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Abstract—In the emerging landscape of Integrated Sensing
and Communication (ISAC) networks, achieving energy efficiency
while concurrently performing sensing and communication tasks
remains challenging. This paper introduces the GENESIS frame-
work, a novel solution that empowers User Equipment (UEs)
to make informed decisions regarding their transmission power
allocation, optimizing the energy efficiency of sensing, commu-
nication, and data reporting to the gNB (gNodeB) functions.
Initially, a novel ISAC network paradigm is proposed, where the
gNB employs rewards, such as monetary incentives, to motivate
UEs to engage in sensing, data collection, and reporting within its
coverage area based on the principles of Contract Theory. The
proposed GENESIS framework integrates the incentive mech-
anism with an optimal resource management technique which
facilitates UEs to make energy-efficient decisions that balance
their dual roles of sensing and communication, distributedly,
while maximizing overall energy efficiency. The resulting multi-
variable resource management problem is formulated as a non-
cooperative game, establishing the existence and uniqueness of
a Nash Equilibrium. Through modeling and simulation, we
demonstrate GENESIS benefits, showcasing its energy-efficient
operation and rapid convergence to optimal operational points.

Index Terms—Integrated Sensing and Communication, Con-
tract Theory, Game Theory.

I. INTRODUCTION

ISAC networks offer a promising solution for future wire-
less networks by integrating infrastructure and signals, re-
ducing costs, and enhancing spectral efficiency and energy
optimization [1]. ISAC enables high-precision sensing and
communication services by sharing resources, however the po-
tential of the joint sensing and communication functionalities
in User Equipment (UE) for effective resource management
remains underexplored, with the existing literature mainly
focusing in a fragmented manner on one of the two functional-
ities [2]. In this paper, we introduce the GENESIS framework,
a decentralized resource management framework for UEs, with
two key objectives. Firstly, it defines the appropriate amount
of data that the UEs should sense and collect by introducing an
innovative contract-theoretic incentivization system. Secondly,
GENESIS optimizes the transmission power levels and power
allocation between sensing and communication functionalities
in UEs, all geared toward maximizing energy efficiency within
the ISAC network.

This research was supported in part by the NSF CNS # 2219617 and NSF
ECCS #2319994 awards.

A. Related Work

Considerable efforts have been devoted to resource manage-
ment problems in the downlink of ISAC networks, particularly
in terms of gNBs (next-generation Node B) which can act as
sensing nodes. In [3], a power allocation algorithm is proposed
for a centralized cell-free massive Multiple-Input Multiple-
Output (MIMO) ISAC system, enhancing target detection.
In [4], a MIMO ISAC system is studied for various target
scenarios, analyzing the tradeoff between sensing performance
and communication data rate. In [5], a micro base station is
used for simultaneous target sensing and cooperative com-
munication, with non-orthogonal downlink transmission to
improve spectrum utilization and overall performance. In [6],
the authors explore a UAV-enabled ISAC system, optimizing
UAV trajectory and transmit beamforming for communication
throughput and sensing beamforming gain. In [7], a secure
pilot allocation method is proposed to protect channel state
information (CSI) in ISAC networks, preventing malicious ac-
cess to critical target information through CSI-based sensing.

The academia and industry have both increasingly focused
on the challenges of resource management within ISAC net-
works [8]. In [9], the authors optimize the subcarrier allocation
and transmission power in ISAC networks to minimize power
while ensuring quality in sensing and communication. In [10],
the proposed approach optimizes the power and bandwidth
allocation in ISAC networks to improve target localization
accuracy while maintaining communication Quality of Service
(QoS). In [11], the correlated communication and sensing
channels are examined to enhance communication capacity
through sensing-assisted beam alignment and location esti-
mation, while in [12], the Reconfigurable Intelligent Surfaces
are used in Non-Othogonal Multiple Access (NOMA) ISAC
networks to improve radar sensing by optimizing beamforming
and power allocation.

