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ABSTRACT This paper presents an overview and novel method on inter-radar interference analysis based on
propagation models and radar beam-scanning scenarios. Many studies on radar interference have provided
proper methodologies and recommendations for system safety, coexistence, and higher spectrum utilization.
However, the propagation models and radar beam-scanning scenarios have not given detail consideration
because they usually focus on the proposed interference mitigation techniques. This paper provides a
statistical interference analysis method to understand selection of propagation model and various beam-
scanning scenarios on the radar interference. The time, duration, probability of the worst-case interference
and expected performance degradation is presented statistically. From the simulation result, the maximum
gain alignment under 1 degree between two radar occurs with 1.82×10−5 probability in an example scenario.
The proposed simulation and analysis method can help to derive radar operational parameters for interference
mitigation and efficient spectrum utilization.

INDEX TERMS Radar interference, radar simulation, electromagnetic propagation.

I. INTRODUCTION
Most radiodetermination and radiolocation radar systems
operate under limited bandwidths and licenses because a
high-power and pulsed transmitted signal can significantly
damage other wireless transceiver systems. However, the
demand for high-performance and wide-coverage radar
systems is increasing continuously because of new threats and
events in the real world, such as unmanned aerial vehicles for
airport surveillance radar and unexpected torrential rains for
weather radar. Increasing the performance and coverage of a
radar system increases its transmission power and bandwidth,
which may interfere with other radio systems. To prevent
interference between various radio systems, criteria and
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procedures are presented to analyze and predict for the
coexistence of various radio services.

For radiodetermination radar system, ITU-R M.1461-2 [1]
recommended procedures for determining the potential
interference and it noted that the effect of pulsed inter-
ference is difficult to quantify and strongly dependent on
the receiver/processor design and operating mode. ITU-R
M.2136 [2] provided theoretical analysis and test results
pertaining to the determination of relevant interference
protection criterias (IPC) of ground-based meteorological
radar with the key objective of establishing the maxi-
mum interference level. ITU-R M.1849-2 [3] discussed
the effects of interference on meteorological radar and
developed related IPCs. In addition, a theoretical analysis
was presented on the effect of continuous wave (CW) and
pulsed interference upon weather radar products as a function
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of the interference-to-noise ratio (I/N). These criteria and
procedures need proper selection of radio propagation model
for accurate analysis.

Radio propagation model determines the path loss of
a signal between two points, considering various environ-
mental factors such as the terrain, the weather, and the
propagation conditions. For example, Moraitis et al. [4]
analyzed interference using ITU-R P.452 model for LTE
network and air traffic control radar for partially light urban,
sea, and open area. Similarly, [5], [6], [7], [8] utilized P.452
model by considering operating frequency, terrain type and
time-percentage of the case. [7], [9] used ITU-R P.2001
because of delta Bullington diffraction model, and [10],
[11] adopted Irregular Terrain Model (ITM). In case of
urban area, Extended Hata propagation model are used
in [12] and [13].

However, as noted in [1], [2], and [3], The interference
signal power is not determined by only the propagation
model and path loss. To accurately estimate the victim’s
interference signal, the following parameters are required:
The transmission power of the interferer, antenna scan
patterns of the interferer and victim, frequency-dependent
rejection (FDR), and propagation loss between them. The
transmission power and FDR are determined values, but the
propagation loss may vary between models and the antenna
scan patterns are easily adjusted by the operator.

In this context, interference studies provided limited results
with a single propagation model and limited antenna scan
scenario. For example, in the coexistence study between
LTE-U and shipborne radar, the authors used extended
Hata model and assumed that antenna to be fixed in [13].
However, in [14], free space path loss model is adopted
when analyzing interference between LTE-U and rotating
shipborne radar. Recent radar interference studies [15],
[16], [17] analyzed on performance degradation of victim
system, and the interference power is assumed to be
enough to exceed the protection level. In [18], radar-radar
coexistence is analyzed with free space path loss model and
a synchronized scanning scenario. Similarly, passive bistatic
radar detection performance is analyzed with fixed antenna
patterns and free space path loss model in [19]. Therefore,
it is difficult to verify the importance and difference of
propagation models or beam scanning scenarios from a radar
literature.

