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Abstract 

This Thesis focused on fifth generation (5G) mobile networks. In particular on 

the Mobile Video, an application which will reach the 80% of the total amount 

of mobile traffic within 2019. 5G system aims to manage the ever-growing traffic 

demand, the huge number of connected devices e to improve the performance 

of current cellular networks. An important solution to such problems is 

exploiting group-oriented communications, well known as Multicasting, which 

exploit point-to-multipoint communications, useful to efficiently manage the 

available radio resources. 

This work focused on the multicast traffic management for the Mobile Video 

application and, in particular, on the Radio Resource Management (RRM). 

The Thesis is divided into four different research contribution. In the first 

chapter, application scenarios of multicast communications have been described 

together with the respective enhancement needed for their implementation. 

RRM plays an important role in multicast communication, and it has been dealt 

with in the following three chapters. 

In the second chapter, resource management issues were addressed in multicast 

communications in a Dense Heterogeneous network scenario, trying to balance 

customer services in poor channel conditions compared to those in good 

channel conditions. In the third chapter, the same issue was extended to Single 

Frequency Networks (SFNs), while in the fourth, radio resource management 

was dealt with in another perspective. Specifically, integrating into the LTE 

cellular system a non-orthogonal access technique (NOMA), typical of other 

broadcast systems. 
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Introduction 

 

 

 

The increasing number of enhanced devices (e.g. smartphone, tablet, 

smart TV, etc.) encourages the demand for high-quality video content over 

mobile networks. Cisco analysis stated that mobile data traffic would reach 49 

Exabyte per month by 2021, with a 7-fold increase from 2016 to 2021.  

Mobile video applications (video downloading, video streaming, video 

conferences, concerts, etc.) became very popular in the last years. For this 

reason, group-oriented services and on demand services will play a key role in 

the future wireless networks. With the diffusion of such bandwidth-hungry 

applications, mobile networks tackle very challenging requirements for the 

emerging fifth generation (5G) networks, like high data rates and low latency. 

Such expected growth in the mobile video demand over the broadband 

cellular networks is one of the key factors driving the wireless industry to 

develop fifth generation of network technology.  

Indeed, forthcoming 5G networks aim to meet very ambitious target in 

terms of network performance and capacity. The objective of the 5G systems is 

to provide even higher data rates (to the order of 10 Gbps), reduced latency (in 

the order of few milliseconds), mobility support at very high speed (~ 500 

Km/h) and augmented capacity.  

In order to continue to increase system capacity and improve 

performance, research on 5G system pushes towards deployment within same 

coverage area of several cell layers (i.e. macro, micro, pico, and femto), diverse 

Radio Access Technologies RAT) (e.g. GSM, UMTS, LTE, WiFi) and multiple 

Point-to-Point (PtP) user links (e.g. Device-to-Device communication, 

mmWave).  

The deployment of several small cells within a macrocell area served by a 

Base Station (BS) can thus provide an improved coverage (either indoor or in 

the coverage holes, for example) and an increase in the system capacity through 

the offloading of some of the macrocell’s traffic. Furthermore, edge-cell users 
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connected to a femtocell should benefit from a higher data rate, low latency, and 

improved levels of Quality of Service (QoS) and Quality of Experience (QoE). 

Nevertheless, this huge growth of different cell deployment leads to high 

densification of networks and creation of the so-called Dense Heterogeneous 

Network (DenseNet). The existence of DenseNets means that a very high 

number of users are inside the same coverage area and could connect to several 

different individual networks via diverse Access Points (AP) or BS. 

Nevertheless, the increase of network complexity introduces challenges about 

interference coordination, radio resource management (RRM), and user 

mobility. The former is exacerbated in such kind of networks, because many 

BSs with low power and low coverage are deployed within the same area, hence 

users pass through the coverage of different BSs/APs very frequently.   

Furthermore, current mobile networks based on point-to-point (PtP) 

transmission limit the network capacity especially when many users access to 

the same video content. This scenario is fuelling the need for group-oriented 

services (i.e., multicast and broadcast) in order to efficiently manage the radio 

resources, and consequently, grant different groups of users simultaneous access 

to the same multimedia content with differentiated quality of service (QoS). 

Indeed, to overcome this scalability issue, the Third-Generation Partnership 

Project (3GPP) standardized the evolved Multimedia Broadcast/Multicast 

Service (MBMS), with the aim to introduce the point-to-multipoint (PtM) 

transmissions. Thus, the same service can be delivered to many users through a 

PtM link by exploiting the same radio resources. In this scenario, the usage of 

and multicast services over current LTE and future 5G systems have been 

identified as possible enabling approaches to efficiently manage the traffic load 

and provide a better Quality of Experience (QoE) to end-users. In particular, 

multicasting will allow a large number of users to be simultaneously served with 

relatively low latency and high throughput. 

The employment of multicast transmissions in this scenario has potential 

to address the problems. On one hand, the large number of smart user mobile 

devices and user expectations for high-quality rich media services has 

determined a growing demand for network resources; in DenseNets, mobile 

users have to make the choice in terms of the network to connect to, in order 
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to balance energy saving and delivery performance. On the other hand, the 

proliferation of user accesses to the existing and future network infrastructure 

will bring along with it the operators need for optimizing the radio resource 

usage. 

Nevertheless, although multicasting aims to offer several enhancements 

in content delivery towards large groups of users, several open issues are still 

under consideration. The most challenging issue is the multi-user diversity and 

different channel quality levels experienced by users. Least channel gain users 

affect the performance of the whole multicast group as they can only support a 

transmission with low Modulation and Coding Scheme (MCS) level, thus 

achieving transmissions with bad spectral efficiency. On the contrary, serving 

multicast users experiencing high channel quality levels improves the system 

spectral efficiency at the expense of users that have bad channel conditions. 

This Thesis focus on the multicast traffic management over 5G mobile 

networks for the Mobile Video application and, in particular, on the Radio 

Resource Management (RRM) over Multicast transmissions. This work is 

divided into four different research contribution.  

In the first chapter, application scenarios of multicast communications 

have been described together with the respective enhancement needed for their 

implementation. The major challenges come from the fact that multicast traffic 

does not only target groups of end-user devices, but it also involves machine-

type communications (MTC) for the Internet of Things (IoT). The increase in 

the MTC load, predicted for 5G, calls into question the effectiveness of the 

current Multimedia Broadcast Multicast Service (MBMS). Aim of this chapter is 

to provide a survey of 5G challenges in the view of an effective management of 

multicast applications, and to identify how to enhance the mobile network 

architecture to enable multicast applications in future 5G scenarios. By 

accounting for the presence of both human and machine-related traffic, 

strengths and weaknesses of the state-of–the-art achievements in multicasting 

are critically analyzed to provide guidelines for future research on 5G networks 

and more conscious design choices. As emerged RRM will play a key role in 

multicast communication. Indeed, it has been dealt with in the following three 

chapters.  
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In the second chapter, resource management issues were addressed in 

multicast communications in a Dense Heterogeneous network scenario, trying 

to balance customer services in poor channel conditions compared to those in 

good channel conditions. Starting from a mobility management analysis, a 

hybrid unicast-multicast algorithm have been proposed in order to smartly 

manage multicast-group users within a 5G dense environment. The proposed 

HUMANS algorithm offers the additional option of selecting multicast 

transmissions in the network selection process during video delivery. By serving 

users with good channel conditions via unicast transmissions and users with 

poor channel quality conditions via multicast, HUMANS allows outperforming 

other solutions in terms of outage percentage and average quality of 

transmission, in both low- and high-density scenarios. Most importantly, at the 

same time it guarantees operators a more efficient resource utilization.  

In the third chapter, the RRM issue have been extended to Single 

Frequency Networks (SFNs). SFNs offer new video delivery solutions to Telco 

operators. Multimedia Broadcast/Multicast Service SFN (MBSFN) support the 

transmission of identical content simultaneously in multiple cells using the same 

radio resources, with improved network scalability and spectral efficiency. In 

this chapter, a Dynamic MBSFN Area Formation (DMAF) algorithm have 

proposed. It selects the adjacent cells included in a MBSFN area following the 

principle to increase the system Aggregate Data Rate (ADR) with no outage. 

The proposed algorithm dynamically creates MBSFN Areas by exploiting the 

multicast subgrouping approach. Thus, all the cells are grouped into different 

MBSFN Areas. Each cell could be part of more overlapping MBSFN Areas, 

each of them delivering a video with a different quality level. The Base Layer is 

delivered to all users, whereas users with better channel conditions can receive 

also Enhancement Layers. Furthermore, Dynamic Radio Resource Allocation is 

performed by efficiently assigning resources to each MBSFN Area.  

Finally, in Chapter 4, the fourth, radio resource management was dealt 

with by a different perspective. Specifically, integrating into the LTE cellular 

system a Non-Orthogonal Multiplexing Access technique (NOMA), typical of 

other broadcast systems. Indeed, NOMA techniques are being also considered 

as a driver to increase the efficient use of the spectrum in multi-user 
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environments with asymmetric data delivery. Layer Division Multiplexing 

(LDM) is a NOMA approach that exploits the hierarchical spectrum re-use to 

send two or more different flows over the same frequency resources during the 

same time. In this chapter, LDM is jointly applied with multicast subgrouping, 

thus including LDM as an additional resource allocation mechanism in the 

Radio Resource Management (RRM). 

Conclusions and future recommendations for further developments are 

finally drawn in final section.  
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The demand for multicast applications over cellular systems is in 

continued rapid growth [1]. As a consequence, multicasting is expected to play 

a key role in the emerging 5G networks, as outlined in white papers (e.g., from 

the NetWorld2020 technology platform), research projects, and standard 

documents from 3rd Generation Partnership Project (3GPP) [2]. Indeed, 

multicasting represents a viable and effective solution to simultaneously convey 

data to a group of terminals through point-to-multipoint (PtM) communication, 

with positive consequences on the capacity and the spectrum efficiency of 

cellular systems. Both features are crucial for the deployment of 5G networks 

[3], as witnessed, for instance, in the recent METIS and 5GNOW European 

research projects.  

Presently, video communication is considered as the “killer” human-oriented 

multicast application. Cisco stated that the video traffic carried by mobile networks 

will reach 15 Exabyte by 2019 (13 times larger than 2014). As a matter of fact, 

enhanced video services, e.g., Ultra High Definition (UHD), 4K and 3D videos, 

are becoming popular thanks to the Quality of Service (QoS) capabilities of 

Long Term Evolution (LTE) and beyond systems [1]. These services, together 

with the myriads of entertainments, interactive and real-time applications filling 

our daily lives, pave the way to future 5G human-oriented multicasting.  

At the same time, the wide diffusion of low-power devices is leading to a 

fast network densification aimed at supporting the deployment of Internet of 

Things (IoT) [3]. In this field, machine-type communications (MTC) [3] pushes 

towards the design of effective solutions to deliver small amount of data 

simultaneously to a very large (and unpredictable) number of MTC/IoT devices.  
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The 5G multicast scenario becomes more complex when considering that 

small-cells, underlying the macro coverage, will be used to (i) enhance the 

strength level of received signals associated to human services, and to (ii) 

increase the capacity in MTC scenarios, where devices are typically located in 

challenging positions (e.g., indoor, basement) [1] [3]. It becomes evident that the 

3GPP Multimedia Broadcast Multicast Service (MBMS) [2] needs novel 

architectural and procedural definitions to meet the multifaceted constraints of 

the expected 5G multicast services.  

For the above-mentioned reasons, multicasting is attracting the attention 

of a wide research community. Notwithstanding, by surveying the relevant 

literature, it emerges that up to now the primary efforts focused on approaches 

(based on short-range links usage [4] [5], beamforming [6] [7], network coding 

[8] [9], etc.) to boost the data rate performance in the view of an improved 

quality experienced by subscribers. Not enough attention has been given to the 

design of architectural and procedural solutions to meet the new challenges of 

multicasting in 5G networks, in which the same dignity is granted to both 

human-type and machine-type group services. 

The objective of this chapter is to provide a critical evaluation of the 

enhancements required by MBMS to meet the constraints of 5G human- and 

machine-oriented multicast applications, among which the most significant ones 

are outlined together with their relevant key features. The recent literature on 

multicasting, enhanced by the use of 5G technologies, is analyzed. The main 

open challenges on the 5G MBMS architecture design are highlighted and hints 

for the enhancement of the standard procedure to support group-oriented 

machine-type communications are given. Finally, the primary future research 

trends are discussed. 

 

1.1 Applications Scenarios 

The mobile market scenario for future 5G multicast applications is 

expected to be characterized by two types of services [1] [3]: (i) the evolution of 

4G applications tailored for human users; (ii) the definition of novel machine-

based services. It is thus of primary importance to analyze in depth these new 
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services in order to highlight the requirements they dictate on the 5G network. 

A summary of these applications is given in Fig.  1.1 and will be discussed in the 

remainder of the Section. 

 

 

Fig.  1.1 - Application Scenarios For Multicasting Over 5G Systems 

 

1.1.1 Human-oriented applications 

Human-oriented applications represent the current trend of multicast 

services [1]. By considering the current trends and their possible evolutions, the 

future mobile market of human-oriented multicast applications can be 

envisioned as composed of the following service categories: 

 Mobile video services; 

 High-QoE and location-based services. 

Mobile Video. Video downloading, video streaming, video conferences, 

sporting events, concerts and operas became very popular in the last years and, 

consequently, group-oriented mobile TV and video on-demand services [2] are 

expected to play a key role also in 5G systems. These classes of applications will 

be transmitted over 5G systems at Ultra High Definition (UHD) quality and, at 

the same time, enhanced 3D video capabilities.  

The commercial success of such bandwidth-hungry applications is 

strongly tied to the development of effective solutions for resource allocation 

and management of the co-existence with other (unicast and broadcast) services. 
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This kind of applications requires high data-rate, low-jitter and connectivity 

everywhere, anytime, especially in mobility. Timing synchronization within the 

multicast group needs to be taken into account as well. 

High-QoE services. The improvement of users’ QoE is a hot topic in 

the current literature [1] and it will remain so in several multicast scenarios 

relevant to 5G [3]. For instance, news and advertising applications can be enhanced 

by allowing a group of users to receive customized information according to 

their profiles (e.g., interests, hobbies, preferences). Besides, a special class of 

high-QoE applications are those implying a service reception based on the user 

location, namely location-based applications. This implies the 5G concept of 

considering users being fully connected with the surrounding environment (as 

referred in a NetWorld2020’s white paper [10] and in METIS and 5GNOW EU 

projects). A first example of location-based applications are augmented reality 

multicast applications, especially conceived for commercial or touristic services. 

They allow users to receive additional information from the surrounding 

environment (for instance, visitors in a city/museum form a multicast group and 

receive interactive content related to the art work/rooms they are observing in 

that moment). Another target scenario for high-QoE location-based multicast 

applications is public safety for disaster recovery. In case of disasters (e.g., 

earthquake, fire, explosion), a group of users (both victims and rescuers) receive 

information of common utility to properly re-act to the emergency.  

The above-discussed classes of applications pose further challenges 

related to the management of users’ position and profiles: this requires fine-

grained user tracking mechanisms as well as effective procedures of group 

formation/joining and service announcement. In order to accommodate these 

new features, the current MBMS standard architecture needs to be upgraded. 

Furthermore, enhanced-QoE multicast applications ask for very-low latency 

data transmission, high-reliability, and extended coverage to guarantee an 

adequate quality also to the terminals located in disadvantaged positions. 
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1.1.2 Machine-oriented applications 

The benefits achieved by group-based, instead of unicast, 

communications towards machines are clear when considering the 

unprecedentedly huge number of connected sensors/machines expected for 5G 

systems [3]. A disruptive novelty introduced by group-oriented MTC is that the 

owner of the devices (i.e., a customer paying for cellular connectivity of all its 

equipment/appliances) can decide which device or group of devices involve in 

the communication.  

The capability of managing simultaneous multiple MTC devices supports 

the delivery of different multicast machine-oriented applications such as those 

in the following subsections. 

Smarts Environments. The deployment of smart environments is a key 

goal of 5G/MTC platforms aiming at supporting stakeholders and users to take 

decisions based on real-time information in the view of significantly reducing 

costs, improving the quality of life, optimizing industrial processes, etc. [3]. In 

this context, multicast MTC applications can be beneficial for smart 

homes/offices/shops, when for example users out of their own homes send 

messages towards a group of actuators to switch on/off electronics appliances 

(e.g., the heating/cooling system). Another case is the smart lighting application 

for homes, offices or streets. For example, to save energy, lights on a mountain 

street can be turned on only when a car is getting close; thus, a group of lights 

can be switched on/off according to the movement of the cars. In a similar way, 

lights at home or office can be monitored and managed according to users’ 

needs. Furthermore, multicasting is mandatory for smart industrial plants to enable 

the efficient transmission of security control, warning or management messages. 

For instance, in case of a problem in the industry chain, the whole group of 

devices belonging to the assembly line could be stopped or re-organized to react 

to the critical event.  

Above considered classes of applications can be also suitable to multicast 

green environments, where group-based management of sensors/actuators can 

reduce energy consumption (one of the most critical issues of 5G networks), 

thus increasing the battery lifetime.  
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In conclusion, multicast applications related to smart environments ask 

for low-latency data transmission, low-energy communication, and location- and 

customer-based group creation procedures. These requirements introduce 

tough challenges in the efficient and wise group formation (several classes of 

location-based applications) and in the reduction of the overhead for multicast 

transmission towards involved devices. 

Intelligent transport systems. Vehicular applications developed in the 

last few years are claimed to be efficiently supported over 5G networks. Roads 

and vehicles will be equipped with sensors and tags to receive/transmit 

control/data messages [1] [3]. An example is the assisted driving, where terminals 

involved in the same services (e.g., traffic management) or within the same area 

(e.g., cars close to the position of an accident) can be grouped to better 

disseminate data (e.g., traffic measurement, positions, speed) among interested 

vehicles. Similarly, fleet management applications can benefit from multicast 

transmissions.  

Multicast transmissions for intelligent transport systems pose challenges 

in terms of design of low-latency group formation/re-formation (also location-

based) procedures, which are made more complex by the high speed of involved 

devices.  

Software/firmware Upgrade. Sensors, smartphones and, more in 

general, all smart devices need software/firmware updates, periodically or at the 

occurrence of specific events/dates. Smart devices could receive 

software/firmware upgrades either in case a new version is available or to fix 

bugs and add/change functionalities. In addition, software upgrades can be also 

location-based when, for instance, sensors installed on a given area receive 

upgrades to enhance/update their sensing capabilities (e.g., novel route 

directions on a street). In this case, the key challenge is related to the group 

formation, which can be driven by the owner of sensors (who, for example, 

could be interested in sending data only to its own devices according to their 

location or functionalities/tasks). This means that not the network provider, but 

the sensors’ owner should manage group formation; therefore, the definition of 

effective customer-based group formation procedures becomes an issue. 
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The key requirements discussed in this section with reference to the 

different kinds of applications are summarized in Table 1. In the following, we 

will discuss how to meet such requirements by considering both architectural 

and data transmission point of views. To this aim, we first analyze the pros and 

cons of current group-oriented architecture and its possible evolution to meet 

5G group-oriented requirements, and then we focus on the contributions in 

literature mainly covering data transmission aspects. We finally discuss the 

further enhancements needed to handle effective group-oriented applications in 

5G systems. 
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Human-

oriented 

services 

Mobile 

video 
       

High-QoE        

Machine

-

oriented 

services 

Smart 

environme

nts 

       

Intelligent 

transport 

system 

       

Software 

upgrades 
      

 

Table 1 – Key requirements of 5G group-oriented applications 

 

1.2 5G Multicast/Broadcast Network Architecture 

The focus of this section is on the network architecture and procedures 

needed to handle multicast services. First, we present the current (4G) MBMS 

architecture, its design drivers and operation, and then we identify the major 
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architectural and procedural changes needed to handle 5G group-oriented 

services in order to fit the requirements of Table 1 [11]. 

The scenario of future 5G multicasting is expected to be composed by 

heterogeneous environments with different communication ranges as depicted 

in Fig.  1.2, where 5G MBMS manages different radio access and transmission 

technologies. In brief, wide area coverage is offered through GEO satellites, 

managed by the satellite-eNodeB (S-eNB) located in the ground component, 

while macro base stations (i.e,. eNodeBs) provide group services in 

urban/suburban areas; finally, small-cells (e.g., femto-cells a.k.a. Home-

eNodeBs) and short-range (either 3GPP or non-3GPP) links enhance the 

connectivity for indoor home/industrial services and extends the coverage of 

traditional macro-cells, respectively. 

 

 

Fig.  1.2 - 5G multicast environments with related 5G MBMS architecture 

 

MBMS represents the reference standard architecture for multicast and 

broadcast service delivery in cellular systems [1] [2]. It specifies the network 

entities and the related interfaces as well as the procedures for supporting 

multicast services over 3GPP networks. The MBMS architecture includes: (i) 

Broadcast Multicast-Service Center (BM-SC), i.e., the source of multicast content 

which authorizes and initiates the MBMS bearer services and delivers MBMS 

data; (ii) MBMS-Gateway (MBMS-GW), which accomplishes data content 

forwarding to the eNode-Bs (eNBs) involved in the MBMS session; (iii) 
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MultiCell/Multicast Coordination Entity (MCE), in charge of the session control 

signalling towards the involved eNBs.  

More in detail, the BM-SC is in charge of providing Membership, Session and 

Transmission, Service Announcement, and Security functions that manage 

authorizations for MBMS subscribers. The BM-SC Session and Transmission 

function schedules MBMS session transmissions and retransmission and sends 

MBMS data. Through the Service Announcement function, the BM-SC is able to 

provide the user equipment (UE) with media descriptions, specifying the media 

to be delivered as part of an MBMS user service. The MBMS Security function is 

used for distributing MBMS keys (Key Distribution Function) to authorized 

UEs.  

The MBMS-GW is located between the BMSC and eNBs and its principal 

functions is the sending/broadcasting of MBMS packets to each eNB 

transmitting the service. It allocates the IP Multicast address to the eNBs 

involved in the delivery of MBMS traffic, and implements MBMS Session 

Control Signaling (session start/update/stop) towards the E-UTRAN via the 

Mobility Management Entity (MME).  

