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Abstract—Mission Critical communication is promising 

communication and services technology for emergencies and 

catastrophes. The progress in technology and development of 

mission-critical Device-to-Device (D2D) communication is 

reviewed in this study. Two novel models for dedicated and 

reuse D2D have been proposed with Rayleigh fading and path 

loss in mission critical application. In this study the 

mathematical expressions for the Signal to Interference Plus 

Noise Ratio (SINR) and system rate computation for mission 

critical communication have been derived. The mission 

critical application models have been simulated and results 

have been analyzed for SINR in single cell scenario when two 

nearby devices communicate directly, and for larger 

distances communication using base station. In dedicated 

mode, the SNR outperforms at short ranges. However, in 

reuse mode, communication through base station maintains 

high SINR. The system performance with the models in this 

paper shows potential advantages and can facilitate trade off 

selection of technology and thus is important in design of 

applications and system for mission critical applications.   

 

Keywords—emergency communication, disaster 

communication, mission critical communication, reuse mode 

communication  

I. INTRODUCTION 

Third Generation Partnership Project (3GPP) standards 

for Mission-Critical-Push-To-Talk (MCPTT) have been 

released to establish a mission-critical open standard for 

Push to Talk (PTT) communication across LTE and 5G. 

The study of performance parameters of this evolving 

technology and its use cases has recently gained impetus 

as MCPTT Device to Device (D2D) technology will be the 

prominent communication enabler for first responders, 

disaster management teams and emergency squads during 

sudden calamities and major catastrophes like fires, 

tsunami, cloud bursts, cyclones, landslides, earthquakes 

etc. In paper titled Performance of Mission Critical Device 

to Device Communication in Rayleigh Fading Channel [1] 

the importance and performance of the MCPTT 

communication has been covered in detail. The Signal to 
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Noise and sum rate performance for D2D communications 

has been analyzed and published in Ref. [1]. Summary of 

research and publications on performance of D2D 

communication is compiled in Table I.  The related work 

shows that research emphasis is being accorded to D2D 

communications and its performance analysis. The 

primary focus of published research is on resource 

management, allocation and interference mitigation 

measures. The performance analysis and throughput 

measurements primarily have been published employing 

donation game or stochastic geometry. The major research 

gap observed based on literature review is in the 

performance evaluation specific to MCPTT applications. 

The comparative SINR model in practical application 

scenario and losses with different modes has not been 

addressed in published papers. This paper is novel attempt 

to address the research gap on comparative performance 

evaluation in dedicated and reuse mode with Rayleigh 

fading and path loss channel for D2D communication in 

MCPTT application. 

A. Motivation: Importance of MCPTT and Application 

The most recent releases from the Third Generation 

Partnership Project (3GPP) provide substantial 

improvements that improve the capability and quality of 

critical communication [2]. 3 GPP Release 12 to 17 have 

enhanced the scope and features for critical 

communications. Plans are in motion for Release 18 to 

allow critical communication applications. Table II 

summarizes the 3GPP releases and the motivation for 

MCPTT. In order to better satisfy the demands of public 

safety communications, the 3GPP Releases so clearly 

illustrate the emphasis on mission critical communications 

as well as steps to improve MCPTT in particular and push-

to-talk capabilities in communication systems. Versions of 

the 3GPP have resolved issues concerning radio interfaces 

and the framework, opening up possibilities to investigate 

MCPTT D2D communication further. D2D 

communication applications have been deployed for LTE 
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in both core network and side link modes. But 5G fielding 

and commercialization of MCPTTT based on the 3GPP 

framework have not yet fully materialized. Stringent low 

latency parameters, UE and energy efficient system are 

most important impediments and challenges in fielding of 

MCPTT communication in 5G [3]. D2D communication 

program like “mission critical push to talk emergency 

communication” is envisaged to be used in times of 

catastrophe when backward and node-based connection 

are lost and just-in-time communication between relief 

troops and their bases is crucial. After 3GPP Release 19, it 

is intended to enable critical communication applications 

using an international framework and set of standards. 

