
PSUN: An OFDM Scheme for Coexistence with Pulsed Radar

Seungmo Kim and Jung-Min “Jerry” Park Kaigui Bian
E-mail: {seungmo, jungmin}@vt.edu E-mail: bkg@pku.edu.cn

Bradley Department of Electrical School of Electronics Engineering
and Computer Engineering and Computer Sceince

Virginia Tech, Blacksburg, VA 24061 Peking University, China

Abstract—We propose Precoded SUbcarrier Nulling (PSUN), a
transmission strategy for OFDM-based wireless communication
networks (SCN, Secondary Communication Networks) that need to
coexist with pulsed radar systems. It is a novel null-tone allocation
method that effectively mitigates inter-carrier interference (ICI)
remaining after pulse blanking (PB). When the power from the
radar’s pulse interference is high, the SCN Rx needs to employ
PB to mitigate the interference power. Although PB is known
to be an effective technique for suppressing pulsed interference,
it magnifies the effect of ICI in OFDM waveforms, and thus
degrades bit error rate (BER) performance. For more reliable
performance evaluation, we take into account two characteristics
of the incumbent radar significantly affect the performance of
SCN: (i) antenna sidelobe and (ii) out-of-band emission. Our
results show that PSUN effectively mitigates the impact of ICI
remaining after PB.

I. INTRODUCTION

In 2012, the Federal Communications Commission (FCC)
released a Notice of Proposed Rulemaking (NPRM) for the
3.5 GHz Citizens Broadband Service, which outlines plans for
opening up the 3.5 GHz band (3550-3650 MHz) to small cell
networks [16]. One of the incumbents currently operating in
this band is the pulse radar systems. Any secondary system that
coexists with pulse radars would need to employ a technique
for mitigating the effect of high-power pulse interference.
When the secondary system is based on orthogonal frequency
division multiplexing (OFDM), mainly due to Fourier trans-
form, radar pulses impair a significant number of subcarriers
by causing inter-carrier interference (ICI).

We realized that a technique called pulse blanking (PB)
is essentially needed to mitigate such severe ICI [1]-[3].
However, the technique cannot completely remove ICI be-
cause it affects not only the interfered samples but also the
desired samples. Now the problem becomes cancellation of
ICI remaining after PB. Existing schemes are not enough to
addresses this unique ICI problem.

We first examined channel coding schemes for fading, but
they are not enough to mitigate the ICI remaining after PB.
In most wireless systems, such performance degradation due
to fading is combated by means of channel coding, codes for
fading channels are mainly based on using an AWGN channel
code combined with interleaving and diversity techniques [5]-
[7]. But we discovered that neither interleaving nor diversity
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does not work well for OFDM in presence of PB. Second,
ICI self-cancellation (ISC) [12] is not sufficiently effective.
This method is known to significantly reduce ICI at the price
of lowering the transmission rate by the coding rate. Various
versions of ISC were proposed extending [12], but our results
reveal that none of the schemes is sufficiently effective to
suppress the unique ICI.

To this end, we propose to incorporate PB and ISC in such
a way that ICI caused by radar interference is most effectively
mitigated. We call this technique Precoded SUbcarrier Nulling
(PSUN), a transmission strategy for OFDM-based communica-
tion systems that coexist with pulsed radars. In the technique,
an OFDM Tx places null tones in carefully selected symbols
to minimize the impact of ICI caused by the radar pulses. The
OFDM Tx uses a priori knowledge of the incumbent radar
pulse parameters obtained from the database in order to expect
which OFDM symbols to be hit by radar pulses.

II. RELATED WORK

In [8],[9], the authors assumed that the radar has full
knowledge of the interference channel and modified the radar’s
signal vectors so that they fall into the null space of the channel
between the radar and the coexisting communication system.
Our work differs from [8],[9] in the fact that we change the
coexisting communication system, not radar.

In [10],[11], an opportunistic spectrum sharing between
incumbent radar and secondary cellular system is studied.
The work specifies applications that are feasible in such a
coexistence scenario. It is found that non-interactive video
on demand, peer-to-peer file sharing, file transfers, automatic
meter reading, and web browsing, are feasible, while real-time
transfers of small files and VoIP are not. Our work differs from
[10],[11] because they did not discuss how to actually cancel
radar interference but we do.

Moreover, this paper takes into account two factors to which
existing work paid only little attention: (i) antenna sidelobe
and (ii) out-of-band emission. Reflecting the two aspects, we
compute a reasonable interference time per radar rotation,
based on which we examine the performance of the coexisting
OFDM.

