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Abstract
Device to device (D2D) communication is one of the potentials to achieve the established 
standards for 5G. It represents a direct communication between two devices located in the 
vicinity of each other. In D2D communication, user’s data traffic can be offloaded without 
passing through the base transceiver system (BTS) and the core network. In order to initi-
ate the D2D communication, device discovery is needed, and it is a major design issue 
for D2D communication. To achieve a potential discovery, there are some requirements 
such as energy efficient discovery capability, supporting a large number of devices and 
proximity discovery in the network assisted underlay D2D communication network. In this 
paper, device discovery processes and methods are presented and assessed using differ-
ent approaches. In addition, a device discovery technique is proposed for single cell and a 
multi cell which capable to provide accurate and fast discovery with energy efficient and 
optimized routed path. D2D discovery techniques are evaluated, its main challenges are 
analyzed and potential solutions are also suggested.

Keywords D2D communication · Device discovery · Cellular network · In-band 
communication · Out-band communication

1 Introduction

A Device-to-Device (D2D) communication permits two proximity devices to communicate 
directly to each other without passing through a Base Transceiver System (BTS). It’s plays 
a vital role in achieving the established standards of 5G communication due to its ability of 
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resource sharing. D2D communication is promising to provide high data rate, assured quality 
of service, a huge user capacity and network congestion control [1]. An important point to be 
mention regarding D2D communication deployment is the spectrum re-utilization efficiently. 
Cellular spectrum and the unlicensed Industrial, Scientific, and Medical (ISM) spectrum are 
targeted choices for D2D communication. In terms of the ISM band, however, the spectrum 
is unlicensed which helps in deploying D2D communication without any alteration to present 
communication systems but several issues e.g., interference, quality of service and delay etc., 
are available and more are highlighted in [2].

The First concept of D2D communications was developed by Qualcomm’s Flash-LinQ [3]. 
This system consists of physical and medium access control layer network architecture for the 
implementation of underlay cellular network D2D communication. Flash-LinQ used the char-
acteristics of distributed scheduling, orthogonal frequency division multiple access (OFDMA) 
and frequency division multiple access (FDMA) technologies. Based on these technolo-
gies, Flash-LinQ established an effectual method for synchronization, device discovery, and 
resource management for D2D communication in cellular networks. At the same time, 3rd 
Generation Partnership Project (3GPP) has been also working on D2D communication as a 
Proximity Services (Pro-Se) [4, 5]. Pro-Se has been discussed by many researchers and its 
feasibility has been made by long term evolution (LTE) [4, 6].

Currently, 3GPP released 12 promised that D2D need to accommodate to be suitable for 
public safety networks [7]. In addition, IEEE 802.X group has completed much work on prox-
imate device discovery and D2D communication [8]. There are three modes of D2D com-
munication that are in-band, out-band and D2D relay communication. For the case of in-band 
D2D communication, allocated cellular spectrum is shared between cellular and D2D users, 
while for out-band communication, an unlicensed spectrum, e.g., 2.4 GHz band, is utilised for 
communicating. For the case of D2D relay communication, in coverage device act as a relay 
to transfer the data to poor or out of coverage devices. The difference between D2D transmis-
sion and other transmission techniques are equated in Table 1 [5]. One of the primary issues 
for establishing a D2D communication is the device discovery. In device discovery, proximal 
devices search for their neighbour devices in order to establish the direct link. If they found 
proximal devices in certain distances, then a request for a communication link will be sent by 
the discovered devices [9]. Briefly overview and Flow diagram of D2D Communication with 
research flow is depicted in Fig. 1.

There is a need to explore device discovery for optimal resource allocation and mode selec-
tion under different scenarios and also need to explore maximum flow optimisation to achieve 
the maximum contents downloading without interference. Based on the previous presentation, 
there is a need to propose discovery methods that should be energy efficient and result in mini-
mum interference to the multi cellular system. In addition, the proposed discovery techniques 
need to be efficient in dense area networks where a huge number of devices are available such 
as shopping malls, airports, stadiums etc. In this survey, an evaluation of the device discov-
ery concept and techniques in the licensed spectrum is presented. The evaluation is based on 
efficient discovery, low latency rate and maximum system throughput in cellular networks. 
This work targets achieving less energy consumption, extensive communication range, up to 
500 m, and the ability of discovery in high-density areas contain up to 1000 devices.