There are several uses for Mission Critical Push to Talk 

Communication (MCPTT) in emergency and disaster 

communication as well as public safety. In addition to 

being a vital technology for public safety, disaster relief, 

and military communications, applications including LTE 

Radar, Land Mobile Radio (LMR), LTE integration, and 

push-to-talk via cellular gateway have already been 

deployed and have shown a sizable user base and 

commercial viability. The reach of communication has 

been expanded by LMR integration with cellular 

technology, which also makes it easier to integrate military 

and commercial communications. 

 
TABLE I. SUMMARY OF RESEARCH AND PUBLICATIONS ON D2D 

COMMUNICATION 

Ref. Issue 

addressed 

Methodology Pro Limitation 

[4] Joint 

Resource 
Management  

3-D power-

mode-
channel 

problem  

Energy 

Efficiency and 
quality of 

service 

Applied for 

direct, two-
hop, and 

cooperative 

mode 

[5] Resource 

allocation  

Maximize 

proportional 
fairness 

functions 

Optimized for 

time varying 
and large time 

slots 

Underlay D2D 

[6] Interference 

mitigation 

Power 

control  

Improved 

performance 

Reuse mode 

[7] Performance 

analysis 

SDR based Single hop Test bed based 

on SDR 

[8] Performance 

Analysis 

Donation 

game  

Social 

comparison 

Relay assisted 

[9] Outage 

probability 
and Spectral 

efficiency  

Stochastic 

geometry 

Generalized κ-

μ and η-μ 
fading models 

ITU models 

[10] Throughput 

measure 

Rural area 

channel 

Path loss 

measurement 

ITU models 

[11] Performance 

with co 
channel 

interference 

Multiple 

relay decode 
and forward 

Rayleigh 

Fading 

Time varying 

channels 

B. Scope 

In this paper two models in dedicated and reuse mode 

have been analyzed in detail including interference 

management, fading and path loss. Their SINR 

performance and transmission rate has been analyzed over 

varied distances and user density to compare the system 

performance. Section II covers the types of D2D and 

mission critical communications and proposed models for 

reuse and dedicated mode communication. In Section III, 

model simulation and outcome analysis have been 

discussed. In this study, we have simulated and assessed 

the SNR and transmission rates for D2D users, reuse users, 

over different distances, and user pairs over fading channel. 

Comparative analysis of performance of reuse and 

dedicated mode communication in fading channel has been 

listed. Section IV explores future use and applications of 

technology. 

 
TABLE II. SUMMARY OF 3GPP RELEASES AND IMPETUS ON MCPTT 

3GPP 

Release 

[2] 

Technical 

Specification/

Report 

Number 

Importance 

Emphasis on 

Mission-Critical 

Communications 

3GPP 

Release 12 

(2015) 

3GPP Release 

12 description 

RP 151570 

Proximity 

Services 

Study on proximity 

services 

3GPP 

Release 13 

(2016) 

3GPP TS 

22.101, 3GPP 

TR 21.913 

Introduction of 

LTE-based 

Narrowband 

IoT (NB-IoT) 

Protocols on mission-

critical Push to Talk 

Communication 

3GPP 

Release 14 

(2017) 

3GPP TS 

22.101, 3GPP 

TR 21.914 

Enhanced 

support for IoT 

and machine-

type 

communication 

Mission-critical 

enhancements and 

features for data and 

video 

3GPP 

Release 15 

(2018) 

3GPP TS 

22.101, 3GPP 

TR 21.915 

Introduction of 

standalone 5G 

and system 

enhancements 

Mission-critical 

improvements for 

interworking and 

interconnection with 

legacy system 

3GPP 

Release 16 

(2020) 

