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13.1. Introduction 

The trend to enable virtualisation of mobile core network functions through softwarisation is 

driven by recent efforts in improving the flexibility and configuration of the network in order to 

meet the requirements of a wide and dynamic array of new services. The focus on improving 

network configuration rises because traditional network deployments require the replacement 

of hardware equipment when upgrading network functionalities or modifying network 

architectures, which results in high capital and operation expenditures (CAPEX and OPEX, 

respectively). In the design of 5G, flexibility is one of the key drivers as it supports the 

heterogeneous requirements of all 5G applications, and enables multiple network embodiments 

within one single network deployment.  

In Radio Access Network (RAN) architecture design, there are similar trends of including 

softwarisation to provide flexibility to the RAN configuration. In a Centralised or Cloud RAN 

architecture the radio unit is decoupled from the base band unit, leaving some of the lower layer 

functionalities close to the radio side and moving some of the higher layer functionalities to a 

centralised position. There have been discussions in the community that argue the feasibility of 

such centralisation, and different functional splits have been recognised. Hence, a fully 

centralised RAN will typically have all the functionalities decoupled from the radio unit, and a 

fully distributed RAN will have all the functionalities close to the radio unit. Whilst high levels of 

centralised functions facilitate the use of cooperative radio features, it certainly limits the use of 

multiple antenna systems to the availability of fronthaul networks. 

This dependency with the underlying fronthaul infrastructure motivates the development of a 

virtualised RAN, which could largely benefit from Network Function Virtualization (NFV).  Some 

of the RAN functionalities can be implemented as software to provide the system with increased 

flexibility. In this sense, the level of centralisation can dynamically go from decoupling the RAN 

radio and baseband, to splitting functionalities at higher levels.  

This chapter discusses two enabling technologies that allow to efficiently implement fronthaul 

based radio access networks. Software-Defined Networking (SDN) is a network architecture 

that decouples both control and user plane, and NFV allows for network functions to be 

decoupled from hardware, and each functionality can be represented as a virtual machine or 

container. A Software-Defined (SD)-RAN controller can bring dynamic programmability into the 

control and data planes. In general, the use of NFV provides a flexible architecture, orchestrated 

by a controller, which considers fronthaul network capabilities to separate the radio access 
network functionalities with the aim of maximising the quality of service (QoS) and slice 

requirements.  

13.2. Background: SDN and NFV in Research and Standardisation  

13.2.1. Network Function Virtualisation (NFV) 

The proprietary nature of existing hardware as well as the cost of offering the space and energy 

for a variety of middle-boxes limits the time to market of introducing new services into today’s 

networks. NFV brings a radical shift in the way network operators design and deploy their 

infrastructure by separating of software instances from the underlying hardware. The main idea 

behind virtualization is that Virtualized Network Functions (VNFs) are implemented through 

software virtualization techniques and run on commodity hardware (i.e., industry standard 

servers, storage, and switches). This is exemplified in Fig. 1. 



 
Figure 1. The network virtualization paradigm 

 

The virtualization concept is expected to introduce a large set of benefits to telco operators: (i) 

reduction of capital investment; (ii) energy savings by consolidating networking appliances; (iii) 

reduction in the time to market of new services thanks to the use of software-based service 

deployments; (iv) introduction of services tailored to the customer needs. Furthermore, the 
concept of virtualization and softwarisation are mutually beneficial and highly complementary. 

For example, SDN can support network virtualization to enhance its performance and simplify 

the compatibility with legacy deployments. 

The NFV high level architecture from [1], shown in Fig. 2, highlights the two major enablers of 

NFV, i.e., industry-standard servers and technologies developed for cloud computing. Being 

general-purpose servers, industry-standard servers have the key feature of a competitive price, 

compared to network appliances based on bespoke application-specific integrated circuits 

(ASICs). Using these servers may come in handy to extend the life cycle of hardware when 

technologies evolve (this is achieved by running different software versions on the same 

platform). Cloud computing solutions, such as various hypervisors, OpenStack, and Open 

vSwitch, enable the automatic instantiation and migration of virtual machines (VMs) running 

specific network services. 

