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Abstract
After a disaster occurs, effective communication between the people and the institutions 
of disaster or emergency management is vital. Device to device (D2D) discovery and 
communication provides communication services in such difficult situations without the 
requirement of network infrastructure and by reducing call traffic in cellular communica-
tion networks. Considering the fact that almost everyone uses a smart mobile device (UE-
User Equipment), the D2D communication method seems the most suitable solution for a 
post-disaster situation. In particular, this method plays important role in fifth generation 5G 
communication networks. The device discovery or UE discovery is fundamental strategy 
in D2D communication. In this study, a Throughput-based Discovery Algorithm (TDA) is 
proposed to find D2D peers among devices on Public Security Network (PSN) in a post-
disaster situation. A sample scenario was created to test the performance of the proposed 
TDA, and the TDA was compared to some discovery algorithms, such as Shortest Distance 
Algorithm (SDA), Maximum SINR with No limit on the distance of discovery Algorithm 
(MSNA), and Maximum SINR with Limit on the distance of discovery Algorithm (MSLA). 
In terms of the outage SINR and average pair SINR metrics, the proposed TDA showed 
better performance than the other discovery (MSNA, SDA, and MSLA) algorithms for 
D2D discovery in the disaster area.
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1  Introduction

Disasters such as earthquakes, landslides, and tornadoes are among the most notable events 
that damage the infrastructure-worldwide [1, 2]. Communication is vital for post-disaster, 
between people and disaster management organizations [3–5]. Effective disaster manage-
ment which is crucial for governments can be achieved by obtaining fast and accurate 
information from the disaster area [6, 7]. During or after a disaster, communication can 
collapse due to damages to the communication infrastructure or of overloading users keep-
ing in contact with friends and relatives. As a consequence, disaster victims are unable to 
communicate with those outside the affected area and cannot be monitored by rescue teams 
[8, 9].

D2D communication technology provides communication services in disaster situations 
without the help of network infrastructure by reducing the call traffic in the cellular com-
munication network [10–12]. In next-generation 5G communication networks, D2D com-
munication technology is thought to play a critical role as smart mobile devices (UE-User 
Equipment) will be used by everyone [13, 14]. The D2D communication method stands out 
in the field of post-disaster search, rescue, and communication. Current studies in D2D can 
be divided into coverage area and out of coverage area according to the base station’s (BS) 
signal coverage [15, 16]. The UEs can communicate with central BSs as well as to other 
UEs in the coverage area.
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D2D communication can be classified into two main elements: device discovery and 
communication. D2D discovery is the process of finding nearby devices to establish a 
direct communication link (direct mode). Device discovery is divided into two types [17]: 
direct discovery and Evolved Packet Core (EPC) level discovery. In the case of direct dis-
covery, the UE autonomously searches for nearby UE devices; this process requires UE 
devices to participate in the device discovery in order to transmit/receive discovery sig-
nals seamlessly. The subjects of D2D discovery on Public Security Network (PSN) studies 
can be summarized as schema design [18], routing (multihop) [19–22], clustering [23, 24], 
energy-spectrum efficiency [25, 26], performance evaluation [27–29] and UE discovery 
[30, 31].

The SINR (Signal to Interference plus Noise Ratio) metric is a significant parameter for 
peer to peer (P2P) discovery. In the study of Osman [31], some D2D discovery algorithms 
are proposed according to the SINR metrics and distances between UEs. These are Short 
Distance Algorithm (SDA), Maximum SINR with No limit on the distance of discovery 
Algorithm (MSNA), and Maximum SINR with Limit on the distance of discovery Algo-
rithm (MSLA). SDA discovers the D2D pairs according to the shortest distance and there-
fore selects only the two closest pairs. MSNA is a discovery algorithm that finds D2D pairs 
according to the maximum SINR without limit distance between UEs. MSLA is a discov-
ery algorithm that searches D2D pairs according to high SINR values under limit distance. 
However, there are some shortcomings and weak points in these discovery algorithms.

