(, IJARSCT ISSN (Online) 2581-9429

xx International Journal of Advanced Research in Science, Communication and Technology (IJARSCT)
IJARSCT

Volume 2, Issue 1, August 2022
Impact Factor: 6.252

Cloud Radio Access Network

Mr Pradeep Nayak', Sujan P S?, Sudheer’, Srusti K*, Sudeep K°
Assistant Professor, Department of Computer Science and Engineering'
Students, Department of Information Science and Engineering”**”
Alvas Institute of Engineering and Technology, Mijar, Karnataka, India
pradeep@aiet.org.in, 4al20is051@gmail.com, 4al20is050@gmail.com
4al20is048@gmail.com, 4al220is049@gmail.com

Abstract: In the mobile Internet era, mobile carriers are under pressure from rising operational and
capital costs and significantly slower income growth. Next-generation radio access network (C-RAN) is
anticipated to be a candidate. strategies for gemeration access networks that can answer operators'
conundrums. In this piece, We provide a novel logical framework of C-RAN based on a thorough study of a
physical plane.
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I. INTRODUCTION
To handle the growing use of mobile data traffic in 5G, the more extended access points (APs) will also be developed.
These APs will exploit spatial reuse across narrow cellular networking. Systems for wireless communication. As
previously said, deploying traffic-aided APs is an effective method to account for traffic path loss, resulting in
cellular energy-efficient systems . However, inefficient interference is the issue for dense cellular networks. control.
Additional APs would also increase operator expenses and difficulties. Receiving The Cloud-RAN, a potential network
infrastructure, has acknowledged that small-cell networks are incorporated to improve network availability, reduce
network congestion, and lessen the capital expenditures (CAPEX) of the network operator (Network Operations) and
expenditures for operations (OPEX) . A baseband unit is connected to cloud-RAN (BBU)Device is connected to the
dispersed transmitting/receiver sites through a backhaul with high bandwidth lines known as distant radio heads

(RRH). Cloud-RAN enables efficient transmission and reception
coordination operation between different RRHs using the centralized BBU pool with real-time cloud assistance
computing.

I1. CLOUD RADIO ACCESS NETWORK
On a cellular network architecture known as C-RAN, baseband and higher-layer BS functions are carried out in a
cloud. A C-RAN architecture essentially consists of three parts: remote radio heads (RRHs) with antennae, a fronthaul
network that connects RRHs with the BBU pool, and a BBU pool made up of numerous BBUs with centralised
processors . depicts the general architecture of a cellular network powered by C-RAN. Traditional BSs are split up into
two components in C-RAN: distributed RRHs and pooled BBUs. The pool is situated at a single, cloud-based location
that has a number of BBUs.This implies that several BBUs' radio resources be shared to satisfy users' dynamic,
temporally and spatially variable demand variation. The cloud is also in charge of the RRHs.reconfigurable, that is, the
quantity of BBUs can be altered with time. With the use of general purpose processors, the cloud performs baseband
processing as a virtual base station. In the cloud, signal processing resources are dynamically assigned based on
demand. In the cloud, a number of operations are carried out, such as modulation, coding, fast Fourier transform, and
channel or frequency selection. On the other hand, RRHs with antennas broadcast radio signals to users in the
downlink and forward directions from the BBU cloud. users' baseband signals that are sent to the cloud for
processing. Radio frequency is one of the RRHs' primary duties (RF) Digital processing includes amplification,
up/down conversion, filtering, analog-to-digital conversion, and digital-to-analog conversion interface customization.
Since most of the signal processing operations are carried out in the cloud, RRHs can In a large-scale situation, things
might be simplified and disseminated in an economical way. Fronthaul, the third element, offers the channels of
communication between RRHs and BBUs. This fronthaul can be implemented using a variety of technologies,
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including optical fibre connection, conventional wireless communication, and even millimetre wave (mmWave)
communication. Communication over optical fibre Fronthaul can accommodate large transmission capacities, albeit at
a cost. of high price and rigid deployment. While wireless fronthaul using 5 GHz to
40 GHz carrier frequencies is more affordable and flexible, it comes at the expense of decreased capacity and other
limitations.
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I11. C-RAN ARCHITECTURE
The BBUs are transferred from the various cell locations to a centralized and virtualized BBU pool in a C-RAN. The
three primary parts of a C-RAN are as follows: Fronthaul link, RRH, and BBU pool The three primary parts of C-RAN
are the fronthaul link, RRH, and BBU pool. C-RAN architectures suggested by both sectors of industry
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resou{f' i Compuiting Network

 resources

“— BBU-pools
(RATs 1&2)