The MCE is a logical entity with tasks of admission control and radio 

resource allocation to all eNBs, to decide suspension of MBMS session(s), to 

decide not to establish the radio bearer(s) of the new MBMS service(s) if the 

radio resources are not sufficient for the corresponding MBMS service(s). The 

MCE is involved in MBMS Session Control Signaling. Moreover, an eNB is 

served by a single MCE  

A summary of the functionalities of MBMS entities, its limitations and 

future enhancements can be found in Table 2. 

 

 Node function and/or 

procedure 

Limitations and/or future 

enhancement 

BM-SC 

 

 

 Service announcement 

Function 
 Extension for MTC missing 

 Membership Function  Extension for MTC missing 

 Security Function 
 Low processing capabilities 

of machines  
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MBMS-

GW 

 

 Data forwarding 
 Heterogeneous eNB 

management 

 Session control signaling 

 Signaling messages 

overloading 

 Signaling overhead 

MCE 

 

 

 Admission Control and 

Radio Resource Allocation 

 Huge number of devices  

 MTC traffic with low energy 

requirements 

 Session control signaling  

 Signaling messages 

overloading 

 MTC signaling 

Table 2 - Entities, related functionalities and limitations of 4G MBMS 

MBMS services are delivered through a set of procedures defined in the 

TS 23.246 [2] (see Fig.  1.3).   

Subscription establishes the relationship between the user and the service 

provider, which allows the user to receive the related MBMS multicast service. 

Service Subscription is the agreement of a user to receive service(s) offered by 

the operator. Subscription information is recorded in the BM-SC. Subscription 

information and other BM-SC functionality may be on separate entities, which 

is enabled by proxy capability of the Gmb interface.  

Service announcement: MBMS user service announcement/discovery 

mechanisms shall allow users to request or be informed about the range of 

MBMS user services available. This includes operator specific MBMS user 

services as well as services from content providers outside of the PLMN. Service 

announcement is used to distribute to users information about the service, 

parameters required for service activation (e.g. IP multicast address(es)) and 

possibly other service related parameters (e.g. service start time). 

Joining (i.e. MBMS multicast activation by the user) is the process by which 

a subscriber joins (becomes a member of) a multicast group, i.e. the user 

indicates to the network that he wants to receive Multicast mode data of a 

specific MBMS bearer service. An MBMS user service may also be carried by 

more than one MBMS bearer service. In that case the MBMS user service part 

in the UE initiates the relevant MBMS bearer services to receive the service). 
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Session Start is the point at which the BM-SC is ready to send data. This 

can be identified with the start of a "Multicast session". Session Start occurs 

independently of activation of the service by the user, i.e. a given user may 

activate the service before or after Session Start. Session Start is the trigger for 

bearer resource establishment for MBMS data transfer. If an MBMS user service 

is carried by more than one MBMS bearer service, a Session Start message is 

sent for each MBMS bearer service. In that case, the UE may need to initiate 

the reception of multiple relevant MBMS bearer services to receive the MBMS 

user service. 

MBMS notification informs the UEs about forthcoming (and potentially 

about ongoing) MBMS multicast data transfer.  

Data transfer is the phase when MBMS data are transferred to the UEs. 

Session Stop is the point at which the BM-SC determines that there will be 

no more data to send for some period of time this period being long enough to 

justify removal of bearer resources associated with the session. At Session Stop, 

the bearer resources are released. 

 

Fig.  1.3 – MBMS Procedures in Multicast Mode 
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1.2.1 Enhancing MBMS to 5G multicast services 

The future scenario of 5G multicast services will be composed of 

heterogeneous environments, characterized by dissimilar communication ranges 

and capabilities, wherein an evolved MBMS manages different radio access and 

transmission technologies. The considered heterogeneous scenario dictates a 

wide set of enhancements in the functionalities of the MBMS entities in 5G 

systems. The main architectural changes to the MBMS system are needed in 

order to manage multicast MTC. 

Fig.  1.4 shows an extended network architecture that leverages some 

enhancements to MBMS in order to support group-oriented MTC via small 

cells. The BM-SC must be enhanced to offer “customer-based” machine-

oriented group services besides the traditional (human) services initiated by 

network providers. In the MTC case, in fact, only a set of MTC/IoT devices 

belonging to the same service and controlled through their own Service 

Capability Server (SCS), could be interested in receiving data.  

 

 

Fig.  1.4 - Enhanced MBMS architecture to support 5G group-oriented machine-type 
communications. 

This implies that service announcement and membership functionalities 

should be tailored to deal with a pre-defined list of devices provided by the SCS. 

The reason is that machines cannot autonomously decide to join a multicast 

group; thus, membership has to be customer-driven, instead of provider-driven, 
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being only the devices’ owner aware of what terminals belong to the 

MTC/MBMS service. The BM-SC should also be in charge of informing the 

devices involved in the group-oriented machine-type traffic, by triggering a 

paging procedure to enable MTC/IoT devices in idle mode to receive data. This 

aspect is highlighted in Fig.  1.5 where the differences between the legacy MBMS 

procedures and the enhanced MBMS procedures for MTC are illustrated [11]. 

The MBMS-GW will have to manage heterogeneous types of eNBs 

involved in the MBMS session, i.e., eNB(s)/HeNB(s)/S-eNBs. The issues 

relevant to this feature are exacerbated in 5G environments, where the number 

of involved base stations might be large, especially when considering small-cells. 

Signaling towards the mobile core network could be overloading, due to the huge 

number of involved eNBs.  

At the same time, the MCE needs to implement more complex control 

signaling procedures to account for both human and machine-related group 

services, wherein the former are served with legacy MBMS control procedures 

while the latter ask for improved control procedures to support membership 

and paging functions. The current MBMS architecture does not provide any 

mechanism for paging coordination among different types of base stations, which 

is an issue raised by heterogeneous 5G networks.   
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(a) Legacy MBMS procedures 

 

(b) Enhanced MBMS procedures for machine-type communications 

Fig.  1.5 - Enhanced MBMS vs. Legacy MBMS Procedures to Support Group-
Oriented Services 

 

1.3 Toward 5G Group-oriented Data Transmission 

The technology enhancements expected in 5G systems offer 

unprecedented potentialities for the delivery of multicast applications. In this 

section, recent achievements on data transmission for multicasting over cellular 

systems are surveyed.  

 

1.3.1 Short-range enhanced communications 

Most of the literature on mobile multicasting has traditionally focused on 

boosting the data rates experienced by mobile users through the synergistic use 

of macro-cellular and short-range (both 3GPP and non-3GPP) links [5]: this 

approach can also assure a low data transmission delay. As for machines, 

advantages of short-range communications also include prolonged terminal 

battery lifetime due to the reduced transmission power. In the remainder, we 

will analyze the different improvements short-range communications bring to 

5G multicasting. 

The literature on this topic mainly focuses on the use of device-to-device 

(D2D) [12] [13] cellular links to increase data rates of multicast users. Researches 
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in [4]- [14], for instance, proposed to serve only the portion of users with good 

channel conditions directly from the eNodeB,  and use them as relay-entities to 

forward data towards the remaining receivers over short-range D2D links. The 

main issue in this scenario is cluster formation, i.e., the selection of the right 

amount of relaying devices to serve via base station. 

In this research area, the literature mainly addresses the impact of different 

cluster formation techniques on the multicast data rate. For instance, the main 

idea in [4] is to use intra-cluster D2D retransmissions to minimize the amount 

of needed resources and this allows achieving about 40% gain in resource 

utilization when compared to legacy multicasting in cellular systems. This result 

witnesses the spectral efficiency improvement guaranteed by the joint 

exploitation of cellular and D2D links. 

Energy-efficiency issues are considered in [15], where the authors focus on a 

two-stage cooperative multicast scheme to minimize the total transmission 

power without affecting the service coverage. Obtained results demonstrate that 

in a macro-cell about 80% of the power consumption can be saved thanks to 

the wise use of D2D communications. Recently, the authors of [16] proposed a 

novel approach for D2D cluster formation, which encompasses the previous 

techniques. By assuming macrocell-driven synchronization of the transmitting 

relay nodes and the interest of all receiving devices in the same multicast content, 

they propose to allocate resources on the same frequency to all relay nodes for 

multicast data forwarding over D2D links. This reduces inter-cluster 

interference. Besides, they design a clustering scheme which minimizes the 

number of relays, thus reducing the overall power consumption. 

A different family of works addresses the use of non-3GPP (e.g., Wi-Fi, 

Wi-Fi Direct) links to enhance the performance in macro-cells. The authors in 

[14] proposed a clustering algorithm that exploits macro-cellular and Wi-Fi 

Direct links to improve the session quality experienced by multicast users by 

reducing the content delivery delay and the energy consumption. They also demonstrate 

that Wi-Fi links bring more beneficial effects than D2D links when the available 

spectrum is scarce. 

A further concept of interest for multicasting enhancement over 5G 

networks is the social network group (SNG), where group members not only share 



1.3 Toward 5G Group-oriented Data Transmission 

22 
 

their personal interests and keep in touch, but also share contents. In this field, 

[17] introduced a cooperative multicast algorithm where a portion of SNG 

members download a content of common interest through a cellular link and 

disseminate it among other group members through short-range ad-hoc wireless 

interfaces. The node(s) responsible for content downloading is dynamically 

chosen based on cellular link quality, residual battery level, and amount of the 

content already downloaded by the members.  

Literature review discussed above fits requirements presented in the Table 

1. For example, from the point of view of Mobile-video scenario, it is already 

demonstrated that short-range communication is suitable for providing high-

data rate, low-latency and low-energy communication.  

 

1.3.2 Macro/small cell cooperation 

Cooperation among macro and small cells is another key aspect that 

characterizes 5G systems; hence the interest in evaluating cooperation also in 

multicast scenarios. For instance, [18] introduces an enhanced architecture for 

multicast transmissions over heterogeneous cellular networks aiming at 

improving the energy efficiency in multicast delivery. In this scenario, macro-

cells provide wide-area coverage while small base stations (e.g., femto-cells) 

provide high data rates locally in hotspot regions. By analyzing the user behavior, the 

idea is to multicast the data stream in the macro-cell region. Subsequent arriving 

users that (within a certain time window) request the same stream will 

immediately join the multicast group and the missing fraction of the stream will 

be served through small cells. It is worth noting that this solution is quite 

different w.r.t. the exploitation of D2D links, as no buffering is required on the 

user side. The main benefit of macro/small cell cooperation is that cooperative 

schemes outperform conventional unicast and multicast scheme in terms of 

energy efficiency. The cooperation between heterogeneous cells satisfies some of 

the requirements listed in Table 1, such as low-latency and low-energy 

communications. Although many works in literature deal with this topic, 5G 

multicasting requirements of low-latency and low-energy need to be further 

investigated.   



1 Multicast Over Emerging 5G Networks 

23 
 

1.3.3 Network coding 

Network coding (where the packet decoded by a receiver is obtained as 

the combination of different information with different coding characteristics) 

has proven to be a further effective solution to enhance throughput and 

robustness of data transmission.  

In [8], the authors proposed the random linear network coding integrated 

with an unequal error protection (UEP) technique to improve the reliability of 

a layered multicast service. A layered service (e.g., H.264/SVC video) consists 

of a base layer, for basic service quality, and multiple enhancement layers, to 

improve the quality; with UEP, layers that are more important require a higher 

protection level. They also design a resource allocation framework that 

minimizes the number of coded packet transmissions needed to deliver service 

layers. Analyses on H.264/SVC video delivery over LTE-Advanced show that 

this approach improves the service quality (i.e., the number of consecutive layers 

recovered by a user) w.r.t. legacy PtM transmission of, at least, a factor of 1.35. 

The use of network coding has been also considered in short-range D2D 

scenarios, as in [9].Here, network coding is used to enable the transmission of 

different information coded into a single multicast packet destined to different 

receivers. A user-specific bit mapping algorithm applies different coding rates 

to different information before network coding is performed. Furthermore, a 

user-specific link adaptation scheme chooses an optimal modulation and coding 

scheme (MCS) for D2D multicast so that each user obtains its information from 

the same packet with different MCS according to the respective channel quality. 

This solution achieves a throughput gain ranging from 13% to 45% compared to 

conventional multicast transmissions. 

Other preliminary works show that network-coded transmissions can 

improve the spectrum re-use. In [19], for example, a new transmission system 

based on hierarchical spectrum re-use, named Cloud Transmission (CloudTxn), is 

proposed for terrestrial broadcasting (DVB-T) and can be properly adapted for 

PtM multimedia services. The idea is that two flows (A and B) share the same 

resources; specifically, a (clock synchronized) data stream B is injected onto the 

same resources used by stream A, and transmitted with a reduced power 
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compared to stream A. This mechanism permits, for instance, to assign a more 

robust MCS to stream A (e.g., for mobile services in very noisy environments) 

and more efficient MCS to stream B (e.g., to provide high quality HD and UHD 

services); it also enhances spectrum efficiency and re-use, which are key benefits 

expected in 5G systems.  

Works presented above demonstrate that network coding techniques 

allow a high throughput performance; hence these may be suitable for high data 

rate human-oriented applications. Since Network coding provides high data-rate 

performance, it is helpful to fit requirements of both mobile-video and High 

QoE applications. 

 

1.3.4 Beamforming 

Beamforming, i.e., the possibility of using directive antennas to achieve 

spatial diversity and throughput improvements, is also a technology that can 

boost the performance of multicasting over future 5G systems. Indeed, 

beamforming improves the data rate of users with the lowest channel gain without 

increasing the transmission power level, as for instance addressed in [6]. In 

detail, the authors  present a low-complexity method that reduces the 

complexity of selecting the beamforming vector (i.e., the information needed by 

the antennas to make a directive transmission) and increases the throughput 

performance up to 52% w.r.t. conventional transmissions. 

Focus of [7] is the joint transmit beamforming and antenna selection in 

scenarios with multiple co-channel multicast groups. The algorithm presented 

in [7] finds, for each multicast group, the beamforming vector that minimizes 

the overall transmission power. A key goal achieved by this approach is the 

reduction in the number of antennas required to meet the quality constraints of 

multicast services.  

Finally, adaptive beamforming for scalable video coding (SVC) scenarios 

is considered in [20], where the authors propose to schedule different SVC layers 

with different beams and MCSs while guaranteeing the respect of the QoE 

constraints of all multicast users. The increase in the throughput performance, 

favored by beamforming, satisfies high data rate requirements of human-oriented 
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applications, whereas directive antennas reach devices/machines with low 

channel quality, thus extending the coverage. Consequently, also machine-oriented 

applications can gain from the implementation of beamforming techniques. As 

discussed for network coding, beamforming is useful to fit high-data rate 

communications. Hence, mobile video and high-QoE applications could benefit 

of this technique.  

 

1.4 Expected benefits and open issues 

The technology enabler discussed above mainly focused on the radio-

related aspects of multicast communications in order to improve the efficiency 

of data transmission. Indeed, the exploitation of short-range links, macro-cell 

and small-cell cooperation, network coding and beamforming brings key 

benefits to the data plane. More in detail, by considering the requirements listed 

in Table 1, we can now summarize the benefit provided by such techniques.  

Short-range communications support enhanced data rates thanks to the 

better channel conditions experienced by devices that are closer to each other 

w.r.t. the base station. In a similar way, small cells can be exploited to increase 

data rates in hotspot areas such as stadiums in case of events. In addition, data 

rates can be boosted through network coding techniques, which improve the 

robustness of data transmission. Finally, beamforming can boost data rates by 

exploiting directive antennas, thus improving the channel gains due to the 

increase in the received power by devices.  

Short-range communications, macro/small cell cooperation, network 

coding and beamforming reduce latency in data delivery as they improve the data 

rates of data transmission from the base station to the devices. Nevertheless, the 

exploitation of short-range links introduces delays due to relaying operations, 

while network coding introduces delays to decode the received packets. These 

aspects did not receive enough attention in order to understand in which 

scenarios the final latency is effectively cut w.r.t. that experienced with legacy 

transmissions from the base station. 
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By exploiting the intrinsic feature of local communications, short-range 

links or small cells could be exploited to perform a location-based group creation. In 

this, only the devices in a limited area will 

receive the control information to join the multicast transmission, in 

contrast with the case when the joining procedure is performed through the 

macro-cell. Location-based services could be potentially offered by exploiting 

beamforming with a proper re-direction of beams. Nevertheless, the above-

mentioned aspects have not yet been investigated. Finally, from a session 

management point of view, location-based group creation could be enabled by 

extending the functionalities of the BM-SC, with the joint exploitation of SCS 

in case of machine-type services. 

Short-range communications as well as the exploitation of small cells 

could reduce the energy consumption of devices when receiving data thanks to the 

proximity nature of these communications.  

From this brief synthesis, it is evident that a missing topic for the effective 

provisioning of 5G group-oriented applications is the control traffic needed to 

handle multicast services. Indeed, some of the requirements listed in Table 1 

have not yet been addressed in the current literature, i.e., low-latency, location-based, 

and customer-based group formation. For this reason, in the remainder of this Section 

we will focus our attention on future research directions dealing with control 

traffic management. 

 

1.4.1 Open Issues 

The support of machine-based services especially raises several challenges 

to be solved.  

A first issue is related to low-latency group creation. MTC devices need 

to be switched on (from idle to connected mode) in order to receive multicast data. 

Consequently, an issue for the customer is to identify the machines in the 

multicast group and to page them before data transmission begins. Group 

paging procedures in 5G systems are expected to be designed with the aim of 

simultaneously switching a large number of devices into connected mode, with 

further positive effects on the control overhead and the latency of group-based 
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machine applications. Indeed, MTC applications may require transmissions of a 

few bytes each. Thus, minimizing the amount of control information exchanged 

between the network and the devices becomes an issue of utmost importance, 

not only from a latency point of view. Besides, due to the machines’ low 

processing capabilities, MTC/IoT communications suffer from security issues, 

since it is not easy to implement security functions, e.g. key exchange 

procedures. These aspects need to be considered as they affect the group 

formation delay. As emphasized in [4] [12]- [14], a large number of related works 

in the literature exploiting 3GPP (i.e., D2D) and non-3GPP (e.g., Wi-Fi) short-

range links assume that the unit responsible for resource allocation (generally, 

the base station) is “somehow” aware of the channel conditions of short-range 

links among group members. In such scenarios particular interest in future 

research should be given to control messaging (for the purpose of nearby device 

discovery, cluster formation/updating, etc.). In practical systems, the way the 

base station becomes aware must be specified. It is straightforward to think that 

each terminal measures (or estimates) the link quality with nearby devices and 

transmits this information to the resource management unit. Nonetheless, 

effective solutions in the case of large multicast groups still need to be properly 

investigated and designed to avoid overloading or bottleneck effects at the base 

station in 5G scenarios. In addition, control messaging among interested devices 

needs to be properly defined, and their performance assessed by considering 

their impact on MTC traffic and devices in terms of latency and energy-

consumption. The above mentioned issues are exacerbated in the case of non-

3GPP short-range links, which require the effective solutions to manage control 

and billing messaging between, e.g., LTE and trusted/non-trusted Wi-Fi 

interfaces. 

The highlighted problems do not yet find answers in the literature. Thus, 

there is an urgency to focus greater attention on them to enable effective short-

range solutions for enhanced multicasting. 

A further research need in terms of low energy communications deals with 

the procedure of relay selection. Indeed, while current works mainly focus on 

channel conditions, additional information about buffer state, residual battery 

levels or position of nodes could be relevant to enhance 5G relay 
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selection/updating procedures. In particular, relay selection based on device 

position could potentially enable location-based multicast services. Hence, a 

constantly increasing number of devices with constrained power and memory 

capabilities challenges multicast IoT services. 

The higher the number of involved devices, the higher the complexity of 

the algorithms, and this affects latency in terms of both group creation and data 

delivery. This is still linked to the above discussed limited computational power 

of machine-devices. More powerful devices, instead, face the problem of 

increasing energy consumption.  

In general, the complexity represents the most challenging issue to be 

solved in 5G systems. Although the use of network coding has emerged as a 

promising approach to improve the reliability of multicast transmissions [9] 

without additional resource requirements, the complexity problem is 

exacerbated by the expected large amount of MTC devices with reduced 

computational capabilities. In addition, the computational cost for beam form 

calculation at the base station increases data delivery latency. This calls for low-

complexity near-optimal solutions valid in a wide range of environments and 

users’ locations and propagation conditions. From a more general point of view, 

an effective low-latency (as well as a customer-based) group creation can be 

achieved through a re-design of joining procedures achieved by extending the 

functionalities of BM-SC and MBMS-GW entities (Table 3) [11]. 

 

Enabling features Expected benefits Open Issues 

Short-range direct 

links 

 High data rates 

 High spectrum 

efficiency (spectrum 

re-use in case of 

3GPP D2D links) 

 Offloading of cellular 

spectrum (in case of 

non-3GPP links) 

 Coverage extension 

 Reduced energy 

consumption 

 D2D cluster formation 

(device discovery, 

control messaging 

among group members) 

 non-3GPP cluster 

formation (device 

discovery, control 

messaging among 

group members) 

 New criteria for relay 

nodes selection (i.e., 
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buffer status, battery 

level) 

 Interference induced by 

D2D links on non-

multicast cellular users 

 Cluster re-formation 

procedures (e.g., 

triggered by device 

mobility, or running 

out-of-energy) 

Network coding  High data rates 

 High robustness 

 High spectrum 

efficiency 

 

 Complexity at the 

transmitter and receiver 

sides 

 Latency 

 Robustness to packet 

losses 

 Control overhead 

Beamforming  High data rates 

 High spectrum 

efficiency (spatial 

diversity) 

 Complexity 

 Control overhead 

 Fast re-computation in 

case of mobile users 

 Jointly use of directive 

antennas and MIMO 

Machine-type 

communication 

 MTC group-services 

 New business 

opportunities for 

Telco 

 Simplification of 

group management 

procedures (e.g., 

announcement, join) 

 

 Extension of legacy 

MBMS architecture 

 Definition of machine-

oriented MBMS 

procedures 

 Definition of multicast 

paging procedures 

 Control overhead 

 Improvements of 

resource efficiency and 

system capacity 

Table 3 – 5G Multicast Enabling Features: Expected Benefits and Open Issues 
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2 RRM over 5G multicast – HetNets/ 
DenseNets management 

 

 

 

 

2.1 Dense Heterogeneous Networks 

Today’s heterogeneous networks comprised of mostly macrocells and 

indoor small cells will not be able to meet the upcoming traffic demands. Indeed, 

it is forecasted that at least a 100-fold network capacity increase will be required 

to meet the traffic demands in 2020. 