The communication probability of UEs increases if there are many matching D2D pairs 
in the post-disaster area. In D2D communication, the improvements in reducing energy 
consumption and increasing throughput play a critical role. Therefore, we focused on the 
throughput metric in the device discovery algorithm. We proposed a Throughput-based 
Discovery Algorithm (TDA) which finds D2D pairs according to the throughput metric 
between UEs. The results show that TDA provides more D2D pairs for the disaster area 
compared to the discovery algorithms that use the distance and SINR value between UEs. 
The outage SINR (inability to serve-percentage) obtained by the proposed TDA is lower in 
the disaster area, so it provides better service quality than others. UEs with the low outage 
SINR and with multiple matching UE pairs will ensure uninterrupted communication. The 
focus of our study and motivation is to find the most matching UEs with the lowest outage 
SINR among D2D peers on the PSN in the out-of-disaster area.

The rest of the paper is organized as follows: D2D standardization, studies about D2D 
discovery on LTE and PSN in the literature are given in Sect. 2. Modeling of the proposed 
D2D discovery algorithm (TDA) is defined in Sect. 3. The general structure of the system, 
a sample scenario, and simulation results are presented in Sect. 4. In Sect. 5, we present 
conclusion and future works.

2 � Preliminary

2.1 � D2D Standardization

D2D communication benefits both 3GPP (Third Generation Partnership Project) and LTE 
(Long Term Evolution) cellular networks in terms of both cost-effectiveness and network 
performance. In particular, D2D communication improves network efficiency, end-to-end 
latency, resource utilization, and energy efficiency. At the same time, D2D supports many 
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applications such as social networks, data sharing and games. Therefore, enabling D2D 
communication over LTE greatly improves the performance of the network. For D2D com-
munication, a customized system architecture and channel models are utilized as ProSe 
(Proximity Service) in 3GPP, LTE version 12 [7, 32, 33]. Figure 1 shows device pairs for 
D2D ProSe communication.

In Fig. 1, blue solid lines indicate the connection between UEs, and orange dashed lines 
represent the control signal between the UEs and the BSs. One of the devices sends the dis-
covery signal, and the other receives this signal. For instance, while the UE2 is in receiver 
mode, the UE1 sends a discovery signal in transmit mode. Likewise, when the UE2 acts as 
a sender, the UE1 remains the receiver mode.

Table 1 summarizes the coverage area according to the D2D scenarios shown in Fig. 1. 
Scenario 1-A represents the D2D discovery and communication mode (direct mode) 
in cases that the base station is damaged or the base station signal is not received (out 
of range). Scenario 1-B signifies the partial coverage situation that one of the devices is 
within the coverage area and the other is outside the coverage area. Scenario 1-C shows the 
status of the devices within the coverage area in a single cellular structure. Scenario 1-D 
represents the state of the multi-cellular structure of devices within range.

D2D discovery and communication are vital functions that support the service of ProSe 
D2D. The architecture of the D2D system, which assists the ProSe service, consisting of 
D2D discovery and communication, was studied by 3GPP. In LTE version 13, the use of 
D2D/ProSe and mission-critical communications including 3GPP, small cells, resource 
efficiency, spectrum bands and heterogeneous network (HetNet) were improved. In particu-
lar, public safety functions in version 12, which consist of D2D discovery based on LTE 
and D2D communications, public security requirements, were also maintained by version 
13. In addition, D2D communication has been enhanced in terms of partial coverage and 
extension coverage for out-of-coverage [7, 16].

Fig. 1.   3GPP D2D scenarios
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2.2 � D2D Discovery and LTE

In the study of Doppler and his colleagues, D2D communication, which forms the basis 
of the 3GPP LTE-Advanced (LTE-A) cellular network, was considered as a facilitator of 
regional services with restricted interference effect on the primary cellular network [34]. 
The novel mechanisms for the management of D2D communication procedures and their 
session setup in the LTE network were proposed. In another paper presented by Doppler 
and his friends, a novel beaconing scheme was proposed for a service and device discov-
ery radio. This scheme is based on the Orthogonal Frequency-Division Multiple Access 
(OFDMA) principle and the LTE beacon structure. The devices like smartphones can cre-
ate a background network using the recommended marking scheme without significantly 
decrease standby operating time in accordance with energy consumption analysis [35].