3GPP TR 

21.916 

Significantly 

advanced V2X 

and co-

existence with 

non 3GPP 

systems  

Detailed 

specifications and 

framework for 5G 

mission-critical 

services over wider 

business sectors and 

applications including 

land mobile radio and 

public warning system 

3GPP 

Release 17 

(2021) 

3GPP TR 

22.917 

Integration of 

satellite 

systems with 

5G 

Proximity Services in 

5GS, Side link for 

D2D and enhanced 

relays for improved 

coverage 

3GPP 

Release 18 

(2023) 

3GPP TR 

21.918 

(proposed) 

Deliver 5G 

Advanced 

Critical 

Communication 

Applications, MCX 

Enhancements, MC 

over 5GS (5MBS, 

ProSe), Adhoc group 

and MCPTT 

Enhancements 

II. MATERIALS AND METHODS 

With D2D communication technology, User Equipment 

(UE) may establish communication (control channel) or 

communicate (media channel) with each other with or 

without the backbone network infrastructure, such as 

access points or base stations. Thus, new device-centric 

communication that can establish communication 

regardless of a sustained direct link with the network 

infrastructure has been made possible by device-to-device 

communication technology. Device-to-device 
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communication enabled by 5G technology promises to 

link more gadgets to faster, more reliable networks. It fixes 

the critical network capacity problem that besets modern 

networks. Due to its many benefits and ability to offer 

incredibly low latency connection, D2D has grown in 

popularity [12]. Fig. 1 lists and analyses four different 

D2D communication scenarios depending on device 

communication and control connection [1, 13]. In present 

study, users of communication have been divided into 

dedicated and reuse modes based on how resources are 

allocated, and mathematical models for each have been put 

forth. Signal to Noise Ratio (SNR) is affected by the 

communication medium used because of path loss, 

Rayleigh fading, and co channel interference [14]. 

 

Fig. 1. Types of D2D communication scenarios. Relaying device with cellular link, direct link with independent control signal, relaying of device and 

direct source to destination communication types are shown. 

Considering a wireless communication system with a 

single base station and multiple users. Assume that the 

base station uses a Time-Division Multiple Access 

(TDMA) protocol to allocate time slots to the users for 

communication. Also consider that the users are 

distributed randomly in a given area. To analyze and 

compare the SNR of D2D and cellular users, we consider 

two scenarios. In first scenario, we assume that all users 

are in communication utilizing call establishment using 

base station and cellular communication. In next scenario, 

we assume that some users are communicating directly 

with nearby devices using D2D communication, while 

others are communicating with the base station using 

cellular communication. We assume that the D2D 

communication takes place in the same frequency band as 

the cellular communication. Proposed model captures the 

essentials of direct-mode and reuse mode D2D 

communication, focusing on aspects like Signal-to-

Interference-Plus-Noise Ratio (SINR), power control, and 

interference mitigation. The D2D transmitters 

communicate directly with D2D receivers in the presence 

of direct mode as well as reuse users. Both mode of users 

shares the same spectrum, so interference management is 

crucial in such communication model. The SINR at the 

receiver j in the D2D pair i, is a key metric for determining 

the communication quality. SINR can be expressed as (1) 

 𝑆𝐼𝑁𝑅𝑖,𝑗 =
𝑃𝑖𝐺𝑖,𝑗

𝐼𝑖,𝑗+𝑁𝑂
 (1) 

where: 

Pi is the transmit power of the D2D transmitter i. 

Gi,j is the channel gain between D2D transmitter i and D2D 

receiver j. It accounts for path loss, shadowing, and fading. 

Ii,j represents the interference experienced by the D2D 

receiver j, which comes from both reuse users and other 

direct D2D transmitters. 

N0 is the noise power at the receiver, typically modeled as 

Gaussian noise. 

Thus, SINR is dependent on the transmit power and 

channel gain while inversely proportional to interference. 