In view of such significant future traffic demands, the mobile industry has 

set its targets high, and has decided to improve the capacity of today’s networks 

by a factor of 100× or more over the next 20 years [21].  

In order to achieve this goal, vendors and operators are currently looking 

at using every tool they have to improve network capacity. Mainly three 

paradigms are noteworthy, i.e. network densification, the use of higher 

frequency bands and spectral efficiency enhancement techniques [22]. Network 

densification is accomplished through the deployment of Heterogeneous 

Networks (HetNets) and small cells [23] - [24]; larger bandwidths, exploit higher 

spectrum frequencies, both in licensed and unlicensed spectrum [25]– [26]; 

spectral efficiency is enhanced through multi-antenna transmissions [27], 

cooperative communications [28], dynamic TDD techniques [29]– [30], etc. 

Nevertheless, such paradigms introduce some issues. Network densification 

complicates network deployment as well as backhauling and mobility 

management, while higher carrier frequencies suffer from larger path losses, and 

usually require more expensive equipment. Most spectral efficiency 

enhancement technologies depend on a tight synchronisation as well as relatively 

complex signal processing capabilities, and may be compromised due to 

inaccuracies in Channel State Information (CSI). 
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In order to meet the exponentially increasing traffic demands [31], mobile 

operators are already evolving their networks from the traditional macrocell-

only networks to HetNets [32], [33], in which small cells reuse the spectrum 

locally and provide most of the capacity while macrocells provide an umbrella 

coverage for mobile UEs. Currently, small cells are deployed in large numbers. 

Indeed, according to recent surveys, the number of small cell BSs was already 

larger than that of macrocell BSs. These small cell deployments are mainly in the 

form of home small cells, known as femtocells [34], [35], [36], but many 

operators have also already started to deploy outdoor small cell solutions to 

complement their macrocell coverage [37]. 

However, in a co-channel deployment of small cells with the macrocell 

tier, due to the large difference in transmission power between both types of 

BSs, being attached to the cell that provides the strongest pilot Reference Signal 

Strength (RSS) may not always be the best strategy. UEs will tend to connect to 

macrocells rather than to small cells, even if they are at a shortest path loss 

distance. This effect is aggravated as the distance between small cell and 

macrocell BSs becomes smaller. Indeed, the closer the small cell BS is to the 

macrocell BS, the smaller is the resulting small cell coverage due to macrocell 

BS power dominance. This leads to a poor macrocell off-load [32], [33]. 

Moreover, the transmissions of UEs connected to macrocells will also severely 

interfere with all small cells located in their vicinity in the Uplink (UL). Note 

that due to the lower path loss, if a macrocell UE would connect to the small 

cell with the smallest path loss, this UE would transmit with a much lower UL 

power. This would allow load balancing as well as UL interference mitigation, 

thus improving network performance. In order to address these problems 

arising from the significant power difference between co-channel BSs in 

HetNets, new cell selection methods that allow UE association with cells that 

do not necessarily provide the strongest pilot RSS are necessary. 

Network densification has the potential to significantly increase the 

capacity of the network with the number of deployed cells through spatial 

spectrum reuse, and is considered to be the key enabler to provide most of the 

capacity gains in future networks. 
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In order to better understand the implications of network densification 

on network capacity, let us define network capacity based on the framework 

developed by Claude Shannon [38] as  

𝐶[𝑏𝑝𝑠] =  ∑ ∑ 𝐵𝑚,𝑢
𝑈𝑚
𝑢 [𝐻𝑧] log2(1 +  𝛾𝑚,𝑢)𝑀

𝑚   (1) 

where {1, … , 𝑚, … 𝑀} is the set of BSs deployed in the network, 

{1, … , 𝑢, … , 𝑈𝑚} is the set of UEs connected to BS m, B[Hz] is the total available 

bandwidth, and Bm,u[Hz] and γm,u are the bandwidth granted to and the SINR 

experienced by UE u when connected to BS m. This model assumes Gaussian 

interference. At the network level, network densification increases the number 

of geographically separated BSs M that can simultaneously reuse the available 

bandwidth B, thus linearly improving spatial reuse and increasing network 

capacity with M. At the cell level, a consequence of network densification is cell 

size reduction, which directly translates into a lower number of UEs Um 

connected to BS m and thus a larger bandwidth Bm,u available per UE. In this 

way, network capacity linearly increases with the number of offloaded UEs. 

Moreover, at the cell level too, the average distance between a UE and its serving 

BS reduces, while the distance to its interfering BSs does not necessarily reduce 

at the same pace assuming idle mode capabilities. This leads to an increased UE 

signal quality γm,u, and thus the network capacity logarithmically increases with 

γm,u. As can be derived from the above discussion, network densification 

increases M and in turn improves both Bm,u and γm,u, resulting in an increase of 

the network capacity. 

Next some of the main challenges faced on the way by dense small 

networks are highlighted [22].  

Mobility management. Future network architecture comprise different small 

cell tiers with different types of small cell BSs, target at different types of 

environments and traffic, where dedicated channel mid-frequency small cell 

deployments with the macrocell tier may be ultra-dense to enhance network 

capacity. Within this architecture, mobile UEs should be kept in the macrocell 

tier, while static UEs should be handed over to the ultra-dense small cell tier. In 

order to realise this, a new mobility management approach is needed, in which 
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UEs only take measurements and access the cells of the appropriate network 

tier according to their velocity. 

Modulation and Coding Schemes: Deploying higher order modulation and 

coding schemes is critical to take advantage of the high SINRs resulting from 

ultra-dense small cell deployments. Even higher modulation schemes than 

currently used in LTE and Wireless Fidelity (WiFi), i.e., 256-QAM, may be 

required, e.g., 1024-QAM. However, this brings about the need for accurate 

channel state information for coherent de-modulation. However, the 

implementation feasibility of 1024 or higher QAMs is still unclear due to the 

Error Vector Magnitude (EVM) issues at transmitters [39]. In addition, the 

Peak-to-Average Power Ration (PAPR) problem should also be re-considered 

for 1024 or higher QAMs.  

Radio Resource Management: In terms of radio resource management, current 

scheduling and other network procedures have to be revisited since due to the 

lower number of UEs per cell, the current approaches used in macrocell may 

not be optimum anymore. For example, proportional fair scheduling may not 

be the most efficient solution for very small cells, since there are not many UEs 

to be fairly served and channel fluctuation may be low due to LOS channel 

conditions.  

 

2.1.1 Mobility management issues in DenseNets 

Mobility Management (MM), in the presence of femtocells, is one of the 

most challenging issues, owing to the dense network layout, the short cell radii 

and the potentially unplanned deployment. The key challenges of MM support 

for femtocells are posed during the phases of a) cell identification, b) access 

control, c) cell search, d) cell selection/reselection, e) HO decision, and f) HO 

execution.  

Cell selection/reselection is a critical issue in large-scale deployments of 

femtocells, where the tracking area size has a major impact on the user 

equipment (UE) battery lifetime and the network signaling load. More 

sophisticated HO decision algorithms are also required, in the presence of 

femtocells, to mitigate the negative impact of user mobility and cross-tier 

interference on the Quality of Experience (QoE) and Signal to Interference plus 
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Noise Ratio (SINR) performance at the UEs. Attaining a low service 

interruption probability for medium to high speed users is another challenging 

issue for the HO decision phase. Certain network architectural and procedural 

enhancements are also required to lower the delay and signaling overhead of the 

HO execution to/from femtocells. 

This section discusses the open issues for MM support in the presence of 

femtocells and overviews the key aspects of MM in the LTE-A system. 

Support of femtocells necessitates the deployment of certain network 

architectural and procedural enhancements in the cellular system. In the context 

of LTE-A, a macrocell station is referred to as E-UTRAN Node B (eNB) and a 

femtocell station as Home eNB (HeNB). Two of the evolved packet core (EPC) 

network entities are involved in the support of HeNBs: the Mobility 

Management Entity (MME) and the Serving Gateway (S-GW) [40]. 

In the presence of femtocells, the E-UTRAN architecture consists of 

eNBs, HeNBs, and HeNB gateways (HeNB GW). The eNBs provide user and 

control plane protocol terminations towards the UE, while they support the 

functions of radio resource management, admission control, scheduling and 

transmission of paging/broadcast messages, measurement configuration for 

mobility and scheduling, as well as routing of user plane data towards the S-GW. 

The functions supported by the HeNBs are the same as those supported by the 

eNBs, while the same implies for the procedures run between the HeNBs and 

the EPC.  

Support of femtocells necessitates the deployment of more complicated 

MM procedures. The dense network layout and the short cell radii augment the 

negative impact of user mobility, enlarge the number of candidate cells during 

the HO decision phase and increase the HO probability even for low speed 

users.  

The decision part of a cell HO is referred to as the HO decision phase, 

while the signaling part as the HO execution phase. In prominent cellular 

networks, the HO decision phase is performed at the serving cell and is based 

on signal quality measurements provided by the UE, i.e., UE-assisted network-

controlled HO [41]. 
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The impact of the HO decision phase is even more prominent in the 

presence of femtocells, owing to the short-range nature of communications, the 

denser network layout and the fast varying radio environment.  

The HO decision can also be used to improve the energy-efficiency of the 

network nodes and handle the interference in a macroscopic level, i.e., without 

using power control, radio resource or interference management. Current 

literature includes various HO decision algorithms for the two-tier macrocell-

femtocell network [42]- [43]. The vast majority of existing algorithms prioritize 

femtocell over macrocell access based on signal strength [44] [45], [46], UE 

speed [47] [48], or traffic-type criteria [49], [50]. In most of the cases, the impact 

of the HO algorithms on the energy consumption, interference, system capacity 

and network signalling is not investigated.   

Attaining a good performance trade-off between exploiting the femtocell 

utilization opportunities and sustaining a low HO probability is another critical 

issue. The joint optimization of the interference and energy consumption 

performance at the network nodes should be integrated within the HO decision 

phase as well. 

Current literature includes various HO decision criteria and parameters 

for the two-tier macrocell-femtocell network [51]. Below, we describe the most 

widely used.  

Received Signal Strength (RSS) refers to the received power on the reference 

or pilot signals transmitted by a specific cell [42] [52]. 

Received interference power (RIP) refers to the total received power from cells 

or users in proximity. When performed at the UE, the RIP measurement is 

usually referred to as the Received Signal Strength Indicator (RSSI) [43]. 

Received Signal Quality (RSQ) refers to the ratio of the RSS from a target 

cell to the total RIP at the UE [53] – [46]. 

UE speed is a widely used parameter for enhancing inbound mobility to 

femtocells and reducing the number of unnecessary HOs for medium to high 

speed users [47] [50]. 

Some of the key energy-efficiency parameters in current literature are the UE 

battery power [54], the mean UE transmit power [52], and the UE power 

consumption [43]. 
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RS transmit power corresponds to the cell transmit power on the RS. 

Existing algorithms use this parameter to assess the path loss between the UE 

and the target cell [52]. 

Traffic-type: Existing classifications of the UE traffic-type mainly include: 

a) real time or non-real time traffic [49], [50], [55], [54], and b) voice/video or 

data traffic [56]. 

Available bandwidth is a measure of the resource availability in the target 

cell. This parameter is used to minimize the HO failure probability due to 

admission control. Other bandwidth-related parameters include the cell load 

[55] and the cell capacity [48]. 

UE residence time within the cell refers to the duration that a tagged UE is 

expected to remain within the coverage of a cell. This parameter is used in 

combination with other speed-related parameters to minimize the number of 

unnecessary HOs [57]. 

Finally, a classification of HO algorithm is carried out according to the 

following five groups [51]: a) received signal strength based, b) speed based, c) 

cost-function based, d) interference-aware, and e) energy-efficient.  

 

2.2 Mobility-aware Energy-Quality Trade-off for Video 
Delivery in Dense Heterogeneous Networks 

The deployment of small-range base stations offers increased coverage 

and user capacity as well as higher throughput and lower transmission power 

for the users. This is as the mobile devices will be closer to the base stations. 

This helps reducing power consumption, one of the key challenges in the next 

generation mobile multimedia networks. On network side, DenseNet allows to 

offload traffic from the macro cell and solve any potential coverage problems, 

supporting also better capacity in terms of amount of traffic.  

In the context of a DenseNet, the network selection gives great 

importance to improving balance between quality of experience (QoE) of the 

video service offered to the user and energy saving. In [58] authors proposed a 

hybrid multimedia delivery solution, which balances the benefits of multimedia 

content adaptation and of network selection in order to decrease power 
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consumption in a heterogeneous wireless network environment, composed of 

UMTS and WLAN. Trade-off between energy and quality has been considered 

via a utility-based function. A similar approach has been used in [59], where the 

authors employ network reputation in a utility-based network selection 

mechanism. The proposed solution uses user preferences and service 

requirements to define a network reputation factor, which reflects user 

satisfaction with the network service quality provided to the mobile user. A 

DenseNet scenario introduces additional issues. Since the femtocell and WLAN 

coverage is small, mobile users could experience several unnecessary handovers 

with consequent reductions in terms of user QoE and system capacity. Hence, 

user mobility pattern and speed needs to be taken into account [48] [60]. The 

authors of [48] proposed a handover algorithm based on the user speed and 

quality of service (QoS). They considered a femtocell with a small coverage 

where a user with high speed crosses the femtocell in a short time. In these 

conditions, the authors suggested that users with high speed do not need to 

make handover, especially when non-real-time services are taken into account. 

Nevertheless, they did not consider the energy saving issue. An energy efficient 

handover algorithm is proposed in [60] with the aim to reduce power 

consumption and frequent and unnecessary handovers. Users’ speed is taken 

into consideration in order to allow handover only to slow users. On the other 

hand, power saving is accomplished by decreasing the femtocell power 

transmission in particular conditions. However, the energy management 

proposed in [60] is only network-side, and does not consider mobile device 

power consumption, very important for users. 

This chapter introduces an innovative user mobility-aware utility-based 

network selection, which balances energy consumption and quality for video 

deliveries in dense heterogeneous network environments. The proposed 

solution considers the estimated energy consumption of the mobile device when 

running real-time video applications, estimated network conditions and speed 

of users. 
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2.2.1 Scenario and System Model 

Fig.  2.1 illustrates a DenseNet scenario, where a user moving from home 

to office passes through different network coverages. Points A, B, C, D, 

represent different situations in which the mobile user needs to select and 

connect to the most appropriate network in order to avail from the video 

services and best balance energy and quality in the given conditions.  

 

Fig.  2.1 - Example of a mobile user in a DenseNet environment 

We consider a wireless network scenario where different types of small 

networks (the term cell is also used in this paper) (e.g., femtocell, WiFi hotspot, 

etc.) are deployed in an uncoordinated manner within a macro cellular coverage, 

as shown in Fig.  2.1. We denote with CM and Cm the set of C macrocells and c 

small cells within the considered scenario, respectively. In particular, let us 

denote with 𝑐 ∈ 𝐶 = 𝐶𝑀 ∪ 𝐶𝑚 the index of a generic cell and with 𝐶𝑎 =

 𝐶1, … , 𝐶𝑛 the set of available cells for the user i. Since the handover decision 

measurements are performed in the downlink direction, we focus on the 

transmission from the BS of the generic cell c to a generic UE i. 

The useful received power by the user i at a generic distance d from the 

BS 𝑐 can be expressed as 𝑃𝑅𝑐,𝑖
(𝑑) =  𝑃𝑇𝑐,𝑖

∙ ℎ𝑐,𝑖(𝑑), where 𝑃𝑇𝑐,𝑖
 is the 

transmitted power from BS c and ℎ𝑐,𝑖 the channel gain from BS c to user i located 

at distance d. In the channel gain coefficient are included all the losses due to 

the path loss attenuation, shadowing and other factors such as fading and 

multipath. A dual approach is considered involving network selection and 
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adaptation. Network selection is accomplished through computing of a Utility 

function 𝑈 (eq.  (1)) that takes into account energy consumption of the mobile 

device when running real-time video applications, estimated network conditions 

and speed of users. Adaptation is performed based on a Datarate Quality 

Mapping Table, which includes the bandwidth/datarates 𝑏𝑟𝑙
 required to receive 

the video content at l-th Quality Level (QL). Table 4 is an illustration of such a 

table which has six quality levels.  

 

Table 4 - Datarate Quality Mapping Table 

Network selection is executed according to the utility function defined for 

each Radio Access Network (RAN) i by the following equation:  

𝑈𝑖 = 𝑢 𝑒𝑖

𝜔𝑒 × 𝑢 𝑞𝑖

𝜔𝑞
  ×  𝑢 𝑠𝑖

𝜔𝑠         (1) 

In equation (1) Ui is the overall score function for RAN i and uei, uqi, and 

usi are the utility functions defined for device energy consumption, video service 

quality,  and user speed, respectively. we, wq, and ws are weights for the considered 

criteria, representing the importance of a parameter in the decision algorithm, 

where we + wq + ws = 1.  

The estimated energy consumption for a real-time application is 

computed using eq. (2) as defined in [61]]: 

𝐸 = 𝑡 (𝑟𝑡 + 𝑇ℎ𝑟𝑒𝑞𝑟𝑑)           (2) 

where t represents the transaction time, which can be estimated from the 

duration of the video stream; rt is the mobile device’s energy consumption per 

unit of time (W), Threq is the required throughput (kbps), rd is energy 

consumption rate for data/received stream (J/Kbyte), and E is the total energy 
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consumed (J). The parameters rt and rd can be determined by running different 

measurements for various amounts of data and defining an energy consumption 

pattern for each interface (LTE, WiFi). They were determined by running 

different simulations for various amounts of multimedia data (i.e., quality levels) 

while measuring the corresponding energy levels and then used to define the 

energy consumption pattern for each interface/scenario [62]. Based on the 

estimated energy consumption E, the utility for the energy criteria ue is computed 

using Eq. (3) [62]:  

𝑢𝑒 (𝐸) = {

1
𝐸𝑚𝑎𝑥−𝐸

𝐸𝑚𝑎𝑥− 𝐸𝑚𝑖𝑛

0

  
, 𝐸 <  𝐸𝑚𝑖𝑛

, 𝐸𝑚𝑖𝑛 ≤ 𝐸 <  𝐸𝑚𝑎𝑥

, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
          (3) 

A zone-based quality sigmoid utility function [59] is used to map the 

throughput to user satisfaction. 

𝑢𝑞 (𝑇ℎ) = {

0

1 −  𝑒
−𝛼∗ 𝑇ℎ2

𝛽+𝑇ℎ

1

, 𝑇ℎ <  𝑇ℎ𝑚𝑖𝑛

, 𝑇ℎ𝑚𝑖𝑛 ≤ 𝑇ℎ <  𝑇ℎ𝑚𝑎𝑥

, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
    (4) 

The minimum throughput (Thmin) is a threshold to maintain the 

multimedia service at a minimum acceptable quality level, values below this 

threshold result in unacceptable quality levels. Whereas values above the 

maximum throughput (Thmax) threshold will not add any noticeable 

improvements in the user perceived quality.  

The mathematical definition of the speed utility is given in eq. (5):  

𝑢𝑠(𝑆) =  {

1
𝑆𝑚𝑎𝑥−𝑆

𝑆𝑚𝑎𝑥− 𝑆𝑚𝑖𝑛

0

 
, 𝑆 <  𝑆𝑚𝑖𝑛

, 𝑆𝑚𝑖𝑛 ≤ 𝑆 <  𝑆𝑚𝑎𝑥

, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
             (5)  

subject to 𝑢𝑠  = 1, if  𝑖 ∈  𝐶𝑀  

where Smin is the pedestrian speed, i.e. 3 km/h and Smax, the urban vehicular 

speed limit (in Italy 50 km/h).  This utility considers urban dense networks only. 

Equation 5 does not affect the overall utility function if the target cell is a Macro 

cell. This is due to the fact that the cell range is large and UEs with high mobility 

should not perceive differences in their transmissions. 
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The utility function from eq. (1) is computed for each of the candidate 

networks and the network with the highest score is selected as the target 

network. 

 

2.2.2 EMANS algorithm 

The proposed Energy saving-focused Mobility-Aware Network Selection 

algorithm (EMANS) [63] consists of two phases: (i) network-selection phase and (ii) 

datarate adaptation phase. A more in-depth description of the algorithm in 

provided in Algorithm 1 pseudo-code.  

During the network-selection phase, at every TTI the UE creates its cell-

set according to the data received from the cells (line 3). Lines 3-8 describe the 

network-selection phase of the algorithm. First the UE computes the utility 

function for each cell, according to the utility equation 1. Then, the cell 

providing the highest utility 𝑈𝑐 is set as the selected cell 𝐶𝑠. Next the algorithm 

sets the datarate provided by the selected cell 𝐶𝑠 as serving datarate 𝑏𝑠. Then, 

𝑏𝑠 is used to find the received quality level ls according to the Datarate Quality 

Mapping Table (i.e. Table 4) (line 9). 

Since the algorithm takes into account the features of the user’s device 

(line 1), once determined 𝑏𝑠 the adaptive phase takes place (lines 10-12). If the 

datarate received 𝑏𝑠 is greater than the minimum datarate 𝑏𝑟𝑙
 that allows to 

receive the QL required by the UE, the algorithm sets the new datarate as 𝑏𝑟𝑙
. 

This potential decrease of the datarate does not cause a significant decrease of 

QoE received by the user, enabling also to save energy.  
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In order to investigate the benefit of the proposed EMANS algorithm, 

Matlab simulations have considered a reference scenario where several small 

cells (LTE femtocells, WiFi Hotspots) are deployed within the coverage of a 

LTE macrocell.  