III. COEXISTENCE MODEL

A. Assumptions

This paper deals with a generic OFDM based wireless com-
munication network (SCN, Secondary Communication Net-
work) that coexists with pulsed, rotating radar. It is assumed in



Fig. 1. Impact of sidelobe of rotating antenna in radar beam pattern

TABLE I
PARAMETERS FOR SPATIAL SIDELOBE ANALYSIS

Parameter Remark
θbeam Angle of mainlobe and sidelobes
θmain Angle of mainlobe only
θpass Angle that radar beam passes through a SCN cell
θintf The total angle that the radar beam interferes a SCN cell
d Distance bewteen radar and SCN cell

Rscn SCN cell radius
Trot Radar rotation time

this paper that due to existence of database, the coexisting SCN
needs not sense the spectrum to know the pulse parameters
of radars. Rather, the SCN can obtain non-causal knowledge
about the pulse parameters to perform precoding at a Tx.
Thanks to pulse blanking (PB), the only parameters that are
concerned at an OFDM Rx are pulse repetition time (PRT)
and duty cycle. We assume that all the radars operating in
the coexisting spectrum band ought to report the two pulse
parameters to the database whenever they come into the
effective region and they change the pulse parameters. In
addition, radars are assumed to change the pulse parameters
more slowly as compared to the coexisting SCN. In other
words, the incumbent radar changes their parameters every
several minutes, while the SCN schedules their transmission
in the unit of milliseconds. Most importantly in this paper we
deal with a multiple-radar scenario. There are various types of
pulse radars and remarkably long detection ranges [17], [19].

B. New observations about radar-SCN coexistence

One significant feature of this coexistence problem is huge
difference in transmit power between radar and SCN. This
motivates two important considerations that affect the problem
remarkably.

First, it is not only the mainlobe but also horizontal sidelobe
of a rotating radar beam that causes interference on the SCN.
Suppose that a radar rotates counterclockwise and a SCN cell
is within interference range of the radar’s signal. The angle of
rotation during which the radar’s beam passes through a SCN
cell radius is computed by

θpass =
360◦ · 2Rscn

2πd
. (1)

As illustrated in Fig. 1, the total angle through which the radar
beam interferes a SCN cell can be written as

θintf = θbeam + θpass, (2)

which is determined by d and Rscn. Note that θbeam ≥ θmain

because we take into account the impact of antenna sidelobe.
The total interference time, Tintf , is defined as the time period

(a) To radar (b) To SCN
Fig. 2. SIRs of radar and SCN from out-of-band emission

Fig. 3. The worst case of out-of-band interference

in which a SCN cell is interfered by a radar in one beam
rotation, which is obtained by

Tintf =
θintf
360

· Trot. (3)

Such antenna sidelobe impact is evidenced in Fig. 5 of [17].
In the report, the SPN-43 shipborne radar is observed to have
energy level that is approximately 30-dB higher than the noise
floor, even when the mainlobe is towards the direction opposite
to a SCN cell. This is an evidence supporting our claim
that the sidelobe of the directional antenna in a radar can
have sufficiently significant impact on the coexisting SCN’s
operation.

Second, out-of-band emissions from radars operating in
other channels also have a significant impact on coexisting
communication systems. Radars are separated among different
channels to avoid interfering themselves. This spectral separa-
tion is enough for radars themselves, but not for the coexisting
SCN that operates with far lower transmit power. An example
is illustrated in Fig. 2. We put a radar and an SCN Tx at Ch. B
and radars in Ch. A and C. When a radar operates in Ch. B, the
two neighboring radars do not cause significant interference to
the radar at B because transmit powers among radars are likely
similar. However, when an SCN Tx operates in Channel B, the
out-of-band emission now causes a remarkable interference
because the SCN Tx’s transmit power is far lower than those
of the neighboring radars. Also, suppose the worst case in
which the 3 radars (one in-band and two out-of-band) have
identical Trot but their Tintf ’s do not overlap, as illustrated
in Fig. 3. This results in a three-fold increased interference in
interference time; Eq. (3) can be rewritten as

Tintf = 3 ·
(
θintf
360

· Trot

)
. (4)

IV. ANALYSIS ON ICI
A. ICI remaining after pulse blanking (PB)

PB is defined as a technique in which the samples of
the received signal affected by pulsed interference are set
to zero. As expressed in Eq. (5) below, when the amplitude
of the received sample r[k] exceeds the threshold, TPB , the
corresponding samples are blanked out.

r[k] =

{
r[k], |r[k]| ≤ TPB

0, |r[k]| > TPB (5)



TABLE II
EXISTING ICI SELF-CANCELLATION (ISC) SCHEMES AND THE PROPOSED SUBCARRIER NULLING (L = 2)

