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1. Introduction

The IEEE Vehicular Technology Society (VTS) Propagation
Committee has been asked by TIA TR8 WG-8.8 Technology
Compatibility Committee to contribute to the development
and adoption of standard two dimensional (2D) and three
dimensional (3D) propagation models for use in mobile wire-
less system design and frequency coordination. Toward this
end, it was decided that comparison testing of different 2D
propagation models would be carried out to determine which
model offered the best match to existing measurement data
contained in the ESSA reports referenced in [1] and [2].

EDX volunteered to conduct this testing and asked par-
ticipants at the December VTS Propagation Committee
meeting to submit alternate models to test. Six alternate
models were submitted - two from Motorola and four from
EDX. In all, nine different models were tested against the
measurements.

This report sets forth the conditions of testing, the statis-
tical results of the testing, and recommendations based on
those results.

2. Testing Parameters
2.1 Propagation Models
The following nine propagation models were tested:

1. Free space + Epstein-Peterson diffraction (proposed by
EDX)

2. Free space + Edwards-Durkins diffraction (proposed by
EDX)
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3. Free space + ITU-modified Deygout (proposed by EDX)

4. Hata/Davidson + Epstein-Peterson diffraction (the ex-
isting model in the WG8.8 report)

5. Hata/Davidson + Edwards-Durkins diffraction (pro-
posed by Motorola)

6. Hata/Davidson + ITU-modified Deygout (proposed by
Motorola)

7. TIREM-EDX (used here as a benchmark)

8. Longley-Rice v.1.2.2 (used here as a benchmark)

9. Anderson 2D v1.00 (proposed by EDX)

For models 1 through 3, the free space model is simply
the free space path loss equation with up to 6 dB additional
loss if the 0.6 first Fresnel zone is partially obstructed
anywhere along the path. This path loss is added to obstruc-
tion loss as calculated by the Epstein-Peterson, Edwards-
Durkins, or modified Deygout formula. The Epstein-Peter-
son and Edwards-Durkins algorithms for finding additional
loss due to obstructions have previously been presented in
documents to WG-8.8. The modified Deygout formulation is
described in Document 3J/16-E dated November 1, 1996
submitted to the ITU-R in response to Question 202/3.

For models 4 through 6, a description of the operation of the
Hata/Davidson portion of the model can be found in the current
WG-8.8 Report. For obstructed paths, loss computed by this
method is added to obstacle loss found using the Epstein-Pe-
terson, Edwards-Durkins, or modified Deygout method.

The Longley-Rice model is described in reference [3]. The
TIREM model is described in reference [4].

Finally, the Anderson 2D model is currently unpublished.
An outline description is provided in Appendix A.

2.1.2 Propagation Model Implementation Issues

For two models - the Edwards-Durkins and the modified
Deygout - some arbitrary implementation decisions were
required. If was found that with the Edwards-Durkins
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model that the intersection of the slope lines could some-
times occur at a point before the first obstacle distance or
after the last obstacle distance. This particularly occurred
if the slope line was flat due to two successive obstacles
being the same elevation. For such cases, an arbitrary
decision was made to place the “virtual” third obstacle at a
location midway between the two end point obstacles with
a height equal to the height of the slope line intersection.

For the modified Deygout method, if the parameter v is
greater than -0.78 for the principle obstacle, then two sec-
ondary profile segments are identified and v values com-
puted for these secondary segments. However, for values of
v less than zero, the path still clears the principle obstacle
so the dilemma is what obstacle height to use to find v for
the secondary paths - the actually height of the principle
obstacle or the height of the path as it crosses above the
principle obstacle. For the studies done here the former
assumption was made.

No implementation ambiguities were found with the
other models.

2.2 Terrain Data

As mentioned in the introduction, the models were tested
against measurement data for all the paths listed as not
“concealed” in the McQuate et. al. Reports Part I, IT, and 11,
and in Part V of the Report authored by Hufford. Both the
30 meter and 3 second terrain elevation databases where
used for the testing. Even though the 30 meter data is not
available for the entire U.S., for the particular areas where
these paths lie, 30 meter data is available for essentially all
of it. The only paths that required a mixture of 30 meter and
3 second terrain data are:

R1-50-T4 R1-80-T3
R2-120-T3 R2-50-T50 R2-120-T2 R2-80-T1  R2-80-T4
T4-080-R5 T4-080-R6

However, for comparison purposes, the tests were also
done using 3 second data only since this data is complete for
the entire U.S. and more accessible to frequency coordina-
tion organizations.