In the study of Tang and her colleagues, the problem of neighbour discovery was 
addressed to enable D2D communication in standard LTE cellular networks. The perfor-
mances of the proposed methods for neighbour discovery were evaluated in terms of vari-
ous system parameters in LTE deployment [36]. Simsek and her friends propose a system-
level simulator based on 3GPP and compare the performances of three discovery resources 
selection algorithms (the greedy, the random, and coordinated algorithms) [37]. The results 
show that the random approach is worse than the other algorithms.

In the study of Vasudevan and his colleagues, the algorithm was proposed and ana-
lyzed for the discovery of neighbouring nodes in wireless networks. In the same study, 
an ALOHA-like neighbour discovery algorithm was presented with a single-hop wire-
less node network [38]. Sun and his friends present a friend neighbour discovery protocol 
scheme. This scheme, proposed by adding front handshaking subsets in front of conven-
tional slots [39].

Yang and his colleagues presented a distributed mapping protocol for LTE-A networks. 
In this study, a resource allocation algorithm was recommended to minimize resource con-
sumption in the discovery which is similar to the adaptive FlashLinqQ structure based on 
the number of D2D UEs requesting. In the same study, peer to peer (P2P) UE discov-
ery times were compared [40]. In the study of Zou and her colleagues, a discovery signal 
was proposed as the activator of P2P communication inside the physical layer level in the 
OFDMA cellular system. The proposed signal has high power efficiency, high noise tol-
erance, and minimum overhead [41]. In another paper presented by Zou and her friends, 
a signature-based discovery scheme was presented as a notional instance for cellular net-
works [42].

In the study of Yang and his colleagues, a device discovery scheme was proposed 
similar to the FlashLinqQ structure using a marker in conjunction with the conventional 
packet-based scheme suitable for LTE cellular network architecture [43]. Hayat and his 

Table 1   D2D scenarios and connection types

Category Scenarios 1st Device 2nd Device

1-A Out of coverage Out of coverage (UE1) Out of coverage (UE2)
1-B Partial coverage Coverage area (UE3) Out of coverage (UE4)
1-C Coverage area—single cellular Coverage area (UE3) Coverage area (UE5)
1-D Coverage area—multicellular Coverage area (UE3) Coverage area (UE6)
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friends presented a discovery algorithm called Sphere Decoder Like (SDL) within a lattice 
area with radius R to ensure D2D communication [44].

2.3 � D2D Discovery and PSN

D2D communication can be used to provide Public Protection and Disaster Relief (PPDR) 
and National Security and Public Safety (NSPS) services. For example, the spectrum is 
allocated in the 700 MHz frequency band for an LTE-based Public Safety Network (PSN). 
PPDR and NSPS-enabled systems ensure access to cellular network services even if the 
infrastructure becomes dysfunctional due to disaster or emergency. A literature brief in this 
area is presented below:

In the study of Fodor and his colleagues, a procedure-based clustering was proposed 
to the design of a system integrating cellular and specific modes of operation. This sys-
tem was improved to depend on the presence of substructure nodes of LTE networks, and 
in particular D2D communication. The proposed approach is recognized as a technology 
component of the 5G which is developed by mobile and wireless communications ena-
blers for 2020 information society (METIS) that is the European 5G research project [24]. 
Gomez and her colleagues introduced a hybrid base station (HyeNB) scheme to reduce the 
dependency between UE, eNBs, and EPC for virtual and distributed architectures in the 
LTE mobile network [18].

Yuan and his colleagues presented dynamically select multi-path routes together in a 
fully loaded cellular network for D2D communication. In their study, as a modeling sce-
nario, in case of a terrorist act for Ottawa city, communication infrastructure is damaged. 
It has been shown that Interference Aware Routing (IAR) provides better results than the 
Broadcast Routing (BR) and Shortest Path Routing (SPR) [45]. In the study of Lin and his 
colleagues was presented an overview of 3GPP ProSE. LTE devices with D2D support 
were reported that PSN was more conducive than commercial networks in the absence of 
cellular networks [17]. In the study of Babun and his colleagues, D2D communication has 
was discussed to extend the coverage of active BSs in the case of partial coverage in the 
PSN. A system-level simulator was presented for HetNet and D2D technologies in con-
sideration of PSN scenarios 3GPP standard-compliant. The simulator was used to show 
the performance of D2D multi-hop communication under cellular networks according to 
partial coverage [22].

