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Abstract—Spectrum sharing for radar and communications
can maximize the utilization of frequency resource. Though
several studies have considered the coexistence and joint trans-
mission to accomplish the missions of radar target detection and
wireless communications simultaneously, none of the previous
studies have considered feasible scenarios. In this paper, we
consider a feasible scenario under which all the multiple antennas
at the base station are used for joint transmission of radar beams
and communications signals. With a careful consideration of the
channel models, a beam synthesis algorithm is reviewed for the
shared antenna utilization for both radar and communications.
Numerical evaluation is provided to investigate the trade-off
between the radar and communications performance.

Index Terms—Radar and communication combined systems,
beam synthesis, directional channel model

I. INTRODUCTION

Recently, frequency spectrum sharing for radar and commu-
nications has attracted reserch interest because of its high po-
tential achieving maximized utilization of frequency resource
and reducing the implementation cost [1], [2]. In radar sys-
tems, phased array or multi-input multi-output (MIMO) radar
techniques require the employment of multiple antennas and
careful beamforming optimization. In addition, multi-antenna
joint transmission techniques have been extensively studied in
multi-user communication networks. To accomplish the mis-
sion of joint transmission for both radar and communications,
a few studies have been conducted. In particular, a waveform
design framework was proposed in [3] for the coexistence
of MIMO radar and communications in the same system. In
[1], the beam synthesis was studied for the separated antenna
deployment and shared antenna deployment. In this paper, we
restrict ourselves to the shared antenna deployment scenario,
where all the antennas at the base station are used both for the
transmission of radar and communications signals. However,
none of the previous studies have carefully considered the
scenarios and channel models.

In this paper, we revisit the ray-based channel model and
the beam synthesis algorithm for the shared deployment case.
In particular, angular locations of the users and the range of
the target presence are carefully assumed to consider a feasible
scenario. We then model the channels based on [4]–[6]. New
observations are discussed in the viewpoint of the trade-off
between the data rate and peak-to-sidelobe ratio (PSL).

Fig. 1: Antenna shared deployment for the collocated radar
and communication BS. In case of radar, there is the target in
LOS, on the other hands, there is no direct way, i.e. NLOS
situaion for UEs.

II. SYSTEM MODEL

We consider a radar and communications combined system,
which can simultaneously transmit signals to a target that
can be detected by radar and communication symbols to
downlink users. As shown in Fig. 1, the radar signal and
communication signals are transmitted from the base station
(BS) simultaneously. It is assumed that the target exists on
line-of-sight (LOS), while user equipment (UE) exists on Non-
line-of-sight (NLOS). Uniform linear array (ULA) is employed
with N antenna elements.

From the above model, the received signal of the i-th user
is given as

yi[l] = hT
i

K∑
k=1

tkdk[l] + ni[l], ∀i, (1)

where hi is the channel vectors between the antenna and
the i-th user, ti ∈ CN×1 and dk[l] denote the beamform-
ing vector and the communication symbol, respectively, and
ni[l] ∼ CN (0, N0) stands for the received noise of the i-th
user. Here, K is the number of all users.

Letting Ti = tit
H
i , the received SINR of the i-th user is

TABLE I
SIMULATION PARAMETERS

Parameters Values
Simulator OPNET 17.5

Area 500m x 500m
Simulation time 1000 sec

Number of nodes 25
Number of Malicious nodes 2

Packet Size 128 bytes
Packet generation rate 1024 bps

MAC Protocol CSMA/CA
PHY 802.11b 2Mbps

Fig. 4. Energy Consumption

launched. Even after the attack, the proposed scheme reduces
energy consumption significantly, by taking advantage of
querying and local trust evaluation. Over time, information
about the malicious nodes spreads over the network and they
could be detected simply by referring to the list at the stage of
“Querying Suspicious Node”. Hence, less energy is consumed
after 600th second.

The result of the packet deliver ratio is shown in Fig. 5.
After the attack launches, the packet deliver ratio plunges
into 80% in both models. However, the malicious nodes are
identified and isolated in both models, which gradually restores
the packet delivery ratio to 100%. These results indicate that

Fig. 5. Packet Delivery Ratio

the proposed scheme can achieve the same level of security
with much less energy consumption.