 



 
Figure 2. High level NFV architecture [1] 

 

The NFV architecture is mainly composed of four different blocks.  

 The first one is the orchestrator, which is responsible for the management and 
orchestration of software resources and the virtualized hardware infrastructure to 

realize networking services.  

 The VNF manager has the following tasks: instantiation, scaling, termination, updating 

events during the life cycle of a VNF, supporting zero-touch automation.  

 The virtualization layer is in charge for abstracting the physical resources and anchoring 

the VNFs to the virtualized infrastructure. The virtualization layer has the key role to 

ensure that the life cycle of VNFs is independent of the underlying hardware platforms: 

this is achieved through the use of virtual machines (VMs) and their hypervisors.  

 Finally, the virtualized infrastructure manager has the role of virtualizing and managing 

the configurable computing, networking, and storage resources, and control their 
interaction with VNFs.  

Further reading about the NFV architecture can be found in [2]. 

13.2.2. Software Defined Networking (SDN) 

In traditional IP networks, the control and data planes are tightly coupled, i.e., control and data 

planes functionalities run on the same networking devices. This was considered important for 

the design of the Internet in the early days as it was the best way to guarantee network 

resilience, which was a crucial design goal.  

The main drawback of this coupled paradigm is a very complex and relatively static architecture 
as, for instance, addressed in [3]. A further issue is related to the network management, which is 

typically handled through a large number of proprietary solutions with their own specialized 

hardware, operating systems, and control programs. This involves high OPEX/CAPEX as 

operators have to acquire and maintain different management solutions and the corresponding 

specialized teams and this further involves long return on investment cycles and limits the 

introduction of innovation. 



The softwarisation paradigm is useful to overcome above limitations as it introduces the 

following features: 

 Decoupling of control and data planes. This means that control functionalities will be no 

longer handled by network devices that will act only as packet-forwarding units. 

 Per flow-based forwarding. This means that all packets belonging to the same flow 

(identified by packet header information from layers 2-4) receive identical service policies 

at the forwarding devices, instead of having per-packet routing decisions based only on the 

packet destination address.  

 Network Controller. Control logic is moved to an external controller, which is a software 

platform that runs on commodity server technology and provides the essential resources 

and abstractions to facilitate the programming of forwarding devices based on a logically 

centralized, abstract network view. This allows to control the network by taking into 

consideration the whole state of the network. 

 Software-based network management. The network is programmable through software 

applications running on top of the network controller that interacts with the underlying 

data plane devices. This allows a quick network reconfiguration and innovation. 

The new network vision based on SDN, whose high-level architecture is depicted in Fig. 4, will 

allow to program in an easier way novel network functionalities as well as to optimize the 

network balancing as all applications can take advantage of the same network information (i.e., 

global network view). The switches in Fig. 4 are SDN network elements running OpenFlow and 

this allows them to receive information by the SDN controller to configure link parameters 

(bandwidth, queues, meters, etc.) as well as intra-network paths. As a consequence, Fig. 4 

highlights that data and control planes are now decoupled as the control plane is removed from 

the physical links between the switches and it is instead managed by the SDN controller. 

 

 

 

Figure 4. Software-defined networking with decoupled control\data planes 

 

 



The SDN architecture is depicted in Fig. 5. Different components may be envisioned, which are 

presented in more detail in [4]. In the remainder of this section, we will provide a global 

overview of the SDN architecture. 

 

 
Figure 5. The SDN architecture with the related planes, layers and main entities 

 

Entities. An SDN architecture is composed of two main elements, i.e., forwarding devices and 

controllers. The former are hardware- or software-based elements handling packet forwarding, 

while a controller is a software stack running on a commodity hardware platform or can even 

be virtualised. 

Planes. An SDN network is composed of three different planes. The data plane (DP) refers to the 

plane where devices are interconnected through wireless radio channels or wired cables. The 

control plane (CP) can be considered as the “network brain”, as all control logic rests in the 

applications and controllers, which form the control plane. Finally, the management plane (MP) 

deals with the set of applications that leverage functions such as routing, firewalls, load 

balancers, monitoring, and so on. Essentially, a management application defines the policies, 

which are ultimately translated to southbound-specific instructions that program the behaviour 

of the forwarding devices. 

