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Abstract

This paper focuses on radio resource management (RRM) in multi-user dual-function
radar communication (DFRC) systems using orthogonal frequency division multiplex-
ing (OFDM) waveforms. We propose two RRM schemes, one from the perspective

of sum rate maximization and the other from the perspective of user fairness maxi-
mization. These optimization problems are non-convex due to the presence of mixed
integer terms, making them difficult to solve. To address these challenges, we have
employed a decomposition approach to transform these two complex problems

into separate, more readily solvable ones. In addressing the sum rate maximization
problem, we initially introduce a heuristic greedy algorithm to obtain a resource
allocation scheme that satisfies radar performance requirements. Subsequently, we
utilize a cyclic iterative method along with KKT conditions to solve the sum rate maxi-
mization problem for communication users. Concerning the fairness maximization
problem for communication users, we similarly employ a heuristic greedy algorithm
to obtain a resource allocation scheme that meets radar performance constraints.
Then utilize the Lagrangian dual method to solve the multi-user fairness maximization
problem for communication users. Our experimental results confirm the effectiveness
of the proposed algorithms.

Keywords: Dual-function radar-communication, Fairness, Radio resource
management, Waveform design

1 Introduction

The rapid growth in demand for wireless services, coupled with the increasing scarcity
of wireless spectrum resources, has resulted in spectrum congestion becoming a critical
issue that warrants immediate attention [1]. Expanding the available bandwidth of wire-
less communication systems has become an urgent issue that requires a solution. The
radar frequency band has become the best candidate not only because the radar band
has a rich available frequency band, but also because the increase in wireless commu-
nication working frequency overlaps with the radar working frequency [2]. Both radio
information transmission and radar sensing share similar signal processing methods and
system architectures, providing inspiration for their functional integration. The benefits
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of this integration are clear: not only can hardware equipment be shared, but frequency
bands can also be shared, allowing for efficient use of spectrum resources and alleviating
spectrum congestion [3-5].

Radar-communication co-existence (RCC) is one of the implementation schemes,
and its purpose is to find an effective interference management method when radar
and communication systems coexist in common spectrum. RCC requires two systems
to share system parameter information in order to dynamically adjust power alloca-
tion, etc. Another mainstream technical solution is DFRC, which is easier to cooperate
with radar and communication systems than RCC, and achieves data transmission and
remote sensing by using common signals in the same frequency band [6-10].

Multicarrier waveforms have significant advantages in frequency diversity, waveform
diversity, and engineering implementation, which make it not only widely used in com-
munication systems but also more and more adopted by radar systems [11, 12]. The
transmitter can select and control the required subcarriers at any time instant so that the
transmitter can flexibly select the subcarriers according to the channel state information
(CSI) to achieve the effect of mitigating interference. From the point of view of the com-
munication system, OFDM is a highly effective physical layer solution that shows great
promise, and has been extensively incorporated into wireless industry standards. From
a radar perspective, OFDM waveform has many excellent characteristics, such as flex-
ible waveform design [13], high range resolution [14], and high Doppler resolution [15].
Driven by those advantages of the OFDM waveform, many studies regard OFDM as a
candidate waveform of DFRC [16-19].

The focus of this study is on radio resource management (RRM) in DFRC system. This
topic has been extensively addressed in existing literature, with several proposed solu-
tions for managing radio resources in DFRC systems [20-23]. Experimental results pre-
sented by [20] suggest that using target radar cross-section (RCS) as a basis for power
allocation can significantly improve the signal-to-noise ratio (SNR) of radar receivers.
[21] studied power-saving designs for DFRC systems based on resource allocation.
Additionally, [22] proposed an algorithm that performs subcarrier allocation based on
channel-to-noise ratio (CNR). Specifically, if the CNR of the radar channel is higher
than that of the communication channel, then subcarriers are assigned for radar pur-
pose; conversely, if the CNR of the communication channel is higher than that of the
radar channel, then subcarriers are assigned for communication purpose. However, this
approach has a notable limitation: when either the radar or communication channel has
extremely poor performance, no channels are assigned for either purpose, rendering
this strategy impractical. [23] proposed a power allocation algorithm for DFRC system
operating in cluttered environments by examining the impact of system clutter on DFRC
performance.

