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ABSTRACT Radar and communication coexistence is an upcoming technology with numerous research
opportunities in the medium access control (MAC) layer, particularly in scheduling and radio resource man-
agement (RRM). More efficient scheduling algorithms are needed with the wide range of applications that
the wireless environment is experiencing. We investigate an echo-based scenario in the radar-aided vehicular
communication system in which an echo is reflected from a target. Unlike the conventional scheduling
mechanisms where signal-to-interference-plus-noise ratio (SINR) is exploited, this paper proposes a new
radar-aided communication scheduling algorithm by utilizing parameters such as range and velocity with
the classical SINR measurements. The proposed algorithm schedules the available resources by extracting
information from the radar echo. The proposed radar-aided communication scheduling scheme provides a
more flexible design by adding new parameters, resulting in a more efficient algorithm in a broad variety of
scenarios. The proposed scheme is beneficial for B5G communication systems that allow localization and
sensing as key features of next-generation wireless networks.
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INDEX TERMS Radar-aided communication scheduling, range, medium access control (MAC), radio
resource management (RRM), scheduling, signal-to-interference-plus-noise ratio (SINR), velocity, 5G new
radio (NR), beyond (B5G).

I. INTRODUCTION16

Different 5G services have various Quality of Service (QoS)17

requirements in terms of bandwidth, latency, packet loss18

rate, and reliability [1], [2], [3], [4]. In 5G and beyond19

(B5G) radio access technologies (RATs), efficient and flexi-20

ble schedulers are needed to meet the diverse requirements21

of the future RATs. The general purpose of most tradi-22

tional schedulers is to exploit channel variations between23

user equipments (UEs) and, preferably, to schedule trans-24

missions to a UE when channel conditions are favorable. At25

the very least, most scheduling strategies require information26

about UE’s channel conditions, buffer status and priorities27

of the different data flows, and the interference situation in28
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neighboring cells. Medium access control (MAC) is used for 29

scheduling information reporting. The scheduling strategy 30

is implementation-specific and does not conform to the 3rd 31

Generation Partnership Project (3GPP) specifications. 32

Different UEs may experience diverse radio conditions at a 33

certain time in themobile network environment. In many sce- 34

narios, system capacity can be increased by the low fairness 35

schemes of conventional scheduling algorithms. These algo- 36

rithms increase the prioritization of UEs with good channel 37

conditions. On the other hand, UEs with average or bad radio 38

conditions cannot be scheduled. The conventional schedulers 39

enable higher data rates due to a tradeoff between UEs fair- 40

ness and system capacity. The Mobile Network Operators 41

(MNOs) demand consistent UE and system data rates with the 42

minimum QoS requirements. Besides the UE requirements, 43

network radio resource capacity is an essential issue for the 44
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existing mobile network operations, which cover the whole45