The motivation of this paper is to provide comparative
interference analysis method and result based on various
propagation models and scenarios for inter-radar interference
cases. Interference analysis with different propagation model
can provide environmental understanding, and with beam-
scanning scenario, it can be utilized to determine radar
operational parameters.

The main contribution of this study can be presented as
follows:
• An inter-radar interference simulation and analysis
method is presented to examine the significance of
propagation models and radar beam scanning scenario.

TABLE 1. L and S bands radio propagation models.

• Interference analysis with various propagation models
will help to understand and select proper propagation
model for the scenario.

• The power, duration, time and probabilities of inter-
ference signal with given criteria can be analyzed
statistically.

• The statistical results of interference analysis with var-
ious scenarios will help to determine radar operational
parameters and scanning method.

• The method proposed in this paper is applicable to radar
systems in other frequency bands such as X-band and
C-band with other propagation models.

The rest of the paper is organized as follows. Section 2
presents propagation models for inter-radar interference
analysis as well as path loss examples. Section 3 presents
interference analysis methods and simulation results for
different radar beam-scanning scenarios. Finally, Section 4
concludes the paper.

II. PROPAGATION MODELS FOR INTER-RADAR
INTERFERENCE ANALYSIS
This section presents considerations for propagation mod-
els for inter-radar interference analysis. As mentioned in
Section I, the choice of the propogation model and parameter
selections are crucial in the radar interference problem.
We reviewed the propagation models for L and S band radar
systems and selected the proper models for the interference
analysis.

A. PROPAGATION MODEL CANDIDATES
Table 1 lists the propagation models considered for
inter-radar interference analysis in the L and S bands
from 1 to 4 GHz: ITU-R P.452, ITU-R P.528, ITU-R P.617,
ITU-R P.530, ITU-R P.2001, and ITM (Longley-Rice). The
major criteria considered for the selection of propagation
models were the applicable frequency, distance, link type,
purpose and services, and statistical input data, such as the
time percentage and variability. We limited the scope of the
analysis to fixed radars on the ground, the L and S frequency
bands, and inter-radar interference only. These limitations
excluded P.528, P.617, and P.530. P.528 was not compatible
because this model considered radars on a moving platform
such as aircraft or ships. P.617 focuses on trans-horizon
radio transmission path losses, which are from diffraction and
tropospheric scatter rather than topographic data. This model
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FIGURE 1. Three steps of topographic data generation in South Korea for
path loss calculation.

is only applicable to some over-the-horizon radars and not
to general L and S band radar systems. Similarly, P.530 is
designed only for line-of-sight (LOS) systems, but inter-radar
interference can occur between non-line-of-sight (NLOS)
systems. P.452, P.2001, and ITM were suitable propagation
models for this study considering their design objectives and
environmental input data.

B. PATH LOSS CALCULATION IN SOUTH KOREA
The selected propagation models requires the latitude and
longitude of the Tx and Rx stations and the path profile
between the two points to calculate path loss. In order
to calculate the path loss using these three models, the
path profile format is defined as the elevation (m) for the
distance (km) away from the transmitting station. However,
the TM data is a data format for accurately modeling the
topography in a grid structure in Korea, not a latitude-
longitude coordinate system. Therefore, it is required to
match the TM topographic data with the latitude-longitude
coordinate system. This process corresponds to first and
second block of Fig. 3.