The study of Kamran and his colleagues was focussed on relay-supported transmission 
architecture performance which can increase the capacity and power savings of the PSN. 
At the same time, a distance-based strategy was proposed to decrease power transmission 
and computational complexity [46]. In another work, Kamran and his friends were pro-
posed an approach with clustering procedure to a system structure integrating D2D and 
cellular operating modes. This approach was depended on the presence of substructure 
nodes to enable PSN, and especially D2D communication [10]. In another paper presented 
by Kamran and his friends, it was focused on reuse mode in terms of spectrum efficiency. 
The simultaneous wireless information, power transmission (SWIPT), and energy harvest-
ing (EH) in the relay (R) were used to extend the life of the energy-constrained network. 
The communication services can be sustained by integrating the cluster building technique 
with D2D communication into cellular networks when the cellular infrastructure has partly 
dysfunctional [23].

Wang and his colleagues were focussed to rebuild capacity the post-disaster network, 
based on the award-winning Steiner Tree. It was aimed to recover the network from the BS 
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which is still operational to the out of service evacuation places by using a multi-hop tech-
nique. The proposed plan was evaluated to present the assessment results more accurately, 
using the BS data and actual evacuation site in the Tokyo city and using big data analysis 
based on the post-disaster service model [47].

In the study of Osman, D2D communication and discovery methods were examined 
in 5G communication systems. In this study, randomly distributed D2D devices were cal-
culated output D2D was found percentages and was made comparisons of MSNA, SDA, 
MSLA algorithms for single and multiple cells within the determined area [31].

In the study of Marttin and his colleagues, it was investigated the capacity, bandwidth, 
spectrum, and energy efficiency calculations in the LTE network standard for an example 
scenario. In this study, it was shown that the energy efficiency of the UE with a large band-
width reduces quickly according to the UE with a small bandwidth, when the communica-
tion distance between the D2D increases [26].

In the study of Hossain and his colleagues, a novel method named SmartDR was pro-
posed which helps post-disaster recovery using smartphones.This method includes mul-
tihop routing and neighbour discovery for D2D [48]. Hayat and his colleagues presented 
SSA named device discovery-based scanning algorithm on the cell sector. This algorithm 
includes a random walk and velocity scenarios according to received signal strength (RSS) 
in a special area [30].

Table 2 summarizes the PSN-related studies given briefly in this paper in terms of some 
keywords. These keywords are device discovery, schema design, and multihop for routing, 
clustering, throughput, energy-spectrum efficiency, and performance evaluation.

3 � D2D Discovery System Model

3.1 � D2D Discovery and Problem Formulation

In this section, the D2D discovery system model is presented as a short brief by using model 
equations. In D2D communication, successful device discovery enables among UEs to inter-
communicate immediately. Figure 2 shows the D2D system model for device discovery in 
a single cell as a scenario example. In this figure, the blue solid lines denote the direct con-
nection between UE pairs; the orange dashed lines represent the interferences between D2D 
receivers and D2D transmitter.

The calculation of the SINR metric ( γ ) is given below:

where S denotes the incoming signal power, I stands for the interference power of the other 
signals in the network, and N represents the noise. The power of the incoming signal S is 
calculated as given in Eq. (2):

where S(i,j) is the signal power between ith UE and jth UE, P(i,j)

T
 represents transmit power, 

G
(i,j)

T
 stands for transmitter antenna gain, G(i,j)

R
 is receiver antenna gain, PL stands for 

path loss, di,j denotes the distance between ith UE and jth UE, hi represents the fading 

(1)γ =
S

I + N

(2)S(i,j) = P
(i,j)

T
G

(i,j)

T
G

(i,j)

R
PL

(
di,j

)−1||hi
||
2
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coefficient. The formula used for interference calculation between ith and jth UEs is given 
in Eq. (3):

where I(i,j) denotes interference between ith UE (transmitter) and jth UE (receiver). The 
noise used in the calculation of the SINR metric is Additive White Gaussian Noise 
(AWGN). According to the D2D system model in Fig. 2, for example, the calculation of 
SINR ( γRX1 ) is presented below for D2D communication between TX1 and RX1 UEs.