Interfaces. SDN introduces the concept of southbound interface (SI), which defines: (i) the 

communication protocol and APIs between forwarding devices and control plane elements and 

(ii) the interaction between control and data planes. Actually, OpenFlow is the most widely 

accepted and deployed open southbound protocol for SDN; other protocols are being developed 

as complimentary to OpenFlow, such as ForCES, OVSDB, POF, OpFlex, OpenState, Revised Open-

Flow Library (ROFL), Hardware Abstraction Layer (HAL), and Programmable Abstraction of 

Datapath (PAD). These protocols extend the functionality of the controller by allowing it to 

configure more than just the forwarding rules of a switch. For example, OVSDB allows the 

hardware configuration of a switched to be managed by a controller. This means that a 

controller implementing OpenFlow and OVSDB is capable of configuring the switch ports, install 

queues, create virtual bridges as well as install packet forwarding rules such as assigning traffic 

to a particular queue, limiting the rate of a flow or changing header values. The northbound 

interface (NI) is a common interface exploited to develop applications, i.e., the NI abstracts the 



low-level instruction sets used by SIs to program forwarding devices. A common NI is still an 

open issue; it may still be a bit too early to define a standard NI, as use-cases are still being 

worked out. Commonly, controller applications provide a Representational State Transfer 

(RESTfu) API for the NI, where system administrators can forward their desired network 

configuration using a modelling language in XML or JSON format [5].  

13.2.3 Standardization Activities 

The standardization landscape in SDN is already wide. The Open Networking Foundation (ONF) 

is considered as the member-driven organization aiming at promoting the adoption of SDN; the 

main contribution has been the development of the OpenFlow protocol.  The Internet Research 

Task Force (IRTF), has created the Software Defined Networking Research Group (SDNRG) that 

is currently investigating SDN in both short- and long-term activities, i.e., aiming at identifying 

the approaches that can be defined, deployed and used in the near term, as well as identifying 

future research challenges. Similarly, the International Telecommunications Union’s 

Telecommunication sector (ITU-T) has already started to develop recommendations for SDN. 

The Institute of Electrical and Electronics Engineers (IEEE), has started some activities to 

standardize SDN capabilities on access networks based on IEEE 802 infrastructure, for both 

wired and wireless technologies to embrace new control interfaces. 

The European Telecommunication Standards Institute (ETSI) is working on the virtualization of 

SDN. ETSI considers softwarisation and virtualization as complementary features, as both share 

the goal of accelerating innovation inside the network through the introduction of 

programmability. Hence, ETSI-NFV is managing the standardisation of VFNs and the NFV 

infrastructure. Separately, the orchestration and management of the architectural framework is 

carried out by ETSI-NFV Management and Orchestration (MANO). Similarly, the 3rd Generation 

Partnership Project (3GPP) is studying the management of virtualized networks. The main 

aspects of network virtualization will be treated in the next section. 

13.3. NFV: Virtualisation of C-RAN Network Functions 

13.3.1. Virtualization as a flexible C-RAN Enabler 

The heterogeneous nature of 5G in terms of services, features, access techniques and 

architecture solutions introduce high degrees of freedom when configuring the best 

combination of available options. The combination of service requirements and different radio 

access features (Cooperative Multi Point (CoMP), Dual Connectivity, Multiple Input Multiple 

Output (MIMO), etc.) result in demanding support from fronthaul connections, mainly in terms 

of bandwidth and latency. To reduce the fronthaul costs and mitigate this demands for higher 

capacity, solutions considered by the community include the so-called functionality split. 

In this sense, there have been several efforts to analyse which are the most suitable or ideal 

splits that can build a new architecture for centralised RAN network functions. Conclusions 

mainly highlight that there is no such ideal split, since the performance maximisation comes 

together as a combination of radio features, access techniques and the available fronthaul 

technology.  Hence, a flexible centralised RAN architecture should be pursued, where different 

functional splits can be configured, and the architectural solution can be easily adapted to 

satisfy different requirements: service needs or network cost, for example.  