453In-Band Device to Device (D2D) Communication and Device…

1 3

Ta
bl

e 
1 

 C
om

pa
ris

on
 o

f d
iff

er
en

t s
ho

rt 
ra

ng
 tr

an
sm

is
si

on
 te

ch
ni

qu
es

 fo
r w

ire
le

ss
 tr

an
sm

is
si

on

Ty
pe

s o
f c

om
m

un
ic

a-
tio

n
B

lu
et

oo
th

Zi
g-

B
ee

W
i-F

i d
ire

ct
N

FC
D

2D
Fe

m
to

/p
ic

o/
re

la
y

M
ax

im
um

 tr
an

sm
is

si
on

 
ra

ng
e

10
–1

00
 m

10
–1

00
 m

20
0 

m
0.

2 
m

10
–1

00
0 

m
1–

2 
km

M
ax

im
um

 B
/s

24
 M

b/
s

25
0 

kb
/s

25
0 

M
b/

s
42

4 
kb

/s
1 

G
b/

s
10

0–
50

0 
M

b/
s

fr
eq

ue
nc

y 
ba

nd
2.

4 
G

H
z

86
8/

91
5 

M
H

z 
an

d 
2.

4 
G

H
z

2.
4 

G
H

z,
 5

 G
H

z
13

.5
6 

M
H

z
Li

ce
ns

ed
 sp

ec
tru

m
 fo

r 
LT

E-
ad

va
nc

ed
Li

ce
ns

ed
 b

an
d 

fo
r 

LT
E-

A
St

an
da

rd
s

B
lu

et
oo

th
 si

gn
al

80
2.

15
.4

80
2.

11
IS

O
 1

31
57

3G
PP

 L
TE

 a
dv

an
ce

d
3G

PP
 (r

el
ea

se
 9

, 1
0,

 1
1)

