled. Majoe !
vttt 0 (las eyumpaaees e
L1y Ateasurenaent el vl deba ed path poplitude and phase wath

higleienriny.

{71 Can b weaced withe muluple teevieieg nplenii.
130 Enluteemen af S04 by ealeninl addirfan.
41 Hq_"]’:l vlueiives sl paasaned j[1|.|ili|.‘t.'l.|.]'l- 11 Wiy Ladsaranny.




EIA Multipath Test Data Subcommittee
PN Scequence Test Sctup [Brian]

QObjectives:

Compile time-domain multipath data for charucterization of FM-band proponent DAB
syslcms.

Stralegy:

For a range of multipath eaviromnenis, we will gather data for extracting the time delay
spread and compile the slatistical parameters for the Rayleigh distribution of received
power. The primary site is intended to be Charloticsville, North Carolina (NTIA
sponsored). We will use continuous PN transmission. If time permits and equipment for

horizontal interval transmission s available we may test a secondary sile. Data will be
recorded in a mobile receiver in a test van,

Systen Description:

To ellow independent observation of both the T and Q channels without frequency lock,
two (orthogonal) PN sequences drive the modulator, The PN sequences have length 127
to allow for 21 4B dynamic range, slightly greater than needed for the Viterbi recovery
width of 3 bits. The scquences are transmitted continuously in order 10 maintain the high
dynamic range. The chip rate is 2 MHz, generating a 4 MHz main lobe in the band. This
width is constrained by the TV mask, and limited by a filter in the TV transmitter.
Preserving both sides of the main lobe allows for linear recovery at the receiver. These
parameters will allow a time spectral resolution of 500 nsec and an observation window
of 63.5 usce. Forthcoming Matlab simulations show typical resulis of measurements
using this method, The dynamic range is Iimited by the autocorrelation of PN sequences
(ratio of desircd-1o-undesired) and the cross-comrelation between PN sequences. The
sources of crror are the residual phase front in the base-band signal and the bit-averaging
algorithm, both described in the receiver section.

The modulator mixes the drive signals to a level of ___ [need interface specs] and a
frequency of 407 MHz to drive the TY exciter, The sequences are pre-fillered with a 5
pole clliptic filter to limit sidelobe emissions to greater than 40 dB below the level of the
main lobe, The broadcast setup and antennas have been described by Tom.,

The RF demodulator recovers 1 and Q from the 85 MHz carrier. A slow AGC malntains
optimal levels to the A/D converter, The receiver operales with non-coherent sampling
by using two gencrators with less than 1 ppm short-term frequency drift as the LO's in
gach of the ransmitter and receiver sections. Onee the receiver is adjusted for frequency,
the maximum frequency delta will be 280 Hz. This corresponds 1o & phase sol] across the
PN sequence of 6.3 degrees, which has an acceptably small effect on the data, as the
Matlab simulations will show. The receiver will be set up to store raw data: 4 bits for
cach of the I and Q channels will recover the dynamic range delermined by the PN
length, A correlator for one of the PN scquences (implemented with a pair of Sianford




Telecom 3310's -- datz sheet forthcoming) is connected 10 allow observing the data in
real ime,

The sample rate is twice the chip rate, and cach pair of bils is sveraged during analysis,
relieving the need for synchronized sampling,

Data is buffered through a FIFO for the maximum clock raie of the card. The clock
generator/controller counts pulses from & shaft encoder to initiate data taking. At that
point it collects from 2 to 32 continuous PN instances (254 to 8192 bytes) in the FIFO
which it downloads to the PC. The data is multiplexed into 12-bit words 1o prepare for
storage into the PC through the Natdonal Inswuments interface card. This is repeated
after uniform distances until the PC inactivates the ready signal indicating it has filled the
75 M x § free scction of the hard drive (storing 590 instances), at which time the PC will
dump the data to the magnetic tape drive. At7 Mbytes/min this will take 11 minutes and
can be dumped two times per tape. We estimaie filling twenly (apes. By spreading
groups of instances, a reasonable distance can be characlerized with a single tape. For
example, if 4 instances are gathered cvery 36 ft, 2 mile of data can be gathered with o 11
minute stop after each half mile.

The raw data can then be processed by decorrelating against each of the original PN
sequences. The direct reflections can be identified, allowing generation of the time

speciral density graphs. Then, the Teccived power levels may be filtered and statistically
analyzed for distribution paramelers.

Brian Warten
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ElA Multipath Test Data Subcommitee

Mecting Summary of 2/18

1) Tom Keller explained that the North Carolina facility Is our best first choice and
our only significant point of intcrest is the inlerference measurements, which may require
us to test carly momning. The in-face mesting with NTIA's Ed Creedy will be attended by
Tom, Ralph, and myself, amiving at various times from Tuesday to Wednesday, March
2/3,

2) Primary system was decided 1o be the Deleo continuous PN system with open
issucs conceming bit-width of recorded data and length of PN sequence. These will be
resolved based on simulations by Bill. Bob will receive system description by fax on
Monday the 22ud. All comments on mazjor system changes needed by Friday the 26th.
Backup system will possibly be NTIA equipment, ransmitling in the horizontal interval.
This equipment may be available for a possible secondary site and can be used to confirm
the data measured with the contnuous system. The data, intended to be taken and
analyzed in the time domain, should be transformed to the frequency domain to provide
the fade parameter information (depth, repetition) that some members will be looking for,

3) Responsibilitics were claimed 10 take the lead for the remaining paris of the test
process. Responsibility for test procedure Is joinlly held by Tom and Brian, to be
defended in Ottawa on March 3rd.  Tests may begin soon after, Responsibilily for data
analysis was taken by Bill. Responsibility for the final report was taken by Bob,

4} The next teleconference, husted by Ralph Justus, is planned for Friday, 2/5, 3:00-
4:00.




ETA Multipath Test Data Subcommitlee
PN Test System
Changes «= 3/5
1) Take data in both horizontal- and vertical-polarlzatlon (two consecutive runs).

2) Take two types of data (variations on when data is recorded). Por statistical
measurements and time-correlation data (which would exercise adaplive equalizers) take
consecutive data, perhaps at two speeds: 30 mph and 60 mph. To mainain distance, data
can be taken at 1/8 mate (236ksamnples/sec), maiching the channel and removing the need
for the FIFO, Even at 60 mph (7.60wavelengths/sec) this rate of data will give well-
correlated data. The computer will down-load every 2.44 minutes, storing over a mile of
dats at 30 mph. A tape will store twice that emount, In place of correlation, squaring or
forth-ing the data and rooting will remove modulation. For time-delay spread
(frequency-correlation) data, we may usc the original method (data bursts over a longer
distance). A switch at the recciver changes from one mode o the other,

3) Changes to extend range: lower-noise front-end, FM notch-filter front-end (make
system noise-limited),

4) Decide during shake-down for singlc vs. dual PN, Duual PN in¢reascs phase
resolution buot limits dynamic range to 22 dB due 1o cross-correlation.

Objectives:
Compile time-domain multipath data for characterization of FM-band proponcnt DARB
systems.

Description:

For & range of multipath ¢nvironments, we will gather data for extracting the time delay
spread and compile the statistical parameters for the Ruyleigh dismibution of received
power. The primary site is inlended to be Charlotte, North Carolina (NTIA sponsored).
We will use continuous PN transmission. If time permits and equipment for horizontal
interval transmission is available we may test a secondary site. Data will be recorded in a
mobile receiver from a mobile test van.

Syslem Descriplion:

To allow independent observation of both the 1 and Q channels without frequency lock,
two (orthogonal) PN sequences drive the medulator. The PN sequences have length 255
10 sllow for 48 dB dynamic range. The sequences are transmitted continuously in order
to maintain the high dynamic range. The chip rate is 2 MHz, generating & 4 MHz main
lobe in the band. This width is constrained by the TV mask, and limited by filters in
both the test generator and the TV transmitter. Preserving both sides of the muin lobe
allows for lincar recovery at the receiver. These parameters will allow a time spectral
resolution of 500 nsec and an observation window of 127.5 usec. The dynamic range Is

-
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limited by the cross-correlation between PN scquences, which is 22 dB worst-case.
Minor sources of error include the tesidual phase front in the base-band signal and the
bit-nveraging algorithm,

The modulator mixes the drive signals to a level of 0 dBm and a frequency of 43 MHz (o
drive the TV exciter. The sequences are pre-filtered with & 5-polc clliptic filter to Timit
sidelobe emissions to greater than 40 dB below the level of the main lobe. The overall
level of the sidelobe &t ransmission will be at most -60 dBe. The broadcast setup and
antennas have been described by Tom.

The RF demodulator recovers Tand Q from the 85 MHz carrier. A slow AGC maintains
optimal Jevels to the A/D converier. The receiver operates with non-coherent sampling
by wsing two gencrators with less than 1 ppm short-term frequency drift as the LO's in
ench of the transmitler and receiver sections. Once (he receiver is adjusted for frequency,
the maximum frequency delta will be 280 Hz. This corresponds to a phasc roll across the
PN sequence of 12.9 degrees, which has little effect on the data. The receiver will be set
up 10 store raw data: B bits for each of the T and Q channels will recover the dynamic
range determined by the PN length, A currelutor for one of the PN sequences
(implemented with 4 Stanford Telecom 3310's) is connceted to allow data observation in
real time.

The sample rate is twice the chip rate, and each pair of bits is averaged during analysis,
relieving the need for synchronized sampling.

Data is buffered through a FIFO for the maximum ¢clock rate of the card, The clock
aenerator/controller counts pulses from & shaft encoder to Initiate data taking, At that
point it collects from 2 w0 16 continuous PN instance pairs (254 1o 8192 bytes) In the
FIFO. The data is multiplexcd into 32-bil words to preparc for slorage inio the PC
through the National Instruments interface card. This is repeated after uniform distances
until the PC inactivates the ready signal indicating it has filled the 75 M x 8 free section
of the hard drive (storing 295 instance pairs), at which time the PC will dump the data to
the magnetic tape drive. At 7 Mbyles/min this will take 11 minutes and can be dumped
two times per tape. We estimate filling twenty tapes. By spreading groups of instances,
s reasonable distance can be charucterized with a single tape. For example, if 4 instances
are gathered every 72 ft, a mile of data can be gathered with a 11 minute stop after each
half mile.

The raw dala can then be processed by decorrelating against each of the original PN
sequences.  The dircet reflections can be identified, nllowing generation of the timo
speciral densily graphs. The, the recelved power levels may be filiered and stauistically
analyzed for distribution parameters.

Brian Warren
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Main Points from Charlolte Mecting -« 3/3/93

Atlendoees

Ralph Justus
Tom Kellar
Bemard
[Peyton]

John Goodwin
Ed Williams
Bob Culver
Brian Warren

Equipment

The NTIA equipment was being debugged on the bench, prior to installation into a test
van for a Thursday test run, As best T understood il the system uses two overlapping PN
sequences of leagth 127 (for an overlapped length of 228), transmitied in the horizontal
interval. Bit and carrier synchronlzation is provided by the TV synchronizer, The system
has been successfully used for data measurements in San Francisco and Boulder at UHE

The system gathers 8-bits each of T and Q data (elthough the direct path is always recelved
at 0 degrecs) at a 30 Hz rate.

The main strengths of the equipment include its test-readiness, its reliability, and its
oppearance to station broadcasters who gre positively-influenced by TV-intended
equipment. Some of the drawbacks ure Its inability to lock in high-muldpath areas, the
low fecording speed of the daia, and the non-continuous nature of the PN modulation
ransmission, Somc of these problems may be corrected Dy additional equipment: an
independent frame synchronizer for lock problems, and a high-speed recorder for data
gathering.

So far, it looks like the primary path is to continue with a modified Delco system and use
the NTIA system as a back up. Tests could be taken with two people in the test van and &
third person at the test site, communicating by cellular telephone,

Location

The Charlotte terrain is well-wooded with gently rolling elevation. The urban center is
modest with some hall dozen sky-scrapers. Some small hills are located 15-30 miles west
of the broadcast tower, a river valley 15 miles east of the tower, and mountains 60 miles
west of the tower, On the existing stations 90.7 and 104.7, & listener can hear multipath
interference in both the wrban and hilly arcas. Depending on the ability to extend our
measurement range, the mountains may be out of reach,



If we want to include mountainous terrain, giving us the longer, albeit low-level muldpath
reflections, we may want to consider & second sile, Since Boulder is the NTIA's
beckground, it may be & good idea to quickly investigate the possibility of some backup
data from this location, using ¢ither the NTIA or the EIA equipment.

Range of Measurements -- Charlotte

The following pages show & more careful determination of link margin for the Charlotie

site. Using the FCC field strength chart Figure 9 of 73.699, pg. 221 gave a more
favorable estimate than using 4th law.

The first parameier in the chert is the transmitter height of 450 f. The power is 4kW eirp. '
The antenna factor of a vertical whip is 5.25. The IF bandwidth is 2 MHz. KTB noise is
used assuming the teceiver is noise-, not interfercnce-limited. The digital signal-to-noise
ratio, equal to the required detector signal-to-noise ratio for this 1Hz/Hz system is 10 dB.
For a PN sequence length of 255, the processing gain is 24.1 dB.

The tuble is generated by tabulating the field swengths from the FCC chart for the proper
antenna height ut distances ranging to the 60 mile mountains, The fourth column adjusts
for the wansmitter power. The fifth column adjusts for the whip antenna gain at the
receiver. The sixth restates the fifth column in dBm. The seventh caleulates margin as the
distance to the XTB noise floor, less the noise figure and the required SNR. This is the
dynamic range of the receiver for the dme domaln measurements, and will not be a full 40
dB at 60 miles,

The lust column shows the final link margin after processing through the correlator, This
indicates a good chance of recovering the time-delay spread at a 40 dB dynamic range.

Until these measurements are confirmed on-site, we should consider using the transmitting
antenna direcior. Is changing this easy? We also nced to ensure that the receiver can

indeed notch out interference.

Brian Warren
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Letter (L&C), to B. Warren, DELCO, "Crunching Charloite Data” - 6/10/93

FAX from B. Warren, DELCO, "Multipath: Conversion of Data to Parameters”

Letter, (L&C), to B. Warren, DELCO, "Data Analysis™ -- 2/25/94




EIA Multipath Test Data Subcommittes
Algorithm Development
With the completion of the tesis of the Cherlotte, North Carolina site and in preparation

for the Seattle tests, we ure ready (o "erunch” our multipath data and to firm up the
algorithms for doing so. To accomplish this, an ad hoc team is coming together;

A, J. vigil Comlinear Corp (217) 367-2600
Barry McLarnon CRC (613) 998-5005
Roger McDanell Delco (317) 451-1050
Brian Warren Delco (317) 451-1591

Afterwards, we plan to deliver the software and data to Lyn Robezison at Sciko for
processing. (Note: Barry is participating as parl of « sharing cifort: his tcam has gathered
data using a similar system.)

At this point, we have sclected the media (1,35 Gbyte SCSI driven mag tape), the
processing software platform (Madzb), and have writien the preprocessing softwarc to
extract the time-domain data from the raw data. A set of papers and information have
been gathered by the working group 1o assist in designing the remainder of the anulysis
software. Although many aspeets have become firm, everything is fair game for this new
group-

The goals of the analysis are:

o Extract time-domain data in the form of delay-spread graphs
(perhaps the meuns of the population for cach temain type)

[ Assist in determining scttings for AT&T multipath simulator, vrhich can
simulate six reflectors of varying delay and magnitude

0 Derive frequency-domain data from the time-domain data: analyze
frequency of nulls by depth and width




Along with the multpath papers is included a description of the data-gathering system
and a disk containing the software we've wrilien 50 fur plus some sample data. The maw
data processor (ProcS) begins by reading the ruw dala into MatrixA. Each cycle
processcs one “instance” of multipath data. An instance consists of 6120 8-bit bytes, the
amount of data gathered each time the shalt encoder indicates the passage of a tenth-
wavelength, The first half of the points contains vertical antenna dats, the second half
contains (he horizontal. In each 3060-byte half, the points are organized as 1/Q PEIrs,
oversampled by twice the chip rawe (2 Miz) end containing threc consccutive PN
sequences of length 255, (2 /Q % 2 oversampling x 3 PN sequences x 255 PN length =
3060 bytes total,

Each instance i3 analyzed for phase roll, then corrected for that roll, Then decorrelation
takes place 10 give one full frame of complex impulse-response data. The complete
frame is detected (need to figure out how) and the dnie stored as part of initial
processing. This is a storage reduction of 6120 bytes 1o 1020 bytes and completes the
initial processing.

The post-processing is the focus of our efforts to fullill the above goals. The papers
contaln several directions on how to do this. We can decide the direction and the detail
of the data we report.

As 1 last consideration, our schedule for the EIA portion of the processing is & bit tight,
We should plan to have our Charlotie data crunched by the [irst weck in July, n week
prior to the Seattle tests. In turn, the Scattle data, 1aken the last two weeks in July should
be processed within @ week from those tests, the first week in August.

We can discuss these issucs more and get started with our impressions of the papers
during next Tuesday's teleconference.

Thank you very much for your help!

Brian Warren




EIA Mullipath Test Data Subcommitice
Data Reduction and Multipath Parameter Selection
Dala Reduction

Original raw data (i.e., l.chn, 2.chn, eic.) files are gathered according to the description
in the paper. The files are then processed in two steps. The first step, performed by the
Matlab file process.m, comrelates the data and performs bit averaging and frame
synchronization, relieving the need for a high-speed processor in the receiver. One raw
filc in produces one processed file out. The dam stored in the processed (.pre) files has
not been reduced: it contains complete time-domain snapshots provided by the raw data.
The program extract.m conlains the Matlab format for reading the data. Individual duta
may be examined by executing procvess.m, option 2: process(2).

The second processing step, performed by extract.mn, compiles the data into three salient
components: (.tda) the time-domain average for the file????, (.sta) the stastical
parameters of the [requenvy-domuin for cach of the 160 instances, vertical and
horizontal, and (ext) the extracted multipath delays, with associated magnitude and
phasc, for cach of the instances, verticul end horizontul, Thercfore, one processed file in
produces three dala files out. The format for each of the files is contained, respectively,
in readtda.m, readsta.m, and readextm; these files may be executed 10 examine the data
in the files.

A special set of .rda files cxist which are not associnted with individual files, for
example, urban.tda. These contain the averaged tims-domains for a set of .chn files and
may be uscd to examine data for a particular environment. They have an associated set
of .exr files, which are the estimuted delays for the environment composite.

An important consideration for .ext files is that the data is ordered from shoriest to
longest delay and that, in the case that fewer than six dominant delays are stored, the
valid data is followed by filler zeros.

The philosophics of parameter sclection are:

1) That the parameters be a set of delays that can be programmed into an HP
multipath simulator for field-like testing.

2) That the scts of delays be chosen to represent each of the expecied environments.
This would be done by choosing an actual multipath progression whose statistics
rensonably matched those of the average, for each environment. This would allow each
proponent access 1o the siatistics of each covironment in which it would expect w0




operate, and to know the frequency and time profiles that would indicate the type of
fading the receiver must deal with,

Along these lings, the files used for the multipath simulator are selected, First the .tda
time-domain files arc cxamined for each environment:

urban (short delays - flat fuding)

wooded suburban  (los plus longer delay multipath)

clear field (los dominant)

*wooded fringe (los and multipath &t same level - strong 151)

* although this is an important environment, it is obviously lcss typical than the other
three

The parameiers arc sclected to compose & total of cight test veclors, are programmed for
consecutive execution into the multipath simulator, Each lasts a minute, Any portion of
these eight may be selected for execuiion, depending on the test involved, These eight
vectors cover each of the four environments, run "stationary”, then repeated "at speed”,

The stationary tests use the extracled parameters from the compaosite .ext file for cach
environment, which do not change over thes time of a minute.

Added to these are the parameters representing mobile conditions. First, individual .tda
files are examined to find one approximating the average for each entire environment.
Then, three of the sssociated .ext files can be appended for & minute's worth of data
approximating 50 mph. The four scts of data can be entered with the appropriate doppler
shift for a consecutive run "at speed”.

[Bab, I don't like the description for the stationary tests, which is based on what Ken said
yesterday. 1 think we are still averaging results.  (His argument of averuging and then
producing 3 sigma eatremes will not produce represcntutive multipath data, which, as
you know, has a definite pattern which statistical analysis could muddy.) I would rather
see a slowly changing pauern of real datg, with individual frames taken [rom real files,
which would represent a real set of stationary conditions.]

This plan compleles our recommendations for multipath test parameters in a timely

manner. It provides a significant data base available [or future study. One remaining
issue is the timing of the partial or total release of this data for public proponent use.

Brian Warren
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June 10, 19823

Brian Warrsn

Delce Electronics

One Corporate Center, Mail stop E-110
Kokomo, In. 4£6%04-5005

Dear Brian:

In response to your fax today about "crunching" the Charlotte
data, I have the following comments.

I assume the AT&T multipath simulator is really the H.P.
simulator. Programming that simulator is the main goal of the
channel testing and I assume that the simulated multipath tests
will be done with the simulator operating in the path mode. Fixed
reflectors will be programmed into the simulator and a "path" will
be "driven" around them. This will dynamically change the
reflection l=vel and the time delay from each reflector. The
minimum path spacing relative to each reflector will define the
minimum time delay for a reflector. The maximum delay will be
defined by the relative spacing from a reflector to the end (or
start) of a drive path. Since signal strength will be proportional
to spacing from a reflector, the maximum delay positions will be at
a very low relative level unless some of the distant reflectors are
very strong to start with.

The time domain data you refer to includes, I presume, both
reflection time difference from the main signal and reflection
relative level. Delay spread may be the proper statistical
parameter to describe multipath reflections but the actual time
delay and signal levels may be more useful. The system designer
will have to deal with intra symbel interference (time delay) and
the frequency response of the channel. The ultimate data for the
latter is going to be the freguency-domain data you describe; the
center freguency, depth and width (at various depths) of the nulls.
Just as important will be the short distance variation of those
nulls: how long do they last, how do they change over that
time/distance, and how often do they repeat? We have the problem
of presenting several items of data with several degrees of
freedom. Producing information on the null characteristics as
described above and then guantifying them as "null spread", if you
will, for different families of nulls may be better understood.
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Brian Warren
Delco Electronics
June 10, 1993
Page 2 of 2

Returning to programming the simulator, and having thought
about this problem long encugh to type out the first page, it
appears that we must first define the minimum delay times
encountered and then group them by relative reflection level. That
should be easy. Next we should attempt to see what happens to the
relative reflection level from those close reflectors as the path
is traversed. How does the reflection decay with distance. This
is actually a two way problem, the approach side of the path counts
too.

Then, by defining longer and longer delays, a family of
raeflection decays vs. path vs. delay time will be built. At some
point the relative reflection levels will always be so low that
they cause no significant interference, either in the frequency or
time response of the channel. This may all be derivable from the
delay spread of the channel but I £ind it better to talk it through
to really understand what is happening to the signal in the
channel.

Continuing on to the description of extracting the one
complete frame for further study, I was not aware that you were
troubled by that. Since the direct signal, if zany, in each
instance will recur at regular intervals (shifted in absolute time
only by the relatively constant Doppler shift of the vehicle), and
the reflections will shift in relative time faster (due to the
geometry change over relatively short reflection paths) and will
probably be at lower levels, the direct signal, and hence the
frames, should just stand out in the time/magnitude data.

As you know I will be out of town from 6/12 to 6/27. I can be
reached at 307-733-6281 with the best times between 7-9 AM MDT and
after 6PM. From 6/17 to 6/12 I will be in meetings at Snow King
hotel at 307-733-5200. In an emergency you can leave a messagse
with the neighbors at 307-733-8097.

sinE§$ely,

Robert 0. Culver




Multipath: Conversion of Data to Parameters

hilosophy and Limitatiops

Although the multipath paramcters of the HP simulator may be varied at a 2.3 KHz rate,
the ullenuation has a switching delay of 400 msec typical. In addition, the manual says
that changes in the phase seulings are "nol instantancous™ and that they are limited by the
"DAC and the pandwidth of the IQ modulator”, but no specifications are indicated. The
following measurements should be made to get values of porformance for the simulator:

1) Speed change of phase, measurable as a frequency shift of null

2) Speed of attenuation change: faster for small changes? Make sure thal it is not a
functionof update rac.

The hardware is more suited for quick delay changes, particularly in the CLOCK delay
modle, than atlenuation or phase changes. For high velocity Tiles, having the six reflectors
truck the dominant values should restrict the size of allenuation changes, Hopefully,
small changes will be made more quickly. For tie low velocity files, changes could be
made by atlenuating the reflections (leaving the LOS intacl) Dirst, waiting the 400 usecs,
then activating the new reflections.

Note: The .ixt files control which instances are compiled into the simulator file, This
text file, created with any word processor, should carry the same name as the simulator
file created by GENSIM. For instance, the operator would create a file called runl.ixt.
By running GENSIM, aud entering the name “runl®, the file runl.asc will be created.
Finally, this file is copicd to the CHANSIM subdireclory with the mulfipath simulator
software. She then runs ASCIZDAT RUNI.ASC RUNLDAT 1o generate the .dat file for
the simulator.

Runl.ixl has the format of five alpha fields followed by lincs of numbers. The first alpha
field is either “FAST" or "SLOW", representing simulutor files pertaining 1o the two
velocitics, "FAST" will causc GENSIM to create a file containing a frame for each
jnstance, 2t e update rate correspanding to a certain vehiele velocity set as the variable
VELOCITY under the GENERAL, PARAMETERS scetion. "SLOW" causes the update
rate (o become its slowest value of 1 TTz, and each instance is repeated to maintain the
frame for the duration of the variable HOLDTIME.,

The next four alpha felds ace headers for the following numbers, and arc ignored. Each
of the following lines contain the instances for each file to be included. For cxumple, a
10 in the first column extracts instances from 10.ext, a 1 in the sccond column specifies
horizontal polarizations (as opposed to & 2 for vertical), and the third and fourth numbers
show the beginning and ending instances, DBad inslances as specified in the use are




ignored. If two polarizations from the same file arc desired, two lines are required, Two
lines mwust also be used for disjointed scgments of instances.

Note: Although the manual jndicates that phase changes may be used 10 control Rayleigh
delay changes, this only appears appropriate when employing [usi-changing, statistically-
determined profiles and cannot be used for our relatively static, cxactly-determined
environments.

Note: Once concern has been that the environment sct by the simulator could be changed
5o rapidly (hat abrupt transitions would play unreasonable havoc on the devices under

test. Obviously, we have the opposite problem: changes arc too slow!

Note: To verify real-time operation, run SYST:ERR? al sim conclusion. Sce page 3-39.

Brian Warren
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Brian Warren - DELCO
by: FedExp

Dear Brian:

The enclosed disc and hard copy are of the program called
"density" (density.m and den2.m) that produced the samples of the
Post Script plet files also on the disc. File 16103.exa is the
data file that has non-integer bin numbers in it. I haven’t the
slightest idea where they came from. Using our original program
"tmenvelo" produces the same results. Viewing the data shows the
6§ bins and corresponding magnitudes. The bin numbers would
typically be 1, 3, 14, .5, .7, .9 with corresponding magnitudes
typically 0, 7.7, 12.3, 0, 0, 0. I guess it's a data translation
problem.

PFlot file 18allh v.ps is an example of one plot with all of
the 16000's data, both horizontal and wvertical, representing
"Environment D" along Wasatch Blvd. The data errors were trapped
during execution and bins less than zero were arbitrarily changed
to zero, a mistake in this casse.

Plot file 18all.ps, for Environment A2 in the wearhouse area
south of the airport,is similar except the format is two separate
plots for H & V rather than all data on one. Plot file 18all2.ps
is the same except the title, axis and color have been changed.

These graphical representations of the data show the methed T
planned to use to first define the envelope of an envirconment and
then search for paths, parts of paths or groups of files to cover
the envelope. I'm beginning to think we may have to produce
simulated delays and magnitudes rather than use actual data. I
haven’t seen a part of a path that moves guickly over the envelopes
produced so far. But I can’t make that decision till I see all the

data. I'm loocking forward to working with you to get to that
point.
Sincerely,

Robert D. Culver
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APPENDIX C - CHANNEL TEST NEEDS; EQUIPMENT, VENUE, ETC.

C-1 Memo Report (L&C), "N.AB. \ NRSC-DAR (Multipath Propagation Tests)
Presentation - May 19, 1993

C2 Report (L&C), Toronto DAR Symposium March 1984, EIA Digital Audio
Subcommittee, The VHF Channel Characterization Test

C-3 Memo Report (L&C), to EIA DAR Subcommittee, "VHF Channel Characteristics
Measurement Procedures”




Appendix 2 S

A
\' NAB. \ NRSC-DAR "MULTIPATH PROPAGATION TESTS" PRESENTATION - MAY 19, 1993

ver. 5/17/93

INTRODUCTION
The EIA VHF channel test program is a recent addition to the EIA-DAR system tests for the
purpose of quantifying VHF propagation characteristics.

L. THE NEED FOR "CHANNEL CHARACTERIZATION" TESTS

The EIA-DAR System Test Program, was begun in October 1991 as an =ffort to
test all potential systems in & uniform and impartial forum. I, in conjunction with the
NRSC IBOC-DAR program, will test several proponents systems designed to operate
in the VHF radio spectrum. Laboratory testing will employ a multi-channel multipath
simulator, operating over the range of multipath propagation delays and reflections
expected in the real world. Unfortunately, the current literature does not clearly dsfine
the multipath characteristics to be found at FM frequencies. Because of the
proponents questions regarding the limits of multipath testing, the EIA-DAR test
program will conduct a channel characterization test. The first test will be conducted
at the ATV test site in Charlotte, N.C. Other tests may be conducted elsewhere to
expand the data obtained relative to differing terrain and metropolitan areas. The
channel test program will use a wideband digital pulse delay test system implemented
by Delco Electronics. The NTIA multipath test system may also be used if nesded.

I1. THE CHARLOTTE, N.C. TEST SITE; WITH ITS 1200 FOOT LOADSTAR TOWER, is
home to the PBS experimental ATV test. The proposed DAR test signal falls within the
PBS television channel 6 experimental authorization and FCC notification has beser
made and their concurrence with the proposed test has besn requested. The terrain
around the site is generally rural with gently rolling topography. The city of Charlotte
is located approximately 8 miles west southwest of the transmitter site, with low hills
approximaiely 30 miles to the west and higher mountains 50 to 60 miles west
northwest of the transmitter. It is expecied that measurements can be made over the
entire area west of the test site and including the mountains.