This type of RAN configuration requires a complete softwarisation of the evolved Node B (eNB) 

functionalities at all levels, using the concept of NFV. In this context, NFV can provide the C-RAN 

architecture with the flexibility needed to attend the diverse requirements depending on the 

specific service or technology being used. For example, a cell edge user is more likely to be 



receiving/transmitting in a CoMP mode, whereas a cell centre user might take more advantage 

of a Massive MIMO configuration. To this end, every functionality needs to be represented as a 

virtual machine or container (VM), which can be easily moved from one machine to another. 

Moreover, the increases in signalling and more stringent latency requirements for inter cell 

cooperation are placing pressure on network providers which need to properly manage such 

issues, especially in the context of C-RAN in order to achieve the expected performance benefits. 

A possible solution to reduce this signalling is to allow integration at a Base Band Processing 

Unit (BBU) level, in order to group several small cells. This idea is popular in the literature, and 

several architectural solutions involving virtualisation and BBU sharing have been proposed 

[9,10,11,12]. In this way, mobility signalling due to transitions between the macro and small 

cells, or other signalling due to cell cooperation can handled locally at the same BBU. To do so, 

fronthaul networks need to be flexible and easily reconfigurable, to allow path management/re-

configuration and efficient BBU mapping.  

Fig. 6 shows an example of the virtualised C-RAN architecture. All three neighbouring cells may 

share the same BBU (and virtually the same eNB) and act as one cell for mobility or cooperative 

purposes. At the same time, different users may need different functionality split options, and 

the BBU may decide to migrate some functions from the Remote Radio Head (RRH) position to 

the BBU, or vice-versa.  

 
 Figure 6. C-RAN architecture with multiple functional splits and BBU sharing 

  

Indeed, considering the legacy fourth generation (4G) deployments, all signalling information of 

a given flow is passed to the Evolved Packet Core (EPC) and this presents a significant load. As 

part of the network function virtualisation, traditional C-RAN can be enhanced by moving other 

EPC functionalities to the C-RAN, as for example: 



 Control and Data Plane (C/U-Plane) anchoring: to provide a static endpoint on the 

C/U-Planes for connections between cells belonging to the same C-RAN and this 

could potentially enable the support of ultra-low latency services; 

 Mobility management: several mobility functions can be migrated close to RAN. In 

particular, placing those that allow handover between cells belonging to the same 

BBU pool, can certainly reduce backhaul load, delay and packet loss. Other functions 

such as those related to device tracking or paging can be also handled locally. 

 

In this architecture, the C-RAN is thus considered to provide a subset of functionalities of the 

Mobility Management Entity (MME) and the Serving Gateway (SGW), thus enhancing the 

performance in terms of supporting low end-to-end latency and core network overload. From a 

standardisation point of view, the 3GPP already specified that some functions can be separated 

from the core and executed in what is called a “Dedicated Core Network”, which is configured to 

specifically satisfy different types of traffic requirements [13]. An example of a C-RAN 

architecture containing EPC functionalities is shown in Fig. 7. 

 

Figure 7. C-RAN architecture with Core Network functions and BBU sharing 

 

13.3.2. Virtualization of the eNB Network Functions 

The main challenge in the virtualization of mobile networks is related to the physical layer 

functionalities of the base stations. In the field of bringing virtualization closer to the edge, the 

virtualization of BS’s low level functions is addressed in [14]. The main challenge identified is 

the virtualization of compute-intensive baseband functions such as the physical (PHY) layer 

(layer 1), typically implemented on dedicated hardware or on general purpose hardware 

accelerators. Thus, physical layer virtualization is discussed in terms of acceleration 

technologies. Some effort to centralize the functionalities of layer 1 of several base stations are 

currently in progress aiming at supporting multiple telecommunications technologies and 

adapting them for new releases. 