D
ev

ic
e 

di
sc

ov
er

y 
pr

oc
es

s
M

an
ua

l p
ai

rin
g

ID
 b

ro
ad

ca
st 

or
 c

oo
rd

i-
na

to
r a

ss
ist

an
t

ID
 b

ro
ad

ca
st 

an
d 

em
be

d 
so

ft 
ac

ce
ss

 
po

in
t

R
ad

io
 fr

eq
ue

nc
y 

id
en

-
tifi

ca
tio

n
B

S 
co

or
di

na
tio

n
B

S 
co

or
di

na
tio

n

A
pp

lic
at

io
n

O
bj

ec
t e

xc
ha

ng
e,

 
pe

rip
he

ra
ls

 c
on

-
ne

ct
io

n

H
om

e 
en

te
rta

in
m

en
t 

an
d 

co
nt

ro
l, 

en
vi

ro
n-

m
en

ta
l m

on
ito

rin
g

C
on

te
nt

 sh
ar

in
g,

 g
ro

up
 

ga
m

in
g,

 d
ev

ic
e 

co
n-

ne
ct

io
n

C
on

ta
ct

le
ss

 p
ay

m
en

t 
sy

ste
m

s, 
B

lu
et

oo
th

 
an

d 
W

i-F
i c

on
ne

c-
tio

ns

Pu
bl

ic
 sa

fe
ty

C
on

te
nt

 sh
ar

in
g

Lo
ca

l a
dv

er
tis

in
g

C
el

lu
la

r r
el

ay

Im
pr

ov
ed

 c
ov

er
ag

e
El

on
ga

te
d 

ba
tte

ry
Im

pr
ov

ed
 c

ov
er

ag
e

Sy
ste

m
 c

ap
ac

ity
C

om
pl

et
e 

co
nt

ro
l

Sp
ec

tru
m

U
nl

ic
en

se
d

U
nl

ic
en

se
d

U
nl

ic
en

se
d

U
nl

ic
en

se
d

Li
ce

ns
ed

Li
ce

ns
ed

In
te

rfe
re

nc
e 

co
nt

ro
l

N
o

N
o

N
o

N
o

Ye
s

Ye
s

Q
oS

N
o

N
o

N
o

N
o

Ye
s

Ye
s

U
se

r’s
 c

os
t

Fr
ee

 o
f c

ha
rg

es
Fr

ee
 o

f c
ha

rg
es

Fr
ee

 o
f c

ha
rg

es
/c

ha
rg

es
 

by
 th

e 
op

er
at

or
Fr

ee
 o

f c
ha

rg
es

C
ha

rg
es

 b
y 

th
e 

op
er

a-
to

r
C

ha
rg

es
 b

y 
th

e 
op

er
at

or



454 O. Hayat et al.

1 3

2  Classification of D2D communication

2.1  Out‑Band D2D (OBD) Communication

D2D communication, which is used based on unlicensed spectrum is called Out-Band D2D 
(OBD) communication. The purpose of OBD communication is to meet the effective data 
rate in local transmissions such as personal area networks, public area networks, and indus-
trial area networks. In public area networks, mostly ZigBee and Bluetooth are used, while 
in wireless local area network, Wi-Fi is used. The concept of using D2D communication 
for the case of unlicensed spectrum is illustrated in Fig. 2. The inspiration behind utilizing 
OBD communication is to dispose of the interference issue amongst D2D and cellular net-
works. The main challenge in OBD communication is to manage the interference between 
D2D users and cellular users. OBD may also experience the ill effects of the uncontrolled 
way of the unlicensed spectrum [10].

2.2  In‑Band D2D (IBD) Communication

The need for regular communication between neighboring devices develops congestion, 
specifically, the capability of devices for game playing, public safety, and contents sharing 
and so on. Though, the traditional uplink and downlink transmission mode in a cellular 
system neglect to address this interest. Therefore, one of the technologies in 5G is IBD 
D2D communication, which can dramatically improve the data rate, manage the interfer-
ence between cellular users (CU) and D2D users (DU) and so on, to meet the standards of 

D2D Communication

In-band D2D 
Communication

Out-band D2D 
Communication

Overlay D2D 
Communication

Underlay D2D 
Communication

Self Organized D2D 
Communication

Network Controlled/
Assisted D2D 
Communication

Device Discovery for 
D2D Communication

Power Allocation and 
Interference 
Management for D2D 
Communication

Resources Allocation for 
D2D Communication

Single and Multi Cell 
Discovery

Optimized Route for 
Discovery

Energy Efficiency

Fast Discovery 
in Dense Area

Accuracy

Minimum 
Latency

Privacy and QoS

Fig. 1  Briefly overview and flow diagram of D2D communication. In a network, assisted D2D communica-
tion, there are many challenges. One of main challenge is device discovery in D2D communication
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5G. The inspiration for picking IBD communication is typically the ability of control over 
licensed spectrum [11].

IBD communication is categorized into underlay and overlay D2D communication. In 
Underlay D2D communication, DU and CU share the similar wireless resources as shown 
in Fig. 3. On the contrary, in overlay D2D communication, dedicated resources are used 
for DU and CU [12]. IBD communication can enhance the spectrum efficiency of the cel-
lular network by reusing the resources (based on underlay communication). That’s why to 
underlay D2D communication is the best solution to achieve the 5G requirements. Because 
of the physical nearness call proximity, and the potential reuse of resources, D2D commu-
nication can essentially expand system spectral efficiency and power efficiency.

A comparison is made between different short ranges communication technologies of 
Bluetooth, Zig-Bee, NFC, Wi-Fi Direct, and in-band D2D (LTE direct) in Table  1. Col-
lectively, using of unlicensed spectrum for communication may bring low QoS. It is due to 
uncontrolled interferences. What’s more, the discovery process and making a connection in 

OBD

Cellular Users D2D users

T
im

e

Fig. 2  Cellular band and ISM band distribution for OBD

IBD

Underlay communication

DU

CU

Overlay communication

DU

CU

CU

Cellular Band

Fig. 3  Cellular band distribution for cellular users and D2D users in IBD
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OBD as in Wi-Fi direct, Zig-Bee, NFC and Bluetooth is very complicated. It needs manually 
set up between the two devices. On the other hand, the previously mentioned issues are elimi-
nated in IBD D2D communication in a more proficient manner.

2.3  Comparison Between IBD Underlay and Overlay

The majority of researchers have suggested the reuse of resources for D2D communication. 
Though IBD got a special attention for the researchers. There are several advantages of using 
IBD underlay communication. These are

1. Increase the spectral efficiency using the spatial diversity in IBD underlay.
2. BTS has a full control on the in-band spectrum. As a result, maintaining the QoS is 

much easier.

There may be some issues in IBD overlay communication:

1. Due to dedicated cellular resources, it might be unexploited.
2. Interference management is much difficult due to DU and CU.
3. Power solution and interference solution is more complex than underlay

Therefore, from the above comparison underlay, IBD is more prevalent than overlay IBD.

3  D2D Implementation scenarios

Even though D2D communication is not developed yet [13], it is as of now being concentrated 
by the 3GPP standardization authority. 3GPP currently has decided that D2D communication 
in LTE focuses on public safety networks [4]. Besides that, Qualcomm has indicated interests 
in this innovation. They also assembled prototype model for D2D communication for IBD in 
a cellular system, which can be utilized as a scenario of various situations. For example, Qual-
comm has been working on contents sharing, data offloading, and social networking. These 
applications support D2D communication as another exploration topic in the researcher com-
munity [3]. Possible D2D implementation scenarios for D2D communication are given below.