.  THE TEST SITE TRANSMISSION SYSTEM
The horizontally polarized antenna used by the PBS ATV test, located at 1200 fest AGL
on the Loadstar tower, will not be used. Instead, an individual DAR circularly polarized
test antenna, supplied by the Alan Dick Company, will be supported at 470 feet above
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ground level. This height, also approximately 470 feet above average terrain, simulate
approximate Class B FM operation. The antenna, a Spearhead type circularly
polarized panel antenna, will be arrayed as a single layer consisting of two panels
splayed at approximately 120 degrees. Oriented south and northwest, the two panals
will generate a relatively uniform signzal over the 180 degree span centered on an
azimuth of 240 degrees true.

The PBS ATV test transmitter will be used for the EIA-DAR tests. It is a Larcan
solid state transmitier of nominal 30kW television power. It is capable of more than
30kW peak power but for these tests will be operated well below that level to provids
the linear amplification necessary for digital testing. Since the DAR test signal occupies
most of the channel 6 spectrum, testing will only be done when the ATV system is off
the air. The test signal will be generated and delivered to the transmitter input from
equipment specially designed and buikt by Delco Electronics.

THE TEST SIGNAL AND RECEIVER

Delco Elecironics has been investigating radio reception issues for years and has been
planning this type of channel characterization test for some time. Lack of a suitable
test site and FCC authorization for a test transmitter had been a major roadblock for
them. The need for the EIA-DAR channel test program, the availability of the PBS ATV
Test Program and the Delco built test equipment, together, allow the test to bs
conducted.

VIEWGRAPH #1 PRESENTS A REPRESENTATION OF THE DELCO TEST SYSTEM. The test signal

consists of 2 string of Pseudo Random Noise pulses, structured into seguences (PN
seguences), typically 255 pulses (bits) long, and driving the transmitter modulator. Use
of high stability reference oscillators in both the transmitier and recsiver allows for
demodulation without frequency lock. The pulses will be generated at a rate of 2MHz,
generating a 4mHz wide radio frequency signal, fitting within the television 6MHz
bandwidth. A 5-pole elliptic fitter will be used to limit the out of band emissions.
Daia will be received in a mobile van driven along a desired route. The uniform
spacing of measuring points will be assured by use of & trigger counter, driven by a
shaft encoder on the van drive train. At each data collection point, the on-board
computer will collect data over a span of from 2 to 16 continuous PN sequences. Tne
received wave form will be digitized to 8 bit resolution, generating from 512 to 4k Bytes
of data at each point. The data is two times oversampled, for both the Horizontal and
Vertical polarizations resulting in from 2kB to 16kB of data per sample point. Data
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collection is continued along a path until the computer indicates its hard drive is full
and haits coliection. At that point the data is transferred to tape and measurements
cen be resumed. The spacing between sample points and size of each sample
(number of PN seqguences) are variable, trading resolution for path length covered
before the computer storage disc is full and a data transfer to tape is necessary. At
2 PN sequences per sample point, each 0.2 wavelength along a path, approximately
13 kilometers of data can be collected before data transfer to tape is necessary.

V. THE TEST VAN SYSTEM

A VAN & EQUIPMENT
SLIDE 1- SHOWS a standard "mini-van" with suitable modifications that will be used to recsive the
test signal and record data. The van must accommodzate the receiver, the computer
and associated equipment, other real time menitoring equipment, operators and
cbservers. A roaf rack on the van is fitted with a ground screen, covering practically
the entire roof area, over which the test receive antenna will be supported.

B. "STANDARD" RECEIVE ANTENNA

Several discussions within the EIA-DAR testing group, regarding the type of
antenna to be used for reception testing led to the conclusion that some type of
“standard” antenna must be used. Considering the many types of vehicles and
antennas available, literally thousands of possible combinations exist. Each vehicle and
antenna combination defines z different antenna system with its own characteristics;
no one of which could be considered "standard”. Choosing a well defined "standard”
antenna should make it possible for anyone wanting to apply the information resulting
form these measurements to a particular vehicle, to "correct” the data to fit 2 particular
vehicle and antenna combination.

SLIDE 2- SHOWS A PRELIMINARY STANDARD ANTENNA DESIGN. The basic antenna
requirements were chosen to provide omnidirectional harizontal plane reception with
good bandwidth. Furthermore, the antenna must provide dual and independent
outputs for the horizontal and vertical polarization components. A monopole of
approximately 1/4 wavelength will be supported over the ground plane described
above. The monopole length and diameter will be designed to provide reasonable
impedance and wide band performance. The monopole antenna will be surrounded
by a dielectric support tube which will support the top mounted horizontally polarized




3,

antenna. That antenna will be designed to provide a nearly circular horizontal plane
pattern with minimum interaction with the vertical monopole or the ground screen. The
entire antenna and ground plane assembly will be constructed at the Delco facility in
Kokomo, Indiana, and will then be taken to the Harris antenna facility at Palmyra, Mo.
for final adjustment and testing. Testing will include impedance bandwidth and
horizontal pattern measurements for both polarizations.

Vi.  DATA ANALYSIS AND RESULTS

Some instrumentation will be available in the van for real time observation of the
test in progress. For the digital data, an on-board correlator will be used to recover
the channe! delay information for display on an oscilloscope. The Radio Frequency
signal will be monitored at |.F. on a spectrum analyzer, The analyzer will then display
a "Gaussian Noise" shaped freguency response over the approximate 4mHz wide test
spectrum. Observation and recording this output will provide a visual representation
of the depth, width and positional frequency of radio frequency fades.

The raw data contained on the data tapes will be remotely analyzed by de-
correlation against the original PN sequence. The direct and reflected signals can then
be identified, allowing generation of time spectral density graphs. Power levels present
at the receiver may then be derived and statistically analyzed for spacial distribution
parameters.

Measurements will have bsen made over the variety of terrain around the
Charlotte test site. It will include the central city area, the rolling terrain in the rural arsa
and the mountainous area to the north west. The typical range of time delay and
magnitude of the reflections will be identified with the different areas. The upper and
lower bound of the range of reflections will determine the limits for the laboratory
simulation of multipath. Testing in other cities with different urban structure and
surrounding terrain may be done to add to the multipath characterization data base.
The-data that is collected will be of value to the proponents and others interested in
the multipath characteristics of the VHF channel.

ElA would like to acknowledge the assistance of all parties who have contributed
to this ongoing program. Individuals include; the EIA WG-B Channel test Sub-Group,
Brian Warren, Tom Keller, Bill Spurlin and Bob Culver and proponent member Carl Erik
Sundberg form AT&T. Corporate assistance has been provided by; PBS for the use
of the Charlotte ATV test site, tower site manager Loadstar, Larcan transmitters, Alan
Dick Company, Cablewave, Passive Power Products, Delco Electronics and a host of
others.
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THE EIA DIGITAL AUDIO SUB-COMMITTEE
VHF CHANNEL CHARACTERIZATION TEST

a4 Preliminary report on VHF Channel Characterization Testing
and Plans for Proponent System Laboratory Testing

Robert D. Culwver, F,E.,

Lohnes and Culwer

Consulting Engineers, 8309 Cherry Lane

Laurel, Maryland

ABSTRACT
The Electronic Industries
Association (EIA) DAR Subcommittee is

evaluating proposed Digitzl RAudio Radio
(DAR) systems for the United States. &s
& part of that process, the Subcommittieo
iz condugting @ "VHF Radio Channel
Characterization Test™. The results of
the test will be applied directly to the
lzboratory testing of the DAR systems and
will also £find general use within the
radio communications industry.

INTRODUCTION

The EIA DAR Subcommittees was
organized in October 1991 for the purpose
of documenting and testing 2ll potential
United States DAR systems in & uniform
and impartlal forum. The testing will
take place ip both a laboratory and the
field. The VHF channel characterization
test program is a recent addition to the
ETA-DAR systein tests for the purpose of
guantifying WVHF multipath propagation
characteristics for the FM channel
proponent laboratory tests.

The test system consists of a wide
band pulse transmitter, & mobile data
collection van with receiver and off-line
ceta processing. The test signal
consizts of a series of pseudo-random
pulses, transmitted at a pulse rate of 2
MHz, wielding a 4 MHz wide test signal
czntered in the television bsand =zt
Channel &, 85 MHz. Transmission is made
with a circularly polarized antenna for
reception on g spescially designed and
built dual-independent polarized antenna.
Data collecticn is triggered at fixed
intervals along a path, for this test
every 1/10 wavelength., By choosing the
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path to cover a representative sample of
an area, the channel charscteristics of
that type of area can be reported.

The data 1= znalyzed to reveal the
delay times and smagnitudes of the
transmitted reflected signal, relative to
the direct eignal. This data 1= used in
simelating the multipath environment for
lzboratory testing. From that
information the freguency domain channel
characteristics are then calculated and

presented. The dzta czn be analyzed in
3 variety of formats for prosentatlion to
spscific users reiztive to their
particular needs. A sample ©of the

analyzed data is presented in this repozt
supported by & series of tables, charts,
graphs and photographs.

The Meed for "Characterization Tests”

Laboratory testing will
multi-channel multipath simulator,
operating owvez the full range of
multipath propagation delays andg
reflections expected inp the real world.
Unforrtunately, the current literature
does: not clearly define the multipath
characteristies in relative time delay
gznd reflected signal lovel to be found at
¥ freguencies. As a result wf the
proponent's Questions regarding the range
gf multipath testing, the EIA-DAR test
program was expanded to conduct @ channel
characterization test. The Advanced
Television (ATV) test being conducted by
PBES fin Charlotts, K.C. had an existing
FCC authorization to conduct experimental
ATV broadcast tests which presented an
cpportunity to experiment with the DAR
Channel test system. Data ceollection
was later conducted inm Salt Lake City,
This paper descrcibss the progress of the

employ a




EIA-DAR Channel Test as conducted to date
gnd the fortheooming data reduction and
reporting.

THE CHANNFEL TEST SYSTEM

The system used for the EIR DAR
Channel test, much Iike that described by
Hermanf® and Morivama ; was built by
engineers at the DELCO Electronics Rudic
Rdvanced Development Laboratory at
Eokomo, Indiana,. It conslsts of =
pseudo-random pulse gensrator driving =
wide band (televislon) traznsmitter a&as
shown in the system block diagram in
Figure 1. A pseude random pulse string,

255 pulses (bits or chips} 1long, i=
gengrated at the pulse repetition rate
{chip rate} of 2MHz. The sgtring of
pulses 1s random in time over the 255
pulse string which fs then repeated
coentinuously, hence the pseudo-random
rature of the pulses. The repeated 255

pulse string, called ano
long engugh to allow
cver 404B of level resclutieon but short
enough to assure identificaticon and
capturing ¢f one complete string in a
relatively zhort time with & reasonzble
mount of data. The 2MHz pulse rate and
the method of computer analysis used,
allows resoclution of signal reflection
elay times as short a=s 250 nanossconds
with a finite probability of error, and
23 long a5 127.5 microseconds delay time.

“instance”, is
for calculation of

Tho trapmsmitter begins with a
pulsegenerator providing a2 single-bit,
shift reglster  basad, Pseudo-random
Humber (¥M) seguence, with accuracy
derived from a 25ppm crystal oscillator,
The natural freguency sidé lobes of the
sequence decay im level with freguency
and they are subject to an additional
attenuation of 20 4B by filtering in the
signal generator to achieve 30 4B of more

attenuation with respect to the main
lobe. The PH sequesnce is 255 pulses long
over which its timing {5 random. The
sequence iIs continuously repeated, hence

the pseudo-random nature of the: signal.
This pulse train phase modulates a high
stability (1ppm) escillator, resulting in
the BPSK (suppressed carrier) signal at
approximately 44 MHzZ. The: actual
freguency is adjustable over a modeorate

range, within the range acceptable to
most television transmitter exciters.
The transmittsr exciter provide=

additional filtering of
cf-bznd componznts in a3 Surface Acoustic
Waue {SAW) filter, and proyvides
onstant amplituce signal to drive
*rafsmltter powar amplifier. The pow
amplifier is eapable of a significar
television peak of sync power bub it
driven only to an output power of a
g8 below the powsr compression point
maintaln good amplitude linearity.

the sidelobe oot-
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The 2ZMHz pulse rate and EBPESE
suppressed carrier) modulation generates
4 MHz wide R.¥. spectrum with its first
reguency nulls at +£2 MHEz and decreasing
=ide lobkes, each 2 MHz wide. The ocutput
iz filtered &as described zbove =so that
the transmitted signal sppears as a 4MHz
wide Gausslan distributed noise signal
wit rapidly decreasing side lobes as
shown In the photograph of Figure 2.
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FIGURE 2
Channel Chararterization Test Signal
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This spectrograph of the recelver
output was taken wlth the test
nsmitter signal connected directly to

recelver antenna input. The
zontal span is 10 MHz, a =scale pf 1
per division, with & vertical span of
dB, a secale of 10 dB per division.
test signal was transmitted with =
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c er frequency of B5 MH

televizion Channel 8 band, a
latively accessible freguency where
r a televigion Channel & station is

operating. This freguency is also
sufficiently close toc the FM band to
accurately characterize it. Use of high
stability reference oscillators {1 part
per million) in both the transmitter and
receiver dllows for demogdulation without
freguency lock.
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In Salt Lake City, a & kW Larcan
transmitter was used with & two element
LDL Spearhead Panel antenna configured
with two elements stacked wvertically and
splayed #30 degrees toc provide a narrow

imuth pattern orlented east over the
ty and toward the mountains beyond.
12 rasulting horizontal plane relative
igld patterns are shown in Figure 3,

The antenna Was mounted at
epproximately 2100 feet BAMSL or 4500 fee
above the valley floor at the Bonneville
Broadcasting KSL(TV) transmitter site on

E

Farnsworth Peak, 18 miles west of Sz1t
Lake City. The resulting ERP of 7.8 k¥

average power is sufficient to cover the
city and surrounding area including the
mountains up to 25 miles away.

Receiver

The receiver, using Superhetercdyne
radio frequeney dssign, was also built by
Delco. It in a8 mini-van
along with other szsssocizted ‘eguipment
including a spsecially built "reference”
antonna. Each of the two independently
polarcrized antennas feed modular
arplifiers and each amplifier output is
combined in a power coupler into he
single channel receiver. Under cont

the test compukter the znte
lifiers are alternstely tuened
mpleting one rejecting
her by over 4 this combine
F several tunable notch
1 are available to remove strong
t—of-band components without perturbing
e pass band signal. The filter=d
=
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nal is then mixed with a 140 MHz Local
llator (LO) to generate the 140 MHz
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. and further filtered by a Surface
Acoustic Wave (SAW) filter to provide up

te an additiomal 40&B of out-of-band
rejectiaon.
FIGURE 3
Test Antenna Azimuth Pattern
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At this point the signal is sampled
for several monitoring functions. First,
the IF is sampled to display the EF
component on a spectrum analyzer with
that display recorcéed on i video
recozrdar, The IF is ‘algso mixed to
baseband for msqitcLing by
oscillpscope to facilitate tuning the L
to zero freguency offset. with  the
transmitter., In practice, appreximately
a 1400 Hz drift oCClUrs during pne
measurement run which has no significant
effect on the data that is recorded.

il
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Mext, both the I 'and D signal
cemponents are sampled by an 8-bit A/D
converter. The resulting half-Least

Significant Bit (LSB) uncertainty error
is more than 40 &3 below full lewel,
imiting the dynamic rance of the ASD
conversion to sSpproximately 4048.
manual attenuator with a 50 4B range
adjusted on each datz collection run
set the signal in the optimum digitizin
range. The system has an effectiv
sonsitivity of better than —69% dBm in the
presence of anticipated interference from
strong nearby adjzcent channel stations.
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The received waveform is sampled at

4 MHz, twlce the transmitted pulse rate
(two times oversampled). The nesed for
bit synchronization circuitrcy is

climinated by &verzging every pair of
data points. Data =cguisition is
cantrolled by an enable signal from the
computer for each sample point. At each
sample point the first polarization
waveform 1s digitized and loaded into
First=-In-Ficst-0Out (FIFQ) memory. Then
the antenna amplifisrs are switched and
after a 1 microsecond settling time, the
oppocsite polarization signal is digitized
and transferred tpo FIFO,. The antenna
mplifiers are then switched back to
their normal state to wait for the next
sample polnt. The system remains in this
position for at least 14 milliseconds
while data in FIFD is multiplexed and

loaded into the computer memory. This
measurement cyecle 1s dependent on the
basic data transfer rate of 100kEz, from
data acquisition board to computer,
setting the maximum speed of data
collection. That, io turn, Sets ths
minimum computer cycle time which

datermines the maximum wvehicle speed at
the minimum sample point =pacing chosen
for this test., BAftsr collection of one
data file, 1 M byte of data, the system
pauzes briefly to save the £ile to disc,
clears the acguisition board and resumes
collaction,

Receiving Antennsa

Severzl discussigns within the EIZ-
DAR testing group, regarding the typs of
antenna to be wused for recaption testing,
led to the conclusicn that some type of
"reference” antenna must bs used.
Considering the many tvpes of vehieles
and specific antennas available for sach,
literglly thousands of pnsefHTe
combinations exist; no one of which could
bz considered standard.

The basic antenna reguirements were

chosen to provide omnidirectionsl
horizontal plane reception with .good
bandwidth. Furthermore, the antenna must

provide dual anéd independent cutputs for
the horizontal and vertical polarization
caomponents., The =standzsrd test antenna
was designed in a jolnt effort by Delc
Loghnes and Culver and Harris. It
designed to receiwve both the horizontall
and verktically transmitted componsnt
buk to receive them separataly
independently with 1ittle interzcti
Tezt=z show that the antennas ha?-

rizontal plane circularity of b
than #2.5 4B and a c¢ross polariz
golf discrimication of at least 10
shown ‘in Figures 4 and 5 on the
page.
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Figure & shows the test antenna
Eounted over & ground plane atop the wvan
Wik its center =pproximately 3 meters

sbove ground level. A monopole of
gpproximately 1/4 wavelength is mounted
over the ground plane described above.

The precise monopole l=ngth and diameter
Was chosan Lo provide reasonzble
impedance and wide band performance. The
vertical monopole azntenna is surrounded
by & dielectrig structural tube which
supports the top mounted horizontally

polarized antenna. That antenna is
designed to provide s nearly circulsr
horizontal planz pattern with minimom

interaction with the vertical mponopole or
the ground plane. The entire antenna and
ground planes assembly was constructed and
tested at the Delco facility in Kokomo,
Indfana, with further testing at ;“E
Harris dntenna faecility at Palmyra, *co.

The separatse antenna lines wesrs
connected to mediuom gain amplifiers in
the receiver, s described above, which
could be: biased on or off under contzol
of the tect computer; discussed below,




FIGURE 4 FIGURE 6
Standard Receive Antenna Horizontal Polarization Test Van and Antenna

Computer

The test signal is received in the
mobile van driven a2long a desired route.
Uniform spacing of measuring points is=s
as=zured by use o0of a Erigger counter,
driven by & shaft encoder on the wvan
drive train. At the start of a measuring

route the trigger counter and computer
program automatically controls data

2 collection. The crew 1n the wan make
FIGURE 5 notes of the run nomber, logation and
Standard Receive Antenna Vertical Polarization environment es::i ption, starting
parameters such 2s attanuator setting and
LD Efrequency, ths time and date. The

shatt encoder ogenerates a sString otf
pulses with vehicle motion and sends them
to a programmable counter in the computer
which, depending on its programming, sets
the linear spacing of the data samples
glong a path. For this test, the sample
inrterval was =&t 2t 0.35 meters .or 1/10
wavelength at the 85 MHz centsr
freguency,; close enough to define the
spacial distribution of multipath
characteristics z2long the path and hence
over an ared.
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At each datas collection point, the
cn-board computer executes a routine
which collects dstz over a span of 3
continuous PN seguences Lo ensure that
after analysis at least one full instance
is avazlilable. Theo received wave form is
digitized to 8 bit resolution for the
default polarization and then immediately
zepeated for the other polarization as
described above. Data collection is
continued along & path for up te 4.4
kilometers, 75 MB of data, until the
computer hard drive 4s full and halts
collecticon or when a ceoavenient stopping
landmark is reached pricr to that.




Et that polnt the 75MB data f£ile is
transferred to tazpe and ending parameters
are noted such a=; path end landmark,
file 1length and LQ freguency.
After approximately 15 minutes reguired
to transfer data to tpas storace,
mzasuroaments can be resumed,

time,

The collected éata is grouped inteo

1 MB £illes each containing 160 samples of
approximately 6¥B ezch and covering 56
meters. A one kilgometer path reguires
aoproximately 17 MB gf data and & full 75
MB disk CoOVers approximately 4.4
kilometers of path befors data transfer
te tape is reguired. The point spacing
and the speed of the computer sysiem
zliow=s for data to bs collected at up to
60 HPH, However, slower speeds make data
collection easisr for the g¢rew in ths
VET.
At each =szaple point both

rzontal and vertical polarlzed =
received and corded.
camputer contrglled the ant
ifiers as described previously.
nsition time between amplifiesrs
rt enough to limit the distance mov
F2EN the heorizenral and wveriic
les to less tha 00 wavelength
maximum data col speed.
ity, at lower spesds, the interval
and the two samples ars collected
1y the same location.
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FIGURE 7-A
Direct Input Test

FEITAEE "Tia-ets

Other System Eguipment

As data was cocllected the computesr
digplayed the t file
number la=t a=ily
identified arks, such as cross
streets, the ile the landmark
and other d time, were
written down by ti CCEew Later, by
platting the measurement path and the
file numbers on detalled topographic
maps, the exact position at which data
was recorded can be determinsed by linear
gistance interpolation along & path.
Also on board were & Spectrum analyzer
and & wideo reacordsr The analyzer,
connected to the receiver I.F. output,
displaved tha i spectrum after
conversion Eo MHz I.F. The
spectrographns 1 as Filgures 7A
through 7D again hay tha reference
gsignal and sevs: vpical multipath
faded channels displayed by the amalyzer.

i ‘both the
olarizations
, becauss of

L:FEIG one antenna,

rhe predominant stgnal displayed is the
gefault polarization. The  spectrum
analyzer has &an update rate of less than
five times per second which presents only
a "“ﬂpshnts of spectrum when

| b
[0y

ve:y slow speeds, how r, even this sl
update is fast L to show a2 slowl
changing spectrum.

the
speed elacively high. A
WEVEE 1o

FIGURE 7-B
Sample Spectrograph
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FIGURE 7-C
Sample Spectrograph

The recorcd

ing of the =spectrum
analyzer display t from =
microphone in the continuous
update on sctiul-i Thus
a2s each landmark w t, the tape
would contzin ﬂu: 1ot ribing the
path and measurtenrent positions.

IATA ANALYSIS AND REPORTING

The data that is generated by the
test system is prodigious At 17 M byte
per kilometer; over 500 M bytes of dats
was collected in one day and nearcly
3 GCigabytes of data was collected In one
week anzlys requires
identification ons 11se instance

de—correla n of the data, Delco
ctronics and SEIED Telecommunicaticn
tems, Inc. of Beaverton, Oregon havs
tributed their tim and computer
ilities to perform the data reduction
using the Math Works “MATLAR" software.
T extensive matrix math operations
involved in the data feduction require
significant computer speed. The
computers available included an IBM model
RE5/6000 and HP series 200 work station.
Datzs analysis and presentation after bulk
reduction 'ls possible on & fast PC.

The data is processed in twe
logical secticons. First, the data is
averaged in a 2 bit moving window,
cecorrelated =nd frame synchronized to
extract the single IfQ £rames for the two
polarizations at EEMH szmple point. This
P is in a convenient

i The second
proc == the data foz
this £ the parameters
that 1.-:111 be used te program the

FIGURE 7-D
Sample Spectrograph

rmining the

ades in both

The £irfst step in analvzing the

ssed data is to extract the relative
gnd magnitude of the five primary
ctions in the channsl. '‘Theze delay

5 [plus the direct =ignal) will bo
p ammed into the =ix channel multipath
= lator. Knowing the time delay and
£l omplex wagr-- E the reflections
= ws the freguen domain effects to be
c ulated. This m of transforming
t gata from time to freguency is ussd
t determine the s-gni icance of =&
reflection by assessing its freguency
domain impact. Ezch of the significant
reflections are shown by the ¢cross tic-
marks (+) on the time domain graphs.
corresponding freguency domain is
@t a "smooth" curve for the 6 or
gignificant points and as Lthe *
curve for all reflection points in
of the 250 nanosscond binos.

The analysis iz done by 3 complex
slgorithm based on lineasr programming,
n=i the modified forward-bpackward
Ii prediction msthod described by
Tu and suggested by Herman. It is a
powerful alnc:fth— far resolving
reflectors spaced closer than the time
between two transmitted pulses (chips],
& single timing bin, in this cases 500
nanossconds, =and in the pressnce oi
noiza, Wlth thi= method reflectors
gpaced less than half of a timing bin can
bBe resalved at tte minimum ceceiver SMR
gf 10 6B, In this meti the2 channel is
modeled as a Finite Impulse HResponse
(FIR) filter with the number of filter
elements 15 set at twenty. This allows



the algorithm to pezfurm nicely without
using wndue processing time that would be
required for a2 lacrger filter order.

PRELIMINARY SALT LAKE CITY TEST RESULTS

delay time and

The parametar= of
& instances that

magnitude, over set of
are grouped by physical ‘environment,
provide ‘the path ioformation to be
programmed into the multipath simulator.
Samples of this extracted data are shown
on the following pages in Figures B.A.1
& 2 through 8.D0.1 & 2, presenting datza
for only nne instance 1n edch of the four

chosen "environments"” A,B,¢ &nd D
described later. Samples o©of the time
damain data teansfoermed to freguency

domain are also shown on those Pigures.

A vlsual repressntation of time and
magnitude data over cne full set of 160
samples is shown on the waterfall graphs
of FPigures B.A.3 through 8.0.3. Figures
E.A.4 through 8.D.4 show the resulting
scattering function displays with Doppler
chift v=. delay and megnitude, Mean and
variance parameters are extracted to show
a statistical profile of each environment
2s shown on Figures 8.A.3 thrgough B.D.5.

"Environment” Categorization
The test wan was driven throughout
Salt Lake City and the surrounding area
collecting data slong 21 paths rangin
from 4.4 to B.8 kilometers, zig-zaging
across or encirecling an area, for a tot
af approximately 140 kilometors
continuous data. The data was cullec;:c
and numbered with a 3 digit identifier,
two digits relating to the path number
and three to the ipdividuzl 1 M byte dats
iles, Therefore, because each landmark
was identified by the file being written
at the time, the lecation along a path at
which data was taken is known with the
precision of each 1 M byte of data, 160
samples or 56 metesrs.,

lﬂl

I a o
i i P—'l

BEach of the 21 paths was analyzed
for the type of “"environment" (buildings,
vegetation, terrain, vrbanization, etc.)
that was predomipant along the path or a
significant portipgns of it. FPreliminsry
review disclosed sight narrowly defined
environments which were reduced to the
four major environment categories lists
below. Figures B.2.1 through B.D.5

correspond to envirgnments A through D.

A. URBAN BUSINESS-INDUSTRIAL-COMMERCIAL:

Thiz environment includes; the
central city business  district and
surrounding area, approximately 6 blocks
north-south by & blocks east-west; an
industrial fwarehouse area south west of
the city center; and several moderately

heavy commercial sreas comprised of
shoppling centers and malls with wmulti
story buildings.

The traffic paths are generzlly

clnse to the b"' ‘ngs indicating that
L. time ﬂe1=y and gnnE ally
level. The practical wvehlcle speed in
the ECea ranges f:um stopped to
gpproximately 40 EPH (25 MPH). HNumerous
stop lights &né8 stop signg reguire stops
from 0 to 45 .seconds &t freqguent
intervals. =

SLID..Q in

simuiztion consisting of
alternate stopped znd moving data will be
usead.

B. SUBUREAN - RESIDENTIAL:

This environment dincludes many
residential aress, scattered to the south
af Ethe city centers. They range £from

zingle family large homes on large lots
to duplex town houses and apartments. As
& cCconseguence, the neoighborchood may
include licght commercial shopping areas,
chools, 1libraries, college bulldings,
sLc. Some of the tyvpical c1ﬁn-
residential arezss were heavily covered b
mazture trees of up to 23 meters in
haight.

The traffie paths are gensrally
more open than for the urban envirocnmert
but =still relatively <close to some
strugtures. The expected reflections
should be moderatsly short in time delay
and moderatsly strong in level., In the
more aopen areas in the environment,
longer and weaker delays may predominate.
The practical wehicle speeds still drop
to zerp o occasion but may increass to
70 RPH (45 MPH). B =simulation with
varving spsed and few stops will be used.

C, HURAL - PARKWRY — HIGHWAY:

This environment includes genecally
gpen areas With & wvarlety of reoads
ranging from; single lane country rozds
north west of the city, to divided
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highway parkways south of the city, to a
commercial boulevard east of the city at
the foothills of the mountains.

The open nature of the areas
generally keeps the clgssst =structures
moderately far from the measurement path,
with the structures themselves lnclueding

zgll tvypes from multistory office
bulldings to small residential buildings.
The expected reflections should be

moderate but cover & relatively wide
range of time delays and magnitudes. The

practical wehiele speeds should very

rarely drop to zero. The range to be

used ig from 40 to 100 EPH (25 to 60 MBH)
ith one step.

D. TERRAIR OBSTRUCTED PATHS:

This environment will include those

pa; 15 which have a2 significant terrain

nvolvement, including the Big and Little

Csttsnwand canyons #nd the few paths thsat

focllowaed river wvalleys in the area south
and east of the cirty.

The terrain along these paths is

the significant facrtor but some
particularly the river wvalley path, have
some structures &long the path. The

expected reflections should be numerous
and rapidly changing with moderate to
long reflections over a& wide rangs of

magnitudes. The majocr feature of the
signal path should be the freqguent loss
cf @a direct path with the dominant

reflection becoming the substitute direct

path, one which 1is subject Yo rapid
change &s reflection characteristics
change. The practiczl wvehlicle speseds
should rarely drop to zero 'but should

also not be too high. The range to be
used is from 25 to 70 EPH {15 to 45 MPH)
with one stop.

