Imran Latif 
  
Laurent Roullet 
  
Cloud RAN architecture for Smart Cities

Keywords: CRAN, SDN, Orchestration, Network Slice, Central Cloud, Edge Cloud Computing, Smart Cities

Cloud RAN (CRAN) is envisioned to provide great flexibility and re-usability of not only radio resources such as frequency spectrum but also processing capability and storage in an efficient and most cost-effective manner. This makes CRAN a perfect candidate for smart city solutions where radio and processing resources for various types of communications shall have to be rented out for specific durations of times. This paper presents a network slice based CRAN architecture for smart cities which makes use of the edge cloud computing and front-end computing to fulfill the needs of various types of communications, i.e., low latency and high throughput. Furthermore, this paper highlights the challenges and solution in addressing these low latency, high throughput requirements.

Introduction

Smart cities are on the rise due to multiple factors such as advanced technology, energy, transportation, health-care system and connectivity. It is needless to mention that connectivity might be most important of all aspects in any smart city. In [START_REF]Worldwide Smart Cities: Energy, Transport & Lighting 2016-2021[END_REF] Singapore has been ranked as the smartest city of year 2016 for which its fixed and cellular broadband services are among the primary reasons for securing its first position. 5th generation (5G) of communications systems is going to be the biggest breakthrough in the history of cellular communications. 5G is supposed to connect everything everywhere while fulfilling certain criterion. These criterion include high throughput such as at least 1Gpbs for video and online gaming applications (eMBB), low latency such as less than 1 ms of TTI and certain level of assurance for ultra reliable low latency communication (industrial IoT 4.0) etc. To fulfill all these requirements 5G network should have high level of reconfigurability, flexibility and scalability. 5G shall achieve all of these design goals by not only deploying a single revolutionary technology but it shall achieve its design goals by employing combinations of many revolutionary technologies such as C-RAN, network slicing, SDN, virtualization, orchestration, MIMO techniques, NR, mmWave and high level of modulation with polar and LDPC codes.

5G has many revolutionary techniques such as C-RAN [START_REF] Checko | Cloud RAN for mobile networks -a technology overview[END_REF] where all of the RAN functionalities are placed inside cloud at centralized data center being referred as Base band unit (BBU). Conventional C-RAN is divided into three parts, remote radio head (RRH), distributed unit (DU) and central unit (CU). RRH usually consists of radio frequency (RF) equipment and physical antennas. DU is small data center where resources such as processing power and storage is available. CU on the other hand is supposed to be a conventional data center with abundance of processing power and storage while it is situated 100s of kilometers away from RRHs. If the connection between RRH and centralized data centers is good enough to meet the latency and throughput requirements then RAN resources can be assigned dynamically to increase the multiplexing gain and better resource utilization, i.e. on demand to avoid network under/over utilization . This architecture not only reduces capital expenditures (CAPEX) but also reduces the operational expenses (OPEX) due to a centralized control and management.

Although C-RAN was a revolutionary concept but it still did lack the reconfigurability and customization to meet the requirements of certain type of data traffic model. This problem was solved by the concept of network slicing where physical network is decomposed into many logical networks to support multiple types of traffic and data. This is not a new idea as VPNs have always been in use in Networks domain but use of it for the cellular domain and co-existence of many parallel network slices is a huge step forward for 5G.

To enable network slicing, typical RAN functionalities are to be thought of network functions instances of which can be deployed on many logical networks. However if these functions are deployed in classical bare-metal fashion then these shall lack flexibility of being deployed anywhere in the cloud therefore the solution was to virtualize these network functions giving rise to the term Network Function Virtualization (NFV) [START_REF] Etsi Nfv Isg | Network Functions Virtualisation (NFV); Architectural Framework[END_REF]. NFV is a very well studied topic and is standardized by ETSI [START_REF] Etsi Nfv Isg | Network Functions Virtualisation (NFV); Management and Orchestration[END_REF][6] [START_REF] Etsi Nfv Isg | Network Functions Virtualisation (NFV); Network Service Templates Specification[END_REF]. Usually these NFVs are the functions deployed at the DU and CU. However, in principle the functionalities at RRH can also be virtualized by using hardware acceleration but that is out of the scope of this paper.