B. Contributions and Outline

In the realm of ISAC networks, optimizing UEs’ energy effi-
ciency during simultaneous sensing and communication tasks
is a largely unexplored challenge. Existing research mainly
focus on optimizing the energy efficiency of either sensing or
communication functionalities within ISAC networks, in an
isolated manner. This paper presents the GENESIS framework,
a decentralized resource management system for the UEs,
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with dual goal: determining the optimal data collection and
introducing a contract theoretic-based incentivization mech-
anism, along with optimizing power allocation for sensing
and communication to enhance energy efficiency in ISAC
networks. The main contributions of the paper are:

1) A novel ISAC network is introduced, where the gNB
participates in a non-cooperative game with each UE
to provide appropriate rewards (e.g., monetary rewards)
to the UEs to incentivize them to sense, collect, and
report data from targets residing in its coverage area. The
proposed incentivization mechanism follows the Spence’s
model under the principles of Contract Theory [13].

2) The GENESIS framework is introduced incorporating
the Spence’s model incentivization mechanism and an
optimal resource management approach to determine the
UEs’ optimal uplink transmission power and power split-
ting among the sensing and communication operations.
The GENESIS framework enables each UE to distribut-
edly maximize its overall experienced energy efficiency.

3) The optimal multi-variable resource management prob-
lem is formulated as a non-cooperative game among the
UEs, using as input the amount of data that each UE has
already been incentivized to collect and report to the gNB,
and the existence and uniqueness of a Nash Equilibrium
has been derived.

4) The GENESIS framework is evaluated through a detailed
set of simulation-based experiments demonstrating: (i) its
benefits in terms of its energy efficient operation and
fast convergence to the optimal solution; and (ii) its
superiority compared to existing data rate optimization
resource management approaches in ISAC networks.

In the rest of the paper, Section II presents the UEs’
incentivization mechanism, while the GENESIS framework
is analyzed in Section III. Section IV presents the numerical
evaluation and Section V concludes the paper.

II. INCENTIVES FOR SENSING IN ISAC

We consider a set of UEs NV = {1,...,n,..., N} who
are capable of joint sensing and communication operations
and a gNB that collects sensing data and supports the UEs’
communication service. The UEs are grouped into two main
categories: H (High) or L (Low), based on their sensing
capability which is determined based on the available targets
in the UEs’ proximity. Each UE can provide eZ [bits], ¥n €
Np C N or e [bits], Vn € Ng C N with N UNg = N,
sensing data by the waveforms reflected on the surrounding
targets. Each UE’s goal is to determine the optimal amount
of reported sensing data to the gNB while receiving a corre-

sponding incentivization reward 7y > r1[5=] from the gNB.
The optimal amount of sensing data is: é& = el + el*
and e = ell 4 eH* if the UE belongs to the L or H
category, respectively, where eZ*, eZI* [bits] is the additional

amount of data that the user is willing to collect for a
corresponding reward rp,, 7, respectively, and an experienced

cost c(el*) = 0 eL*, c(ell*) = Oy ef*, with 0y < 9,;[%],

in order to move closer to the targets and collect more sensing
data. In Contract Theory, this model is known as Spence’s
model and it revolves around higher-tier users having lower
experienced costs [13].

A game is formulated between the gNB and each UE,
considering incomplete information from the gNB’s side re-
garding each UE’s potential to provide sensing data. In the
first stage of the game, each UE n € A selects randomly a
feasible amount of data & / that can provide to the gNB to
maximize its expected return based on its sensing capabilities.
Let Py L(éf / L) denote the probability that the UE of type

H/L chooses to collect and reports el /E data to the gNB.
In the second stage of the game, the outcome is entirely
driven by how the gNB’s beliefs have been affected by the
observation of the UEs’ amounts of reported sensing data.
Let 3(0ry, L\éf / L) denote the gNB’s revised beliefs regarding
the amount of reported sensing data upon observing el /E,
Then, the equilibrium reward in the second stage of the
gqame is: W = B(0n |éH)ry + B(0L|éL)r[z5], with
BOLler) =1 — BOm|é))

