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Abstract—n this paper, we analyze the performance trade-
off between integrated radar and communications (RadCom)
systems using the Kullback-Leibler divergence (KLD) measure,
also called the relative entropy (RE). Specifically, we derive the
KLD measure for both subsystems for a base-station serving a
number of communication users while detecting multiple targets
simultaneously. We evaluate the trade-off between the radar
and the communication systems using a weighted KLD that can
enhance the flexibility of the allocations. The results demonstrate
that the KLD is an effective mean for achieving the optimal trade-
off between both systems and that it provides a higher degree of
controllablity and adaptability for RadCom systems.

Index Terms—Radar and communication (Radcom) systems,
multiple-input-multiple-output (MIMO), zero-forcing (ZF), Kull-
back–Leibler divergence, Separated deployment, Relative En-
tropy.

I. INTRODUCTION

W ITHIN the rapidly progressing sphere of communica-
tion technology, the shift towards the 6G era emerges

as a defining juncture. This imminent phase in wireless com-
munications isn’t just a nominal step-up from its predecessors
but rather is set to introduce a paradigm shift in how we
perceive and engage with connectivity [1]–[4]. From harness-
ing the power of holographic communications to designing
intelligent energy frameworks, the prospects that 6G presents
to us are nothing short of revolutionary. A focal topic of
interest in these discussions is the blend of radar functionalities
into traditional communication structures, giving birth to the
Radcom paradigm.

The intrigue surrounding Radcom systems is not merely
theoretical. They present a pathway towards maximizing the
efficacy of both physical resources and network bandwidth,
hinting at an optimized future for communication architectures
[5]–[10]. In this exploration, our attention is riveted towards
separated antenna deployment, a method where base station
(BS) antennas are earmarked for designated subsystems. Cur-

rent literature lacks an exhaustive probe into the comparative
strengths or potential limitations of this approach.

Clearly, RadCom systems are expected to be a cornerstone
in the next-generation wireless ecosystem. An examination
of literature works, reveals that the performance metrics for
RadCom systems have been using bit error rate for com-
munication functionalities and detection probability for radar
systems. The need to combine these evaluation measures into
a unified benchmark is evident, especially when for doing a
holistic resource management. In response to this challenge,
our research draws cues from our prior findings in [11],
[12] to introduce a unified performance metric harnessing
the Kullback–Leibler divergence (KLD) commonly known as
relative entropy (RE), this metric is derived in these papers
for each subsystem and it proves the relation between the
KLD and commonly used measures such as the Bit Error Rate
(BER) for the communication system, and the probability of
detection for the radar. While the RE has already etched its
mark in radar system studies, its potential utility in the MIMO
communication domain is still largely an uncharted territory.
Advocating for a unified system performance, we present the
KLD as a viable metric that can guide comprehensive system
design and resource allocation decisions [13], [14]. This paper
delves into a detailed system framework for separated antenna
deployment Radcom system, obtaining the KLD closed form
for the radar that is much more computationally efficient
than found in literature, using the weighted KLD average
we present different trade-offs and the high adaptability of
this system. One of the important features of our research
pivots around the derivation and utilization of this KLD metric,
emphasizing on the performance trade-offs inherent between
the dual subsystems.

The remainder of this paper is organised as follows. In
section II, the system model is presented. Section III we
derive the radar KLD, the communication system’s KLD, and
the weighted average KLD for separated antenna deployment



Radcom system. In section IV, the numerical results are
presented, and Section V concludes the work.

Notation: The following notations are used in this paper.
Bold uppercase letters (e.g. S) specify matrices, while bold
lowercase letters (e.g. s) specify vectors. Superscripts (·)∗,
(·)T and (·)H specify the conjugate, transpose and Hermitian
transpose, respectively. Subscripts (·)c and (·)r relate the cor-
responding parameter to the communication or radar system,
respectively. The absolute value and the trace operator are
denoted by | · | and tr{·}, respectively.

II. SYSTEM MODEL

We consider a multi-user multi-target (MUMT) MIMO
setup. In the proposed Radcom system model, an N -antenna
MIMO-BS is considered. These antennas are dual-purpose:
they detect T radar targets and simultaneously serve K
single-antenna communication user equipments (UEs) in the
downlink. Our exploration encompasses the separated antenna
deployment, as depicted in Fig.1. The BS is equipped with

Fig. 1. An illustration diagram for separated deployment Radcom system
with two user equipment’s, and two targets

a total transmit power of PT, which is strategically allo-
cated between sensing and data communication tasks. This
power is judiciously distributed between sensing and data
communication tasks. The segments of power designated to
the radar and communication functions are represented as
Pr and Pc respectively, confirming that PT = Pc + Pr.
At the BS, the Zero-Forcing (ZF) beamforming technique is
applied, precoding the data for communication UEs and thus
eliminating potential interference between signals [15].