3.1  Device Relaying Operator Control

A device is positioned at the border of a cell or in a poor coverage zone, where maintaining 
QoS and battery life is difficult. In this case, in order to achieve a proper communication, 
devices in the coverage area can act as a relay [14]. Relaying is possible when D2D commu-
nication authentication will occur in BTS as shown in Fig. 4. BTS has partial full or partial 
control on relaying devices.

3.2  D2D Communication Operator Control

They devices require the communication between each other, and this is done based on 
communication through the BTS and then there is a need to communicate via BTS. In this 
case, they establish their link through BTS as shown in Fig. 5.
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3.3  Device Relaying Device Control

The operator or BTS is not involved in a session setup between a sender and a receiver. There-
fore, devices are self-responsible for communication between each other via a relay [15] as 
shown in Fig. 6.

3.4  D2D Communication Device Control

In this scheme, two devices directly communicate with each other without any BTS control as 
shown in Fig. 7. So, that, these devices communicate with each other in such a way to ensure, 
the minimum interference [16].

Fig. 4  Device relaying operator control. A device which is in the cell act as relay for who’s has partially 
coverage or no coverage
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4  D2D Challenges

Current work can be categorized into two approaches, distributed D2D, and centralized 
D2D. In the centralized D2D approach a specific unit in the cellular system, for example, 
data network gateway and mobility management unit, distinguishes that it might be better 
for two DUs to setup a communication. This unit then updates the Evolved Node B (eNB) 
to demand measurement from the DUs to see if the D2D communication compromises 
higher throughput. Provided that this is true, the eNB chooses the two DUs that can con-
nect in a D2D mode. In distributed D2D approach the DUs communicate their identities 
occasionally so that different DUs might know about its presence and chooses whether it 
should begin a D2D communication with it. This methodology does not require the con-
tribution of the BTS. The distributed discovery approach is more adaptable and versatile 
than the centralized approach. Consequently, the operator cannot prohibit illegitimate users 
to broadcast or eaves-drop information to or from the D2D peers in the licensed band. A 
practical implementation D2D communication challenges in heterogeneous networks are 
mainly device discovery, inter cell interference, effective medium access control, and 
resource allocations [4]. Some more main parameters are depicted in Fig. 8.

Fig. 5  D2D communication operator control. Two devices, source and destination are in vicinity of each 
other. Then can communicate directly to each other by the control of BTS
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4.1  D2D Discovery

D2D communication starts once devices in the vicinity of each other are discovered. Device 
discovery for in-band D2D communication is a major and first challenge that needs to be 
explored vitally [17, 18]. D2D discovery scenarios are restricted discovery, open discovery, 
information utilization from Public Land Mobile Network (PLMNs), discovery from roaming 
subscribers, and network base ProSe discovery [19].

4.2  Interference Management

Under IBD communication, DU and CU reuse the same uplink and downlink resources in the 
same cell. Based on that, it is critical to plan the D2D system in a way that DUs don’t interfere 
to CUs in the cellular system. Interference management is normally tended to improve the 
resource allocation and power allocation schemes.

Fig. 6  Device relaying device control. In device relaying network, one device acts as a relaying device, 
which plays a role as intermediate node
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4.3  Power Allocation

In the case of IBD, transmitted power ought to be appropriately regulated. In this way, the 
DU transmitter does not interfere with the CU in the cellular system. It is necessary to have 
less interference in order to get better signal to interference noise ratio (SINR).

4.4  Resource Allocation and Optimization

When proximate devices are discovered and they are intended to communicate, then the 
problem is, how they initiate communication and who provide the resources like channel 
allocation, control and power allocation in an optimized way [20].

4.5  Security and Privacy

Regardless of the remarkable advantages, new applications are exposing day by day for 
D2D communication. The security issues of these applications cannot be ignored in 
comparison to the conventional cellular network. These security threats are due to direct 

Fig. 7  D2D communication device control. Two devices communicate each other and found also by self, 
when they are vicinity of each other
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connected devices, relay structure, handover, roaming and privacy in social networks. In 
the event that the security issues are taken in regard, they may extremely frustrate fruitful 
deployment of D2D communication, practically speaking [21].

