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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



pr'.d..{_éﬂJéJj ﬂ'f‘{,_,/ ff‘
,ﬂﬁx:*-;y"’,L—.f
Svftcess Aee G

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.
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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
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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,
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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




L-1.6

Erecrrosic [worsTrIES ASSDCIATION
22 oI I Consumer.Eiecteonics GRouPti--="

2001 Pesnsyfeania Averne, NiE » Wabingon, DO 2NME-1813, US4

o

Phone: (302 3578700 = FAN: (T02) 4574955

Appandix 3

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
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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
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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

B Mecoamon
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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Figure 1: Typical scattering diagram for an urban environment




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

00)33USADR
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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
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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




Mir. Andrew
October 20, 1324
Page 3

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