(3)I(i,j) =

K∑

k=1,k≠i,j

P
(k,j)

T
G

(k,j)

T
G

(k,j)

R
PL

(
dk,j

)−1||hk
||
2

(4)γRX1 =
PTX1G1

PTX2G9 + PTX3G5 + N0

(5)G1 = G
(TX1,RX1)

T
G

(TX1,RX1)

R
PL

(
dTX1,RX1

)−1||hTX1
||
2

Table 2   Comparison of D2D Studies on PSN

Public safety 
network

Device 
discov-
ery

Schema 
design

Routing-
multihop

Clustering Throughput Energy and 
spectrum 
efficiency

Perfor-
mance 
evaluation

Fodor G, et al. 
[24]

✓ ✓

Gomez K, 
et al. [18]

✓

Yuan H, et al. 
[45]

✓

Lin X, et al. 
[17]

✓

Babun L, 
et al. [22]

✓ ✓ ✓

Ali K, et al. 
[46]

✓ ✓ ✓

Ali K, et al. 
[10]

✓ ✓ ✓ ✓

Ali K, et al. 
[23]

✓ ✓ ✓ ✓

Wang X, et al. 
[47]

✓ ✓ ✓

Osman EAM. 
[31]

✓ ✓ ✓

Hossain M, 
et al.[48]

✓ ✓ ✓ ✓

Hayat O, et al. 
[30]

✓ ✓ ✓

Marttin V, 
et al. [26]

✓ ✓

TDA (this 
study)

✓ ✓ ✓ ✓
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where PTX1 , PTX2 , PTX3 represent the transmit powers of TX1, TX2, TX3, N0 denotes the 
Additive White Gaussian Noise, G(TX_,RX1)

T
 stands for transmitter antenna gains between 

RX1 and other transmitter UEs (TX1-3), G(TX_,RX1)

R
 is receiver antenna gains between 

RX1 and other transmitter UEs (TX1-3), PL is the path loss, dTX_,RX denotes the distances 
between RX1 and other transmitter UEs (TX1-3), hTX_ represents the fading coefficients 
of the transmitters. The path loss model, constant propagation loss [49] and Log-Normal 
Shadowing models [50] are given below:

where n denotes the path loss exponent, d0 represents the reference distance, X� stands for 
the random shadowing effect. 

−

PL
(
d0
)
 denotes the path loss at the reference distance ( d0 ) 

and it is given in Eq. (9).

fc stands for the transmission frequency. The distances for each D2D point are considered 
separately. For the distance of two nodes in the coordinate plane, the Euclidean distance rela-
tion is used as below:

(6)G9 = G
(TX2,RX1)

T
G

(TX2,RX1)

R
PL

(
dTX2,RX1

)−1||hTX2
||
2

(7)G5 = G
(TX3,RX1)

T
G

(TX3,RX1)

R
PL

(
dTX3,RX1

)−1||hTX3
||
2

(8)PL(d) = PL
(
d0
)
+ 10n log

(
d

d0

)

+ X�

(9)PL
(
d0
)
= 22.7 + 26 log

(
fc
)

(10)d =

√(
xT − xR

)2
+
(
yT − yR

)2

Fig. 2   D2D discovery system model in a single cell [34]
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where 
(
xT , yT

)
 represents the location of the UE transmitter, 

(
xR, yR

)
 represents the location 

of the UE receiver. The throughput ( R(i,j) ) for each D2D uplink scenario is calculated as 
given below:

where, B denotes the bandwitdh and S(i,j) stands for the signal power between ith UE and 
jth UE, and N(i,j) represents the noise between ith UE and jth UE. In Eq. (12), the energy 
efficiency ( EE ) is calculated for a single hope (node-to-node) according to the bandwidth 
and the noise ratio.

Here, ζ(i,j) denotes signal to noise ratio and log2(e) represents the natural logarithm.