network life cycle management, such as capacity monitoring,46

optimization, and expansion. More specifically, the MNOs47

seek more efficient schedulers while considering commercial48

scheduling methods such as Proportional Fair (PF), Round49

Robin (RR), and Best Channel Quality Indicator (BCQI) [5].50

MNOs need more and more radio resources due to the grow-51

ing traffic in their current commercial mobile networks. The52

lack of radio resources affects the user experience of MNOs.53

The increasing traffic demand requires efficient schedulers in54

network radio resource usage.55

Base station (BS) allocates fewer resource blocks (RBs)56

to UE transmitting at a higher rate during resource schedul-57

ing. UEs with greater signal-to-interference-plus-noise ratio58

(SINR), in particular, can use high-order modulation and59

coding techniques [6], [7], [8]. SINR is used for packet60

scheduling as a measurement of channel quality. SINR is61

measured by UE on an RB basis in 5G new radio (NR).62

SINR is not defined in 3GPP specifications; it is UE vendor-63

specific, and it is used a lot by MNOs [8]. SINR information64

is readily available on many commercial radio chipsets [9].65

The SINR value for each RB is measured by all UEs and66

transmitted to the BS. This information is used by BS to make67

critical scheduling decisions.68

As we are heading towards B5G, introducing flexible69

schedulers that exploit different parameters besides SINR is70

crucial. Futuristic applications such as vehicle-to-everything71

(V2X) communication and indoor localization depend on col-72

laborative functionalities of communication and sensing [10].73

Proposing a scheduler leads in paving the way toward emerg-74

ing technologies such as the coexistence of communication75

and sensing. Leveraging radar sensory data at the com-76

munication terminals provides crucial awareness about the77

surrounding environment. An efficient way to acquire this78

awareness is by using low-cost radar sensors such as those79

initially designed for radar applications [11] or by leveraging80

joint communication-radar systems [12], [13]. The use of81

radar signals for improving communication has been studied82

in [14], [15], [16], [17], [18], and [19]. With this motiva-83

tion, this paper investigates the potential of leveraging radar84

sensory data to guide the scheduling problem and provides85

the first real-world demonstration for radar-aided scheduling86

in a practical vehicular communication scenario. Our key87

idea is to use the information from the radar operating in a88

mmWave band to extract the scheduling information where89

communication happens. The developed solution leverages90

domain knowledge for radar signal processing to extract the91

relevant features fed to the communication modules.92

Several physical layer (PHY)-based resource manage-93

ment options for radar and communication coexistence have94

recently been proposed, including power allocation, spa-95

tial beamforming, spectrum sharing with waveform design,96

and time sharing. Figure 1 illustrates the existing work97

in PHY and the proposed MAC-based work. The follow-98

ing deficiencies exist in the literature: essential principles99

and important performance measures linked to resource100

FIGURE 1. Existing PHY-based work in the literature and the proposed
MAC-based work.

management are not adequately given [20]. The related radio 101

resource management (RRM) studies for radar and commu- 102

nication coexistence systems are classified according to the 103

resource management issues, i.e., spectrum sharing, power 104

allocation, and interference management. Literature works 105

have not been done on the radar-aided communication sys- 106

tem in the MAC layer to the best of our knowledge [20]. 107

The radio resource allocation and scheduling issues are not 108

thoroughly explored and debated. Different from the existing 109

PHY-based resource management approaches [20], we pro- 110

pose a new scheduling algorithm tailored for the radar-aided 111

communication systems by exploiting different parameters 112

that have not been used before, which includes; range and 113

velocity. The proposed solution provides a more flexible 114

scheduling mechanism for the systems’ available resources. 115

This paper explains in detail how the estimated parameters 116

can aid RRM, including a novel radar-aided communication 117

scheduling mechanism. 118

The proposed scheduler is evaluated by analyzing its 119

performance with the conventional resource scheduling 120

algorithms. Classical physical resource block scheduling 121

algorithms for the resource allocation are reviewed exhaus- 122

tively in [21]. The UE scheduling concept based on fairness 123

and reliability has been extensively studied in the litera- 124

ture [22], [23]. PF, RR, and BCQI are the most known 125

scheduling algorithms. Our scheduler output maximizes the 126

system performance of the communication system by max- 127

imizing its performance metrics, including communication 128

data rate, spectral efficiency, and system throughput. Higher 129

data rate and spectrum efficiency are required in indoor 130

scenarios [24]. Spectral efficiency should be maximized, for 131

example, if an unmanned aerial vehicle (UAV) covers a high 132
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TABLE 1. List of abbreviations.

number of targets so the scheduling data can be adequately133

collected. High system throughput is required due to its134

high reliability: Transmissions occur with a probability of135

99.999% as in the V2X scenario [25]. In the V2X scenario,136

system throughput should be maximized to minimize colli-137

sion probability.138

Our main contributions are summarized as follows:139

• For B5G networks, we propose a new radar-aided com-140

munication scheduling algorithm.141

• We developed and demonstrated, for the first time,142

the feasibility of radar-aided mmWave scheduling143

approaches in the real-world scenarios.144

• The proposed scheduler is investigated based on the145

defined communication and radar coexistence applica-146

tions and the acquired radar echo parameters.147

• We evaluate the performance of the proposed scheme148

in terms of system throughput, spectral efficiency (SE),149

and data rate.150

The merits of the proposed scheme can be stated as151

follows:152

• We obtain a robust performance considering the conven-153

tional scheduling algorithms.154

• A key feature of the proposed approach is that it incurs155

a reduced signaling load due to the nature of the radar156

echo signal that provides scheduling information and157

reducing the overhead of control channels.158

• The proposed scheduler does not require changes in the159

per-UE scheduling policies implemented by BSs.160

• The proposed scheduler fits different scenarios in B5G.161

Table 1 shows the list of abbreviations. The remainder162

of this paper is presented as follows. The system model163

is explained in Section II. The proposed scheme is illus-164

trated in Section III. Simulation results are discussed165

FIGURE 2. The system model where the radar information at the BS is
leveraged to schedule the resources of multiple mobile users.