In contrast to the RRM strategy employed in single-user DFRC system, the intro-
duction of multi-user OFDM access precipitates more complex issues. Specifically,
multi-user OFDM RRM encompasses two intertwined aspects: subcarrier allocation
and power control. Subcarrier allocation serves to ascertain whether each subcarrier
is designated for use by either the communication or radar function. In the context of
this study, this allocation strategy presents a heightened level of challenge. We are con-
fronted with the challenge of determining whether the subcarrier should be allocated
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for communication or radar functionalities. If the allocation is for communication, an
additional decision must be made regarding the specific communication user to whom
the usage should be assigned. Simultaneously, power control is necessitated to fulfill the
functional requirements of each user. For instance, the RRM in [24] is formulated as a
dynamic resource allocation problem. This problem is resolved using the Lagrangian
dual decomposition method to derive the dynamic resource allocation scheme.

While there is a substantial body of literature on RRM on OFDM DEFRC, there are
still certain aspects that require further attention. Firstly, although numerous research
findings exist on the system RRM of communication and radar in the context of a single
communication user (CU), the problem of maximizing the sum rate for multiple CUs
remains unexplored. When addressing the resource allocation issue, it is also imperative
to consider fairness, as algorithms designed to maximize the overall rate often disad-
vantage users with weaker channel conditions. The pursuit of maximizing the sum rate
often comes at the expense of users with poor channel conditions, resulting in signifi-
cant performance disparities among different users. To tackle this issue, we propose a
fairness maximization algorithm to obtain a resource allocation scheme that ensures
fairness among CUs.

The main contributions of this study can be summarized as follows:

+ This paper delves into the realm of RRM within OFDM DFRC system accommodat-
ing multiple CUs. We present two unique optimization challenges in this study: one
aimed at enhancing the sum rate, and the other focused on improving fairness. Both
of these issues are subject to a variety of constraints, including the radar SNR and the
total radiated power of the system. After analyzing and modeling, we formalize these
two challenges into two optimization problems. Because they contain mixed-integer
variables, both types of problems are non-convex, which usually makes them difficult
to solve.

+ Inspired by the idea of decomposition [25, 26], we introduce a sum rate maximiza-
tion optimization strategy. Specifically, we begin by employing a heuristic greedy
algorithm to obtain the minimum resource consumption solution that satisfies radar
functionality. Subsequently, we maximize the sum rate for multiple CUs based on the
remaining resources. To ensure fairness among the multiple CUs, we propose a fair-
ness maximization strategy. Similar to the sum rate maximization strategy, we first
solve to obtain the minimum resource consumption that satisfies radar functionality,
and then we maximize fairness among CUs based on the remaining resources.

+ Our experimental results provide strong evidence that the algorithm introduced in
this paper outperforms existing methods. Furthermore, these findings highlight that,
under the same radar performance constraint, the fairness-maximizing algorithm
willingly compromises a portion of the sum rate to improve the performance of CUs
under weaker channel conditions.

2 Methods
In this section, the system model is introduced and the problem parameters are defined.
Subsequently, two optimization problems are formulated with the objectives of sum rate

and fairness maximization through subcarrier assignment and power allocation.
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2.1 System descriptions

We consider a joint active sensing and communication coexistence system, as
depicted in Fig. 1. The system employs an OFDM waveform with N subcarriers, shar-
ing the same frequency bandwidth of B Hz and a subcarrier spacing of Af = B/N, to
enhance spectrum efficiency.