3.2 � Throughput Based Discovery Algorithm (TDA)

In this sub-section, the proposed Throughput based Discovery Algorithm (TDA) is pre-
sented to discover the UEs on PSN for post-disaster. This algorithm finds the UEs in the 
network according to the throughput metric. D2D pairs are determined when they exceed 
the minimum threshold of throughput and then the best pair with maximum throughput 
values is found. The proposed TDA aims to select pre-communication D2D pairs without 
SINR-based distance limit. The best D2D pair with TDA is calculated as follows:

where Rth stands for the threshold of throughput, NUE  represents the number of UEs. The 
first constraint ensures that the throughput value between ith UE and jth UE is greater than 
the threshold of throughput. The second constraint ensures that the selected users can not 
be out of the range between 1 and NUE . The last constraint makes the selected users dif-
ferent from themselves. The pseudocode of the TDA is given in Algorithm 1, and the pro-
posed algorithm’s flowchart is shown in Fig. 3.

(11)R(i,j) = B. log2

(

1 +
S(i,j)

N(i,j)

)

(12)EE(i,j) =

(
B

2.P
(i,j)

T

)(

1 +
1

� (i,j)

)

log2
(
� (i,j) + 1

)
− log2(e)

(13)max
i,j

R(i,j)

(14)subject to R(i,j) > Rth, 1 ≤ i, j ≤ NUE, i ≠ j
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Fig. 3   Flowchart of TDA approach
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3.3 � Shortest Distance Discovery Algorithm (SDA)

In this discovery algorithm, the selection procedure is based on the shortest distance between 
UEs. D2D pair with the minimum distance is selected and if this pair meets the minimum 
SINR threshold, it is determined as the best pair [31]. The best D2D pair is found by SDA as 
given below:

where d(i,j) denotes the distance between ith UE and jth UE,  γth represents the threshold of 
SINR. The 1st and 2nd constraints provide that the SINR values as bidirectional between 
ith UE and jth UE is bigger than the SINR threshold values. The 3rd constraint ensures that 
the selected users are in the range between 1 and NUE.

3.4 � Maximum SINR with No Limit on the Distance of Discovery Algorithm (MSNA)

MSNA discovers the D2D pairs according to the SINR values among the UEs, and the best 
pair with maximum SINR is determined. In this discovery algorithm, the distance among the 
UEs is insignificant [31]. The best D2D pair is determined by MSNA as follows:

(15)min
i,j

di,j

(16)subject to γ(i,j) > γth, γ(j,i) > γth

1 ≤ i, j ≤ NUE, i ≠ j
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1 ≤ i, j ≤ NUE , i ≠ j.where γ(i,j) stands for the SINR. The constraints of MSNA are the 
same as SDA. Firstly, UEs with SINR values greater than the threshold level are detected in 
the network, and then, the best D2D pair with maximum SINR values is found.

3.5 � Maximum SINR with Limit on the Distance of Discovery Algorithm (MSLA)

MSLA finds the best D2D pair with maximum SINR value among the UEs in the network 
based on a distance constraint between UEs. In this algorithm, there is a distance threshold, 
unlike MSNA [31]. The best D2D pair is found by MSLA as given below:

where dth denotes the distance threshold. In MSLA, the devices are detected according to 
the distance values greater than the threshold value among UEs. Secondly, MSLA selects 
the devices with SINR values greater than the SINR threshold level among the detected 
devices. Finally, the best D2D pair is determined as the pair with the maximum SINR 

(17)max
i,j

γi,j

(18)subject to γ(i,j) > γth, γ(j,i) > γth

(19)max
i,j

γi,j

(20)subject to γ(i,j) > γth, γ(j,i) > γth

1 ≤ i, j ≤ NUE, i ≠ j

d(i,j) < dth

Fig. 4   A sample scenario for 
post-disaster communication



3352	 V. Marttin et al.

1 3

value. In this paper, five distance threshold values (50 m, 100 m, 150 m, 200 m, and 250 m) 
are used for D2D discovery by MSLA.

4 � Results and Discussion

4.1 � General Structure of the System and Sample Scenario

The example scenario in Fig. 4 deals with D2D communication in order to provide post-
disaster communication. Indeed, the D2D scenarios proposed by 3GPP are taken as ref-
erence in this scenario. The disaster area is represented by the hexagons shown in red 
circles. UEs are randomly distributed to the disaster area in the simulation. It is assumed 

