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Abstract: Orthogonal frequency division multiplexing (OFDM)
waveform enables radar and communication functions simultane-
ously, which encounters low angle resolution and poor data rate
for traditional single input single output (SISO) systems. To solve
these problems, an integrated radar and communication system
(IRCS) with multiple input multiple output (MIMO) OFDM waveform
is proposed. The different limitations of radar and communication
in designing such a system are investigated. Then, an optimization
problem is devised to obtain suitable system parameters, including
the number of subcarriers, subcarrier spacing, number of symbols,
pulse repetition frequency (PRF) and length of cyclic prefix (CP).
Finally, to satisfy the requirements of both radar and communi-
cation, the IRCS parameters are derived in three typical cases.
Several numerical results are presented to illustrate the demands
of radar and communication, inconsistent or consistent, for the
IRCS parameters and the superiority of the proposed system.
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1. Introduction

With the development of technique, the identical platform
requires more and more equipment to command, commu-
nicate, reconnoiter, etc. Nevertheless, it will increase the
system weight, size, energy consumption, and complexity
of operation, deteriorate the electromagnetic interference
among different devices, and degrade the system perfor-
mance. To solve the problem, the advanced multifunction
radio frequency concept (AMRFC) was proposed in [1].
As stated in [1], the integrated system employs a compre-
hensive design method to integrate radar, electronic war-
fare (EW), and communication subsystems in an identical
platform with the system resources shared. On the other
hand, with the development of transportation system, many
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enterprises and companies are putting their efforts into the
intelligent transportation system (ITS) [2,3]. And it is im-
perative for the ITS to sense the surrounding circumstance
and transmit/receive information. Consequently, the radar
and communication devices will be indispensable and their
integration will promote the development of the ITS.

Currently, the communication frequency bands are
gradually extending to microwave frequency band and se-
veral of them have been overlapped with radar operation
frequency band. In addition, the radio frequency front-ends
of communication and radar are similar and their signal
processing is digitalized [4]. Hence, it is feasible for radar
and communication to utilize the common transmit anten-
nas, front-ends and digital signal processors. Now, the key
issue is the design of integrated waveform which can be
used by radar as well as employed by communication.

At present, there have been a multitude of researches
on the design of integrated waveform. These works can be
classified into two main categories. One is based on the
multiplexing technique including space division multiplex-
ing (SDM) [5], time division multiplexing (TDM) [6], fre-
quency division multiplexing (FDM) [7], and code division
multiplexing (CDM) [8]. However, such a class has the
same drawback that radar and communication cannot oper-
ate in some domain, simultaneously. For instance, the radar
and communication cannot operate at the same time slot
for the methods based on the TDM technique. The other is
based on waveform sharing and has two types. One is that
the communication information is hidden in the conven-
tional radar waveforms [9,10], the other is that the commu-
nication waveforms generally employed are either slightly
changed or not [11]. For the integration of radar and com-
munication using the communication waveform, there are
many literatures regarding the orthogonal frequency divi-
sion multiplexing (OFDM) waveform [12 – 15].

For communication applications, the OFDM waveform
has been widely used in the digital television broadcast-
ing (DTB), digital audio broadcasting (DAB), digital video
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broadcasting (DVB), wireless local area network (WLAN),
etc. And some standard communication protocols referring
to OFDM have been established by the IEEE [16]. That is
owing to its merits of high frequency spectrum efficiency,
flexible multi-carrier modulation, and easy synchroniza-
tion and equalization. For radar applications, OFDM as
radar waveform, that is OFDM radar, has been studied
by many researchers. In [17], the authors used the OFDM
with cyclic prefix (CP) to solve the Doppler ambiguities.
In [18], the sparsity theory was employed to estimate the
velocities and ranges of targets with OFDM radar. What is
more, there have been several works with respect to space
time adaptive processing (STAP) [19], synthetic aperture
radar (SAR) imaging [20], target detection [21], etc. We
can see that the OFDM is not only widely applied in com-
munication, but also a suitable kind of radar waveform. It
is intuitive to exploit the OFDM as the integrated radar and
communication waveform.