1) PROFILE EXTRACTION IN SOUTH KOREA
South Korea topographic database are provided by the
National Geographic Information Institute of Korea and
released to the public in 2014. This database uses the
transverse Mercator (TM) coordinate system and has a
resolution of 90 m. The database also provides statistical
information for reference and has a maximum error of
−23.46 m, minimum error of 0.00 m, mean error of−0.70 m,
and standard deviation of 4.77 m. Fig. 1 shows the method
used for terrain profile extraction, which comprises three
steps: (1) converting the latitude/longitude of the transmitted
(Tx) and received (Rx) data into a coordinate system that
conforms to the Korean TM data format; (2) forming a
straight line connecting two points on the TM data and
extracting the profile from the desired number of samples
using interpolation; and (3) expressing the extracted profile
in one dimension as a height versus distance matrix.

TABLE 2. Calculated path loss results for four cases in South Korea. The
time variability of ITM is set as 0.01.

Fig. 2 shows the profile extraction results for four
arbitrarily selected cases in Korea. For cases 1 and 2, LOS
profiles were selected. For cases 3 and 4, NLOS profiles
were selected. Cases 1∼4 had distances d of 76, 33, 108, and
103 km, respectively.

2) PATH LOSS RESULTS AND DISCUSSIONS
For the propagation models, the basic inputs were entered
as recommended for the corresponding region in Korea. The
most important input variables for path loss calculation are
the time percentage p and profile. The time percentage is
defined as the proportion of average years in which the
predicted basic transmission loss is not exceeded, and it was
set to two values: 0.01 and 0.5. The path loss was calculated
by using the profiles of the four cases shown in Fig. 2. Table 2
present the calculated path losses for the profiles.

The path loss tended to increase as the time percentage
increased. A high time percentage indicates a received signal
power that can be obtained with a high probability most of
the time. In general, the propagation level fluctuates because
of several factors such as fading and weather. Owing to
the temporal variability of the received signal power, a low
received signal power is generally obtained with a wide time
domain. In other words, a wide time domain corresponds to a
high time percentage. Therefore, a high path loss corresponds
to a low received signal power. A low time percentage
corresponds to the opposite of the situation explained above.

P.452 and P.2001 are very similar models, and they were
designed to give the worst-case path loss for interference
analysis. In contrast, ITM provides a more theoretical path
loss for wireless links that accurately reflects factors such as
the reflection and diffraction of electromagnetic waves due
to topographical factors. Therefore, P.452 and P.2001 always
gave a lower path loss for all cases than ITM. A low path loss
means a high received signal power, which corresponds to the
worst-case interference for the victim radar. In addition, for
ITM, the path loss became very high in the NLOS cases. This
means that ITM calculated the path loss of the terrain profile
based on the electromagnetic diffraction theory. In both cases
3 and 4, a very complex mountainous terrain was between
the radio links, and only a diffraction path was created.
These diffracted waves caused very large propagation
attenuation.
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FIGURE 2. Profile extraction results in four cases including LOS and NLOS cases.

FIGURE 3. The block diagram of proposed interference simulation
method.

III. INTER-RADAR INTERFERENCE ANALYSIS
A. METHODOLOGY
The proposed analysis starts from a recommendation that
describes the procedure to estimate the interference power
level between two radars from ITU-R M.1461-1 [1]. The
recommendation describes the received interference power at
victim radar with following equation:

I = PT + GT + GR − LT − LR − LP − FDR (1)

where PT is the transmitted power from the interferer radar.
GT is the antenna gain of the interferer radar, and GR is the
antenna gain of the victim radar. LT is the insertion loss of the
interferer radar, LR is the insertion loss of the victim radar,
and LP is the propagation loss calculated previously. FDR is
determined by the receiver selectivity. ITU-R SM.337 [20]
defines FDR as follows.

FDR = 10 log10

( ∫
∞

−∞
8(f )df∫

∞

− inf()ty8(f )9(f −1f )df

)
(2)

The proposed method focuses on the fact that the
interference signal power varies with time because both the
interferer and victim radars rotate antennas independently.
The rotations of the interferer and victim radars change their
effective antenna gains for the interference signal path as

a function of time and random alignment. The change of
antenna gain in direction to each other can be modeled as
the antenna mutual gain as described by ITU-R M.1372 [21].
By substituting the transmitter and receiver antenna gains for
the mutual gain MG(t), the equation becomes a function of
time.