in Section IV. Finally, the paper is concluded in 166

Section V. 1 167

II. SYSTEM MODEL 168

We investigate a radar echo-based scenario where a radar 169

echo is reflected from the radar target [20]. In this scenario, 170

the echo is exploited to obtain different scheduling parame- 171

ters, such as target(s) range, velocity, and SINR information. 172

We consider a mmWave vehicle-to-infrastructure (V2I) 173

communication system, e.g., supported through 5G cellular 174

network, where mmWave BSs serve as infrastructure for V2I 175

communications. A monostatic radar system is collocated on 176

the BS, which receives the radar echos from the surrounding 177

targets, as illustrated in Figure 2. When a moving target 178

is detected by the radar, the raw echo signal is sent to the 179

communication module at the BS. Side information derived 180

from radar mounted on the infrastructure operating in a given 181

mmWave band is used to schedule the available resources of 182

the vehicular communication system [5]. The objective of the 183

considered system is to schedule the available resources in the 184

BS relying on information extracted from the radar echo. 185

The system under consideration in this study comprises 186

of a BS and multiple mobile users which act as radar tar- 187

gets and also as communication receivers. The BS has two 188

major components: (i) A phased array-equipped mmWave 189

communication terminal to communicate with the mobile 190

users, and (ii) a collocated radar system using frequency 191

modulated continuous wave (FMCW) signal. The system and 192

signal models of the communication and radar components 193

are briefly described in the next two subsections [5]. 194

1Notation: Matrices and column vectors are represented by bold, capital
and lowercase letters, respectively. (.)H , |.|, and E[.] represent Hermitian
transposition, absolute value, and expectation operations, respectively.

VOLUME 10, 2022 96405



A. M. Jaradat et al.: Radar-Aided Communication Scheduling Algorithm for 5G and Beyond Networks

A. RADAR MODEL195

In the considered system, the BS adopts an FMCW radar196

signal. The objective of this radar is to provide sensed obser-197

vations of the surrounding environment. The FMCW radar198

achieves this objective by transmitting chirp signals whose199

frequency changes continuously with time.More specifically,200

the FMCW radar transmits a linear chirp signal starting at an201

initial frequency fc and linearly ramping up to fc+µt , as given202

by [5]203

stxchirp (t) =

{
sin
(
2π
[
fct +

µ

2
t2
])

