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Preface

 
 Over the last few decades, the mobile market has experienced vast growth in the number of broadband consumers due to consumer trends targeting mobile internet services, being delivered by effective deployment of 3G and 4G legacy networks on a global scale. In essence, 4G mobile networks offer a true broadband solution with data throughputs exceeding gigabit data rates, but their limitations are starting to become apparent in terms of pushing further the boundaries on delivering high‐speed connectivity. Although multiple antenna technologies and small cell deployments have been proven to provide significant gains in terms of spectral and area efficiency, they do not go far enough towards targeting the performance indicators being defined by future market trends; it is clear that there is a need to seek new spectral opportunities to accommodate demand. The market is now heading towards 5G communications, which at first was driven by the need for enhanced broadband connectivity to secure gigabit wireless on the move, but also new market applications are emerging such the internet of everything and tactile internet. This has led to the 5G vision that aims to significantly improve on legacy systems to include higher speed (up to 10 Gbps) communication links, to provide almost zero latency networks, and flexible networking to cater for heterogeneous traffic types. There seems to be a consensus among fixed and mobile stakeholders that no single technology or architecture will be able to meet all the requirements mentioned above. In conclusion, it is clear that an integrated wireless communication system will emerge to harness legacy systems and technologies, as well as integrating the future emerging new radio technologies to meet the exceptional targets imposed by the global standardization committees such as the 3rd Generation Partnership Project (3GPP), the 5G Infrastructure Public‐Private Partnership (5G‐PPP), and the International Telecommunication Union (ITU), which reflect market needs.
 In order for 5G to cater for the foreseen demand in data rate, optical communications are widely accepted as a way forward. Today's mobile systems and wide area networks already work in synergy with mobile systems to provide both fronthauling and backhauling capability, and in particular its use in Cloud Radio Access Networks (C‐RAN) provides a vehicle for centralized radio resource management providing clear benefits in terms of interference management. Therefore, it is clear that any integrated 5G system will build on the current optical core to route data in a cost‐effective manner, raising highly significant challenges in how wireless can coexist with optical to provide a seamless end‐to‐end communication path.
 This book will target enabling technologies for the 5G networks and services, and in particular offer new insight into the so‐called ubiquitous and agile 5G‐core system, managing a technological ecosystem of mixed and multiple access network communications with a key focus on the optical‐wireless convergence. The use‐cases to be considered include indoor communications such as fiber, fiber‐wireless (FiWi), visible light communication (VLC), and device‐to‐device communication. In addition, this book will also consider outdoor communications in crowded metropolitan areas (e.g. new 5G RAN). Moreover, state‐of‐the‐art services and technology enablers like tactile internet, fog computing (FC), network functions virtualization (NFV), software‐defined networking (SDN), and optical fiber based sensors will be introduced. Finally, the techno‐economic framework and associated impact will be presented considering all networking actors.
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Introduction

 
 Over the last few decades, the prolific innovation in telecommunication agnostic systems and their integration with optical technologies in terms of mobile and fixed networking have been driving social and industrial transformations. The evolution of the mobile generation networks from the first‐generation (1G) to the more recent fourth‐generation (4G) has progressed at an unprecedented rate, to cater for consumer market demands for ever increasing higher speed connectivity, network capacity, reliability, security, low latency, and very high energy efficiency. The successive networking upgrades have been implemented on a piecemeal basis, each time building on legacy technologies; even though new market requirements emerged, it was always important for vendors to ensure backward compatibility for their products in order to minimize the return on investment (RoI) time for mobile operators in introducing new technologies.
 In order to understand the motivation for this book, it is necessary to briefly revisit the evolution of mobile communications and where we are today in terms of network connectivity. In brief, the evolution of cellular networks was initiated by the first‐generation (1G) that was launched during the 1980s with a maximum speed of about 2.4 kilobits per second (kbps). It was implemented using circuit switching technology that was based on the analog paradigm. The network was engineered to support only voice services. The second‐generation (2G) cellular mobile technology, which was introduced in Finland around 1991, was the first significant evolution that offered early internet access. It has three sub‐generations, 2G, 2.5G, and 2.75G, and was driven and standardized by the global system for mobile communications (GSM), Code Division Multiple Access (CDMA) IS‐95, and other interim standards according to international telecommunication union (ITU)
1
. Specifically, the 2G defined a digital radio signal in conformity with circuit‐switched network optimized for full duplex voice telephony, which supported the earliest text messaging service currently known as short message service (SMS); the 2.5 subgeneration entry introduces the first packet data transport in compliance with general packet radio services (GPRS) and coexisted with the circuit switching technique, and finally, the 2.75 presents enhanced data rates for GSM evolution (EDGE). The 2G posed a maximum transfer speed of 50 Kbps with the first phase deployment and 1 megabit per second (Mbps) for GPRS. Services such as SMS, speech encoding, billing dependent services, and internal roaming innovated by this network generation are still valid today. Moreover, the 2G networks are still running in many countries around the world. Similar to 2G, the subsequent 3G standard evolved toward 3.5G, 3.75G, and 3.9G, each subentry upgrading the data connection speed and introducing new networking service features to provide more VAS (value added services) for the end users. The 3G was the first cellular broadband network to provide high‐speed internet access with a minimum speed of 144 kbps. This rate was made possible due to the seamless integration of wireless backhaul over an optical access network, as well as improvements in signal quality, spectral efficiency, and related technical aspects. The 3G was driven by the 3rd Generation Partnership Project (3GPP)
2
, which built the Universal Mobile Telecommunications Service (UMTS) system standard of the 3G and was subsequently approved by the ITU. The generation backed up numerous services and applications via smart devices and flexible software. Early examples of 3G improvements include, but are not limited to, the global positioning system (GPS), location‐based services, mobile TV, telemedicine, video conferencing, and video on demand, as well as higher security, reliability, and high capacity starting from 384 kbps for Wide CDMA (WCDMA) up to 42 Mbps, which complies with the evolved high‐speed packet access (HSPA+) standard from 3GPP. In 2008, the ITU‐radio‐communication sector (ITU‐R) adopted recommendations with other forums such as the aforementioned 3GPP group, Institute of Electrical and Electronics Engineers (IEEE) standards association (IEEE‐SA)
3
, and the worldwide interoperability for microwave access (WiMAX) Forum
4
 to define the International mobile telecommunications‐advanced (IMT‐Advanced) standard for 4G networks.