Virtualization is most commonly considered for implementation in the higher network stack 

layers. As an example, [15] is considering to introduce virtualization in the layer 3 and then in 

layer 2 of the base stations: layer 3 hosts the functionalities of the control and data plane that 

connect to the mobile core network while layer 2 hosts the packet data convergence protocol 

(PDCP), radio link control (RLC), and media access control (MAC) network functions. This level 

of centralisation provides sufficient level of centralized computing infrastructure for multiple 

base stations. This may allow the effective deployment of C-RAN networks as service providers 

will benefit from sharing their remote base station infrastructure to achieve better area 

coverage with minimum CAPEX and OPEX investment. A more detailed overview on the state of 

the art in the virtualization of mobile network can be found in [16]. 

Important to note is that with the introduction of virtualisation and functionality migration, 

extra latency is introduced due to instantiation of VMs. VMware new family of cloud operating 

system, i.e. vSphere, are targeting ultra-low latency applications and can achieve near-native 

performance of 10 µs. However, to support dynamic association and migration of functionalities 

virtualised under NFV, the VM instances should be migrated while they are operating. There is a 

body of research in this domain exploring “live migration of VM”, and latency of approximately 

50 ms is reported in the literature [17]. The VM live migration studies often move the full VM 

with their associated memories to the new host, while in the case of NFV, a minimum/essential 

set of migrating elements should be identified so that latency can be kept within the acceptable 

threshold. 

Nikaein et al. [18] present a proof-of-concept prototype for a virtualized C-RAN built upon the 

OpenAirInterface LTE software implementation [19], Ubuntu 14.04 with low latency kernel 

(3.17), Linux containers, OpenStack, Heat orchestrator, and Open vSwitch and National 

Instrument/Ettus USRP B210 RF front-end. As a reference scenario, authors considered a 20 

MHz FDD system with single-input single-output and additive white Gaussian noise (AWGN) 

channel. For this scenario, by analysing the processing time requirement of 1ms for the LTE 

sub-frame, the main conclusion is that 2 cores at 3 GHz are needed to handle the total 

processing of an eNB. By considering a fully loaded system, the exploitation of one processor 

core for the receiver processing assuming 16-QAM (quadrature amplitude modulation) on the 

uplink and 1 core for the transmitter processing assuming 64-QAM on the downlink is able to to 

meet the hybrid automatic repeat request (HARQ) deadlines. By comparing different 

virtualization environments, authors conclude that containers (LXC and Docker) offer near bare 

metal runtime performance, while preserving the benefits of virtual machines in terms of 

flexibility, fast deployment, and migration. 

Service providers have shown keen interest in NFV technology in general, and virtualisation of 

the RAN in particular as well, and this has pushed the industry to investigate different aspects of 

NFV realization and create commercial solutions virtualised networks. Leading vendors like 

NEC, Ericsson, Nokia, Alcatel-Lucent, and Huawei have already started to adopt and upgrade 

their equipment to support NFV. Examples of this can be found in [20], [9]. 

 

13.4. SDN: Towards enhanced SON 
13.4.1. Data and Control decoupling in the Mobile Network 

It is also interesting to see the transition from fully coupled data and management/control 

plane in the mobile network to a relatively decoupled architecture. The Long Term Evolution 

(LTE) core network, i.e. the EPC, for the first time has a clear split into: (i) a packet-only data-

plane, comprised of eNB, S-GW and packet data network gateway (PDNGW), and (ii) a 



management plane to manage mobility, policies and charging rules, comprised of MME, policy 

and changing rules function (PCRF) and home subscriber server (HSS). Although the LTE 

architecture yields to easier management, it is still not as evolvable, flexible and programmable 

as can be. The LTE design enforce significant increase to the backhaul load and to the signalling 

message. 

Introducing SDN in the mobile core network has been so far discussed through integration of 

software agents (possibly Open vSwitch
1
), installed in all devices, that can be controlled by a 

SDN controller; examples can be found in [6] and [7]. Introduction of these agents is mainly to 

maintain the logically centralized nature of the SDN-controller, with the distributed solution, 

inline with today’s mobile architecture design. Considering 2G, 3G and 4G networks are all 

simultaneously active in today's mobile network, a clean slate approach is not justifiable. To this 

end, introducing SDN within the existing operational mobile network is in [8], where 

management plane is retained and significant flexibility and programmability are introduced 

through a newly introduced control plane. Since the management plane could also potentially 

be software-defined, the control plane may, in the long term, subsume the functions offered by 

the management plane.  