Definition 1: (Perfect Bayesian Equilibrium) A Per-
fect Bayesian Equilibrium (PBE) is a set of strategies
{Px, L(éf/ “)} for the UEs’ types and conditional beliefs
BOr/r | éf/L) for the gNB such that:

1) All amounts of reported sensing data ef/ L* observed

with positive probability PH/L(ef/ L*) > 0 in the
equilibrium must maximize the UEs’ expected payoff,
ie., ed/t ¢ argmax, {B(0g|éX)ry + B(OL|E)r, —
JH/L
QH/Len }
2) The gNB’s posterior beliefs conditional on equilibrium
amounts of sensing data must satisfy the Bayes’ rule:

PH/L(ér}LI/L) Bu/L

> BujL PH/L(éfz{/L)
{H,L}

BOur | H/E) =

with PH/L(BS{/L

3) The posterior
(H/L
Pyt =

) > 0 for at least one type of UEs.
beliefs are not restricted, i.e., if

0= > BH/LPH/L(éT?/L) = 0,
(H.L}

then, the Bp /1 (0,1 |é,13/L) can take any value in [0, 1].

4) The gNB provides rewards to the UEs W =

BOu | + BOL|éx)rr.

In this research work, we focus on the separating PBE,
among the multiple PBEs that the game between the gNB and
each UE may have. In the separating PBE, the UEs provide
"signals" to the gNB regarding their potential to provide
sensing data that identify each UE’s type, i.e., H or L, exactly.

Definition 2: (Separating PBE) A separating equilibrium
is a PBE where each type of UE chooses a different "sig-
nal" in equilibrium ef* # el* so that B(0g |ef*) = 1,
B(Or |ek*) =1, wyyr = 7g/r. The corresponding amounts
of reported sensing data are: S = {(efl* el*)|el* =

n n n ’ n
0 and e* € [H-TL THETL]Y
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Based on the condition of incentive compatibility, where
each UE is encouraged to choose a strategy that matches their
type, i.e., Hor L, we have: ry—0rell* <r; & HLTL < el
and 7z — Ogell* > rp & T ell* | According to the
Cho-Kreps intuitive criterion [13], a unique pure-strategy equi-
librium is given by the "least-cost" separating PBE (SPBE),
which is denoted as SPBE: [el* = 0,ell* = #i—rL]. Thus,
each UE’s amount of sensing data reported to the gNB is:
el = el 4 el or el = ell 4 eli*,

III. GENESIS: GREEN ENERGY EFFICIENCY
OPTIMIZATION IN ISAC

In this section, we focus on the resource management
operation of the GENESIS framework, while incorporating the
proposed incentivization mechanism. Section III-A presents
the ISAC sensing and communication model, while Section
II-B formulates the UE energy efficiency optimization prob-
lem and outlines the game-theoretic solution for optimizing the
transmission power and power splitting between the sensing
and communication operations.

A. ISAC Modeling

1) Sensing: To sense data from a target, each UE n radi-
ates an Orthogonal Frequency Division Multiplexing (OFDM)
waveform, which is reflected back conveying the detected
information. The radiated signal by UE n at time ¢:

f - w (t—1Ts)
sn(t) = 7Tt ncne?2TWIsAc=tTs) o poet
(t) ; 9 [

t_lTs

s

I M

where S is the number of consecutive integrated symbols ra-
diated towards the target, T [s] is the duration of a completed
OFDM symbol, f. [Hz] is the center frequency of the wireless
channel, g,, is the amplitude of the integrated waveform, cﬁl
is the phase code of the modulated symbol, and rect[z] is a
pulse function, giving 1 when 0 < z < 1 and 0 otherwise.