LABORATORY TESTING - Multipath Simufation

The general paramesters &nd
operations of ths DAR systems Lo be
tected zare well known but some of the
system specific psrsmeters that will
aftfect testing are as wyet unknown. The
characteristics of meltipath prepagation
which will affect those systems are also

generally well kpown with the precise
values of those characteristics being
getermined by this Channel test. The

characteristics and =pplication of the
Hewlett Packard multipath simulator ars

bet:er knoown epon actually using the

14

instrument with the data from the test.

As & result of these unknowns and
variables, the actual fine structure of
the tests will not be koown until Jjust
Bafore the =start of aectual festing.
Several parameters which may bLe subject
to change include the length of the test
samples Iln each environment, speed and
number of stops. The range over which the
testing will be conducted, however, can

be determined &zt thiz time from the
channel test data.

This cholce of four environments
reduces the time burden on the laboratorcy
testing, primarily in the audio listening
tests., CRC, the =audio test ssgmsnt
contractoz, has =tated that the tes:
segments should be relatively short,
preferably 30 seconds, and no more than
60 seconds. Within this constrainot, a
multipath test simulation must be devisod
which presents he full Lange of
multipath conditions of an environment to
ezch system under test. oome. S5¥stien
parameters will define the minimum time
in which an environment can be simulated.
For example, environmenks which reguoire
zero wvelocity testing will be examining
the system perfocmance under fixed fade
conditions, perfc mance highly dependent
on the length of data time interleasving
in the system. Each simulation stop must
ba long enough to test &ll systems and
short enough to test & sufficlent number
af =zrtops without exceeding the maximum
gudic sample time. It is anticipated
that & minimum of five stops would be
necessary and excecding the 30 second
test time is likely.

If & segment of actual measurad
data, or several shorter segméents for a
"stoppad” test, can be found which

deguately represent the full range of

multipath conditions in &an environment,
then there is no a&apparent resasen that
sctusl data should not be used to.program
the simulator. IE£, however, this is not
the case, then it may be necessary to
define the paramsters over the maximum
range and generate an artifiecial but
resentative segmsnt. This choice can
be made after 211 of the channel
= can be analyzed and the systems
er te=st and simulator limitations are
wn. This will only =ffect the actuzl
hod of simulated testing while the
ner
3§
-4

1
g

sl range and limits of testing will
n unchanged,; being indicated by ths
Lake City.
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CONCLUSIONS

This procedure for data gacthering
and analvsis will deliver results
directly applicabla to the laboratory
multipath simulation testing.

Measurements will have been made
over the wvarlety of terrain around the
test =zite. Data wilil include central
city areas, hills @nd rolling terrzin in
suburban and rurzl arpas and mountainous
arezs. The typical range of time delay
and magnitude of the reflections will be
identified with the different areas. The
me=an and variance of the reflection delay
time and complex magnitudes will bae
detecmined and used to guids the
lazboratory testing with the multipath
simulator. From this informatien othe:s
parameters such as the channel freguency

15

the multipath characteristics of the VEF
= a

channel, In its processed form the data
iz well =suited £for further analysis
ranging from freguency domain
characterizatior to point-by-poiat

gensration of & multipath model.

The VHF <hannel characterization
test 15 a joint effort of many parties
who have contributed thelr Eime ang
materials. EIA wonld like to acknowledge

the asslstance of =211 parties who have
contributed to this ongoing program,
particularly the individuals in the EIA
WE=B Channel Test Sub-Group; Brian Warrcen
chairman, and other industry volunteers.
Corporate agsistance has been provided
by; PBS for the use of the Charlotte ATV
kest =lite, tower site manager Loadstar,
Larcan tranzmitters, Alan Digk antennas,
Bird, Bonneville International Corp.,

2smain characteristics and statistiegal  Cablewave, Delco Electronics, Dielectsic,
data will be computed. The &ata that is  Harris, Herritags Media Corp., Passive
collected will be of direct walue to the Power Products, %EIKD Telecommunication
DAR proponents and others interested in Systems, Imc., a2nd a2 host of others.
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APPENDIX -

EIA DAR SUBCOMMITTEE
VHF CHANNEL CHARACTERISTICS
HEASUREMENT PROCEDURES

This test procedure is presented to document (and to provide sufficient

formation for a knowledgeable individual to obtain the nacessary equipment
nd further expertise to recreate) the EIA-DAR Channel Characterization ifest
b
t

—

s procedure specifically describes the Channel Test conducted in Salt Lake
iy (SLC)

in late 1293,

I. INTRODUCTION

A.

NEED FOR TESTING; The EIA DAR Subcommittee was organized in
October 1%91 for the purpose of documenting and testing ail
potential United States DAR systems in a uniform and impartial
forum. The testing will take place in both & laboratory and the
field. The VHF channel characterization test program is a recent
addition to the EIA-DAR systenm tests for the purpose of guantifying
VHF multipath propagation characteristics for the FM channel
proponent laboratory tests.

TEST SYSTEM DESCRIPTION; The test system consists of a wide band
pulse transmitter, a mobkile data collection van with receiver and
off-line data processing. The test signal consists of a series of
pseudo-random pulses, transmitted at a pulse rate of 2 Muz,
yielding a 4 MHz wide test signal centered in the television band
at Channel &, 85 MH=z. Transmission is made with a circularly
polarized antenna for reception on a specially designed and built
dual-independent polarized antenna. Data collection is triaggered
at fixed intervals aleong a path, for this test every 1/10
wavelength. By choosing the path to cover a representative sample
of an area, the channel characteristics of that type of area can be
reported.

™

.

™
=
(=)

THE NEED FOR "CHANNEL CHARACTERIZATION TESTS"; Laboratory testing
will employ a multi-channel multipath simulator, operating over the
full range of multipath propagation delays and reflections expected
in actual broadcast conditions. Unfortunately, the current
literature does not clearly define the FM Band multipath
characteristics in terms of relative time delay and reflected
signal level, the parameters needed for the multipath simulator.
As a result of the proponant’s guestions regarding the range of
multipath testing, the EIA-DAR test program was expanded to conduct
a channel characterization test.

SALT LAKE CITY TEST VENUE; The channel test data was collected in
September 19533 in Salt Lake City. The Salt Lake City area
presented diverse terrain, well defined differsnt "environments",
a large "central city" type area and most imporitantly, a readily
available and nearly ideal test transmitter site.




I1.

BADIO FREQUEHCY SYSTEM; 85 MhZ TV Channel 6 band.

A,

SYSTEM GENRERAL DESCRIPTION; The system used for the EIA DAR
Channel test, shown in the block diagram attached as Figure 1, is
much like that described by Herman' and Moriyama?, and was built
by enginssrs at the DELCO Electronics Audio Advanced Development
Laboratory at HKokomo, Indiana. It consists of a pseudo-random
pulse generator driving a wide band (television) transmitter with
a pulse string, 255 pulses (bits or chips) long, at the pulse
repetition rate (chip rate} of 2MHz. The sitring of pulses is
random in time over the 255 pulse string which is then repeated
continuously, hence the pssudo-random nature of the pulses. The
repeated 255 pulse string, called an "instance", is long enough to
allow for calculation of over 40d4B of level resolution but short
enough to assure identification and capturing of ona complete
string in a relatively short time with a reasonable amount of data.
The 2MHEz pulse rate and the methoed of computer analysis usad,
allows resolution of signal reflection delay timss as short as 250
nanoseconds with a finite probability of error, and as long as
127.5 microseconds delay time. Considering the custom nature of
both the signal generator and receiver, they will be maintained in
storage at Delco feor future use.

wm

BASIC FACILITIES; The ERP and height must be sufficient to cover
the area eof interest with a sufficient signal, ideally a 40 4B SNR,
but useful data can be collected at lower levels even in the
presence of interference. Antenna location and height must b

sufficient to minimize local distortions (shadowing or reflections
from objects near the antenna) so as to not mask the effects of the
environment along the path and near the receiver. Circular
polarization is required with H & V magnitudes as near as egual as
practical over the arc of measurement to enable simultaneous but
independent measurement of H & V pol signals

R.E. TRZ HSF*SSIDN EQUIPMENT 1ist, SLC fest source;

1. Transmitter, 6kW Sclid State Ch.6 TV,

2, Hcdulahor, modified tv modulator (change TV baseband filters
for optimum response over B5mHz +2mHz)

3. Transmission line, 1-5/8 air flexible,

4. Transmission antenna, panel type, Circ.Pol., (optimize H & V

polarization for as near as egual patterns).

SIGNAL. SOURCE; The transmitter begins with a pulse generator
providing a single-bit, shift register based, Pseudo-random Number
(PN) sequence, with accuracy derived from a 25ppm crystal
oscillator. The natural freguency side lobes of the sequence decay
in level with fregquency and they are subject to an additional

Badio, Slgnal Processing V: Theories and Bpplications”, L. Torces, E. Masg

1 Herman, S., et.al,, "High Resclution Channel Mezsurements for Mol

hﬂfJ

and M.A. Lagunae {[ed=.) Elsevier Science Publishers B.V. 18520

o
Simulation Equipment for Wideband Mobile Radio"; Cur

2

Morivama, Bimatsu, et.al. “Dsvelcopment of Multlipath Measurement an
un T

icaticns Hesea

Laboratory, Ministry of PFosts and Telecommunications of Japan, Tokye.
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attenuation of 20 dB by filtering in the signal generator to
schieve 30 dB or more attenuation with respect to the main lobe.
The PN seguence is 255 pulses long over which its timing is random.
The sequence is continuously repeated, hence the pseudo-randon
nature of the signal. This pulse +rain phase modulates a high
stability (ippm) oscillator, resulting in the BPSK (suppressad
carrier) signal at approximately 44 MHz. The actual frequency is
adjustable over a moderate range, within the range acceptable to
most television transmitter exciters. The transmitter exciter
provides additional filtering of the sidelobe out-of-band
components in a Surface Acoustic Wave (SAW) filter, and provides a
constant amplitude signal to drive the transmitter power amplifier.
The power amplifier is capable of 2 significant television peak of
sync power but it is driven to a lesser output power of a few dB
below the power compression point to maintain good amplitude
linearity.

The 2MHz pulse rate and BPSK (suppressed carrier) modulation
generates a 4 MHz wide R.F. spectrum with its first freguency nulls
at +2 MHz and decreasing side lobes, each 2 MHz wide. The output
is filtersed as described zbove so that the transmitted signal
appears as a 4MHz wide Caussian distributed noise signal with
rapidiy decreasing side lobes as shown in Fiqure 2.

This spectrograph of the receiver I.F. output was taken witl
thé test transmitter signal connected directly tol the TYecgiver
antenna input. The horizontal span is 10 MHz, a scale of 1 MHZ
division, with a wvertical span of B0 dB, a scale of 10 @B
division. The test signal was transmitted with a center freguen
of B85 MHz, the center of the relevision Channel 6 band,
relatively accessible fregquency where ever = television Channel
station is not operating. This frequency is also sufficlently
close to the FM band to accurately characterize it. Use of
stability reference oscillators (lppm) in both transmitter
receiver allows for demodulation without freguency lock.
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I Salt Lake City, a & KW Larcan transmitter was used with
two element IDL Spearhead Pansl antenna configured with t
alements stacked vertically and splayed £30 degrees to provide
narrow azimuth pattern oriented east over the city and toward t
mountains beyond. The resulting horizontal plane relative £
patterns ars shown in Figure 3. The antenna was mounted
approximately 9100 feet AMSL or 4500 feet above the valley floor at
the Bonneville Broadcasting KSL(TV) transmitter site on Farnsworth
Peak, 18 miles west of Salt Lake city. The resulting ERP of 7.6 KW
average power is sufficient To cover the city and surrounding area
including the mountains up to 25 miles away.
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RECEIVER SYSTEM; The receiver, using Superheterodyne radio
fregquency design, was also built by Delco. Its only automatic
funcition is a very slow AGC. It was carried in a mini-van along
with other associated eguipment including a specially built
"reference” antenna. Each of the two independently polarized

antennas feed modular amplifiers and each amplifier output 1is

combined in a power coupler into the single channel receiver.
Under ceontrol of the test computer the antenna amplifiers are




alternately turned on, completing one path and rejecting the other

by over 40dB. In this combined R.F. output channel several tunabl

notch filters are available to remove strong out-of-band component.
without perturbing the pass band signal, The filtered signal is
then mixed with a 140 MHz Local Oscillator (LO) to generate the 140
MHz I.F. and further filtered by a Surface 2Acoustic Wave (SaAW

filter to provide up to an additional 404B of out-of-band
rejection.

At this point the signal is sampled for several monitoring
functions. First, the IF is sampled to display the RF cnmpcnent on
a spectrum analyzer with that display recorded on a video recorder.
The IF is also mixed to baseband for monitoring by an oscilloscope

L

to fagilitate tuning the 10 to zero freguency offset with the
transmitter. In practics, approximately a 100 Hz drift occurs
during one measurement run which has no significant effect on the
data that is recorded.

Next, both the I and Q signal components are sampled by an 8-
bit A/D converter. The resulting half-Least Significant Bit (LSB)
uHCﬂrtain+y error is more than 40 dB below full level, limiting the

dynamic range of the A/D conversion to ;ﬂp“o¥1natnly 40dB. 2
manual attenuator with a2 50 dB I'E‘"lg‘:‘ is ﬂﬂju:n.E!i on each dat
collection run to set the signal in the optimum digitizing range.
The system has an effective sensitivity of hetter than -89 d4Bm in
the pressnce of anticipated interference from strong nearby
adjacent channel stations.

The received waveform is sampled at 4 MHz, twice the
transmitted pulse rate (two times oversampled). The need for bit
synchronization circuitry is eliminated by averaging every pair of
data peoints. Data acquisition is controlled by an enable signal
from the computer for each sample point. At sach sample peint the
first polarization waveform is digitized and loaded into First-In-
First-oOut (FIFQO) memory. Then the antenna amplifiers are switched
and after a 1 microsecond settling time, the opposite polarization
signal is digitized and transferred to FIFO. The =zantenna
amplifiers are then switched back to their normal state to wait for
the next sample point. The system remains in this position for at
least 14 milliseconds while data in FIFO is mult lpiexed and loaded
into the computer memory. This measurement c}cle is dependent on
the basic data transfer rate of 100kHz, from data acquisition beard
to computer, setting the maximum speed of data collection. That,
in turn, sets the wminimum computer cycle time which determines the
maximum vehicle speed at the minimum sample point spacing chosen
for this test. After collection of one data file, 1 M byte of
data, the system pauses briefly to save the file to disc, clears
the acguisition board and resumes collection.

"STANDARD" RECEIVING ANTENNA; Several discussions within the E
DAR testing group, regarding the type of antenna to be used
reception testing, led to the conclusion that some type
"reference” antenna must be used. Considering the many types
vehicles and specific antennas available for each, 1litera
thousands of possible combinations exist: no one of which could
n
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provide omnidirectional horizontal plane reception with good
and

bandwidth. Furthermore, the antenna must provide duzal
independent outputs for the horizontal and vertical polarization
components. The standard test antenna was designed in a joint
effort by Delceo, Lohnes and Culver and Harris. It is designed to
receive both the hmvizcﬁtally and vwvertically transmitted
components, but to receive them separately and independently with
little interaction. Tests show that the antennas have a horizontal
plane circularity of better than +2.5 dB and a cross polarization
self discrimination of at least 10 dB as shown in Figures 4 and 5.
Figure 6 shows the test antenna mounted over a ground plane
atop the wvan with its center approximately 3 meters above ground

level. A monopele of approximately 1/4 wavelength is mounted over
the ground plane described above. The monopole length and diameter
was chosen to provide reasonable impedance and wide band

=1L

performance. The vertical monopole antenna is surrounded by

a
dielectric structural +tube which supports the top mounted
horizontally peolarized antenna. That antenna is deaic;ed to
provide a nearly circular horizontal plane pattern with minin

ey ...

interaction with the vertical monopole or the ground plane.
antenna and ground plane assembly was constructed and tested at
Delco facility in Kokomo, Indiana, with further testing at
Harris antenna facility at Palmyra, Mo.
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The wvarious components in the measu rlng system will be
described individually in the following sections.

I1IT. COMPUTER CONTROL SYSTEM GENERAL DESCRIPTION;

A,

MANUAL START; The data reception process is started manually by
the crew running the equipment. When a measuring point is selected
and documented in a measurement log and all starting values are set
(see below) the collection is begun by a manual computer comman
after the van begins motion along the measurement path and when the
starting point is crossed.

L!.

AUTOMATIC COLLECTION; The data collection process is automatic
once started and is described in more detail below. The computer
collects data and reports the sequential number of the "file" (one
negabyte each) being written so that the crew may observe progress
and record the file number at wvaricus landmarks. The computer
notifies the crew when hard disk capacity has been exceedsd,

approximately 75 files, thus ending a run if not manually ended by
the crew. The Dnly receiver control that is changed by ths
automated system is the biasing on and off of the two polarization
amplifiers described previously.

MANUAL, END OF RUN; At the end of a raccrdinq run the data is
transferred from disc to tape by the crew manually initiating the
process. Stopping parameters such as file number, time, location
landmark, and receiver 1O freguency and fregquency drlrt from start
to stop are written in the measurement logs.

It




IV. DAILY SETUP AND CALIBRATION

-

REFERENCE SITE: A refersnce sztup site is established for
system checks and calibration. In the Salt Lake City test i
located northeast of the downtown area on the side of =z
several hundred feet above the city with a very clear line-of-sigi
path to the transmitter site. The vehicle was gcsltloned at t©
site and daily calibration measurements and tests were perform

i
.

rk o
I_F
e = 5 =

fun
T Lﬂ = %

3
I

m et =0

il

£l

CAT.ITERATION PROCEDURE; A brief recording of the transmitted te
signal, several files long, was made at this fixed location. T
dataza was immediately procnssnu and examined uslng the on boz

I
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computer to make sure that the system was functioning normal
The data that was examinad showed a point that was stable and
from any significant multipath. Occasionally, variable filters may
be inserted into the RF system to remove strong nearby interferers.

1R
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The fi te* tuning and lack of impact on the receiver was confiirmed
at this time. Each day the recesiver freguency was syrnchronized to
the tr”?:ultter and checked for short term drift. Fregusncy
synchronization was gauged by the beat frequency between the I znd
Q channel data. At that point the receiver Local Oscillator
frequency was recorded and the general weather conditions were
noted. No other setup was reguired and at that poin the days

measuring routine could begin.

V. MEASUREMENT RUN SETUF AND PROCEDURES

A.

PRE RUN CHECKS; At each measuring location a similar freguency
synchronization procedure was followed. 1In addition the routs was
"previewed" by driving and observing the signal strength Based on
this observation, a fixed attenuation of up to 404B, in 104B steps,
was applied to the input signal so that the recorded signal level
would be kept in its optimum range within the AGC control range.

-

Information recorded at the start of each run included the time

T

date, local weather conditions, environment observations (type of
terrain, traffic and 1local construction described below) an
receiver 10 freguency. Other tests were conducted as needed at
measuring locations such as looking for strong interfering signals
in adjacent bands. This was accomplished using the spectrum
analyzer in the van. A strong adjacent frequency interferer would
be attenuated by inserting tunable filters in the RF antenna path
after preamps and camblnlﬁg The filters were tuned for maximunm
undesired signal attenuation and minimum impact on the test signal
channel band.

fsh

PROCEDURE DURING RUN; A= the run progressed several bits of
information were recorded. They were:

T The path description and turns as they occurred,

2. land mark descriptions as they were crossed,

3. the file number of data being recorded at each,

i, the time of each landmark crossing,

5. the distance along the path at each,

&, comments regarding the local environment or path.




VI.

AUTOMATIC DATA RECORDING PROCEDURE

The audio channel of a video recorder in the van captured all of

the voice announcements and commands during the course of =a
measurement run.

END OF RUN PROCEDURE; The end nnint of a run was manually seTected
at a convenient and easily identified location prior to the point

at which the computer disc capacity would bes exceeded, At that
point the final entries were made in the path log and closing data

regarding the receiver LO freguency was recorded.

DATA TRANSFER TO TAPE; The hard disc data was transferred to tape
and when completed, another run could be started.

The fﬂllDWLn description provides

i =

details of the automatic data measurement and recording collection

process,

. UNIFORM MEASUREMENT POINT SPACING; Measuremsnt point spacing was
saet at 0.1 wavelength or 0.35 meters at the 85mHz channsl test
center freguency. Uniform spacing was controlled by use of a
programmable pulse counter circuit and pulse generator attached to
the wvehicle drive train. The pulse generator generated several
hundred pulses per revolution and a suitable divisor was programmed

into the control system to yield a uniform measurement trlgagr
spacing of 0.35 meters. The accuracy was confirmed by comparing
file length per unit of distance traveled with the average yieldin
0.35 meters per sample.

kﬂ"l.

ATA COLLECTION SEQUENCE; When the pulse counter circuit triggered
data collection, the ssguence progressed as follows:

1. Start data collection for a time period egual to 3 times the
pulse string length of 255, approximately 383 microseconds,

2. at the end of the first polarization data set, switch the
antenna amplifiers from the default Vertical pﬂlarlza; on to
Horizontal and wait for a 1 microsecond "settling" time,

3 collect data for an egqual time period for the second
polarization,

4. return the antenna amplifiers to default and wait for the next

trigger pulse.

DATA RECORDING; The receiver produced an analog wave shape of the
received signal for both I and Q at an IF of 140 mHz. This signal
was presented to a digital signal acquisition board in the computer
and recorded as follows:

1 Digitize the I and @ channel analeg signal to & bit
resolution,

2. transfer the digitized signal to FIFDO memory buffer at 2mHz,

3 block and transfer the data from FIFO to computer memory at
100kHz,

4, block +the data into 160 consecutive recording points

(approximately 1Mbyte) and transfer from computer memory to
hard disc.




ViI.

HEASUREMENT ROUTE AND LOCATION SELECTION;
ultipath.

procedure is to "categorize"
was known that all types of local !
the measursments. Generally thsse
commercial residential areas,
The test wvan was driven thrnughaut
area collecting data along 21 paths
zig-zaging across or encircling an
140 kilometers of continuous data.

with a 5 digit identifier, two di

three to the individual 1 M byte data files.

landmark was identified by ths

location along a path at which data was taksn
data,

precision of each 1 M byte of

Each of
(buildings,

the 21 paths was zana
vegetation,

to the four major environment cate

A. URBAN: Business

includes;

open

lyzed for the
terrain,
predominant along the path or a significant portion 5 of
review disclosed eight narrowly defined environments whic
gories listed below.

Industrial
the central city business district and surrounding area,

The primary goal of the tes.
At the start of the project it
‘environments" should be included in
would include: central city, light
areas and terrain
Salt Lake City
ranging from 4.4
area, fer a teotal
The data was collected and numbersd

its relating to the path number and
Therefore, becauss each

file being written at the time, the
is known with the

160 samples or 56 meters.

"environment!
that was
Preliminary
werse reduced

type of
etc )
ik o

urbanization

- Commercial; This environment

approximately 6 blocks north-south by 8 blocks east-west; a—

industrial /warehouse arsa south west of the
moderately heavy commercial

sgvaral
centers and malls with multi
are generally close to the b

level.
simulation consisting of al
used,

SUBUREBAN: Residential;
areas,

story buildings.
uildings indicating that the expect

reflections should be short in time delay and generally strong L
The practical vehicle speed in the area ranges from stopped
to approximately 40 KPH (25 MPH).
signs reguire stops from 0 to 45 seconds at freguent intervals.
ternate stopped and moving data will be

city center; and
areas comprised of shoppinc
The traffic D—tL_

o

Numerous stop lights and stop

o

This environment includes many residential
scattered to the south of the city center.

They range from

single family large homes on large lots to duplex town housss and

apartments.
commercial shopping areas
etc. Some of the typical

paths are generally more open
still relatively close to

Ls a conseguance,
=chools,
ol
covered by mature trees of up to 25 meters in height.

the neighborhood may include light
libraries, college buildings,
der residential areas were heavily
The traffi

than for the urban environment but
scme structures, The expscted

reflections should be moderately short in time delay and moderately

strong in level. In the
still drop to zero on cccasion
4 simulation with varyi

RURAL: Parkway - Highway:
areas with a2 wvariety of
roads north west of the eity,
the city, to & commercizal

boulevard east

more open areas in the environment, longer
and weaker delays may predominate.

The practical wvehicle speesds
but may increase to 70 KPH (45 MPH).

ng speed and few stops will bes used.

This environment includes generally ope:

I'GE s

ranging from; single lane country
to divided highway yarkways south of
of the city at the



VIII.

IX.

foothills of the mountains. The open nature of the areas generally
keeps the closest structures nmoderately far from the measurement
path, with the structures themselves including all types from
multistory office buildings to small residential buildings. The
expected reflections should be moderate but cover a relatively wide
range of time delays and magnitudes. The practical vehicle spseds
should very rarely drop to zero. The range to be used is from 40
to 100 XPH (25 to 60 MPH) with one stop.

TERRAIN OBSTRUCTED: Canyons = Valleys; This environment will
include those paths which have a significant terrain involvement,
including the Big and Little Cottonwood canyons and the few paths
that followed river wvalleys in the area south and east of the city.
The terrzin along these paths is the significant factor but some,
particularly the river valley path, have some structures along the
path. axpected reflections should be numerous and rapidly
changing with moderate to long reflectionz over a wide range of
magnitudss. The major feature of the signal path should be the
frecquent loss of a direct path with the dominant reflectior
becoming the substitute direct path, one which i

Rl

i
h is subject to rapid
change as reflection characteristics change. The practical vehicle
speeds should rarely drop to zero but should also net be too high.
The range to be used is from 25 to 70 KPH (15 to 45 MPH) with one
stop.

ANALYSIS AND PRESENTATION; The data analysis is continuing.
Presently the data has besen converted from the raw collected data
files to an intermediate form for further study. The reflection
time delzays znd magnitudes are isclated and can be extracted for
studied and assigning control parameters to the channel simulator.
The final analysis and application to the laboratory testing will
be presented in a written report.

The recorded data will be kept on file and will be made
available to those wishing to further study it. The signal
generator and recelver will be kept available for these wishing to
conduct other channel characterization tests.

ACKNOWLEDGEMENTS; The VHF channel characterization test is & jeint
effort of many parties who have contributed their time and
materials. EIA would like to acknowledge the assistance of all
parties who have contributed to this ongoing program, particularly
the individuals in the EIA WG-B Channel Test Sub-Group and other
industry volunteers. Corporate assistance has been provided by;
PBS for the use of the Charlotte ATV test site, tower site manager
Loadstar, Larcan transmitters, Alan Dick antennas, Bird, Bonneville
International Corp., Cablewave, Delco Electronics, Dielectric,
Harris, Herritage Media Corp., Passive Power Products, SEIED
Telecommunication Systems, Inc., and a host of others.
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APPENDIX D - CHANNEL TEST IMPLEMENTATION; CHARLOTTE, SEATTLE, SALT
LAKE CITY

D-1 Memo Report (L&C), to the NRSC and EIA DAR Subcommittee Meetings
Wednesday and Thursday, July 28-28, 1993, "Charlotte Test Summary Report”




REFORT TO THE NWRSC AND EIA DAR SUBCOMMITTEE MEETINGS
WEDMESDAY 2ND THURSDAY, JULY 28-23, 1993

CHARLOTTE TEST SUMMERY REPORT

The Charlotte initial measurements and £ollow-up testis
revealed a condition of low sensitivity and susceptibility to
interference with the receiver in the test van. The sensitivity
was at least 20 dB lower than expected and interference was being
encountered, generated both in the test equipment and occasionally
from external sources. No useful data could be extracted form the
Charlotte tapes and the Charlotte transmission system had to be
dismantled, making a revisit impossible. The receiver has been
redesigned to eliminate the self interfersnce and to improve its
sensitivity. Specific details will be providsd by Brian Warren and
hi=s team from DELCO.

The operation of the test antenna and the van measuring system
is acceptable in most respscts. The shaft encoder and trigger
appear to work well. Data collection with manual legging of the
route and landmarks is easy. More rapid transfer from disc to tape
would be desirable. The next generation of this system should
probably include a full size 80486 PC with several disc drives and
tape unit. I have been in vans with computers with hard drives and
have seen no problems. To be on the safe side, shock mounting the
PC in a remote location would be ideal.

one major problem remains the power supply in the van; when
idling the inverter load causes the battery voltage to sag to the
point that the inverter drops off line and the equipment will
chutdown and then have to reset. I have suggested tackling this
problem in one of two ways.

First, the inverter system should be improved by using a dual
battery system with a proper dieode isclator between the vehicle and
the inverter battery. The inverter battery should be a veryv large
(or two parallel) "high" voltage lead-acid battery with a nominal
12V minimum load voltage and a 14.5V+ charging voltage (talk to
DELCO/GM about this). Most "maintenance Iree' batteries are now
lead/calcium and have a slightly lower voltage. Adjust the
alternator cutput for 15V+ output to deliver 14.5V+ at the inverter
battery after the isolator. Insert series diodes in the vehicle
battery charging line to drop the charge voltage to a safe
continuous value For that battery. Attach a cutoff switch in the
inverter battery charging lines to aveid overcharging on a long road
trip. Tn=tall an accurate volt and amp meter in the inverter
pattery line and install the battery in a plastic battery bex in an
easily accessible space under the counter cabinets.

Next, for those instruments operating from DC supplies, float
rechargeable batteries across the supply lines with suitable charge
limiting resistors and isolator diodes to carry the instruments
(receiver, computer, etc.) through any voltage interruptions that
etill might ocour.




The second alternative is to add or tow a generator behind the
van. A 2.5KWx camper generator in a small trailer with auxiliary
flashing lights for use in congested areas would solve the power
problem and add to the observeability/safsty of ocperating on
highways at relatively slow speads.

SEATTLE TEST PLANS

Early in the planning for the Seattle test an interference
prediction to CHEK-TV channel 6, Victoria Canada, was conducted.
Various interfering contours, down to 7dBu F(50,10), were predicted
using the Tiger Mountain master FM antenna pattern. DELCO also
supplied scome preliminary d/u ratios for "just perceptible
interference" against color bars. The rasult was that even at 40dB
d/u, interference could still be seen and thersfore the Tiger
Mountain facility would not work. An alternative site was located
using the XKIRO FM & TV tower on Quaen Anne Hill, 1 to 2 miles north
of downtown Seattle. TFrom an antenna mounted at approximately 430
fest ACGL, 830 ft AMSL, the area up to approximately 20 miles south,
including cuite hilly terrain toward Cougar and Tiger mountains,
should be accessible for testing. The "Charlotte" antenna will be
reconfiqured to give a narrow +50 degree pattern criented at 150
degrees true. The back side null will be oriented directly toward
Victoria with less than 07dBu F(50,10) interfering signal strength
over all of Canadian soil with the exception of a small area at
approximately 12 degrees trus. The Canadian concerns on
interference have been addressed with additionzl showings of
terrain shielding in addition to the directional antenna system.