A dense urban scenario was considered where users are free to move with 

different speeds from 3 km/h to 60 km/h. The simulations are carried out in a 

time interval of 20 minutes, with users downloading a real-time video. Video 

features are described in Table 4. According to the datarate of the selected cell, 

a corresponding QL for the video delivery is used. 

Algorithm performance was compared with that of E-PoFANS [64] and 

with a classic algorithm transmitting at constant bit rate (CBR), labelled 

“Conservative”. The “Conservative” approach serves all users with the lowest 

quality level. A conservative approach delivering the highest quality level at CBR 

was not tested because loss would severely affect the overall quality. 

Different user requirements are also considered and therefore, different 

user devices are taken into consideration in order to better show the 

outperforming behaviour of the proposed algorithm. In particular, two cases are 
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considered: (i) users requiring a QL2 service and (ii) users requiring a QL3 

service.  

Furthermore an analysis with different speeds is also carried out, in order 

to show the benefit of the proposed solution, especially in terms of unnecessary 

handovers reduction. 

Simulation results in low-speed condition (i.e. 3 km/h) are presented as 

following.  

Fig.  2.2Fig.  2.2 shows the datarate received by users in the both 

considered cases (QL2 and QL3 respectively). In both cases E-PoFANS has 

higher bitrate, as it neither takes into consideration the mobility of users, nor 

the effective user quality requirements. At the same time, EMANS bitrate never 

exceeds the value associated to the target quality level (QL).  

Note, the lower datarate achieved by our proposed algorithm does not 

significantly affect the QoE as perceived by users. Fig.  2.4 shows that EMANS 

provide to users the same QLs as E-PoFANS with QL3 as target level (Fig.  2.3). 

The better quality provided by E-PoFANS in Fig.  2.2 is not very useful since it 

is greater than the maximum quality supported by the user’s device. 

  

 

Fig.  2.2 - Datarate Received in Low-Mobility Scenario (QL2) 
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Fig.  2.3 - Datarate Received in Low-Mobility Scenario (QL 3) 

 

 

Fig.  2.4 - Quality Level Perceived in Low-Mobility Scenario (QL 2) 
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Fig.  2.5 - Quality Level Perceived in Low-Mobility Scenario (QL 3) 

 

The above considerations show how EMANS achieves better 

performance in terms of network resources (see Fig.  2.6  - Fig.  2.7). In the 

considered cases, the proposed algorithm never overcomes the red line that 

represents the optimal delivered datarate, meaning that resources are not wasted 

because no more than the required bitrate is transmitted. However, the 

reduction of the datarate is also associated with significant energy saving 

achieved by our proposed EMANS (Fig.  2.8  - Fig.  2.9), as we intended to 

demonstrate. 

 

 

Fig.  2.6 - Bandwidth Utilization in Low-Mobility Scenario (QL 2) 
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Fig.  2.7 - Bandwidth Utilization in Low-Mobility Scenario (QL 3) 

 

 

Fig.  2.8 - Energy Consumption in Low-Mobility Scenario (QL 2) 
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Fig.  2.9 - Energy Consumption in Low-Mobility Scenario (QL 3) 

 

Last considerations refer to the behaviour of the EMANS algorithm in a 

high-mobility scenario. Datarate, energy consumption and bandwidth utilisation 

maintain the same trend as in the low-mobility case. There is an expected little 

loss in terms of Quality levels (Fig.  2.10) but there is a considerable gain in 

terms of number of handovers: EMANS has 36 % of the number of handovers 

performed by E-PoFANS as showed in Table 7. Other numerical results are 

summarized in the Table 5 and Table 6.  

 

Fig.  2.10 - Quality Level Perceived In High-Mobility Scenario (QL 3) 
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Table 5 - Summary Results (QL2) 

 

Table 6 - Summary Results (QL3) 

 

Table 7 - Summary Results: Number Of Handovers 

Finally, testing the EMANS algorithm in low- and high-mobility scenarios 

has demonstrated that when employing similar user perceived quality levels are 

achieved in comparison with other solutions, while EMANS results in higher 

energy and bandwidth saving. Furthermore, testing has also showed that 

EMANS achieves better performance in terms of the number of handovers.  

The proposed EMANS demonstrated that a proper network selection in 

a Dense Heterogeneous scenario is helpful in order to enhance the system 

performance. Nevertheless, the management of radio resources is still one of 

the main issues faced by multicasting in forthcoming 5G systems.  

Therefore, in next section, we describe a network selection approach that 

takes into consideration both multicast groups and radio resource management.  
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2.3 Hybrid unicast-multicast utility-based network selection 
algorithm 

In the view of an increased capacity and improved performance of the 

system, recent researches push towards the deployment, within the same area, 

of several coverage layers (associated to macro, micro, pico, and femto cells), 

diverse Radio Access Technologies (RAT) (e.g. GSM, UMTS, LTE, WiFi), and 

multiple Point-to-Point (PtP) user links (e.g. Device-to-Device communication 

[65], mmWave). This massive growth of dissimilar cell deployments is leading 

to a high densification of networks and to the creation of the so-called Dense 

Heterogeneous Network (DenseNet) [22] paradigm. 

Moreover, radio resources management (RRM) is stressed by the huge 

number of smart devices requiring video services. In this scenario, device-to-

device (D2D) communications [66] and multicast services over current LTE and 

future 5G systems [11] have been considered as possible enabling approaches 

to efficiently manage the traffic load and provide a better Quality of Experience 

(QoE) to end-users. In particular, multicasting allows a large number of users to 

be simultaneously served with relatively low latency and high throughput. To 

support such services, the Third Generation Partnership Project (3GPP) offers 

basic support to the standardization of multicast services over LTE under the 

name of enhanced Multimedia Broadcast Multicast Services (eMBMS) [67]. 

One of the most important issues for multicast transmission is the 

management of multi-user diversity. In fact, each user within a multicast group 

experiences a different channel quality level. Least channel gain users affect the 

performance of the whole multicast group as they can only support a 

transmission with low Modulation and Coding Scheme (MCS) level, thus 

achieving transmissions with bad spectral efficiency. 

On the contrary, serving multicast users that experience high channel 

quality levels improves the system spectral efficiency, at the expense of users 

under bad channel conditions. This introduces challenging issues for the RRM 

in multicast transmissions.  

Our research focuses on a DenseNet deployment scenario characterized 

by overlapping of an LTE-A macro cell and LTE-A small cells (i.e., femtocells), 

in the presence of multicast groups in each cell. In this scenario, mobile users 
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want to access video content at high user QoE levels and with a low energy 

consumption. Indeed, energy/power management as well as user mobility 

management are key challenges in the next generation mobile multimedia 

networks [68]. Innovative RAT selection [69] solutions help in managing energy 

issues for smart users in mobility. However, mobile users have to face the issue 

of the wise selection of the access network to connect to, which is made more 

challenging by the highly dynamic network environment [70]. In particular, in a 

DenseNet context, network selection should place great importance to 

improving the balance between QoE of the video service offered to the user 

and energy saving [64]. Furthermore, a proper management of network selection 

is needed, in order to avoid issues such as frequent and unnecessary handovers 

(i.e. the so-called ping-pong effect).  

Access network selection schemes can be user-centric or network-driven. 

In the user-centric approaches, the focus is on maximizing user QoE levels. 

However, this presents several limitations as users are only aware of their link 

quality, and have no information about the network load, which could clearly 

affect user perceived quality and induce instability due to frequent handovers. 

In the network-driven solutions, the objective is to maximize the network 

operator revenues and maintain high overall user satisfaction by avoiding 

network congestion and by selecting the optimum interface for each user. 

In this context, there is a need for a resource allocation mechanism to 

provide the highest available performance to the largest number of users 

possible. The presence of a multicast transmissions helps to obtain such a 

requirement, but at the cost of a compromise in terms of data-rate achieved by 

users within the multicast group. Generally, the methodology of resource 

allocation is to model it as an optimization problem whose objective function 

and constraints are determined by user requirements and network specifications. 

The objective function is usually referred to as utility function, which 

characterizes a user satisfaction when allocated given resources [71]. 

In this chapter the Hybrid Unicast-Multicast utility based Network 

Selection algorithm (HUMANS) is proposed, a network selection approach that 

exploits the benefits of multicast. In such an approach both bandwidth 

utilization (an operator priority) and the trade-off between quality and energy 
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consumption (a user priority) are considered in deciding how to deliver video 

content in a DenseNet. HUMANS, in taking access-related choices, considers 

the estimated energy consumption of the mobile device running a real-time 

video application, the estimated achievable data-rate, the utilized resources and 

the expected user satisfaction level. 

A major contribution is, thus, a mechanism allowing for a wise network 

selection choice, also considering a multicast group joining option, which at the 

same time meets users exigencies and enables a smart bandwidth management. 

 

2.3.1 Literature review 

On the one hand, the 5G DenseNet environment will provide increasing 

coverage and system capacity with respect to the current cellular networks. On 

the other hand, the DenseNet’s associated higher complexity exacerbates 

problems of interference coordination, power consumption, RRM and mobility 

management. In such a DenseNet scenario, there is a need for proper Network 

selection and resource allocation in order to meet both 5G requirements and 

user and market expectations in terms of, high QoE levels, increased power 

saving, reduced cost, etc. State-of-the art related to our research is discussed 

next, from the perspectives of network selection solutions and RRM algorithms 

in multicast transmissions. 

A hybrid multimedia delivery solution which balances the benefits of 

multimedia content adaptation and network selection in order to decrease power 

consumption in a heterogeneous wireless network environment, composed of 

UMTS and WLAN networks, was proposed in [64]. The trade-off between 

energy and quality has been considered via a utility function. Similar approaches 

have been introduced in [72] and [73]. In [72] authors propose an adaptive real-

time Multi-user access network selection load balancing algorithm, taking into 

account not only the real-time global traffic load on each network, but also 

considering the different classes of traffic. 

Whereas, the solution proposed in [73] combines several inputs such as 

power of the received signal, throughput, packet delay, cost-per-user, the 

requested type of traffic, and type of device. 
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In [74], authors propose a network selection solution based on a novel 

algorithm, which relies on the concept of Fittingness Factor (FF). The novel 

solution maximizes a function that reflects the suitability of the available 

spectrum resources to the application requirements. The selection is carried out 

by taking into account specific parameters and QoS metrics. The suitability of a 

network is determined by using the data bit rate required by the new flow and 

the bit rate that the network can support. 

Furthermore, in a DenseNet scenario with several small cells deployed, 

users are moving near the small cells and enter and exit in/from their coverage 

area with high frequency. This introduces additional issues such as unnecessary 

handovers with consequent reductions in terms of user QoE and system 

capacity. Authors in [75] propose a RAT selection algorithm that efficiently 

manages the RAT handover procedure by (i) choosing the most suitable RAT 

that guarantees high system and user performance, and (ii) reducing unnecessary 

handover events. They introduce a parameter named Reference Base Station 

Efficiency that considers the BS transmitted power, BS traffic load and user 

spectral efficiency. 

A different approach to avoid unnecessary handovers is a user mobility-

aware technique that takes into account users’ speed [48] [60]. The authors of 

[48] proposed a handover algorithm based on the user speed and QoS. The 

authors suggested that users with high speed do not need to handover, as they 

cross the coverage area fast and especially when avail from non-real-time 

services, as this is inefficient. Nevertheless, they did not consider any energy 

saving issue. An energy efficient handover algorithm is proposed in [60] with 

the aim to reduce power consumption and frequent and unnecessary handovers. 

Users’ speed is accounted for in order to allow only slow users performing 

handover. On the other hand, power saving is accomplished by decreasing the 

femtocell power transmission in particular conditions. However, the energy 

management proposed in [60] is network-side only, and does not consider 

mobile device power consumption, a key aspect for users. 

EMANS [63], instead, proposes an energy-saving network selection 

algorithm, which provides a good trade-off between energy consumption and 

perceived quality when delivering video content. EMANS includes a method to 
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adapt the delivered video stream bitrate according to the available network 

resources such as maintaining good user perceived quality levels. Furthermore, 

it also reduces the number of handovers in comparison with other state-of-the-

art approaches. 

All the works presented above deals with unicast transmission. 

Nevertheless, a dense 5G scenario should take into account also group-oriented 

transmissions. In such a solution, the selection of the most proper MCS with 

which serve all users is a challenging issue. A typical solution is represented 

by the conventional multicast scheme (CMS) where all the users within a 

multicast group are served with the lowest level MCS, representing users with 

worst channel condition [76]. 

The opportunistic multicasting [77] has been proposed in literature as a 

possible solution to overcome the typical limitations of the conservative 

approach and to efficiently exploit multi-user diversity, thus providing a more 

effective selection of the MCS based on the users channel information. CMS 

and OMS are both single-rate transmission modes, where the BS transmits 

to all users in each multicast group at the same rate. In Multi-rate, instead, the 

BS transmits to each user at different rates exploiting users frequency diversity, 

according to the heterogeneity of wireless channel. 

The work presented in [78] optimally forms multicast groups, based on 

the users data rate. Whereas, the authors of [79] propose an approach for Single-

Frequency Networks aiming to increase the aggregate datarate of the multicast 

group by pushing out of the transmission bad channel users, which are served 

through unicast transmissions. Nevertheless, differently from our work, this 

approach does not account for resource utilization and, like some other 

innovative works, may cause waste of resources. In a 5G scenario, where several 

users require high quality services, a big issue is the limited availability of radio 

resources. Multicast transmissions have become a solution for both increasing 

network capacity and improving spectral efficiency. Hybrid unicast-multicast 

approaches [80] can provide an efficient radio resource exploitation. Differently 

from previous works, this paper introduces a utility-based network selection 

algorithm, which takes into consideration hybrid unicast-multicast transmissions 

and balances energy consumption and quality for video deliveries in DenseNets. 
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Besides taking into account the trade-off between throughput and estimated 

energy consumption of the mobile device, the selection of the network is also 

affected by the radio resources required by the users, in order to achieve an 

efficient usage of radio spectrum. In particular, the approach proposed 

considers that users with good channel conditions, which consequently need 

less resources, could be served via unicast, whereas users with bad channels can 

be served via multicast.  

 

2.3.2 Scenario and System Model 

The reference scenario consists of a DenseNet scenario, represented by a 

LTE base station (eNB) and several small-range LTE femtocells (HeNB) under 

the same coverage area (Fig.  2.11). 

Multicast flows are activated within each cell belonging to the reference 

area. Users within this area access multimedia video content and pass through 

different cell coverages. In each overlapping point users need to select the most 

appropriate network to connect to. 

 

Fig.  2.11 - DenseNet environment with the presence of multicast groups 

In LTE systems [40], Orthogonal Frequency Multiple Access (OFDMA) 

and single carrier frequency division multiple access (SC-FDMA) are used to 

access the downlink and the uplink, respectively. The available radio spectrum 

is split into several Resource Blocks (RBs) and, in the frequency domain, each RB 

corresponds to 12 consecutive and equally spaced sub-carriers. One RB is the 
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smallest frequency resource that can be assigned to a user equipment (UE). The 

overall number of available RBs depends on the system bandwidth and can vary 

from 6 (1.4 MHz channel bandwidth) to 100 (20 Mhz). The eNodeB (eNB), 

which is the node that communicates with UEs, is in charge to assign the 

adequate number of RBs to each user. The packet scheduler properly manages 

the transmission parameters and the allocation of the 𝑩 RBs according to the 

Channel Quality Indicator (CQI) feedbacks received from the users. Based on 

the CQI received by each user, the transmission from the BS to the user is set 

with a given MCS. For each MCS level, a certain spectral efficiency is achieved 

by the transmission. The greater is the spectral efficiency, the lower is the 

number of RBs required to achieve a given datarate. It worth specifying that 

depending on the spectral efficiency guaranteed by the MCS assigned to that 

transmission, the frequency scheduler has to decide how many RBs should be 

assigned to the user.  

In case of multicast service, it is typically the UE that experiences the 

worst CQI that drives the MCS selection for the multicast transmission. It 

means that the multicast flow is delivered with very low spectral efficiency. On 

the other hand, during a multicast session all the bandwidth dedicated for the 

MBMS service could be assigned to the multicast transmission. Furthermore, it 

is worth noting that, according to the eMBMS standard [67], at least 40% of 

whole available bandwidth has to be dedicated to unicast transmissions. 

We consider a wireless network scenario where different types of small 

networks, e.g. femtocells, are deployed in an uncoordinated manner within a 

macro cellular coverage, as shown in Fig.  2.11. 

Let 𝑈 =  {𝑢𝑖|𝑖 = 1, … , 𝑛} the set of Users and 𝐶 =  {𝐶𝑗|𝑗 = 1, … , 𝑐} is 

the set of all cells of the scenario, and each cell 𝐶𝑗 can be either a eNodeB (i.e. a 

macrocell) or a HeNb (i.e. a small cell). Since the handover decision 

measurements are performed in the downlink direction, we focus on the 

transmission from a the generic cell 𝐶𝑗  to a generic UE 𝑢𝑖 . 

τ is the time interval (TTI) in between regular system updates. Every τ 

each i-th UE 𝑢𝑖 collects measurements from all cells which it is able to sense. 
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Network selection is then accomplished through computing of a utility 

function U (eq. 6) that takes into account the energy consumption of the mobile 

device when running real-time video applications, estimated network 

conditions, utilized resources and estimated user’s satisfaction level. 

The proposed Hybrid Unicast-Multicast utility-based Network Selection 

algorithm (HUMANS) is designed for DenseNet scenarios and is based on 

appropriate network selection carried out by users. Fig.  2.12 presents a step-

wise description of the algorithm phases. Each user first senses the neighbour 

cells and send the CQI of the respective downlink channel to all of them. 

According to the received CQI, each cell selects the most appropriate MCS level 

for the user, and announces the multicast service (eMBMS Service 

announcement).  

In such message is also included the MCS level of the multicast group. 

According to such information, the user performs the network selection as 

follow. 

 

 

Fig.  2.12 - “HUMANS” Procedures 
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Network selection is executed according to the utility function defined for 

each Radio Access Network (RAN) j by the following equation. 

𝑈𝑖 = 𝑢 𝑒𝑖

𝜔𝑒 × 𝑢 𝑞𝑖

𝜔𝑞   ×  𝑢 𝑠𝑖

𝜔𝑠 ×  𝑢 𝑏𝑖

𝜔𝑏          (6) 

Where 𝑈𝑖 is the overall score function for RAN j and 𝑢𝑒𝑖
, 𝑢𝑞𝑖

, 𝑢𝑠𝑖
, 𝑢𝑏𝑖

 are 

the utility functions defined for video service quality, device energy 

consumption, user satisfaction and radio resource usage, respectively. 

𝑤𝑒 , 𝑤𝑞 , 𝑤𝑠, 𝑤𝑏 , are weights for the considered criteria, representing the 

importance of the associated parameter in the decision algorithm, where 𝑤𝑒 +

𝑤𝑞 + 𝑤𝑠 + 𝑤𝑏 = 1. 

The equation (1) have been properly modified in order to exploit the 

benefit introduced by group-oriented communications.  

The novelty of the proposed approach is that it takes into account the 

multicast transmission as an additional option during the RAN selection. It 

means that, when sensing a new cell, each user exploits the opportunity to select 

either a unicast or a multicast transmission. In such a case if a user decides to 

join a multicast group following the evaluation of eq. (6), then it could suffer 

from a lower performance in terms of throughput. This is due to the level 

determined by the least channel gain user in the multicast group, because it is 

assumed that the scheduler implements the CMS scheme. On the other hand, 

higher radio resource savings will be achieved since the resources for the 

multicast group have been already reserved. Therefore, the user joining a 

multicast group does not introduce additional resource waste. In such a way, the 

system has more resources available, i.e. more users could be served. 

A zone-based quality sigmoid utility function [81] is used to map the 

throughput to user satisfaction. 

𝑢𝑞 (𝑇ℎ) = {

0

1 −  𝑒
−𝛼∗ 𝑇ℎ2

𝛽+𝑇ℎ

1

, 𝑇ℎ <  𝑇ℎ𝑚𝑖𝑛

, 𝑇ℎ𝑚𝑖𝑛 ≤ 𝑇ℎ <  𝑇ℎ𝑚𝑎𝑥

, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
    (7) 

The minimum throughput (Thmin) is a threshold to maintain the 

multimedia service at a minimum acceptable quality level, values below this 

threshold result in unacceptable quality levels. Whereas values above the 
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maximum throughput (Thmax) threshold will not add any noticeable 

improvements in the user perceived quality. The quality utility has values in the 

[0,1] interval and no unit. In order to determine the exact shape of the utility 

function the values of and need to be calculated. Knowing that: (i) for 

Thmax=3500 kbps the utility has its maximum value; (ii) Threq=250 kpbs; and are 

determined by performing some mathematical computations of [81] and their 

values are 1.64 and 0.86, respectively.  

The estimated energy consumption for a real-time application is 

computed using equation (8), as defined in [61]: 

𝐸 = 𝑡 (𝑟𝑡 + 𝑇ℎ𝑟𝑒𝑐 ∗ 𝑟𝑑)           (8) 

where t represents the transaction time, which can be estimated from the 

duration of the video stream; rt is the mobile device’s energy consumption per 

unit of time (W), Threc is the received throughput (kbps), rd is energy consumption 

rate for data/received stream (J/Kbyte), and E is the total energy consumed (J). 

The parameters rt and rd can be determined by running different measurements 

for various amounts of data and defining an energy consumption pattern for 

each interface (LTE, WiFi) [82].  They were determined by running different 

simulations for various amounts of multimedia data (i.e., quality levels) while 

measuring the corresponding energy levels and then used to define the energy 

consumption pattern for each interface/scenario [81]. Based on the estimated 

energy consumption E, the utility for the energy criteria ue is computed using 

Eq. (9) [62]:  

𝑢𝑒 (𝐸) = {

1
𝐸𝑚𝑎𝑥−𝐸

𝐸𝑚𝑎𝑥− 𝐸𝑚𝑖𝑛

0

  
, 𝐸 <  𝐸𝑚𝑖𝑛

, 𝐸𝑚𝑖𝑛 ≤ 𝐸 <  𝐸𝑚𝑎𝑥

, 𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒
          (9) 

Where 𝐸𝑚𝑖𝑛 and 𝐸𝑚𝑎𝑥 are computed considering Thmin and Thmax, 

respectively. 