The radar waveform is designed to have a covariance matrix,

Rx ∈ CNr×Nr ≜
1

L

L∑
l=1

xlx
H
l , (1)

where L is the overall snapshot count, and xl ∈ CNr×1 is
the radar waveform vector for the l-th snapshot.

As shown in Fig.1 for the separated deployment antenna
model, the MIMO-BS antennas are divided into two subsets.
The first subset contains a number of Nr antennas applied for
detecting T number of radar targets, whereas the second one
utilises the remaining Nc = N − Nr to serve K number of
single-antenna communication user equipments (UEs) in the
downlink.

A. Communication System

At each instance l, a data symbol sk,l intended for the k-
th UE is selected from a normalized constellation, satisfying
E[|sk,l|2] = 1. Given the channel matrix from MIMO-BS to
UEs, Hl, these symbols, i.e., sk,l∀k, are precoded using a
ZF precoder with a precoding matrix Wc,l ∈ CNc×K that is
normalised using instantaneous matrix normalisation scheme
as follows,

Wc,l =
W̃c,l√

sHl W̃c,l W̃H
c,l sl

(2)

where W̃c,l = HH
l

(
Hl H

H
l

)−1
is the non-normalised ZF

precoding matrix. This normalization approach ensures that the
communication system transmit power satisfies the allocated
power. The received signal yl ∈ CK×1, at the l-th instance,
can be shown as follows,

yl = Dc H
T
l Wc,l Pc sl+Dc

√
Pr

Nr
FT

l xl+nl, (3)

where Pc = diag(Pc,1, Pc,2, · · · , Pc,K) is a power control
matrix for UEs, Hl ∈ CNc×K ∼ CN

(
0, 2σ2

H

)
is the

BS-UEs communication channel matrix which is modeled
as flat Rayleigh fading, FT

l ∈ CNr×T ∼ CN
(
0, 2σ2

F

)
is

the radar-communication interference channel matrix modeled
as flat Rayleigh fading from the radar antennas to each
of the UEs, and nl ∈ CK×1 ∼ CN

(
0, 2σ2

n

)
is the ad-

ditive white Gaussian noise (AWGN). The matrix Dc =
diag(d

−η/2
c,1 , d

−η/2
c,2 , · · · , d−η/2

c,K ) accounting for the free space
pathloss, where η is the pathloss exponent, and dc,k is the k-
th UE distance to BS. Throughout the paper, the channels are
assumed to be independent and identically distributed (iid).

B. Radar System

We consider a scenario where each target resides in a unique
radar bin [16], [17], enabling clear differentiation of the target
count in the environment. It should be highlighted that the
literature offers several algorithms designed for the separation
of signals linked to distinct targets, particularly in scenarios
involving indistinguishable targets. These methods enable an
accurate estimation of the number of targets present, [18]–
[20]. It is assumed that the BS is informed of the potential
target count based on past records. Nonetheless, a straightfor-
ward enumeration technique can be implemented by utilizing
the detection methodology presented in this paper across
all angular-range-Doppler radar segments, followed by an
enumeration of the identified targets. MIMO radar capabilities



include the concurrent generation of multiple beams through
the amalgamation of orthogonal signals. Thus, the transmitted
signal vector emanating from the antennas is depicted by:

xl = Wr,lPrΦ. (4)

Here, Φ = [ϕ1, ϕ2, · · · , ϕT ]
T denotes a collection

of T orthogonal baseband waveforms [21]. The matrix
Pr = diag(

√
Pr,1/Nr,

√
Pr,2/Nr, . . . ,

√
Pr,T /Nr) governs

the power distribution towards each target. Additionally,
Wr,l ∈ CNr×T is the radar’s precoding matrix for the l-
th signal instance. To optimize radar performance or meet
specific radar covariance metrics, this matrix can be adapted.
For example, a desired radar covariance matrix is achievable
via the design of the correct precoding matrix, Rw ≡ 1

LWr×
WH

r = INr×Nr , typically reserved for omni-directional radar
setups.