Table 3   Simulation parameters for D2D discovery

Parameters Symbols Values Parameters Symbols Values

Coverage area (m) A 500 AWGN (dBm) No 1–3
Number of UEs NUE 100 Bandwidth (MHz) B 10
Carrier frequency (MHz) fc 700 SINR threshold (dB) γ

th
0

Transmitter antenna gain (dBm) GT 20–25 Sigma shadowing coefficient X� 4
Receiver antenna gain (dBm) GR 20–25 Path Loss Exponent n 2
Transmit power (dBm) PT 20–25 Iteration Itmax 100
Path loss model Log_Normal Shad-

owing

Fig. 5   Distribution of UEs dis-
covered by TDA in the disaster 
area
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that device discoveries are successful so that only D2D pairs can be communicated 
when communication from other cellular and satellite networks is not possible. Table 3 
summarizes the simulation parameters for the proposed TDA discovery method and the 
other discovery algorithms.

The D2D discovery simulations are made for eight different options according to the 
selected algorithm. The existing UEs are randomly placed in the sample scenario for 
the selected case during the iteration. For example, if case-1 is selected, MSNA runs 

Fig. 6   D2D discovery results obtained by TDA in the disaster area
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and then the output values such as outage SINR, active pair1, active pair2, capacity and 
energy activity are calculated.

4.2 � Simulation Results

The proposed TDA was examined in the sample scenario and then TDA was compared 
with SDA, MSNA, and MSLA versions to evaluate its performance. The distribution of 
UEs detected by the TDA in the disaster area is shown in Fig.  5. As can be seen from 
this figure, the primarily matching devices are determined among UEs placed randomly 
for post-disaster. In this figure, some UEs that are not selected by TDA are shown in a red 
dashed circle. Matching UE pairs are represented with green circle.

Figure 6 shows the performances of SINR, pair number, energy efficiency, capacity, and 
throughput obtained by TDA. These results are the outputs of the D2D discovery simula-
tion using TDA under 100 iterations and 100 UEs. The first subfigure shows the SINR 
changes of the best D2D pair determined by TDA at the end of each iteration. The blue 
and red lines donate the SINR values of the best D2D pair discovered by TDA. According 
to the SINR result, the average SINR value of active pairs was calculated as 10.959 dB. In 
2nd subfigure, the number of D2D pairs obtained by TDA among 100 UEs varies within 
the range of 31–39.

Table 4 summarizes the D2D discovery results of the proposed TDA and the other dis-
covery algorithms for 100 iterations. Table’s results show that TDA has better service qual-
ity than other compared algorithms by the obtained best (24%), worst (40%), and mean 

Fig. 7   The relationship between the number of devices and the number of active pairs
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(32.58%) outage SINR values. Besides, TDA shows better results than the others according 
to the number of matching pairs. In the result of pair number discovered by TDA, the best 
pair number is 39, worst is 31, and the mean is 33.71 pairs, among 50 pairs after evaluating 
100 UEs. Looking at the throughput statistics results, SDA gives the best results in terms of 
average and worst values of throughput, but SDA can only discover two pairs by its nature 
among 50 pairs. MSLA (50 m) has the best throughput value with 27.35 Mbps. According 
to the results regarding energy efficiency and capacity metrics, the proposed TDA approach 
did not yield the best results. The throughput values of device pairs that are close to each 
other are naturally high in post-disaster area, so this situation causes high energy efficiency 
and high capacity values in short distance. However, in post-disaster situations, it is impor-
tant that the devices in the disaster area communicate with each other from the shortest 
distance to the farthest distance. Therefore, it is very critical that as many devices as pos-
sible can communicate with an uninterrupted communication. For all these reasons, it is 
anticipated that the proposed TDA approach will provide a more realistic solution in a pos-
sible post-disaster scenario.

Figure 7 shows the average number of active D2D pairs discovered by each algorithm 
for the different numbers of devices. The performances of the MSNA and MSLA are found 
to close to each other. The reason for being a constant average number of active pairs (2) 
in the SDA is related to the fact that there are only two pairs at the closest distance to each 
other with SINR values that exceed the threshold level in this algorithm. It is clear that as 
increasing the number of devices in PSN for post-disaster, the number of D2Ds discovered 
by TDA is higher than those by other discovery algorithms.