For the communication system, we assume that ¢, s represents the symbol of CU
k on subcarrier n, with E{|cn,k|2} = 1. The communication waveform is denoted by
uc(t), with unit energy, and the carrier frequency is represented by f;. The signal for
the communication service can be represented as follows,

N
W) =D Cutte(t) /pre AL, (1)
n=1
where p, is the power on each subcarrier n, P € CN*N — diag[pi1, p2, . . ., pn1, which is

the variable to be optimized. The signal received by the CU & is denoted as,

N
Yk = an,khn,kxk + ng, (2)

n=1

where f, i is an binary indicator variable, /,  is the corresponding gain, ny is the additive
white Gaussian noise (AWGN) with known variance onz’ ©

Assume the CSI can be accurately obtained in advance, which can be done in prac-
tice. We choose achievable rate as a measure of communication performance. Specifi-
cally, the data transmission rate of CU k can be expressed by

N
Ry = an,k In (1 +pnyn,k)’ (3)

n=1
h2
where y, = U';'k is the normalized channel gain for communication receiver.
nk
For the radar system, we also use the carrier frequency f; and subcarrier space Af,

ur(t) is the unit-energy waveform of radar. The radar transmission signal is repre-
sented as,

4 T ek
£ I CUK T~
ISAC a2

Fig. 1 Simplified system model for multiuser OFDM DFRC
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N
% (£) =Y () /pue VA (4)

n=1
The radar received signal is denoted as,

K

N
Jr = Z(l - an,k)hn,rxr + ny. (5)

n=1 k=1

We choose SNR as the performance measure of the radar system

N K
0 = Z(l - an,k)pnyn,r: (6)
n=1 k=1
2
where y;,, = f:’;" is the normalized channel gain, p, is the power on subcarrier #.

2.2 Problem formulation

We formulate two optimization problems, one aimed at maximizing the sum rate of
CUs (Pq), and the other aimed at maximizing the rate of CU with the minimum rate
(P2). The corresponding mathematical formula of P is presented below:

K N
max Z an,k In(1 +pn7/n,k) (7a)
k=1 n=1
st. fux €1{0,1}, VneN,VkeK (7b)
K
> fuk <1, VneN (7c)
k=1
O >, (7d)
N
> pu<P, VneN (7e)
n=1
0<py <Pmax» VHE N (7f)

Constraints (7b) and (7c) guarantee that each subcarrier can only be allocated to a sin-
gle user at most. While constraint (7d) guarantees the lowest SNR requirement for radar
sensing performance. Constraint (7e) represents the upper limit of the total transmit
power of the system, Constraint (7f) represents the limit of power carried by a single
subcarrier. In particular, constraint (7f) not only avoids the advantage of losing fre-
quency diversity due to the concentration of transmission power on a small number of
subcarriers, but also avoids the interference caused by excessive power of a single carrier
by limiting the maximum power carried by a single subcarrier.
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Next, we express problem Py as an optimization problem that seeks to maximize the
minimum rate among the CUs, thereby ensuring fairness in CUs. The corresponding math-

ematical formula is provided below:

N
max g(nelllci ;fn,k In (1 +Pn7/n,/<) (8a)
st.  (7b) — (7f) (8b)

3 The resource allocation algorithms
3.1 Probmlem analysis
The optimization problem P; is inherently non-convex, primarily due to two main factors.
Firstly, the objective function comprises both integer variables f, x and continuous vari-
ables pj, rendering (7a) non-convex. Secondly, the constraints (7b), (7¢), and (7d) are also
non-convex in nature. Similarly, the objective function of P, exhibits non-convexity along-
side non-convex constraints. Consequently, both (7) and (8) belong to the NP-hard class of
problems as established by prior research [27].

Next, two strategies are presented for subcarrier assignment and power allocation to
tackle the challenges of maximizing the sum rate and enhancing fairness, respectively.

3.2 Greedy-style heuristic algotithm
Before solving the problems P and Py, we first analyze the solvability and feasibility of two
optimization problems.