Terrain elevation values were found along each test path
along the great circle route between the transmitter and
receiver. The spacing of the points was set to comply with
the current WG-8.0 point spacing criteria of 0.5% of the path
length or 0.2 km, whichever is smaller. Within the terrain
elevation data grid, linear interpolation among the four
surrounding corner points was used to establish the eleva-
tion at a given terrain profile point.

2.3 Groundcover Data

Using the location of the transmit and receive point, the
groundcover code for each was determined from the LULC
database using the categories in Table 12 of the current
WG-8.8 Report. Most locations had groundcover codes for
agriculture or open land resulting in no local clutter correc-
tion to the calculated path loss. Some locations were deter-
mined to be forest or residential based on the LULC data-
base. However, in the NBS Report a distinction was made
between antennas which were “in the open” or “concealed”;
i.e. immersed in the local clutter. Only “in the open” paths
and measurement results were used here. This would imply
that no local clutter loss correction should be used. To be
complete, therefore, results for path loss predictions are
presented both with and without corrections for local clutter
loss based on the groundcover code in the LULC database.

2.4 Antenna Heights

For measurement data from Parts I, II, and 111, to match
the usual measurement conditions, the transmit antenna
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height was set at 6.6 meters above the ground elevation as
determined from the terrain database. The receive antenna
height was set at 2 meters above the ground elevation as
determined from the terrain database the corresponding 2
meter receive height measurement data was used where
available.

For Part V measurement data, the transmit and receive
antenna heights are explicit given for each measurement path.
In general, the height of both the transmit and receive anten-
nas was greater than 10 meters above ground, making the
results less indicative of mobile operations as compared to Part
I, II, and III data. To isolate results for the usual mobile
conditions, comparison results for only those paths with 2
meter receive antenna heights were separately calculated.

2.5 Polarizations

The measurement data used here was taken using hori-
zontal polarization. For mobile radio operations, vertical
polarization is almost exclusively employed. For free space
conditions, of course, there is no difference in propagation
between the two polarizations.

For line-of-sight paths with ground reflections, the magni-
tude and phase of the reflection is affected by conductivity and
premittivity of the ground, the angle of incidence and the
polarization. For low angles of incidence for ground reflections
on most paths, the magnitude and phase of the reflection is
comparable for horizontal and vertical polarizations.

For obstructed paths, theoretical knife-edge diffraction is
the same for both polarizations. Field results also have
generally shown that no significant difference is observed
in path loss when comparing horizontal and vertical polar-
ized waves.

Based on this reasoning, it is assumed that the horizontal
polarization comparison results presented here as indica-
tive of the model success which will be realized using either
vertical or horizontal polarization.

3. Study Results

A statistical summary of the path loss prediction results
versus measurements is shown in Tables 1 through 9 on the
following pages. Each of the Tables 1 through 9 correspond-
ing to different terrain and ground cover database usage,
and different antenna heights, as listed at the top of the each
page. Each numbered table is divided into 3 parts - A, B and
C corresponding to the overall results, the results for line-
of-sight (I.OS) paths and the results for non-line-of-sight
(NLOS) paths.

The tests were done for all 7 frequencies used in the ESSA
measurements ranging from 230 MHz to 9190 MHz of Parts
I, IT, and III, and from 76 and 8395 MHz for Part V data. If
no measurement value was available for a given path,
frequency, and antenna height, no model calculations were
performed. All the models in the test were capable of pre-
dictions over this frequency range except those using
Hata/Davidson. The Hata/Davidson formula has an upper
frequency limit of 1500 MHz, so it was originally intended
that the statistical results only be compiled for the frequen-
cies less than 1500 MHz. However, given the possible appli-
cation of the methods in the WG8.8 Report to PCS frequen-
cies, it was decided to include 1846 MHz in the statistical
comparisons. Frequencies above 2000 MHz were not in-
cluded in the statistical analysis even though the model
calculations were done for these frequencies.

While attempting to use the Part III McQuate data, a
difficulty was encountered due to the fact that the coordinates
for the common receive site on Table Mountain are not listed
anywhere in the McQuate document. Having these exact coor-
dinates are critical to the using Part III data. A call to ITS
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produced a coordinate pair but upon run the evaluating the
Part IIT paths, several paths where found to be obstructed
which is not consistent with the intent of the measurement
set. This called into question the accuracy of the coordinates
or some other element of the study which could not be
resolve before this report was due. As a result, the study
result values in Tables 1 through 8 are for all the data except
the Part III data. Table 9 is for all Part III data only.

4. Discussion

The models evaluated here fall into two basic categories
- physical models such as those with the free space compo-
nent and the Anderson 2D model, and the hybrid models
which combine the Hata/Davidson empirical path loss cal-
culation with an additional algorithm for predicting shadow
loss for obstructed paths.