With NFV comes the problem of deployment and network connection management. Since these networks are supposed to be reconfigurable and flexible so this is where software defined networking (SDN) [START_REF] Mckeown | Software-defined networking[END_REF] and orchestration comes in. Although these ideas are very well understood and used in information technology (IT) domain but in telecommunications these are relatively new and less investigated ideas. Therefore these techniques are very hot topic in telecommunications and there are many European projects which are dedicated to identify the requirements for telecommunications domain and then adoption of these IT services to solve problems for the case of telecommunications. Due to the limited bandwidth and delay requirements in the links between RRH and CU, there is a huge interest in defining new functional splits in RAN functionality so that optimal use cases can be studied to optimize the resource utilization in an efficient manner. ETSI has defined some interfaces for functional splits and we shall we presenting those and their future as well. Moreover, in this article we shall present all the previously mentioned technologies and their state-of-the-art status while giving future directions where this can lead even beyond 5G systems.

Rest of the article is organized in the following manner, Section 2 presents the Network slicing, Section 3 presents virtualization and revolutionary idea of reusable functional block, Section 4 presents functional splits of RAN functionalities and its future, Section 5 presents mobile edge computing and its benefits, Section 6 introduces the concept of front end computing and its benefits, Section 7 presents the smart network slicing architecture and finally Section 8 concludes the article.

Network Slicing

Network slicing is the key enabling technology for 5G network where virtual independent resources are assigned to each type of communications while fulfilling certain service level agreement (SLA). Network slicing creates multiple logical networks over a single physical network hence increasing the multiplexing gain and better resource utilizations. In smart cities there can be many use-cases for network slicing, for example, video slicing, IoT slicing for industry 4.0, emergency services IoT, consumer based IoT (e.g. smart meters etc.). The most important aspect of network would be to provide these different slices with all-time availability and reliability while fulfilling given latency, throughput, reliability and security. However, network slice management in itself is a quite complex problem and many proposals have been discussed in literature [START_REF] Norma | Deliverable 3.1: Functional network architecture and security requirements[END_REF] [START_REF]Deliverable D2.2: Functional analysis and decomposition[END_REF].

Using 5G networks smart cities shall enable new markets and opportunities for vertical industry as well where not only certain operators but also various vertical industry players will have a need to deploy services by means of different network constraints with the help of network slices. A typical scenario can be a musical event/festival/trade-shows where the management would like to have a mobile broadband (MBB) network slice on request for the duration of that event to avoid network congestion and let the attendees post videos, photos and news while enjoying the event. Similarly there can be a need of IoT slice for emergency situation where it is required that certain SOS messages are delivered with full reliability and as low latency as possible. This kind of slice creation and management is of utmost importance. We need an architecture where a set of virtual network functions (VNFs) are dynamically created, deployed, connected and managed over the physical infrastructure. It is very clear that managing slices dynamically and automatically (creation, modification, deletion) is seen as the corner stone of the future 5G networks.

Virtualization and Reusable Functional Block (RFB)

Virtualization is an important concept for the network systems to be truly elastic and re-configurable. Without virtualization the CRAN advantages are reduced by volume. It was demonstrated in [START_REF]Deliverable D2.2: Functional analysis and decomposition[END_REF] that the required technologies for the "cloudification" of the network should be able to instantiate and provision network functions and services on-the-fly. These NFs should be available at different locations in the network and should able to run anywhere in the network, i.e., they should be portable across multiple hardware platforms. For this purpose Reusable Functional Block (RFB) was presented in [START_REF]Deliverable D2.2: Functional analysis and decomposition[END_REF]. An RFB is a logical entity that performs a set of functionalities and has a set of logical input/output ports. In general, an RFB is capable of holding its own state information so that the processing of information coming in its logical ports can depend on such state information. RFBs can be composed in recursive manner to provide services to or form other RFBs therefore a Reusable Functional Block can be composed of other RFBs, this is referred as composition and recursive feature of an RFB.