4= in Charlotte, the antemna will bhe fed by 1-5/8 inch
Cablewave flexible transmission line from the Larcan solid state
transmitter. The transmitter is a 6kW unit on loan prior to
shipment to its final customer in Saskatchewan, Canada. The ATV
Charlotte test transmitter exciter, a dual NTSC/ATV wideband
exciter, will be loaned to the Seattle test project. Easy access
and anmple space at the KIRO transmitter site will make installation
and operation convenient and simple.

The Seattle area will present an abundance of interesting
zites to measure. Therefore, 2 map study and an on site pre-survey
for potential sites is recommendad. With the test transmitter
operating, a spsctrum analyzer can he taken to arsas of expected
multipath to pre-certify them as measurement candidates.

The FCC application has been filed and approvad. The Seattle
city approval is promised after filing for a building permit.
Local coordination with Channel 5, FM broadcasters and the
rasidents of the Queen Anne Hill area will be undertaken to assure
minimum interference impact.

Respectfully Submi d
/- 2/
ﬂ ~ A~ el

Robert D. Culver, WG-A Chairman







APPENDIX E - CHANNEL TEST DATA COLLECTED

E-1 Memo Report, "Salt Lake City Channe! Characterization Measurements”




SALT LAKE CITY CHANNEL CHARACTERIZATION MEASUREMENTS

DATA COLLECTION AND STRUCTURE

The EIA-DAR Channel Characterization project has measured multipath delay data in and
around Salt Lake City using the method and equipment previously described to the EIA and
NRSC. Briefly the signal consisted of 255 random pulses, transmitied at a 2MHz rate and
continuously repeated, hence generating a pseudo-random seqguence. The signal was received
in van equipped with a specialized antenna, receiver and data collection equipment. Several
significant terms will be defined below.

CHIP - PULSE; In common digital sinal usage the transmitted pulses, described above,

are often referred to as "chips”. For consistency with past reports the term pulse will continue to
be used.

BIN; Each transmitted pulse (chip) represents a time of 1/2e06 seconds or 500
nanoseconds. Upon analysis the minimum time resclution becomes 250 nanoseconds, therefore
the reflections can be sorted into any of a series of sequential "bins”, each representing a time
progression of 250 nanoseconds.

INSTANCE; Each series of 255 pulses represents one "instance” of data.

SAMPLE; Three instances are captured for each polarization (horizontal and vertical) of
the transmitted signal, making up one "sample”. After data reduction each sample point will
contain only one instance for each polarization.

FILE; Samples are collected at uniform spacing intervals until a 1 Megabyte "file” is written
from core to hard disk. Because of the size of each sample a file contains 160 samples for each
polarization. The samples are collected at 1/10 wavelength intervals, 0.35 meters at 85MHz, so
a file also covers approximately 56 meters of continuous distance. The file writing process
requires a brief halt in data collection, depending on the vehicle speed up to a few samples are
missed.

PATH; Approximately 75 "files” or 75Mbyte of data can be stored on the computer hard
disk at a time before transfer to tape backup is required. This limit yields approximately a
calculated 4.2 KM path length, but the file writing delay cited above extends this slightly depending
on vehicle speed. On several of the paths this distance was not sufficient to cover the area of
interest and double length paths were run with a several minute pause between halves to transfer
data to the tape backup. A "path” is either a single or double length run.

DATA ANALYSIS AND RESULT PRESENTATION

The data collected for each of the 21 paths is identifiable by file (180 samples), with each
sample (eventually a single instance) and polarization identifiable in each file. The data is stored
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as "raw" data in a new file with the extension .chn (raw data files). It is then processed in two

steps using the Matlab software. The first step, using MatLab software and a raw data
processing routine.

This routine processes one instance of raw data at a time. First the data points are
organized into 1/Q pairs and oversampled by twice the transmission pulse rate of 2MHZ,
generating twice the number of data points. The data is then decorrelated with the known pulse
sequence. This process is repeated for the second polarization, the second half of the data in
a sample point, and stored as one full frame of data for each instance in a sample set. At this
point the data is in a form that is ready for further processing or for distribution to others.

After initial processing the data has now been refined to the point where significant results
can be extracted. The data has been bit averaged and it has been through data decorrelation
against the original pseudo-random bit sequence to identify the primary and following pulses. In
this processing the resultis a complete time domain "snapshot” of each sample point with the first
pulse to arrive at the receiver normalized to 0dB. When viewing these files instance by instance
the relative position of the main and trailing pulses and their magnitudes is evident. What is also
evident is that the exact time of arrival of the main pulse can fall anywhere within the sample
interval, 255 times 500 nanoseconds or 127.5 microseconds, since each sample is taken only at
a specific spacing along & path and is completely time independent of the transmitted data. The
data is frame synchronized to place the first puise at relative time zero. The processed data is
now stored in an array of files equal in number to the raw data files for a path, approximately 70
or 140 files depending on the path length. The data is now ready for reading into the final
processing routines fo extract relevant multipath stalistics.

The next level of processing uses the "extract” MatLab routine to extract the multipath
parameters and create three files. The time domain multipath delays, magnitudes and phases for
each instance are exiracted with the first pulse to arrive normalized to zero time and 0dB
magnitude, with all of the significant trailing pulses placed into succeeding bins. In reality, very
close spaced multipath echoes may well be averaged and placed into one bin at an equivalent
magnitude. This process generates a file labeled with the extension .ext (extracted time delays).
It contains the multipath delays, magnitudes and phases for each of the instances and
polarizations that can be used for multipath simulation.

The average time domain data for the entire file, 160 instances of both vertical and
horizontal polarization is generated in a file with the extension .tda (time domain analysis).

To determine which of the echoes is the most significant the next extraction routine
computes the frequency domain fades for each of the 160 instances and creates a file with the
extension .sta (frequency domain fade statistics). The time delay components, delay and
magnitude, are examined to find the one with the most significant contribution to a frequency
domain fade. Succeeding significant contributing echoes are identified, by their frequency domain
effects, until a total of six (five plus the fixed direct pulse), equal to the number of programmable
channels on the multipath simulator, have been identified. Ifless than five are found the remaining
data array is filled with zeros. This generates the third file containing the statistical parameters of



the frequency domain for each instance and polarization.

As a check for problems with the data collection or reduction, a count of usable instances
in each file is kept in a file with the extension .use. Normally &ll 180 instances in a file are usable,
but if the number of unusable instances becomes large, this will serve as a flag to examine the
data or processing more closely.

Finally, the exiracted data can be grouped together by files representing cerlain
classifications of environments as appropriate. Some paths are contained entirely within an
environment, while others may cross an environment and hence only part of each would be used
for each environment. The division can be made on a file by file basis, each 180 instances or 56
meters long. Use of this time domain data for a particular environment is the basis of
programming of the multipath simulator.

SALT LAKE CITY "ENVIRONMENTS"
OVER WHICH CHANNEL CHARACTERIZATION DATA WAS MEASURED

The Salt Lake City propagation characterization measurement project measured time delay
and reflection magnitude data along a total of 21 paths. Each path covered either approximately
5 or 10 kilometers. sometimes zig-zaging around a neighborhood, sometimes covering a loop or
straight line path through an area. The area environmenis for each path were classified as to the
types of structures, terrain, vegetation and roads and then placed in the four major "environment”
categories listed below.

A URBAN BUSINESS - INDUSTRIAL - HEAVY COMMERCIAL:

This environment includes the central city business district and surrounding area,
approximately 6 blocks north-south by 8 blocks east-west; an industrial/warehouse area
south west of the city center; and several moderately heavy commercial areas comprised
of shopping centers and malls with multi story buildings.

The traffic paths are generally close to the buildings indicating that the expected
reflections should be short in time delay and generally strong in level.

The practical vehicle speed in the area ranges from stopped to approximately 40KPH
(25MPH). Numerous stop lights and stop signs require stops from 0 to 45 seconds at
frequent intervals. A simulation consisting of alternate stopped and moving data is
recommended.

B SUBURBAN - RESIDENTIAL:

This environment includes many residential areas, scattered to the south of the city
center, from single family large homes on large lois to duplex town houses to apariments.
As a consequence the neighborhood may include light commercial shopping areas,
schools, libraries, college buildings and etc. Some of the typical older residential areas
were heavily covered by mature trees of up to 25 meters in height.

The traffic paths are generally more open than for the urban environment but still
relatively close to some structures. The expected reflections should be moderately short

3




in time delay and moderately strong in level. In the more open areas in the environment,
longer and weaker delays may predominate.

The practical vehicle speeds still drop to zero on occasion but may increase to
70KPH (45MPH). A simulation with varying speed and only one stop is recommended.

C RURAL - PARKWAY - HIGHWAY:

This environment includes generally open areas with a variety of roads ranging from:;
single l[ane country roads north west of the city, to divided highway parkways south of the
city, to a commercial boulevard east of the city at the foothills of the mountains.

The open nature of the areas generally keep the closest structures moderately far
from the measurement path, with the siructures themselves including all types from
multistory office buildings to small residential buildings. The expected reflections should
be moderate but cover a relatively wide range of time delays and magnitudes.

The practical vehicle speeds should very rarely drop to zero. The recommended
range is from 40 to 100 KPH (25 to 60 MPH) without stops.

D TERRAIN OBSTRUCTED PATHS:

This environment will include those paths which have a significant terrain
involvement, including the Big and Little Cottonwood canyons and the few paths that
followed river valleys in the area south of the city.

The terrain along the paths is the significant factor but some, particularly the river
valley path, have some siructures along the path. The expected reflections should be
numerous and rapidly changing with moderate to long reflections over a wide range of
magnitudes. The major feature of the signal path should be the frequent loss of a direct
path with the dominant reflection becoming the substitute direct path, one which is subject
to rapid change as reflection characteristics change.

The practical vehicle speeds should rarely drop to zero but should also not be to
high. The suggested range is from 25 to 70 KPH (15 to 45 MPH) without stops

APPLICATION TO LABORATORY TESTING - MULTIPATH SIMULATION

The general parameters and operations of the DAR systems to be tested is well known but
some of the system specific parameters that will affect testing are as yet not known. The
characteristics of multipath propagation which will affect those systems is also well known with the
precise values of those characteristics being determined by this Channel Characterization test.
The characteristics and application of the Hewlett Packard multipath simulator are generally
understood but will become better known upen actually using the instrument. The proposed tests
have several parameters which are subject to changing, such as number of multipath
environments chosen and the length of the testing in each environment.

As a result of these unknowns and variables, the actual fine structure of the tests will not
be known until just before the start of actual testing. The range over which the testing will be
conducted can be determined at this time however and the following discussion is offered to
assist in setting that range and finalizing the test procedures.

A



Upon examination, the Salt Lake City environments for each of the 21 paths, could be
classified into at most eight distance environments. Those eight, however, can be grouped into
approximately four, based on the similerities of some of the original eight. For example, there
were several distinct residential environments but they all shared the similar characteristic of
moderately well distributed buildings of at most moderate size, rarely more than two stories in
height, moderately spaced from roads and with relatively slow speed limits on those roads.
Indeed, this major environment consists of the largest block of data and of them all wouid be the
only one to lend itself to sub-classification, perhaps into low and high density residential.
Therafore four and at most five environments are suggested for laboratory testing. The suggested
environments can incorporate both stopped and moving tests in two (or three) and only tests "at
speed” in the remaining two.

This choice of four (or five, not a total of eight, four each stopped and at speed) frees up
some of the time burden on the laboratory testing, primarily in the audio listening tests. CRC, the
audio test segment contractor, has stated that the test segments should be relatively short,
preferably 30 seconds and no more than €0 seconds. Within this constraint, a multipath test
simulation must be devised which presents the full range of muiltipath conditions of an
environment to each proponent system. Some system parameters will define the minimum time
in which an environment can be simulated. For example, environments which require zero velocity
testing will be examining the system performance under fixed fade conditions, performance highly
dependent on the length of data time interleaving in the system. Each simulation stop must be
long enough to test all systems and short enough to test a sufficient number of stops without
exceeding the maximum audio sample time. It is anticipated that 2 minimum of five stops would
be necessary and exceeding the 30 second test time is likely.

If a segment of actual measured data, or several shorter segments fora "stopped” test, can
be found which adequately represent the full range of multipath conditions in an environment, then
there is no apparent reason that actual data should not be used to program the simulator. |f,
however, this is not the case, then it may be necessary 10 define the parameters over the
maximum range and generate an arlificial but representative segment. This choice can only be
made after all of the data can be analyzed and the system and simulator limitations are known.
This will only affect the actual method of simulated testing and the general range and limits of
testing will remain unchanged, being indicated by the data measured in Salt Lake City.
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APPENDIX F - CHANNEL TEST FINDINGS, ENVIRONMENTS, SPEED, DATA,
VOLUME COLLECTED, PROCESSING TIME, ETC.

F-1  Memo Report (L&C), to EIA DAR WG-B, Report on "Calibration of Multipath Test
System” - 3/7/94

F-2 FAX memo from B. Warren, DELCO, "Time - Domain Algorithm for Multipath
Parameter Selection”




REPORT T0O EIA DAR WG-B (TESTIHG)
EIZA-DAR Channel Characterization Task Force
MARCH B8, 1994 TELEPHONE CONFERENCE CALL

DATE: March 7, 1994
RE: Report eon "Calibration of Multipath Test System"
TO: Test Task Force
PHONE FAX

Brian Warren, Delco 317-451-1591 -1340

Tom Keller, T. Reller Corp. 703-569-3135 -3370

Carl-Erik Sundberg, ATAT 908-582-3811 -7308

Ken Springer, NAB 202-429-5341 =775-4981

Mike Geil, Nova Engineering 513-860-3456 —-3535

Ralph Justus, EIA-CEG 202-457=B716 =40858
FROM: Robert Culver fT%kjtj. 301-776—-4488 —4459

Attached are three pages of text and nine graphs from Brian Warren of
Delco Electronics. They present the results of an analysis conducted by
engineers at Delco of the Multipath Channel Test System used by the EIA-DAR
Channel Characterization Test. The analysis shows the system impulse
response and reflections extracted by the algorithm ussd to analyze the
measured data. This document explains several aspects of the system and

algorithm and the resulting enhancements and limitations in the resulting
data.

It is important when considering this report, and the channel test data
in general, to be aware of the limited use to which tha data will be applied.
Specifically the data will be used to dynamically control a channel simulator
for laboratory testing., That simulator is limited to six channels, only five
of which can be used to simulate refiections. Significantly, the algorithm
extracts significant data by monitoring the impact of the time and magnitude
of the reflections z= they translate to the frequency domain. This test is
applied to each of the reflections recorded in each of the 250 nanosecond
bins throughout the entire 128+ microsecond measurement window, approximately
500 total samples, extracting at most 5 reflections. This and past analyses
demonstrate that despite the anticipated impact of some cbvious reflections,
many do not have additional significant impact relative to the dominant
reflections already selected by the algorithm. Clearly, the contribution of
expected significant reflections is masked by others. Hence the very limited
improvement in performance by the "f£ix" discussed in the report.

In the course of this project the eguipment, methodolegy and analysis of
the data have been discussed and explained in detail. Several important
guestions have been asked and carefully answered. The final analysis is that
the channel Characterization Test provides information entirely sufficient to
assess the total range and characteristics of VHF multipath reflections in

various "environments". The result of the test provides data from which the
laboratory simulation can be controlled based on the "real world" multipath
reflections, measured directly in time and relative magnitude, not

extrapolated from frequency, for the selected environments. Absent further
data, also measured directly in time and magnitude, the data collected and
now being reviewed and programmed for laboratory testing constitutes the best
and only available time and magnitude data directly measured for any
environment.




March 7, 1994
CONFERENCE CALL NOTICE

To: EIA - DAR CHANNEL CHARACTERIZATION TASE FORCE

PHONE FAX
Brian Warren, Delco 317-451-1591 =-1340
Tom Keller, T. Keller Corp. 703-569-3135 =3370
Carl-Erik Sundberg, ATET 908-582-3811 -7308
Ken Springer, NAB 202-429-5341 =775-4981
Mike Geil, Nova Engineering 513-850-3456 =3535
Ralph Justus, EIA-CEG 202-457-8716 -4985
FROM: Robert Culver 301-776—4488 ~-4499
RE: Teleconfersnces; Tuesday March B, 18%4 at 3:00PM EST.
AND Friday March 11, 1994 at 3:00PM EST.
PARTICIPANTS MUST CALL TM: SEE PHONE HNUMBERS BEIOW!

A descriptien and results from the VHF Channel Test "Egquipment
Calibration", conducted by Delco Electronics, will be distributed
by Fax on Monday, March 7. The participants in the conference call
should review this material and organize their guestions for
discussion on Tuesday. Action items will be adopted requiring the
participants to respond at a follow-up teleconference.

YOU MUST CALI. IN FOR THE TUESDAY TELECONFERENCE AT 1-800-377-4346
The following agenda 1is proposed:

Overview presentation of the "Calibration" test (Warren)
Discussion of the test as it applies to channel simulation.
Adoption of action items regarding test and application.
Other business.

Confirm follow-up teleconference, adopt agenda.

L0 fs L) P =

The follow-up teleconference will be held on;
Friday March 11, 1%%& at 3:00FM EST.

At that +teleconference all gquestions remaining from <the
Tuesday call will be answered and the Tuesday action items will be
resolved,

YOU MUST CALL IN FOR THE FRIDAY TELECONFERENCE AT 1-800-377-4273.



Calibration of Multipath System
and Notes

Inuc tion

In order to veily the ¢ntire system, dama is presented which shows calibration
measurments. It contains the impulse response as well as the algorithm actdons to different
multipath situatfons based on that response.

In addition, some of the properties of the algorithm are described to help answer some of
the questions that have arisen. This includes 2 discussion of the correlation function and
the use of zero insertion.

Correlaton Function

The vontinuous autocorrelatdon of a PN sequence is a triangle. When this output is
samnpled at the chip rate under synchronized condidons, tme samples fall on the peak and
the bases of the triangle, resulting in a single impulse output. As our system samples at
twice the chip rate, the shoulders of the triangle are caprured as well at & voltage level of
half the peak amplimade.

This is 8 minor problem for the processing algorithm as it sometimes idendfies the tiangle
shoulders along with the main eflections. (This tendency is increased by the use of zero
insertion, as described in the next section.) This will not hurt the result if these points are
included though it docs not sigmficantly help it either. This would be a major problem if
the algorithm, which is limited to choosing six reflectors, selected shoulders instead of
significant reflecdons, but it dees not do this. (Examples are described later.)

A fix for this is seen in later samples. It is a filter which empirically detects shoulders as
opposed to real reflections riding on shoulders. It docs this by examining the first
derivatve for slopss which exceed 6 dB per bin, and zeros the shoulders of those
reflections that do. More work could be done on this filter but it works reasonably well in
its present form. (Examples shown later.) However, the work to perfecr this filter is not
worth the incremenial increase in performance that its actions perform,

Zero Inserion

Zero insertion was added 1o increass the algorithm's sensitivity to close reflecdons in the
presence of diffuse multipath, such as that found in Environment D. This is done by
putting three zeros betwesn each sample in the time domain before the linear prediction is
performed. It serves to separate and enhance the resulting sinusoids produced by cach
sample in the frequency domain, reladve 1o the discrete freguencies available. Some
examples of the algorithm's performance when zero insertion is not used is shown later.




b (e

Graph 1 shows the impulse response, representing the calibradon of the system. Thisis a
graph simulated from our knowledge of the SNR levels and the location of the LOS and
artifnets. 1L represents z direct coax mezsurement from transmitier to receiver. The noise
is at a level of 438 dB Ixlow the peak signal. The line of sight is shown in the third bin.
Three antifacts appear at 9.5 usec, 89.5 usec and 123 usec. (When reflections are presant,
thesc arc replicated.)

Graph 2 is o zoomed version of Graph 1.

Graph 3 shows the algorithm's response to the data from Graph 1. In this graph we see
that a bin is marked which is not a reflection but rather a shoulder of 2 reflection in the
next bin, This selecdoa is not harmful since the presence of extra points does not degrade
the FIR response; this is seen in the frequency plot

Graph 4 shows the results of one line of sight and one half-magnitude reflecton at 1.25
usec. Again, reflections ars [alsely detected in the tme domain, as the elgorithm
maxirmizas the match in the frequency domain.

Graph 5 shows the line of sight with five reflectors at approximately half magnitude. The
algorithm again chooses the most significant reflectors which will contribute to the
frequency domain match. No choices are made of reflector shoulders at the expense of
reflectors. (Of course, an even better match would be achieved if the remaining reflectors
were inserted.)

Graph 6 is the same as Graph 5 with the reflectors slightly attenuated. The shoulder is
again detected. Alithough the frequency match is still goed, an improvement could be
made by ignoring the shoulders.

Graph 7 is the same as Graph 6, with no zaro insertion. Note the shoulder is not s¢lected
in this case. (However, the perfonmance of the slgorithm in diffuse multipath such as
Environment D will be degraded without zero insertion.)

Graph 8 is the same as Graph 6 with an enhancement filter applied to reduce the cffects of
the decorrelation mangle. (To upgrade the algorithm, some work would need 10 be done.
It can be szen that some of the operations such as normalization have not been performed.
For this reason, the apparant march shown in the frequency domain should be ignored
since it was performed on the filtered data rather than the original data. In reality, the
improvement on the frequency response is comparatively small.)




Graph 9 is the same as Graph 8 with the first reflector moved w© one bin past the linc of
sight. The algorithm easily detects these close reflectors and will do so to an SNR of 12
dB. (Any files worse than 26 dB are rejected).

Conclusions

The system calibration is shown by presenting the receiver impulse response and then
showing the algorithm detection to that response applied 1o a controlled FIR filier. One of
the weaknesses of the algorithin, its tendency to select non-gxistent reflectors, is shown,
However, since the algorithm performs its primary function which is to best match the
frequency domain, that weakness is not material.

In addition, a filter is presented which will make minor enhancements to the algorithm,

The work involved in developing the filter and rerunning the data is not justfied by the
small return.

Broan Warren
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Time-Domain Algorithm
for Multipath Parameter Selection

Introduction

This memo shows the results of an alternate to the reflection paramecicr algorithm which is
now being used. In place of the modified Prouy's method, which matches response in the
frequency-domain, the new algorithm selects pararneters in the tme domain.

Using four comparison files as examples, we see that the new algorithm chooses the six
maximum time-domain peaks that are above the noise (2 threshold set at -26 dBm.) No
peaks are chosen within a single bin (250 nsec) of cach other. Th= irequency matches do
not secem very different from the desired. In fact, outliers are rermoved: the few cases
whers Prony’s method fails to match the frequency domain, the new algorithm functions
well. The new mathod looks like a vizble altiemarive for processing our data,

Note: The original plots are extractzd from the original data packeis. The frequency plots
of Gruph 5 and Graph 7 have not been corrected for proper presentation. The arrows tell
how to read these graphs,

icw _Aleanthm

Mike Geile of Nova Engineering designed the new time-domain-based algorithm. It has
the desirable qualities of the improvement filter discussed on March 8, but can also
function when the environment is not in frame synchronization (which of course it is nor).

The algorithm begins by gencrating a high-resolution basis matrix. The first row of the
matrix is the triangle decorrelation function (the receiver impulse response without the
noise or artifscts). Four more rows are generated as the original row delayed by the bin
width (250 nsec) divided by 4,

The olgorithm then follows an jterative process, six times for each of the desired
reflectors. The process beging by determining the maximum magnitude of the waveform.
The five data bins centered about that point in the waveform are examined. These points
are convolved sgainst the basis matrix to predict the reflector position, which is the largest
value of the corrzlation; this delay value is recorded. Now the correlation magnitude is
multiplied by the basis matrix to determine the contribution of the predicted reflector 1o
the waveform. This contribution is subtracted from the original waveform, removing the
reflector from the time-domain response, and the process is repeated by finding the next
maximum magnituds.

After six iterations, the algorithm has produced six delay values which are then rounded to
the nenrest bin and attached to the corresponding magnitde and phases.




Example

b

Eight graphs are presented which represent the before (odd numbers) and after (even
numbers}) of four example files. These were used to draw the conclusions in the summary.

Note: The new algonthm (as well as the original) arc ready to reprocess the selected set
of files chosen by Bob Culver, The decormelation has been updated to include the band-
limited matched filter described in an eurlier memo.

Briun Warren
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APPENDIXG-DATAPROCESSING AND INTEGRATION TO SIMULATOR(S); RANGE
OF DATA

G-1  Memo (L&C), to EIA-CEG DAR WG-B, "CCTG", "Determination of the "Envelope”
of Magnitudes & Time Delays for Environments A through D" -- 4/8/94

G-2 FAX Memo from B. Warren, DELCQ, "Muiltipath Simulator and Parameter
Conversion: Issues and Status” - 4/14/94




MEMORANDUM RE SALT LAKE CITY DATA ANALYSIS

RE: DETERMINATION OF THE "ENVELOPE" OF MAGNITUDES & TIME

DELAYS FOR ENVIRONMENTS A THROUGH D.
TO: EIA-CEG DAR WG-B, CHANNEL TEST TASK FORCE
FROM: ROBERT D. CULVER
DATE: APRIL 08, 1994

Phone Fax

Randall Brunts & Brian Warren, Delco 317-451-7053 317-451-1340
David Londa, Consultant, NASA 216-433-3445 216-433-8705
James Hollansworth & David Londa, NASA  216-433-3458 216-433-8705
Thomas Keller, Consultant 703-569-3135 703-569-3370
Alford Resnick, Cap Cities/ABC 212-456-6457 212-456-8828 3Lk
Milford Smith, Greater Media 908-247-6161X221 908-247-0215
Ken Springer, NAB 202-429-5341 202-775-49819= {
Ralph Justus, EIA 202-457-8716 202-457-4885
Gerald Chouinard, CRC £§13-998-2500 613-893-9250

The Salt lake data analysis is progressing along the planned route. The "envelope”
of the maximum reflected signal levels at various time delays is now known. Plots of that
data are attached and discussed below. The actual measurement segments which are
significant contributors will now be investigated. It is hoped that a control sequence for
the laboratory multipath simulation can be built from the actual measured values. This
process has been long and laborious because of the intricacies of the Matlab software,
the volume of data and P.C. hardware limitations.

Attached are sets of plots for the four "environments” of the Salt Lake City data;
Urban (A), Suburban (B), Rural (C), and Terrain Obstructed (D). The first set of four plots
are gray-scale renditions of the "density” function that was created to give a visual
representation of the occurrence of particular reflection magnitudes vs. delay. The vertical
scale is 0 to 40dB of attenuation in 1/10 dB steps. The horizontal scale is 0 to 80 bins
(250nsec. each). The actual data values extend to approximately 60 dB and 130 bins.
For this display 40dB approaches the noise floor of the measurement instrumentation and
is well below any significant reflection magnitude. The significant reflections beyond &0
bins are non existent. The gray color in each of the 400 by 80 cells of the plot represents
the number of occurrences of that magnitude and delay over the entire environment. The
one, two and three occurrence cells are easily seen. The maximum gray scale limits the
display to 8 or more occurrences. In the densily populated central cells there are
hundreds of occurrences in some cells. The primary information shown is the perimeter
of the envelope, the scattered random "noise” data and some unusual artifacts.

Y1353



At bin 35 and bin 26, clusters of data can be seen. This same data appears in all
measurement files. | believe this is false data possibly representing a signal leaking into
the measurement sysiem. That signal is at least 25dB below the normalized maximum
and therefore not significant for channel simulation for this digital testing. That data also
creates an artifact in the next set of graphs.

The next set of graphs show the mean reflection attenuation in each time bin for
the entire data for environments A through D. Also shown are the + 2sigma limits of the
deviation of the data for each bin. The 1.2 and 3 sigma limits correspond to 67, 95 and
99% of the data values and a 95% limit probably is appropriate for the threshold of
significant reflection probability. Any other limit desired can be used but since the actual
magnitude delay values will be chosen by “eyeball interpolation” from this graph and the
density plot, the 2sigma line is probably a good starting reference. Based on my quick
scan of both these graphs | recommend the following starting values:

Env. A Env. B Env. C Env. D
dB/bins
Ch.0 -0/0-0 -0/0-0 -0/0-0 -0/0-0
Ch. 1 +2/1-8 -0/1-4 +2/1-2 +6/1-18
Ch. 2 +0/9-12 -5/5-7 +0/3-4 +0/13-18
Ch.3 -5/13-17  -10/8-12 -6/5-6 -3/18-30
Ch. 4 -10/18-25 -15/13-20 -10/7-8 -6/31-45
Ch. 5 -15/26-35  -20/21-30 -12/9-35 -9/46-70

As discussed earlier it is an option to use the Salt Lake City test data magnitude
and time delay envelope to program the simulator for the critical material selection test.
| suggest we review this data and establish a conference call early next week to discuss
the programming of the simulator for this first test. Brian Warren has some significant
input to the simulator programming and should be part of the conference call,
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" To: Bob Culver
Copy: Ralph Justus
Subject: Multiparh simulator and parameter conversion: issues and stafus

Bob, I made = litlle more progress on miy part of the parameter conversion and have some
information Lo share,

The two multipath simulators arc connected to the computer and work well with our types
of dynamic parameters (frozen amplitudes and onc-minuts segments) up to an update rate
of 200 Hz. The computer was a 30 MHz model with standard TSR's, whose performance
should at least be met by the computer Tom has procured for Ohio. An addifional
requirement to the equipment was discovered: the computer needs two pagfallel printer
ports, one for each simulator. We added a second port to our computer by installing a
card from Everex called 2 Magic /O EV170A. This company is in California at (415)
498-1111. Ileft a message for Tom about this. In addition, I suggested that he send the
computer bere for us to test in the setup, configure, and generate the test files. However,
this will not be necessary if we usc 2 70 Hz vpdate rate. With each of the four one-minute
segments requiring an hour of generation, the complete setup cauld be done in 2 day. I
could spend 2 day in Ohio to do that, aad ring the multipath simulator at that tme,

Another isste T would like to discuss is the data smoothing. Our sctup will support a
smoothing factor of from 2 to aver 4 times, depending on the programmed velocity.
However, 1 think I have a simple scheme for smoothing that does not increase the update
cate. From William C. Y. Lee's Book Mobile Communications Engincering I extracted the

following graph:

1.0
P = Js (Bd)

0.8

— —— Measured data
(suburban area)

Normalized autocovariance
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The high clurreiation tetween any two of our points within a file can be read ul Lhe tenth-
lambda point. The calculated value is approximately 0.68. This value not only applies (o
overall magnitade, bul also to magnitude at a given time delay and [ and Q magnitudes
taken individnally, This was conflirmed for 2 sample of our test data by taking the
autocorrelation, lag 1 across the spatial valuss. There should be no problem for a receiver
presented with sudden changes of maguilude that are small enough to lie within the
correlation region. Examining the opposite constraiat, our time constant of approximately
300 usec allows plenty of time to switch between each pair of correlated points. -

In addition, the low correlation can be seen between any two of our dara points separated
by at least two-tenths wavelength or equivaleatly, two sample points. The calculated
values lie below 0.2 which is an accepted threshold for considering points as decarrelated.
This was also confirmed by looking 4t some of the data. A sample of File #10 (taken in
the downtown hotzl parking lot, it represents Environment A, but is not included in the
proponent packages) is shown in Figure 2. Like the ideal curve, the measured curve
shows that our adjacent points are highly-correlated, but that our points separated by two
or more are highly-decomrelated.