Central Office
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Figure 1: C -RAN Architecture

3.1 BBU Pool

A centralised, shared, and virtualized site serving as a data processing centre is the BBU pool. Individual units, or
virtual BBUs, can be joined or stacked without direct linkage in order to distribute resources according to the changing
user demand on the connected RRHs. Multiple RRHs can be supported by each BBU pool. The X2 interface is used in
the BBU pool to connect numerous BBUs, which is very cost-effective and results in better performance. A BBU is
linked to the mobile core network, also known as the backhaul link, using the S1 interface. BBUs are made of high-
performance materials. .

A. Remote Radio Head

The RRHs are dispersed across a geographic region known as a service area or a cell site, where mobile customers can
access communication services. The coverage area of an RRH is the region in which the transmission conditions are
suitable to sustain a connection between a user and an RRH in accordance with the required QoS. A transmitting part
and a receiving part make up the RRH. The transmitting portion of the system involves receiving a digital signal
through a CPRI interface, converting it to analogue, upconverting it to an RF frequency, amplifying it, filtering it, and
then emitting it via an antenna. A signal from the antenna is received by the receiving component, which filters,
amplifies, down-converts to an IF frequency, and then converts it to before transmitting a digital signal via the CPRI to
a fibre for additional processing.

B. Fronthaul Link

The layer of connectivity between a BBU and a group of RRHs is known as fronthaul. It offers links with high
bandwidth and low latency to accommodate the needs of many RRHs. Different technologies, including millimeter-
wave (mmWave) communication, cellular communication, and optical fibre communication, can be used to establish
this link [29]. The most bandwidth-intensive technology is optical fibre, but it is also the most expensive and least
versatile in terms of deployment.

C. Power Radio RRH
Radio RRH locations can reduce their energy consumption and energy expenses by using renewable energy sources,

which also considerably improves energy efficiency. Green energy comes from renewable resources, therefore it
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doesn't produce any greenhouse gases like carbon dioxide or energy capital [8]. Resources for producing renewable
energy are environmentally favourable.
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3.2 Types of C -RAN
China Mobile offers two methods for dividing the base station functionalities between a C-BBU RAN's and RRH.
These allow for the division of C-RANs into two groups: fully centralised and partially centralised.

3.3 Fully Centralized

Layer 1 functionalities like sampling, modulation, resource block mapping, antenna mapping, and quantization are
located in the BBU in this architecture, as shown in Figure 3a, along with layer 2 functionalities like transport-media
access control and layer 3 functionalities like radio resource control [23]. It has the capacity to provide multi-cell
collaborative signal processing, expand network coverage area, maximise resource sharing, and enable multi-standard
operation. Despite the tremendous advantages of this architecture, the fronthaul connection is under a lot of strain and
requires a lot of bandwidth.

3.4 Partially Centralized

In this design, as depicted in Figure 3b, the RRH handles both layer 1 and radio-related tasks. The BBU continues to
carry out the layer 2 and layer 3 functions in the meantime. In a partially centralized C-RAN, the bandwidth
requirements between the BBU and RRH decrease when baseband processing is moved from the BBU to the RRH.
However, it also has several disadvantages, including a lack of upgradeability and a lack of convenience for multi-cell
collaborative signal processing due to the baseband processing's integration with the RRH