The conventional OFDM waveform in communication
is continuous in general. In contrast, it is noncontinuous for
pulse radar. Moreover, most of the employed OFDM wave-
forms in radar consist of OFDM pulse train without CP
which is indispensable for communication, and one pulse
only contains one OFDM symbol. If the integrated radar
and communication system (IRCS) employs the continu-
ous OFDM waveform, the transmit and receive antennas
require to be well separated, which is difficult to realize
in practice, especially in those cases when either trans-
mit or receive antennas are close to each other. If the in-
tegrated OFDM waveform is impulse, the transmit and re-
ceive antennas can be shared and the number of antennas
will be reduced to half. Furthermore, the problem of iso-
lation between transmit and receive antennas can be per-
fectly settled. For the communication applications, how-
ever, the data rate will decrease because the radar duty ra-
tio is 10% in some cases, i.e., the operation time of com-
munication becomes 10% of what it was. That is the cost
of the integration of radar and communication using pulse
OFDM waveform. On the other hand, the single input sin-
gle output (SISO) system for radar has low resolution in
space domain and its update rate of track is low, since it
needs to rotate the antenna for wide area surveillance.

In order to deal with the aforementioned issues, it is
a valid way to utilize the multiple input multiple out-
put (MIMO) techniques both in radar and communica-
tion. Compared with the SISO system, the MIMO system
in communication utilizes the space dimension of trans-
mit antennas to improve throughput capability as well
as signal-to-noise ratio (SNR) [22,23]. Furthermore, the
MIMO techniques in radar can increase the size of virtual
aperture to enhance the angle resolution and form multi-

beams simultaneously to improve the update rate [24 – 26].
Hence, it is natural to combine the MIMO technique with
OFDM waveform to perform the integration of radar and
communication.

The MIMO-OFDM systems have been proposed in both
radar and communication. In communication, the MIMO-
OFDM system transmits continuous OFDM waveform
with CP, and the transmitted waveforms at different anten-
nas are not necessary to be orthogonal [27,28]. Whereas in
radar, most of the MIMO-OFDM systems transmit pulse
OFDM waveform with CP [29 – 32] or without CP [33,34],
and each pulse contains only one OFDM symbol. More-
over, the transmitted waveforms are orthogonal. In [33]
and [34], each antenna only transmits one subcarriers of
the OFDM waveform. If these waveforms are employed in
the IRCS, the data rate is low, even if each OFDM sym-
bol is modulated by different information. In the IRCS,
the MIMO-OFDM system in [35] transmits consecutive
spectral-interleaved OFDM symbols with CP. However, it
is not feasible for long range surveillance. The system in
[36] transmits step-frequency sequence, and only several
subcarriers are transmitted simultaneously. The data rate is
low although it is applicable for long range surveillance.

In this paper, we propose a new system combining the
MIMO technique with OFDM waveform to perform the in-
tegration of radar and communication. The proposed sys-
tem can perform long range surveillance and has higher
data rate and angle resolution. In the following sections,
the proposed system will be discussed in detail. The de-
tailed constraints and the design of integrated system pa-
rameters will be presented. In Section 2, the integrated
radar and communication system combining MIMO tech-
nique with OFDM waveform is proposed. In Section 3, the
limitations for radar and communication are discussed and
an optimization problem is constructed to achieve suitable
system parameters which satisfy the requirements of both
applications. In Section 4, integrated system parameter de-
sign results for three typical cases are given and perfor-
mance results are presented. Finally, conclusions are drawn
and future research problems are given in Section 5.

2. Integrated radar and communication
system

The transmitted waveform will influence the system struc-
ture, such as waveform generation, signal processing, etc.
The transmitted waveform of proposed IRCS is on the ba-
sis of OFDM waveform and it can be utilized for both radar
and communication. Whereas the OFDM waveforms for
radar and communication, in general, are different in or-
der to suffice their own demands. Their characteristics are
discussed as follows.
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2.1 Preliminaries of OFDM waveform

2.1.1 Preliminaries of OFDM waveform for SISO system

The transmitted waveform of the conventional OFDM
radar is depicted in Fig. 1(a). We observe that each trans-
mitted pulse contains only one OFDM symbol without car-
rying the communication information. Even if it is modu-

lated with information, not only is the communication data
rate low, but also the synchronization is uneasy. Although
the pulse repetition frequency (PRF) can be increased to
improve the data rate, the maximum unambiguity range
(MUR) will be decreased. This is due to the fact that the
traditional OFDM radar waveform is devised without tak-
ing the communication requirements into consideration.