The interference between pair of D2D transmitter and 

receiver is complex function of power and channel gains 

summated over all pairs of transmitters and receivers. The 

interference Ii,j at D2D receiver j can be empirically 

expressed as (2). This expression accounts for the 

interference caused by other D2D users as well as cellular 

users operating in the same spectrum. 

 𝐼𝑖,𝑗 = ∑ 𝑃𝑘𝐺𝑘,𝑗𝑘≠𝑖 + ∑ 𝑃𝑐𝐺𝑐,𝑗𝑐∈𝑅𝑈𝑠
 (2) 
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where: 

Pk is the power of D2D transmitter k causing interference 

to receiver j. 

Gk,j is the channel gain from D2D transmitter k to D2D 

receiver j. 

Pc is the power of reuse mode user c. 

Gc,j is the channel gain from reuse mode user c to D2D 

receiver j. 

The system data rate Ri,j for D2D communication 

between transmitter i and receiver j with allocated 

bandwidth B depends directly on the SINR as given by the 

Shannon Theorem Eq. (3): 

 𝑅𝑖,𝑗 = 𝐵 log2(1 + 𝑆𝐼𝑁𝑅𝑖,𝑗) (3) 

Power control in D2D communication aims to optimize 

the transmit power of each device to maximize the overall 

system throughput while keeping interference manageable. 

Several algorithms have been proposed for power control 

in D2D communication to optimize transmit power, 

maximize system throughput, and minimize interference. 

Centralized power control algorithms such as convex 

optimization-based methods, use mathematical 

optimization techniques to allocate power efficiently under 

interference constraints. Game theory-based approaches 

model the interaction between D2D and cellular users as 

strategic games, ensuring a balanced power allocation. 

Machine learning-based methods, enable adaptive power 

control by learning optimal strategies from network 

conditions. In distributed power control algorithms, each 

device adjusts its power autonomously based on local 

information. Non-cooperative and coalition game 

approaches allow devices to compete or collaborate for 

efficient power allocation. Multi-agent reinforcement 

learning (MARL) further enhances distributed control by 

enabling multiple D2D pairs to learn and optimize their 

power settings independently. Maximize function for sum 

of the data rates for all D2D pairs is given by Eq. (4). 

 max
𝑃𝑖

∑ 𝑅𝑖,𝑗
𝑀
𝑖=1 = ∑ 𝐵 log2(1 + 𝑆𝐼𝑁𝑅𝑖,𝑗)𝑀

𝑖=1  (4) 

In a hybrid network with both cellular and D2D 

communication, a decision needs to be made about 

whether a given user device should communicate directly 

(D2D mode) or via the base station (reuse mode). A 

possible mode selection criterion could be based on 

comparing the SINR of both communication modes. For 

efficient use of spectrum, resource blocks (in frequency or 

time domain) must be allocated to both D2D pairs and 

reuse mode users. A joint resource allocation strategy can 

maximize overall network performance by taking into 

account the interference between D2D and cellular links. 

Objective function for joint resource allocation with the 

data rate Rreuse,c for reuse mode user c can be expressed as 

Eq. (5). 

Max
𝑟𝑒𝑠𝑜𝑢𝑟𝑐𝑒 𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛

∑ 𝑅𝑖,𝑗
𝑀
𝑖=1 +  ∑ 𝑅𝑟𝑒𝑢𝑠𝑒,𝑐

𝑁
𝑐=1         (5) 

A. Interference Mitigation 

To manage interference in a dense D2D scenario, 

interference coordination techniques like Fractional 

Frequency Reuse (FFR) or Interference Alignment (IA) 