For the above reasons, we should have no problem with data in each of the given files,
with the exception of dzlay changes, when different dominant reflectors change. Again,
our high degree of correlation makes these changes "smooth” both for sach reflector
(reflectors stop being chosen as they shrink and start being chosen s they rise; typically,
the same refleclors are chosen throughout a file, with the exception of Environment D),
and for the aggregate signal.

This leaves us with the final problem of bridging data from diffecent files, A simple
method which would not require us to change the update rate would be to add 4 single
“bridging” data point between the data streams of cach pair of files. This point is derived
by taking a linear combination of the two adjacent points. Practically, it is calculated as
the mean of the adjacent points by averaging cach of the I and Q values. An cxample of
this is shown in Figure 3. A uniform random sequence was generate and the
autocorrelation shown in Part A, The close-up to the right shows that adjacent points are
decorrelated, In Part B, the technique described above is used to insert bridging points
between each of the original sequence points, and the autocorrelation taken. (These steps
nearly double the length of the sequence.) The close-up shows thiat adjacent points are
now correlated approximately to the level we desire, and that poinis separated by two or
more are decorrelated: this is a good match to the conditions of our data. I propose we
use this algorithm when we convert our files to simulator format, and determine our
update rate based on speed only (up to approximately 70 Hz),

Finally, when you select the parameters, could you please store the appropriate files in
their .chn format on floppies and bypass using the tape drive. I will be ready to do this on
Monday. [ would like to begin after all the data is selected and the team has agreed on e
smoothing issues or anything else along those lines.
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APPENDIX H - DATA PROCESSING AND INTEGRATION TO SIMULATOR(S);
CONTROL DATA

H-1 Memo (L&C), to EIA-CEG DAR WG-B, "CCTG", "Determination of the Files o be
used for Multipath Simulation for Environments A-D" - 4/17/95




CONFERENCE CALL ANNOUNCEMENT
THURSDAY APRIL 21, 1994 10:00 AM EDT

TO: EIA-CEG DAR WG-B, CHANNEL TEST TASK GROUP
FROM: ROBERT D. CULVER
RE: DETERMINATION OF THE FILES TO BE USED FOR MULTIPATH

SIMULATION FOR ENVIRONMENTS A THROUGH D.
DATE: APRIL 17, 1954

Phone Fax

Brian Warren, Delco 317-451-7053 317-451-1340
Thomas Keller, Consultant 703-569-3135 703-568-3370
Ken Springer, NAB 202-429-5341 202-775-4981
Ralph Justus, EIA 202-457-B716 202-457-43885
Gerald Chouinard, CRC 613-998-2500 613-983-2350
Mike Geil, Nova Engineering 513-860-3456 513-860-3535
Carl-Erik Sundberg, AT&T 908-582-3811 o08-582-7308

The Salt lake data analysis is progressing along the planned route. The "envelope”
of the maximum reflected signal levels at various time delays is now known. The
measured reflection magnitudes verses time delay have been examined on a file by file
basis to determine which files should be used to control the multipath simulator in the test
lab. Plots of samples of the environment envelopes with typical data from selected files
are attached and discussed below.

The graphs show the median reflection attenuation in each time bin for the entire
data for environments A through D. Also shown is the + 1.64 sigma limits of the data for
gach bin. This corresponds to the 95 and 5% [imits, probably an appropriate threshold
of significant reflection probability. The median value for the data in the file of interest is
shown by the X data points for each bin containing data in that file.

Attached are four sets of two plots each for the four "environments” of the Salt
Lake City data; Urban (A), Suburban (B), Rural (C), and Terrain Obstructed (D). The first
plot in each pair shows the data from what might be considered ong of the significant files
in an environment and therefore one of the files used to control the simulator. The
second shows another file of less significance for comparison.

The data files required to control the channel simulator have been identified and will be
available for programming into the computer controlling the simulator. The results of that
work will be discussed in the conference call scheduled above.
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REPORT TO EIA CEG DAR-SUBCOMMITTEE
WG-B (TESTING) 5/10/94 WASHINGTON, D.C.

FROM: Robert Culver, Channel Characterization Test
DATE; - April 29, 1994
SUBJECT; VHF Channel Test data selection and application to lab testing

CHANNEL TEST DATA

On Thursday April 27, 1994, the multipath simulator control computer and the
second of the two simulators were delivered to the test lab and installation into the test
bed was begun. The computer will provide for direct control of the simulators by the VHF
Channel Test Data and for all other control. This memorandum presents the latest
information regarding the analysis and use of the VHF Channsl| Test data.

The VHF Channel Test data has besn studied as reported earlier. The overall time
delay and reflection magnitudes for the four major environments have been determined
as detailed in the April 8, 1994 memorandum presented in the conference call of the
Channel Test Task Force of that date. The individual data files (from approximately 400
to S00 per environment) have now been examined and several have been selected as
representing difficult segments of the environments, suitable for use in the laboratory
testing simulations. That data is presented in the channel test task group conference call
memorandum from April 21, 1984, a copy of which is attached.

MULTIPATH SIMULATION TEST PROFILE

The test duration suggested by CRC is from 30 to 80 seconds, with a strong
preference for shorter tests. The four environments suggest particular simulated drive
paths as described in earlier discussions of the environments. During discussions within

the test task group and considering the environments, paths and test durations the
following profiles are suggested.

A) Urban; Start at zero velocity, maintained for 3 seconds,
Accelerate to 60 KPH maximum in 3 seconds,
Cruise at 60 KPH for 1 second,
Decelerate to zero velocity in 3 seconds.

This complates one cycle in 10 seconds and therefore 6 full cycles can be
completed in 60 seconds. The average velocity over the path is 24 KPH or 6.7 meters
per second. The 10 second cycles will therefore cover 67 meters per cycle representing
the distance covered by approximately 1.2 data files per cycle, or just over 7 data files for
a 60 second test.

E) Suburban; Start at zero velocity, maintained for 3 seconds,
Accelerate to 70 KPH maximum in 5 seconds,
Cruise at 70 KPH for 7 seconds,
Decelerate to zero velocity in 5 seconds.




This completes one cycle in 20 seconds, 3 cycles per minute. The average
velocity over the path is 42 KPH or 11.7 meters per second, covering 700 meters or
approximately 12.5 files of data for a 60 second test.

C)  Rural Start at 100 KPH, maintained for 10 seconds,
Accelerate to 150 KPH in 10 seconds,
Cruise at 150 KPH for 20 seconds,
Decelerate to 100 KPH in 10 seconds,
Cruise at 100 KPH for 10 seconds.

The total cycle time is 60 seconds with an average velocity of 125 KPH or 34.72
meters per second, covering 2.1 kilometers or 37.2 files in 80 seconds.

D) Terrain Obstructed; Start at 25 KPH, mainiained for 4 seconds,
Accelerate to 75 KPH in 2 seconds,
Cruise at 75 KPH for 4 seconds,
Decelerate to 25 KPH in 2 seconds.

The total cycle time is 12 seconds for 5 cycles per minute. The average velocity
is 50 KPH or 13.8 meters per second, covering 833 meters or 14.9 files in 60 seconds.

LENGTH OF CRITICAL MATERIAL TEST SEGMENTS

As stated earlier the recommendation of the CRC staff is {o use test segments
shorter than 80 seconds. Attached is a memorandum from Louis Thibault which resulted
at the request of Gerald Chouinard from discussions within the Channel Test Task Group.
The suggested approximate 30 second test segments can be created from the four
suggssted test profiles outlined above. For example, a shorter test can be formulated by
choosing fewer segments and possibly siarting and/or stopping the test at difierent points
in the sequence. Even for the Rural test a 30 second iest sequence can be
accommodated by using 10 seconds for each of the cruise at two different speeds and
one acceleration segment.

Changing the test sequence is possible at the simulation phase but it appears to
be much more convenient to do at the audio sample editing phase where the recorded
test results are processed and loaded onto the CRC Listening Test audio work station.
During the installation of the simulators the method by which the test segments would be
recorded and synchronized with the multipath simulation was discussed. A method that
appeared to have consensus support would be to start the audio sample and then place
a start "mark” on the audio tape recording the output sample when the simulation was
started. The precise method of doing this will have to be investigated. The Selection of
Critical Audio Sequences, Test K-1, affords a good opportunity to resolve this prior to
actual impairment and quality test recording.




MULTIPATH SIMULATION AT L-BAND AND ABOVE

The minimum acceptable data rate that is necessary for the computer and
simulator to operale at is that needed to achieve 150 KPH test velocity. This requires
approximately a 42 meter per second or 120 steps per second at 0.35 meters per step,
the test point spacing. A rate of 4 or 5 times this will be used to provide an gasy division
methed to provide lower speeds. At 1.5 GHz the VHF Channel Test data spacing is
approximately 2 wavelengths, too wide a spacing to be used in this direct control method.
Even with L-Band data measured at 1/4 wavelength intervals, like the Canadian test data
was measured, the required repetition rate necessary to simulate a 150 KPH velocity
would be over 800 steps per second. This appears to be in excess of the reliable
capabilities of the computer and simulator combination. A method other than direct
control for L-Band and S- Band testing will likely be required.




CONFERENCE CALL ANNOUNCEMENT
THURSDAY APRIL 21, 1894 10:00 AM EDT

TO: EIA-CEG DAR WG-B, CHANNEL TEST TASK GROUP
FROM: ROBERT D. CULVER
RE: DETERMINATION OF THE FILES TO BE USED FOR MULTIPATH

SIMULATION FOR ENVIRONMENTS A THROUGH D.
DATE: APRIL 17, 1894

Phene Fax

Brian Warren, Delco 317-451-7053 317-451-1340
Thomas Keller, Consultant T03-569-3135 703-569-3370
Ken Springer, NAB 202-429-5341 202-775-4981
Ralph Justus, EIA 202-457-8716 202-457-4985
Gerald Chouinard, CRC 513-998-2500 £13-883-9350
Mike Geil, Nova Engineering 513-860-3456 513-880-3535
Carl-Erik Sundberg, AT&T 908-582-3811 ©08-582-7308

The Szlt lake data analysis is progressing along the plannad route. The "envelope”
of the maximum reflected signal levels at various time delays is now Known. The
measured reflection magnitudes verses time delay have been examined on a file by file
basis to determine which files should be used to control the multipath simulator in the test
lab. Plots of samples of the environment envelopes with typical data from selected files
are attached and discussed below.

The graphs show the median reflection attenuation in each time bin for the entire
data for environments A through D. Also shown is the + 1.64 sigma limits of the data for
each bin. This corresponds to the 85 and 5% limits, probably an appropriate threshoeld
of significant reflection probability. The median value for the data in the file of interest is
shown by the X data points for each bin containing data in that file.

Attached are four sets of two plots each for the four "environments” of the Salt
Lake City data; Urban (A), Suburban (B), Rural (C), and Terrain Obstructed (D). The first
plot in each pair shows the data from what might be considered one of the significant files
in an environment and therefore one of the files used to control the simulator. The
second shows another file of less significance for comparison.

The data files required to control the channel simulator have been identified and will be
available for programming into the computer controlling the simulator. The results of that
work will be discussad in the conference call scheduled above.
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APPENDIX | - DATA PROCESSING AND INTEGRATION TO SIMULATOR(S):
UNIFIED VHF-UHF SIMULATOR

I-1 Memo Report from Communications Research Center, "Proposed Channel
Simulation Procedures for DAR Systems Tests of UHF"

I2  Letter (L&C), to B. MclLarnon, Communications Research Center, "Proposed
Channel Simulation Procedures™... and the "Multipath Stress Testing™ -- 7/20/94

-3 FAX memo from B. Mclamon, Communications Research Center, "Three
Suggested Multipath Profiles” - 7/23/24

I-4  Letter (L&C), to B. McLarnon, Communications Research Center, "Salt Lake City
Data” -- 7/25/84

-6 Memo (L&C), "Derivation of Muiltipath Simulation Unified VHF-UHF Tests" --
7/22/94

I-k6  Memo (L&C), "Multipath Simulation Mode Unified VHF-UHF Tests" -- 7/28/94




LOHNES AND CULVER

ROBERT . CULVER, P.E. CONSULTING RADIO ENGINEERS GEQAGE M: LOAMES. PE. [1551)
FREDERICK D, VEIHMEYER £330 CHERRY LANE ROMALOH, CULVER, 2.2,
MICHAEL F, GRIMES LAUREL, MD 20707-4330 ELIZASETH L DAHLEERE. P £
CECILY C. OHLANDS Telaphone: (301) 776-4484
C. SCOTT TURFIE Fecsimiles (301) 776-4439

July 20, 1994

Mr. Barry MclLarmon
Mr. Gerald Chouinard
CRC, Canada

by FAX 813-223-3950
Dear Barry and Gerald:

| have reviewed the "Proposed Channel Simulation Procedures...” and the "Multipath Stress
Testing..." documents presented to me in the past few days. The proposal to adopt a uniform
Simulation Mode test is quite logical now that the initial VHF tests must employ Simulation Mode.
The incorporation of the Rayleigh files for doppler and attenuation variation also makes sense.
| have reviewed the present VHF simulator ssttings for the four ElA test environments and have
compared them to the settings suggested in your Procedures. While there are some difierences
there are many similarities and a commeon set can probably be reached. | will review &ll of the
Direct Mode test files 1o see what parameters would actuzlly be extracted from them for use in
the Simulation Mode. In a general area let me make the following suggestions.

The EIA test plan proposes the uss of four environments, distinct in some of their
characteristics and thersfore with distinct parameters. Your propesal calls for two environments
run at two speeds each, one very slow and one at the practical upper limit for the environment.
| propose that three environments be used and one of them tested at two speeds, thus siil
yielding four tests and not requiring any additional test time.

The EIA test plan also calls for testing co-channel interference with some multipath applied
to the interfering signal as well as the signal for the system under test. Your procedure calls for
up to 12 paths for Urban testing and 8 paths for Rural/Suburban. | suggest that we adopt a
uniform 9 paths for all environments, leaving 3 paths available for co-channel interference
multipath.

Now for some specifics as to which environments to test at which speed and what settings
to use. The Urban environment should be tested at a very slow speed as you recommended.
The 1 Kilometer Per Hour speed is easily slow enough to severely test the VHF systems time
interleaving but may, as you suggested, be too slow to accurately represent all of the possible
states the Rayleigh faded channel could assume. We should check 2 and 4 KPH speeds at our
94.1MHz test frequency to see if there is a significant difference. The Urban environment also
needs to be tested at 2 more normal speed, as do all other environments. 60 KPH is appropriate.




At the other extreme the Rural environment is where speeds could reach a maximum which
you suggest as 150 KPH. While the actual speeds could also be very low, in reality that has a
much lower probability than for the Urban environment.

That leaves one test and two environments to go. | proposs combining some of the
settings for both our Suburban and Terrain Cbstructed environments into one final environment
and testing it at the intermediate 680 KPH spsed, one appropriate for both the environments that
were the basis for the resulting combined environment.

MNow for the settings for the time delay and the attenuation for the 8 multipath simulator
paths for the three environments. In the original 4 environments for our Simulation Mode testing
we selected parameters based on the Salt Lake City measured data. The data was first screensd
on a file by file basis, with each file representing 180 consecutive measurement points for a total
of approximately 56 msters of path. The screening was done by displaying the median value of
the signal level in any one time delay bin on a graph verses time delay. A "density” display that
indicated the relative probability of a reflection at a particular magnitude and delay was also
consulted to determine when the limits of significant numbers of reflections had been reached.
In the analysis | lookad for files that had similar levels spread over a significant time, By similar
| mean within at least 15 dB of the strongest signal, more ofien within a few dB, assuming that
signals that are more than 15 dB below a raference level really did not pose any RF or tims
interference potential. |tried to find 150% of the data necessary to be able to "run” a one minute
environment path at an assumed velocity profile, typically from 6 to 30 files. The Simulation Mods
settings evolved from that data by choosing delays and attenuations that followed the profiles for
those parameters in the direct mode data.

Your method | understand found one data file typical of an environment and then used
selected points from the average delay spread graph for that file as the time delay and amplitude
parameters. Although different in method the goal is the same, lo try to find parameters that are
typical of the more difficult parts of the environment that was measured. As you suggested | will
examine my data to confirm that the VHF paramsters are reflected in our average delay spread
graphs. That analysis may well result in a revision in the parameters suggested here.

Let me suggsest &s a starting point the parameters for the three new environments shown
in the table altached. Please review this and examine it in your simulator to see if it both
reasonably matches the data from your UHF tests and is suitable for testing the UHF system.
One factor to resolve is the minimum velocity. At 1500 MHz a 1 KPH velocity should be sufficient
to allow full Rayleigh fading characteristics to be seen in a reasonably short test but perhaps not
at our VHF test frequency of 94.1 MHz. We will have to pick some common velocity or doppler
frequency to maintain 2 commonality of testing but one of the two parameters, velocity or
frequency, will not be the same, just proportional.

Sincerely,

Robert D, Culver

cC Tom Keller
Ralph Justus
Brian Warren




SUGGESTED NINE PATH MULTIPATH SIMULATION SETTINGS

SIMULATOR SETTINGS - DELAY IN MICROSECONDS, ATTN IN dB

URBAN SLOW-FAST RURAL - SUBURBAN/TERRAN

PATH DELAY ATTN. DELAY ATTN. DELAY ATTN.
1 0.0 0 0.0 0 0.0 2
2 0.4 3 0.3 5 0.2 4
3 0.6 5 0.5 2 0.4 0
4 0.8 5 0.8 4 0.8 3
5 1.4 3 1.4 8 1.0 8
8 1.8 2 2.1 6 12 6
7 2.0 2 23 8 2.0 8
g 2.8 5 3.0 8 40 9

g 3.6 10 6.0 10 8.0 10

URBAN - SLOW: Use Rayleigh doppler path at 1 KPH at 94.1MHz RF test frequency. NOTE; this
slow speed may not allow full development of il possible Rayleigh states. Be prepared to try 2 and
4 KPH to see if there is a difference.

URBAN - FAST; Uses Rayleigh doppler at 80 KPH.
RURAL (FAST); Use Rayleigh doppler at 150 KPH.

SUBURBAN/TERRAIN (FAST): Use Rayleigh doppler at 60 KPH.

NOTE: The suggested settings above are based on a comparison of the original EIA SIMA-D
fles and the Canadian UHF suggested 12 path urban and 8 path rural settings. A thorough review of
the Salt Lake City direct control files will be mads to determine the average delays and magnitudes for
the four environments to exiract 9 path settings to be applied to this test. Those revised settings will
be coordinated with Canada. The goal is a uniform Simulation Mode test for all bands.
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FAX: 301-775-4493 Fax: 1-513-823-3850
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Subject: Dear Bob:

| have sketched aut your three suggested mullipath profiles, along with the two which we
previously submitted for UHF system tests. The profiles for the urban environment are very
similar, =nd | would have no qualms about using sither one (o simulate wban conditions. The
*rural® profiles, on the other hand, are distinelly different, and they would result in quile differamnt
fading condiions. Morsover, the VHF rural profile is rather similar to the suburban/terain
obsiructed profile. In fact, all three suggested profiles have similar charactedstics, which | think
indicates thet perhzps too much emphzsis has been placed on selecting only those cases from
each environment which exhibit the largest delay spreads. In some respecis, conditions with
small delay spraads (typical of most “rural® envircnments) will present 2 more severe testfor a
system (particularly a wideband system) than the condilions wilh larger spreads. [nany case, |
don'l think the three suggestad profiles represent a sufficiently wids rangs of conditions for the
tests.

My suggestion therefors would be to mergs your rural and suburbanftermain obstructed profiles
into the Jatter categery, and create a new rural profile which is basad upon the UHF rural profile,
or at leasst something close o 1t

Your proposal to use 9 paths for the lests should present no problems. In fact, | ran some
simuiation tosts last week comparing eur 12-path urban profile with 2 reduced 8-paih version
obtained by removing the 3 weakes: paths, and saw no significant difference in lhe resulling
simulated channel.

As | menticned on the phone, we are certsinly in agreement that it would b= desirable tu use a
Uniform set of iests for VHF and UIF systems, including the use of the same simulated vehicle
speeds. The limiting factor Is the slowest spesd at VHF, where care must be taken to ensura
that for the very small Doppler spread involved, the fading conditions still appraximate Rayleigh.
It looks ke that potential problem has slready besn recognized and is being dealt with.

!

| will be availzble on Monday maming to discuss this further. 1@ a.wf"
“1
f
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LOHNES AND CULVER

ROBERT D. CULVER, P.E. CONSULTING RADIO ENGINEERS GEORGE M. LOHNES, P.E. {15831}
FREDERICK 0. VEIHMEYER £309 CHERRY LANE ROMALDH: CULVER, P.E
MICHAEL F, GRIMES LAUREL, MD 20707-4830 ELIZABETH L. DAHLEERE, P.E.
CECILY €, SALANDO Telephone: (301) 776-4488
0. 5COTT TURRIS Facsimiler {301) 776-4499

July 25, 1894

Mr. Barry MclLameon
Mr. Gerald Chouinard
CRC, Canada

_ by FAX 613-983-8950
Dear Barry and Gerald:

| have conducted a further study of our Salt Lake City data and offer the following.
Attached are four plots of the measured signal levels verses delay bin (.25 microseconds)
for the four criginal environments. Looking first at the "Urban” Simulator file there are nine
total files that made up this computer control group, a selected worst case set of the
hundreds of original files. The dashed line is a bin by bin median value for that limited
data set and the upper and lower lines are the 95 and 5% limit ines. Some scattering of
data is evident but 2 clear trend can be seen. One trend is for what | would describe as
an "initial time delzay gap", a term I've borrowed from audio analysis. Next, the occurrence
of delayed signals fall dramatically beyond bin 16 or 4 microseconds. Locking at all the
files that were collected in the Urban environment may show some signals out at great
delays and relatively high levels but it was a very rare occurrence.

Next, the Suburban Simulator Files, plotted for a total of 39 files, shows extreme
scattering of over 20 dB for any bin beyond bin 4. Generally a trend can be seen in
those first bins with & rapid median signal decay to 10 dB below direct signal within 1
microsecond. A series of minor refisction bumps may be seen further out but these are
15 dB or more below the direct signal, below what | have adopted as my cut off level.
Looking at the data on a file by file basis there are some trends for an initial time delay
gap and some rare longer reflections.

The Rural Simulator Files, 38 total, show a rapid decay to about 2 microseconds
and then a hint of stronger signals further out, but still well below the 15 dB cut off level.
| do not see your short delay peak at 0.2 microseconds as a distinct peak, probably
because our test was limited to a minimum delay resolution of 0.25 microseconds. Our
bin 1 median signal is 5dB down, similar to your first peak, but the next peak at nearly 1
microsecond is net seen.

The last plot, for the 23 files in the Terrain Obstructed Simulator file, is dramatically
different from any data you have. Please note that the horizontal time delay scale has




been extended to show the long delay times in the environment. The main characteristic
of this environment is the almost constant signal level for long delays. When looking at
individual files you can see individual clusters of delays, often with sloping magnitudes vs.
delay. That trend is faintly evident in this plot in the vicinity of bins 26-28, 32-32, 43-45,
eic.

In conclusion, The overall VHF Urban data follows the VHF part of the graph you
faxed to me on Saturday fairly well. The only differences were a uniform level shift of
about 2dB and a slight drop in level at 2 microseconds and rise at 4 microseconds. | can
still support a smooth channel setting following the trend through both the UHF and VHF
data points.

The VHF data files for the Suburban and Rural environments are very similar. If
a 15 dB signal cut off level were adopted they would be almost identical with only a minor
variation of delay, 1.25 vs 1.0 microseconds, at the cutoff point. | can support a blending
of these two environments, realizing that a few of the farther suburban reflections would
artificially be associated with the rural file. | suggest you drop your first UHF data point
at 25 dB down, it is far below any reasonable cut off point and adopt the second point
at 5dB down as the first. The remaining points would be close to the delay time of those
piotted with the main peak at 1us. The veriical attenuation scale could be compressed
about 2:1 to yield 10 to 15 dB minimum levels so that significant reflections extend out to
several microseconds. This is quite a bit different than both the VHF and UHF data but
is 8 reasonable compromise of the data and approximation of the environment.

The VHF channel Terrain Obstructed data is unique. It is built up of many files and
there was an easily noticed difference within the several paris of the file string. Indeed,
this data was taken from parts of two runs up two canyons and such differences are
expected. Simulating this variation may be impossible but if having characteristics from
several areas blended into one test is acceptable | still propose my Terrain Obstructed
test. The parameters can stay the same as was already supplied or be revised as shown.
The overall effect of a rather long delay spread at nearly uniform signal level will be the
same.

| have seen too much variation of data from file to file to pick the one “typical® file
for extracting simulation parameters. | chose to lock at what | thought would be
"significant” difficult files on a file by file basis and then stringing them together for our
simulation. | feel an average of these is appropriate for a test to challenge the systems.

Please review this and call me as soon as you are able.

Sincerely,

<o

Robert D. Culver
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MEMORE; DERIVATION OF MULTIPATH SIMULATION UNIFIED VHF-UNF TESTS
FROM: ROBERT D. CULVER, EIA-DAR VHF CHARACTERIZATION TASK FORCE
DATE, AUGUST 22, 1954

1) AT the July 18, 1284 EIA-NRSC DAR meetings a report was presented regarding the multipath
simulations to be used 2t the DAR test lab at NASA Lewis In Cleveland. Artifacts generated in the Hewlett
Packard Channel Simulator were described, their potential impact on the systems under test were discussed
{see attachment A) and a decision was reached to employ the "simulation” mods of operation of the channel
simulator for the upcoming initial tests. The resulting use of simulation mods for both the VHF and UHF
system muitipath testing was approved (UHF had always been scheduled to use simulation mode rather than
direct mode). The logical use of a commen test parameter set, also incorporating Raylsigh fading, was
discussed and a consensus reached by the group to explore common parameters for testing and fo
implement them if possible. The parties directed to discuss this were the individuals directly involved with
the multipath charactsrization datz, Robert Cubver for the VHF datz and Gerald Chouinard with Bamy
MecLamon for the UHF data. (see attachments B and C)

2) At that mesating and over the following days the data representing the characteristics were examined
and discussed, revealing the similarities and notable differences between them. (ses attachment D) Thers
was, of course, no similarity for the "Terrain Obstructed” environment because there was no UHF data for
anything ke that environment. The issue of at what signal leve! a reflection should no longer be considered
significant was discussed. Both in practice and in using the Hewleft Packard simulation testing, reflections
at 15d8 or more below the highest signal were thought to not be a potential interferer.  15dB had been
adopted as the initial reflection magnitude lower fimit. However, with the incorporation of Rayleigh fading,
magnitude varistions would be added and a significant leve! of interference could be reached, even from
a very low basic reflection level, on some occasions. 25dB was adopted 25 the lowest attenuation value
to assign to any simulator channel. The maximum attenuation that can be achigved in any channel not
assigned a reflection magnitude is approximately S048.

3) Which environments to test and the simulstion of 2 "dynamic” test path was then considered. Inthe
earlier proposed “direct” contral testing, a dynamic test path would have bzan followed because the actual
data would be used, impressing actual measured delay, attenuation and doppler changes on the test. The
test was then to be condusted as if a vehicle were driven at variable speed over a path by changing the rate
at which the simulator settings were updated from the direct data file. In the simulztion moda, rather than
the direct mode, this dynamic control is not possible and it was suggested that gross changes n vehicle
velocity be simulated by individual tests at differant velocities in each environment. It was decided at the
July 13 meeting that the total time of laboratory testing could not be Incressed and thus a total of four tests,
as anticipated in the past, should still be used, Considering the very real and frequent occurrence of vary
slow or stopped velocities in the urban environment, that environment should be tested at two speeds, very
slow (set by the lower limits of the simulator) and medium, 60 KPH or approximately 40 MPH.




4) Leaving only two tests and three environments yet to be accommodated, an investigation was made
to combine or drop one of the proposed environments. The suburban and rural VHE data were quite similar,
therefore it was decided to adopt a combined “rural” as well as an "obstructed” environment. Each will be
tested once at appropriate speeds. The obstructed medium speed was set at the same speed as the urban
fast speed, 60 KPH, and the rural fast speed wes sst at 150 KPH, approximately 150% of the present
highway speed limits, comparable with future highway and cther present surface transportation speeds.
Direct variation of speed within a simulation mode test is not possible but minor variations can be simulated
by applying a Rayleigh doppler characteristic to the channel, a well accepted practice for multipath testing
in other services. The Hewlett Packard simulators, when using a Rayleigh channel, also changes the
attenuation of a channel, thus creating a variation around an "average” attenuation and Doppler, not fixed
values. The Rayleigh channel would thus more accurately depict actual propagation conditions and mors
closely resemble the planned direct tests than if fixed parameters had been usad.