Fig. 1 Transmitted waveform of OFDM radar and communication

The conventional OFDM communication waveform is
shown in Fig. 1(b). The communication waveform consists
of a series of OFDM symbols and is continuous. Compared
with OFDM radar waveform, the continuity of waveform
is their significant difference.

2.1.2 Preliminaries of MIMO-OFDM waveform for
communication

The OFDM technique can transform frequency-selective
fading channels into several independent flat fading sub-
channels, which the MIMO technique is incapable to do.
However, the OFDM technique is sensitive to the Doppler
shift, which will destroy the orthogonality among sub-
carriers. In contrast, the MIMO technique can solve the
problem through space-time coding. In the MIMO-OFDM
system for communication, the OFDM and MIMO tech-
niques are combined to exert themselves advantages. To
achieve both the coding an diversity gain, space-time code
is utilized in the MIMO system, and several such systems
combining the OFDM technique are proposed to solve
inter-symbol interference (ISI), such as space-time trel-
lis code OFDM (STTC-OFDM) [37], space-time block
code OFDM (STBC-OFDM) [38,39], and space-frequency
block code OFDM (SFBC-OFDM) [28,40]. In general,
the waveforms of these systems can be summarized as in
Fig. 2.

In Fig. 2, the transmitted signal of the ith antenna is
st,i(t) with the subcarrier frequencies f1, f2, . . . , fNc . And

all the antennas transmit continuous waveforms with the
same subcarriers, but the subcarriers of different antennas
are modulated by different space-time codes. The system
throughput is increased through space diversity. However,
the waveform is not suitable for the pulse radar with trans-
mit and receive antennas shared.

Fig. 2 MIMO-OFDM waveform for communication

2.2 Integrated radar and communication system
specifications

2.2.1 Integrated radar and communication for SISO
system

(i) Integrated waveform
To meet the IRCS’s demands, the integrated waveform

we proposed is depicted in Fig. 3. For the integrated wave-
form, several OFDM symbols are engaged in one pulse
duration, and they constitute one frame or multiframe of
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communication to facilitate the communication synchro-
nization. In general, by modulating each OFDM symbol
with different information, we can improve the data rate
and the pulse compression gain by at least Ns times if
one pulse contains Ns OFDM symbols compared with the
conventional OFDM radar waveform with the same band-
width, subcarrier interval, PRF, and modulation scheme.
However, the range of blind zone of radar will be enlarged,

which is the price to be paid to improve the communica-
tion data rate. The ratio of the data rate of the integrated
waveform to that of the conventional OFDM communica-
tion waveform in Fig. 1(b) is equal to the duty ratio of radar
which is less than one. Therefore, the integrated waveform
can be regarded as a tradeoff between OFDM radar and
communication.

Fig. 3 Transmitted waveform of IRCS

(ii) Radar processing structure
The block diagram of transceiver architecture in IRCS is

shown in Fig. 4. For simplicity, some structures are omit-
ted. In the process of transmitting, direct digital synthesizer
(DDS) including the communication information modula-

tion generates the digital integrated baseband signal which
is converted to the analog signal through digital to analog
converter (DAC). And then it is up-converted to radio fre-
quency (RF), amplified, and radiated through antenna.

Fig. 4 Block diagram of transceiver architecture in IRCS

In the process of receiving, the echo is received and
amplified by low-noise RF amplifier. And then the echo
is down-converted to intermediate frequency (IF) band,
baseband and then converted to digital signal by analog to
digital converter (ADC). The digitalized baseband echoes
are processed in the digital signal processor in which the
matched filtering, i.e., pulse compression, is performed
firstly. And then in order to compensate the different trans-
mit energy due to the demand of communication, energy
balancing for different pulses is performed. Afterwards,
target detection is implemented and signal processing al-
gorithms are employed to obtain the estimations of range
and velocity or other results, for example the trajectory of

moving targets. Eventually, the processing results are out-
put to, for instance, display.