13.4.2. Software Defined RAN Controller 

Softwarization represents an important enhancement in effective C-RAN deployments by 

exploiting the novel features of SDN paradigm. In the previous section the need for 

virtualisation to enable a fully flexible and adaptive architecture was described. However, such 

flexible architecture needs to be orchestrated by a controlling entity that is capable of managing 

resources and reconfiguring the network when required. In a sense, a software defined (SD)-

RAN controller can bring dynamic programmability into the control and data planes, and 

provide: 

 accurate functional splits based on the QoS, service requirements and underlying 

fronthaul network, 

 rapid reconfiguration of fronthaul links to optimise the data paths. 

The programmability of the SDN architecture allows the data plane to only deal with fast rule 

lookups and executes forwarding at fine timescales, whereas new rules can be pushed into 

longer timescales due to the latency involved in communicating with the controller. Self-

Organised Network (SON) solutions already incorporated this idea of coordinating RAN 

functions at a higher time scale, with the main objective of achieving significant performance 

gains in the use of enhanced cooperative transmissions such as: CoMP, interference 

management, load balancing or power scaling. To do so, a SON controller collects information 

about the network (UEs and eNBs), configures parameters and informs the base stations about 

the configuration [21].  

Software defined radio (SDR) and SDN both go from hardware based designed approaches to 

open programmable reconfigurable systems. Both SDR and SDN can converge into SON 

architectures enabling SON programmability [22]. Hence, an SD-RAN controller can support 

SON algorithms and expand its applications to handle other network operations; by using the 

SDN paradigm the centralised controller can have a global network view and improve RRH and 
BBU mapping functions, re-calculate paths along the fronthaul and hence improve load 

balancing.  

13.4.3. Controlled Network Operations in C-RAN  

                                                             
1
 OpenVSwitch: An Open Virtual Switch, http://openvswitch.org. 



A C-RAN architecture can be seen as a direct extension of SDN’s control/data plane separation 

principle to the RAN where the C-RAN and SDN complements each other. Some examples of the 

application of the SDN in the RAN SON functions can be found in the literature. Authors in [23] 

and [24] use this idea of reprogrammable SON to adjust dynamically the load balancing among 

small and macro cells, by setting the cell range expansion (CRE) value. The CRE was introduced 

by the 3GPP to address load balancing problems in heterogeneous networks: the small cell 

coverage or range is expanded by adding a cell selection offset to the RSRP (reference signal 

received power) or RSRQ (reference signal received quality) measured from the small cell. In 

this way, the users placed in the range expanded area are associated to the small cell. However, 

to manage the interference caused in the CRE area, an enhanced inter-cell interference 

coordination mechanism, known as almost blank sub-frames (ABS) must be considered. In this 

case, the SD-RAN controller can adjust the interference coordination mechanism together with 

the CRE offset to maximise the RAN performance.  

Moreover, authors in [25] proposed to handle control plane tasks such as radio resource 

management (RRM) or interference coordination logic in an SDN controller implemented in the 

C-RAN architecture in order to orchestrate the parameters of RRHs (data plane): in this case, 

SDN brings some benefits in terms of distributing the control information triggered by the C-

RAN to the involved network entities. Another example is for instance the activation/de-

activation of RRHs which is decided by the C-RAN according to network load and interference 

level; in this case, SDN updates the path configuration in order to guarantee reliable 

communication for the new activated RRHs or to optimize data paths when some RRHs are 

switched off. This leads to another important role of SDN: its capability of managing the 

fronthaul links of a C-RAN. 