can be used [15]. The goal is to mitigate the impact of 

interference on both dedicated D2D pairs and reuse mode 

users by strategically allocating frequency resources or 

adjusting transmission strategies. Interference 

management is thus crucial to ensuring efficient network 

performance. FFR divides the available spectrum into 

distinct frequency bands, with different reuse factors for 

different regions (e.g., cell center and cell edge) to reduce 

interference. Interference Alignment (IA) is a more 

sophisticated technique in which interference is aligned 

into a specific subspace at the receiver, leaving the rest of 

the signal space interference-free. IA is especially useful 

when there are multiple transmitters and receivers (i.e., 

MIMO systems) in D2D communication. FFR reduces 

interference by partitioning the available spectrum into 

distinct bands, which works well for users in different 

regions (center vs. edge). However, FFR may not fully 

exploit the spatial degrees of freedom available in 

multiple-antenna systems. IA uses advanced signal 

processing techniques to cancel interference by aligning it 

in specific subspaces. IA is more efficient in systems with 

multiple transmitters and receivers (MIMO), where it can 

significantly increase throughput by allowing multiple 

users to communicate simultaneously without interference. 

In this study we have considered FFR interference 

management technique. The reuse factor α for the cell-

center region is typically 1, meaning all center users share 

the same frequency band. The interference comes from 

other D2D pairs in the center region. The reuse factor β for 

the cell-edge region is greater than 1, meaning that 

different neighboring cells use different frequency bands 

for edge users to avoid interference. In the edge region, 

interference is reduced by a factor of β due to the frequency 

reuse. SINR for D2D pair i operating in the center region 

with reuse factor 𝛼 =1 for cell centre is expressed as  

Eq. (6) and cell edge as Eq. (7). 

 𝑆𝐼𝑁𝑅𝑖,𝑐𝑒𝑛𝑡𝑟𝑒 =
𝑃𝑖𝐺𝑖,𝑗

∑ 𝑃𝑘𝐺𝑘,𝑗+𝑁0𝑘∈𝐶𝑒𝑛𝑡𝑟𝑒,𝑘≠𝑖
  (6) 

 

 𝑆𝐼𝑁𝑅𝑖,𝑒𝑑𝑔𝑒 =
𝑃𝑖𝐺𝑖,𝑗

∑ 𝑃𝑘𝐺𝑘,𝑗 𝛽⁄ +𝑁0𝑘∈𝑒𝑑𝑔𝑒,𝑘≠𝑖
  (7) 

where: 

Pi is the transmit power of D2D pair i.  

Gi,j  is the channel gain between D2D transmitter 𝑖 and its 

receiver 𝑗. 
N0 is the noise power. 

The received power Pr in D2D communication 

considering both Rayleigh fading and path loss is as in  

Eq. (8): 

 𝑃𝑟 = 𝑃𝑡𝑥|ℎ|2 − 𝑃𝐿(𝑑)    (8) 

where: 

Ptx is the transmitted power. 

∣h∣2 represents the Rayleigh fading coefficient. 

PL(d) is the path loss in dB as given by the ITU model 

for the specific environment. 

B. Path Loss 
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TABLE III. SUMMARY OF PATH LOSS MODELS 

Urban Macro (UMac) 

LOS 𝑃𝐿𝑢𝑚𝑎𝑐,𝐿𝑂𝑆(𝑑) = 28 + 22 log10(𝑑) + 20 log10(𝑓) 

NLOS 

𝑃𝐿𝑢𝑚𝑎𝑐,𝑁𝐿𝑂𝑆(𝑑) = max (𝑃𝐿𝑢𝑚𝑎𝑐,𝐿𝑂𝑆(𝑑), 13.54

+ 39.08 log10(𝑑)

+ 20 log10(𝑓) − 0.6(ℎ𝐵𝑆

− 1.5)) 

Urban Micro (UMic) 

LOS 𝑃𝐿𝑢𝑚𝑖𝑐,𝐿𝑂𝑆(𝑑) = 32.4 + 20 log10(𝑑) + 20 log10(𝑓) 

NLOS 

𝑃𝐿𝑢𝑚𝑖𝑐,𝑁𝐿𝑂𝑆(𝑑) = 22.4

+ 35.3 log10(𝑑)

+ 21.3 log10(𝑓) − 0.3(ℎ𝑈𝐸

− 1.5) 