(iii) Communication processing structure

The block diagram of communication processing in the
IRCS is illustrated in Fig. 5. The integrated waveform is so
similar to the conventional OFDM waveform in commu-
nication that the processing in communication receiver is
also similar. The integrated waveform is down-converted to
baseband and converted to digital signal by ADC. Then the
synchronization is performed, and the CP is removed. Fi-
nally, the data are output after fast Fourier transform (FFT)
and decoding is executed. There is a slight difference from
the conventional communication. When the synchroniza-
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tion is accomplished, the subsequent procedures are only
performed during the pulse duration, that is to say, the pro-
cessing is noncontinuous. As the time division multiple ac-
cess (TDMA) for two users, the communication receiver

can be regarded as a user and it only requires to demo-
dulate the information during its time slot, i.e., the pulse
duration.

Fig. 5 Block diagram of processing for communication receiver

2.2.2 MIMO-OFDM IRCS

(i) Integrated waveform

The IRCS combining MIMO system with OFDM wave-
form is shown in Fig. 6, where the MIMO-OFDM IRCS
consists of a linear equidistant antenna array with M sen-
sors and distance d. The allocated subcarrier frequencies
at each antenna are depicted on the left side. The trans-
mitted signal of the ith antenna is st,i(t) and the sub-

carrier frequencies are fi,1, fi,2, . . . , fi,Nc , and fi,m =
fc + [(i − 1)Nc + m]Δf where i indicates the element
index; m denotes the subcarrier frequency index; f c is the
center frequency; Δf is the subcarrier interval; and N c is
the number of subcarriers engaged by each OFDM sym-
bol. Compared with the MIMO-OFDM waveform for com-
munication in Fig. 2, we can see that at each antenna, the
subcarriers are same for MIMO-OFDM waveform whereas
they are different for the integrated waveform of IRCS.

Fig. 6 Sketch map of MIMO-OFDM IRCS structure

Obviously, the integrated waveforms at different anten-
nas are orthogonal to each other, which just satisfies the
requirement of MIMO radar. For the IRCS, the size of
virtual array aperture is two times larger than that of the
real array aperture. In other words, the spatial resolution
is improved by a factor of 2. Furthermore, for communi-
cation, given a fixed bit error rate (BER), the data rate of
the IRCS is improved compared with the SISO system, if
each antenna transmits different information. And the data
rate loss caused by the discontinuity of integrated wave-
form can be decreased or eliminated by MIMO technique.
On the other hand, we can reduce the number of OFDM

symbols of each pulse to lessen the range of the blind zone
without more data rate loss compared with the SISO sys-
tem.

(ii) Radar processing structure
The block diagram of MIMO-OFDM IRCS is depicted

in Fig. 7. The transmitting and receiving channels are simi-
lar to that in Fig. 4. The slight difference is that the MIMO-
OFDM IRCS utilizes the identity DDS to generate the
transmitted waveforms of all antennas, and in the DDS the
communication information is modulated through space-
time coding. Moreover, all the transceivers utilize the same
local oscillator.
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Fig. 7 Block diagram of MIMO-OFDM IRCS

All the digitalized outputs of receiving channels are pro-
cessed in the digital signal processor in which the matched
filtering i.e., pulse compression is carried out firstly, and
then energy balancing and target detection are performed.
Afterwards, some MIMO techniques and signal processing
algorithms are exploited to obtain the estimations of range,
angle and velocity, or other results. Finally, the processing
results are output.

(iii) Communication processing structure

Fig. 8 shows the block diagram of communication pro-
cessing in the MIMO-OFDM IRCS. Similar to the process-
ing in Fig. 5, the FFT outputs of all channels are processed
by space-time processing and decoding which is the in-
verse of the space-time coding in the transmitter. Similarly,
the procedure of decoding is not continuous, either. And
the available communication receiver is readily compati-
ble with the IRCS.

Fig. 8 Block diagram of processing for MIMO communication receiver

3. System parameters design

System parameters have a paramount influence on the sys-
tem performance. For the IRCS, system parameters de-
sign should simultaneously meet the requirements of radar
and communication. For radar system, the duty ratio D,
PRF fr, center frequency fc, pulse duration Tp, signal
bandwidth engaged by each antenna Ba = NcΔf , sys-
tem bandwidth Bs = MNcΔf , and array element inter-
space d are required to be devised. For communication,
the integrated waveform consists of several OFDM sym-
bols. Therefore, the parameters design coincides with the
design of OFDM symbols.