The reflected signal by the target to node n is written as:

ant) = / gn(T)sn(t — 7) dr + w(t) %)
— 0o

where ¢, (t) and w(t) denote the impulse response and zero-

mean Additive White Gaussian Noise (AWGN), respectively.
The performance of each UE’s n sensing operation is

evaluated by calculating the Mutual Information (MI) between

the reflected signal z,(t) and the impulse response gy (%)

conditioned on the initial waveform s,,(¢):

M1y (20, Pp) = 1(2n(t), qn(t) [ 50 (1))

1 3)
= §STSWISAC logy (1 + ’7711%255)
with signal-to-noise-ratio (SNR) for sensing 1545, =
2 2
M, considering an orthogonal frequency-

division 0multiple access or OFDMA-based sensing data ex-
change where Q,,(f) is the Fourier transform of the impulse
response ¢, (t) and Iy is the power of zero-mean AWGN.
Also, P, denotes the UE’s uplink transmission power and
x, € [0,1] is the power splitting factor, where z, P, and

(1 —z,,)P, transmission power is used to support the sensing
and communication operation, respectively.

UE n reports the sensing data ¢2/%, ¥ € Ny UNp = N
to the gNB adopting the NOMA technique and considering
that the Successive Interference Cancellation (SIC) technique
is implemented at the gNB, and considering without loss of
generality that the UEs channel gains are sorted as G; < --- <
Gy, < --- < Gy. Thus, each UE’s n throughput to report the
sensing data el /E to the gNB is given as follows,

xTLPfLGn
n—1
IO + Z Gn’xn/ n’
n'=1
where Wirsac [Hz] denotes the bandwidth allocated by the
gNB for the sensing operation.

2) Communication: The UE n’s throughput in order to

report its communication-related data to the gNB is:

(1 —zn) PGy
n—1
o+ S Gu(l— @) Py

n’/=1

RIPAC(x, P) = Wigac logy(1+ ) 4

RSOM(x,P) = Weon log, (1 +

)

)]
where Weoas [Hz] denotes the bandwidth allocated by the
gNB for the communication operation.

Based on Eq. 3 — 5, we formulate the UE’s overall utility:

w1 MIn(xn, Pn) + w2 RESAC (x, P) + w3 RSOM (x, P)
Py + Pe

Un(x,P) =

6

where wy, wo, w3 € RT denote the weights each UE considers

for its sensing and communication operation, and P, [W]
denotes the circuit power.

B. Problem Formulation and Solution

The goal of the GENESIS framework is to enable each
UE to determine its optimal uplink transmission power level
and its optimal power splitting between the sensing and
communication operations in order to maximize its overall
experienced energy efficiency (Eq. 6). Thus, the corresponding
optimization problem is defined as follows:

max U, (x,P (7a)
{IT,,,PH} ( )

st. pMin < p < pMaz (7b)

0<z, <1 (7¢)

where (7b) and (7c) capture the feasibility constraints of the
UE’s transmission power and power splitting, respectively.

Given the distributed nature of the optimization problem
(7a) — (7c), we formulate it as a non-cooperative game G =
N { X, P bvnenss {Un fwnenr] among the UEs, where N
denotes the set of UEs, {X,,, P,,} denotes their strategy space
with respect to the power splitting and uplink transmission
power, and U,, denotes their payoff function (Eq. 6).

Theorem 1: The non-cooperative game (G is a concave n-
person game.

Proof: To show that G is an m-person concave game,

we need to prove that (i) The strategy spaces are convex
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*U, 1 - w1S* T2 Wrsac|Qn(f)|* P2 _ waWrsacG2 P2 _ wsWeon G2 P2 | <0 @)
0z2 (P4 P.)In(2)" 2(Io + nPuST2|Qn(f)]2)2 (T 4+ GuznPn)? (A4 Gn(l —2,)Py)?
?Un _ 0%Un _ wi1WisacS?T3|Qn(f)I? Io P |+ waWrsacGn
Oxnpn  Opnzn  2In2(Pn 4+ P)(Io + £n PnST2|Qn(f)I2)  (To + £n PnST2|Qn(f)|2)  (Pn+ P.)”  In2(Pn+ P)(T + GnanPp) ©
r P, wsWeoonmGn A P,

[ ]