I (t) = PT +MG(t)− LT − LR − LP − FDR (3)

In case that the radar systems and frequency bands are
known, the LP and MG(t) are two major factors that affect
the interference power level. Therefore, a simulation program
to generate time-varying mutual gain MG(t) for any radar
beam-scanning scenarios with various propagation model LP
is developed and utilized in this paper. The objective of
the simulation was to check whether the interference signal
exceeded the power thresholds of IPCs for specific beam-
scanning scenarios and analyze statistically.

Most standards and recommendations on radar interfer-
ence provide IPCs for victim radar systems in terms of I/N,
S/I, or S/(N+I), where I is the interference, N is the noise, and
S is the signal. The effects on victim radar will vary based
on the modulation type of interference signal and victim
receiver. In this paper, we assume that the interference signal
is received like wide band noise or CW, which will increase
noise level. In reality, linear frequency modulated signals
are more likely to be received by victim radar because of
the compression gain. In this paper, we set the scope of the
analysis to the worst-case interference signal, which is a high
power CW interference signal is received for all receiver
operating time. The effect of modulation and waveform
of victim and interference signal will be investigated in
the future work. Thus, to protect radar from interference,
the interference signal should not exceed a certain power
level relative to the receiver noise. In this study, we used
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FIGURE 4. Examples of L and S band radars. (Left) Raytheon ASR-10SS,
(Right) Indra PSR.

FIGURE 5. Far-field radiation patterns of interferer and victim radars
generated from EM simulation.

an IPC of I/N = −6 dB as in other literatures [8], [22].
An interference signal that exceeds an IPC will degrade the
radar performance in terms of the maximum detection range
or detection probability. The expected radar performance of
radar with given SNR are presented in [23] and [24] and
referred in below equation 4.

PD = 0.5 · erfc

(√
−lnPfa −

√
SNRmin
1+ I/N

+ 0.5

)
(4)

where SNRmin is the minimum required SNR, PD is the
detection probability, erfc is the Gauss error function, and Pfa
is the false alarm rate for the receiver of the victim radar.

B. INTERFERENCE SIMULATION
1) PROPOSED METHOD
In this section, we describe the proposed inter-radar inter-
ference simulation method, which is shown in Fig. 3. The
simulation program represents the interference power at
the victim receiver by following seven functional blocks.
The first block works as initialize step, which sets and
loads parameters based on specifications of the interferer
and victim radars. The signal bandwidth, signal type,
IPCs, noise figure, insertion losses, FDR, and maximum
transmitted power of the interference signal are prepared
for the analysis. The FDR was set to 0dB assuming the

TABLE 3. The parameters of the interferer and victim radars for the
analysis.

worst-case scenario. The 0dB FDRmeans that the interfering
signal is directly received by the victim radar without RF
filtering. As explained in section II, the path losses from
propagation models are obtained by the radar locations.The
radar beam-scanning scenarios are generated based on the
antenna radiation patterns of the interferer and victim radars,
the azimuth rotation speed, and the rotation area. In this
study, we utilized the 3D radiation patterns of the Cassegrain
and Gregorian antennas for electromagnetic simulation with
gains of 38.1 dBi and 35 dBi, respectively. However, it is
also possible to use the mathematical models for antenna
radiation patterns recommended by ITU-R M.1851-1 [25].
The antenna radiation patterns of victim and interferer are
converted to vector format based on the scenario input. The
fourth block generates mutual gain with the radiation pattern
vector. The random alignment between the interferer and
victim radars, time and angle resolution are considered in
this step. Based on the mutual gain, the interference power
is calculated at the victim receiver by using equation 3.
To further analysis, the interference power is converted to
I/N, S/I, and S/(N+I) by using the victim radar parameters.
Finally, the interference power is compared with the IPCs to
check whether the interference signal exceeds the IPCs, and
the statistics are visualized.