For P; and Py, there is no efficient optimal solution. Therefore, we attempt to obtain a
suboptimal solution to the optimization problem in a decentralized manner. Upon careful
observation, it becomes evident that the feasibility of both P; and P, is contingent upon
the SNR of the radar exceeding the threshold p, given the constraints of P; and pmax. In
the context of the problems this paper seeks to address, the ideal scenario would be one
where the radar function operates with minimal resource consumption, thereby allowing
the communication function to avail of a larger resource pool. To this end, we introduce
a greedy heuristic algorithm designed to satisfy the radar function using the least amount
of resources. This approach can be seen as a radar-centric design strategy that prioritizes
resource allocation for radar sensing before allocating resources to the CUs. When consid-
ering the extreme case where all subcarriers and power are utilized for the radar function,
we are faced with the following problem,

N
min Z Pn (9a)
n=1
N
s.t. an)/n,r >u, Vme N (9b)
n=1

0<pyu <Pmax, VB E N (9¢)
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As (9) is a convex problem, it can be effectively solved using CVX. Upon solving (9), we
obtain the result of resource allocation for radar sensing. Therefore, the original problem
is decomposed into two sub-problems and a greedy heuristic algorithm is proposed to
solve the resource allocation of the radar function.

3.3 For sum-rate maximization

After obtaining the resource allocation solution for radar function, constraint (7d)
becomes redundant. Let A, = [1,2,...,N,] denotes the remaining subcarrier used to
communication service and P, = P; — P, denotes the remaining total power used to
communication service. Then, we rewrite the optimization problem (7) as

K N
max » Y firIn(l + pigvie) (10a)
k=1 i=1
st. fix €{0,1}, Vie N,VkeK (10b)
K
Y fik <1 VieN, (10c)
k=1
K N
SN pik <P, VieA. (10d)
k=1 i=1
0 < pik < Pmax» YieN, (10e)

However, problem (10) remains non-convex. While we can theoretically conduct an
exhaustive search for the optimal solution, this method is neither cost-effective nor
practical, particularly when dealing with a large number of subcarriers. As a result, there
is a need to find a solution that can efficiently solve the problem within polynomial time.
To address this challenge, we relax the binary variables f; x into continuous variables and
introduce a penalty term to ensure the optimal solution of the objective function.

0<fix <1, VieN,Vkek (11)

Next, we reformulated (10) as

K N,

max Y fiIn( + piavig) + 1 (fix) (12a)
k=1 i=1

s.t. (10¢), (10d), (10e), (11). (12b)

where ®(fx) = > 3 (3 —fix) <0 called the penalty function. If we set 7 large
keKieN.

enough, f; x will approach 1 or 0. ®(f; x) is a non-convex function. We need to convert it
into a convex function to find the subsequent solution. We have
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DIDWZEDIPWED B DAL AT L) (13

kel ieN; kel ieN; kek ieN:

where fl(,f) is the ¢-th iteration value of f; . We reformulate the problem (12) as:

K N
max Z Zfi,k In(1 + pivix) + n®(fik) (14a)
k=1 i=1
s.t. (¢), (10d), (10e), (11) (14b)

where Cf)(ﬂ,k) is lower bound of ® (f; ;).

D ED DI AUED BB AL TEIAD

kekK ieN, kek ieN,

P T

kek ieNe

(15)

Hence, We can solve (14) by alternating optimization. By updating the optimization var-
iables f; x with p; i fixed, we have the subproblem (16),

K N
max ;Zlfi,k In(1 + pixyix) + n@(fx) (16a)
st. (10c), (11). (16b)

(16) can be efficiently tackled by the BSUM method.
By updating the optimization variables P with F fixed, we have the subproblem (17),

K N

max ZZfi,k In(1 + pivik) (172)
k=1 i=1

s.t.  (10d), (10e). (17b)

While (17) can be addressed through optimization tools like CVX, the Lagrange
multiplier method presents another viable approach. Leveraging the KKT conditions
allows us to derive a closed-form solution for the problem.