5  Device Discovery

A key part of the D2D communication is the device discovery of DUs, which is also known 
as peer discovery or proximity discovery [22]. The motivation behind the D2D discovery is 
that two devices could communicate with each other without using the operator resources 
[23]. The general device discovery can be divided into two phases. First is the initiation 
of the discovery process and second is the control of that process. D2D discovery can be 
started by the device or by the network. These two techniques are called, a priori and a 
posteriori discovery [24]. A priory discovery is used to share the explicit contents among 

Modes of 
Communication

Cellular Dedicated Among D2D 
Users and Cellular Users Shared Among D2D Users

Device discovery

Network Assisted Device Level Discovery Autonomous Discovery

Resource Allocation and 
Interference management

Cellular Users to D2D 
Users

D2D Users to Cellular 
Users D2D Users to D2D users

Issues to Established 
D2D Network 

Fig. 8  Issues to established D2D networks
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the devices. Then, a posteriori D2D discovery could be utilized, for instance, by mobile 
phones that move to the region of each other during information exchange. General surveys 
on D2D communication and discovery can be seen in [6], [25] and [23], where an exposure 
for overall D2D communication and its technical details is also included.

Other classifications of device discovery are distributed and centralized as represented 
in Figs. 9 and 10 respectively. In distributed scheme devices searches their proximal by self 
and it causes interference. D2D discovery procedure can be controlled at different levels, 
where it can be fully or partially controlled by the network, and these use cases are called 
network assisted and autonomous D2D discovery, respectively. Network assisted D2D dis-
covery has more advantages as described earlier in section II., where the approximate loca-
tion of devices is approximately known, and DUs can communicate with each other within 
the same cell or between different cells. However, the main problem of network assisted 
D2D communication is the signaling overhead [23]. The benefit of autonomous D2D dis-
covery is the small signaling overhead due to distributed networks. In any case, the dis-
covery process itself could consume battery expressively as it is completely taken care by 
separate devices in the network.

In order to perform an autonomous D2D discovery, Gate Way (GW) node detects pos-
sible D2D candidates that want to be part of the communication process. Then a message 
contains information regarding mobility management, the eNB, and the interested DU is 
sent. After the D2D carrier is built up, D2D communication can be established. This pro-
posed D2D discovery has substantial signaling overhead. Another D2D discovery method 

Fig. 9  Ad-hoc base device discovery with distributed control
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called search and listen is proposed in [26]. In this method at a particular discovery time, 
many DUs perform discovery procedure using a discovery message. To stay away from 
interference among them, the DUs go through three phases, (1) search or listen to phase, 
(2) discovery interval and (3) discovery channel. The outcomes show that the proposed 
system can enlarge the quantity of discovered devices within the discovery period. Using 
provisional identity, a signature-based D2D discovery method is proposed in [7]. The 
research presents how the discovery signal plans the utilization of physical resources and 
how to keep away from the collision in the network.

A completely distributed device discovery for Orthogonal Frequency Division Multi-
plexing (OFDM) based network utilizing time division multiplexing (TDM) system is pro-
jected in [27]. Discovery time slots are assigned to the radio resources, and the discov-
ery signal can be sent or received during the specific discovery time. This discovery time 
allows devices to show their presence continuously and discover other devices in a distrib-
uted fashion. Another autonomous device discovery method is proposed which is based 
on routing protocol as stochastic, Bio inspired and hieratical [28]. The proposed pattern is 
modified based on packets flooding for device discovery. These packets incorporate chan-
nel number, power utilized for transmission and interference power which is calculated by 
the transmitter. Subsequently, using the packet information, the receiver can figure out the 
SINR and path loss of the transmitted data. These figured out values are transferred to the 
transmitter so that it can adjust the transmission power. Therefore, two nodes can make a 
D2D pair of bi-directional connection can be set up while the power requirement is set to 
minimize the interference between CUs and DUs. In [29], beacon signal based peer discov-
ery is proposed, where a small portion of physical layer frames are used in order to avoid 
low discovery overhead. In this proposed method, neighboring devices discovery is based 
on the calculated SINR using received beacon signal.

Fig. 10  Network base discovery process
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A position discovery system based on high frequency is proposed in [30]. In this 
research, Cramer Rao Bound is used with centralized control to find the angle of arrival 
and time of arrival of statistics. However, this method is specific for narrow band channels, 
and the accuracy cannot be definite for proximity based D2D communication [31]. An 
overlapping communities based discovery procedure is proposed in [32]. In this method, 
the overlapped users in different communities are identified. After identification, the bea-
con signal discovery rates can be distinguished. Besides, the beacon discovery rates can be 
progressively adjusted by associating the status of other intra and inter community users, 
which can also improve energy efficiency and discovery rate.