(T + GnanPn) Py + Pe
0?Un,  0%Un Gy
02Dy Oppiy (P + Pe)In2

T In2(Pn 4 P)(A+ Gn(1 —zn)Pp) N +Gn(1—2n)Pn) Pn+ Pe

: {WQWISACannPn :

_2Gn’(1 — CEn/)Pn/A + A2 + Gn(l — l’n)PnA — Gn/(l — CEn/)Pn/Gn(l — mn)Pn

]

2G, Ty Py T — T2 —TGpxn Py + Gy, Pyt Grn Pr,
(T + GnanPn)2I2

10

W, Gn(1 — P, -
+wsWeom n( 1’n) n (A+Gn(1—ibn)Pn)2A2 }
and compact sets, which is true given that X,, = [0, 1] and §35[ ) = Tonl Tamsmision. Powe 2s] ®) )
Prn = [0, Prazl.; (i) U, (x, P) is continuous in (x, P), which ;: Ny e o o La Z%
is true by definition (Eq. 6).; and (iii) U, (x,P) is a concave &, Zu s&
function with respect to (z,,, P,) [14], [15]. In order to prove  $is Sz ‘5
.. . . ‘E 3E
the latter condition, we need to shgw that the I;Iesman matrix §1-° a0 22
of U, is negative definite, i.e., aaIUz" < 0, 88%" < 0,and " 38 18
n ’I’L*l p” 00 1 2 3 4 SE , SID 7 8 9 10 1 2 3 4 LSJE , GID 7 8 9 10
2 2 S'..l s
a‘lfjpjl = %. We set I' = Iy + >, Guwxyp Py and
_— n'=1 Fig. 1: UEs’ transmission power, power splitting, and energy
A =1+ Y Gn(l—z,)P,. Based on Eq. 8, we have efficiency.
n’=1
2 2 ~
%mUQ" < 0. Then, we study the %. LetU, =U, - (P,+P,), M (x,P) [17]. N
" o0 020 92U Proof: The first condition holds true based on Theorem
A=%>2>0,and B = S < 0. Thus, we have &5 = .
61}; ap2 dp?2 1. In order to prove the second condition, we need to show
— — . . a2 02 2 2
(PntPe) B 2((1;@":1;))[513"*&)‘4 Unl \which we need to prove is  that %Ig" > 0, %pg” > 0, and 82 f;”/ = 82 /U;' -. We
negative. For this to happen, the following condition needs to h 22U "G, P.G2, P?, [wQWﬁ AT 204G Pl n
~ 2 2 ave: n — n’"n n nTnin
be proved: (Pn _|_PC)A — U’I’L > 0. We set o = M, aIi, (Pp+P.)In2 (T+Graxn Pr)?T2
a (—2n)G 1o w3Wcoz\4(1—fﬂn,)[2A+Gw,(1—96n)Pn]] > 0 and
= Inzn gpd vy = ~—=2="_ thus, we need to show that (A+Gn(T—zn)Py)2A2 ,
a(Pr+P.) B(Pp+P.) 8%U, _ G2 /G Py rw2Wrsacz,,2n(2T+Gnzn Pr)
APl > logy(aly +1), Zgp 5 > logy (8P, +1), and o2 PPl (T Gz, Py )oT2 +
¥(Pn+Pe . i —2 )2(1— -
Dertel > o P,, + 1) simultaneously hold true. The wsWcom(1—,)"(1-2n)2A+Gn(1-zn)Pn)
Pt 8o(YPn + 1) y et ml2s ] > 0, and

latter statement holds true given that the circuit power takes
very small values and the UEs with good channel conditions
transmit at lower power levels compared to users with worse

.. 2
channel conditions. Thus, aa;g" < 0 holds true. Also, we have
2 2 n .
OUn — 9Us pased on Eq. 9. Thus, the non-cooperative
0T nPn . Opnxn
game G is a concave n-person game. [ |

Theorem 2: A Pure Nash Equilibrium (PNE) exists for the
non-cooperative game G.