K N K N,
LP, 2,41, 2% = - Z Zfi,k In(1 + p;xyix) + AP — Z Zpi,k)
k=1 i=1 k=1 i=1 )
K N K N, (18)
- Z Z /ll'l,kpi,k + Z Z /Il%k Pik — Pmax)
k=1 i=1 k=1 i=1

where 4! = Zle 5\21 }“il,k’ M= Zle 5\21 )uzk and 4 are the Lagrange multipliers for
constraints (10e) and (10d). Thus, we can get

Page 8 of 19
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fik 1
, Jik . 1
2 A ?,',k
* ik 1 1 i,k 1
b= 17 Ve Yir < 17 Vir + Pmax (19)
i 1
Pmax, flTk Vik + Pmax

where we can get the value of A* by (20).

K N

Z szk = Pmax (20)

k=1 i=1

We can obtain the value of 2* through the bisection method, and then use (19) to derive
the power allocation results.

We summarize the strategy for maximizing the sum rate as follows: Firstly, we use
Algorithm 1 to obtain the minimal resource consumption that satisfies radar func-
tionality. Then, we allocate the remaining resources using Algorithm 2 to achieve the

objective of maximizing sum rate.

Algorithm 1 Greedy-style Heuristic Algorithm

Initialization

1. Parameter: v, », Pmax, i, # =0, z = 1.

2. Record 7y, sorted in descending order as vy, -,
where the index pair (n, z) is used to distinguish between
pre-sort and post-sort subcarriers.

while > [

do
/TL = ﬂ + pmax’Yn,r,z-
z=2z+1

Output: N, N,

Algorithm 2 Sum-Rate Maximization

IHPUt: Yn,ky Yn,rs Pmax; Pt7 M-

Output F, P.

Do

(1) Based on Algorithm 1, obtain the minimal resource allocation scheme
that satisfies radar functionality.

(2) Obtain f; by BSUM framework.

(3) Obtain p;,, by (19).

(4) Repeat steps 2 and 3 until convergence

3.4 For fairness maximization

In this subsection, we solve the optimization problem P;. First of all, we define an
auxiliary variable ¢ to change the objective function (8a) from non-smooth to smooth.
Specifically, (8) is rearranged as

Page 9 of 19
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max ¢
(21a)

N
> faiIn (14 puvai) = @, Vke K (21b)

n=1
(7b)—(7£). (21c)

Similar to the approach for solving P;, we still use Algorithm 1 to obtain a resource
allocation scheme that satisfies the radar sensing function. Then we remove the SNR
constraint on the radar system (7d) from (21) and obtain the optimization problem (22)
of fair resource allocation among CUs.

max @
(22a)
Ne
> fixln (1+pivix) = @, Vke K (22b)
i=1
fix €{0,1}, Vie N,Vke K (22¢)
K
d fik<1, VieN, (22d)
k=1
N
> pi<P, VieN, (22e)
i=1
0 <pi <pPmaxs VieN (22f)

Constraint (22b) is non-convex set because the coupling between variables f; s and p;,
which makes the optimization problem (22) intractable. The optimal allocation scheme
needs to be obtained through exhaustive search, but this method has a huge amount of cal-
culation and is difficult to apply in practice. Therefore, we propose a suboptimal algorithm
with low computational complexity. Specifically, we relax f; x € {0, 1} to a continuous varia-
ble f;x € (0,1)and let s; x = f; xp; as a auxiliary variable. For special case that f;; = 0, we
set fixIn(1 + S"‘ y"‘ “ikViky — 0, We then rearrange (22) as

max ¢

(23a)