The OFDM symbol is shown in Fig. 9. The length of
CP or guard interval (GI) Tg, subcarrier frequency spacing

Δf =
1
T

with elementary symbol duration T , time dura-

tion of OFDM symbol Ts, signal bandwidth Ba, system
bandwidth Bs, and duty ratio D are the parameters associ-
ated with communication.

Fig. 9 OFDM symbol
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3.1 Radar requirements

For radar, the crucial performance indexes are Doppler
tolerance, MUR, range resolution, maximum unambiguity
velocity (MUV) and blind zone. In radar applications, the
Doppler shift fdr is arisen from the radial velocity between
IRCS and target

fdr =
2vr

λ
=

2vrc0

fc
(1)

where vr is the radial velocity between radar and target;
λ is the wavelength and c0 is the speed of propagation.
To keep the orthogonality of subcarriers, the maximum
Doppler shift fdr,max must be far less than the subcar-
rier spacing Δf . In practice, it has been revealed that
the subcarriers can be regarded as keeping orthogonal if
Δf � 10fdr,max.

The MUV vu and MUR Ru of radar are associated with
the PRF fr. The following can be obtained:

vu =
c0fr

2fc
(2)

Ru =
c0

2fr
=

c0Tr

2
(3)

where Tr =
1
fr

is the pulse repetition interval (PRI).

For the IRCS in [35], the MUR RIu is

RIu =
c0T

2M
. (4)

Obviously, compared with the MUR in (3), RIu is much
smaller than Ru, since Tr > T , and M > 1. That is the
reason why the IRCS in [35] is applicable for short range
surveillance.

The radar blind zone Rbz is given by

Rbz =
c0Tp

2
. (5)

Evidently, the blind zone Rbz is determined by the pulse
duration Tp = Ns(Tg + T ). Another important perfor-
mance parameter is the range resolution ΔR which is only
determined by the entire signal bandwidth and has no rela-
tion to the signal shapes. The range resolution is as follows:

ΔR =
c0

2Bs
=

c0

2MNcΔf
. (6)

We can see that the range resolution can be improved by
increasing the entire signal bandwidth.

3.2 Communication requirements

For communication, the communication information is
carried by OFDM signals. In the communication receiver,

in order to correctly demodulate the information, the sub-
carriers of received signals are required to be orthogo-
nal. However, the orthogonality will be destroyed by the
Doppler shift fdc which is caused by the relative velo-
city between IRCS and the communication receiver. The
Doppler shift can be achieved as follows:

fdc =
vc

λ
=

vcc0

fc
(7)

where vc indicates the radial velocity between IRCS and
communication receiver. Compared with the expression in
(1), the relative velocity in (7) is different from that in (1).
Similarly, the maximum Doppler shift fdc,max requires to
be much less than subcarrier spacing Δf . Identically, it is
the same as the radar requirements that Δf � 10fdc,max.
In addition, the ISI can also disrupt the orthogonality. To
eliminate the ISI, the length of CP is no less than the max-
imum time delay τmax of communication channel, i.e.,

Tg � τmax. (8)

The other requirement of communication is the chan-
nel capacity Ct. If there are M receive antennas in com-
munication receiver and the additive white Gaussian noise
(AWGN) channels are orthogonal, the Shannon capacity
can be written as

Ct = DMBa log2

(
1 + α

Pt

N0Ba

)
(9)

where Pt indicates the transmit power; N0 is the power
spectral density of AWGN; and α is the propagation loss

factor. In (9), the duty ratio D =
Tp

Tr
is less than unity be-

cause the integrated waveform is noncontinuous. If D = 1,
(9) represents the AWGN Shannon capacity of continuous
waveform in MIMO system with M transmit and M re-
ceive antennas. Hence, the duty ratio can be interpreted as
the capacity loss factor due to the discontinuity of wave-
form.