The user satisfaction utility function us is defined as the ratio between the 

datarate received and the datarate required by the user. 

𝑢𝑠 =
𝑇ℎ𝑟𝑒𝑐

 𝑇ℎ𝑟𝑒𝑞
     (10) 
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Obviously, the satisfaction achieved by users connected via unicast is, on 

average, closer to the value of 1 since the eNB tries to assign users all RBs they 

need. Oppositely, the satisfaction of users connected via multicast is affected by 

users with worse channel gain. Finally, the bandwidth utilization utility reflects 

the amount of resources used by the user in the context of the total amount of 

available resources. 

The utility is calculated as the ratio between the new RBs used by the user 

and the number of available RBs in the cell for the corresponding type of 

transmission (i.e. unicast or multicast). 

𝑢𝑏 = 1 −  
𝑅𝐵𝑢𝑠𝑒𝑑

𝑅𝐵𝑎𝑣𝑎𝑖𝑙
      (11) 

In case of a multicast transmission such a percentage is equal to zero. 

Indeed, if a user joins a multicast group, no more resources are used by the cell. 

In such a way, radio resources could be saved and, therefore, also the capacity 

of the system could be increased. The greater is 𝑢𝑏, the higher is the efficiency 

of the bandwidth utilization.  

Eq. (10) and eq. (11) together represent the two factors that differentiate 

the selection between unicast and multicast transmission within a cell.  

 

2.4 Performance Evaluation 

An extensive numerical evaluation is conducted by using Matlab. The 

performance analysis is performed following the guidelines for the LTE system 

model in [83]. The main simulation parameters are listed in Table I. The 

parameters for the LTE system are set according to [40]. 

Simulations have considered a reference scenario where several LTE 

femtocells are deployed within the coverage of a LTE macrocell. The coverage 

area of the Macrocell is 500x500 m. The number of the small cells within the 

macrocell varies from 10 to 60. A dense urban scenario was considered where 

users are free to move according to Random Waypoint Mobility model [31]. 

Users’ speed values are uniformly distributed within the interval from 3 km/h 

to 60 km/h. The simulations are carried out in a time interval of 3 minutes, with 

users downloading a real-time video. 
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HUMANS algorithm performance is compared with that of E-PoFANS 

[10] and EMANS [18]. Furthermore, in the presented simulation campaign, the 

weights of all four utility functions are considered the same (i.e., equal to 0,25). 

To compare the three algorithms and to simulate the dense scenario of 

the emerging 5G systems, simulation campaigns have been carried out in 

different network load conditions. 

The algorithms performance has been computed every TTI, i.e., the 

throughput received 𝑇ℎ𝑟𝑒𝑐 by users and the relative energy consumption have 

been recorded in each TTI of the simulation. 

Simulation results, indeed, have been evaluated in High density or Low 

density conditions (i.e. both users density and femtocells density). The number 

of users has been varied from 20 to 1000. The following simulation metrics have 

been considered: 

 Average throughput: the average quality transmission accomplished to 

users; 

 Aggregate Data rate (ADR): the sum of the throughput of the users among 

overall system; 

 Estimated Energy Consumption: the estimated energy consumption of the 

devices when downloading a video flow; 

 User Satisfaction: the satisfaction perceived by users in terms of the ratio 

between the datarate received and the datarate required by each user; 

 Percentage of served users: the measure of how efficiently the algorithms 

work in terms of system capacity; 

 Percentage of resource usage: the measure of the efficiency of the algorithms 

in order to save resources. The lower is this metrics, the higher the 

performance; 

 CQI variation: the distribution of users with different CQIs among 

multicast and unicast transmissions.  

It is worth noting that the energy consumption of each user has been 

calculated according to eq. (8) at every TTI. 𝑇ℎ𝑟𝑒𝑐 is the throughput received 

by users in the given TTI and t is the duration of the TTI. 
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Table 8 - Main Simulation Parameters 

Low Density conditions. In this Section the performance of the three 

algorithms in low density conditions are presented. Simulation results are shown 

in the case of 10 small cells within the macrocell. The analysis has been carried 

out with users moving at different speeds from pedestrian (i.e. 3 kmph) to low 

vehicular speed (i.e., from 30 to 60 kmph) in a dense urban scenario.  

Fig.  2.13 shows the average throughput received by users. The proposed 

HUMANS algorithm outperforms the other ones, guaranteeing a relatively 

constant trend even when increasing the number of users within the reference 

area. 

This is due to the presence of the multicast groups, whose users are always 

served with the same number of RBs and with the minimum CQI experienced 

by group members. At the same time both E-PoFANS and EMANS experience 

a decrease in their performance with an increasing number of users, as these two 

algorithms use only unicast transmissions. This is expected because the 

availability of resources decreases when increasing the network load. The system 

ADR achieved by the algorithms is shown in Fig.  2.14. Exploiting multicast 

communications allows HUMANS algorithm to increase the ADR of the system 

when increasing the number of users. 

Indeed, each new user contribute to add rate to the system ADR. Whereas 

the other two algorithms saturate after around 200 users within the system. 
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Fig.  2.13 - Average Throughput – Low Density 
 

 

Fig.  2.14 – ADR – Low Density 
 

According to eq. (6), also the estimated device energy consumption has to 

be taken into account (Fig.  2.15). For all algorithms, the highest energy 

consumption is met with few users in the system. That is because there are 

enough resources to serve users requiring higher datarate and greater resources, 

consequently consuming more energy. Compared to other algorithms, 

HUMANS achieves a gain ranging from 4% to 9% with respect to ePoFANS, 

whereas it gains up to 4% against EMANS with a few users in the system.  

Following the average throughput trend, the user satisfaction (Fig.  2.16) 

achieved by HUMANS is always high (i.e., around 80%), whereas the users 

satisfaction decreases with the number of users when adopting the two other 
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algorithms. This is due to the limited amount of resources for unicast 

transmissions considered in both EMANS and ePoFANS.  

 

Fig.  2.15 - Devices Energy Consumption – Low Density 

 

Fig.  2.16 - Users Satisfaction – Low Density 

However, the strength of HUMANS is illustrated in both Fig.  2.17 and 

Fig.  2.18. The former shows how the proposed solution is able to serve all users 

requiring access to the video flow. This is due to the intrinsic behaviour of the 

multicast approach, which can serve all users. Whereas, the two other algorithms 

have a limited capacity as they serve users via unicast only. At the same time, 

HUMANS also achieves resource utilization savings between 25% and 15% 

compared to both EMANS and ePoFANS when increasing the density of the 

network in terms of number of users. 
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Fig.  2.17 - Percentage Of Served Users – Low Density 

 

Fig.  2.18 - Percentage Of Resource Usage – Low Density 

High-density conditions. The performance of the proposed algorithm 

has been evaluated also in a high density scenario, when the number of small 

cells within the macrocell increases to 60. 

Fig.  2.19 shows the average throughput received by users in this high 

density scenario. Similar to the low density case, HUMANS outperforms the 

other solutions it is compared against. Nevertheless, with few users E-PoFANS 

has still a very good performance as, in these conditions, the high number of 

cells deployed provides enough resources to satisfy all user requests. However, 

E-PoFANS and EMANS decrease their performance with the increasing 
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number of users. This happens as these algorithms employ unicast transmissions 

only and an increase in the offered load adversely affects their performance. 

Fig.  2.20 shows the ADR of the whole system for users in High density 

scenarios. At a certain point (500 users) EMANS and E-PoFANS do not bring 

any additional improvements, whereas HUMANS continues to follow the 

growing ADR. This is because multicast transmissions allow all users requiring 

the service to receive it with no additional resource requirements. Indeed, as 

shown in Fig. 4(e) HUMANS provides overall coverage to all users in the 

system. On the contrary, EMANS and E-PoFANS suffer from high user outage 

when increasing the overall number of users. 

 

Fig.  2.19 - Average Throughput – High Density 

 

Fig.  2.20 - ADR – High Density 
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In the High density scenario, the performance of HUMANS in terms of 

energy consumption (Fig.  2.21) shows a degradation with respect to the other 

algorithms. Since there are many more resource available for users, both 

EMANS and e-PoFANS are able to serve more users with lower datarate, and 

consequently low energy consumption, with respect to the low density scenario. 

On the other hand, in HUMANS case, the unicast component is more 

prominent just because more resources are available, thus consuming more 

energy.  

Whereas, as for users satisfaction (Fig.  2.22), HUMANS maintains the 

same trend of the low Density scenario, as expected, with higher achievable 

values (i.e., around and 95%). Increasing the available resources in the system 

allows the other two algorithms to achieve a performance closer to HUMANS, 

but only with a few users in the system. When increasing the number of users, 

simulation results show that HUMANS gains up to 65% (with 1000 users). 

 

Fig.  2.21 - Devices Energy Consumption – High Density 
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Fig.  2.22 - Users Satisfaction – High Density 

 

All the above considerations are the result of a different behaviour of the 

algorithms in terms of resource usage (Fig.  2.23). Since multicast transmission 

consumes many RBs, resource utilization is better for EMANS and E-PoFANS 

algorithms with a few users in the system. On the other hand, when increasing 

the number of users, these two algorithms use all the available resources, thus 

reaching saturation, which leads to the high outage percentage illustrated in Fig.  

2.24. Furthermore, as expected, in a high density scenario the increasing number 

of cells leads to a consequent overall improvement in the performance of all 

algorithms thanks to the greater number of resources available. 

 

Fig.  2.23 - Percentage Of Resource Usage – High Density 
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Fig.  2.24 - Percentage Of Served Users – High  Density 

CQI distribution. The final discussion is about distribution of user CQI 

levels between multicast and unicast transmissions. Results are presented in Fig. 

2.25, where the percentage of users served for each value of CQI is shown, for 

each kind of transmission (multicast and unicast). In all cases unicast 

transmission is activated to users with high CQI levels (i.e., in good channel 

condition) only. This is because users in good channel condition require a few 

RBs, whereas users experiencing bad channel conditions need more resources 

to obtain the required datarate. In HUMANS, the users with lower CQI levels 

are served via multicast transmissions and this has a double advantage: (i) they 

do not waste additional resources and (ii) make use of multicast flows (i.e. they 

receive all the RBs dedicated to the multicast group). Therefore, thanks to this 

approach, users requiring many resources that cannot be served if an only-

unicast oriented algorithm is implemented, can always receive the video service, 

especially when the system is in high load conditions. 

Fig. 2.25 best depicts the objective of the proposed HUMANS, which is to 

guarantee an increasing user capacity either by using the multicast or by saving 

resources. It is demonstrated HUMANS provide such benefit independently by 

neither the number of users nor the femtocells density within the system (e.g.,  
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the plot are depicted with both high- and low-amount of either users or BSs).  

HUMANS considers bandwidth utilization and the trade-off between 

quality and energy consumption when delivering video in DenseNet scenarios. 

A major contribution of HUMANS is the consideration of joining a multicast 

group as a possible option in the network selection process, thus allowing for 

smart bandwidth management. HUMANS serves users with good channel 

conditions via unicast transmissions and the remaining users via multicast. 

Performance evaluation carried out in low- and high-density scenarios, 

demonstrate how the proposed hybrid unicast-multicast approach provides a 

significant improvement in terms of capacity and radio resource utilization in 

comparison with other unicast-only solutions. The performance gain is much 

higher when user density increases within a system, thus providing an interesting 

solution for the emerging dense 5G systems. 

 

Fig.  2.25 - Users' CQI Distribution - High Mobility 
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3 RRM over 5G multicast – Single Frequency 
Networks 

 

 

 

 

With the advent of Long Term Evolution (LTE), evolved-MBMS 

(eMBMS) has been introduced in the 3GPP Release 9 [84]. According to the 

current literature, it is foreseen that PtM transmissions will play a key role over 

5G Wireless Networks [11], therefore the emerging 5G systems seem to be the 

most promising systems to better satisfy the eMBMS requirements [67]. In 

eMBMS, the Modulation and Coding Scheme (MCS) is selected on a per-group 

basis; in this way, in order to serve all users within the group, the choice of 

multicast/broadcast transmission parameters is affected by users with the 

poorest channel conditions. As cell-edge users require a transmission with a 

robust MCS, and thus poor spectral efficiency, the increase of system efficiency 

becomes a challenging issue. Several approaches have been investigated to 

handle the increasing number of smart devices and to manage the radio 

resources. The conservative approach [76] is the basic solution for Radio 

Resource Management (RRM). It consists of delivering the content to all users 

with a robust MCS. The conventional transmission guarantees fairness, but it 

suffers from poor spectral efficiency, low throughput and high users’ 

dissatisfaction. On the other hand, the opportunistic approach [77] tries to 

overcome the throughput limitation by serving the set of users with better 

channel conditions. At the 

same time, this approach is affected by short term fairness. The trade-off 

between throughput and fairness is achieved with the subgrouping approach 

[78], where users are grouped in different subgroups served with different 

MCSs. 

In order to improve the efficiency of eMBMS, MBMS Single Frequency 

Networks (MBSFN) has been introduced by 3GPP in Release 7 [85]. In the 

MBSFN the same content is transmitted at the same time within several cells, 
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by exploiting the same radio resources. Such cells are coordinated to achieve a 

MBSFN Transmission and are grouped forming a MBSFN Area [40]. 

Furthermore, the base stations (named as eNBs) of a given MBSFN Area need 

to be synchronized both in the time and in the frequency domain in order to 

make cell-edge receivers perceive the transmissions from different eNBs as 

broadcasted by a single base station. Then, the multipath phenomena is 

exploited to generate constructive interference at the receiver. Therefore, cell-

edge users experience an improved quality by combining the video flows replies. 

The process for the selection of the cells belonging to the same MBSFN 

Area is known as MBSFN Area Formation. When performing the MBSFN Area 

Formation process, several issues have to be faced, such as the choice of cells 

to group, the selection of contents to broadcast and users to include, the 

management of radio resources, and so on. These aspects make MBSFN Area 

Formation be a tough issue to solve.  

This chapter provides a new contribution about RRM over 5G multicast 

dealing with MBSFN area formation issue. In the next sections, we first presents 

a brief description of MBSFN and then present a dynamic MBSFN area 

formation algorithm. 

 

3.1 MBSFN 

In a MBMS transmission, cell-edge users suffer from both signal 

attenuations due to path loss and interference from transmissions of neighbour 

cells. Thus, it would be necessary to largely increase the amount of radio 

resources required for each service [1]. To overcome these limitations, in Release 

7 [85] the 3GPP introduces MBSFN, that represents the best exploitation of the 

Single Frequency Network concept for MBMS. MBSFN stands for MBMS 

Single Frequency Network and consists of procedures, which allow the 

transmission of the same signal at the same time on the same radio resources.  

All cells, instead of avoiding interference between their respective 

transmissions by using non-overlapping frequencies, use the same frequency for 

broadcasting services. Signals, coming from multiple sources, are viewed as 

several components of the same signal reaching the receiver from different 
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paths within the CP (Cyclic Prefix) to avoid Inter-Symbol Interference (ISI). 

The CP is introduced because of the different time delay due to the distance of 

the UE from eNBs. Therefore, eNBs synchronisation is the main requirement 

to enable the receiver to process signals, which appear as multiple signal versions 

of multipath propagation. Thus, components constructively interfere and let the 

signal combine and be enhanced at the receiver. In this way, MBSFN 

transmission is seen as a single one by a UE. 

MBSFN provides the following benefits [86]: 

 Better cell-edge performance by increasing the received signal level; 

 More consistent user experience: signals, received from synchronised 

neighbouring cells, do not appear as interference but are received as 

constructive signals, letting the whole network behave as a \single cell";  

 Higher overall efficiency thanks to the better cell-edge performance; 

 Increased spectral efficiency because the enhanced SINR compared to 

the unicast transmission.  

In Release 9 TS 36.300 [40] the 3GPP introduces the following definitions 

dealing with MBSFN: 

MBSFN Synchronization Area: an area of the network where all eNBs can 

be synchronized and perform MBSFN transmissions. MBSFN Synchronization 

Areas are capable of supporting one or more MBSFN Areas. On a given 

frequency layer, a eNB can only belong to one MBSFN Synchronization Area. 

MBSFN Synchronization Areas are independent from the definition of MBMS 

Service Area. 

MBSFN Transmission or a transmission in MBSFN mode: a simulcast 

transmission technique realised by transmission of identical waveforms at the 

same time from multiple cells. An MBSFN Transmission from multiple cells 

within the MBSFN Area is seen as a single transmission by a UE. 

MBSFN Area: an MBSFN Area consists of a group of cells within an 

MBSFN Synchronization Area of a network, which are co-ordinated to achieve 

an MBSFN Transmission. Except for the MBSFN Area Reserved Cells, all cells 

within an MBSFN Area contribute to the MBSFN Transmission and advertise 
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its availability. A cell within an MBSFN Synchronization Area belongs to only 

one MBSFN Area for all MBMS services. 

MBSFN Area Reserved Cell: A cell within a MBSFN Area, which does not 

contribute to the MBSFN Transmission. The cell may be allowed to transmit 

for other services but at restricted power on the resource allocated for the 

MBSFN transmission e.g. PTP for users at the centre of the cell. 

So, according to the standard, an MBSFN Area consists of a group of 

cells, synchronized in time to achieve an MBSFN transmission and is generally 

compact without any hole, but it may exclude from the MBSFN transmission 

some cells, known as MBSFN Area Reserved Cells [87]. One or more MBSFN 

Areas, overlapping in space, form a larger MBSFN Synchronisation Area [88], 

which is defined as the region where all eNBs are synchronised in time to 

perform MBSFN transmissions and its size can vary greatly, from a few cells 

serving a stadium to many cells delivering content to an entire country. An 

MBSFN area is included in one MBSFN Synchronisation Area. An eNB can 

only belong to one MBSFN Synchronization Area. As MBSFN synchronization 

areas can be larger than MBSFN area, a cell can then belong to several MBSFN 

areas (at a time a single cell can be a part of 8 MBSFN Areas). MBMS Service 

Area is defined as the region within which it is transmitted the same content [2]. 

It comprises of one or more cells. 

E-MBMS introduces efficiency, scalability and flexibility and is favourably 

looked by operators for the following reasons: 

 Reusable LTE infrastructure; 

 High-SNR achieved by combining at user the level of signals 

from eNBs belonging to the same MBSFN;  

 Hundreds and thousands of reachable users simultaneously by 

employing the same radio resources as for a single user. 

However, in the literature several challenges exist. Among them, there are 

issues related to physical-layer (i.e. the best approach for the selection of the 

MCS utilised to improve the spectral efficiency in the transmission of MBSFN 

data, etc.) and radio resource management (i.e. choose the best algorithm for 

radio resource allocation to optimise system throughput or the advantages of 

broadcast with the respect to unicast, etc.).  
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Furthermore, there is another work [89] dealing with the effect of the 

MBSFN area on the coverage. In particular, the MBSFN operation is designed 

to increase the range of coverage. Thanks to MBSFN, the mean SINR is 

increased and interference is decreased. The result is a better coverage level, 

which depends on the MBSFN area size, which is the number of synchronised 

cell providing the same data on the same radio resources. Therefore, users have 

a better coverage level when receiving the same signal from a greater number of 

cells.  

However, by increasing MBSFN area size there is a lower flexibility to 

adapt contents to different geographical areas. Also [90] demonstrates that an 

improvement in the performance of UEs is achieved by increasing the MBSFN 

area. This study provides how to dynamically cluster MBSFN areas with a 

method based on the CQI received from UEs, modifying the size of areas 

according to the dynamic state of users radio channel. 

Furthermore, adapting the size of the MBSFN area (adding or removing 

cells to or from it) allows the system to optimise radio resources in order to 

satisfy users QoS requirements. 

A fundamental aspect scarcely treated in the literature is MBSFN area 

formation. [91] presents a model for broadcasting in LTE networks. The 

approach introduced consists in two main tasks: 

 Assigning the cells to the areas; 

 Deciding the content to broadcast in each area. 

In general, different cells have different demand for different content, but 

this solution is infeasible because the maximum number of areas that can be 

created is 256 and undesirable because of the inter-area interference among 

neighbouring areas. In MBSFN, there is no interference between cells belonging 

to the same area.  

The idea is to put neighbouring cell with similar content popularity in the 

same area and serve only the content that is popular in both cells. 

Thus, the merge and the grow approaches are followed. The former starts 

from assigning a cell per area and merging neighbouring areas in order to 

maximise the performance improvement. The algorithm stops when reaching 

the maximum number of areas and merging more pairs of areas cannot increase 
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the performance. The latter is more complex than the previous one, but it 

introduces a higher level of flexibility. It is selected a cell and created a new area 

containing only this cell. Then, the new area is grown by adding a new cell. 

Among the neighbouring cells, the one that is more profitable to add is chosen. 

If there is not profit, there are no more cells to add to the area and a new area 

is created.  

In the next section, a dynamic MBSFN area formation is presented, with 

the aim to enhance the performance of the system in terms of overall system 

data rate.  

 

3.2 Dynamic MBSFN Area Formation (DMAF) Algorithm for 
Multicast Service Delivery in 5G Wireless Networks 

In this chapter, we propose a Dynamic MBSFN Area Formation 

(hereinafter referred to as “DMAF”) algorithm that dynamically creates MBSFN 

Areas with the aim to increase the system Aggregate Data Rate (ADR), under 

the constraint that all users must be served through the MBSFN transmission. 

Differently from SCF algorithm where users with poor channel 

conditions are served via unicast link, the main idea behind DMAF is to cluster 

MBSFN Areas by treating them like multicast subgroups. Indeed, the 

subgrouping approach is applied to DMAF algorithm in order to form either 

disjoint or overlapping MBSFN Areas. In the former case a single video flow is 

delivered within the Area. Whereas, in the latter case, a Base Layer is delivered 

to all users and only users able to support higher MCS receive Enhancement 

Layers. This allows improving the video quality perceived by the best users. 