Zf ¢In ( % ny’ ) > ¢, VkeK (23b)

k

Page 10 of 19
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K

D fus1, VieN: (23¢)
k=1

0<fix <1, VieN, (23d)
K N,

SN s <P, VieN, (230
k=1 i=1

Zsi,k < Pmax, Vi€ M (23f)
k=1

sik >0, Vie N,Vke K (23¢)

fixIn (1 + %) is a convex function about (f; , s; ¢ ), so the the feasible region of con-
Ly

straint (23b) is a convex set. The remaining constraints are all convex sets, so the optimi-
zation problem (23) is jointly convex about (f;t, S; x, ¢). Problem (23) can be effectively
solved by Lagrangian decomposition, so we write its Lagrangian function as

LﬁhmﬁM)¢+Zw§ywm+—m)@+2mw§)m

kek ieN; ieN; keK
+ AP, — Z Z Si,k) + Z Xi(Pmax — Z si,k)r
kel ieN, ieN, keK
(24)

where &, 8, 4 and yx are the Lagrange multiplier vectors corresponding to (23b), (23c),
(23e) and (23f) in (23), respectively. It’s dual problem is denoted as

Gla,B,4 1) = min L(E,S,¢,a,B, x). (25)
By solving problem (25) we can get the solution of the original problem. In detail, we
first solve f; x and s; x with the Lagrange multiplier fixed, and then to obtain the Lagrange

multiplier is according to f; s and s; . We first solve for subcarrier and power allocation,
reformulating the problem as follows

X Y Y fixln (Hﬁ(”"‘)

ke ieN;
=D B k=AY sik— D Xi Y Sik (26)
ieN, kek kek neNe ieN:  kek

s.t. (23d), (23g).

By fixing f; x and s; x respectively, we can get the following formulas,

dL(F,S,p,a, B,4, X) _ O‘kfi,k _]ﬁ
087 At X Vik




Zhu et al. J Wireless Com Network (2024) 2024:18

oL(F,S,p,a, B, 4, SikVi SikVi
( oo, B4 X) = oy |In(1 + z,k)’z,k) . ik Vik — B, (28)
ik Sik Jik + SikVik
According to constraint (23g), we have
sF o 1
k k N
Pr =5 Eseapin = [= -—1" 29
b fik e 0 A Vi (29)
For f; x, we have
<0, f% =0
PESeebhO) o6 < (30)
Bf* «
ik >0, fi,k =1
Substiuting (29) into (28) and exploiting (30), we have
* 1, Xi,k > ﬁi
Jn = { 0, Xix < Bi 3D
where
gy, A+ xi
Xik = ak{[ln(W)F ~[1- ‘1+}. (32)
4+ Xi QK Yik
Lagrange multipliers are updated by subgradient method,
a(t +1) = (@) + di (D) Aoy (D], (33)
Xit +1) = L) + da () Axi (O], (34)
where
STk
Ay = Zfij‘k In (1 +ﬁyi,k> -9 (35)
ieN, ik
Axi=Pc— Y siy (36)
keK

t is the iteration index and d; (¢) and d(¢) are positive step sizes. In the actual solution, 4
and B is constant.
Finally, we obtain the optimal ¢ by solving (37)

max (1— Z o) (37a)

ke

Si 1V
st. 0<¢< Zflk In(1 + Bk Vik
ieN, ﬁ’k

)- (37b)

Its solution is as follows,

Page 12 of 19
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min ) f% In(1 + Si'j’;ri’k), g <1
¢* = ke, ik ke (38)
0. S >1

ke

We summarize the strategy for maximizing fairness as follows: Firstly, we use Algo-
rithm 1 to obtain the minimal resource consumption that satisfies radar functionality.
Then, we allocate the remaining resources using Algorithm 3 to achieve the objective of

maximizing fairness.