In general, the Hata/Davidson models perform very well
for LOS situations which is consistent with the anecdotal
evidence from engineers who have successfully used this
model for system design. For NLOS cases, these models
consistently over-predict path loss with an associated in-
crease in standard deviation. Hybrid models which combine
an empirical path loss equation with obstacle-specific losses
and local clutter losses are to some extent “double counting”
losses due to terrain and clutter. The over-prediction of path
loss and the higher standard deviations when compared to
the physical models are a manifestation of this double
counting.

Conversely, the physical models tend to consistently un-
der-predict path loss, especially in the case of the free space
models, even though very good standard deviation figures
are often achieved. Physical models also improve with im-
proved descriptions of the propagation environment. The
Anderson 2D model is the best overall when standard de-
viation and mean error are considered.

The models involving the modified Deygout formula-
tion were the worst performers. Careful attention was
paid to the implementation of this model to insure that it
was constructed as described in the reference. That fact
that it over-predicts path loss can to some extent be
attributed to the low rolling terrain for most of the study
paths. The Deygout model apparently is more successful
on paths with distinct, isolated obstacles where the no-
tion of “principle” and “secondary” obstacles may have
some meaning. Also, the modified Deygout model has a
built attenuation of approximately 7.3 dB to adjust the
mean loss to best match a measurement set developed in
Great Britain. In general, adding fixed path loss factors
of this type is a very poor modeling strategy. Consider,
for example, two paths. One has a v value of just greater
than -0.78, and the other has a v value of just less than
-0.78. The paths are essentially identical and should
therefore have nearly identical path losses, yet the one
with v just greater than -0.78 will invoke the modified
Deygout algorithm with its 7.3 dB loss irrespective of any
other path characteristics. Having this artificial discon-
tinuity in path loss is physically implausible. Because of
its demonstrated poor performance with the test data,
and the fundamentally unsound construction of the algo-
rithm, the models using the modified Deygout algorithm for
shadow loss are regarded here as not acceptable.
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Frequency range: 30.0 MHz to 2000.0 MHz
Terrain: 30 meter + 3 sec data
Groundcover: no groundcover data

TABLE 1A
Total number of points: 1392
MODELS TESTED Errors: Ave: S.D.: Worst:
Free space/E-P -8.9dB 12.1dB -66.1 dB
Free spaceiEfBW B -10.6 dB 12.0dB’ -66.1dB
Free space/Deygout 8.7 dB 17.1dB 71.3 dB
Hata-Dav/E-P 39dB| 15.1dB’ 88.6 dB.
Hata-Dav./E-D 2.2dB 13.6dB 87.9dB
Hata-Dav./Deygout 23.9dB 21.8dB 108.9 dB
TIREM-EDX -9.4dB 15.0dB -63.6 dB
. Longley-Rice v.1.2.2 -3.1dB| 114dB 72.9dB|
i' Anderson 2D -5.7dB| 10.8dB -63.2dB"
TABLE 1B
Total number of points: 567
MODELS TESTED ,,: Errors: Ave:| SD‘ ~ Worst:
Free space/E-P -4.8 dB 12.1dB -66.1 dB
Free space/E-D -4.8 dB 12.1dB -66.1 dB
‘ Free space/Deygout 2.2 dB 13.1 dB 55.8 dB
Hata-Dav./E-P -4.6 dB }0.6 dB%_ 6737.72"dB
Hata-Dav./E-D -4.6dB 10.6 dB, -63.2dB
Hata-Dav./Deygout 81 ,dB o 14.5 dB_ _ b35 dB
TIREM-EDX [7dB 13.0dB 63.6 dB
Longley-Rice v.1.2.2 -6.3dB 10.5 dB 68.1 dB
Anderson 2D -7.3dB.  10.7dB 63.2 dB
TABLE 1C
Total number of NLOS points: 825
MODELS TESTED Errors: Ave: _ S.D.: ] 7Wioﬂj
Free space/E-P -11.8 dB 11.2dB| -49.7 dBﬁ
Fr(ie space/EﬁD - -14.6 dB 10.3 dB -49.7 dB
Free space/Deygout 13.2dB 18.0dB: 71.3dB
HataPaY{EP o 9.8dB 14.9dB 88.6 dB
Hata-Dav./E-D 7.0dB; 134dB_ 87.9dB|
Hata-Dav./Deygout 34.8 dB 19.1dB 108.9 dB
TIREM-EDX -16.3 dB 12',0 dB - -49.7dB
_ Longley-Ricev.12.2 ~8dB| 114dB 729dB
Anderson 2D -4.6 dB 10.8dB, 51.7dB|
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