DMAF further enhances the system performance by: (i) exploiting the multi-

rate approach of subgrouping; (ii) choosing the best MBSFN Area configuration 

for increasing the ADR; (iii) performing dynamic radio resource allocation for 

an efficient spectrum utilization; (iv) guaranteeing total coverage with 100% 

served users. Results provided through simulations demonstrate the 

effectiveness of the proposed algorithm, which improves the MBSFN Area 

Formation approaches already existing in the literature. 
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3.2.1 Literature review 

Multicast/Broadcast transmissions feature a wide range of applications by 

playing an important role in 5G wireless systems. In the eMBMS architecture , 

the periodic users’ Channel Quality Indicator (CQI) feedback determines the 

MCS level for multicast traffic delivery by the eNB towards the user. Therefore, 

the evaluation of users’ channel conditions is needed to select the adequate 

transmission parameters for the content broadcasting. In the literature, different 

RRM per-group-based schemes are proposed and classified according to the 

followed approaches: conservative, opportunistic and subgrouping. The 

Conventional Multicast Scheme (CMS) [76] broadcasts the content to all the 

multicast users with the same data rate and, so it is a very fair policy. At the same 

time, the conventional schemes are characterized by low spectral efficiency, 

affected by the user with poor channel condition. 

On the other hand, the Opportunistic Multicast Scheme (OMS) [77] 

improves the spectral efficiency by privileging the service of the users with the 

highest CQI. This technique is affected by short-term fairness, although long-

term fairness can be achieved. Between these two opposite approaches, 

multicast subgroup-based approaches have been introduced to overcome 

limitations on fairness and throughput. The Multicast Subgrouping scheme [78] 

consists of splitting users in different subgroups and serving all of them with the 

appropriate MCS. Therefore, the negative effects due to users with worst 

channel conditions are minimized. As Multicast Subgrouping scheme attains a 

good trade-off between fairness and throughput, the proposed work is based on 

the subgrouping policy by exploiting the multi-rate approach. 

MBSFN introduces other issues to eMBMS RRM like the MBSFN Area 

Formation [40]. However, as the best of our knowledge, few works consider 

how to group cells within MBSFN areas and which content should be 

broadcasted. Indeed, both [91] and [92] do not consider MBSFN Area 

formation, but focus on the best MBSFNs configuration in terms of 

performance. In [91], results show that performance improve with the 

increasing of the number of areas. Nevertheless, the algorithm only maximizes 

coverage and neglects the system throughput. Whereas, the work proposed in 
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[92] provide better performance with the increasing of MBSFN area size when 

the minimum separation among eNBs gets higher. A legacy approach defined 

by the 3GPP [93] considers that all cells involved in the MBSFN transmission 

statically form a single MBSFN Area. Nevertheless, such an approach does not 

consider neither any users’ diversity nor users’ content interests. 

Differently from the legacy approach, Single Cell Point-to-Multipoint 

(SC-PtM) [94] supports eMBMS over single cell and dynamically adjusts the 

MBSFN Area cell by cell. With SC-PtM the number of MBSFN Areas in a 

Synchronization Area is the same as the number of cell. However, this approach 

does not fully exploit SFN benefits. In this optic, a dynamic approach, named 

Single-Content Fusion (SCF) [79] have been proposed for both MBSFN Area 

Formation and for determining the content to be broadcasted, considering 

users’ interests. The MBSFN Area Formation is dynamically carried out by 

taking into account the content to broadcast, in order to maximise the overall 

throughput by using both multicast and unicast transmissions. In particular, SCF 

increases the minimum MCS level of the MBSFN Transmission and serve users 

with a lower CQI through unicast link.  

By doing so, SCF handles a mixed unicast and multicast traffic by 

dedicating up to 60 percent of the available Radio Resources to MBMS 

transmission and the remaining 40 percent to unicast ones, following the 

3GPPP standard constraint [67]. Nevertheless, this constraint has been removed 

in Release 14 [95], thus allowing to dedicate up to 100 percent of resources to 

eMBMS service, in order to support both static and dynamic resource allocation 

balancing between unicast and broadcast/multicast transmissions. SCF follows 

an approach that considers a fixed threshold when splitting the resources 

between unicast and multicast services. Different works deal with such a kind 

of balancing. The approach proposed in [96] takes into account Signal-to-Noise 

Ratio (SNR) threshold values only, not strongly correlated with system capacity, 

and no minimum performance guarantees are assured to unicast or multicast 

services. A comparison between unicast and multicast transmission is presented 

also in [97], where the authors have determined switching thresholds, as a 

function of the number of users per cell, to switch between unicast and multicast 

modality for downloading or streaming services. Differently from there works, 
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authors in [80] present a dynamic approach that makes use of a channel-aware 

subgrouping principle to provide fair throughput to both unicast and multicast 

users. The idea is to assign unicast subscribers to a virtual group, thus allowing 

them to compete for network resources on an equal footing with multicast users.  

The balancing between unicast and multicast is not the core of our 

proposal, nevertheless, in order to compare DMAF with other works, we 

considered fixed threshold between the two services. 

One of the most recent work dealing with dynamic area formation is [98]. 

It maximises users’ QoE, firstly considering UEs’ display capabilities. 

Nevertheless, this work does not consider either dynamic radio resource 

allocation for eMBMS or the overall system throughput. 

The contribution provided by this proposal is an algorithm that tries to 

overcome the limitations of both the 3GPP legacy approach [93] and Single Cell 

Point-to-Multipoint (SC-PtM) scheme [94] by dynamically creating MBSFN 

Areas. DMAF exploits the multi-rate approach [78], thus providing the double 

advantage to minimize cell-edge users’ negative effects and to improve the 

perceived video quality of users with best channel condition by delivering 

Enhancement Layers. Furthermore, Dynamic Radio Resource Allocation is 

performed for reducing resource waste and for further enhancing the system 

ADR. 

 

3.2.2 System Model 

In this work, we consider a MBSFN scenario, in which a set C of cells, 

deployed in a coordinated manner within a Synchronization Area, is interested 

to the same content. A Synchronization Area [40] may include one or more 

MBSFN Areas coordinated to achieve an MBSFN Transmission. Let us denote 

by 𝑀 the set of all MBSFN Areas activated over the Synchronization Area. Each 

MBSFN Area 𝑚 ∈ 𝑀 consists in adjacent cells, which broadcast the same 

content at the same time over the same set of radio resources. The available 

radio resources are managed in terms of Resource Blocks (RBs) where each RB 

corresponds to 12 consecutive and equally spaced sub-carriers. One RB is the 

smallest frequency resource that can be assigned to a UE. The overall number 
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of available RBs depends on the system bandwidth configuration and can vary 

between 6 and 100, for a bandwidth of 1.4 MHz and 20 MHz, respectively. 

The proposed DMAF algorithm exploits the multicast subgrouping 

technique [78] jointly with Scalable Video Coding (SVC) [99] that produces 

more video substreams of different quality, namely, a Base Layer (BL) at 

standard quality, and an Enhancement Layer (EL) at enhanced quality (i.e., with 

MCS level or frame rate).  According to [100], the optimal subgroup 

configuration that maximizes the system ADR has always to be searched 

between a single or two-subgroups configuration. Therefore, each substream is 

delivered to a different MBSFN Area, respectively called as BL MBSFN Area 

(including all cells broadcasting the Base Layer) and EL MBSFN Area (including 

all cells broadcasting the Enhancement Layer). In order to avoid interference, a 

different set of RBs is used in each overlapping Area. If the two areas overlap 

(i.e., one or more cells belong to both areas), the available bandwidth is split 

between BL and EL MBSFN Areas. SVC will allow users belonging to EL 

MBSFN Area to also decode the content provided by BL MBSFN Area, thus 

increasing their datarate. 

Let RB be the available amount of radio resources within a cell. We denote 

𝑅𝐵𝐵𝐿 and 𝑅𝐵𝐸𝐿  the amount of RBs assigned to the Base Layer and to the 

Enhancement Layer, respectively. 

Let U be the set of users interested to the broadcasted content. Each UE 

transmits its Channel Quality Indicator (CQI) feedback to the eNodeB. The 

CQI is associated to the maximum supported Modulation and Coding Scheme 

(MCS) [40] according to LTE-A standard, as reported in Table 9. 

In case of eMBMS, the user with the worst CQI determines the selection 

of the MCS for the broadcast/multicast transmission. In order to create MBSFN 

Areas, to properly allocate Radio Resources and to successfully exploit SVC, the 

proposed algorithm must meet a number of constraints, briefly discussed as 

follows. 

 

(i) MBSFN Area Constraints: 

  We introduce the binary variable 𝑦𝑐,𝑚 with 𝑐 =  {1 , … , 𝐶} and 

𝑚 =  {1 , … , 𝑀}, such that 
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𝑦𝑐,𝑚 =  {
1,
0,

  𝑖𝑓 𝑡ℎ𝑒 𝑐−𝑡ℎ 𝑐𝑒𝑙𝑙 𝑏𝑒𝑙𝑜𝑛𝑔𝑠 𝑡𝑜 𝑡ℎ𝑒 𝑚−𝑡ℎ 𝑀𝐵𝑆𝐹𝑁 𝑎𝑟𝑒𝑎
𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

   (12) 

  A cell shall belong to at most 8 MBSFN Areas: 

∑ 𝑦𝑐,𝑚 ≤ 8       ∀ 𝑐 ∈ 𝐶𝑚 ∈𝑀  (13) 

  Within a Synchronization Area, there shall be at most 256 MBSFN 

Areas: 

|𝑀|  ≤ 256        (14) 

 

(ii) Resource Constraints 

  The RBs allocated shall not exceed the number of those available:  

(|𝑅𝐵𝑚,𝐵𝐿| + |𝑅𝐵𝑚,𝐸𝐿|)  ≤  |𝑅𝐵𝑚| ∀ 𝑚 ∈ 𝑀     (15) 

(iii) Layer Constraints 

  The Base Layer shall be delivered to all the users of a given 

MBSFN Area 

𝑈𝑚,𝐵𝐿 =  𝑈𝑚, ∀ 𝑚 ∈ 𝑀  (16) 

Where 𝑈𝑚,𝐵𝐿 is the set of users in the m-th MBSFN Area receiving 

the Base Layer. 

 Finally, all users who support the MCS assigned to the area for the 

transmission of the Enhancement Layer shall be selected to receive 

such a layer. They shall be already scheduled for the reception of 

the Base Layer:  

𝑈𝑚,𝐸𝐿  ⊆ 𝑈𝑚,𝐵𝐿 , ∀ 𝑚 ∈ 𝑀     (17) 

Where 𝑈𝑚,𝐸𝐿 is the set of users in the m-th MBSFN Area receiving 

the Enhancement Layer.  

The proposal idea is to create MBSFN Areas that meet the above 

constraints in order to maximize the system Aggregate Data Rate (ADR) by 

dynamically performing resource allocation.  

Given a set 𝑀 of MBSFN Areas, the ADR per frame is given by: 
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𝐴𝐷𝑅 =  ∑ ((𝐴𝐷𝑅𝑚,𝐿 +  𝐴𝐷𝑅𝑚,𝐸𝐿) + 𝐴𝐷𝑅𝑚)𝑚 ∈𝑀        (18) 

Where  

𝐴𝐷𝑅𝑚,𝐵𝐿 =  ∑ 𝑅𝑚𝑖𝑛𝐶𝑄𝐼(𝑈𝑚,𝐵𝐿) × |𝑅𝐵𝑚,𝐵𝐿|𝑢𝑏𝑙∈𝑈𝑚,𝐵𝐿
  ∀ 𝑚 ∈ 𝑀   (19), is 

the aggregate datarate of users receiving the BL,  

𝐴𝐷𝑅𝑚,𝐸𝐿 =  ∑ 𝑅𝑚𝑖𝑛𝐶𝑄𝐼(𝑈𝑚,𝐸𝐿) × |𝑅𝐵𝑚,𝐸𝐿|𝑢𝑒𝑙∈𝑈𝑚,𝐸𝐿
  ∀ 𝑚 ∈ 𝑀 (20), is 

the sum of data rates achieved by the EL delivery and 

𝐴𝐷𝑅𝑚 =  ∑ 𝑅𝑚𝑖𝑛𝐶𝑄𝐼(𝑈𝑚) ×  |𝑅𝐵|𝑢∈𝑈𝑚
  ∀ 𝑚 ∈ 𝑀 (21), is the aggregate 

data rate of users within each disjoint m MBSN area. It is worth remarking that 

in case of overlapping Areas, 𝐴𝐷𝑅𝑚  = 0. Whereas, in case of disjoint Areas, 

𝐴𝐷𝑅𝑚,𝐵𝐿 =  𝐴𝐷𝑅𝑚,𝐸𝐿 = 0. 

Therefore, the aim of the proposed algorithm is to solve the following 

problem: 

𝑎𝑟𝑔 max
𝑅𝐵

𝐴𝐷𝑅 

subject to (12) – (18) 

when serving 100% of users interested in the broadcasted content.  

 

 

Table 9 - CQI-MCS Mapping 
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3.2.3 DMAF algorithm 

The proposed DMAF algorithm is designed to tackle the MBSFN Area 

Formation problem by dynamically creating MBSFN Areas in order to improve 

the overall system performance.  

In particular, DMAF aims to achieve higher ADR with respect to already 

existing MBSFN Area Formation procedures. Generally, in a MBSFN 

Transmission the user with the worst channel condition (i.e., the worst CQI) 

drives the system performance. Indeed, all the users within a MBSFN Area 

receive the same broadcast content with the same MCS that determines the 

datarate (see Table 9). Therefore, if a user supporting only low MCS level 

belongs to the MBSFN Area, all users within that Area will suffer poor spectral 

efficiency. In general, the higher the MCS level of the worst user in the Area, 

the better the ADR performance. The proposed algorithm aims to increase the 

ADR by enhancing the MCS level of the MBSFN Transmission.  

In order to avoid the outage of users with a CQI less than the CQI 

required for decoding the transmitted MCS, DMAF exploits the multi-rate 

approach for multicast scheduling [78] by providing different data rates to two 

subsets of users with good and bad channel quality conditions, respectively. 

Each subgroup represents a different MBSFN Area, where the Base Layer and 

the Enhancement Layer are delivered. If the MBSFN Areas overlap, the Base 

Layer is guaranteed to all users whereas the Enhanced Layer is decoded by only 

users with higher channel qualities [101]. DMAF algorithm also takes advantage 

from Scalable Video Coding (SVC) [99] allowing users with higher CQI to 

decode both flows, thus improving the perceived video quality. If MBSFN Areas 

are disjoint the whole bandwidth (i.e., all available RBs) is assigned to such 

Areas, otherwise, the RBs are split between the Areas. It worth noting that two 

MBSFN Areas are disjoint if no cells belonging to one are also belongs to the 

other. Therefore, DMAF dynamically allocates to avoid resource waste. 

DMAF Algorithm consists of four phases, which could be considered as 

four different sub-algorithms. The main phase is MCS-level Increase, which 

includes the other three phases, Area Formation, SVC Improvement and Cell Re-

Clustering.  
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Fig.  3.1 shows an example of a MBSFN Area configuration for a scenario 

with 57 cells. Three MBSFN Areas have been created. The MBSFN Area 1 

delivers the Base Layer; thanks to SVC Improvement phase, the MBSFN Area 

2 is formed and broadcasts the Enhancement Layer by enhancing the perceived 

video quality for users with higher channel conditions. Finally, the disjoint 

MBSFN Area 3 is created in Cell Re-Clustering phase in order to further 

enhance the system ADR. 

The four algorithms are described in detail in the following subsections. 

 

Fig.  3.1 - Example of MBSFN Area Configuration with a 57-cells Scenario 

MCS-level Increase. MCS-level Increase is the main task of the DMAF 

algorithm. It includes the other successive sub-phases, Area Formation, SVC 

Improvement and Cell Re-Clustering phases (see Algorithm 1 MCS-level 

Increase). The objective t of this step is to define the best set of MBSFN Areas 

𝑀 and the proper allocation of RBs in order to maximise the system ADR. The 

algorithm iteratively increases the reference cqi from the minimum CQI index 

recorded in the Area to the maximum value achievable by the system (i.e. 15, 

[102]). Then, cells are grouped according to the CQIs experienced by their users. 

Two cell groups are created, one (i.e.𝐶𝑖𝑛) with all cells with at least one user 

experiencing a CQI greater than the reference cqi, and another (𝐶𝑜𝑢𝑡) with cells 

where there is at least one user not supporting the reference cqi (lines 11-18). 



3 RRM over 5G multicast – Single Frequency Networks 

85 
 

This means that the cells belonging only to 𝐶𝑖𝑛 can support the MCS level 

increase decided by the current reference cqi, whereas in the remaining cells the 

minimum cqi determines the supported MCS. After this splitting, the MBMS 

Areas are created according to Algorithm 2 – Area Formation by including 

adjacent cells. Then, if the two Areas overlap, Algorithm 3 - SVC Improvement 

and Algorithm 4 - Cell Re-Clustering algorithms are carried out (lines 20-25); the 

same content is broadcasted at two different MCS levels and the available RBs 

are split between the two Areas. On the contrary if the Areas are disjoint, all 

available RBs are used for the content delivery with the selected MCS level to 

each Area (lines 26-29). The algorithm iteratively executes the operations above 

until the new system ADR is not lower than the ADR of the previous iteration 

(lines 30-34). The Algorithm terminates (line 36) and provides the best set 𝑀 of 

MBSFN Areas, the number of RB to be assigned to each MBSFN Area, and the 

maximum ADR. 

Area Formation. The Area Formation is described in Algorithm 2. It 

takes as outputs the two sets of cells, 𝐶𝑖𝑛 and 𝐶𝑜𝑢𝑡, and checks whether there is 

an adjacency among the cells belonging to two sets.  Each group of adjacent 

cells in the two sets form a MBSFN Area. The output of this phase are the two 

sets of MBSFN Areas 𝑀𝐶𝑜𝑢𝑡and 𝑀𝐶𝑖𝑛 , where video bitstreams can be 

broadcasted at standard and high quality, respectively.  



3.2 Dynamic MBSFN Area Formation (DMAF) Algorithm for Multicast Service Delivery in 5G 

Wireless Networks 

86 
 

 



3 RRM over 5G multicast – Single Frequency Networks 

87 
 

 

SVC Improvement. The Algorithm 3 shows the pseudocode of SVC 

Improvement phase. If the Areas formed in the previous phase overlap (line 3), 

i.e., they have at least one cell in common, then the RBs in each common cell 

are split to avoid interference between the Areas. This means that a subset of 

RBs is dedicated for low-rate (Base Layer) video delivery and another subset of 

RBs is allocated to high-rate (Enhanced Layer) video delivery. This RB splitting 

is implemented in whole Area the overlapped cells belong to (line 5). In the 

overlapped Areas, users with good channel conditions receive both bitstreams, 

so they get increased data rates and exploit all the available bandwidth. 

 

Cell Re-Clustering. Algorithm 4 presents Cell Re-Clustering procedure. 

Its aim is to find other possible MBSFN Area configurations in order to further 

increase the system ADR in case of overlapping Areas. 

The Cell Re-Clustering phase attempts to increase the overall ADR by 

taking away from the MBSFN Areas those cells negatively affecting the system 

performance (line 4). Specifically, the algorithm proceeds by removing the cells 

in the overlapping region. This is due to the fact that in the previous SVC 

Improvement phase, all cells within the MBSFN area with higher MCS suffer a 
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datarate reduction in some RBs, when the two flows (Base and Enhancement 

Layer) are considered. Whenever a cell is removed, Cell Re-Clustering checks if 

the remaining cells still form an MBSFN Area by verifying the adjacency (lines 

6 - 8).  

This phase of DMAF algorithm distinguishes two cases: 

 Case 1: MBSFN Areas overlap over only once cell (lines 9-20); 

 Case 2: MBSFN Areas overlap over more cells (lines 21-26). 

In Case 1, the removed overlapped cell (i.e., 𝐶𝑗) from the possible MBSFN 

area 𝑚𝐶𝑖𝑛 constitutes a new area (i.e, 𝑚𝐶𝑗) where all RBs are allocated, and two 

other possible areas: one area broadcasting video at high data rate, 𝑚∗
𝐶𝑖𝑛 , and a 

second area broadcasting video at lower data rate, 𝑚∗
𝐶𝑜𝑢𝑡  (lines 10-14). By doing 

so, the ADR of the considered cell (𝐶𝑗) will decrease because only the Base Layer 

will be delivered; whereas, the ADR of the cells within 𝑚∗
𝐶𝑖𝑛  will increase 

because all bandwidth will be dedicated to the Enhancement Layer.  

In Case 2, Cell Re-Clustering includes Area Formation (line 22) and 

verifies whether all the cells left out are adjacent to each other in order to form 

a single MBSFN Area. Then, RBs are efficiently allocated (line 24) in order to 

further enhance the system ADR, that is recomputed in line 25. Therefore, in 

case of overlapping MBSFN Areas, Cell Re-Clustering checks whether it is 

better to keep cells inside the Enhanced MBSFN Area or to leave them out, 

providing as outputs the new set 𝑀 of MBSFN Areas and the proper set 𝑅𝐵 of 

Radio Resources in order to further improve the system performance in terms 

of 𝐴𝐷𝑅. 
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3.3 Performance Evaluation 

To demonstrate the effectiveness of the proposed DMAF algorithm, 

simulations are performed in MATLAB according to the guidelines for the 

coordinated multi-cell system model defined in [103]. We consider a 57-cells 

scenario, typically used by 3GPP for LTE network evaluation [79]. The coverage 

radius of each eNB is 250 m. The eNB transmit power is 43 dBm and its antenna 

gain is 14 dBi. For the UE, the antenna gain is 0 dBi. Table 10 lists more setting 

details.  
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Table 10 - Main Simulation Assumptions 

Users are randomly distributed within the Synchronization Area and their 

position is assumed to be constant. We consider that cells belonging to the same 

MBSFN Area constructively interfere, while cells belonging to different MBSFN 

Areas act as interference sources. Furthermore, only one multicast video session 

is activated by different MBSFN Areas in the Synchronization Area. ‘News’ is 

the video flow for video streaming we considered in our analyses and its 

minimum data rate for the Base Layer is 121 kbps [101]. According to [100], 

where the optimal subgrouping configuration is achieved with two subgroups, 

we consider only one Enhancement Layer, despite the algorithm allows to create 

more Enhancement Layers. We compared the performance of DMAF 

algorithm with SCF algorithm [79] and the static MBSFN Area configuration 

specified by the 3GPP standard [93]. Furthermore, DMAF is also compared 

with the Single Cell Point to Multipoint (SC-PtM) [94] scheme. SC-PtM 

supports broadcast/multicast services over single cell, and the 

broadcast/multicast area can be dynamically adjusted cell by cell according to 

users distribution. We considered three simulation scenarios: 

 Scenario A, where we varied the bandwidth (3, 5, 10, 15, 20 MHz), the 

number of cells is 57 and the number of users per cell is fixed to 60. 
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 Scenario B, where the number of users per cell varied from 60 to 100, 

the number of cells is fixed to 57 and bandwidth of 10 MHz (i.e., 50 

RBs1). 