When considering in detail how to manage the fronthaul links, the C-RAN decouples the BBUs 

from the RRHs in terms of physical placement, but there is a one-to-one logical mapping 

between BBUs and RRHs. The path between a BBU and an RRH can be computed to satisfy 

different rules or policies, like for example: minimum distance or resource utilization. Since 

fronthaul networks contribute to the accurate performance of the RAN (in terms of capacity, 

latency or outage) this path must be accurately calculated. SDNs expose to the orchestrator an 

abstracted view of the network making sure that there is enough information to make good 

decisions. In particular, this level of abstraction and path computation in a fronthaul network is 

studied in [26], and conclusions highlight what a delicate task this is, as there is a high level of 

information required from the network to accurately allocate RRH and BBUs.  

Furthermore, it has been also analysed in the literature, particularly in [27], that this notion of 

fixed one-to-one mapping can potentially limit the performance of C-RANs. For instance, mobile 

users require handovers when moving from one RRH to another and in this scenario a one-to-

many mapping on the fronthaul link could reduce the overhead and optimize network 

performance. Similarly, in multi-connectivity scenarios, such as the ones defined by the 3GPP in 

[28] the complexity of aggregating multiple flows of different base stations can be significantly 

lower if several radio units share the same BBU, especially at a radio resource control (RRC) 

level [11].  

Another aspect to be taken into consideration is that, with the one-to-one mapping, several 

BBUs are active and generate frames (and thus consume energy in the BBU pool) even if an 

enhanced capacity may not be needed in all parts of the network or at all times. As an example, 

when the traffic load is low in a region (e.g., coverage area of multiple small cell RRHs), a single 

BBU may be enough to serve the offered load. The SDN paradigm may come in handy to 

introduce this flexibility in the fronthaul management by treating fronthaul links as network 



links. Authors in [29] proposed a flexible C-RAN system for RRHs that is based on the 

introduction of an intelligent controller in the BBU pool that, similarly to an SDN controller, 

dynamically re-configures the fronthaul (at coarse time scales) based on network feedback to 

cater effectively to both heterogeneous user and traffic profiles. As a consequence, the amount 

of traffic demand satisfied on the RAN is maximized for both static and mobile users, while at 

the same time the compute resource usage in the BBU pool is optimized. 

Another element controlled by the SD-RAN is the method for polling all available resources at 

the connected cells. So doing, the C-RAN can ensure that only the minimum required resources 

are active at any time in the whole VLAN, instead of activating the minimum required resources 

in each cell. The SD-RAN controller would also provide slicing of the network resources to allow 

for RAN sharing between operators, in order to deploy and support multi-tenancy deployments 

which are attracting the interest of 5G research community as outlined for instance in [30]. 

 
13.5. Conclusions 

Virtualisation and softwarisation are two important enablers of 5G networks as they provide 

the necessary flexibility and configurability to the network design. These novel enablers have 

been widely considered in the context of mobile core networks, where NFV and SDN have 

proven to improve the network efficiency by decoupling the network functions from the 

hardware, facilitating network management. On a separate matter, C-RAN has also shown to 

have potential to improve the RAN performance, by enabling better inter-cell cooperation and 

reducing complexity sharing BBUs. However, there is no rule of thumb on which of the possible 

C-RAN configuration is the best, given that several variables need to be taken into account, as 

for example the availability of fronthaul networks or the user profile. To ensure a correct C-RAN 

configuration, a flexible and dynamic topology should be considered. To this end, the 

community is considering the use of the aforementioned virtualisation and softwarisation 

technologies. This chapter has identified the main motivations to include these technologies, 

and it has highlighted the applicability of NFV and SDN in the context of C-RAN.  

First, the virtualisation of network functions allows to satisfy the high level of heterogeneity in 

services and features considered in nowadays access networks. It helps to reduce fronthaul 

costs and accommodate several functional splits, ensuring that cell cooperation can be 

configured at any desired level. Moreover, since the use of virtualisation in core networks is 

already considered, RAN virtualisation allows to collocate RAN and core network functions, 

migrating some functionalities of the SGW or the MME close to the edge. Finally, the use of SDN 

in virtualised C-RAN environment has been mainly driven to include a control entity that 

instructs the network how to configure functional splits, topology and any other RAN feature. 

Hence, SDN has enabled the programmability of the former SON architectures.  
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