Algorithm 3 Fairness Maximization

Initialization: t = 0, p, ak, Bi, A\, Xi, tmax, d1, da.
Do
1 Based on Algorithm 1, obtain the minimal resource allocation scheme
that satisfies radar functionality.
Repeat
2 Calculate power allocation P, by solving (29).
3 Calculate subcarrier assignment f,, by solving (31).
4 Update ay and x; from (33) and (34) .
t=1t+1.
if [t +1) - ax(t) < p and | xs(t +1) = xi(t) 1< p.
break.
end if.
until : ¢ > tax.
OUtPUt fn,k7 DPn-

3.5 Computational complexity

The computational complexity of Algorithm 1 is given as Q(N), primarily dictated by
the quantity of subcarriers. The computational complexity of Algorithm 2 primarily
comprises two components: the first being the complexity Q(N.K), associated with the
resolution of subcarrier allocation given fixed power variables, and the second being the
complexity Q(N.K), linked to the determination of power allocation under fixed sub-
carrier allocation variables. The computational complexity of Algorithm 3 is denoted as
O (N Ktmax), with tmax representing the maximum iteration count.

4 Results and discussion

To illustrate the effectiveness of the proposed algorithms, we present a multitude of sim-
ulation results. We also draw comparisons with two distinct allocation algorithms: the
allocation scheme rooted in the greedy algorithm (Greedy) as detailed in [28], and the
Subcarrier Assignment Under Uniform Power (SAUP) allocation. We denote the strat-
egy aimed at maximizing sum rate as the Max algorithm and the strategy focused on
maximizing fairness as the Max-Min algorithm.

The Greedy algorithm, in its operation, assigns the highest permissible power to sub-
carriers that exhibit a favorable perceptual channel status, until the radar SNR constraint
is fulfilled. The residual subcarriers and power are then distributed among multiple com-
munication users. Conversely, the SAUP algorithm uniformly allocates power to each
user, subsequently optimizing only the subcarrier allocation.
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Table 1 Simulation parameters

Parameters Values Parameters Values
N 128 B 10 MHz
fe 1.8 GHz 0 0.000001
ol 1.6e=1PW ol 1.6e=1PW
Prax 30W Py 2000 W
Cell radius 800 meter Pathloss model WINNER I [29]
d; 0.01 d> 0.01
€ 0.005 “w 30dB
200 - o il
(o]
100 - -+
0r A 4
-100 o 4
[}
o
200 o -+
o
300t ! ‘ ‘ e
-300 -200 -100 0 100 200 300

Distance (m)

Fig. 2 Distribution of communication users and radar target in experimental scenario

We consider a scenario where the DFRC system is serving one RU and 7 downlink
CUs with 128 subcarriers, in a cellular of radius 8001. The specific parameters are set as
shown in the Table 1.

We evaluate the fairness of the algorithm according to the reachable rate between

CUs. ¢ = [c1,¢, . ..,cx]T is the Jain’s fairness index vector, and ¢ corresponds to the
rate of the kth CU,
2
K
(Zk:l Ck)
J= K 2 39
I( Zk:l Ck

This index, which measures fairness, ranges from a value of 1/K, indicating a complete
absence of fairness, to a value of 1, indicating perfect fairness.

In our numerical experiments, we randomly generated the positions of both CUs and
radar target. Subsequently, we generated the channels between each BS-CU pair using
the WINNER II path-loss model [29]. A system setup exemplifying a randomly chosen
set of CU positions is illustrated in Fig. 2.
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Fig. 4 Fairness maximization versus SNR with different algorithms