Rural Macro (RMac) 

LOS 

𝑃𝐿𝑅𝑀𝑎𝑐,𝐿𝑂𝑆(𝑑) = 20 log10(𝑑)

+ 20 log10(𝑓) + 20 log10 (
4𝜋

𝑐
) 

NLOS 
𝑃𝐿𝑅𝑀𝑎𝑐,𝑁𝐿𝑂𝑆(𝑑) = max (𝑃𝐿𝑅𝑀𝑎𝑐,𝐿𝑂𝑆(𝑑), 23.4

+ 40 log10(𝑑) + 20 log10(𝑓)) 

 

The ITU has defined path loss models for different 

environments that are suitable for both dedicated and reuse 

D2D communication. Path loss is categorized into Urban 

Macro (UMac), Urban Micro (UMic), and Rural Macro 

(RMac) scenarios, which describe different deployment 

cases. The path loss is generally lower compared to 

cellular communication because of the proximity between 

devices in Dedicated D2D Communication scenario, 

wherein devices communicate directly over shorter 

distances, often in a micro-cell or picocell environment 

(UMic scenario).  In reuse D2D communication, devices 

may communicate through the cellular infrastructure, 

introducing longer distances (e.g., UMac or RMac 

scenarios). Path loss is higher, and interference 

management becomes critical due to cellular users sharing 

the same spectrum. The path loss PL(d) is given in dB as a 

function of the distance d, frequency f, UE height h, speed 

of light c, and the environment. For both dedicated D2D 

and reuse D2D communication, the equations as shown in 

Table III take into account whether the communication is 

Line-of-Sight (LOS) or Non-Line-of-Sight (NLOS). 

III. RESULT AND DISCUSSION 

Simulation of models was assumed for mission critical 

communication use case involving natural disaster like 

cyclone. The number of users was initially kept at 100 

users in area of 500 × 500 m. The iterations were repeated 

for 100, 200 and 300 users with dedicated and reuse 

models in Rayleigh faded channel and path loss. The fast-

moving vehicle-based user scenario was also considered. 

The simulation parameters were carefully chosen to reflect 

a real-world mission-critical communication scenario 

during a natural disaster like a cyclone, where network 

failures necessitate reliable D2D communication for 

emergency response. Mission-critical scenarios demand 

low-latency and high-reliability communication, making 

power control essential for efficient spectrum use and 

interference management. The simulation was conducted 

in a 500 × 500 m area, representing a confined disaster-

affected zone such as an urban locality or a relief center. 

The initial 100 users allowed for analyzing sparse 

communication environments, while increasing to 200 and 

300 users evaluated the system’s ability to handle 

congestion, which is crucial for emergencies as more users 

come online. Two spectrum allocation models were 

considered: the dedicated model, which allocates separate 

spectrum to D2D communication to minimize interference 

and ensure reliability, and the reuse model, where D2D 

users share spectrum with cellular users, maximizing 

spectral efficiency but increasing interference, requiring 

optimized power control strategies. The simulation was 

conducted in a Rayleigh fading channel, which accurately 

models real-world disaster environments where signals 

experience severe multipath fading due to obstacles like 

collapsed buildings and debris. Additionally, path loss 

effects were incorporated to account for signal attenuation 

due to distance and environmental obstructions, ensuring 

realistic coverage challenges. By analyzing varying user 

densities, spectrum allocation strategies, and real-world 

channel conditions, this simulation provides a 

comprehensive performance analysis of algorithms for 

mission-critical D2D communication, aiding in the 

development of resilient and efficient emergency 

communication systems. Findings in Fig. 2 demonstrate 

that, in some situations, D2D communication outperforms 

reuse mode communication in terms of SNR. In particular, 

D2D communication between two adjacent devices results 

in significantly greater SNR than communication via the 

base station. This is because, in contrast to reuse mode 

communication, D2D communication results in reduced 

attenuation and interference of the signal. On the other 

hand, SNR drops with increasing inter-D2D device 

distance; better SNR may be obtained by cellular system 

connection. This is a result of the signal in D2D 

communication experiencing greater attenuation and 

interference as the inter-device distance rises.  