2) SIMULATION PARAMETERS AND SCENARIOS
We set the parameters of the interferer and victim radars
according to the S band (2.8 GHz) used by airport primary
surveillance radar (PSR). The parameters of the interferer
and victim radars are referenced from [26] and [27] and
summarized in Table 3. The pulse repetition frequency of
the interferer radar was set to 1 kHz, which is synchronized
to the time resolution as the analysis. Because there is
no IPC for the recommended I/N of a pulsed radar,
we temporarily compared the interference signal power
with the victim receiver noise power based on an IPC
of I/N = −6 dB. The analysis results are presented in
Table 2 with the path loss from terrain case 1 and time
percentage p = 0.5.
We assumed an azimuthal rotation for both the interferer

and victim radars. Example radar beam-scanning scenarios
used to simulate inter-radar interference are presented below.
The two main categories were the rotation and sector, which
are common operation scenarios for radiodetermination and
radiolocation radars used in airport surveillance and weather.
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FIGURE 6. Time-domain mutual gain from different beam-scanning
scenarios.

The time-domain mutual gain MG(t) of a radar scan is
calculated as follows:

MG(t) = GRx(t · ωRx)+ GTx(t · ωTx + θrandom) (5)

where GRx is the antenna gain, ωRx is the rotation speed of
the victim radar, GTx and ωTx are the corresponding antenna
gain and rotation speed, respectively, of the interferer radar,
and θrandom is random angle difference between interferer and
victim radar.

a: ROTATION SCENARIO
Both the interferer and victim radars rotated antennas on
the azimuthal plane. The rotation direction was assumed as
clockwise, but the rotation speed differed. The initial angle
for the antenna of the interferer radar was randomly selected,
and the initial angle for the antenna of the victim radar was
set to zero.

b: SECTOR SCENARIO
The victim radar system rotated the antenna in a certain
range, while the interferer rotated its antenna on the azimuthal
plane. The sector scenarios were divided with respect to
the maximum interference direction as detailed below. Both
antennas were randomly aligned initially.
A. The center of the sector was in the same direction as the

maximum interference direction.
B. The sector was not symmetric to the maximum interfer-

ence direction, but the path was included in the sector.
C. The sector did not include the maximum interference

direction.

C. RESULTS AND DISCUSSIONS
1) RADAR BEAM-SCANNING SCENARIO
Fig. 6 shows the time-domain mutual gain based on
30,000 data, which is equivalent to 30 s. The blue line
represents the scenario where the victim and interferer are

FIGURE 7. Histogram distribution of mutual gain for different
beam-scanning scenarios.

FIGURE 8. Histogram of the mutual gain for all random interferer
antenna alignments in rotation scenarios.

rotating but they are aligned initially. In this result, the
theoretical maximum interference repeatedly occurs at t= 0,
20 s, 40 s.

To compare the differences in interference power among
various scenarios, the average mutual gain was obtained for
the rotation, sector A, sector B, and sector C scenarios:
−15.4, −5.9, −6.7, and −15.5 dB, respectively. The two
average gains for the rotation and sector C scenarios were
similar, but the maximum interference power differed by
36.97 dB, which may exceed interference allowance level.
The maximum value for the rotation scenario was 68.26 dB
and that for the sector C scenario was 31.28 dB. Therefore,
a comprehensive statistical analysis is required for both the
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FIGURE 9. Result of inter-radar interference analysis. Protection criteria is set to INR = −6 dB and converted to power level by victim radar specification.
The beam scanning scenario is sector A and the locations of each radar is from terrain case 3.

FIGURE 10. The expected detection performance degradation of victim
radar is presented as receiver operating characteristic (ROC) curve. The
SNR of received signal without interference is supposed as 8 dB,
4 non-coherent pulse integration and non fluctuating targets are
assumed. The interference signal above IPC is considered as noise,
resulting lower SNR.

maximum and average interference based on the proposed
method.