ICI self-cancellation (ISC) scheme Subarrier allocation
Data conversion [12] X′(k) = X(k), X′(k + 1) = −X(k), where k is the subcarrier index
Symmetric data conversion X′(k) = X(k), X′(N − k − 1) = −X(k) where N is the FFT size
Weighted data conversion [13] X′(k) = X(k), X′(k + 1) = −µX(k), where µ is a real number in [0, 1]

Plural weighted data conversion [14] X′(k) = X(k), X′(k + 1) = −e−jπ/2X(k)
Data conjugate X′(k) = X(k), X′(k + 1) = −X∗(k)

Data rotated and conjugate [15] X′(k) = X(k), X′(k + 1) = −e−jπ/2X∗(k)
Proposed PSUN X′(k) = X(k), X′(k + 1) = 0

Fig. 4. Time-domain dependency of the impact of pulse blanking (PB)

Note that the threshold, TPB , is out of this paper’s scope.
Even with an optimized threshold, PB causes significant ICI
since the technique affects not only the interfered samples
but also the desired samples. Note that after PB is applied to
the received signal, the pulse repetition time and pulse width
become the key parameters that determine the level of ICI.

B. Ineffectiveness of existing schemes in mitigation of the
unique ICI

Our study suggests that the negative impact of PB can be
considered a form of time-selective fading. To such type of
fading, channel coding is usually applied in combination with
interleaving and diversity [4]. In OFDM systems, the main
means of combating time-selective fading are block inter-
leaving and antenna diversity. However, our results indicate
that neither method can effectively mitigate ICI caused by
PB. Interleaving is ineffective because PB does not result in
bursty errors due to the one-to-all mapping characteristic of
the Fourier transform. Antenna diversity is also not effective
because the entire cell of an SCN is likely to be effected at the
same time by a radar’s beam. Multiple-antenna technologies
bring no benefits when the signals received by all the antennas
are interfered with simultaneously.

ICI self-cancellation (ISC) is a more aggressive means of
combating ICI. It cancels ICI by allocating precoded redundant
symbols onto the subsequent L−1 adjacent subcarriers, which
results in a 1/L data rate. Based on the work of Zhao and
Haggman [12], several ISC schemes have been proposed [13]-
[15]. Some of the existing ISC schemes are summarized in
Table II, assuming that L = 2. Note that X(·) and X ′(·)
indicate the original transmitted data symbol and the symbol
after ISC precoding, respectively.

V. PRECODED SUBCARRIER NULLING (PSUN)

A. Rationale behind PSUN

We discovered that the most effective way of reducing ICI
induced by PB is to precode the null subcarriers, instead of
allocating any other types of redundant symbols. The rationale
is illustrated in Fig. 4. It is an example that is simplified to
exaggerate the impact of pulse location on the level of ICI
caused by PB. Among 64 subcarriers, the 28th, 30th, and 32nd
subcarriers are set to 2 while all the others are set to zero. Fig.
4-(a) shows the real part of the Tx OFDM signals and Fig. 4-
(b) and (c) illustrate the Rx signals. For each figure, the upper
and lower plot shows time and frequency domain, respectively.
It is observed from Fig. 4 that the amplitude of the blanked
time-domain part has a very significant impact on the level
of ICI caused by PB. Comparing Fig. 4-(b) and (c), the ICI
becomes severer as higher-amplitude samples are blanked. In
other words, the ICI level can be reduced as the time-domain
fluctuation gets flatter. It is quite obvious that the simplest
way of lowering the time-domain amplitude is to reduce the
number of subcarriers with energy.

For this reason, ISC can lower the ICI level better when
the redundant subcarriers are null tones in presence of PB.
Accordingly, Precoded SUbcarrier Nulling (PSUN) replaces
the redundant tones in ISC with null tones. Therefore, as listed
in Table III, PSUN is still a form of ISC. An OFDM system
usually inserts null tones in various manners for different
purposes [20]-[22]. In this work it is obvious that radar
interference is dominant, thus the PSUN allocates the null
tones in such a way that the radar interference is minimized.
To this end, in presence of pulsed radar interference that
is first mitigated by PB, PSUN outperforms the other ISC
schemes, which is demonstrated in Fig. 6. Note that for the
Weighted data conversion scheme µ = 1/2. The reason of
outperformance is that PSUN yields smaller variation of an



Fig. 5. Transmission protocol of PSUN

OFDM symbol in time domain because it transmits a smaller
number of subcarriers.

B. The transmission protocol of PSUN

In PSUN with the coding rate of r = 1/L, L−1 zero tones
are allocated after a data tone. This sacrifices data rate within
one OFDM symbol by 1/L, but the data rate loss can be
minimized by localizing the OFDM symbols to be hit a priori
and applying PSUN for the symbols only. This transmission
strategy is illustrated in Fig. 5.