if 0 ≤ t ≤ Tc

0 otherwise
(1)204

where µ = B/Tc is the slope of the linear chirp signal with B205

and Tc representing the bandwidth and duration of the chirp.206

A single radar measurement is obtained from the frame207

of duration Tf . In each frame, A chirp waves are transmitted208

with Ts waiting time between them. No more signals are sent209

until the end of the frame after the last chirp is transmitted.210

The transmitted signal from the radar frame can be expressed211

as [5]212

stxframe(t)=
√
Et

A−1∑
a=0

stxchirp (t−a (Tc+Ts)) , 0≤ t≤Tf (2)213

where
√
Et is the transmitter gain. The given transmitted214

signal is reflected from the target(s) in the environment, and215

the echo(s) are received back at the radar.216

At the receiver, a quadrature mixer mixes the transmit217

and receive signals to produce the in-phase and quadrature218

samples. Following that, the combined signals are applied to a219

low-pass filter. The resulting signal, known as the intermedi-220

ate frequency (IF) signal, represents the frequency and phase221

difference between the transmit and receive signals. If a single222

object exists in the environment, then the receive IF signal of223

a single chirp can be written as [5]224

srxchirp (t) =
√
EtEr exp

(
j2π

[
µτ t + fcτ −

µ

2
τ 2
])
, (3)225

where
√
Er is the channel gain of the object, which depends226

on the path loss and radar cross section, τ = 2d/c is the227

round-trip delay of the reflected signal through the object,228

where d represents the distance between the object and the229

radar, and c denotes the speed of light.230

The receive IF signal, schirp is then sampled at the sam-231

pling rate of the analog to digital converter (ADC), fs,232

producing S samples for each chirp. Finally, the ADC sam-233

ples from each frame are collected. For an FMCW radar234

with Mr receive antennas, each having the described RF235

receive chain, the resulting measurements of one frame can236

be denoted byX ∈ CMr×S×A. GivenX, important parameters237

for the proposed scheduler, including the range and veloc-238

ity of moving target(s) in the surroundings, are extracted.239

Once the IF signal is obtained by the correlation of the240

transmitted and received echo, the parameters are extracted241

through a range-Doppler matrix that is obtained by the 2D242

fast Fourier transform method over each coherent processing243

interval [26]. It should be noted that the investigation of this 244

method is not given in our paper since it is out of the scope of 245

the proposed MAC-based scheduler. After the radar informa- 246

tion is extracted, they are fed into the communicationmodule. 247

In the following subsection, the communication model is 248

described. 249

B. COMMUNICATION MODEL 250

The considered BS employs a mmWave OFDM-based trans- 251

mitter with MA antennas which is used to communicate with 252

multiple single-antenna mobile users. Adopting a narrow- 253

band channel model with P paths, the channel between the 254

k-th user and the BS can be expressed as [27] 255

hk =
P−1∑
p=0

αpa
(
φp, θp

)
, (4) 256

where αp denotes the complex gain, a
(
φp, θp

)
is the array 257

response vector of the BS, and φp, θp represent transmit 258

azimuth and elevation angles of the p-th path at BS. In the 259

downlink, the BS transmits the data symbol sd to the user via 260

the beamforming vector f ∈ CMA . The receive signal at the 261

k-th user can be written as 262

yk =
√
EchkH fsd + n, (5) 263

where n ∼ CN
(
0, σ 2

)
is the additive white Gaussian noise 264

(AWGN) with a variance of σ 2, and
√
Ec is the transmitter 265

gain of the BS. The signal-to-noise ratio (SNR) measured at 266

the k-th user can be written as 267

SNRk =
Ec|hkH f|Psd

σ 2 , (6) 268

where Psd = E[|sd |2] is the average power of sd . SINR 269

quantity should be measured as a pertinent indicator of the 270

system’s merit due to the unwanted signal that is picked 271

up from other interfering BSs. The SINR, expressed in dB, 272

measured at the target user is calculated as the SNR received 273

from the intended BS minus the sum of power received from 274

all other concurrently active BSs. 275

In the conventional communication channel state infor- 276

mation (CSI) acquisition process, a known pilot signal is 277

transmitted, and the communication beams are adjusted based 278

on this signal [28]. The FMCW radar signal being a known 279

signal, is used in the considered system to estimate the 280

CSI for the communication users rather than transmitting 281

additional pilots. As a result, pilot transmission overhead 282

is reduced [26]. Furthermore, the radar measurements are 283

leveraged to optimize the communication scheduler’s perfor- 284

mance. Based on the classical SINR measurements and the 285

information gathered about the users from the echo signal, 286

namely range (gk ) and velocity (vk ), the BS allocates its 287

available resources to the users. The next section contains 288

more information on the proposed multi-user scheduling 289

scheme. 290
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FIGURE 3. Scheduling priorities for bad SINR scenario.