All sector scenarios resulted in a short periodicity because
of the narrow rotation angle. Thus, the mutual gains of the
sector scenarios were focused in a certain range, as depicted
in Fig. 7. In contrast, the mutual gain of the rotation scenario
showed a wider distribution compared to the sector scenarios,
but it could be changed by the initial random antenna
alignment.

To analyze the differences in mutual gain caused by
random alignment, the mutual gain of the rotation scenario
was simulated for every possible random angle. Fig. 8 shows
the mutual gain vs. random antenna offset at the start of the
rotation scenario. The color of the pixel represents the number
of times for the predicted mutual gain in a particular scenario.
The incident number of the main beam alignment under
1 degree was calculated as 1974 from a total of 1.08 × 108

data, which means that the probability was 1.82 × 10−5.

By extending the worst-case scenario of the main beam
alignment to a mutual gain above 60 dB, the incident number
became 24,264 and the probability was 2.24 × 10−4. The
incident number at a mutual gain below 0 dBwas 94,664,238,
which is 87.6% of the total time. Therefore, considering
all possible random alignments between the two radars, the
probability of the main beam alignment was less than 0.01%
for the presented rotation scenario. With the above analysis,
the proposed method can be used to derive a probability
threshold in time.

2) PROPAGATION MODEL
Figure 9. presents interference analysis results for the NLOS
case, terrain case 3 and sector A scenario. First, the time-
domain mutual gain is calculated as in Fig. 9(a) and used
to determine the interference power and its effect on the
victim radar for 4 different propagation models. For a given
IPC and receiver specification, the allowance power level
is derived and compared with the time varying interference
power due to beam scanning scenario, as depicted in Fig. 9(b).
The proposed analysis allows us to calculate the exact time
and duration for which the interference power exceeds the
threshold.

In Fig. 9, the yellow solid line represents analysis result
with P.2001 propagationmodel. The basic radar performance,
maximum radar detection range and detection probability,
decreased significantlywhen the interference signal exceeded
the allowed level. With the proposed method, the time per-
centage for radar performance degradation can be estimated
as 3.7% of the total operation time and this may significant
to the victim radar. In contrast, a different propagation model
ITMwill led to dramatically different results and conclusions
with same radar system and environment. ITM presented
a greater path loss than ITU-R P.452 and P.2001 because
of diffraction as described in section II, and the analysis
result shows that there will be no interference between the
radars as presented in Fig. 9 (b). The Friis model expected
a 99% interference time, however, this is not appropriate
analysis for the NLOS scenario. Therefore, the selection and
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TABLE 4. Comparison of related studies and the proposed analyzes.

understanding of the propagation model is important for the
interference analysis.

The proposed method predicted the expected performance
degradation of the victim radar as a receiver operating
characteristic (ROC) curve, in the Fig. 10. The SNR of victim
radar is assumed to be 8 dB and the interference power is
considered as additional noise source of the victim radar. The
ROC curve is a graphical representation of the performance
of a detection or binary classifier system, as its discrimination
threshold is varied. It is obtained by 150 quantiles of
calculated signal to noise ratio (SNR), and the transparency of
each curve represents the number of times of the SNR value.
Thus, curves with distinct colors mean radar performance
expected for most of the time.

In Fig. 10 (a), a large number of SNR values are observed
at less than -14 dB, which means that the interference
power is dominant, and targets are hardly detected. On the
other hand, in case of (b) and (c), the most of SNR values
are near 8 dB and the victim radar rarely experiences
interference. As previously analyzed in Fig. 9, the estimated
radar performance from ITM model in Fig. 10 (d) is
consistent.

These analysis results can be utilize to minimize the
interference time amount or power, to determine beam-
scanning scenario or interference mitigation methods. If the
interference power is not enough to damage the victim
radar with no performance degradation as calculated in
ITM model, the operator may not need any modifications
on the radar system. In case of Fig. 9 with ITU-R P.452
and P.2001 model, the victim radar may consider frequency
hopping for certain radar scan sector or time window. This
performance estimation has a limitation that the interference
power is added up to the victim radar noise power. The actual
performance degradation will be determined by the radar
receiver structure and signal processing.