3.3 IRCS parameters design criterion

The requirements of conventional radar and communica-
tion have been discussed in Section 3.1 and Section 3.2,
respectively. It is seen that the radar and communication
applications have some common requirements except for
contradictions. For the IRCS, it is unavoidable to make a
compromise in the system parameters due to the different
purposes of radar and communication. To this end, we con-
struct the following optimization problem as

[N̂c, N̂s, T̂g, T̂ , f̂r] =

arg max
Nc,Ns,Tg,T,fr

Ns(Tg + T )frMNc

T
log2

(
1 +

αTPt

N0Nc

)

(10a)
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s.t. Ns(Tg + T )fr � D0 (10b)

Tg � τmax (10c)

1/T � 10 max{fdr,max, fdc,max} (10d)

Nc/T � B0
a (10e)

c0

2fr
� R0

u (10f)

c0

2
Ns(Tg + T ) � R0

bz (10g)

c0T

2MNc
� ΔR0 (10h)

c0fr

2fc
� v0

u (10i)

where D0, B0
a, R0

u, R0
bz , ΔR0 and v0

u are all user param-
eters corresponding to duty ratio, signal bandwidth, MUR,
blind zone, range resolution and MUV thresholds, respec-
tively. In (10), the center frequency f c and number of ele-
ment M are not included in the optimization variables,
since fc and M have a closely connection with practical
application. Thus we assume that fc is at the frequency
band occupied by both communication and radar, and both
fc and M have been given.

In the optimization problem (10), the constraint
(10b) ensures the duty ratio to be no larger than
the threshold D0 to satisfy the application sce-
nario, and the larger the duty ratio is, the greater
the channel capacity will be. The constraint (10c)
makes sure that the CP is no less than the maxi-
mum time delay of communication channel so that the
ISI can be eliminated. The constraint (10d) guarantees that
the orthogonality of subcarriers both for radar and com-
munication functions is not destroyed by the Doppler shift.
The constraint (10e) is the constraint on the signal band-
width to satisfy the limit of hardware. In (10f) the MUR
is no less than R0

u for the long range surveillance. The
constraint (10g) refines the bind zone to be no greater than
R0

bz . The constraint (10h) is to satisfy the demand for range
identification. The requirement for MUV is guaranteed by
the constraint (10i).

Obviously, the objective function and the inequality
constraints (10b), (10e), (10g), and (10h) are nonconvex.
Moreover, the inequality constraints (10c), (10d), (10f),
(10i) are concave. Hence, the optimization problem in (10)
is a multivariable nonconvex programming problem [41].
The analytical solution is unable to be obtained, but the
numerical solution can be achieved by utilizing the evo-
lutionary algorithms, such as the Genetic algorithm (GA)
[42].

The optimization problem in (10) can be interpreted
as that the object function is maximized to achieve the

maximum channel capacity under the constraint conditions
which guarantee that all the radar and partial communica-
tion requirements are satisfied. The solution to the opti-
mization problem (10) can satisfy the IRCS requirements,
since it gives consideration to both radar and communi-
cation limitations and concurrently maximizes the channel
capacity. Consequently, the created optimization problem
is reasonable.

4. IRCS parameterization and simulation

4.1 IRCS parameterization

From the previous discussion, the optimization problem in
(10) is arduous to be solved. Generally, the conventional
GA can be employed with the following parameters: the
population size is 300, the number of generation is 100, the
crossover probability is 0.9, the mutation probability is 0.1,
and the roulette wheel selection is used. However, the ob-
ject function can be interpreted as the function of duty ratio
D and signal bandwidth Ba. Analyzing the object func-
tion, we observe that it is monotonically increasing with

D, and also monotonically increasing with Ba if
αPt

N0
is

large enough, which can be satisfied in most cases. So in
the IRCS parameters design, we merely maximize D and
Ba as much as possible according to practical applications
without utilizing the complicated numerical algorithms. As
an example, the IRCS parameterization procedure is given
as follows.

In IEEE 802.11a, the radio frequencies of the local area
network (LAN) system are aimed for the 5.15 – 5.25 GHz,
5.25 – 5.35 GHz, and 5.725 – 5.825 GHz. They belong to
the C band of radar which is usually adopted by remote
control and guide radar. Here, we assume that the center
frequency fc of the IRCS is 5.8 GHz, the number of anten-
nas is M = 4, the maximum relative velocity between the
IRCS and targets is vmax,r = 800 m/s, i.e., the maximum
relative velocity between the IRCS and communication re-
ceiver is vmax,c = 1 600 m/s, the demands for the MUR
is 150 km, range resolution is 15 m, and blind zone is less
than 15 km.