Figures 3 and 4 prespectively depict the performance characteristics of various
algorithms with respect to the maximization of rate and fairness. Insights drawn
from Fig. 3 indicate that all aforementioned algorithms exhibit a decreasing function
behavior with respect to SNR. Such an outcome is anticipatable. With the escalation
of the radar’s SNR, the resources necessitated by the radar functionality proportion-
ally augment, resulting in a contraction of resources accessible for the communication
functionality, which subsequently precipitates a decline in the rate. For that purpose,
we need to minimize the resources allocated to radar sensing under the constraint
of radar minimum SNR. Note also that, the maximum sum rate algorithm outper-
forms that of the other three algorithms for the whole range of radar SNR evaluated.
The Greedy algorithm is slightly lower than maximum sum rate algorithm. Upon the
radar’s SNR surpassing 28 dB, the SAUP algorithm encounters failure. This arises
from the circumstance where power is uniformly allocated across each subcarrier,
thereby rendering it unable to satisfy the stipulated SNR prerequisite. Finally, it can
also be seen from the Fig. 3 that the performance of the Max-Min algorithm is worse
than the other three algorithms, because it sacrifices the maximum rate of the system
in order to ensure fairness among users.
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As depicted in Fig. 4, the fairness index among users across different algorithms is pre-
sented. It is evident that the performance of the maximization algorithm significantly
surpasses that of the other three algorithms. The fairness among CUs is often substan-
tially influenced by CUs with inferior channel conditions. Observations reveal that with
the escalation of the radar’s SNR, there is a marginal enhancement in the fairness among
CUs. This phenomenon arises as the radar commandeers an increased share of power
and subcarriers, thereby diminishing the resources accessible for CUs. Consequently,
the disparity in allocation among users contracts, leading to a slight amelioration in fair-
ness. Nonetheless, when the radar’s SNR surpasses a certain threshold, it signifies that
the radar functionality has monopolized all resources. As a result, CUs are unable to
procure any resources, causing the rate to plummet to zero. This is the underlying cause
for the eventual deterioration in performance.

Figures 5 and 6 illustrate the comparisons of transmit power in each subcarrier
employing different algorithms for sum rate maximization and fairness maximiza-
tion, respectively. It can be seen from Fig. 5 that all algorithms are increasing func-
tions of the transmit power that a single carrier can carry. This is because, as the
transmit power that can be carried by a single subcarrier increases, subcarriers
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with good channel status can be allocated more power when the total system power
is limited. For fairness among CUs, all algorithms are decreasing functions of the
transmit power that a single subcarrier can carry in Fig. 6. The smaller the transmis-
sion power that a single subcarrier can carry, the higher the fairness among CUs.

Figures 7 and 8 depict the sum rate and fairness index curves, respectively, as a
function of radar SNR for all algorithms. A comparison of the sum rates achieved
by the Max, Max-Min, SAUP, and Greedy algorithms when employed in the com-
munication system is presented in Fig. 7. The results indicate that the Max and
Greedy algorithms significantly outperform the Max-Min and SAUP algorithms. As
shown, when the radar SNR threshold constraint is given, the sum rate increases as
a function of the total available power. However, Fig. 8 reveals that increasing the
total system power does not result in increased fairness among CUs; rather, fair-
ness decreases slightly as total power increases. This is due to the fact that when the
radar SNR constraint is constant and total power increases, the power consumed for
radar sensing remains unchanged, leading to an increase in available communication
power.
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5 Conclusion

In this paper, We have introduced two RRM strategies for DERC system: one focused
on maximizing the sum rate, and the other aimed at maximizing user fairness. Both
optimization problems are non-convex and challenging to handle. To address these
challenges, we employ a decomposition approach and propose a heuristic greedy
algorithm. Initially, we obtain the minimal resource consumption scheme that sat-
isfies radar functionality. Then, we maximize the sum rate on the remaining system
resources. In the case of fairness maximization, we similarly employ a heuristic greedy
algorithm to determine the minimal resource consumption scheme for the radar sys-
tem and subsequently maximize user fairness on the remaining system resources. The
experimental results demonstrate the effectiveness of our proposed algorithms, which
consistently outperform the comparison algorithms.

Our current work is confined to the RRM of DFRC within a single cell, which
excludes the more comprehensive RRM scenario involving multiple cells. Our future
research will aim to relax this limitation and extend the RRM framework to encom-
pass multiple DFRC cells, where each cell serves multiple users. This extension will
introduce challenges related to resource interference and user association between
cells. Furthermore, investigating the implications of asymmetric demand among mul-
tiple users holds promise as a valuable area for future research.
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