An algorithm FST (Firefly Spanning Tree) for device discovery is proposed in [33]. The 
FST algorithm is proposed on the base of greedy and Firefly algorithms. In this method, 
signal strength is measured by the neighbor device and a tree with steady device signal 
strength is constructed. Regularly monitoring the uplink transmitted signal based discovery 
method is proposed in [34]. Nonetheless, the security of clients can be uncovered, and the 
social association between users was not considered in the mentioned discovery method. 
Energy efficient base discovery protocol e-discovery method is proposed in [35] and [36]. 
This scheme is the most popular for opportunistic communication in smart phones. In this 
scheme blue-tooth over Wi-Fi, is used as the underlying technology for device discovery. 
E-discovery is efficient but the operational distance between devices is low. Using an inno-
vative functionality of Wi-Fi, direct base device discovery method is proposed in [37], and 
it presents an experimental assessment that depicts the performance in practical situations.

A self-governing ProSe server base device discovery scheme is proposed in [38]. The 
functionality of this server is to perform ProSe task and application server. ProSe assisted 
discovery need a high-level design for the direct discovery process. A social aware based 
peer discovery method is proposed in [39]. In this scheme, the author took the concept 
from ad-hoc peer discovery using social networking features. In this method, users are 
divided into community groups according to the social information. Then the beacon sig-
nal will be transmitted on regular basis to each group. However, energy consumption is 
the main issue in this scheme, and it is due to the frequency of transmitted beacon signals. 
3GPP has presented the LTE centered proximity services in issuance 12 and 13 to accom-
plish D2D communication. The primary focus of LTE was data offloading. For this, 3GPP 
introduced proximity services. Though, it can be comprehensive to several cases including 
a large number of devices to connect in ProSe to one another with the benefit of utilizing 
the LTE resources.

An energy efficient discovery mechanism is proposed in [40], where the device discov-
ery process takes the benefit of proximity services explicitly where in DU triggers their 
D2D abilities. In this method, DU performs discovery process when there are high chances 
to discover other DUs in the same service area. This method is an energy saving procedure 
in discovering the devices. But the question is if the DUs are not in same service area then 
how energy efficiency is possible.

Radio channel values based device discovery process is proposed in [41]. In this 
scheme beacon signal is designed on the basis of the value of channel measurement and 
it will be adapted if the wireless channel is correlated. As a result, DUs can precisely 
find the closest peer with minimum energy consumption. But the problem with this 
method is if the channel is uncorrelated then how beacon signal can be designed? Based 
on applying the CUs as presence announcers in cellular networks, discovery method is 
proposed in [42]. In this proposed scheme, the CUs announce for attention, to estab-
lish a D2D link. Usually, announcers send their invitation for D2D communication at 
the dedicated channel. In this proposed method, power control mechanism is applied at 
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downlink channel, which guarantees reliable underlay proximity discovery. This may 
create interference, and this problem is not discussed.

A link base device discovery method is proposed in [43]. This scheme is simple 
and can be performed by the devices. Although this discovery scheme gives guaran-
teed security, interference between different links still a problem. Device beaconing 
method based discovery and enabled services based scheme are proposed in [44]. It is a 
novel approach for interchanging data packets and enabling connection at the appropri-
ate radio channel link. The author tries to make an energy efficient scenario at differ-
ent device densities. Frequency Hopping Sequences (FHS) based discovery method is 
defined in [45]. The discovery process can be possible in ad-hoc and cellular networks 
through sending a reference signal by a party. Regardless of the known facts, the impor-
tant difficulty of the device discovery is that when two devices need to peer, they should 
have coherency in frequency, time and space. Sending the synchronization pulses every 
time is energy and time-consuming. This problem can be solved using underlay network 
assisted device communication.

A discovery method in unlicensed spectrum based on joint discovery is proposed in 
[46], but the interference is the major problem in this method. From the above analyses, 
it is clear that D2D communication in the cellular network depends upon many network 
parameters in order to achieve an efficient discovery. The neighbor discovery execution 
can be enhanced by expanding the discovery frequency of the users. From the above lit-
erature survey, the following parameters must be considered for efficient discovery, and 
these are energy efficiency, interference aware discovery, fast discovery, and efficient 
discovery from high-density devices, discovery from multi cells and multi operators and 
efficient discovery when the device is out of coverage.