An RFB is a conceptual abstraction of NFV where either each VNF can be regarded as RFB or multiple VNFs can be combined to make an RFB. Moreover RFB is also abstraction of micro-service with the exception that it can hold its state as compared to micro-service which is supposed to be state-less. Functional splits of the C-RAN allows the VNFs to be efficiently deployed on various places depending on the specific requirements on latency, throughput and reliability. 3GPP has described many RAN functional splits which are shown in Figure 1. Main design criterion for these splits to increase the spectrum efficiency, have extreme flexibility in the deployment and provide greater elasticity for the network to become what is needed and where ever is needed. Conventional split C-RAN consists of RRH, DU and CU. Different split options are being considered for different kind of scenarios and each one comes with its own challenges and advantages but in fact most interesting option is to keep split as dynamic as possible. This has high complexity in terms of implementation but it also features greater flexibility to cope up with different kind of network slicing requirements.

Mobile Edge Computing (MEC)

Mobile edge computing [START_REF] Fernando | Mobile cloud computing: A survey[END_REF] is referred to the technique where most of the processing and storage capability is moved close to the edge of the network or to the end-user to have the low latency. The key enabler parameter of MEC is that it not only allows the RAN functionalities to be processed but it also allows the third party applications to be processed giving rise to a new market where local industry can benefit by giving their services. This allows the third party industry to innovate in an efficient manner and provide services towards vertical segments.

Front End Computing (FEC)

Front end computing is a new idea where we propose to take the MEC to even one step further close to the end-user. That is many RRHs can be connected to a FEC cloud which has limited capability of processing and storage on it. This is carefully designed to meet the ultra low latency requirements needed for various types of IoT scenarios in smart and big cities. Further advantages of FEC include, ultra-low latency ultra reliability high bandwidth at low latency ultra real-time access to radio network information very precise location awareness (due to short distance between RRH and FEC thus increased accuracy of provided location).

traffic classification at the FEC. This kind of classification can help in traffic shaping and meeting certain QoS/QoE requirements.

Smart Network Slicing Architecture

In C-RAN implementations having edge cloud will not be sufficient enough in future clouds due to ultra low latency requirements and ultra high reliability requirements. Therefore, We need to move towards more scalable and more robust systems. For this purpose we have introduced the FEC cloud which geographically is not far from RRHs and has limited resources but these resources can make sure that in case of high latency requirement we can do the minimal processing at them and we can fulfill the required SLAs. We show a smart network slicing architecture including FEC in the Figure 2. It can be seen that there are mainly four components in this architecture, that is RRH, FEC cloud, EC cloud and CC. The benefits of having FEC and MEC are described in previous sections. However for efficient network slice creation and management we need to consider dynamic C-RAN splits as well. Our proposed architecture is agnostic to what type of functional split is chosen to be applied, that is, it is flexible enough to implement any type of functional split using any type of virtualization technique.

It can be seen in the proposed architecture that we are using the generic concept of RFBs for all NFVs. These NFVs can be implemented using Containers, virtual machine (VM) or unikernels. Functionality wise these RFBs can consist of RAN functions, that is,PHY processing, MAC processing, PDCP, RLC, RRC, MME, etc. Also these RFBs can have ancillary functions, that is swarm, kubernetes, etcd, ONOS, Nuage etc. The solid boxes in the RFB show the VNFs which are active to enable any kind of split while the white boxes in RFB show the inactive VNFs which could be active on the next end of cloud to enable any split that is foreseen by ETSI. This kind of architecture provides global structure for implementing any type of network slice to fulfill any types of SLA. This support of flexible splits helps the network to choose the type of split that is most suitable for a specific type of network slice. In this architecture we propose the functional split to be adapted in a disruptive manner where the interaction between different components of the network are handled as a separate service and there is no interference in terms of functionality or resources which are being used by different network slices. Moreover this type of architecture is essential for the future of cloud computing where complete platforms are envisioned to be provided as a service (PaaS). Next Generation PaaS (NGPaaS) [12] is a recent effort of Phase II of standardization towards 5G to enable PaaS move from concept to reality.

Conclusion

In this paper we present a new disruptive architecture introducing FEC in addition of MEC and show that how various types of functional splits can be applied in various use cases to create different kind of on-demand network slices. The most typical use cases for smart cities can be, corporate needs, concerts, sports events, emergency situations, industrial needs. In this paper we show that our proposed architecture is able to handle all these different kind of scenarios.
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 2 Fig. 2. Proposed network slicing architecture with FEC cloud and EC cloud
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