The radar returns from all targets are processed using a
bank of matched filters aligned with the signal waveform
ϕt : ∀t = 1, 2, . . . , T , each tuned to a specific radar angular-
range-Doppler bin. Owing to the orthogonality condition ϕt ⊥
ϕi : ∀t ̸= i, radar returns from distinct targets are isolatable,
enabling the independent detection of each. The associated
binary hypothesis challenge for each target is represented as
Hq : ∀q ∈ 0, 1, where q = 0 indicates target absence, and
q = 1 indicates its presence. In mathematical terms, the
received radar signal from target t under the hypothesis Hq is
expressed as,

yr,t,l|Hq
=

√
Pr,t

Nr
d
−η/2
r,t αt A (θt)wr,t,l q + nr,l, (5)

where d−η
r,t is the two-way channel pathloss from BS to the

target and backwards with dr,t is the two-way distance, αt rep-
resents the target cross-section, and A (θt) = aT (θt)×aR (θt)
is the equivalent array manifold with aT (θt) and aR (θt)
represent the transmit and receive steering vector for the
t-th target, respectively. In this paper, it is assumed that
a (θt) ≜ aT (θt) = aR (θt). After employing interference
cancellation (IC) at BS, assuming perfect IC we are left
only with the noise term nr,l ∼ CN

(
0, 2σ2

nr
INr

)
, essentially

removing the clutter from the communication system.

III. KULLBACK–LEIBLER DIVERGENCE

In this section, we derive the KLD for the separated de-
ployment presented in the previous section. For multivariate
Gaussian distributed variables with mean vectors µm and µn,
and associated covariance matrices Σm and Σn, the KLD is
given as:

KLDn→m =
1

2 ln 2

(
tr
(
Σ−1

n Σm

)
− 2 + (µn − µm)

T

×Σ−1
n (µn − µm) + ln

|Σn|
|Σm|

)
. (6)

This equation plays a crucial role in our derivations of the
KLD for the radar systems.

A. KLD for Communication System

The derived KLD for the communication system is based
on the case of ZF precoding, where the precoding matrix was
given in the section introducing the communication system.
The derived KLD expression is applicable to any type of
constellations and has been modified to account for the long-
term pathloss effect as follows,

KLDc,k =
λ α2

ZF Pc,k d−η
c,k

2M (M − 1)
(
Pr σ2

F d−η
c,k + σ2

n

)
ln 2

, (7)

where M is the modulation order, αZF =
√
Nc −K + 1 is the

normalisation factor for ZF precoding, and λ is a constant that
depends on the constellation, for example, in the case of M -
ary Phase Shift Keying (M-PSK) it would be λMPSK = M2.

B. KLD for Radar System

Given L collected snapshots, the received signal matrix can
be expressed as,

Yr,t|Hq
=

√
Pr,t

Nr
αtA (θt)Wr,t q + Ω̃r, (8)

where Wt,r ∈ CN×L = [wt,r,1,wt,r,2, · · · ,wt,r,l] and
Ω̃r ∈ CN×L = [ω̃t,r,1, ω̃t,r,2, · · · , ω̃t,r,l]. By noting that
yr,t,l|Hq

∼ CN
(√

Pr

Nr
αtA (θt)wr,t,l q, 2σ

2
ω̃r
IN

)
. By multi-

plying the received signal vector with the Hermitian of the
known precoding vector and averaging over L, we obtain the
matrix Et ∈ CNr×Nr ,

Et =
1

L

L∑
l=1

yr,t,l|H1
wH

r,t,l. (9)

Then we can combine the different signals from each
antenna obtaining ξt as follows,

ξt =
aH (θt)Eta (θt)

Nr
, (10)

Considering a perfect estimation of αt and θt, by assuming
that L → ∞. Substituting for yr,t,l|H1

using (5) we get,

ξt =

√
Pr,t

Nr
d−η
r,t αta (θt)

T
Rta (θt) + n̆r, (11)

where n̆r ∼ CN
(
0, 2σ2

nr

)
, and Rt = 1

L

∑L
l=1 wr,t,l w

H
r,t,l.