 The 4G standard has been developed to provide mobile ultra‐broadband access and to ensure interoperability within a heterogeneous networking environment. The 4G standard is known as “long‐term evolution” (LTE) that was certified by Release 8 and 9 (Rel‐8) (Rel‐9) standards. The LTE standard is based on orthogonal frequency division multiple access (OFDMA) for the downlink (DL), and single carrier–frequency division multiple access (SC‐FDMA) designated to the uplink (UL), together with flexibility in frequency and higher modulation formats. The key benefit of LTE is the use of the OFDM (orthogonal frequency division multiplexing) modulation format that can control and mitigate the effect of inter‐symbol interference substantially due to the wideband channel effect, as well as provide additional bandwidth in contrast to 3G. The peak data rate for LTE in the download and upload speed was up to 100 Mbps and 50 Mbps, respectively. In a bid to increase the data rates even further, the LTE‐A (LTE‐advanced) standard evolved building on significant upgrades to the 4G baseline.
 The LTE‐A main specifications were standardized by Rel‐10, Rel‐11, and Rel‐12, and include significant new technologies such as carrier aggregation, multiple inputs multiple outputs (MIMO) or spatial multiplexing, relay nodes, and coordinated multipoint operation (CoMP). Each of these technologies aims to enhance the coverage capacity of the network along the cell profile/diameter by enhancing the peak data rate at the cell center or enhancing coverage at the cell edge. Recently, 3GPP has launched LTE‐Advanced Pro (LTE‐A Pro) through Release 13, and 14, (Rel‐13) and (Rel‐14), distinguished as 4.5G, 4.9G, and Pre‐5G that is paving the way towards 5G networks. LTE‐A Pro has many mature specifications that were included in the previous releases of LTE and LTE‐A, as well as integrating new requirement and use cases. These new features include, but are not limited to, interworking with wireless local area networking (WLAN) that complies with the traditional Wi‐Fi IEEE 802.11 series (and new Wi‐Fi IEEE 802.11ah standards), carrier aggregation enhancements up to 32 component carriers (CCs) (i.e. massive MIMO), machine‐type communication (MTC) enhancements, Internet of Things (IoT), public safety features, device to device (D2D) communication and proximity services (ProSe), full‐duplex small cell and layout, enhanced LTE‐WLAN aggregation (eLWA); licensed assisted access (LAA) (at 5 GHz), MulteFire
5
, indoor positioning, 3D space/full dimension (FD) FD‐MIMO, cellular vehicle‐to‐everything (C‐V2X), and pursue opportunities for various vertical use cases (e.g. e‐industry, e‐health, entertainment, automotive). The inspiration behind the LAA, eLAW, MulteFire standards is to allow the LTE‐A Pro mobile terminals that traditionally use licensed spectrum to opportunistically exploit the unlicensed spectrum in WLAN to enhance the coverage/capacity of the 4G network.
 It is widely accepted that these aforementioned specifications have been achieved because of the synergies of different stakeholders coming together to provide interdisciplinary, integrated solutions to serve emerging vertical markets. Once again, in 2012 the ITU and its partners agreed on the IMT‐2020 recommendation that gives the initial vision of the IMT (international mobile telecommunications) for 2020 and beyond. This is in an effort to identify the specifications and requirements that will facilitate development and the adoption of 5G technologies. The smooth migration toward the first phase of the 5G era will enrich the specifications and characteristics of legacy 4G networks and technologies. The significant flexibility improvements for agnostic end‐to‐end (E2E) architectures will be a quantum evolutionary leap for the IMT‐2020/5G networks in contrast to 4G networks. The key enabler for 5G will be softwarization providing a new dimension to the way we manage mobile networks, and facilitating new services to provide more effective end‐to‐end service delivery. Thanks to methods such as network function virtualization (NFV), and software‐defined networking (SDN), this will provide the platform for more flexibility and programmability of the mobile network system that empowers many new capabilities that automatically runs over the next generation networks such as network slicing, among others. This new paradigm will also introduce new business opportunities for third party service providers, such as virtual mobile network operators (VMNOs), which can acquire networking infrastructure on demand.
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