5) The first major si=p to assign any of the channel simulater control values was to decide the method
of data selection and then the limits for the data within environments. The Salt Lake City data had already
been subject to much review for the direct control testing, to find those portions of the data that represented
potentially stressiul channels. In that review the approximately 2000 files of data from all environments was
examined on a file by file basis with each file covering 160 sample points (instances) over a 56 meter path.
Propagation paths which contained several reflections, each delayed by a diffierent time but at approximately
the same signal level, would clearly present a more difficult path than one with nic reflections or with only
low level reflections. Tnis multisignal characteristic then set the criteria of focusing on files with nearly equal
reflection magnitudes. The characteristic of reflections delayed in time then set the next criteria for difficult
paths, those with delays greater than zero but within some upper limit.

) In an effort to rapidly review the massive measurement data and to depict the selection methods
and limits for others 10 ses, a pair of visually oriented data analysis programs were written, The first
displayed the "density” or number of data points for any given delay and magnituds level within a universe
of data. This density display quickly painted in the area in which most magnitude and delay values fell,
setting the upper bounds on both the reflection magnitude and time delays that should be chosen. For
example, in the urban environment an area of high density of data (high probability) could be seen filling
the area of higher level reflections at short delays, whils progressively lower density of data (probability) is
seen further out in delay and lower in magnitude. Conversely, in the rural environment, the reflections at
significantly high levels extend much further out in time (see Example gray scale density plots "Urban” and
"Rural”) The next step involved selecting the individuz! significant data files from tha entire universe of data,
for example from one environment, to be used for the simulation. To do this the data was plotted using 2
second graphical routine on a file by file basis for 2 more detalied (and time consuming) review, To assist
in selecting data files by magnitude of reflections two dztum lines were plotted on each graph. They were
the median and 85th percentile lines for all of the datz for the particular environment under review. The area
below these lines represent signal reflection magnitudes that eccur for 50% or 25% of the time for any
particular delzy time. The original data analysis, described in paragraph 5 and above, chose up to 6

2




magnitude/delay pairs for each measurement instance, 160 instances per file and hundreds of files per
environment. All other possible delay times in excess of the six chosen had no commesponding magnituds
values assigned. Bscause of the large number of measurements made in each environment, tens of
thousands of instances representing hundreds of thousands of data points, were collected and analyzed.

7 The measured data was then examined on a file by file basis in this graphical method. In each trizl
far each data file of 180 measurement instances the average of attenuation values for any of the measured
time delays was plotted with the 50 and 85 percentile environment limits. Each plot then quickly indicated
if a file contained significant reflection data. A comparativaly small 10 to 30 significant files were extraciad
for each environment to control testing. Wherever possible contiguous files were sought, but In most cases
the chosen files are not contiguous. Reviewing this group of files, originally chosen for the direct control
made testing, led to the magnitude and time delay parameters assigned for the three new simulation mods
test environments. (see attachment E) The perameters chosen for each channel of the simulaior thus
represent the average attenuation and time delay, based on a larger group of individual measured values.
When acted upon by the Rayleigh fading files the average settings are returned to individual control settings
that are time varying around that average. Thus, the simulation process, creating individual control peinis
from average channel settings, is the inverse of the channel setting selection process which created average
settings from a group of files representing the average of individual measured reflection values,

B) As stated earfier, the VHF and UHF proposed simulator settings had some differences, and some
remarkable similarities. For one, the original VHF simulation mode values proposed six channels as was
the case for the direct control simulation, its predecessor. The UHF simulztion mode velues proposed 12
and 8 channels for their two proposed environments. The need for future addition of multipath to co-channel
interfering signals argued for less than 12 channels and a compromise was struck for nine unified channsls
for all tests. An “initial time delay gap”®, that initizl time in which low reflection levels are present, is evident
in much of the VHF and UHF tests and is preserved in the unified parameters. The maximum VHF and UHF
time delays and the individual attenuation and time delays differed slightly. For example, the maximum time
delays for one of the environments was at ons time proposed as 2.5 and 3.8 microssconds for the two
frequency bands. Upaon further review and reduction o-a uniform nine channel test, the maximum delays
became 2.7 and 3.5 microseconds. This was converged to 3.0 microssconds maximum delay. These
differences were easily reconciled to commeon values, well within the range of parameters suggested by
either test data set where comparable tests existed. Finally, the terrain obstructed data from the VHE tesis
was accepted and adopted for the UHF multipsth simulation testing. The time delay/magnitude
characteristics for urban UHF are very similar to the cbstructed VHF data in its early time delays. The
obstructed environment, however, continues that characteristic for up to four times the delay.

9) These unified VHF-UHF multipath simulstions have been tesied through the Hewlett Packard
simulator with wide band test signals and displayed on 2 spectrum analyzer. The tests have been video
recorded and presented to all of the proponents of systems under test.




MEMO RE; MULTIPATH SIMULATION MODE UNIFIED VHF-UHF TESTS
FROM; ROBERT D. CULVER, EIA-DAR VHF CHARACTERIZATION TASE FORCE

DATE ; JULY 29, 1994

Three Simulation Mode Environment Parameter Sets are now
available for laboratory testing. The three environments will
still produce four tests, the Urban environment will be tested at
slow (< 10 KPH) and fast 60 KPH speeds. The Rural environment will
be tested at an average speed of 150 KPH ant the Obstructed
environment at €60 KPH. &All tests will incorporate Rayleigh fading
keyed to these velocities. The fading will affect both the doppler
frequency and the attenuation values. Nine paths will be used for
each test, leaving 3 paths available for multipath on the co-
channel interfering signal when called for in specific tests. The
parameters were extracted from the VHF Channel data and coordinated
with the Canadian CRC data for the UHF channel. The CRC concurs in
the common use of these parameters for testing all systems. The
parameters fzall Iintec the ranges tabulated hbelow.

VHF-UHF CHANNEL SIMULATION ENVIRCNMENT ESTIMATES

ENVIRONMENT DELAY (us) ATTHN. (avg. dB}
A URBAN g - 3.0 0 - 10
E RURAL g = 3.0 D= 25

D OBSTRUCTED G = 16.0 2.0 - 10
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Proposed Channel Simulation Procedures for
DAR System Tests at UHF

Recent tests with the HP simulator indicate that it will not be feasible to use the Dynamic mode of
the simulator for system tests at UHF, since the update rates required to simulate the same
maximum vehicle speeds as used in the VHF tests cannot be attained. This document addresses
the question of using the Simulation mode of the simulator to perform the UHF tests. As in the
VHF tests, the objective is to ensure that these tests are effective in stressing the systems under
test, but at the same time are based upon realistic multipath conditions that have been observed
in field tests.

Since the standard Simulation mode involves fixed path delays and fixed maximum Doppler shift
during a run, it is difficult to provide a wide range of test conditions with a small number of runs.
One possible option is to use the Simulation mode which allows the use of user-specified 1Q
values rather than the Rayleigh fading simulation generated by the IQMAKE facility. This provides
some of the flexibility of the Dynamic mode in that it could provide changing Doppler conditions
during the simulation run. The major limitation of this mode is that the delay of the paths cannot
be varied during the run. The 1Q values therefore cannot be derived from individual impulse
response records using the multipath extraction algorithm which is being used as the precursor to
the Dynamic mode testing at VHF, since this generates changing path delays. An altemative
could be to run the extraction algorithm on a long-term average power delay profile for a set of
data files from a given environment. Then, having selected the 8 (or 12) delay bins with the most
significant multipath over the long term, the 1Q values from these bins could be extracted from the
data files. However, multipath conditions can change considerably even during one measurement
run, not to mention a large number of runs spliced together. Exiracting the 1Q data from only a
few fixed delay bins would cause many significant multipath events to be missed. There may be
ways of including the effects of a number of adjacent bins in this process, but this needs further
study. At the moment, we feel that operation using the standard Rayleigh Simulation mode would
be the more prudent approach to simulation with fixed delays, since it ensures that the
contribution of each simulator path retains its significance throughout the run. This mode can
provide effective system tests, as evidenced by its extensive use in the testing of mobile celiular
systems.

If the number of simulation runs must be limited to four, we feel that the following conditions
would provide the best scenario for tests of DAR systems at UHF, using the standard Simulation
mode.

(1) A difficult urban multipath profile, with Doppler corresponding to the maximum vehicle
speed to be simulated in the urban VHF test environment (80 kph).

(2) The same urban multipath profile, but with slow fading corresponding to very slow vehicle
speed (say 1 kph).

(3) A difficult suburban/rural multipath profile, with Doppler corresponding to the maximum
vehicle speed to be simulated in the rural VHF test environment (150 kph).

(4) The same suburban/rural multipath profile, but with slow fading corresponding to very slow
vehicle speed (say 1 kph).




The definition of "difficult” depends on the system under test. In the context of the Eureka 147
system, this does not necessarily mean large multipath delay spreads. In all of our L-band
channel characterization measurements, we have not encountered any instance of multipath with
delays sufficent to cause problems for the current Eureka system design. This also applies to the
severe multipath seen in some of the VHF measurements from the “terrain obstructed”
environment. Channels with small delay spreads and muitiple components with near-equal
amplitudes are much more stressful, since they have the potential for causing deep fades over
bandwidths which approach that of the wideband Eureka system. Very small Doppler shifts can
be stressful by prolonging the duration of the fades; on the other hand, large Doppler shifts can
cause problems such as intersymbol interference bstween the closely-spaced carriers in a
COFDM system.

We have examined all of the L-band channel characterization data collected to date, and selected
two segments which are expected to be among the most difficult, as discussed above. In each
case, we have taken 128 successive impulse response snapshats, representing 6.4 meters of
travel (one-quarter wavelength spacing at L-band). The snapshots were averaged to produce a
short-term average multipath delay profile, and an extraction algorithm was run to select the six
dominant components in each case. This algorithm is the same as that used for the VHF system
tests. The only difference is that in this case, the extraction is performed on the ensemble
average of 128 impulse response snapshots instead of a single one. The exiraction process then
provides the mean values of the contributions of what appear to be the six dominant multipath
components in that small area. The impulse response data are normalized over the entire set of
snapshots before averaging, so that the true relative amplitudes are refiected in the result. The
average amplitudes of the six selected components become the baseline values for the Rayleigh
fading which is gensrated in the simulation mode of the HP system. In the Simulation mode, only
one simulator is required to generate six Rayleigh fading paths. Since two simulators will be
available at the test facility, the possibility exists to generate 12 paths for the UHF tests. We have
modified the extraction algorithm to produce the 12 most significant multipath components, so that
this option can be exsrcised if it seems desirable to do so.

Preparation for the tests involves two steps:

(1) Use the HP IQMAKE program to generate the Rayleigh fading files for the necessary
Doppler shifis. For L-band, the Doppler shifts needed are as follows:

1 kph: 14 Hz
60 kph: 83.3 Hz
150 kph: 20B.3 Hz

(2) From the Simulation mode screen, enter the amplitude and delay values for the six paths,
plus the appropriate Doppler values, for a given test scenario. Save {he setup as a stored
profile. Load the other Doppler values to be used for {esis with those multipath conditions,
and save that profile. Then load the other set of multipath delayfamplitude paramesters,
and save the remaining two profiles with the appropriate Doppler values.




Details about the Measurement Files
Urban

The multipath profile shown in Figure 1 is from L-band measurements taken in the downtown
section of Ottawa. Also shown on the figure are the location of the delay bins selected by the
extraction algorithm; the first set of six are shown with a '+, and the second set with a ‘'x’. This
particular measurement is from a run near the intersection of Slater and O'Connor, which is in the
downtown core of the city. There are a number of highrise buildings in the immediate vicinity, and
we believe that conditions here ars typical of large cities. This particular profile was selected
because it contains more high-amplitude multipath components with small excess delays than
usual. There is considerable similarity to Salt Lake City urban VHF measurements in these data;
compare, for example, the profile shown in Figure 2, which is one of the data files selected as
"significant” for use in the VHF tests. Both figures show aversge ncwer—de[ay profiles, with the
average taken over a number of successive impulse response snapshmts (160 in the case of
VHF, and 128 for L-band). Note that the L-band measuremenis were for vertical polarization only.
The delay spread (averaged over the 128 snapshots) for this L-band measurement was 1.7 psec,
and the delay window for 90% of the power was 4.0 psec. The profile is very similar to that given
in the COST 207 recommendation for “typical urban” conditions, but the multipath spread from the
L-band measurement is somewhat larger (the delay spread and S0% delay window for the COST
207 “typical urban” conditions are 1 psec and 2.3 psec, respeclively). Figure 3 shows the
scattering diagram for the L-band measurement. The complexity of the urban multipath
environment is evident: moreover, it is apparent that the classical U-shaped Doppler spsctrum
generated by the Rayleigh fading files used by the simulator will be an excellent approximation to
what was cbserved in the field.

Suburban/Bura|

Most of the L-band measurement data for rural and suburban areas is characterized by small.

delay spreads and a strong direct path compeonent. In many casss, only slow (lognormal) fading
is evident. The delay profile shown in Figure 4 was selected because of the presence of two (at
least) multipath components of similar strength, separated by less than one microsecond. This
can be expected to create fading which will be correlated over a relatively large bandwidth, and
thus represents a difficult channel for both narrowband and wideband systems. In this cass, there
was no significant difference between the 8- and 12-parameter extraction routines, since the latter
routine generated only two additional low-level points above the algorithm'’s threshold level. This
profile comes from a rural area near Trois-Rivieres, Quebec. Similar conditions were encountered
in the Salt Lake City VHF measurements in rural and suburban areas. Figure 5 shows one
example (again, one which was selected for the VHF system iests). The scattering diagram for
this L-band measurement is shown in Figure 6. It shows a much simpler environment than the
urban case: nevertheless, there is significant Doppler spreading, especially at small excess
delays.




Urban Environment

Rural/Suburban Environment

Path Delay, usec Attenuation, dB Delay, psec Aftenuation, dB
1 0.4 2.1 0.4 47
2 0.5 0 0.7 158 |
3 0.9 2.3 0.8 0
4 1.4 0 1.1 11.3
5 1.8 056 1.4 235
6 2.1 1.8 23 16.1 |
7 1.2 3.0 0.2 24.0
8 2.5 6.7 2.1 254
q 27 3.1
10 3.0 3.0
11 | 36 10.4
12 | 3.8 [ 7.7

Table 1 - Simulator Delay/Amplitude Values
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Proposed Channel Simulation Procedures for f/ﬁ/’ﬁ /:.»/}r(f@’
DAR System Tests at UHF

Receant t=sis with the HP simulator indicais that it will not be feasible to use the Dynamic mods of
the simulzior for system tests at UHF, since the update rates required to simulate the same
maximum vehicle speeds as used in the VHF tests cannot be attained. This document addressss
the guestion of using the Simulation mods of the simulator to perform the UHF tests. As in the
\HF tests, the objective is to ensure that thess tests are effective in stressing the systems undar
test, but at the same time are based upon realistic multipath conditions that have been obzsrved
in fizid tests.

Since the standard Simulation mode invelves fixed path delays and fixed maximum Dopplar shift
during a run, it is difficult to provide a wide range of test conditions with a small number of runs.
One possibie option is to use the Simuiation mode which zllows the use of user-specified 1Q
values rather than the Raylelgh fading simulation generated by the IQMAKE facility, This provides
some of the fiaxibility of the Dynamic modz in that it could provide changing Doppiler conditions
during the simulation run. The major limitation of this mode is that the delay of the paths cannot
be varied during the run. The |Q values therefore cannot be derived from individual impulss
response records using the multipath extraction algorithm which is being used as the precursor to
the Dynamic mode testing at VHF, since this generates changing path delays. An altemnsiive
could be to run the extraction algorithm on a long-term average power delay profile for a sst of
data files from 2 given environment. Then, having selected the 6 (or 12) delay bins with the most
significant multiath over the long term, the 1Q values from theses bins could be extracted from the
data files. However, multipath conditions can change considerably even during one measurement
run, net to mention a large number of runs spliced together. Extracting the 1Q data from enly a
few fixed delay bins would cause many significant multipath events to be missed. There may be
ways of including the effects of a number of adjacent bins in this process, but this needs furiher
study. At the moment, we feel that operation using the standard Rayleigh Simulation mode would
be the mors prudent approach to simulation with fixed delays, since it ensures that the
contribution of each simulator path retains its significance throughout the run. This mode can
provide effective system tests, as evidenced by its extensive use in the testing of mobile cailular
systems.

If the number of simulation runs must bz limited to four, wa feel that the following conditions
would provide the best scenario for tests of DAR systems at UHF, using the standard Simulation
mode.

(1) A difficult urban multipath profile, with Doppler comresponding to the maximum vehicle
spead to be simulated in the urban VHF test environment (60 kph).

(2) The same urban multipath profile, but with slow fading corresponding to very slow vehicls
epaad (say 1 kph).

{3} A difficult suburban/rural multipath profile, with Doppler comesponding to the maximum
vehicle speed to be simulated in the rural VHF test environment (150 kph).

(4) The same suburbanfrural muitipath profile, but with slow fading corresponding to very siow
vehicle speed (say 1 kph).




The definition of "difficult” depends on the system under test. In the context of the Eurska 147
system, this does not necessarily mean large multipath delay spreads. In all of our L-band
channel characterizaiion measuraments, we have not encountered any instance of multipath with
delays sufficent to cause problems for the current Eureka system design. This also applies to the
severe multipath seen in some of the VHF measurements from ths “terrain obstructed”
environment. Channgls with small delay spreads and multiple components with near-sgual
amplitudes are much maore stressful, since they have the potential for causing deep fades over
bandwidths which approach that of the wideband Eureka system. Very small Doppler shifts can
be stressful by prolonging the duration of the fades; on the other hand, large Doppler shifts can

cause problems such as intersymbol interference betwsen the clossly-spaced carriers in a
COFDM system.

We have examined all of the L-band channel characierzation data collectsd to date, and selecied
two segments which are expected to be smong the most difficult, as discussed sbove. In each
case, we have taken 128 successive impulse rasponse snapshots, reprasenting 6.4 meters of
travel (one-guarier wavelangth spacing st L-band). The snapshots ware averaged to produces 3
short-term average muliipath delay profile, and an extraction algorithm was run to select the six
dominant components in each case. This glgorithm is the same as that usad for the VHF systam
tests. The only difference is that in this case, the exiraction iz perormad on the ensembla
average of 128 impulse response snapshots instead of a single one. The exiraction process then
provides the mean valuss of the contributions of what appear to be the six dominant multipath
compenents in that emall srea. The impulse respense data are normalized over the entire set of
snapshots befora averaging, so that the irus ralative amplitudes are reflecied in the result, The
average amplitudes of the six selected components become the baseline values for the Rayleigh
fading which is generated in the simulation mode of the HP system. In the Simulation mode, only
one simulator is required to generate six Rayleigh fading paths. Sincs two simulators will ba
available at the test facility, the possibility exists to generate 12 paths for the UHF tests. We have
modified the extraction algorithm to produce the 12 most significant muitipath components, so that
this option can be exarcised if it seems desirable to do so.

Freparation for the tests involves two steps:

(1) Use the HP IQMAKE program to gznerate the Rayleigh fading files for the necessary
Doppler shifis. For L-band, the Doppler shifis needed are as follows:

1 kph: 1.4 Hz
80 kph: 83.3 Hz
150 kph: 208.3 Hz

(2) From the Simulation mede screen, enter the amplitude and delay values for the six paths,
plus the appropriate Doppler values, for 2 given test scenario. Save the setup as a siored
profile. Load the other Doppler values to be used for tests with those multipath conditions,
and save that profile. Then load the other set of multipath delay/amplitude parameters,
and save the remaining two profiles with the appropriate Doppler values.




Details about the Measurement Files

Urban

The multipath profile shown in Figure 1 is from L-band measuraments taken in the downtown
section of Ottawa. Also shown on the figure are the location of the delay bins selected by the
extraction algonthm; the first set of six are shown with a '+, and the second set with a 'x'. This
particular measurament is from a run naar the intersection of Slater and Q'Connor, which is in the
downtown core of the city. There are a number of highrise buildings in the immediats vicinity, and
we believe that conditions here are typical of large cities. This particular profile was sslected
because it contains more high-amplitude multipath components with small excess delays than
usual. There is considerable similarity to Salt Lake City urban VHF measurements in thess data;
compars, for example, the profile shown in Figure 2, which is one of the data files selected as
“significant” for use in the VHF tests. Both figures show average power-delay profiles, with the
average taken aver a number of successive impulse response “snapshots” (160 in the case of
VHF, and 128 for L-band). Note that the L-band measurements wers for vertical polarization only.
The delay spread (averaged over the 128 snapshots) for this L-band measurement was 1.7 usec,
and the delay window for 90% of the powsr was 4.0 psec. The profile is very similar to that given
in the COST 207 recommendation for “typical urban” conditions, but the multipath spread from the
L-band measurement is somewhat larger (the delay spread and 20% delay window for the COST
207 “typical urban” conditions are 1 psec and 2.3 psec, respectively). Figure 3 shows the
scattering diagram for the L-band measursment. The complexity of the urban muitipath
gnvironment is evident; moreover, it is apparent that the classical U-shaped Doppler spactrum
generated by the Rayleigh fading files usad by the simulator will be an excellent approximation to
what was observad in tha field.

SuburbaniRural

Most of the L-band measurement data for rural and suburban areas is characterized by small.
delay spreads and a strong direct path component. In many cases, only slow (lognormal) fading
is evident. The delay profile shown in Figurs 4 was selected because of the presence of two (at
least) multipath companents of similar strength, separated by less than ong microsecond. This
can be expected to create fading which will be correlated over a relatively large bandwidth, and
thus represenis a difficult channel for both narrowband and wideband systems. In this cass, there
was ne significant difference between the & and 12-parameter extraction routines, since the latter
routine generated only two additional low-lsvel points above the aigorithm's threshold level. This
profile comes from a rural area near Treis-Rivieres, Quebec. Similar cenditions were encountersd
in the Salt Lake City VHF measurements in rural and suburban areas. Figure 5 shows one
example (again, one which was selected for the VHF system tests). The scattering diagram for
this L-band measurement is shown in Figure 6. [t shows a much simpler environment than the
urban case; nsvertheless, thers is significant Doppler spreading, especially at small excess
delays.




I Urban Environment Rural/Suburban Environment

Fath | Dslay, psec Attenuation, dB Delay, usec | Atftenuation, dB

1 04 2.1 0.4 | 4.7

2 | 06 0 0.7 15.8

3 | 0.8 2.3 0.8 o

4 | 1.4 0 1.1 T1:3

5 | 1.8 0.6 1.4 235

5] ' 2.1 1.8 2.3 16.1

7 | 1.2 3.0 0.2 l 24.0

B | 2.5 B.7 2.1 | 254

9 | 2.7 3.1

10 | 30 8.0

11 | 3.6 04

12 | 3.8 7.7

Table 1 - Simulator Delay/Amplitude Values
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APPENDIX J - DATA PROCESSING AND INTEGRATION TO SIMULATOR(S);
ACTUAL SIMULATION PARAMETERS

J-1  Memo Report (L&C), "Suggested Nine Path Multipath Simulation Settings” --
7/26/24

J-2  Letter from D. Londa, EIA, "Channel Simulator Parameters” — 8/16/94




J-1
SUGGESTED NINE PATH MULTIPATH SIMULATION SETTINGS 7/25/24

SIMULATOR SETTINGS - DELAY IN MICROSECONDS, ATTENUATION IN dB

URBAN SLOW-FAST RURAL OBSTRUCTED
PATH DELAY ATTN. DELAY ATTN. DELAY ATTN.
1 0.0 2 0.0 4 0.0 10
2 0.2 0 0.3 8 1.0 4
3 0.5 3 0.5 0 25 2
4 0.8 4 09 5 3.5 3
5 1.2 2 12 18 5.0 4
3 1.4 0 1.9 18 8.0 5
7 2.0 3 2.1 14 12 2
8 2.4 5 2.5 20 14 8
g 3.0 10 3.0 25 16 5

URBAN - SLOW; Use Rayleigh doppler path at 1 KPH at 94.1MHz RF test frequency. NOTE; this
siow speed may not aliow full development of all possible Rayleigh states. Be prepared to try 2 and
4 KPH to see if thers is a difference.

URBAN - FAST;, Use Rayleigh doppler at 60 KPH.
RURAL (FAST); Use Rayleigh doppler at 150 KPH.
SUBURBAN/TERRAIN (FAST); Use Rayleigh doppler at 60 KPH.

NOTE: The suggested settings above are based on a comparisen of the original EIASIMA-D
files and the Canadian UHF suggested 12 path urban and 8 path rural settings. A thorough review of
the Salt Lake City direct control files will be made to dstermine the average delays and magnitudes for
the four environments to extract 9 path settings to be applied to this test. Those revised settings will
be coordinated with Canada. The goal is a uniform Simulation Mode test for all bands.

NOTE: 7/26/94 Ths EIA VHF test data has been reviewed and coordinated with Canada. The
above table represents consolidated Urban and Rural environment parameters for both VHF and UHF
tests. The Obstructed file is based only on the VHF measurement further analysis.




EIA DAR Test Laboratory Page 1 of2

August 16, 1594
Mr. Robert D. Culver

Lohnes & Culver

8309 Cherry Lane

Laurel, MD 207074830

Phone:(301) 776-4488 Fax:(301) 776-4499

Dear Bob,
Here is the multipath characterization video tape.

The channel simulator parameters used for the Urban environment are as follow:

PATH DELAY (us) DOPPLER (kmh) ATTEN {dB)
1 0.0 2 or6l 2.0

2 0.2 2or60 0.0

3 0.3 2or6l 3.0

4 09 2ar60 4.0

5 1.2 2 or60 2.0

f 1.4 2 or 80 0.0

7 2.0 2 or 60 3.0

8 2.4 2 or 60 5.0

g 3.0 2ar 60 10.0

The channe! simulator parameters used for the Rural environment are as follow:

PATH DELAY (us) DOPPLER (kmh) ATTEN (dB)
1 0.0 150 4.0

2 0.3 150 8.0

3 0.3 150 0.0

4 0.9 150 5.0

3 1.2 150 16.0

& } 3 150 18.0

7 2.1 150 14.0

8 25 150 20.0

9 3.0 150 25.0

ELA Digita! Audio Radio Test Laboratary

MASA Lowis Research Center

Communications System Branch

21000 Brookpark Road, M5 §4-1 Telephone (216) 433-3445
Cleveland, OH 24133 Telefax (216) 433-87035
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The channel simulator parameters used for the Suburban / Terrain Obstructed environment are as
follow:

u L cmh) N (dB)
l 0.0 60 10.0
2 1.0 60 4.0
3 2.3 60 2.0
- 3.5 60 3.0
3 5.0 60 4.0
6 8.0 60 5.0
i 12.0 60 2.0
8 14.0 60 8.0
9 16.0 60 3.0

The IQMAKE EXE utility was used twice to create the Rayleigh fading data. The command
parameters used are as follow:

IQMAKE -R 94.1E6 2 60 150 and similarly

IOMAKE -R 1.47E% 2 60 150.

These command lines then created the Rayleigh fading data files and the appropriate filename was
indicated in the simulation mode menu under the Spectrum filename heading. Simulation profiles
were stored with the appropriate Raleigh fading data filenames, delay and atienuation and the profiles
recalled and video taped.

The first four segments on the tape (00:00-03:42) are the VHF simulations and the last five segments
(05:42-12:22) include a reference of the signal unimpaired followed by the simulations in L-Band.

Call me if you have any questions.

Best regards,

David M. Londa
EF Test Manager

ElA Digital Audio Radio Test Labaratory

WNASA Lewis Research Center

Communicaions System Branch

11000 Brookpark Road M3 342 Telephone {218} 4333445
Cleveland, O 44135 Telefax {216} 5332705







APPENDIX K - SIMULATOR LIMITATION; STEP FUNCTION DATA INTRODUCES
"ARTIFACTSH

K-1  Memo Report (L&C), to EIA-DAR Working Group B, "Report on the VHF Channel
Simulation at the EIA-DAR Test Laboratory” -- 7/12/94




REPORT ON THE VHF CHANNEL SIMULATION
AT THE EIA-DAR TEST LABORATORY

DATE: July 12, 1994
FROM: Fobert D. Culver, EIA-DAR VHF Characterization Task Force
TO: EIA-DAR Working Group B

The data exiracted form the EIA-DAR Channel Characterization test has been
applied to the channel simulator at the test lab. The data was derived from the four
environments identified in the Salt Lake City tests and contains sufficient data files to
complete the simulations of approximately one minute each along a simulated mobile
path. The data files were chosen from the "significant” files in an environment and do not
represent contiguous files. In joining the files a data point was synthesized at the splice
between files to smooth the transition.

Upon installation in the lab the data files were run through the simulator, using a
wide band RF signal to observe the simuiator output on a specirum analyzer. The wide
band signal was generated by frequency modulating a 94.1 MHz carrier with a 100Hz+
tone to more than 1MHz bandwidth. The data control and simulator response was
checked for proper mobile test simulation, particularly those simulations which contained
momentary stops. A short steady state unimpaired condition was added to the beginning
of each simulation to allow all systems to reach stable operation prior to applying
multipath simulation to the RF signal. During this testing several time and frequency
domain artifacts of the simulation were noted and investigated.

Attached are several spectrum analiyzer plots of the various tests. Each plot wil
be discussed in tumn.

1) Plot No. 1 shows the output of the channel simulator in a steady state mode, using
the VHF Channel data but with the dynamic simulation frozen (computer in pause
mode). The radio frequency response is stable and smooth as expected.

2) Plot No. 2 shows the same conditions except with the dynamic simulation running.
In this plot a series of switching transients are seen. The computer update rate of
400 samples per second matches the time interval of 25 milliseconds between
transients. The path characteristics change from the first to the second simulator
state. This simulater "snapshot” was captured by repeatedly viewing spectrum
analyzer single sweep displays until one was seen with a transient. Such displays
are not frequent, occurring less than 10% of the time.

The cause of the frequency response transients is an artifact of stepping the
simulator from one state to the next. The transient was thought to be directly related to
the magnitude of the step size and the greatest contributor to the transient was sought.
Upon reviewing the structure of the data controlling the simulator it was felt that time delay
jumps would cause the largest transients. An unmodulated carrier test was devised to
explore this.



3) Plot No. 3 shows an unmodulated carrier after being processed by the channel
simulator running in the Simulation (not direct) mode. The simulator had all 6
channels active with time delay, doppler and attenuation values sufficient to
generate a significant RF domain multipath result. This and all the following plots
were the result of an approximate 15 second peak hold sample. This plot shows
that there are no artifacts generated within the 1MHz bandwidth and the 40 dB
display range.