3) DISCUSSIONS
Themost important purpose of this paper is radar interference
analysis. Therefore, the propagation path loss model used as
the ingredient for the interference analysis must be highly
reliable. The propagation models we used are, in particular,
ITU-R P.452, ITU-R P. 2001, and ITM-Longley Rice three
models, because all of these models have been verified for
their reliability at the measurement level [5], [6], [7], [8], [9],
[10], [11], [12], and [13].

Our interference analysis method can be applied regardless
of various frequency bands and radar classifications as long
as the constraints in table 1 of the radio wave model are
guaranteed. The reason that the analysis was limited to
S-band and L-band radars is that the analysis target of our
study is the interferometric analysis of weather and airport
main surveillance radars used by civilians. These radars
mainly use the S and L bands.

The target of propagation path loss analysis in this
paper is limited to the topography of Korea. However, this
limitation is only a matter which we intend to analyze.
Basically, the three radio models we use are designed
to be applied to the world’s topography. In addition, the
Korean topography is mostly mountainous, and various
multi-paths can be created. All three models return a single
propagation path loss value considering these multi-paths.
Therefore, there is a limitation that multi-path fading cannot
be considered concretely. However, since our analysis is
based on interference analysis, the worst-case analysis is
fundamentally important. In terms of interference, fading has
an effect of suppressing interference, so it is not required to
consider it in our analysis.

We compared the proposed method with the other interfer-
ence analysis literatures in Table 4. As shown in the table,
every interference analysis starts from the calculation of
interference power to the victim radar. In same manner, the
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proposed method is the first step of the interference analysis,
not the whole process. This study presents a method to select
proper propagation models and compare different radar scan
scenario for the interference analysis.

The radar system receives signal from the environment and
process the signal with various algorithms and processes. The
modulation, timing, receiver structure and signal processing
will mitigate the interference and the output from radar
system may different from this analysis. By providing
interference power and probability distribution in given
environment, the radar system designer and operator can
consider the interference mitigation methods and the radar
system performance degradation.

Therefore, the future work will focus on the analysis of
the radar system performance degradation based on given
interference power. For example, the L and S band radar
commonly uses two type of pulses, short pulse for close range
detection and long pulse for wide coverage. The short pulse is
not modulated, but the long pulse is linearly modulated in fre-
quency domain. Themodulationwill affect the victim radar in
different ways. Also, commonly used radar techniques such
as pulse repetition frequency dithering, carrier frequency
diversity, sensitivity time control, integration, detection, and
tracking will mitigate one-time interference. Also, system
ambiguity can be another consideration for the interference
analysis.

IV. CONCLUSION
This paper studies the comparative inter-radar interference
analysis method with propagation models and beam scanning
scenarios for L and S bands. The selection of different
propagation models and statistical input parameters can
result in significant differences in the calculated path loss,
which can affect the interference probability and conclusions
of the analysis. Based on the scenario and parameters in
this paper, ITU-R P.452 and P.2001 is recommended for
estimating the worst-case interference, and ITU-R P.2001 is
recommended for cases with high time percentages, such
as interference from CW-like transmitted signals. ITM is
recommended for estimating the average interference of
NLOS cases with complex and irregular terrain. Simulation
analyses for common beam-scanning scenarios, rotation
and sector scans, showed that interference levels and
probabilities are changing by the scenario significantly. The
maximum possible interference probability was calculated
as 1.82 × 10−5 when both radars were rotating at fixed and
different rotation speeds. Based on the proposed method,
the time, duration and power of interference can be derived
and statistically analyzed in a given radar system and
beam-scanning scenario. The proposed results can help to
select interference mitigation methods or to determine beam-
scanning area and radar parameters.

The presented method can be extended by in-depth radar
simulation considering receiver structure, system ambiguity,
matched filtering, signal processing and interference mitiga-
tion techniques. With the future work, precise interference

analysis can be performed, and the spectrum efficiency will
be improved for L and S band radars.
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