 

 

Fig. 2. SNR of cellular user and D2D pair tested at various distances. 
Attenuation and interference impacting SNR have an effect on D2D pair 

performance at longer distances. At larger distance reuse model 

outperforms D2D system as user moves closer to neighbouring base 

station. 

The transmission rate findings are displayed in Fig. 3. 

Compared to cellular users, D2D users have a greater 

transmission rate. Simulations were repeated for increased 

number of users to 200 and 300 for different device 

locations and distances. In this model the scenario of 

resource allocation, cellular soft handover and reuse was 

experimented. Fig. 4 shows the SNR for different number 
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of users in both models. It can be inferred that the soft 

handover, adaptive modulation techniques, coding, 

interference management and cell densification ensures 

that SNR is maintained at threshold levels for 

communication in the reuse mode. Performance of 

dedicated and reuse mode D2D communication in 

interference and Rayleigh fading channel has been 

compared in Table IV. 

TABLE IV. COMPARATIVE ANALYSIS OF DEDICATED AND REUSE 

MODE D2D COMMUNICATION 

Parameter Dedicated Mode Reuse Mode 

Reliability  

Rayleigh fading 

introduces signal 

variations, but dedicated 

channels provide a more 
reliable connection in 

dedicated mode 

Interference from and to 

cellular users can 

exacerbate the fading 

effects, leading to deeper 
and more frequent fades 

Fading 

Variability 

Dedicated channels 

typically experience 
less severe fading 

variability due to 

controlled channel 
parameters 

Fading variability is 

higher in reuse mode due 
to shared frequency 

resources and coexistence 

with cellular users 

Fading Depth 

The depth of fades is 

generally shallower, 

reducing the likelihood 
of signal dropouts 

Deeper and more frequent 

fades 

Predictable 

Performance 

Dedicated mode offers 

more predictable 

channel performance, 
making it suitable for 

real-time and latency-

sensitive applications 

Rayleigh fading introduce 

more complex and 

unpredictable fading 
patterns 

Fading 

Mitigation 

Fading mitigation 

techniques like adaptive 
modulation and coding 

can be more 
straightforward to 

implement 

Fading mitigation in reuse 

mode is more complex due 
to the need to address 

interference and fading 
simultaneously 

Diversity Gain 
Dedicated mode can 

more effectively 

leverage diversity 
techniques to mitigate 

fading effects 

Adaptive communication 

strategies are essential to 

cope with varying channel 
conditions and 

interference 

Probability of 

Outages 

The probability of 

signal outages due to 

fading is lower in 

dedicated mode 

The probability of signal 

outages due to fading is 

generally higher in reuse 

mode 

Signal Path 

Signals in dedicated 
channels have a more 

stable path, resulting in 

fewer fluctuations 

Large variance and 
unstable 

Quality of 

Service 

Dedicated mode can 
provide a better quality 

of service due to more 

consistent signal 
strength 

Maintaining consistent 
QoS is more challenging 

due to the dynamic 

channel environment 

Impact of 

Interference 

Dedicated channels are 

less affected by 
interference, allowing 

fading to be the primary 

concern. 

Co channel interference is 

high and needs to be 
balanced along with 

fading 

Resource 

Allocation 

  

Based on well 
established protocols 

and guidelines 

Dynamic allocation of 
resources is required to 

manage interference and 

fading effects. Reuse 
mode aims for greater 

spectrum efficiency but at 

the cost of managing the 
effects of Rayleigh fading 

and interference 

 

Fig. 3. Transmission rate of D2D and cellular users. Direct D2D 

communication outperforms reuse mode system throughput as 

interference is minimal. Transmission rate of D2D system is better for 
increased number of users also as interference in cellular system 
adversely affects throughput. 