Virtual BBU pool
a) C-RAN: fully centralized

Virtual BBU pool
b) C-RAN: partially centralized

3.5 CRan Towards 5G

The anticipated benefits of 5G over 4G include a 1000x increase in area capacity, peak rates in the tens of Gbps range,
roundtrip latency of roughly 1 ms, support for connections for a trillion devices, and extreme dependability According
to , CHina Mobile's field tests have confirmed the throughput boost brought by C-RANs based on an uplink LTE
paradigm, which can reach up to close to 300%. Massive connections are effectively supported by dense RRHs in C-
RANS, and if the density of RRHs is high enough, it is not difficult to provide adequate service for trillions of devices.
Although there is still a significant gap when compared to the 5G criteria, the outcome has The potential benefits of C-
RANS are expected to increase by a factor of 1000 with the advent of 5G. To further increase spectrum efficiency, C-
RANs can incorporate several cutting-edge techniques, such as CR, massive MIMO, and full duplex radio.
Additionally, mmWave spectrum offers a lot of usable bandwidth. It is therefore reasonable to assume that C-RANs
will be capable of achieving the increased SE and EE requirements in 5G. The conventional C-RAN architectures need
to be improved to satisfy the demands for low latency and high dependability. As an illustration, the fully centralised
C-RAN design suggested in [3] places all air interface functions at the BBU pool. The centralised C-RAN architecture
is hence likely to result in high latency and reduced reliability when The fronthaul has limitations. Decentralization is a
substitute as a result. Recently, In academics, fiber-wireless access networks can be improved by integrating distant
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clouds and distributed cloudlets. Low latency and high dependability cloud accessibility While this is going on, Nokia
has recommended that mobile BSs adopt distributed radio access networks (D-RANs) by giving them IT-based
capabilities including localised processing and content storage.
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IV. RESOURCE MANAGEMENT TECHNIQUES IN C-RAN
Similar to other cellular network architectures, C-RAN has two different types of resources: radio resources and
computational resources. The base stations must have the following computing resources: memory, processing power,
data storage, time, and bandwidth. By managing the resources in the BBU pool, or the BBU resources, it is possible to
manage the computational resource. In this study, we concentrate on various RRH clustering strategies for BBU
resource management (also known as BBU-RRH association techniques) by turning on and off BBUs to distribute
computing resources optimally in accordance with user demand. Radio resource in cellular communication refers to the
extremely constrained radio frequency band. The main goal of RRM is to make the most of the scarce radio frequency
spectrum resources and radio infrastructure. It contains methods and transmission algorithms.

4.1 Cost

C-RAN: The sum of CapEx and OpEx is used to calculate the TCO for C-RAN. The whole cost of the pool buildout,
equipment, fibre digging, and rollout is the capital expenditure. In the brownfield pool instance, the build-out expenses
are not taken into account. The total of the operation and maintenance expenses, pool site rent, fibre lease payments,
and utility bills is known as the OpEx. Table III presents cost values for CapEx and OpEx (electrical bills excluded).
By assuming El price = 1 e W att, the power model may be used to calculate the annual electric expenses.

4.2 Benefit and Limitation of Cloud-RAN

e Reduced Capex and Opex: The production and startup of BS Microcells (MBS) are time-consuming,
expensive, and pricey.

e Spectral efficiency (SE) improvement: By including coordinated, cooperative connectivity/collection
strategies, like better inter-cell interference, Cloud-RAN would also increase network SE (ICI).

e Latency reduction: Cloud-RAN can lower latency in a variety of processes. For instance, rather than
between BSs, the transferring time may be lowered and reached within a cloud.

e Enabling BBU switching: For Cloud-RAN, the continuation of each BS is still limited. Any strategy is
operating in the distant cloud.

4.3 Latency

Due to the vastly higher data volumes that fifth-generation (5G) cellular networks support, they are anticipated to
dramatically outperform fourth-generation systems in terms of data throughput [1]. By utilising the vast degrees of
spatial freedom, massive multiple-input, multiple-output (MIMO) systems are a promising method for achieving this
challenging aim [2] and have attracted significant research interest. Massive MIMO system performance is typically
constrained in centrally deployed environments by correlated antenna fading. The solution to this problem is to send
out a lot of geographically dispersed

V. CHALLENGES AND OPEN ISSUES
This section discusses the difficulties and advantages of applying a number of appealing techniques in C-RANSs, such
as edge cache, big data mining, social-aware D2D, CR, SDN, and physical layer security. Additionally, the
establishment of testbeds and their trial testing are introduced.

VI. CONCLUSION
C-RAN is currently enjoying the benefits of years of hard work, and it may be regarded as a mature technology. In
addition, the idea of a new broadband network that combines fixed and mobile networks that are already in existence
In terms of power and energy utilisation, the new generation wireless communication network has a number of issues.
It is a subject that academics and scholars are interested in studying. This research suggests a brand-new type of
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contemporary architectural layout that effectively controls or makes use of 5G renewable technology resources. The
network's high user density necessitates energy efficiency, which is crucial for researchers. All energy-efficient
measures, including the development and planning of energy savings for the green technology challenge, will be
proposed as solutions by the beamforming 5G green wireless communication system. The future generation of 5G
renewable infrastructure and an energy-efficient network are supported by these various strategies in conditions of high
energy consumption.In this study, a number of methods for effective resource management in C-RAN are explored and
addressed. While earlier studies concentrated on a small number of specific resource management concerns in various
wireless networking scenarios or base stations, this study specifically gives an in-depth comparison among resource
management approaches recently presented for C-RAN architecture.
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