V. CONCLUSION

In military IoT networks, security should be provided in an
energy-efficient way. In this paper, we propose an on-demand,
stepwise trust evaluation method where the trust evaluation
process is minimumly performed by taking advantage of
querying and localizing trust evaluation. Simulation studies
show that the proposed scheme achieves the same level of
security with much less energy consumption, compared to the
existing work.
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Fig. 2: Channel parameter description between BS array and
UE. ϑic,AoD stands for the angle of departure (AoD), ϑic,AoA

means the angle of arrivals, and θv is the angle of the velocity
vector with respect to the MS.

given by

γi =

∣∣hT
i ti

∣∣2
K∑

k=1
k �=i

∣∣hT
i tk

∣∣2 +N0

=
tr (h∗

ih
T
i Ti)

tr


h∗

ih
T
i

K∑
k=1
k �=i

Tk


+N0

. (2)

As noted in [1], the followings are standard assumptions on
the radar and communication channels:

1) The communication signals are statistically independent
of the radar signals;

2) The channel between the antenna and the user is flat
Rayleigh fading.

III. CHANNEL MODEL

In this section, unlike other previous studies, the channel
model is presented to check the feasibility of the system
model. From [6], the propagation environment is well char-
acterized by a clustered channel model. The channel of i-th
user is given by

hi =
√
N

C∑
c=1

ρica
H
t (ϑic), (3)

where C is the number of cluster. Since it is assumed
that the joint channel is the flat Rayleigh fading, |ρic| fol-
lows Rayleigh fading for each link. In addition, aHt (ϑic)
stands for the steering vector of the transmit antenna. From
ULAs, the steering vector can be specified by aHt (ϑic) =
[1, ej2π∆sinϑic , ..., ej2π(Nt−1)∆ sinϑic ]T ∈ CNt×1. The dis-
tance between adjacent antenna elements is denoted by ∆,
which is generally assumed by half of wavelength.

IV. BEAM SYNTHESIS ALGORITHM

The beam synthesis algorithm proposed in [1] is reviewed
for self-completeness. The beam synthesis problem can be

formulated as

minimize
α,R

t

subject to
M∑

m=1

∣∣∣αP̃d(θm)− aH(θm)Ra(θm)
∣∣∣
2

≤ t,

diag(R) =
P01

N
,

R � 0,R = RH ,

α ≥ 0,

t ≥ 0,

(4)

where {θm}Mm=1 is the detection angle that covers angle range
of [−π/2, π/2], P̃d(θm) is the desired beampattern that we
want to implement at our joint radar and communication
system, and P0 is the power budget, and 1 = [1, 1, ..., 1]T ∈
RN×1.

Finally, by the waveform covariance matrix, which is de-
noted by R, we can design our shared deployment beamform-
ing vector from

minimize
Ti

t (5a)

subject to

∥∥∥∥∥
K∑
i=1

Ti − αR

∥∥∥∥∥
2

F

≤ t, (5b)

diag

(
K∑
i=1

Ti

)
=

P01

N
, (5c)

α ≥ 0, (5d)

Ti � 0,Ti = TH
i , rank(Ti) = 1, ∀i, (5e)

γi ≥ Γi, ∀i, (5f)

where R is obtained by (4), Γi is the allocated SINR for i-th
user, 1 = [1, 1, ..., 1]T ∈ RN×1, and N is the number of shared
antenna. Unlike in [1], we introduce the scaling factor α in
(5b), which leads to more chances to obtain feasible solutions.

After omitting the rank-1 constraint term, we can solve the
problem and obtain suboptimal minimum value t from rank-1
approximation.

V. NUMERICAL RESULTS

In this section, numerical results under the considered
channel model are provided. Figures 3 and 4 show the beam
patterns with the considered directional channel model and
the random channel model, respectively, where N = 20,
SNR=20dB, Γi =21dB, K = 1, and the LOS angle is between
−π/6 and π/6. As shown in Fig. 3, in the directional channel
model, some angular directions where the users are located
should have relatively high array gain to satisfy the minimum
SINR consrtaint. As a result, the overall beam pattern is worse
than with the simple random channel model case in Fig. 4.
That is, beam pattern may be worse in the considered feasible
environment.