6  Possible Way of Discovery in Cellular Networks

The performance of D2D communication largely depends upon the neighbor device dis-
covery process in the cellular networks. From the literature survey presented earlier in 
Section V, it is concluded that any device is discoverable in a cellular spectrum based on 
using one of the methods shown in Fig. 11.

Device Discovery for D2D communication in Cellular Network 

1. Request Based Discovery 3. Network Assisted 
Discovery2. Direct Discovery

4. Packet Based Discovery 5. Signature Based Discovery 6. Hybrid 7. Beacon Based Discovery

Fig. 11  Shows the possible devices discovery methods in cellular network
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6.1  Request‑Based Discovery

In request-base discovery, a device transmits a discovery request in its vicinity and waits 
for the response of detected devices. When the device founds the response from the 
replied device, an agreement is made to make the connection. Bluetooth, IR, and Wi-Fi 
schemes also work on this phenomenon. This scheme is suitable for a small number of 
devices, and it is not efficient for a large number of devices.

6.2  Direct Discovery

In Direct discovery strategy, a device transmits a discovery signal to promote its near-
ness or eavesdrops for other devices. In this method, there is no need to the response 
from the individual requester.

6.3  Network‑Assisted Discovery

In the network assisted discovery, a source device starts a demand to the network for 
communication with an objective device. A network assisted discovery process is pro-
posed in [47]. The network generates D2D discovery signal and illuminates both source 
and destination devices. Along with network, allocates the resources to establish the 
link for related data. Source device sends the discovery signal and destination device 
distinguishes the signal on the up to date resources. This scheme has great discovery 
effectiveness, however, may likewise build the dependence on the network system and 
additional signaling overhead. Network base device discovery concept is also presented 
in Fig. 5.

6.4  Packet‑Based Discovery

Generally, the reason for device discovery is to accomplish two objectives: location of 
the nearness of neighbor devices and the identification of located devices. Packet based 
discovery utilizes an encoded packet, that incorporates full, unique identification of 
the device. For instance, mobile identification number, MAC address or IP address and 
other information related to the device. The benefit of the packet based method is that 
full information identified associated with device discovery. This information can be 
acquired from the discovery signal without extra signaling. Nonetheless, the disadvan-
tage is that the packet is big in size, and subsequently must be robustly channel coding 
is needed due to turbo codes or convolutional codes for better spectral efficiency. Fur-
thermore, due to the packet size, this discovery scheme is not efficient because a device 
has to pay high channel complexity estimation and algorithms for decoding. The benefit 
of packet based discovery is that all the information in the packet is self-contained and 
has a minimum network dependence

6.5  Signature‑Based Discovery

In the signature base device discovery, utilizing a signature includes the transmission 
of the special waveform on the physical layer. This physical layer waveform is used as 
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a discovery signal and temporary mark of identification of the device throughout the 
discovery process. The information that can be incorporated into the signature is com-
monly a much smaller complex than packet based device discovery. The lack of sig-
nature-based discovery is that only the signature cannot carry full device information. 
On the other hand, the benefit of signature-based D2D discovery is its high discovery 
performance and good spectral efficiency due to less coding.

6.6  Hybrid

Hybrid discovery scheme, can be also an arrangement of a sequence of signature pulses 
and packets. These signature pulses act as part of a reference signal and packet decod-
ing information. Any device attempts to interpret the packet first it has read the sequences 
pulses. Therefore this can save lot of device power

6.7  Beacon Base Discovery

Base station transmits one short pulse periodically that is called a beacon signal. Beacon 
signals convey the following information such as network types, timestamp, area identity, 
and channel information [18]. To discover the devices, the beacon signal is sent in per 
unit time in the specific area. A beacon table (also called a beacon kernel table) is cre-
ated in the data base of transmitter or base station. Devices eavesdrop for a new beacon, 
where they check the active devices in the beacon kernel table and find near devices. The 
found devices initiate the negotiation using the base station to establish the link. For these 
devices, the base station acts as a gateway. Figure 12 shows if the user is out of subscribed 
area, then how the cellular system support to beacon signal to locate the device.

Figure 12 shows the device communication when a device is out of the subscribed area. 
The beacon base device discovery process is sequenced as follows:

Fig. 12  Shows the beacon base 
device discovery process when 
devices out of sub-scribed area
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1. Beacon is sent, if the device is active then it will be registered in the active kernel table. 
If the found device request to connect with a new base station, then beacon table start 
to hand off.

2. The device is located through user level processing in the closest base station.
3. When a device is registered in a visiting base station, through user level processing vis-

iting base station take the information from home base station for billing and services 
information.