Fig. 8   The relationship between the number of devices and outage SINR
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Fig. 9   Throughput results and CDF plots for TDA and the other discovery algorithms

Fig. 10   Energy efficiency results and CDF plots for TDA and the other discovery algorithms

Fig. 11   Capacity results and CDF plots for TDA and the other discovery algorithms
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In Fig.  8, the SINR outage probability values of the matching pairs are shown by 
each algorithm for the different numbers of devices. Outage SINR is expected to be low 
values. It is concluded that it cannot find enough matching pairs for the discovery algo-
rithms with high SINR deduction values. As can be seen from the outage SINR values 
of SDA in Fig. 8, the SDA selects only 2 pairs at the closest distance. As a result, SDA’s 
the outage SINR probability is found higher than the others. It has been observed that 
the outage SINR of TDA is achieved in lower levels compared with other discovery 
algorithms, especially for more than 20 UEs. Therefore, it is clear that the proposed 
algorithm finds better matching D2D pairs than other algorithms.

The curves of the throughput, energy efficiency and capacity values for TDA and the 
other discovery algorithms are shown in Figs.  9, 10 and 11, respectively. In here, the 
subfigures on the right show the results as CDF (Cumulative Distribution Function) for 
50 UEs.

In the subfigures on the left, the relationships of throughput, energy efficiency, and 
capacity values with numbers of devices are shown. In the case where the number of 
devices is more than 12, it seems that the results of TDA and the other discovery algo-
rithms are close to each other. In the CDF plot of throughput results for TDA and all 
discovery algorithms, TDA has the throughput outcome in the range of 3.5 Mbps and 
33Mbps. The highest throughput value belongs to the TDA. According to the energy 
metric, TDA’s result ranges from 360 Mbit/Joule-1600 Mbit/Joule. As can be seen from 
the capacity CDF results for TDA and the other discovery algorithms, the proposed 
TDA has a capacity between 25 and 150 Mbps for 50 devices.

The proposed TDA approach has one parameter (Rth) named throughput threshold. 
We made an analysis to see the effects of different values of this parameter. The simu-
lation result done with the different values of the Rth parameter for the 20 UEs in the 
disaster area is shown in Fig. 12. Rth value ranges from 0 to 10. When looking at the 
number of matching device pairs from figure, it is understood that the D2D pair cannot 

Fig. 12   Effect of TDA parameter ( Rth ) on D2D discovery
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be found after 7 Mbps of Rth. It is seen that as the Rth value gets smaller, the number of 
matching devices increases as expected.

5 � Conclusion and Future Works

D2D discovery and communication provide communication services in disaster without 
network infrastructure assistance and reduce call traffic in the cellular communication net-
work. In this scope, Throughput based discovery algorithm (TDA) was proposed for D2D 
peer discovery on PSN. The D2D scenario proposed by 3GPP was used for the discovery 
of post-disaster D2D. This scenario is tested separately for the MSNA, SDA, MSLA ver-
sions (50-250 m), and the proposed TDA using simulation parameters, and the results were 
obtained in terms of different metrics. UE’s which are distributed randomly on simulation 
are examined in terms of the SINR outage percentage, average energy, capacity, throughput 
values, the number of the matching D2D pairs for the disaster area.

According to the statistical results, SDA and MSLA (50 m) give better results in terms 
of throughput, energy efficiency, and capacity metrics; but SDA discovers only two pairs 
at the closest distance and MSLA (50 m) finds D2D pairs within 50 m according to the 
SINR values of UE pairs, in this way, throughput, energy efficiency and capacity results 
were obtained as high. The average values of the outage SINR are obtained as 53.04% for 
MSLA (50 m) and 98% for SDA. These values fall behind the TDA’s outage SINR values 
for the disaster area scenario in terms of D2D discovery and service quality. The TDA pro-
duces 32.58% for mean outage SINR, and 33.71 dB for mean SINR of the discovered D2D 
pairs, so these are better results than the other discovery algorithms. In the analysis made 
according to the numbers of users in the network, it was observed that the proposed TDA 
gives better results than other discovery algorithms, especially in cases with more than 20 
devices in throughput and outage SINR values.

In accordance with the purpose of the study, TDA discovered the most D2D pairs in the 
disaster area and it was the best among other algorithms in terms of service quality. For 
further studies, it is recommended to focus on comparisons of TDA with different channel 
modes, clustering, and communication of UEs discovered outside the disaster area.
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