4) Plot No. 4 was recorded under the same analyzer conditions but the simulator was
now being dynamically controlled by one of the direct simulation environments.
Close examination of this condition over a wide frequency band could reveal no
system artifact; such as L.O. leakage, computer clock frequencies, etc., that could
account for the transients.

5) Plot Mo. 5 shows the results from a test with the same conditions a No. 4 but with
the simulator being controlled by a test file with constant phase and amplitude but
with a delay step of +10 microssconds for each successive point. The response
is similar in nature to Plot No. 4.

B8) Plot No. 6 is a similar test with a file that contains random steps of 1 microsecond
over a limited total delay rangs.

7) Plot No. 7 is identical but with the steps limited to 0.5 microseconds.

8) Plot No. 8 is similar , using 1 microsecond steps, but with increased resolution on
the spectrum analyzer (reduced from 30 to 3 kHz BW).

9) Plot No. 9 shows the same display for a 0.2 microsecond siep size

At this point it was apparent that large delay steps caused significant artifacts. The
data contained in one of the environment files was smoothed with respect to its time delay
changes for further testing. The smoothing was accomplished by adding computer code
to the program that creates the control files from the raw data so as to limit any one step
to 0.1 microseconds. The resulting test file was run through the simulator for checking.

10) Plot No. 10 represents a test of the smoothed data with an analyzer resolution BW
of 30 kHz.

11) Plot No. 11 shows the same test at increased resolution (3 kHz).

The improvement obtained by smoothing this one data parameter is substantial but
more improvement is possible and desirable. Smoothing the two remaining parameters,
phase and attenuation magnitude, should yield more improvement. It is clear that any
direct control test with the simulator should use a high data rate with smoothing applied
to the data. Also, tests must be applied to the data to make sure that any bad data
points that were excluded from the control files do not in themselves introduce an
unwanted step transition. The rational behind this is that the RF environment does not
contain step changes, there may be a fast change or fade but there are no infinite rise
time steps.

-2 =




To accurately model the smoothly changing environment the siep size should be
as small as possible. The VHF Channel Characterization Test used measurements
spaced at 1/10 wavelength, often enough to model the environment but not so often as
to produce unnecessarily large amounts of data. At that spacing the data points are well
correlated for statistical analysis, but even that step size, and potential missing points, are
large enough to introduce step transition artifacts in the simulator. Further smoothing
work on all parameters is needed so that direct environment simulations could be
conducted in the future.

In the meantime, a Simulation Mode Environment Parameter Set was assembled
for each of the four test environments. The VHF Channel test data supplied the range
of all path settings for phases, delays and magnitudes associates with each environment.

The phases can change over the range from 0 to 360 degrees. This characteristic
is simulated by the doppler frequency shift, the phase rotation parameter. In the
Simulation Mode the rate of change is limited by the simulation "mobile path” speeds, and
the resulting doppler frequency, adopted for each environment. Each of the six path
doppler frequencies were adjusted to yield a simulation that was dynamic in its frequency
response, one that changed null depth over a cycle of time and produced movement of
the null frequencies throughout the frequency band.

The VHF Channel Test signal magnitudes ranged widely, with the most significant
reflections being relatively close in level, for example within 5 or 10 dB of each other,
rather than 30 or more dB different. The characteristic of moderately equal signal levels,
and their associated time delays, was displayed in the level verses time delay computer
analysis presented earlier, as part of the selection of the significant environment files.

The time delays for an environment are directly displayed for each point in each
environment file and the range of delays is easily extracted.

Four Simulation Mode Environment Parameter Sets are now available for laboratory

testing. The parameters were extracted from the VHF Channel data as described above
and fall into the ranges tabulated below.

VHF CHANNEL SIMULATION ENVIRONMENT ESTIMATES

ENVIRONMENT DELAY (us) DOPPLER (Hz) ATTENUATION (dB)
A URBAN 0-22 16-22 0-5.0

B SUBURBAN 0-6.0 13-35 0-80

C RURAL 0-15.0 7.2-120 0-15.0

D OBSTRUCTED 0-18.0 1.0-8.0 20-8.0
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APPENDIX L - DISCUSSION OF APPROPRIATENESS OF DOPPLER VS. RAYLEIGH
CHANNEL CHARACTERISTICS

L-1  Letter from Jeffrey Andrew, USADR, Inquiry 8/6/94 Through Letter Ralph Justus,
EIA Response 10/10/94 (6 ltems)

L-2  Letter from Jeffrey Andrew, USADR, Further Inquiry 10/25,/94 Through Letter Ralph
Justus, EIA Response 11/12/94 (4 ltems)




2313 Blackthorn Drive
Champaign, IL 61821

September 1, 1834

Mr. Jeffrey S. Andrew

USA Digital Radio

332 South Michigan Avenua
Suite 600 \
Chicago, lllinois 60604

Deaar Mr. Andrew:

| am writing this letter 10 exprgss my CONCerns regarding the proposed multipath
gvaluation of the FM-1 |BOC DAB system by the EIA at the Clsveland, Ohio test site.
The scarcity of technical data on the characteristcs of the VHF channel necessitates
thet an sccurate VHF channsl multipath simulation be used, which is based upon
experimental date, not 8 mathematical modsl. In concept, the original plan submitted
by tha EIA fulfilled this goal by accuratsly mapping the channel impulse response over
real terrain. Howaever, there has apparently been limited success in replicating this
data on the Hewlett Packard emulator. These difficulties have caused the EIA to
ahandon the previously agreed upon spproech and 200pt a significantly different
mathodology. The current proposed epproach, 2s outlined in the July 29, 1934
memorandum of Rebert Culver, is based in large part on Rayieigh model data, which
has not yet been shown to be adequate o relevant to the mobile VHF channel,
Furthermore, the cheracteristics of the GSM 900 MHz Rayleigh distribution have bsen
essentially used unperturbed for the VHF model, other than being frequency
transisted. This action implies that path loss, scattering ind other parameters are
being considered as independent of frequency, which is unlikefy.

During & phone conversetion betwesn myseif and Tom Keller on August 31, | was
iformed that the multipath simulations are being conducted by choosing "sversged”
reflector rays from specific groups of frames of the acquired terrgin data. This data
is being used in conjunction with arbitrary vshicla speeds to control the amplitude and
delay of the channels in the Hewlett Packard emulator. Uncorrelated Rayleigh

distributions ere then being used to provide feding profiles, effecting both ampiitude -

and differentiz! Doppler. This is, st best, an &d hoc procedurs, loosety based upon
experimental data. Furthermore, the approach neglects to comprehend certain

L-1.1



Mr. Andrew
September 1, 1284
Page 2

essential characteristics of physical muitipath. Clusters of strong reflectors ars
prevalent in the EIA data, soma of which are caused by apparént peak-splitting in the
analysis algorithm. Close clusters of reflectors with little attenuation should show
some correlation because the differential Doppler spread must also be limited. The
proposed approach ignoces this, using uncorrelated rays. As a direct result, the
simulations exhibit extensive deep fades, which are illustrated in the videotape.
These fades penalize IBOC systems as a whole, implying that the lack of sufficient
field strength (shadawing) is responsible for most multipath impairment. The USADR
field tests have not corroborated the existence of these fadss, even in the intense
multipath in Chicago, which i3 more pronounced than Salt Leke City. The rural
highway dats shown on the vidgotape is particularly compeliing, showing many
rapidly varying 30+ dB broad fadses, which seems contrary to physical intuition.

It iz not clear that it is possible to legitimize the proposed technique by intreducing
correlation between rays. H would appear that the choice of channel model is based
not only on the channel characteristics, but the expected receiver inplementstion as
well. Receivers which do not employ adaptive equalization cannot distinguish
between specular and diffuse muitipsth. Muftipath impairment in such systems tends
ta act as clutter of various amplitudes. However, in &sn equalized system, the
adaptive equslizer can typically mitigate datsrministic specular mutipath, butachieves
lirtla gain over probsbilistic clutter. Hence, the proposed channel model emuistes
specular muitipath es simply large smplitude clutter, which is a direct consequence
of using Rayleigh distributions on all rays. This will compromise the performance of
a receiver which refies upon the sdaptive equalizer. Probabilistic clutter can only be
mitigated with wide bandwidth or heavy coding.

Without an accurate VHF channel representstion, it is difficuft to draw meaningful
canclusions about the performance of the various systems in muitipath, based on
laboratory simulations. A proponent system may appear more robust simply becsuse
a higher lsvel of coding, better RF sensitivity or increased interlsaver depth was
chosen. This does not imply that such a realization is optimal or even adequate in the
dynamic moblle environment nor thet it is suitable for economicsl integration. Atthis
point, | believe that the burden of proof is on the EIA 1o demonstrate that the
proposed appraach will yield realistic multipath data. However, | em willing to provide
what assistance | can. Specifically, | would be able to provide a more complate
analysis if | had access to a specific set of muitipath parameters that are identical or
substantialty similar to 3 set being used in the EIA tests. This would at lsast permit -
me to try and establish some reletionship batween the USADR field test results and
the EIA data,



Mr. Andrew
Septernber 1, 1324
Page 3

Regardless of the outcome, it seems likely that the deficlencies of the cument
procedure will make field testing of the proponent systems assums a role of primary
importance in overafl avaluation.

Sincerely,

hd 07

Derek D. Kumar




Appendix 2

RADIO

September 6, 1994

Mr. Ralph Justus

Director of Engineering
Electronic Industries Association
2001 Pennsylvania Ave. NW
Washington, DC 20006-1813

Dear Ralph,

This letter is to formally advise you of a grave concern which USADR
has regarding the introduction of new unsubstantiated and arbitrary
multipath data into the DAR testing process at this late a date.

From the onset of the data gathering, USADR, the E!A, and NRSC,
along with all of the test proponents have always stressed the importance of
using real world test data to be programmed in the HP Simulators. IBOC
DAB Systems are designed to function in a real world, within existing
spectrum. Now it seems once again we have discounted the "real world
data” for some theoretical Rayleigh model which is inconsistent with our
previous models. These new settings invalidate all of the months of
previous data gathered by these committees and USADR, which decidedly
clouds the viability of the entire EIA/NRSC DAR testing process.

Enclosed is a letter from Derek Kumar ,our new RF Project Manager,
stating technically why we feel these arbitrary test parameters are invalid
and will not stand up to any outside scrutiny. Also how this new test data is
not only unsubstantiated and capricious, but it goes against everything we
have striven to validate in our combined efforts up to now. Unfortunately,
we somehow were omitted from receiving the meeting notice on July 19th,
where all of these changes were apparently approved, or we would have
objected sooner.

USA Digital Radio » 332 South Michigan * Suite 610 » Chicago, IL 60604
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| realize that some of the testing is far behind schedule and we have
been vacillating on this multipath data forever. The fact of the mafter is that
substantial resources have been sgent by the EIA, the NRSC and
proponents to gather valid data to be used in the multipath testing process.
This data has been accepted by the testing process and is representative of
real world conditions. To use anything else at this juncture would invalidate
years of work and effort by the EIA, and NRSC, and | feel it would be very
detrimental to the overall testing.

We would like to be of any help we can to help solve this situation in a
manner that is fair to all the proponents as usual, and to keep the testing
schedule somewhat on track. Please feel free to contact me with any
further questions about our concerns.

Truly Yours,

S (stts—

Jeff Andrew
Interim Managing Director

CC Dan Ehrman
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6.6.2.6

standard BER /WER Test Equipment

6.6.2.7

(a) Data Generadon: It shall be capable of generating pseude-random bit
stream that is interleaved and built into time slots in accordznce with
1S-54 1.2,

(b) Data Reception: It shall be capable of receiving the data in time slot
format. Data from the uvser channel will be de-imterleaved for
comparison 1o the original pseudo-random bit soeam.

(c) BER shall be measured up to ratss of 40%.

(d) WER shall be measured up to rates of 100% provided BER is less
than 40%.

6.6.2.8

Standard Protocol Test Equipment

6.6.2.9

The Standard Protocol Test Equipment shall have the necessary signallin
and protocol capability to perform:

(a) Call origination and Mobile Staton paging
(b) Handoffs within digital or analog modes and across mods boundries
(c) Time alignment tests

(&) Mobile Assisted Handoff tests

Standard Channel Simulator

Measurements requiring the Standard Channel Simulator will be performe
at Channel 367, at a nominal Mobile Station receive center frequency ¢
881.010 MHz and a nominal Base Station receive center frequency ¢
§36.010 MHz.

The maximum Doppler frequency referred to in this secton is a functon
tha receive center frequency of the unit under test and the simulated vehic

spead, 25 follows
v
f 4= (C) fc

where v is simulated vehicle speed, € is 2.997925x1¢ m/s, the speed
light in vacuum, and fc is 821.010 MHz for Mobile Stztiontesting 2

£16.010 MHz for Base Station testing. The table below gives i
comresponding values of v and fé.

Ta



oW

b

Vehicle speed (km/h) M3 f:l (Hz) BS fd (Hz)
i 6.531 6.197 -
30 40.818 38.731
100 81.631 T7.462

The Standard Channel Simulator shall at @ minimum be capable of the

following:

(a) RF inputand n-.;q:l:ﬁ center frequencies betwesn 800 and 1000 MHz.

(b)

(©

(d)

Simulate a flat fading channel for simulzted vehicle spesds varying
from 8§ to 100 km/h. Specifically for 8, 50, and 100 km/h (nominally
§, 30 and &0 mph).

Simulate two r2ys with independent fading statistics. Each Rayleigh
faded ray shall have a time delay of up to 1 symbol {412 p=ec) with
delay resolurion of 0.1 psec.

Have sufficient bandwidth to accommodats co-channel and adjacent
channel measurements. The passband charactensucs of the channel
simulator shall not degrade the modulated signal as specified in3.3.2.

Generation of the Rayleigh fading conditions shall conform 1o the following
{zll measurements shall hold for simulaied vehicle speeds of 8km/fh 10
100ken/h upon an unmoduolated carrder):

(2)

(c)

The measured Rayleigh Cumulative Probability Distribution
Function {CPDFE) shzll be compared against a caleelated CPDF. The
calculated Rayleizh CPDF, F(F), is as follows:

ForP<0: F(P)=0; ForP20: F(P)=1-exp(-P/Pave}. wherzP
is the signal power level and Paye is the mean power level,

(1) Measured CPDF of power shall be within =1 dB of the
calculated CPDF of power for 10 dB abova the mean power
level to 20 dB below the mean power level.

{2} Measured CPDF of power shall be within =5 dB of the
calculated CPDF of power for 20 dB below the mean power
level 1o 30 dB below the mean power level.

The Level Crossing Rate (LCR) shall be compared against a
calculaied LCR. The calculated Rayleigh LCR, L{P), is s follows:

ForP<O: L(F)=0;ForP20: LB} =(3n P!?E;-gjﬂ'j-frjexp {-FPayval.
where P is the signal power level, Paye is the mean power level, and
fq is the Doppler frequency offset ssociated with the simulated
vehicle speed.

(1) The measured LCR curve shall not deviate from the calculated
LCR curve by more than £10% of the simulated vehicle spesd.
This shall hold for 3 dB above the mezn power level 1o 30 dB
below the mean power level.

The measured power spectral density, S(f), shall meet the
requirements specified below. The power spectrum measurement
shall be made on an unmodulated carrier (at frequency [c) 2pplied to
the input of the channel simulator,



(1) The maximum power spectral density level, Smax, shall exceed
S(f) by at least 6 dB.

(2) The simulatzd Doppler frequency offset, fg, shall be within £5%
of the theoretical Dappler frequency offset asscciated with the
vehicle speed. The simulated Dappler frequency offset shall be
calculated from the measured power spectzl density as follows:

fq = (1/27) (2b2/50)%-,
where by = (27)" 0'[ S(f) M df.
b isthe nth moment of S(£).
(3) S(f) shall be at least 30 dB below 3(f) for If-f-1> 284,

(&) The autocorrelation function of the unwrapped phase of the
simulated, received signal shall be compared against the calculated
thearetical autocorrelation functon of the phase of 2 Rayleigh faded
signal. The theorerical autocorrelation, p(%), is'well approzimated by

o) = 2 sini(To(2rnter ) + 6 { -siniGoent)) }2

=]

3 E Jo(2rfar) >
= el 2
=% n.=]. n

(1) The measured auncorrelation function of the phase shall be 0.8
0.1 at a lag of D,GSIE. and 0.520.1 at 2 lag of 0.15/f ;. The

thegretical curve is shown in the figure below.

a0
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6.7 Standard Duty Cycle
The Mobile Station equipment may be rated as either continuous or
intermittent.

6.7.1 Continuous
The transmitter shall be capable of operating continuously at full rated
power for a period of 24 hours, The equipment shall operate with all
specified wansmitter and receiver performance parmeters being met dunng
and after the 24 hour penod.

6.7.2 Intermittent

Intermitent duty is full load (maximum wansmittzr output power) under the
manufacturer's normal recommended loading conditions for this class of
service using a cycle of ten minutes on and thirty minutes standby for a
period of eight hours. The equipment shzll operate with all specified
transmitter and receiver performance parameters when continuous duty
operation is auempted or the equipment shall shut itself off.
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Substituting Eq. (7-96) and Eq. (7-97) inte Lq. (7-90) gives the follawing:

st e (0 (2
== S o [ (D (2]
0 e

where erfe { ) 18 the complementary error function, Equation (7-48) involyes
oo, which represents the earrier-la-noise ratio (enr), defined;

ﬂ,'l
Ty e — 700
o . ([ )

The relutionship of By (7-98} is plotted bn Fig. T=11 for specific values of rpfo

7.5 SIMULATION MODELS

Many radio-propagation models have been proposed that can be naed lo predic
the amplitude and phase of radio signals propagated within o moblle-radio envi-
romment [8-20} These medels caa be elossified Inta bwo general calegories, The
first category deals only with multipath-failicg phenomena, whereas the pecond
entegory deals with hoth multipach- and selzitive-fading phenomena, "Uhe follow.
ing paragraphs describe some of the features asociated with these o general
categories of dmulation mudels.

Rayleigh Multipath Fading Simulator

Based on analyses of the statistical nature of a moblle fading signal ind its ciTecly
an envelope and phase, a fling simulator can be configured either [rum hardware
or & combination of hardware and saltware. Figure 7-12 shows a simple hardware
configuration for a Rayleligh muliipath fading slmulator that eonsists o two gaus-

Hagvives]-Slgnal 'hae Cihasnrlerintias 229

e L S| Y S et e S - |
Lol W aA B0 A48 &8 &a 10
CHf, A
Fiy, 7-11  Plov of average preitive click rate N

sian noise generators {GNG), two variable Jow-pass filiera {%1LET), and two hal-
anced mixers (BMY. The eutall frequency of the low-pass filier is selerted an the
basis of the frequeney [, and the assumed avernge speed of the moile wehicle 17
The output of the simulator represents the envelnpe and phase of 0 Royleigh-
Tading siganl,

In n software-configured simalater [10], the mndel deseribel in Seq 6.2 ls
bl upon, and Fes {6-109 thenugh (6-13) are used 1o shnulate, a Rayleigh-
fading signal, In both Bg. {6:11) and Eq. {6-12), there are N gaussian random
varaliles for K, and 8. Fach of then has zero mean and varance ane. Sinee o
wnifarm angular distribution is assumed for & incoming waves, we bev o, == 2x
i/N. The direction et of the moving vehirle can be sce to e = 0" sitheur loss
gererasity. The sampling interval At = 1,/% can be st as smul| as Af = W101),
Le,, 10 sampling points in every wavelength in space. Chn thie busia of the preeeding
changes, Eq. {6-11] can be then expresvet As

sy 2 i 2
X '?*‘ [, con (K -1-"“5' cos o) -k 57) sin (& ;E cos )] (7-100)

¥ -1
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where the spacing between the sumples s ¢ = -1-3-‘;, and
y o2
N

& similar formula for ¥, con be obtainnl Tom B, (6-12) With btk X, and T,
eateulated atany ke sample point, a Rayleigh eavelope rp = (A7 -k ¥7)"* is sim-
alated. For our demonstration, a frequency of 20 MHz and = 15 ml/h ace
given, the sampling interval is At = 0.00545 5, and the simulaied Guding slgnal
iy shown a Fig, 1-17, Another sbmilar sofoware configueation shinalation is shown
Ly Senvith [14]. e i audvisntage in & soltwire-conbpured sinulalor ia the alzl-
ity o quickly ehange the aperational parameters by merely making chuges in the
anf i progran,

Multipath- and Selective-Fadiog Simulntor

& sirmulator of mudtipath and sefeitive fding can also be configured eilher from
hardwar= or 2 combination of hardware and soflvars The hardware veinion uses
an arcangement of components similar to these shown fo Fig 7412 the compo-
nenls are duplicaied several tines, and adelay line ia added W each assembly [21],
The number of amemblics and delay line o defevmined by the klod of envirgn-
ment that i belng studied. The sevesal delayed autprar signals Trom the Rayleigh-
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Fig. 7-12  Handware configuratlon of 2 Bayleigh multipath-
lading stmlnbor.
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[ading simulativn.

fading simulators are summed eogether Lo fm oy nalupanli- and selective-fading
signal,

The software versian [13, 17] is based on a madel developrl by Turin [17], in
whitch the mobile-radia channel is represented s a linear filier with a comples-
valuet) impulie respanse expressed:

[
ALty = 3 a bt — 1@ (7-101)
h=i
whare 80t — 1,) 18 the delia funciion al e £, el ey anel ay ave the plase and
amplitude, vespectively, of the kil wave arrival, Uhe terms a, g, ane 4 are all
random variables. Durdng transmisaion of 3 vadiosignal 504, the channel response
canvelves s(f) with &(8), Figure 7-13 shows the matlenstical simulation gener-
ated by the safiware for this mndel [14] The simulator enables evaluotion of
mobile-radio system perfarmands without the need lor acwual rowd cesting, since
it simulates the prapagation medium for mebile-radio transmissions.

PROBLEM EXERCISEY

I, A mabile unit is traveling at a apeed of 40 kun/ho while reeriving a mohile-radio
iranamlssion at a Fesqueney of 850 MLz Assuming that the time-delay spread
for the medium {s 05 ps, what is the correlation coelfiient for & frequency
chanye from BSO MHz te B50.1 MHxin a time interval of 0.1 57

2. If the time-delay soread is measured and found 1o be 3 ps and the required
phase correlation cosfficient is 0.5, whal i the coherent bandswidth o a time
detuy of v = OF

3 Whith parameler has the greater effcet on o ranclom TR gignal, velociey or
pudio band? I the upper limit of the audio band is increased from 10 ta 20
Limes over e Jower limit, how much of a reduetion in vehicle speed s reguired
ta mnindadn the same random Fi level?
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Via Overnight Delivery

October 11, 1994

TO: DAR System Proponents
FROM: Ralph Justus, Director of Enginzering /
RE: Decisions of Steering Committze Mezating of October 7, 1994

On Friday, October 7, 1994, the Joint Steering Committee of the DAR and DAB
Subcommittees met by teleconference to consider the following matters: (1) USADR
equipment changes; and, (2) multipath parameters. The following reports the results of its
deliberations. Please inform me should you have any questions or comments.

(1) Responding to the laboratory staff’s inquiries about the USADR FM inability to perform
under intermittent weak signal conditions, USADR modified its FM-1 equipment as shown in
the enclosed documentation from Jeffrey Andrew (Appendix 1), which improved the system’s
sensitivity. The Steering Committee met to consider this change and decided that this was
not perceived to be 2 material change but, rather, a modification of the RF front end not
necessarily coupled with improvements of the overall characterization of the system.
However, they suggestad that all other proponents be notified of this occurrence, and solicit
their comments, if any.

(2) The "smoothing™ of the Direct Control method of generating multipath has met obstacles.
Accordingly, it is difficult to use that method for tests C-6 as decided at the September 20th
Subcommittees mestings. Employment of multipath for tests C-6, E, I, J, and M-2 was
imminent and a guick decision was needed on how best to proceed. Test B-3 had been
completed on all systzms except USADR FM-1 and FM-2 pending resolution of their weak
signal performance problems. Those tests are now nearing completion.

Using the simulation mode with Rayleigh fading ("Sim+Ray") resulted in marginally useful
data on the.-USADR FM-1 and FM-2 systems. Further, USADR continues to express
concerns about the reasonableness of using Rayleigh fading in simulating multipath. See
enclosed correspondence from Jeff Andrew (Appendix 2) and response from Ralph Justus

(Appendix 3).




The Steering Committee considered these matters and decided to complete the Sim+ Ray
testing underway, and expand the multipath testing scenarios for tests C-6, E, I, J, L and M
to use the simulation mode without Rayleigh fading ("Sim-Ray") for all systems, as
appropriate (excluding second modes). See the enclosed chart from Tom Keller (Appendix
4) where Sim+Ray is designated "R" and Sim-Ray is designated "D." This was deemed the
best course of action even though it may increase testing by approximately 2-1/2 weeks
(which we will atiempt to minimize). Should 2 potential challenge to the testing procedures
occur about the appropriateness of incorporating Rayleigh fading into the simulation, Sim-
Ray test results will be available on all appropriate systems for comparisons.

Should you have any questions, concerns or comments on these decisions, please inform me
at your earliest convenience.

Enclosures (4)

cc:  Joint Steering Committee
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Appendlix &

additional Multipath Tests with Doppler Spectrum Hode

ATET Amat Amatl PH-1 FH-2 E-147 E-147 VOR/ TPL
Mode 1 Hode 2 Moda 1 Hods 2 /
c=6 Additlonal D D n n D i D HA
MP E Holoe
E=1,2,43 DAR -=> D Added 0 Addad No Added RSO [ Modo R/D {Kode D Added Ho Addad HA
DRt with MP (Mode R ia | (Mode R is | Hode in added) Le added) [Mode R fim | Hode
compleata) completea) oomplete)
1-1,2,3,4,&8 5 D added D Added Mo hdded R/D (Hode /D (Hode ¥R o Added HA
Analog —-> Morde Ia addad) is added) Mods
| Digital with MP
J=2 D Added 0 Addad Ho Added /D (Hoda R/D (Hoda D Added Ho Added D Addad
fraacquinltlion (Hode Rt Le (Bode R in | Modo in ndded) Lo added) (Hode R in | Hode (Hodo T i
with Mmp completa) complote) completa) complata)
L=4 IROC => HA 0 Rl Wo Added n/n (Hodao n/o (Modao WA wo Added Wh
Analog HMost with Hoda Lo addoed) ie added) Hoda
M
HM-2 Hoat NR D Added No Added B/D [Hoda /D (Mode NA Ho Added HA
analog -> to Hoda 1a addod) La added) Hoda
IBOC wlith MP

Two and a half additional weekn

0D = HMaltipath simulation will operata in the Doppler Spoctrum Hoda.

R = Multipath simulation will oparate in the Eayleigh Bpsctrum Mode,

october 11, 1994
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vernight Dalivery and Fa

October 10, 1994

Mr. Jeffrey S. Andrew
Project Manager
USA Digital Radio
332 South Michizan
Suite 610
Chicago, 1L 60604
Re: USADR letter of September 7, 1994
Dear Jeff,

I have conferred with members of the Channel Characterization Task Group zbout the
concemns expressed in your letter of September 7, 1994 (with September 1, 1994 letter from
Derek D. Kumar attached), and present below their analysis. In short, the critical multipath
testing parameters are believed valid and representative of what occurs in the RF
environment. Responding to your concerns, the DAR and DAB Subcommittess decided at
their September 20 meetings to continue the “smoothing” process on the direct control data
for simulation and, if possible, incorporate that into the C-6 (other multipath) tests.

Rayleigh Fading The present tests use the Rayleigh fading model to generate testing data.
This is a standard and well-accepted method for testing. Other mathematical models, like
Gaussian distribution which does not relate well to multipath characteristic distribution, could
cause the simulator 1o generate situations not found in nature. The Rayleigh distribution does
not cause unrealistic conditions, the results are a close match to real-life situations throughout
the entire range of operation. This is because it is based on the random combinations of two
reflectors - it is very intuitive. Its application to multiple reflectors in a variety of spectrums
has been proven many times. In its general form, it is oot frequency dependent, and will
always determine the behavior limit. (Kenneth Bullington, Radio Propagation for Vehicular
Communications, 1EEE Transactions on Vehicular Technology, Vol. VT-26, No. 4 Nov.
1977) (For an excellent general discussion of the Rayleigh derivation, see William C.Y.
Les’s book Mobile Communications Engineering, Chap 6.) Rayleigh fading is applied to the
RF channel simulator control data but not at 900 MHz, The Rayleigh distribution is
independent of frequency. It is applied to varicus simulator parameters, including attenuation
and Doppler frequency. The average attenuation values are determined from the measured
channel characteristics, not scaled from data at any other frequency. The Doppler must be
set to a proper range of values to correspond to estimated vehicle speed and the RF
frequency in use.




Mr, Jeffrey S. Andrew
October 10, 1994
Page two

Kumar paragraph 2 The Memorandum from Robert Culver dated August 22, 1994
"Derivation of Multipath Simulation® shows the justification of the vehicle speeds chosen for
each multipath environment. They have been carefully designed and chosen. Similarly, the
simulation mode of the HP simulator has a significant history, as well as a strong following
in the receiver industry. [Tiesto our experimental data?] Peak-splitting, as we understand
the term, no longer occurs with the new reflector-selection algorithm designed by Mike Guile
this past Spring. Once a reflector is chosen, the two neighboring reflectors are set to zero,
and are no longer considered for selection.