 Scenario C, where we considered a variable number of cells (19, 26, 36, 

46, 57) within the Synchronization Area, a variable number of users per 

cell (from 60 to 100) and fixed bandwidth of 10 MHz. 

The described algorithms have been evaluated in terms of the following 

performance metrics: 

 Mean Throughput: the average data rate experienced by users; the 

greater the throughput the higher the service quality and the 

“satisfaction” level of the multicast users. 

 Aggregate Data Rate (ADR) per cell: the sum of the data rates 

experienced by multicast members in each cell. 

 Spectral Efficiency: the ratio between the number of bits received by 

multicast users and the channel bandwidth exploited for the multicast 

transmission; this metrics indicated how efficiently the system 

resources are exploited during the multicast service provisioning. 

 User Outage: the percentage of users excluded from the MBSFN 

transmission.  

 ADR Gain: the percentage of improvement in terms of ADR 

introduced by DMAF with respect to literature-existing works.  

Scenario A. The performance of Scenario A are evaluated by analysing 

the mean throughput achieved by multicast users, the ADR per cell and the 

spectral efficiency, when varying the bandwidth. As expected, both mean 

throughput and ADR per cell increase when increasing the bandwidth. Fig.  3.2 

depicts the mean throughput experienced by multicast members. DMAF 

outperforms both legacy and SC-PtM approaches, achieving an 8-fold 

improvement with respect to them, when the bandwidth is 20 MHz. In lower 

bandwidth (3-5 MHz) cases DMAF shows a little loss with respect to SCF. This 

trend is due to the dependence among the created MBSFN Areas and the 

                                                           
1 In the simulations we considered that at most 60% of RBs could be available for eMBMS, 
i.e., 30 RBs (of 50 RBS) 
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available RBs. Indeed, if few RBs are available DMAF algorithm creates only 

disjoint MBSFN Areas without benefiting from SVC advantages. In this case, 

the mean throughput suffers of cell-edge users’ negative effects. Whereas, when 

increasing the bandwidth (from 10 to 20 MHz), DMAF mean throughput ranges 

from 7.11 Mbps to 15.8 Mbps providing an increasing gain, compared to SCF.  

 

Fig.  3.2 - Mean Throughput – Scenario A 

When focusing on ADR per cell (Fig.  3.3), we notice that DMAF 

algorithm provides better performance than both SC-PtM and the legacy. This 

is thanks to the exploitation of SVC technique that splits the video stream into 

a Base Layer and an Enhancement Layer. The former is delivered in the BL 

MBSFN Area and the latter in the EL MBSFN Area. In this way, users with 

good channel conditions are able to decode both layers, thus increasing their 

data rates that leads to such ADR improvement. Hence, DMAF enhances the 

legacy and SC-PtM by about 270% and 267%, respectively. The ADR achieved 

by SCF is higher than that of DMAF algorithm because the ADR maximization 

targeted by SCF is an opportunistic approach. This means that users who could 

achieve highest datarate are favoured with respect to bad channel conditions 

users. When increasing the bandwidth, the percentage of ADR loss of DMAF 

algorithm respect to SCF decreases to 9%, for a 20 MHz bandwidth. 

Nevertheless, SCF suffers of a high percentage of outage, just because of the 

intrinsic behaviour of such opportunistic approach (see Table 11). Whereas, 

DMAF serves all users interested in the eMBMS content. 
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Fig.  3.3 - ADR per Cell - Scenario A 

 

Table 11 - User Outage Analysis 

Results of spectral efficiency are illustrated in Fig.  3.4. It clearly emerges 

that both the legacy and SC-PtM suffer of poor spectral efficiency, which is 

0.1523 bps/Hz and 0.1541 bps/Hz, respectively. Furthermore, their trends keep 

constant by varying the bandwidth. Finally, for a 3 MHz bandwidth the 

proposed DMAF has a 17% mismatch in spectral efficiency with respect to the 

SCF one. As for the means throughput, this is because with narrow bandwidth 

DMAF is not able to exploit SVC advantages. On the other hand, with a 20 

MHz bandwidth, DMAF achieves the highest spectral efficiency of 1.6674 

bps/Hz, whereas SCF obtains a spectral efficiency of 1.4624 bps/Hz. Hence, 

DMAF is the most performing algorithm also in terms of spectral efficiency. 
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Fig.  3.4 - Spectral Efficiency - Scenario A 

Scenario B. Scenario B provides performance results when varying the 

number of users per cell. Users’ mean throughput is plotted in Fig.  3.5. As 

expected, both legacy and SC-PtM approach are the worst performing policy 

due to cell-edge users who experience the lowest CQI. Indeed, when increasing 

the average number of users per cell, the mean user throughput of these 

techniques keep constant to 0.74 Mbps. In the case of the DMAF algorithm, 

the mean user throughput decreases when increasing of the number of users in 

the system because of the greater probability of the presence of users with poor 

channel conditions. Whereas, in SCF case the mean throughput of MBSFN 

users increases thanks to the opportunistic approach of the ADR maximization, 

because the MCS level of the MBSFN transmission gets increased. It worth 

noting that the mean throughput is obtained only by users served without 

considering users left out of the MBSFN area, because of the limited unicast 

resources. Indeed, SCF shows a high users outage (Table 11). When focusing 

on Fig.  3.6, we notice that the greater the number of users per cell, the higher 

the ADR per cell. 
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Fig.  3.5 - Mean Throughput – Scenario B 

 

Fig.  3.6 - ADR Per Cell – Scenario B 

Final comments are on spectral efficiency, plotted in Fig.  3.7. Also in this 

scenario, both the legacy and SC-PtM approaches suffer of poor spectral 

efficiency of 0.1526 bps/Hz and 0.1536 bps/Hz, respectively. Their trends do 

not change when varying the number of users per cell. Although ADR and mean 

throughput metrics are sometimes better in SCF case, DMAF achieves better 

spectral efficiency, thus demonstrating that the proposed approach better 

exploits the total bandwidth. 
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Fig.  3.7 - Spectral Efficiency – Scenario B 

Scenario C. The objective in this scenario is to assess the performance of 

DMAF algorithm when varying both the number of cells over the 

Synchronization Area and the UEs distributions within each cell involved in the 

MBSFN Transmission. The Synchronization Area is progressively extended 

from a 19-cells scenario until a 57-cells one and users are randomly distributed. 

According to Fig.  3.8, we notice that the ADR per cell increases with the 

decrease of the number of users per cell because the probability of the presence 

of users with bad channel conditions gets lower. Furthermore, the greater the 

number of cells in the Synchronization Area, the more DMAF algorithm 

performs. Indeed, the best results in terms of ADR per cell is about 421.25 Mbps 

when considering a 57-cells scenario with 60 users per cell. To further 

investigate the effectiveness of DMAF algorithm, we used SCF as a benchmark. 

Therefore, in Fig.  3.9 we present the ADR gain in video streaming analysis for 

DMAF versus SCF when fixing the bandwidth to 10 MHz. With this additional 

analysis, we notice that DMAF introduce a 70% improvement in ADR 

performance with respect to SCF when increasing the number of cells with a 

fixed number of users per cell. Furthermore, the ADR per cell of DMAF 

decreases, when increasing the number of users per cell due to the high presence 

of users with poorest channel conditions. Therefore, we could sometimes 

observe a loss in the ADR gain compared to SCF. It is worth noting that SCF 

increases its ADR by delivering the content to the best users via broadcast; 

whereas users with poor channel gain are served via unicast, but not all of them 



3 RRM over 5G multicast – Single Frequency Networks 

97 
 

can establish a Point-to-Point (PtP) communication due to limited RBs. In such 

a case, SCF achieves up 49% percentage of user outage (see Table 11) whereas 

DMAF serves 100% of users. 

Finally, Table 12 summarizes the performance results of DMAF in 

Scenarios A and B. Whereas, Table 13 refers to Scenario C and shows Mean 

Throughput gain, ADR per cell gain and Spectral Efficiency gain introduced by 

the proposed DMAF w.r.t. the existing SCF algorithm. 

 

Fig.  3.8 – ADR – Scenario C 

 

Fig.  3.9 - ADR Gain of DMAF w.r.t. SCF 
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Table 12 - Summary Results Of DMAF Algorithm 

 

 

Table 13 - Comparison DMAF-SCF – Scenario C 

The proposed DMAF algorithm dynamically creates MBSFN Areas by 

exploiting the multicast subgrouping approach. Since each cell could be part of 

more overlapping MBSFN Areas, each of them delivering a video with a 

different quality level, the SVC technique have been also exploited. Therefore, 

the Base Layer is delivered to all users, whereas users with better channel 

conditions can receive also Enhancement Layers. The obtained results confirm 

that DMAF algorithm: (i) enhances the overall performance of all users, thanks 

to the multi-rate approach of subgrouping, (ii) improves the perceived video 

quality for users with higher CQIs, thanks to SVC technique; (iii) increases the 

ADR by choosing the best MBSFN Area configuration; (iv) reduces resource 

waste, thanks to the dynamic radio resource allocation and (v) also guarantees 

total coverage by serving 100% of users.  
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4 Multimedia Multicast Services in 5G 
Networks: Subgrouping and Non-
Orthogonal Multiple Access Techniques 

 

 

 

 

Following the current requirements and expectations from both users and 

operators, one of the main challenges of future 5G wireless networks is to 

include the efficient provision of mass mobile multimedia services through one 

or several broadcast transmission modes [104]. The demand for video services 

in mobile networks (i.e., streaming, downloading, conferences, live social 

broadcasting etc.) is rapidly increasing and it is expected that video will account 

for more than 80% of mobile data traffic by 20192. Consequently, the 5G 

ecosystem will integrate seamlessly different network technologies [11] - 

including unicast, multicast and broadcast- in order to satisfy the increasing 

Media and Entertainment (M&E) content distribution3. In 5G systems, 

conventional application scenarios such as mobile pedestrian, vehicular to 

vehicular (V2V) and vehicular to infrastructure (V2I) communications, generally 

referred as to V2X communications, will gain higher interest with specific focus 

on dense urban scenario within the framework of Smart Cities [105].  

Meanwhile, the mobile and broadcast industries have both developed 

independently several point to multipoint technologies to support large-scale 

consumption of mass multimedia services on mobile devices. Broadcasters have 

proposed Layered Division Multiplexing (LDM) to enable mobile TV on top of 

conventional terrestrial digital TV services [106]. LDM, which has been included 

in the ATSC 3.0 standard [107], is a non-orthogonal multiplexing (NOM) 

                                                           
2 Cisco, White paper: “Cisco visual networking index: Forecast and Methodology”, 2016-2021. 
3 New European Media (New), White paper, “5G and Media & Entertainment”, January, 2016. 
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technique that has proven to be an efficient resource allocation scheme in terms 

of spectrum exploitation. A similar concept was previously presented for cellular 

environments in [108].  

Regarding the broadband industries, 3GPP introduced eMBMS within the 

Long Term Evolution (LTE) systems and beyond to provide data transmissions 

from a single source to multiple devices [1]. Efficient resource allocation in case 

of multimedia delivery is a key issue for eMBMS. As to this, the implementation 

of subgrouping techniques has shown to be a promising solution [109].  

This chapter presents a solution to jointly apply two of the 

aforementioned techniques. In particular, it is proposed to include LDM as an 

additional resource allocation mechanism, and what is more, consider it in the 

subgrouping decision process. 

The remainder of the chapter is organized as follows. In the next section, 

the transmission based on LDM is descripted. Then, the proposed joint resource 

allocation scheme is presented, and following that, the solution is applied to a 

typical 5G scenario, where high quality video services are delivered to a group 

of users with different receiving conditions. Performance evaluation is finally 

discussed in the last section.  

 

4.1 Cloud Transmission based on Layered Division 
Multiplexing (LDM) 

Cloud Transmission (Cloud Txn) is a robust transmission system for 

terrestrial broadcasting or point-to-multipoint multimedia services [19]. This 

technology is robust to co-channel interference, immune to multipath distortion 

and spectrum re-use friendly. The system has the robustness required to provide 

mobile, pedestrian and indoor reception. Cloud Txn is considered the candidate 

technology to implement features of the next-generation broadcast systems, 

which are listed below: 

 Robust performance against noise and co-channel interferences; 

 Able to use all RF channels; 

 More robust to interference from unlicensed devices and systems; 

 Be robust against multipath distortion; 
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 Be able to provide reception for fixed, mobile, and indoor services while 

using low power (green) transmission; 

 Allow for transmission towers to be located anywhere in the designated 

coverage area without worrying about co-channel interference and 

Single Frequency Network (SFN) multipath distortion delay spread; 

 Be able to broadcast different programs from different SFN 

transmission towers for local programming or advertisement; 

 Be good for both the traditional high-power high-tower approach and 

the small-cell approach; 

 Provide low cost of implementation, maintenance, and operation. 

The key issue for the Cloud Transmission System in exhibiting the above 

listed characteristics is its high degree of robustness against co-channel 

interference. In a digital system, the impact of co-channel interference is 

equivalent to that of Additive White Gaussian Noise (AWGN) [110]. Therefore, 

a desirable parameter for the proposed system is that it should have an AWGN 

SNR threshold of -2 to -3 dB. The negative SNR threshold value indicates that 

the system can withstand combined noise, co-channel interference and 

multipath distortion powers that are higher than the desired signal power. This 

means that with this system, the transmitters can be placed anywhere in the 

designated service area and transmit different programs. In a Cloud Txn SFN, 

transmitters can emit identical signals, different signals, or a combination of 

both cases. Different transmitters only require RF frequency lock. It is not 

necessary to lock the signal phase since a Cloud Txn receiver should be able to 

synchronize to, and decode the strongest signal. 

Based on the information theory, there are two ways to improve the 

spectrum efficiency– increasing the data throughput, or increasing the reception 

robustness. Most of the current researches are focused on increasing the data 

throughput, or moving along the Shannon Limit to the right. [19] is going 

opposite direction– moving to the left. Although this will reduce the data 

throughput per RF channel, it will significantly increase the reception robustness 

and, at the same time, greatly increase the spectrum spatial re-use capability and 

transmission tower location flexibility. When a system has a low receiving 
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threshold, its data rate must also be very low, representing a typical case of 

trading robustness for data rate.  

As discussed above, although the Cloud Txn system is very robust, its data 

rate is very low. However, a simple approach to increase the system data 

throughput is to co-locate two Cloud Txn stations i.e., transmitting two Cloud 

Txn signals from the same tower and antenna. This is possible because the 

system can withstand strong co-channel interference. This effectively doubles 

the system data throughput.  

Since the Cloud Txn system is very robust, it allows the use of 

hierarchical spectrum re-use, as shown in Fig. 4.1, to further increase its data 

throughput. With this approach, it is possible to insert a second digital stream 

(Stream B), e.g., a DVB-T2 signal, which has the same RF channel bandwidth, 

is frequency locked, and clock synchronized with the Cloud Txn signal (Stream 

A). The injection level, for example, can be 5 dB below the Stream A (see Fig.  

4.1). 

 

Fig.  4.1 - Hierarchical Spectrum Re-Use 

In the next Figure is shown how, at the receiving end, the Stream A, is 

first decoded to get rid of transmission errors.  
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Fig.  4.2 - Cloud TXN Systems Diagram With Hierarchical Spectrum Re-Use 

The decoded signal is then fed back and subtracted from the received 

combined signal (Stream A+B). The resulting output signal is then used to 

decode the Stream B (e.g., DVB-T2). To successfully decode the Stream B, 

assuming it is injected at 5 dB below the Stream A, a cancellation gain of about 

10 dB on the Stream A signal needs to be obtained. This can be easily achieved, 

as presented in [111], [112].  

The baseband system model shown in Fig.  4.3 provides an insight into 

the proposed transmitter. In a first approach, the FFT size and cyclic prefix (CP) 

length are equal for both layers, so that some modules are shared for both layers 

and the overall system performs cost-effectively. For example, the 

synchronization and carrier recovery system can work for both layers 

simultaneously. This configuration will reduce the computational complexity 

and simplify the design of a frequency domain cancellation algorithm. In order 

to allow the frequency domain cancellation at the receiver side and for hardware 

simplicity, both layers should share the same FFT size, in-band pilots and Guard 

Interval value. The additional computation power requirements for the second 

layer are OFDM demapping and subtraction. 
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Fig.  4.3 - Cloud Tx transmitter scheme 

Nevertheless, the modulation and encoding parameters defined for each 

data stream might be completely different depending on service providers’ 

preference. The purpose of this design is to grant each layer its own robustness 

and data rate for different services (mobile TV, HDTV, UHDTV).  

For instance, a low code rate and a low modulation order may be assigned 

to the upper layer (UL), targeting mobile services under very noisy 

environments; whereas the lower layer (LL) may be configured with high bitrates 

to provide high quality services (HD, 4K-HD) for fixed channels.  

In a first approach, the upper layer binary bits are coded using an LDPC 

encoder prior to being mapped to a QPSK constellation, whereas the lower layer 

coded bits are mapped to a 16-QAM constellation. Another difference can be 

found on the code rate, i.e., the upper layer is to support robust mobile services, 

and thus a low code rate (R = 1/4) is used. However, the lower layer code rate 

should be higher (R = 1/2) to satisfy the increasing bitrates demand of the fixed 

services.  

Once both signals are modulated, the UL is considered as the primary 

signal at the mappers output, superimposed to the LL stream using the 

frequency hierarchical modulation (See Fig.  4.3). In this architecture, the 

injection range (Δ) is the key parameter indicating how deep the LL is 

embedded, i.e., the superimposed signal is constrained by an injection level high 

enough, so that LL does not interfere with UL. It is important to note that both 

layers’ decoding thresholds are affected by this value, a critical feature in the 

Cloud Transmission overall design.  
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LOWER LAYER UPPER LAYER 

(U)HDTV Mobile TV Mobile TV 

Fixed receivers with high antenna/high 

locations 

Mobile receivers 

Lower Tx power Higher Tx power 

Weaker channel coding Robust coding 

16/64/256-QAM QPSK 

Table 14 - Lower layer (LL) vs Upper Layer (UL) 

One advantage of the Cloud-Txn system with LDM is that the lower-layer 

can use any existing good technology suitable for delivering high data rate digital 

broadcasting services, such as DVB-T2/NGH. The lower layer (LDM-LL) is 

used to deliver (U)HDTV service or multiple HDTV services to fixed receivers, 

where the operational SNR is usually high due to the large and possibly 

directional receiver antenna. 

The use of hierarchical structure for delivering multiple streams is not new 

in broadcasting and has been proposed previously. Nevertheless, none of the 

existing proposals allows all streams (layers) to transmit using 100% of the time and 

100% of the RF channel bandwidth. In comparison with Time Division Multiplex 

(TDM) system (ATSC mobile), frequency division multiplex (FDM) system 

(ISDB-T), or combined TDM and FDM system (DVB-T2), which either 

transmit data in part of the time or part of the RF channel bandwidth, the Cloud 

Txn system has the advantage on the total aggregated data rate and better time-frequency 

diversity.  

The spectrum efficiency of the Cloud Txn broadcasting system depends 

to a great extent on the degree of robustness against co-channel interference and 

noise, especially for the top layer signal. It needs to perform well at very low 

SNR conditions, even in the negative SNR range. Cloud Txn employs a flexible 

ultra-robust coding and modulation scheme based on LDPC codes [113] [114] 

which provide extremely robust detection performance and enable successful 

demodulation and decoding even with negative SNRs. 

In addition to the error correction capability, the other challenge that a 

new generation system must face is the quality of reception for mobile receivers. 



4.1 Cloud Transmission based on Layered Division Multiplexing (LDM) 

106 
 

In particular, a sizable interleaver is required to deal with different speeds, which 

may range from low mobility scenarios, corresponding to pedestrian users, to 

very fast time-varying scenarios, such as highway reception.  

When the system is working in a multilayer hierarchical transmission, with 

two or more layers transmitted within the same RF channel, inter-layer 

interferences will appear. The lower layer signal will act as interference to the 

upper layer, which will reduce its noise tolerance capacity. Meanwhile, assuming 

a fixed total transmission power, adding the lower layer signal will also reduce 

the transmission power of the higher layer. Therefore, there is a two-fold impact 

from the lower layer signal to the upper layer signal: reducing the transmission 

power and acting as noise interference. 

Channel estimation is critical for signal detection of the Cloud Txn system, 

firstly to decode the upper layer under very challenging conditions, and 

afterwards to perform accurate signal cancellation.  

Cloud Txn Challenges  

Self-error correction LDPC codes 

Quality of reception for mobile 

receivers 

Sizable interleaver 

Performance of cancellation algorithm Channel estimation 

Inter-layer Interfercence Impact of injection function 

Table 15 - Cloud Txn Challenges 

 [115] presented a frequency domain cancellation algorithm that can 

efficiently decode Cloud Transmission multi-layered signal. As it can be seen in 

Fig.  4.4, the two layers are received simultaneously, and therefore, the first signal 

processing blocks are common to both layers: first, the cyclic prefix (CP) is 

removed, and then, the FFT is applied.  
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Fig.  4.4 - Frequency Domain cancellation receiver structure 

At this point, it is important to note that the error due to non-ideal 

channel estimation is going to be amplified when the LL equalization is 

performed after the UL cancellation. That is the reason why the channel 

estimation algorithm is so important within this process. At this point, the first 

layer can be decoded without further processing, as the second layer is treated 

as regular white noise. Once the first layer is decoded, the next step is to subtract 

it. The cancellation algorithm is simple and is based on removing the first layer 

from the received signal at the equalization output. Afterwards, the second layer 

equalization is based on the application of a correction factor, which is the 

inverse of the injection range.  