As mentioned earlier in Section III-A, a SCN Tx is aided by
the database to get the a priori knowledge. Pulse parameters
of the primary radar are changed less frequently as compared
to the secondary communication parameters. This leads to an
assumption that there is enough time for the database to update
the primary parameters and broadcast them to the secondary
SCN nodes.

Multiple consecutive OFDM symbols can be hit simultane-
ously because depending on the duty cycle, the interference
pulse can either be shorter or longer than an OFDM symbol.
In such a case, the multiple OFDM symbols are all precoded.
All the other symbols that are not precoded are transmitted
with the normal data rate.

VI. SIMULATION

A. Simulation setup

For OFDM parameters, this paper is based on the LTE PHY-
layer standard. This can be justified by the fact that LTE is one
of the most popular wireless standards that currently attempts
to employ small-cell technology. Furthermore, we assume the
FFT size to be 1024 and other parameters correspondingly, but
the results based on this parameter can hold for other values
of FFT size. The reason is that PB is a channel impairment
that occurs in time domain, and LTE is always synchronized
in time regardless of FFT size. Channel coding is assumed to
be (133,171) Convolutional code with the coding rate, r, of
1/2.

Radar parameters are also summarized in Table III. Radar
pulse repetition time is set the same with one LTE subframe
duration for ease of computation. Since duty cycle varies
greatly depending on radars, we use multiple values so that
we check the impact of duty cycle on the SCN’s OFDM
performance. Simulation time is 2 secs that corresponds to the

Fig. 6. Comparison of PSUN to other ICI self-cancellation (ISC) schemes

radar’s one rotation time. Out of 2 secs, the total interference
time of one radar, Tintf , is obtained from Eq. (4). Assuming
θbeam = 30◦, the resultant Tintf becomes 595.5 ms. Since 14
OFDM symbols per subframe are transmitted, 28000 OFDM
symbols can be transmitted within the Trot. As a result,
595.5
2000 ·28000 ≈ 8337 out of the 28000 OFDM symbols are hit
by pulse radar interference.

TABLE III
PARAMETERS FOR SIMULATIONS

Parameter Value
OFDM

FFT size 1024
Subcarrier spacing 15 kHz
Sampling frequency 15.36 MHz
OFDM symbol time 66.7 us
Subframe time 1 ms
CP length 5.2 us (1st) / 4.69 us (the following 6)
OFDM symbols/subframe 14
Modulation QPSK
Channel coding (133,171) Convolutional code (r = 1/2)

Radar
Pulse repetition time 1 ms
Duty cycle {0.5, 3, 5} %
Rotation rate 30 rpm

B. Results and discussions

In Fig. 7, BERs that are computed in the following 5 cases
are compared:

Case 1: PB w/o channel coding nor PSUN
Case 2: PB w/ channel coding only (r = 1/2)
Case 3: PB w/ PSUN only (r = 1/2)
Case 4: PB w/ channel coding + PSUN (r = 1/2 each)
Case 5: AWGN

where r denotes the coding rate. PSUN with r of 1/2 means
that the data tones and null tones are allocated in turn. It is
interesting to see in Fig. 7-(b) that when PB is a dominant
channel impairment, the convolutional coding yields even
higher BER than the upper bound. Viterbi decoding works
even worse because it is vulnerable to burst errors. Whereas
when AWGN is dominant, the channel coding cancels ICI even
better than PSUN, as shown in Fig. 7-(a).

In Fig. 8, BERs are compared according to various coding
rates, r, of PSUN. A PSUN with the rate of r represents that a
set of subcarriers in which data symbols are allocated every rth
subcarrier while all the tones between data tones are nulled.
Note that the pulse duty cycle is increased to 5% in order to
clarfy the impact of coding rate r in PSUN. The higher pulse



(a) When AWGN is dominant

(b) When pulse interference is dominant
Fig. 7. Bit error rates according to pulse duty cycle (θbeam = 30◦)

duty cycle is set on purpose to more clearly check the impact
of different r for PSUN.

VII. CONCLUSION

In this paper, we proposed Precoded SUbcarrier Nulling
(PSUN), a new OFDM transmission technique that effectively
relieves ICI induced by pulsed radar interference. We assumed
that PB is first applied at an OFDM Rx to suppress the
very high pulse interference energy, and proposed PSUN as a
solution for ICI remaining after PB. In PSUN, the OFDM Tx
precodes the OFDM symbols that are expected to be interfered
by using a priori knowledge of the pulse parameters provided
by the database. To the best of our knowledge, this work is the
first to discuss actual cancellation of radar pulse at PHY layer.
For more elaborate performance evaluation, we also came up
with a coexistence scenario in which two aspects that had not
been studied were considered: (i) antenna sidelobe and (ii)
out-of-band emission. Our results showed that the proposed
PSUN effectively suppresses ICI caused by PB.
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