III. PROPOSED SCHEME291

A new scheduling algorithm is proposed in this paper based292

on the range, velocity, and SINR information collected from293

the radar echo signal reflected from a target. The positions294

and velocities of vehicles are estimated. With the assistance295

of the radar, it is much easier to detect and track the moving296

vehicles. As shown in the field measurements in [29], the297

accuracy of position information provided by radar is higher298

than that by the Global Positioning System (GPS), result-299

ing in a larger reduction in communication overhead when300

leveraging position information provided by a radar sensor301

than when leveraging GPS-based position. Based on the con-302

sidered scheduling inputs, we set the following scheduling303

rules:304

• UEs near the BS are prioritized due to low path loss;305

UEs in the center of the cell have a better channel quality306

indicator (CQI) and modulation scheme than UEs on the307

cell edge due to their proximity to the BS.308

• Low-speed UEs are also prioritized due to their invariant309

channel conditions.310

• UEs with better SINR are also prioritized due to their311

high power.312

Figure 3 shows the scheduling priorities for bad SINR313

scenario. Regarding the range parameter, the conventional314

relationship between signal strength and range in free space315

is that the power of radio signals decreases with the square316

of the distance (d). The SNR decreases with d due to path317

loss, so range knowledge can be utilized to estimate received318

power and interference level. It should be noted that SINR319

should be high to receive the packet correctly. For example,320

the minimum required SINR could be 0 dB.321

The range and velocity of the target can be extracted322

from the echo signal. The radar receiver uses different signal323

detection algorithms, e.g. correlation-based methods [30].324

Based on the considered coexistence communication and325

radar use cases, it is found that range and velocity are the326

critical metrics to be measured. Figure 4 shows the pro-327

posed radar-aided communication scheduler. We consider a328

TABLE 2. Use cases proposed by Hexa-X [31] along with selected
performance metrics, based on [32], [33], [34], [35] and [36] .

DL transmission from BS to UE in a typical radar-aided 329

communication system. 330

The scheduling inputs are collected by the echo signal 331

from the target. These inputs include range, velocity, and 332

SINR information. The considered inputs are imported from 333

the considered applications and use cases. Some numerical 334

values of the considered inputs can be shown in Table 2 [37]. 335

It should be noted that the velocity metric, shown in Table 2, 336

refers to the maximal (relative) velocity that should be 337

supported. 338

Based on the considered scheduling inputs, we set proper 339

scheduling rules. The range-based scheduling rule is set 340

where UE near the BS is prioritized due to low path loss. 341

The velocity-based scheduling rule is set where low-speed 342

UEs are prioritized due to their invariant channel conditions. 343

The SINR-based scheduling rule is set where UEs with better 344

SINR are also prioritized due to their high power.We consider 345

a scenario where multiple BSs and UEs exist in the commu- 346

nication network. In this case, SINR is measured since the 347

interfering BSs cause interference to the desired UE served 348

by its serving BS [38]. For simplicity, equal radar and com- 349

munication transmit powers are assumed. 350

The estimated range and velocity from the considered sys- 351

tem, as well as some of the assumptions made in the proposed 352

scheme, are described further. Basically, the mutual distance 353

between k-th UE and b-th BS, dbk (km), can be found as [39] 354

dbk =
√(

mk,x2 − mb,x1
)2
+
(
mk,y2 − mb,y1

)2
, (7) 355
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FIGURE 4. The proposed scheduling algorithm.

wheremk,x2 andmk,y2 represent the position of k-th UE in the356

x and y axis, respectively, andmb,x1 ,mb,y1 denote the position357

of b-th BS in the x and y axis, respectively. Then, the path loss358

(dB) can be calculated as [40] 359

PLbk = 32.45+ 20 log10(dbk )+ 20 log10(fc), (8) 360
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where fc represents the carrier frequency in MHz. The361