Nevertheless, as it can be seen in Fig.  4.4, there are two points where the 

first layer can be extracted, and each of these points leads into a different 

cancellation algorithm. The first one, M1, considers the equalization output after 

mapping for signal cancellation, whilst the second one, M2, rebuilds the 

transmitted signal from the decoded signal. The former method main advantage 

is that the complexity is notably reduced, whereas in M2 the whole transmitter 

chain should be created. Nevertheless, it is also true that the second method 

offers an error free feedback vector, which considerably reduces the cancellation 

error. In this case, the additional coding/interleaving delay is another 

consideration, and thus, signal structures that allow low latency should be used.  

In [116] authors investigate the possibility of using a long FFT size (32k) 

for both signals is a very interesting option, since longer FFTs allow higher data 

rates. However, longer FFTs suffer from higher Doppler degradation in mobile 

scenarios, so a compromise between capacity and robustness should be 
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considered before deciding the FFT size. Nine different Cloud Transmission 

signals will be broadcasted in an experimental network, using three FFT sizes 

(8k, 16k and 32k) combined with three different code rates (3/15, 4/15 and 

5/15). For each configuration scheme, the received power will analyzed together 

with the percentage of correctly decoded frames in order to analyze the system 

performance.  

In some cases the coverage percentage obtained with the largest FFT size 

(32K) is larger than the coverage obtained with the smallest FFT size (8k). One 

possible reason for the previous outcome is that the use of robust LPDC codes 

allows signal reception with negative C/N and, therefore, the multipath could 

be considered as the main distorting factor in the received signal as the ICI noise 

is masked by AWGN.  

Using larger sized FFT might have other advantages such as a reduced 

guard interval percentage and higher data throughput. Also, for the same pilot 

and data carrier ratio, larger FFT means that the distance between adjacent pilots 

is smaller in Hz. This will improve the channel estimation accuracy, which will 

lead to better signal cancellation and better system performance. 

The following table summarize the difference between the Cloud Txn, 

designed for broadband services and the LTE-based multicast subgrouping. In 

the following sections, a joint subgrouping-LDM approach have been proposed 

and evaluated.  

 MULTICAST subgrouping Cloud Txn 

RF resources 50 RBs (49 group B, 1 RB 

group A) 

100% BW in 100% time 

BS total Tx Power 20 W 1 – 10 KW ERP 

Pw per RF resources Uniform distribution per 

RB 

≈ 76% UL, ≈ 24% LL (5 

dB injection function) 

Receiver antenna Omni directional High directional 

antennas (Fixed 

receiver for LL) 

Channel Coding Turbo Code LDPC (Low Density 

Parity Check) 
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Modulation QPSK; 16/64 QAM QPSK; 16/64/256 QAM 

Table 16 - Multicast Subgrouping vs Cloud Txn 

 

4.2 Subgrouping with NOMA Resource Allocation Strategies 

In a conventional cellular network the devices physical connection with 

the network architecture is handled by the radio access network (RAN). This is 

the entity in charge of providing resources through different channel access 

multiplexing techniques to the user equipments (UEs) involved in the 

communication process. The wide range of solutions present in the literature 

can be gathered in two categories: the orthogonal multiple access (OMA) 

techniques and the non-orthogonal multiple access techniques (NOMA) [117]. 

In the first case, the available frequency/time resources in the network are 

orthogonally assigned to the different UEs. Thus, at the receiver site, under 

perfect conditions, the desired data can be unequivocally separated from the rest 

of the information. In the second case, the available resources, both frequency 

and time, are completely shared among different users, and therefore, when 

decoding the desired content the rest of the signals are considered an additional 

source of noise (See Fig.  4.5a).  
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Fig.  4.5 – (a) The implementation of two different services in both NOME and OMA 

techniques. (b), (c), (d), (e). The theoretical capacity for different receiving 

conditions. 

In the literature, the spectral efficiency of both proposals has been widely 

studied from an information theoretic point of view. In principle, NOMA based 

techniques had shown a higher efficiency, especially when the throughput rate 

among different users is asymmetric [117]. In Fig.  4.5 there have been depicted 

the different achievable theoretical spectrum efficiencies when two different 

services are multiplexed, either with NOMA (green solid line) or OMA (blue 

dotted line). The reception thresholds have been obtained from the set of the 

signal-to-interference-plus-noise ratio (SINR) values associated to the channel 

quality indicators (CQI) included at the current LTE release. As shown, the 

NOMA always performs better than OMA, especially for asymmetric scenarios, 

where the gain can be up to 1.0 b/s/Hz for the high SINR service. When both 

services CQI values are closer (i.e., CQI 1&7), the reception threshold difference 

is smaller, and consequently, the maximum gain is reduced down to 0.25 

b/s/Hz. 

3GPP has divided the 5G normative work into two phases, first of all, 

Phase-1 (Rel-15) will address the more urgent subset for commercial 

deployments, whereas Phase-2 (Rel-16) will address all the identified use cases 

and requirements. According to the preliminary technical reports 5G RAN will 
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keep the LTE principles, with the same Orthogonal Frequency Division 

Multiple Access (OFDMA) technology for the downlink for both cases, either 

New Radio (NR) or Rel-16 [118]. What is more, this radio access should cover 

mainly the enhanced mobile broadband (eMBB) using mmWave frequencies, 

where the multicast and point-to-multipoint services will be a key for 

empowering vertical industries. Consequently, the subgrouping and NOMA 

techniques, which independently proved to be valuable for previous releases and 

standards, are jointly proposed as an innovative joint technology for facing the 

challenge of satisfying the mass media video consumption in the point-to-

multipoint scenarios. 

It is expected that in NR-5G, the Resource Block (RB), which 

corresponds to twelve consecutive subcarriers, will be also the smallest 

frequency resource, which can be assigned to a terminal. The set of available 

RBs is managed by the packet scheduler to efficiently handle resource allocation 

to mobile users in both frequency and time domain. Our proposal mainly focus 

on the frequency domain packet scheduler (FDPS), which is in charge to execute 

the fast link adaptation procedures by selecting the most appropriate MCS level 

and number of RBs for each multicast service. The NR-5G Base Station carries 

out such selection every Transmission Time Interval (TTI), which lasts 1 ms, by 

considering the CQI feedbacks received by all multicast users. According to the 

CQI each user will support a given MCS. In principle, a higher MCS level does 

not guarantee a better quality transmission for the user, whereas a lower MCS 

causes a poor spectrum exploitation.  

Multicast transmissions are affected by users with the worst channel 

quality condition. Therefore, subgrouping techniques [109] are then presented 

as a valid solution splitting multicast users in different subgroups according to 

their capabilities. The main challenge is then the formation of the most 

appropriate subgroup configuration: the number of subgroups to create, the set 

of users, the MCS levels and the number of RBs assigned to each subgroup. 

Such configuration is tackled as an optimization problem, aiming at maximizing 

(or minimizing) a given objective function. The potential of using subgrouping 

techniques relies on the independency of the optimization from the objective 
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function considered (e.g. throughput maximization, fairness optimization, 

minimum dissatisfaction index, etc. [109]). 

Considering the conventional time and frequency resource allocation 

techniques, the best subgroup analytical configuration was found in [100], if 

Maximum Throughput (MT) is set as cost function. Authors demonstrated that 

the optimal solution can be found within 1 TTI, the optimal number of 

subgroup is no greater than two and the number of RBs to assign to the lowest 

subgroup is 1 or 2, whereas remaining RBs are assigned to the highest level 

subgroup. Starting from this result, this proposal aims to exploit the LDM 

technique as an alternative to optimize the resource allocation in the 

subgrouping process. In such a way, the FDPS also considers the LDM 

multiplexing in order to assign the different resources to the groups. In 

particular, in the case of LDM every subgroup will access to the whole frequency 

band the 100% of the time. The FDPS will assign a different weighted power to 

each service, performing a layered delivery, which is supposed to be more 

efficient than the classical multiplexing schemes. 

Our proposal is to exploit the LDM concept of splitting the total available 

power for multicast subgrouping. In such an approach, the different layer 

defined through the LDM technique are matched with the subgroups derived 

by the multicast subgrouping approach.  

 

4.3 Performance Evaluation 

 
The performance of the proposed technique have been evaluated 

according to three different objective function: Maximum Throughput (MT), 

Proportional Fairness (PF) and Minimum Dissatisfaction Index (MDI) [100]. 

Maximum Throughput is based on the maximization of a cost function defined 

as the Aggregate Dara Rate (ADR), which is the sum of the data rate obtained 

by all the multicast members. The Proportional Fairness scheduling can be 

accomplished by maximizing the sum of the logarithm of the data rate. Finally, 

MDI is defined as the weighted difference between the data rate achieved by the 
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UE and the maximum possible value of data rate achieved by a UE when all 

RBs are assigned to the user. 

A dense urban scenario is the typical environment for characterizing 5G 

communications in a Smart City context, with different types of users (i.e., 

pedestrian, vehicular, mixed, and fixed). Several mobility models can be used to 

describe the activity pattern of users changing position, speed, and similar 

location related characteristics. In this work, in order to compare the 

performance between the classical multicast subgrouping and the multicast 

LDM subgrouping methods, and taking into account the use cases presented in 

previous section, the Random Way Point model has been implemented. In this 

model, the users are uniformly distributed over the environment at the initial 

stage. At every iteration they move along line segments toward a random 

destination position, with a fixed speed. When the user reaches the target 

position, waits for a predetermined time interval and then a new random target 

position is assigned. In our simulations, users are allowed to change direction 

every second. This allowed to realistic reproduce pedestrians and slow vehicles 

moving behavior in dense urban environments, where pedestrians walk in crowd 

spaces (e.g., sidewalk, square, mall, etc.), whereas vehicles often circulate in 

severe traffic condition (e.g., traffic jam, peak hours). 

Afterwards, the channel conditions for each UE are evaluated in terms of 

the experienced SINR, which results on an effective CQI level assuring a Block 

Error Rate less than 10%. Then, these results are fed to a simulation model, 

where the LTE scheduler RRM procedures are simulated, and the resources are 

shared among the different created subgroups with ideal MCSs. Eventually, the 

final output parameters for evaluation are the Aggregated Data Rate (ADR) and 

Throughput per User (TU), which are obtained in order to evaluate and compare 

the proposed methodologies. 

The mobility model simulations follow 3GPP standards. The simulation 

duration is 180 seconds. The RandomWayPoint mobility scenario metrics have 

been obtained for an assumed UE speed of 3km/h. In this case, among all the 

use cases explained previously, we are focusing our research on low speed 

mobility scenarios. Nevertheless, the results can be extended to other mobility 

models and different speed values. Performance analysis has been carried out 
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comparing the proposed solution with the LTE-based multicast subgroup 

technique [78] (i.e., labeled with T/FDM in the next figures). 

The first evaluated parameter is the aggregated data rate of the cell, which 

depends on the assigned optimization cost function of the subgrouping process 

(See Fig.  4.6). The first important outcome is that the maximum throughput 

metric does not provide meaningful difference between the different 

multiplexing methods (Fig.  4.6(a)). That is because, for both approaches, the 

best solution is obtained offering the maximum number of possible resources 

to the subgroup with best reception conditions, while the users dealing with 

more challenging conditions are poorly satisfied. In the case that PF or MDI are 

used (Fig.  4.6(b) and (c)), it can be clearly noticed how LDM offers a significate 

gain (about ~10 Mbps in the best case) with respect to the OMA subgrouping 

technique (i.e., T/FDM in the figures). This means that LDM achieves higher 

performance in terms of ADR, when exploiting such “fair” metrics.  

Finally, the maximum throughput metric is modified, adding a minimum 

bit rate constraint of 0.5 Mbps (Fig.  4.6 (d), i.e. Constrained MT (CON.MT)) 

to one of the services. In this case, it is easily shown that the gain is much higher 

for NOMA subgrouping, because in OMA subgrouping approach, according to 

this constraint, many RBs must be assigned to the low-level subgroups. On the 

contrary, with LDM both subgroups exploit the whole bandwidth. This 

assumption represents those use cases, which need to guarantee a minimum data 

rate to all users 
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Fig.  4.6 - ADR – Low Mobility Case, with Different Objective Metrics. 

.The reason for this behavior can be found in Fig.  4.7. In this case, each 

subplot indicates the throughput per user, differentiating the average 

throughput of each of the two subgroups. In this case, the good SNR condition 

service is marked as HTH (High Throughput) and the poor SNR condition 

group is tagged as LTH (Low Throughput). As expected, according to the 

theoretical facts explained before, the higher the required bitrate assigned to 

most challenging group the bigger is the gain offered by LDM. It can be noticed 

that in the MT and MDI cases the LTH subgroup receives a very poor rate (Fig.  

4.7(a), (c)). Fig.  4.7(b) with PF and in Fig.  4.7(d) when the MT is modified, the 

gain can be up to 2 Mbps per user for the high capacity subgroup. It is expected 

that this trend will be maintained in the newly designed 5G environments, where 

the available bandwidths will be bigger and the required minimum bitrates will 

be higher due to the fact of the user expectations. 

NOMA is considered a strong candidate to be included in the 5G 

ecosystem. Consequently, the challenges associated with its efficient integration 

in the RAN architecture have drawn a lot of attention. Some of them, will also 

be useful for the technical solution proposed in this paper. For instance, there 
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are studies analyzing the impact of the path loss in the NOMA performance or 

the feasibility to combine non-orthogonal multiplexing techniques with 

cooperative communications. In addition, NOMA is also considered a very 

powerful tool for massive MIMO technologies. What is more, recently there has 

been also proposed in one of the most promising communication paradigms: 

the visible light communications (VLC) 0. Finally, regarding the LDM 

implementation, the error cancelation impact on the overlaid layers and the low 

complexity implementations should also be studied. 

 

Fig.  4.7 - Throughput – Low Mobility Case, with Different Objective Metrics.  

NOMA is considered a strong candidate to be included in the 5G 

ecosystem. Consequently, the challenges associated with its efficient integration 

in the RAN architecture have drawn a lot of attention. Some of them, will also 

be useful for the technical solution proposed in this chapter. 

NOMA is also considered a very powerful tool for massive MIMO 

technologies. What is more, recently there has been also proposed in one of the 

most promising communication paradigms: the visible light communications 

(VLC) 0. Finally, regarding the LDM implementation, the error cancelation 
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impact on the overlaid layers and the low complexity implementations should 

also be studied.  

In the case of the subgrouping techniques, the main challenge is to adapt 

the current metrics to the requirements expected on the 5G ecosystem, for 

supporting not only bandwidth hungry services but also machine/IoT group 

oriented applications. That is to say, new architectures, protocols and metrics 

will be needed in order to guarantee high quality services to the different groups 

of receivers.  

Therefore, the integration of NOMA with subgrouping techniques looks 

a very promising solution in order to boost datarate when groups of users 

require broadband video applications.  
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Conclusions 

 

 

 

 

In this research, we explore the fifth generation (5G) mobile networks. 

Particular attention have been addressed on the Mobile Video, an application 

that will reach the 80% of the total amount of mobile traffic within 2019. 5G 

system aims to manage the ever-growing traffic demand, the huge number of 

connected devices e to improve the performance of current cellular networks 

both in terms of received data rates and latency. Group-oriented 

communications, well known as Multicasting, are an important solution that 

could meet such issues. They exploit point-to-multipoint communications, in 

order to efficiently manage the limited available radio resources. It means that a 

video content could be delivered at the same time to many users exploiting the 

same radio transmission. This results in higher bandwidth efficiency and 

increasing capacity. Nevertheless, Radio Resource Management (RRM) is a 

challenging issue that will be exacerbated by the increasing number of connected 

devices. Indeed, the presence of many users in different channel conditions 

affects the multicast transmission.   

Thus, this work focuses on RRM in multicast transmissions for 

supporting emerging 5G systems. Forthcoming 5G systems will exploit different 

enabling technologies to achieve the required target of high capability and 

increased data rates. The current LTE-A cellular system as well as Dense 

Heterogeneous Networks, Single Frequency Networks, are some of the enabling 

technologies, which will support the 5G deployment. 

 During this research the RRM in multicast transmissions have been 

analysed from different perspectives according to such technologies. More in 

detail the contribution of the thesis can be summarized as follow.  

The first contribution is provided in the Chapter 1. Here, a survey of 5G 

challenges in the view of an effective management of multicast applications is 

presented. The surveyed literature provides interesting results, though these are 
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mostly aimed at improving the data rates experienced by multicast users and the 

spectrum utilization. Nevertheless, we then present the issues still needed to be 

addressed, in order to meet the multicast 5G requirements. Moreover, the 

current Multimedia Broadcast/Multicast Service (MBMS) have been considered, 

in order to show its limitations for the multicast implementations over the 5G 

systems. Indeed, by accounting for the presence of both human and machine-

related traffic, the needed enhancement to the mobile network architecture have 

been proposed. Then, future research directions have been identified, especially 

in the support of machine-type communications, as the control messaging, 

control overhead. Open issues related to human-oriented applications, like 

video applications, are finally summarized posing a starting point for the next of 

the research work. 

In the second chapter, a network selection approach that exploits the 

benefit of co-existing unicast and multicast transmissions during video deliveries 

is presented. The proposed algorithm, named Hybrid Unicast-Multicast utility-

based Network Selection (HUMANS), considers bandwidth utilization and the 

trade-off between quality and energy consumption when delivering video in 

DenseNet scenarios. The considered scenario is a Dense Heterogeneous 

environment, where users try to access to video content. In such a scenario, each 

user has to select the most appropriate network to which connect, in order to 

balance a trade-off between some network parameters. The network selection 

is carried out by computing, for each neighbour network a utility-score that 

considers the estimated energy consumption of the mobile device running a real-

time video application, the estimated achievable data-rate, the utilized resources 

and the expected user satisfaction level. A major contribution of HUMANS is 

the consideration of joining a multicast group as a possible option in the 

network selection process, thus allowing for smart bandwidth management. 

HUMANS serves users with good channel conditions via unicast transmissions 

and the remaining users via multicast. Performance evaluation carried out in 

low- and high-density scenarios, demonstrate how the proposed hybrid unicast-

multicast approach provides a significant improvement in terms of capacity and 

radio resource utilization in comparison with other unicast-only solutions. The 

performance gain is much higher when user density increases within a system, 
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thus providing an interesting solution for the future dense networks. 

Furthermore, it has been shown cases unicast transmission is activated to users 

with high CQI levels (i.e., in good channel condition) only. This is because users 

in good channel condition require a few RBs, whereas users experiencing bad 

channel conditions need more resources to obtain the required datarate. In 

HUMANS, the users with lower CQI levels are served via multicast 

transmissions and this has a double advantage: (i) they do not waste additional 

resources and (ii) make use of multicast flows (i.e. they receive all the RBs 

dedicated to the multicast group). Therefore, thanks to this approach, users 

requiring many resources that cannot be served if an only-unicast oriented 

algorithm is implemented, can always receive the video service, especially when 

the system is in high load conditions.  

Future extensions of this work will account for the variation of both the 

background traffic in the network and the weights assigned to each utility. 

Finally, the proposed algorithm will be deployed in future dense wireless 

networks scenarios by also exploiting other solutions, such as Device-to-Device 

(D2D) communications for network traffic overloading and innovative 

management of the least channel gain users.  

Following the above consideration on RRM in DenseNet, in chapter 3 the 

attention moved towards Single-Frequency Networks (SFN). MBMS for SFN 

(MBSFN) has not been deeply investigated in literature. The area formation is 

one the main issues that need to be addressed for better exploiting the full 

potential of MBSFN. Therefore, here we proposed a Dynamic MBSFN Area 

Formation algorithm for multicast service delivery in 5G Wireless Networks. 

The proposed DMAF algorithm dynamically creates MBSFN Areas by 

exploiting the multicast subgrouping approach. Each area is formed according 

to four-step algorithm. First, the minimum MCS is increasing, in order to 

enhance the aggregate data rate of the system. Then, users with are not able to 

decode such MCS, are grouped in a different MBSFN area. Since each cell could 

be part of more overlapping MBSFN Areas, each of them delivering a video 

with a different quality level, the SVC technique have been also exploited. 

Therefore, the Base Layer is delivered to all users, whereas users with better 

channel conditions can receive also Enhancement Layers. It means that the Base 
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Layer is delivered within areas with users in bad channel conditions, where the 

Enhancement Layer is delivered to users in better channel conditions.  The 

results confirm that DMAF algorithm enhances the overall performance of all 

users, thanks to the multi-rate approach of subgrouping; improves the perceived 

video quality for users with higher CQIs, thanks to SVC technique; increases 

the ADR by choosing the best MBSFN Area configuration; reduces resource 

waste, thanks to the dynamic radio resource allocation and also guarantees total 

coverage by serving 100% of users.  

The last research contribution is presented in the Chapter 4. Here, the 

RRM has been faced from a different point of view. The LDM technique, a 

Non-Orthogonal Multiplexing Access (NOMA), which is typical for broadband 

system as DVB-H, has been exploited jointly with the multicast subgrouping 

approach in order to enhance users’ data rates. The LDM exploit the hierarchical 

spectrum re-use and is able to deliver two different video flows in the same time 

using the same radio frequencies. Such an approach has been integrated with 

the subgrouping multicast algorithm. Therefore, the two multicast subgroups, 

of users with god channel conditions and bad channel condition, respectively, 

corresponds to the two LDM layers. Preliminary analysis demonstrated that this 

approach achieve better performance with respect to standard orthogonal access 

technique (i.e., OFDMA, used in LTE-A cellular system). The gain is much 

higher as greater is the asymmetry between the two groups. On the other hand, 

this technique requires more complexity from the hardware point of view, which 

is still unfeasible for mobile devices. This is a for sure one of future research 

starting point of this joint approach LDM-multicast, together with a further 

study regarding both the number of possible layer that could be deployed and 

the transmission power level of each layer. 
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