4. The home base station sends an authentication signal.
5. After all processing, the visiting base station will be able to accept or reject. When a 

device is in any cell area, a beacon signal is generated with roaming service. The device 
registered to the nearest base station and start communication as shown in Fig. 12.

6.8  Summary

All above summarize discussion about device discovery; there are many schemes which are 
suggested by the researchers and they are incomplete and tradeoff between different param-
eters of device discovery. Following parameters must not be in a trade off during discovery 
such as fast discovery, energy efficiency, accurate discovery from dense devices, discovery, 
efficient discovery from multi cells and multi operators and discovery when devices are out 
of coverage. The foremost weakness of the current research is a deficiency of D2D mobil-
ity and additional accurate circumstances for upcoming mobile networks such as hetero-
geneous mobile and landline networks with densely installed small cells. From literature 
survey, we propose two robust schemes for discovery. One of proposed method is femto 
cell GPS base device discovery which will help full for above parameters and also discover 
the device when out of coverage using relay devices information. Second beacon base dis-
covery, in which a beacon signal is designed for discovery using the measured channel 
value. It will efficient and will have minimum misdetection rate. When beacon will have 
designed, based on channel information it also will have minimum signaling overhead, 
minimum resources utilization and will improve the user discovery rate.

7  Future Work

In this survey, we elaborate approximate potential research guidelines and undeveloped 
complications in device discovery for D2D communications in licensed spectrum. In the 
following, we grade open difficulties founded on diverse research methodologies. Theo-
retically, mathematical solutions and optimization methods are very partial. The exist-
ing literature absolutely deficient for, device discovery, modes of communication choices 
method, interference management, and power control tools. The beacon signal analysis for 
devices discovery by means of methods such as bio inspired proximity discovery, genetic 
algorithms and swarm optimization can be also a stimulating problem solution. This can 
be more enhanced to afford, more efficient device discovery, accurate throughput, power 
efficiency, minimum delay in D2D communications of the underlay cellular networks. 
There is actual slight work to illuminate the essential architecture in demand to the pro-
vision of device discovery in D2D communications in the underlay cellular networks. It 
is stimulating to auxiliary consideration on the ability of the present centralized cellular 
network to maintain D2D communication such as device discovery, connection setup, net-
work registration, intervention control, resources allocation, security. Likewise, software 
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defined based networks design can also help for device discovery in D2D communication. 
Certainly, device discovery in D2D communication needs to be considered in the further 
difficult background of heterogeneous networks due to increasing market attention for the 
availability of numerous radio technologies installed on the mobile devices.

7.1  Application

A decade before, D2D communication was primarily suggested for relaying in the underlay 
cellular networks. Up to now, scholars suggested novel usage of D2D communications in 
the underlay cellular networks such as multicasting, cellular offloading and peer to peer 
communication. We trust that D2Dcommunication can have supplementary applications in 
the present world of telecommunication, for example, social networking, smart grid, vehic-
ular networks and location-aware services.

7.2  Result Verification

Majority of the existing works is based on home grew simulations and numerical. Though 
these kinds of assessment method are appropriate for learning the potential gains. They 
are quiet at distant from the legitimacy due to simplified conventions. We rely on a per-
formance assessment by means of the current network simulators such as NS3, OPNET, 
OMNET or an experimental assessment can help in enlightening together an actual pres-
entation and new challenges like device discovery of D2D communications in the underlay 
cellular networks.

8  Conclusion

In this paper, we are providing a wide study of the existing literature on device discov-
ery in D2D communications in underlay cellular networks. We classified the existing lit-
erature founded on the licensed band of D2D broadcast into two key groups, named as 
in-band D2D communication (IBD) and out-band D2D communication (OBD). The works 
beneath in-band D2D communication were further distributed into underlay communica-
tion and overlay communication. The key issue in underlay D2D communication is device 
discovery, power control mechanism, interference controlling between D2D users and cel-
lular users. In Overlay D2D communication, interference is not a major issue because D2D 
users and cellular users do not overlap. Though, this method allocates dedicated resources 
to D2D users and cellular users and has a poor spectral efficiency than the underlay. In out-
band D2D communication the interference level is uncontrollable. We have also deliber-
ated the shortcomings and strong points of the existing literature on device discovery. We 
pointed out the deficiencies of existing mechanisms and proposed possible future research 
directions. Our survey presented that D2D communication in in-band underlay cellular net-
works is under developing and device discovery is the first important phase for the initia-
tion of D2D communication. Along with the discovery, there are still several exposed com-
plications such as interference, power control, and time.
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