The KLD can be derived from (11) using the KLD for
multivariate Gaussian from (6), where Σn = Σm = σ2

nr
,

µn = 0, and µm =
√

Pr,t

Nr
d−η
r,t αtaT (θt)

T
RtaT (θt) for

KLD0→1, the same KLD1→0 can be formulated. The resultant
KLDr,t = (KLD0→1+KLD1→0)/2 will be as follows,

KLDr,t =
|αt|2 d−η

r,t Pr,t |aH(θt)Rt a(θt)|2

2Nr σ2
n ln 2

. (12)

By considering the derived KLD for all radar targets and all
served communication UEs, the weighted average KLD for
the overall Radcom network can be formulated as

KLDavg =

(
ccom

K∑
k=1

KLDc,k + crad

T∑
t=1

KLDr,t

)
, (13)



where ccom and crad are the weights for each system, with
K ccom+T crad = 1. The weights gives priority to the desired
system which allows for more flexibility and trade-off.

IV. NUMERICAL RESULTS

In this section, we present the performance analysis and
trade-offs between KLDc and KLDr, where KLDc =
ccom

∑K
k=1 KLDc,k and KLDr = crad

∑T
t=1 KLDr,t. The

system scenario considered in the simulations is a multi-user-
multi-target scenario, where a number of 2 UEs and 2 targets
have been considered for separated antenna deployment. The
antenna separation is set to half wavelength, the total transmit
power is fixed at PT = 1, the covariance matrix for the radar in
the case of separated deployment is Rx = INr

, the target cross
section is normalised to αt = 1 ∀t, and QPSK modulation is
used throughout the results. In addition, the pathloss exponent
is set to η = 3 which is considered to model the effect of
large-scale fading, and the total number of antennas at BS is
fixed at N = 20 where the antennas are uniformly allocated
for each subsystem Nc = 10, and Nr = 10. The distances
between the BS and each UE are 270, and 80, respectively.
The distances between the BS and each target are 380 and 110,
respectively, with θt equal to 35◦ and 125◦ for each target.
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Fig. 2. KLDc versus KLDr trade-off for separated antenna deployment done
for different values of PR/No

In Fig.2, the trade-off is shown between the KLDc versus
KLDr, where the Pr is ranged from 0 to 1, where Pc = PT−
Pr and the weights is fixed at ccom = crad = 1

K+T , showing
the effect of varying the power and how it reflects on the
performance of each system. Here we notice that the power
can be utilized to provide maximal trade-off between the two
systems as more power allocated to either system will give it
more performance.
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Fig. 3. KLDc versus KLDr trade-off for the separated antenna deployment
done for different values of PR/No

In Fig.3, the trade-off for separated antenna deployment here
is shown for fixed powers but variable weights, where the Pr

is ranged from 0 to 1, where Pc = PT−Pr and the weights are
varied by varying ccom from 0 to 2

T+K , calculating crad using
crad = 1−K ccom

T . This shows the effect of varying the weights
and how it reflects on the performance of each system. It is
important to note that the communication system have more
interference due to the absence of IC at the UE side, therefore,
it is noticed that more power needs to be allocated towards the
communication system in order to provide same performance
trade-off, unlike the radar system.

In Fig.4, the trade-off for separated antenna deployment
here shows the relation of power to symbol error rate for
communication subsystem and probability of detection for
the radar subsystem. The power is varied for the subsystem,
showing the effect on the combined symbol error rate for both
UEs, and the combined detection probability for both targets.
Here, we see in Fig.4.a, shows that the communication system
increase in performance in terms of symbol error rate for the
UEs when Pc increases. This is as a result of reducing the
effect of the radar interference as PT is fixed, which increases
the performance of the communication system.

In Fig.4.b, also shows the increase in radar system perfor-
mance when Pr increases, here the system does IC so the only
performance reduction is due to the decrease in power for the
radar, this is important to note, as the radar system has the
edge of using the BS capabilities while the UEs are battery
limited devices.

V. CONCLUSION

In this paper, we proposed the utilization of the KLD as
a unifying measure for both subsystems into one integrated
Radcom system. The KLD metric offers a streamlined ap-
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Fig. 4. a) Symbol error rate versus Pc; b) Probability of detection Pd versus
Pc for different values of weights for each subsystem

proach to Radcom design, enhancing efficiency and facilitating
clear observation and control of the trade-offs between the two
subsystems.

The trade-offs between the two subsystems in RadCom
is analyzed for separated antenna deployment configuration
using the derived unified KLD for the radar system. The
results clearly indicated that the separated antenna deployment
shows promising results with a highly flexible and controllable
system using the unified KLD measure for both subsystems.
This underscores the potential advantages of the KLD and
the separated deployment approach for future Radcom sys-
tems. Future research could explore the impact of imperfect
interference cancellation on the KLD metric and the resulting
trade-offs.
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