received power (dB) can be represented as362

PRxbk = PTxbk − PLbk , (9)363

where PTxbk (dB) represents the transmitted power from364

b-th BS to k-th UE. Then, the SNR (dB) can be evaluated365

as follows:366

SNRk = PRxbk − BN0, (10)367

where N0 is the power spectral density (PSD) of AWGN,368

and B represents the system bandwidth. The quality of the369

radio link between b-th BS and k-th UE can be measured by370

considering the interference effects caused by interfering BSs371

as372

SINRk = SNRk −
∑
v∈V

PRxvk , (11)373

where V is the set of interfering BSs and PRxvk (dB) is the374

interference power received from the v-th interfering BS.375

The goal of the proposed approach is to schedule BS376

transmissions so that the range (gk ), velocity (vk ), and SINR377

(SINRk ) are higher than specific threshold values gTh, vTh, and378

SINRTh for every UE k that can receive a transmission from379

a scheduled BS:380

gk ≥ gTh381

vk ≥ vTh382

SINRk ≥ SINRTh. (12)383

According to the SINR formulated in (11), the data rate of384

k-th UE can be expressed as385

rk = B log2(SINRk ) (13)386

The domain knowledge offered by the considered system pro-387

vides a high reduction in communication overhead to extract388

gk and vk fed to the communication modules, thus enhancing389

SE (η). Furthermore, the accuracy in estimating gk and vk390

is proportional to the system throughput (ζ ). Our scheduler391

maximizes rk , η, and ζ . The decision variables that control392

the considered scheduler outputs are gk , vk , and SINRk . The393

formulation of the objective function is shown as394

max
gk ,vk ,SINRk

rk + η + ζ395

s.t. gk ≥ gTh396

vk ≥ vTh397

SINRk ≥ SINRTh (14)398

The values goptk , voptk , and SINRoptk are optimally chosen399

using the classical trial and error method [41] to maximize400

the considered scheduling outputs. The employed trial and401

error method continues until the stopping criterion is satis-402

fied. The selected values of the considered scheduler outputs403

correspond to the optimal factors at the i-th transmission time404

interval (TTI). Mathematically, the optimal solutions can be405

found as406

βrk = argmax
i
r ik (15)407

βη = argmax
i
ηi (16) 408

βζ = argmax
i
ζ i (17) 409

Algorithm 1 shows the step-by-step proposed radar-aided 410

communication scheduling algorithm. 411

Algorithm 1 Radar-Aided Communication Scheduling
Algorithm
Input: The scheduling inputs.
Output: The scheduling outputs.
While stop criterion is not satisfied in i-th TTI
A. Pre-Processing

1: Acquiring scheduling inputs for all UEs: gk , vk ,
SINRk .
2:Acquiring the threshold values for the scheduling
inputs: gTh, vTh, SINRTh.

B. Setting the scheduling rules
3: Check if gk ≥ gTh.
4: Check if vk ≥ vTh.
5: Check if SINRk ≥ SINRTh.
6: Else
7: Go to Step 1

C. Forming the optimization problem
8: Find maxgk ,vk ,SINRk rk + η + ζ .

D. Finding the final output
9: Find goptk , voptk , and SINRoptk
10: Set βrk = argmaxi r ik
11: Set βη = argmaxi ηi

12: Set βζ = argmaxi ζ i

End

IV. RESULTS AND DISCUSSION 412

The performance of the proposed approach is evaluated using 413

system level simulation (SLS), then the key performance 414

indicators (KPIs) are investigated. 415

A. SIMULATION SETUP 416

Figure 5 shows the considered multi-cell scenario where 417

the cellular topology is adopted in a single ring hexagonal 418

structure with 7 5G BSs (gNBs), and their positions are at 419

the center of the hexagonal cell in a square area. Users are 420

dropped in the same area according to a uniform spatial dis- 421

tribution across the region of interest (ROI), which is around 422

7× 7 km in size. 423

We focus on downlink transmissions without power con- 424

trol, as is the case in the majority of state-of-art proposals. 425

It is assumed that BS knows the DL traffic demands that are 426

cached in its buffer. UEs are associated to BSs based on the 427

strongest average received power, i.e., based on distance, and 428

do not change BS during the simulation. Fading is considered 429

in the numerical simulations in addition to path loss, through a 430

random variable, expressed in dB, distributed as a zero-mean 431

Gaussian with a variance of σ 2 [42]. 432
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TABLE 3. System parameters.

FIGURE 5. Simulation network layout.

The proposed scheduler selects the UE to transmit in each433

time slot. As a basic scenario, perfect CSI is assumed to be434

available at the start of each time slot for schedulers and435

that at most one UE is allowed to transmit in each slot.436

The parameter specifications for the number of slots (Ns),437

slot duration (Ts), subchannel bandwidth (Bs), TTI, etc. can438

be found in Table 3. The considered scheduling inputs are439

imported from Table 2.440

B. SIMULATION METRICS441

To understand the functioning of the proposed approach in442

muchmore detail, its performance is evaluated by considering443

the RR, PF, and BCQI methods in terms of average data rate444

(bits/s), throughput (bits/s), and SE (bits/s/Hz) over 1000 dif-445

ferent channel realizations [43].446

The average system and UE data rate, system throughput,447

and SE are found as follows, respectively:448

r =
Ni

NrbNcNbTsNs
(18)449

FIGURE 6. System data rate of the proposed scheduler compared to the
conventional one.