Proof: Given that the non-cooperative game G is a
concave n-person game, then based on Theorem 1 in [16],
there exists at least one PNE. ]

Until now, Theorems 1 and 2 have established the existence
of a PNE in the game GG. However, our objective is to not only
establish the existence but also the uniqueness of the PNE.
To achieve this, we introduce the following weighted non-

negative sum of the utility functions U, (x,P): o(x,P,r) =
N

> rUn(x, P), with 7, > 0,Vn € N.

n=1

Theorem 3: The function o(x,P,r) is diagonally
strictly concave for (x,P) € R? and some
r > 0 if: (@) U,(x,P) is a strictly concave
function of (x,,P,).; (@) U,(x,P) is convex in
[(.CL‘]_,P]_), ey (mn,l,Pn,l), (x’ﬂJrl? Pn+1)7 ey (,CL‘N, PN)]»
and (iii) There is some r > 0 such that o(x, P, r) is concave

aiizﬂ, agj,lffn, holds true based on Eq. 10. Similarly, by

appropriately choosing r > 0, we derive that o(x,P,r) is
concave in (x, P). [ |
Theorem 4: The PNE (x*,P*) is unique.
Proof: Given that the function o(x,P,r) is diagonally
strictly concave for some r = r > 0, it is shown based on
Theorem 2 [16] that the PNE is unique [18]. |

I'V. NUMERICAL RESULTS

In this section, we have performed a detailed modeling and
simulation analysis of the proposed GENESIS framework. We
initiate the assessment by evaluating the pure performance of
the GENESIS framework (Section IV-A), followed by a scala-
bility analysis in order to demonstrate its efficiency and robust-
ness in large-scale setups (Section IV-B). Then, a comparative
evaluation is performed to demonstrate the benefits of the
GENESIS framework against the existing state-of-the-art ap-
proach of data rate optimization (Section IV-C). It is noted that,
unless explicitly specified, we consistently consider the follow-
ing set of simulation environment parameters in our evaluation:
N=10,58=10,Ts =5 us, |Q.(f)| =1, Iy = W - Ny,
with W = {WIS’AC, WCOM} = 5.25 GHz, Ngy = —174
dBm/Hz [19], w1 = [51,50,49,48,47,46,44,43,42,40] -
1073, wo = [46,45, 44,43, 42,41, 40, 39,37,36]- 1072, wz =
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[48,50, 51, 52,53, 54, 56,57, 58,60] - 1072, e € [10.1,10.3] -
106 [bits], G = [9.99 - 1079,6.81 - 107%,4.64 - 1077, 3.16 -
1076,2.15 - 107°,1.47 - 1074,1 - 1073,6.8 - 1073,4.641 -
1072,0.3162], rgy = 100[3%], r1 = 50[;%], 65, = T0[75=],
and O = 35[bgs]. In our considered experiments, all the
UEs predominantly prioritize their communication operation
over the sensing operation, i.e., ws > wi + wy, while the
UEs with higher ID prioritize even more their communication
operation considering a higher communication data volume
based on their communication needs. The sensing operation
is opportunistic for each UE, aiming at obtaining additional
rewards from the gNB. The evaluation was performed on a
Dell Tower Desktop with Intel i7 11700K 3.6GHz processor,
32 GB available RAM.

A. Pure Operations and Performance

Fig. 1a presents the UEs’ total transmission power, as well
as the transmission power used for the sensing and the com-
munication operations, while Fig. 1b shows the power splitting
factor x,, and the energy efficiency U,, as a function of the
users’ ID. The results reveal that the sensing transmission
power is marginally lower compared to the communication
power for all the UEs. This preference for prioritizing the
communication over the sensing operation arises from the
UEs’ focus on the former ensuring their communication
benefits, with the sensing operation being carried out op-
portunistically to gain additional rewards from the gNB by
following the Spence’s model (Section II). Also, the UEs

with higher ID, i.e., having better channel gain conditions in
the considered experiment, are characterized by lower total
uplink transmission power levels, which is in turn reflected to
lower power levels for both their sensing and communication
operations. Given that the UEs transmission power decreases
as their channel gain conditions improve (i.e., higher UEs’ ID),
their corresponding achieved energy efficiency levels follow a
increasing trend (Fig. 1b).