Figures 5 and 6 show the beam pattern with the directional
and random channel models, respectively, where N = 20,
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Fig. 3: Beam pattern with the directional channel model where
N = 20, SNR=20dB, Γi =21dB, K = 1, and the LOS angle
is between −π/6 and π/6.
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Fig. 4: Beam pattern with the random channel model where
N = 20, SNR=20dB, Γi =21dB, K = 1, and the LOS angle
is between −π/6 and π/6.

SNR=20dB, Γi =21dB, K = 2, and the LOS angle is between
−π/6 and π/6. Compared to the results in Figs. 3 and 4, the
sidelobe level is higher because of more users, i.e., K = 2,
yielding more constraints of the minimum SINR.

Desired SINRs Obtained minimum SINRs PSL value
16.99 16.99 15.43
20.0 20.0 11.58

21.76 21.76 10.14
23.01 23.01 11.27
23.98 23.98 8.96
24.77 24.77 6.2
25.44 25.44 9.12
26.02 26.02 4.92
26.5 26.53 5.92

26.99 26.99 6.87

TABLE I: Desired SINRs, obtained minimum SINRs and PSL
values in dB scale where N = 20, K = 2, the LOS angle is
between −π/6 and π/6, and Γi is varied from 17dB to 27dB.

Table I shows the achievable minimum SINR and peak-to-
sidelobe-level (PSL) with respect to variable desired minimum
SINR, i.e., Γi, where N = 20, SNR=20dB, K = 2, and
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Fig. 5: Beam pattern with the directional channel model where
N = 20, SNR=20dB, Γi = 21dB, K = 2, and the LOS angle
is between −π/6 and π/6.
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Fig. 6: Beam pattern with the random channel model where
N = 20, SNR=20dB, Γi = 21dB, K = 2, and the LOS angle
is between −π/6 and π/6.

the LOS angle is between −π/6 and π/6. A clear trade-
off between the achievable minimum SINR and the PSL
performance is observed from the table.

VI. CONCLUSION

We have proposed the directional channel model to consider
a feasible scenario for the communication and radar combined
system, where the communication and radar signals are si-
multaneously transmitted by the same antennas. The beam
synthesis performance for radar turned out to be lower than
in the previous studies due to the impact of the directional
location of the users. In our future work, we will develop a
joint transmission beam synthesis algorithm under the feasible
scenario developed in this work. In addition, we shall consider
a wideband channel model to expand the idea to the case of
orthogonal frequency division multiplexing signaling.
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In this section, unlike other previous studies, the channel
model is presented to check the feasibility of the system
model. From [6], the propagation environment is well char-
acterized by a clustered channel model. The channel of i-th
user is given by

hi =
√
N

C∑
c=1

ρica
H
t (ϑic), (3)

where C is the number of cluster. Since it is assumed
that the joint channel is the flat Rayleigh fading, |ρic| fol-
lows Rayleigh fading for each link. In addition, aHt (ϑic)
stands for the steering vector of the transmit antenna. From
ULAs, the steering vector can be specified by aHt (ϑic) =
[1, ej2π∆sinϑic , ..., ej2π(Nt−1)∆ sinϑic ]T ∈ CNt×1. The dis-
tance between adjacent antenna elements is denoted by ∆,
which is generally assumed by half of wavelength.

IV. BEAM SYNTHESIS ALGORITHM

The beam synthesis algorithm proposed in [1] is reviewed
for self-completeness. The beam synthesis problem can be

formulated as

minimize
α,R

t

subject to
M∑

m=1

∣∣∣αP̃d(θm)− aH(θm)Ra(θm)
∣∣∣
2

≤ t,

diag(R) =
P01

N
,

R � 0,R = RH ,

α ≥ 0,

t ≥ 0,

(4)

where {θm}Mm=1 is the detection angle that covers angle range
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In this section, numerical results under the considered
channel model are provided. Figures 3 and 4 show the beam
patterns with the considered directional channel model and
the random channel model, respectively, where N = 20,
SNR=20dB, Γi =21dB, K = 1, and the LOS angle is between
−π/6 and π/6. As shown in Fig. 3, in the directional channel
model, some angular directions where the users are located
should have relatively high array gain to satisfy the minimum
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than with the simple random channel model case in Fig. 4.
That is, beam pattern may be worse in the considered feasible
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