 

Fig.  4. SNR measured at different distances with 100, 200 and 300 users. 

The performance of D2D pairs is affected by Rayleigh fading, attenuation, 
and interference at longer distances. Reuse mode outperforms at larger 

distances leveraging on cellular handshake, digital modulation and 

adaptive techniques. 

For mission critical disaster communication 

applications, ensuring reliable connectivity for both 

cellular users and D2D pairs is crucial, particularly in 

scenarios where traditional network infrastructure is 

compromised. In this simulation, the Signal-to-Noise 

Ratio (SNR) of both cellular users and D2D pairs was 

tested at various distances to assess network performance 

under mission-critical conditions. Attenuation and 

interference were key factors influencing SNR, especially 

for D2D pairs operating over longer distances. As the 

distance between D2D devices increased, path loss and 

interference accumulation led to significant degradation in 

SNR, affecting the overall link reliability and throughput 

of the D2D communication.   

At shorter distances, D2D communication generally 

provided a high SNR, ensuring low-latency and high-

throughput communication, which is critical for 

emergency response scenarios such as first responder 

coordination and real-time data exchange. However, as the 

distance between D2D pairs increased, the reuse model 

demonstrated superior performance compared to a 

dedicated D2D system at longer distances. This is because, 

in the reuse model, D2D devices leverage spectrum 

resources more efficiently and can benefit from improved 

network-assisted power control and interference 
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management. Additionally, as users moved closer to a 

neighboring base station, the cellular network provided 

better coverage, further enhancing SNR and reducing 

outage probability for both cellular and D2D users.   

This analysis highlights the importance of adaptive 

power control strategies and dynamic spectrum access 

mechanisms to optimize disaster communication networks. 

By carefully balancing spectrum reuse and interference 

mitigation, the system can ensure seamless connectivity 

and reliable communication for both D2D pairs and 

cellular users, even in highly dynamic and challenging 

post-disaster environments. 

The comparative analysis along with results of 

simulation highlight the challenges and trade-offs in 

managing fading in dedicated and reuse mode D2D 

communication, affecting reliability, Quality of Service, 

and the complexity of communication strategies. The 

choice between these modes should consider the specific 

application requirements and the network design. In 

mission critical applications wherein reliability of 

communication through base station is low; the dedicated 

mode communication provides an edge and is preferred 

mode of communication.  

IV. CONCLUSION 

Services where LMR communication can be connected 

with cellular LTE utilising a gateway have been made 

possible by advanced technology. Systems for PTT over 

Cellular (PTToC) and radio over IP (RoIP) are readily 

accessible and have been deployed for integration with 

modern communications. The integration of LMR/PTT 

communication with 5G services opens up the required 

channels for the use of commercial 5G networks and 

infrastructure for mission-critical communication, as well 

as Network Slicing for military applications. The initial 

recipients of MCPTT communications will be emergency 

response teams and agencies, since it will provide 

dependable connectivity and communication for first 

responders and rapid reaction teams in the event of 

catastrophic events.  Military applications employing 

sliced infrastructure and spectrally efficient, high speed, 

low latency MCPTT communication are expected to find 

many uses for network sliced low latency MCPTT. The 

system's SNR performance and sum rate among D2D users 

demonstrate the technology's possible benefits, 

highlighting the significance of conducting research and 

deploying this technology for mission-critical applications. 

This research presents results from a throughput 

comparison and SNR model for reuse and direct mode 

communication. These models can help in the trade-off 

decision of technologies for system design.  Deploying 

MCPTT D2D communications in critical situations such 

as natural catastrophes when traditional core network 

infrastructure is either destroyed or non-existent, requires 

the design of an appropriate user equipment (UE) with 

PTT, CODEC, and system architecture. Different 

applications can be implemented. The implementation of 

network slicing and MCPTT in military use cases is 

expected to transform mission-critical communications 

into a secure and dependable system. 
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