Fig. 2a — 2c demonstrate the UEs’ total transmission power,
their power splitting, and their achieved energy efficiency as a
function of the GENESIS framework’s iterations to converge
to unique PNE. The results show that the GENESIS framework
operation convergence for all the UEs is achieved in less than
10 iterations, which corresponds to less than 0.5sec. Also,
similar to the results presented in Fig. 1, we observe that the
UEs of higher ID, i.e., characterized by better channel gain
conditions, transmit at lower power levels (Fig. 2a), resulting
in higher energy efficiency (Fig. 2c), while exploiting a lower
power splitting among the sensing and the communication
operations (Fig. 2b). The latter observation holds true, as in the
considered experiment, the UEs with higher ID demonstrate an
amplified preference for prioritizing their communication op-
eration, primarily attributable to their elevated communication
data volume requirements.

Fig. 3a and Fig. 3b shift the focus towards examining the
data rates associated with the sensing and communication
aspects of the GENESIS framework, as well as the experienced
latency in order to report the sensing data to the gNB, respec-
tively. The results reveal that the data rate for communication
(Eq. 5) is higher than the corresponding data rate achieved to
report the sensing data (Eq. 4), as the UEs invest more effort
into the communication operation versus the sensing operation.
We also observe that both the communication and sensing data
rate increase as well, as the UEs’ ID increases. Furthermore,
Fig. 3b demonstrates the operation of Spence’s model at the
separating Perfect Bayesian Equilibrium. In particular, Fig. 3b
shows the sensing latency as a function of the UE’s ID. It
is noted that the higher the UE’s ID the higher the amount
of collected data, but also the higher is the sensing data
rate, as observed in Fig. 3a. Thus, we observe the decreasing
trend of the sensing latency for higher UEs’ ID demonstrating
that the UEs with strong channel gain can efficiently support
both the sensing (Fig. 3b) operation via experiencing low
sensing latency and the communication operation (Fig. 3a) by
achieving high communication data rate.
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B. Scalability Analysis REFERENCES

In this section, we conducted a thorough scalability analysis
in order to demonstrate the efficiency and robustness of the
proposed model and framework. Fig. 4a and Fig. 4b present
the UEs’ average transmission power, energy efficiency, and
the execution time of the GENESIS framework, as a function
of the number of UEs. The results reveal that a 4-fold increase
in the number of UEs results in 1.2-fold increase in the UEs’
average transmission power levels (with reference to the total
power as well as to the powers invested in the sensing and
communication operations (Fig. 4a). The execution time of
the GENESIS framework exhibits a direct correlation with the
growing number of UEs, while the increasing number of UEs
has a nearly twofold impact on the achieved energy efficiency
due to the increasing interference in the system that impacts
both the sensing and communication operations.

C. Comparative Results

In this section, the GENESIS framework is compared
against a pure data rate optimization (Max R) framework
aiming at determining the optimal uplink transmission power
and power splitting for each UE. Fig. 5a — 5c illustrate the
uplink transmission power, energy efficiency, and data rate
for both comparative scenarios. The results reveal that even if
the data rate optimization framework achieves higher data rate
levels for both the sensing and the communication operations
(Fig. 5c¢), it sacrifices a significant amount of transmission
power (Fig. 5a), resulting in substantially lower achieved
energy efficiency (Fig. 5b).

V. CONCLUSION

In this paper, a novel ISAC network operation is presented
that employs incentives, following Spence’s model under
Contract Theory, to encourage UEs to sense, collect, and
report their data. The GENESIS framework combines this in-
centivization mechanism with optimal resource management,
allowing the UEs to maximize their energy efficiency. The
corresponding resource management problem is formulated
as a non-cooperative game, and a Pure Nash Equilibrium
is proven to exist. Numerical results demonstrate not only
the GENESIS’ energy-efficiency and fast convergence, but
also the fact that outperforms existing data rate optimization
approaches in ISAC networks.
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