The vmax = 800 m/s corresponds to the Doppler shift
of 30.93 kHz, so the subcarrier spacing is desired to guar-
antee Δf � 309.3 kHz. Furthermore, physical layer con-
vergence protocol in 802.11a suggests that the IFFT/FFT
period is T = 3.2 µs in accordance with Δf = 312.5
kHz, and the cyclic prefix is 0.8 µs. Hence, we choose the
subcarrier spacing of Δf = 312.5 kHz. According to the
MUR of 150 km, blind zone of less than 15 km, and the
range resolution of 15 m we can obtain that the PRF is
fr = 1 kHz, the system bandwidth is Bs 10 MHz, and the
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pulse duration is Tp � 100 µs. Substituting fr = 1 kHz
and fc = 5.8 GHz into (2) yields the MUV vu = 25.86
m/s, which cannot suffice the requirement of velocity de-
tection. Thus, some resolving velocity ambiguity methods
are required to be employed. Since Bs = MNcΔf is 10
MHz and Δf = 312.5 kHz, the Nc = 8 is obtained. Since

Tp = Ns

(
Tg +

1
Δf

)
, the Ns � 25. The object func-

tion implies that the greater the Ns, the larger the channel
capacity. Hence, we choose Ns = 25. If the communica-
tion uses quadrature phase shift keying (QPSK) modula-
tion, the communication data rate Rb will be 2.4 Mbit/s.

The final IRCS parameters and performance indexes are
summarized in Case 1 of Table 1. In Table 1, we also give
the other two quintessential cases. Case 2 has less blind
zone with lower data rate and Case 3 has larger MUV with
smaller MUR. The performance and IRCS parameters of
Case 2 and Case 3 are similarly confirmed as Case 1.

Table 1 IRCS parameters and performance indexes

Symbol Parameter Case 1 Case 2 Case 3

fc/GHz Center frequency 5.8 5.8 5.8
M Number of elements 4 4 4
Ns Number of OFDM symbols 25 2 2
Nc Number of carrier 8 8 8

Rb/(Mbit/s) Data rate (QPSK) 1.6 0.128 1.28
T/µs Elementary symbol duration 3.2 3.2 3.2
Tg/µs Length of CP 0.8 0.8 0.8
fr/kHz PRF 1 1 10
Ru/km MUR 150 150 15
Rbz/km Blind zone 15 1.2 1.2
ΔR/m Range resolution 15 15 15

vu/(m/s) MUV 25.86 25.86 258.62

4.2 IRCS performance

In this section, several numerical examples are presented
to illustrate the performance of IRCS.

In Fig. 10, we plot the variation of data rate and blind
zone with the number of symbols. In the simulation, four
antennas with half wavelength interval transmit different
OFDM signals which consist of eight subcarriers with the
subcarrier interval 312.5 kHz and the length of CP 0.8 µs.
Moreover, the PRF is 1 kHz, and the number of OFDM
symbols with QPSK modulation in each pulse varies from
2 to 22 stepping by 2. The data rate of real IRCS is indi-
cated by “Real”, and the AWGN Shannon capacity with
SNR 10 dB is represented by “Shannon”. We can see that
with the increasing of the number of OFDM symbols in
each pulse (i.e., the pulse duration is increased), the com-
munication data rate is improved. However, the blind zone
of radar is enlarged, which is unfavourable for radar de-
tection. Hence, it is imperative to make a trade off in the
number of OFDM symbols in each pulse.

Fig. 10 Variation of data rate and blind zone with the number of
symbols

The dependence of data rate and angle resolution upon
the number of antennas is depicted in Fig. 11. Each pulse
contains five OFDM symbols and the number of anten-
nas ranges from 2 to 20 stepping by 2. The other simu-
lation conditions are the same as those in Fig. 10. The pro-
posed IRCS and conventional phased array are represented
by “IRCS” and “Phased array”, respectively. It is obvious
that the communication data rate and angle resolution are
enhanced with the number of antennas increased. Further-
more, the angle resolution of IRCS is higher than that of
the phased array with the same number of antennas. The
reason is that the array aperture of IRCS is doubled through
utilizing the transmitted degrees of freedom. These results
lead us to draw a conclusion that the more the antennas
is, the better the radar and communication performance of
IRCS will be if the system size and energy cost can sup-
port.