Correlation The Kumar letter at paragraph 3 provides a discussion of multipath from a
recciver point of view. This is not relevant since the tests have been designed from 2
channel perspective. We have employed the most widely-accepted model in industry which
will give an accurate predication of the kind of RF cbstacles a receiver must overcome when
presented with the harsh broadcast environment. This is the challenge of an 1BOC system:
to perform sufficiently well in the real RF environment without the advantages of "wide
bandwidth or heavy coding.” The laboratory tests are designed o examine system
performance in this area, The channels of the multipath simulator are un-correlated; the
reflection parameters change independent of each other since they represent separate
reflectors. Hence, the Rayleigh fading characteristics impressed upoa the parameters are not
assigned a correlation factor - one of the options of the HP simulator. (The correlation
capability of the HP simulator is intended to test situations where received signals are
correlated, primarily by diversity receive systems. This use is specifically stated in the HP
manual.) The chance of finding correlated reflectors in nature, at least ones which remain
correlated over any significant area of a few meters or more, is extremely unlikely. One
would have to envision an unlikely scenario, such as reflections from two adjacent mountain
faces many kilometers distant which do not c?‘ange much relative to each other (correlatad}
over a finite movement of a receiver. Generally, any very small movement of a receiver
creates larpe differential changes in the path geometry and, hence, chbannel parameters, to the
individual reflectors. The width of any multipath fade is controlled by the total path length
difference between the direct and the reflected paths; short delays create wide fades, longer
delays create narrower fades. The depth of fades is controlled by the relative amplitude and
phase between the various signals. Individual fades can get deeper or shallower quickly with
changing phase (i.e., small movements) or slowly with changing magnitudes or reflections.
Fade width and the freguency of the center of the fade can change relatively slowly with total
path delay, phase included. With changing parameters the fades will move in frequency,
dcpth and slowly in width. Two or more fades, otherwise separate in frequency, will move
in frequency (with changing receiver position and hence channel parameters) to eventually
overlay each other. At any particular frequency the multipath signals previously generating
two frequency separate fades, now come together to combine into one composite signal in the




Mr. Jeffrey S. Andrew
October 10, 1994
Page three

receiver generating one fade. The result is the sum of the various amplitudes at their
respective phases and delays which generates a new fade of changed shape. The fade is
different primarily in the 2mplitude of the signal with the width of the fade predominated by
the wider of the two or more original fades (at this frequency). As the parameters continue
to change the formerly independent fades will begin to reappear, first as a distorted fade,
then as a double dip fade as they partly overlay each other, then as two or more separate
fades.

I share your concerns that we not invalidate all the previous efforis to design system testing
parameters. However, your characterizations that we have somehow embarked on an
-unsubstantiated and capricious” path are without merit. The Subcommitiees have labored
long and hard, with extensive documentation, to arrive at appropriate multipath testing
parameters and those deliberations have been opened to all (including system proponents)
wishing to participate. OQur intent has been to devise appropriate multipath test parameters
that fairly stress DAR systems’ performance which can then be used for comparative
analysis. Experience is showing that we have achisved that goal. Further, our laboratory
staff has provided Mr. Kumar with a specific similar parameter set for his analysis, as
requested, and we look forward to discussing his findings with him. If any anomaly is
suspected with the test program it should be investigated, thoroughly documented with
explanation and example and presented to the appropriate DAR test group. With this
procedure both the presenter and the group will be able to fully understand the effect and its
cause. It would have been greatly appreciated if these highly specific discussions could have
occurred in the Channel Characterization Task Group during its deliberations.

I hope this adequately responds to your concerns. Please contact me should you have any
questions. As we agreed at the Subcommittee mestings, 1 will attach this and your letter in
the meeting minutes for distribution.

Sincerely,

WJ&_
Ralph H. Justus
Director of Enginesring
cc! Randall Brunts
Al Resnick
Tom Keller
Robert Culver
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Motes on Channel Slmulation for Digltal Broadcast System Tesling
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Rauio Broadeast Technoiogigs Ressarcn
Communications Reseach Cemier
Ciltawe, Onlane, Canada

Introduction

Thiere nave Been some CONCEnS expressed by ore DAR syslem proponent 2bout the validity of
using 2 Rasleigh f2ding model in the 'simulstion’ moede of tha HP simulator for testing DAR
syslems in a mulhpath envirgnment. The foligwing discussion addresses those corncems.

&5 part of the discussions that took place in the Z1A-DAR Channel Charasterization Task Group,
and in oide” 1o 2ssure 2 tirmely statt of the multipath tests in Cleveland. CROC reconmmendad tha!
trie "simulation’ moce of the HP simulator pe used for sysiem tesis with multipath Thus reguires
that 2 channel be modeled with & to 12 paths {more than G requires g lwo-simuistor confliguration)
The final configuration In Cieveland uses 9 peths for the cesired signal, and 3 are reserved for a co-
channal Intefering & gnal. Each path has a relaive attenualion and time cefay associated With 1,
and each can have sither no fzaing or Rayleign faging applied to it with 2 Doppler shift
comasponding to the desired vehtie spesd and camer frequensy. The vahidity of a given mutiipath
scerarlo then depends upen whelher the ampiitude. delsy and fading (o1 lack of i) set fof he
individual paths rezresents a reslistic approaimation of sonditicns seen on aciual mobile radio
{ransmission charnrels. The set of conditions used for a simuiation run is known as a ‘profile’.

Corralation Batwesn Paths

The HP simulalor corlains & number of stored prof ies whict are based vn the COST 207
iecurimendations [1] fur GSM digital celluiar syslern tesis, These recomimendalions were
developed from incuts om 2 large numpber of researchers in Europe They 2re based not juston
theoretical scatiering mode's, bul an numerous mezsurements conducied inmany diffsrent
ENVIrOnMmeris, $6 there s litle doubt as ta thair vaicity for their interded purposs. 1L ls wirth noting
at this point t7at in al of tne recommendec profilzs, 1he facing on the gifferant pains has zere
comelalion. The capatiny of beiween-gath comreiEton s inciuded in the HF smulalor IC afiow

s mulztion of twe-antenna diversity receiver syalems under condilons of iess-than-opumal antenna
apacing [2] All of the standard propagation modale meke he raasonable assumption of
uncorrelatec fading betweern palls In a s ngie-antenna recelver sysiem, 2nd here |5 no physica
bess to eapect olnarwise

Doppler Epsctrum Shape

There is one departuic Tom tne standard GSH profiles i those used in the HP simulator In the
standard profiles, the naths witls stall excess delays (8. the first arrvais amongst the multipath
cumponeris) aie sutyecled Lo Rayleiph faging, 2nc 2 ‘dassical U.shaped’ Conpler spectrum.
hysically, This can be interpieled lo mesn thal (ha mulipzin signas are assumed Lo arriva from 2ll
angles. and zfe umsommly disiDuled in azimulh Forlonger excess delays, 2 different Copaler
spectrum is recommended; it consiste of two Gaussian spactral distributions, one with negeative
‘requercy shif. 3nG one Wwith positive shif The ohisical Interpratation here Is tnat the mullipath
compenents are ¢ ustared around two difersnt angles of errival roihier {han bemng uniformly
distributed Mote that this does nnt necessarily imply Fading that is non-Reyleigh. Rayleigh fading




results when there are a number of Indeprendent component signals with simllar ampiude ang
random ohase Uriform cistribution of arival angles is ne: tequired for these conditions 1o be met:
nowever tight custering n the Doppter speciium may Indicale some cependence bebween the
comperant waves and hence fading whict 1s Iess savera than Raleigh. However, the typically
neppens anly for the longer-delayed guhues whicn are elso normaily lower In amphtude than thase
which arrive sarfier. Tre Gominance of the eany annals havng a Doopler spectrum approximating
the 'classical U-srace’ will tend (o cause fading statistics that are close 1o Rayleigh lo preves,

The COST 207 recommendstions state that it s acceplable to use the ‘classical’ Doppler spegirum
for all mimuiato: peths Jeven in the case of the Bural Area prafile, which, Inthe standard
recormmendation, conlaing 2 nanfading path sc a3 to give the first signal arnvel Rician rather than
Raylpish fading chamcenstos) Tris ursivubbedly producss @ somewnal more severs lest, ot 445
clearly an acceplable praclise, snd the presence of all-clgssizal standard profess (ard the absonos
cf any capability to genzrate Geussizn Dopple: speutra) in te HF simulalon 2@ a furher ingicaton
that this tyze of tosl s acvepled by industry for GSM and ather mobile Byslem testing.

Ghannal Charscierizalion Measurement Results

Ve have acocumulzied an exlarsive detabass of channel characterization mezsuraments ar1.9
Gz for various envirenments Exzimination of the uiban measuramenls confim that the type of
medel impiemented in the HP simulatoris 3 very geod approximation of vnat s seenn the feld
As shown it Figure 1, the dominan! muttipztn components tend ta exribit the clzssical U-shapes
Dioppler specttum which i3 indicaive of many scallening cbiects with an arguiar distrbubion which
i5 approdmately uni®orm. This 1s 4.2 in mary cases even for the langer excess delays. Mostof the
esnurements in rural areoz shuw 2 dominant oeak 2t or near tne firat arrval, indicebing the
cresence of a dirgct sath {o the tranarmutler and fading statistics which are lixely to be Rigian,
Hewevar, there 202 also many instances, parcudzddy in suburban areas, where the direct path ;
highty ellenuaied and the Doppler spectre 2 Indizative of a SUMpley scatrenng environiment
lrese instances, assumplion of Ravleigh fading charactenstics does not 2ppest o be
unreasonable.

1

=

Applicabllity of the Channel Models to Differant Frequency Bands

Singe most cf the measuremen: dala availzbe from the lilteralurehave beer collected at UHF, the
question remans whether the simulalion models are vziid at VHF. and in partcuiar whether it 1s
reascnable o use them for lests of syslems operating 11 the FM breaosast tand. Thers ara
cerainly some physical reasons hal would [2ad one to expes] 1hal the mulbpeath chatactenstice ofa
channel would be different at widely ciflering wavelsngths. Cne way of approaching this question i
1o exemine the measurements of deizy spread taken ot gitierent frequencies. I there was less
multipath o2¢urring al the longer wavelengtie. for example. this sheuld show up as “sduced dalay
soreads. Conversely similar geley spreads would tend loindicate similar mutipath prafilss, and
vry likely, similar Doppler spactrum characteristics 2nsing from tham Thic Suse'ion has besn
sxanuied by Lee (3], who comuludes $hat ‘e dziz zvaiable show that iz delzy spread is
independant of the operating fr=quency =l frequencies abiove 30 MHz". The exglanztion ‘ar this s
ay follows” as the wevelznplh increases, the energy soallersd off & given obics: lends lo decrease
Jmiare absorplion and diffisction). which woulo denrease the amzitude of the rultipath refections
On he other nand, 2aln loss decrezses with increasing waveangth, and thess tws effects tend 1o
alance each cther. making Gelay spread roughly independent of fraguency A simuiar conalusion 18
regened by Sornger [4], who states that ‘there iz support for the proposition that rmost of the
impartant stalistical paremelers gre refatively constant acioss the VHF 2ng UHF bands’, Further
support for lhis propastion comes from the EIA VHE measurements in Sall Lake City, which show




sillar wurban ang raral muliipatn profles W thicse seeh n the CRC 15 GHz resJalis 2nd other UM
measuremeanis indead the VHF resulls for te “terrain absirucied” environment shosy larger elay
spreads trgn have yoi been seen in our 1.5 GHs measurements. The limied Doppler aats
avalzble from the Sait Lake City wests slse lend credence to the claim that Rayelgh fading s
ireguently sean at VHF, axcept iIn fizl rural sreas.

Saverity of Fadina: 1s Rayleigh ap Unusual Werst Case'?

Diespite thie gbove, there may still be some 2pprehension that Rayleigh fading & Juncommean. and
1he 2ssumplion of Rayielgh charecens! s is 100 much of & 'wolst case' for system testing. This is
ned 56; i f=e, L is enbrely possible 1o have fading which is considerably worsa than Rayleigh Onez
good exampiz of this 15 in the measurements at 350 MHz I Cenmark Jescribed by Eggers and
Anoarsen [5] whu found (hat “localions exist with envelops slalishius moe severe than a Rayleigh
reference” An example is show in which the moence of d=ep fades was considerably more
frequent than that oredicted by Raylaigh siststics. The measuremant Iocetion |s Cescribed as "2
major roach in a suburban arez leading to the city” Furiher 'rivestigation cisclosed that the
predorminant mullipath componenss were amving from the front and rear of the moving venicls
gwing rise to & stuat on “resembling & two-ray standing wave paterr, thus g ving rapid de2p fades
and rapid prase snifts™. Al a second tost sie desenbed as "3 70 m streich of & four-lane Kighway
jus: before a tunnel”, the fading simishics matched the Rayleigh mocel over & 40 dB range.

Conclusion
i can be concluded fiom the above tha! simulatior using Rayleigh fadirg statislies legatherwith

power delay profies derived from measurements, 5 =n appropriate end effectve means of testing
ire peiforments of Diglal Audio Raclo Lroadoast syslems under mobile raception conoitions
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October 25, 1994

Mr. Ralph Justus

Director of Engineering
Electronic Industries Association
2001 Pennsylvania Ave, NW
Washington, DC 20006-1813

Dear Ralph,

The response | received from you on Oct. 10th. was distributed to the
USA Digita! Radio Technical Advisory Committee. Apparently your
response did not adequately satisfy our concemns. Attached is a further
response from Derek Kumar, once again disputing your methods on
Multipath Characterization for testing using the Rayleigh Fading model.

Also attached is another response from Mr. Kumar which address the IBOC
Dab power level issue. Apparently this became an issue at the NAB Radio
Show where USADR exhibited 2 mobile demonstration. | don't think this has
become an issue in the lab, but | wanted to make you aware of it.

The reason | am bringing up these issues at this time is so they can be
discussed and put on the agenda for the upcoming meetings on Nov. 3rd.
| think that now these issues have become a matter of urgency as not to
disrupt the structure of testing any more than has already been done.
We plan to have a full compliment of representatives at the meetings to
answer or defend any of your questions that might arise.

if you have any questions before the Nov. 3rd meetings, please feel free to
contact me at the number below.

Sincerely,

}Zf/f %
Jelf Andrew

Project Manager

USA Digital Radio + 332 South Michigan * Suite 605 « Chiczgo, IL 6060+
1 (&0
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October 21, 18394

Mr. Jeffrey 5. Andrewy

USA Digital Badio

332 South Michigan Avenue
Suite 60O

Chicago, lllinois 60604

Dear Mr. Andrew:

| received a copy of the Octcber 10 correspondence from Halph Justus to you
regarding the proposed EIA multipath testing procedure. Unfortunstely, | belisve thet
2 number of the assertions made in his letter are incorrect or much more limited in
scope than he is suggesting. | continue to oppose the SIM +RAY method of testing
which utilizes Rayleigh fading. Furthermore, it is not acceptable to mix and match
diraction emulation and Raylelgh simulation testing, no matter whsat Paul Donahue is
purported to have said. | appreciste the hard work of the charscterization committes.
However, it is & fsct that the EIA has not gathered useful data from as many diverss
sites as was originally expected. [tis unclear whether or not the Sstt Lake City d&tis
will adequately represent urban sites such as Chicago snd New York. [t sppears that
the EIA has experienced significant problemas in reproducing-the acquired muitipath
data on the HP emulator and that, 2t this tme, no acceptable approach has been
demonstratad. USA Digital Radio has demonstrated & vizble FM IBOC solution in the
field in an aggressive urban test environmant, which no ather proponent has yst
accomplished. Inthe sbsence of en accurate emulation methed at this time, the issue
of the simulation is of great impertance. Theretore, | am writing this letter to outine
my arguments on the inadeguacy of the Rayleigh model in some detzil.

The principle of Rayielgh fading is based upon the observation of the envelope of 3
sinusoidal signal whose in-phase and quadrature companants are ndependent and
randomly distributed in phase. Cornesstons of this spproach is the invocation of the
well-known statistical Central Limit Theorem, by assuming that the RF channel can
be charactarized as having 8 large number of scattering reflectars of approximately
equal magnitude [S.Stein and J. Jones, Madarn Communication Principles. New York:
McGraw Hill, 1967, pg. 3551, Hence, Rayleigh distributions are often used 1o model
random backaround clutter in narrowband systems. It is widely known that the use




Mr. Andrew
October 20, 1884
Page 2

of ths Rayleigh distribution is unacceptsble where there is the presence of z
significant direct path, such as microwave digital point-to-point links. This slso
applies to situztions in which one or more of the scattering reflectors is much stronger
than the others, which would again contradict the Central Limit Theorem. However,
the proposed EIA approach utilizes Rayleigh distributions on &ll rays and in all
<cenarios, simply attenuating those reflectors which are considered lsss important.
The net effect is that even the strong specular paths, which are physicslly generated
by well-formed layer reflections, are modslled as diffuse clutter, which is clearly
inaccurate. The proper distribution for & direct path is the Rician distribution.

| also question the suggestion that the Rayieigh model is independent of frequancy.
Prapagation scattering is strongly frequancy dependent because of the varying ratio
batween tha carrier wavalength end the reflector (e.g., buildings, bridges) dimensions.
Statistically, this is manifested in the variance of the distribution of the amplitudes of
the reflected rays. This variance is directly effected by the Doppler shift, which is a
simple function of velocity. An equally important component is the path loss factor,
which is highly frequency dependent. Howsever, the EIA is utilizing the 300 MHz
Raylelgh model of the emulator end 2 frequency spread which is analytically
detarmined by only vehicle speed (i.e., equating spread and shift]. Therefore,
frequency independent scattering is implicidy assumed.

| have examined the candidata Rayleigh settings suppliad by the EIA and observed the
resulting multipeth impact on tones in the time domain. The resultng distortions do
not accurately reflect what | have chserved using tima domain instrumentation during
USA Digital Radio's extensive field trials in Chicago, particularly the rural highway
rural settings. The Rayleigh carmier phase changes are much repid than wers
observed, but the Rayleigh short-term envelope distordon is significantly less than
cbserved. Thisimplies that the Chicage muftipath environment is much more specular
{dispersiva) than the corresponding urban EIA data.

| agree with Mr. Justus that the comelation model of tha multipath emulator is not of
particular use. Howaver, that was not my.point. My srgument agein pertains to the
inadequacy of the Rayleigh model when widely disparate reflectors are present.
Consider the simple scenario whers there are thres dominant rays, two strang, short
reflectors in a city environment and a strong, long delay reflector due to a nearby
mountalnous region. In such an environment, the rays from the city reflectors will,
in most cases, expsrisnce closely related Doppler shifts, when compared to the
reflections from the mountains. Thus, in specular environments, it is crigcel to
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associate an appropriate Doppler spread with & specific ray delay and amplitude. In
anything other than a pure clutter environman, itis capricious to characteriza the full
Doppler spread for all rays end then arbitrarily distribute the shifts among the rays.

Sincerely,

fp.mf- 0 %

Darek D. Kumar




MEMORANDUM
RE: Response to further USADR inquiries on multipath simulation
TO: EIA-DAR Subcommittee and WG-B, testing

FROM: Robert D. Culver, VHF Channel Characterization

A letter dated October 25, 1994 from Jeff Andrew, accompanied by a letter dated
October 20-21 from Derek Kumar, has been received and circulated. It raises questions
that are the same or similar, to those that have been considered in previous meetings,
correspondence and memos, relating to the character of multipath propagation and the
proper application of multipath simulation. After consultation with Brian Warren of Delco
Electronics, the principal investigator in the Multipath Characterization project, | offer the
following responses to pertinent sections of the Derek Kumar letter.

Beginning in the second paragraph of the letter is a rather confused presentation
of the nature of a fading R.F. channel. The essential points of multipath fading appear
to be missing but would become clear upon reading any text with a good discussion of
the subject, like Modern Communications Principals. Any general consideration of
multipath propagation should alse consider the environment, physical structures and
geometries in which the proposed DAR systems will operate, the method by which the
ElA Channel Characteristic measurements were made and the operation of the Hewlett
Packard simulator. Those general multipath propagation points would be as follows.

The direct signal path, by itself without any additional path, is an AWGN (Additive
White Gausian Noise) channel. This "direct path” could also be provided by a reflected
path if it arrived without any other additional signal. In that case it would be modified by
the reflector properties. The "direct” path has a log-normal probability distribution with a
“slow” characteristic, meaning that it's fading events are generally widely separated
(greater than 20 wavelengths). In this relatively benign channel, without muitiple
propagation paths, there is no challenge presented to a properly designed receiver with
appropriate parameters, such as sensitivity and AGC.

The direct path signal is received at a certain "phase” at each instant in time. The
phase reference can be arbitrarily chosen at some point along its propagation path, most
likely at the transmission source. With no other path from any other source or reflection,
the phase has no effect on the received signal amplitude. It does, however, have




properties important to understanding the fading channel. If the receiver, the transmitter
(and a reflector generating the one and only path) are all stationary, then the received
signal is a constant amplitude phasor with a constant phase rotation representing the
carrier frequency. Atany given instant in time its phase (relative to the arbitrary reference
cited above) will be between 0 and 380 degrees with an equal probability of any phase
value within that interval. The first important property is that the signal phase has a
uniform probability distribution.

When motion is added anywhere in the path, a Doppler component is added. If,
for example, the receiver moves toward the signal source, the phasor appears to rotate
faster. With movement away from the source the rotation is slower. This is the familiar
Doppler frequency shift. If the motion is at any other angle, the shift is determined by the
trigonometric relationship of the motion vector relative to the direction of signal arrival.
For example if the motion is tangential there would be no shift. This presents the second
important property, that the phase of the arriving signal, in a transmission path with
motion, contains a Doppler component of the transmitted frequency. From this it follows
that if the motion of a receiver relative to the propagation path is at an arbitrary angle and
within an area of randomly located reflectors, a uniform probability distribution of possible
angles of reflection arrival and relative velocities between receiver and reflectors results.
Then the received Doppler shifted frequency will have a probability distribution based on
the trigonometry to each individual reflector, but it will be randomly distributed and within
the range equal to plus or minus the maximum possible Doppler frequency.

With the addition of a second propagation path, in addition to the properties cited
above, the signal phase now begins to affect the recovered R.F. signal amplitude. Like
the first path the reflected second path, in itself, follows an AWGN log-normal slow fading
characteristic. In addition the sum of the two signals at a receiver also follows AWGN
fading. However, when two delayed signals are combined (and they combine only ina
receiver antenna or other conductor, not is space) a new property is generated. The
relative phase of the two signals at the point of combining can change very rapidly, up
to 360 degrees relative shift for 180 degrees of relative motion for one object (Double or
more reflections of moving objects can cause faster shifts). This relative phase shift is
much faster than the change of the AWGN fading signal and introduces the received
signal reinforcements and cancellations found in multipath propagation. An interference
pattern is set up in the reception area through which a receiver can move encountering



fluctuating signals.

This concept is visually displayed on the graphs atiached to this memorandum.
One fundamental property is that the closer the two combined signals are in amplitude,
the greater will be the fluctuation. With equal amplitudes the maximum increase is double
voltage with a maximum cancellation to zero voltage. Both graphs were calculated for
two signals of equal amplitude and with a frequency scale calculation interval of 100kHz.
The first graph was calculated at points of total path delays of N+0.5 wavelengths
(3.0+1.5 meters at 100 mhz with C = 3.0 x 10° M/S). ltillustrates the effect of increasing
total path delay at the null centered on 100mHz. The initial broad null narrows with
increasing delay and additional nulls are generated (the Comb Filter effect). The second
graph is calculated with a delay interval of 0.1 meters, now revealing the alternate
reinforcement and cancellation as delay is increased, and also revealing the change in null
spacing at lower and higher frequencies. This visual representation should help in the
understanding of the frequency domain consequences of adding time domain signals, the
method by which the Hewlett Packard channel simulator operates and, | hope, display the
difficulty of transforming from frequency domain back to time domain.

That difficulty arises because it only requires the combination of two signals, as
ilustrated, to create frequency domain effects over wide latitudes (really an infinite
theoretical range). A frequency domain effect observed over a relatively narrow range will
not disclose the unique time domain properties which created it. It is only possible to
estimate the time domain values of relative signal level and delay based on null
percentage width and depth, and then only when enough distance and frequency
resolution precision is used to find and measure the center of the null.

At this point of studying multipath propagated signals, the Central Limit Theorem
can be applied by adding more reflectors. As the number of reflectors approaches
infinity, the Rayleigh probability distribution results. The mean and distribution of the
Rayleigh statistics is determined by the amplitudes of the reflectors. The fast muitipath
Rayleigh distribution plus the slow "direct” or line-of-sight path log-normal distribution
yields the Rician distribution. For many receivers the identification of a unique "direct
path" separate from the reflectors is irrelevant and the composite Rician distribution is not
always discussed.




For our multipath simulation task the important practical consideration when
applying the Central Limit Theorem is that the number of samples need not be taken near
infinity before the distribution function is valid. The Rayleigh distribution is well
represented by an ensemble of six signals. In Mobile Communications Engineering Lee
explains that a reasonable approximation of the Rayleigh distribution can actually be
generated with only two reflectors (three paths total)l This is the reason that Hewlstt
Packard offers its multipath simulator with a total of six channels, in some models with two
groups of three, to which Rayleigh distribution characteristics can be applied. The
simulator creates the frequency domain simulation by using a relatively few fixed
reflectors, with assigned amplitudes and delays.

Without adding any variation these fixed reflectors would be, by definition, classified
as "Specular”, the reflacted signal would remain constant with time (distance moved) or
“coherent”. Adding the Rayleigh distribution to the parameters "Diffuses” the reflections.
Without using the Rayleigh distributions on the doppler and attenuation parameters of the
simulator the resulting simulation would appear to be that of a receiver moving at the
constant relative Doppler frequencies but without changes in reflection amplitude or delay
that would accompany motion among refiectors. In other words the receiver would have
velocity but no motion! The inclusion of Rayleigh distribution in the Doppler and
aftenuation parameters gives some variability to those parameters, moving the simulation
further away from simulating a coaxial cable toward simulation of a moving receiver.
Generally, the industry appears to widely support the use of Rayleigh distribution for this
channel simulation by their support and use of this simulator. The attempt to deny the
applicability of the Rayleigh distribution for this testing should be rejected. It has been
accepted by this test group, and industry, as a good model for expected field conditions.

From the derivation of the Rayleigh distribution, it is evident that it is independent
of frequency. The mean and variance of the distribution change with the amplitudes of
the reflectors and they can change (slowly and continuously) with frequency. The GSM
data is an appropriate approximation of that environment and the VHF Channel Test data
from Salt Lake City determined the amplitude of the reflections in that general
environment. The Rayleigh distribution files used in the laboratory DAR tests were
generated based on the anticipated Doppler frequencies and applied to the measured
VHF reflection amplitudes.



Another important point is that the reflectors are chosen to be completely specular.
Two or more discrete reflectors could be perceived as a single diffuse component, but
only if they are placed closer than the inverse of the receiver bandwidth. This is not the
case. The Channel Characterization measurements could only resolve individual
reflectors separated by a minimum reflection time and the Hawlstt Packard simulator can
only be programmed with six channels (reflectors). The Raleigh derivation also shows

that the nature of the reflector profile, whether it is specular, diffuse or "widely disparate”
is irrelevant.

The only remaining step is the choice of the proper Doppler frequencies. These
must be applied to each reflector independently according to the uniform distribution of
frequencies described above and dependent on apparent velocity. The frequencies are
independent because they are related to independent reflectors at independent locations
with independent path geometries. An interesting consequence is that, because the
relative signal phases can change as fast as 360 degrees for 180 degrees of relative
motion, the receiver can not differentiate the phase effect between two nearby and close
spaced buildings, for example 20 wavelengths apart, and one nearby building and a
mountain thousands of wavelengths away. The two close spaced buildings could have
similar Doppler frequencies if the two path geometries are similar, but this does not add
an unacceptable bias to the environment. | suggest using a mathematical modeling
program such as MatLab to simulate and study this.

In summary, the single mostimportant difference between the laboratory simulation
and field operation is that the lab test has a bias toward the more difficult multipath
environments, those that were isolated as difficult environments in the VHF Channel
Characterization measurements. This is not to say that a multipath simulator makes
impossible fading scenarios, but rather that it presents realistically difficult scenarios more
often. This is appropriate for testing systems under a challenging condition. Systems
that have a problem, even if it were to occur over a relatively small percentage of
reception times or areas, will be readily identified in the relatively short lab test. The field
tests conducted on the systems would have to be overly extensive and proportionately
more costly to discover those serious but potentially infrequent difficulties. The field tests
will be the final check but the lab tests are the conirolled efficient performance testing
environment.
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MNovember 18,, 1994

Mr. Jelirey 5. Andraw
Project Manager
LiSA Digital Radio
332 South Michigun
Suite 610
Chicago, TL (60604
Re: USADR letter of October 23, 1994
Dear Jetf,

Some of the technical issaes you raised in your October 23, 1995 correspondence (IDerek
Kumar attached letter of Getober 21, 1994) are discussed further in the caclosed
memorandum from Robert Culver, "These malters received considerable discussions at the
DAR & DAD Subcommittce meetings November 3rd. It appears that either mis-
communications or misunderstandings are oceurring or that there may be a lundamiental Juck
of technical knowledge zhout VHY channel characterization us it applies to DAR system
lesung.

In any case, the Subcommitices would benefit from clear, concise 2nd supporiabie technical
disgussions about channcl characterization and the derivation and relevance of parameters
used 1w simulise the multipath phenomena. The November 3 mectings charged the Channel
Characterization Task Group to prepare a comprehensive report discussing ils
recommendations and Lo include that as an Appendix to the Test Data Report. A Strawman
draft report will circulate in the coming weeks for review prior to the next Task Group
meeting. | encourage substantive technical participation in those meetings by representatives
of USA Digital Radio. The reasons for your continued concerns might be better understood
discussed and addressed by experts in the field. If a consensus technical understanding
cannot be attained, | suggest drafling a complementary technical report stating with
particularity the facts, circumstances and supporting documentadon that may justity
alternative views. The intent would then be (o provide the test repord reader with adequate
information to make their own informed judgmenty as to the relevance of test data, Please
contact Bob Culver (301-776-4488) 10 cnsure that the proper USADR reprosenfatives are
iocluded in meetng annguncements.

E

(n an administrative matter, should you wish (0 have topics included on meeting agendas in
the future, it will greatly help if you could discuss their inclusion with staif and the
Chairmen well in advance of the meetings, We generally strive 1o have meeting




Mr. Jefirey Andrew
November 15, 1994
Page two

announcements and agendas mailed 3-4 weeks prior to meetings. Others (including
yourselves) have expressed concerns that a subject was discussed that they would liks 10 have
participated in but dig not attend the mecting based on the proposed (nmiled) apenda subjects.
Fviould like 10 sccommindate requests for advanced mailing of material if enough lead time is
available, In fairness, please help us plan ahead (4 weeks) w0 add subjects to the agenda.

If you haye any other questions, please call me at (202) 457-8716.

Sincerely,

AL LT

Ralph M7 Justus
Director of Enginezring

Enclosurs

ces Randall Rrunts
AidiTed Resnick
John Marino
Thomas Keller
Robent Calver
Brian Warmren
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