rk =
Ni

NUENsTs
(19) 450

ζ =
Ni
NsTs

(20) 451

η =
Ni

Ns TTI NrbBs
(21) 452

where NUE , Ni, Nrb, Nb, and Nc represent the total number of 453

UEs, number of correctly received bits, number of available 454

RBs, number of symbols in an RB, and number of subchan- 455

nels in an RB, respectively. 456

C. STATE-OF-ART SCHEDULING ALGORITHMS 457

The most commonly used scheduling methods are PF, BCQI, 458

and RR in the literature and practice [44]. The available 459

RBs are distributed using the PF, BCQI, and RR. The per- 460

formances of PF, RR, and BCQI are analyzed under the 461

proposed approach. For the same simulation scenario, the 462

three scheduling techniques are used. 463

The PF method is one of the most widely used methods for 464

fair scheduling [23], aiming to provide fairness while taking 465

advantage of good channel conditions and dynamically allo- 466

cating resources to UEs. It is proven in [45] that the PF is not 467

optimal due to capacity constraints. The RR method provides 468

RBs for UEs without considering channel conditions; this 469

is a simple procedure that ensures fairness [46]. The BCQI 470

method is a common channel-dependent scheduler. The chan- 471

nel variations between UEs are exploited in this scheduler to 472

maximize cell throughput at the expense of fairness [47]. 473

D. SIMULATION RESULTS 474

Here, the simulation results are presented along with their 475

discussions. MATLAB-based SLS is used to evaluate the 476

performance of the proposed approach. The achieved results 477

are shown with the classical methods, i.e., PF, RR, and BCQI. 478

During the simulations, the default parameters are listed in 479

Table 3. The simulation results here showed the realistic 480

case in which the signal experiences interference and noise 481

simultaneously. Because of that, the SINR of UE has been 482

measured when the power of the noise term is zero. Then, 483
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FIGURE 7. UE data rate of the proposed scheduler compared to the
conventional one.

FIGURE 8. System throughput of the proposed scheduler compared to the
conventional one.

FIGURE 9. SE of the proposed scheduler compared to the conventional
one.

the SINR reduces to the signal to interference ratio (SIR).484

Conversely, zero interference reduces the SINR to the SNR.485

Figures 6, 7, 8, and 9 show the performance of the proposed486

scheduler compared to the conventional one in terms of data487

rate, system throughput, and SE considering 15 available488

RBs. The achieved results show that the proposed sched-489

uler, considering SINR, range, and velocity as inputs to the490

scheduler, is better than the conventional scheduler where491

SINR is only considered. It is demonstrated that the BCQI 492

outperforms the PF and RR in terms of data rate, SE, and 493

system throughput under the proposed scheme. The reason 494

behind this is the channel-dependent characteristics of BCQI 495

while assigning RBs, resulting in superior spectrum utiliza- 496

tion. The results also show that the performance of the PF 497

is slightly better than the RR. The RR performs the worst 498

because it reduces throughput, data rate, and SE. On another 499

side, it offers greater resource allocation fairness among dif- 500

ferent UEs. It is worth noting that the throughput depends on 501

the simulated channel state, which influences the achievable 502

transmission rate and the UE scheduling mechanism adopted 503

by BS. 504

V. CONCLUSION 505

More effective scheduling algorithms are required to fulfill 506

the needs of new applications such as radar and communica- 507

tion coexistence. We propose a new radar-aided scheduling 508

algorithm in a practical vehicular communication scenario 509

by utilizing some parameters, including range, velocity, and 510

the conventional SINR measurements. The fundamental idea 511

is to create the communication scheduler at the BS using 512

the estimation of the scheduling inputs derived from the 513

radar echo signal. The proposed scheme introduces a new 514

degree of freedom to the scheduling design in radar-aided 515

communication systems that leads to an efficient scheduling 516

algorithm. The proposed scheme is evaluated in terms of 517

data rate, UE and system throughput, and SE. The simula- 518

tion results prove that the proposed scheduler outperformed 519

the conventional one. Moreover, the obtained results show a 520

significant performance of the proposed scheduler using the 521

BCQI over the PF and RR. The results show that radar can be 522

a valuable source of side information for the communication 523

scheduler over a mmWave V2I link. The proposed algorithm 524

should be viewed as a preliminary solution to demonstrate 525

the approach’s practicality, although it can be modified fur- 526

ther. As future work, the optimal solutions could be further 527

improved by employing more efficient optimization methods 528

than the adopted trial and error method. Furthermore, the 529

scheduling rules can be extended by incorporating the angular 530

parameter from the radar echo to enhance the performance of 531

the scheduler. 532
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