Fig. 11 Variation of data rate and angle resolution with the number
of antennas

The simulation results of the data rate, MUR and MUV
as functions of PRF are shown in Fig. 12 and Fig. 13. In
the simulations, the PRF varies from 0.2 kHz to 9.8 kHz
stepping by 0.4 kHz, center frequency is 5.8 GHz, and
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the other conditions are consistent with those in Fig. 10.
We can see that the data rate of communication and MUV
are increasing with the enhancement of PRF whereas the
MUR is decreasing. From these results, it can be concluded
that the increase of PRF is beneficial to communication; in
contrast, it is disadvantageous as well as advantageous to
radar. Therefore, a compromise should be made in the de-
sign of PRF.

Fig. 12 Variation of data rate and MUR with PRF

Fig. 13 Variation of MUR and MUV with PRF

In Fig. 14, the variation of data rate with MUR is plotted.
The IRCS in [36] is denoted as “S-IRCS”. In the simula-
tion, for the IRCS the number of subcarriers employed by
each antenna is 64, the blind zone is maintained to be 1.56
km. The other simulation conditions are similar to those in
Fig. 11. With the increasing of MUR, the data rate is de-
creasing, and the duty ratio for IRCS is also decreasing due
to the increase of PRI. Moreover, for the same MUR, the
data rate of IRCS is more excellent than the S-IRCS, since
the S-IRCS transmits only a part of subcarriers to improve
the MUR.

Fig. 14 Variation of data rate with MUR

The comparison of angle resolution is illustrated in
Fig. 15. In the simulation, the number of antennas is 10,
and other simulation conditions are the same as those in
Fig. 10. Since the angle resolution of S-IRCS is the same
as IRCS, the results of IRCS are only plotted. For the same
antenna configuration, the angle resolution of the IRCS is
the same as the traditional MIMO radar but higher than
the conventional phased array, since the IRCS has the pro-
perty of MIMO radar that the virtual aperture is improved
two times.

Fig. 15 Comparison of angle resolution

In Fig. 16, the bit error rate (BER) of OFDM in Gaus-
sian channel with respect to SNR under different modula-
tion styles or data rates is plotted. In the simulation, each
pulse contains 25 OFDM symbols with 16 subcarriers and
the other conditions are in line with those in Fig. 10. It is
evident that the BER is enhanced with the improvement of
the data rate. This is due to the fact that coding at higher
rate generates lower bit energy to noise power spectral den-
sity ratio. That is to say we can improve the data rate by
enhancing the coding rate with the decrease of communi-
cation reliability.
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Fig. 16 Comparison of BER with respect to SNR under different
data rates

5. Conclusions

In this paper, a new integrated radar and communication
system combining the MIMO system with OFDM wave-
form is proposed. The underlying performance improve-
ment in angle resolution and data rate is investigated. The
feasibility of the proposed system and different require-
ments of radar and communication are discussed. Accord-
ing to these requirements, an optimization problem is es-
tablished to obtain suitable system parameters. In three
typical cases, the system parameters that satisfy both the
radar and communication limitations are derived. More-
over, the dependence of radar and communication per-
formance indexes on the system parameters is illustrated.
Compared with the SISO system, the proposed system can
improve the angle resolution, and data rate.

According to the simulation results, the communication
performance of the proposed IRCS is improved with the
increasing of SNR, the number of antennas, PRF and the
number of symbols in each pulse. The increase of the num-
ber of antennas improves the angle resolution, whereas
both the PRF and the number of symbols have a contradic-
tory influence on the radar performance, which compels us
to make a tradeoff. Moreover, the proposed system is ap-
plicable for long range surveillance, and has higher data
rate, simultaneously.

For the MIMO-OFDM IRCS, some specific hardware
actualization and radar signal processing problems are de-
served future research, and now we are devoting to the cor-
responding radar signal processing.
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