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General Introduction

General Introduction

The emergence of mobile cloud computing in wireless networks makes it possible
to develop new services in a more flexible environment, which RAN must also take
into account. Mobile devices are ubiquitous, from Smartphone to connected objects
(vehicles, machines, cities, etc.). As a result, data traffic has grown exponentially in
recent years and appears to be accelerating. To keep pace with this growth, mobile
operators must redouble their efforts to increase the capacity of their access
networks. Network refinement has been suggested as a solution to this problem.
However, this solution is very expensive as it requires the implementation of new
access points. In this case, in order to reduce costs, the Cloud RAN network is

proposed, which provides all the advantages of a typical cloud computing.

Cloud RAN is a very promising network for the next generation of 5G cellular
networks as it has the opportunity to take advantage of all the contributions of cloud
computing, particularly in terms of flexibility, scalability, efficiency and
performance. As a result, changes can be more easily incorporated into emerging
wireless network technologies. As a result, C-RAN enables baseband functionality to
be virtualized in the cloud for centralized management and processing. Therefore, C-
RAN combines better spectral efficiency and power with lower costs. However, it
also raised challenges that still need to be addressed, such as limited capacity of
front-end networks, resource allocation, cell aggregation, security, etc. Within this
framework, our research work is being carried out with the aim of suggesting a new

approach to improve the performance of C-RAN networks.

Cloud RAN has been proposed to deal with the traffic explosion. Which separates
the baseband processing unit (BBU) from the remote radio header (RRH). On the
other hand, it is widely believed that heavy use leads to a significant increase in
energy consumption. Therefore, reducing electricity consumption in the network
becomes an interesting topic. Smart grids break the boundaries of traditional grids,
focusing on distributed power generation (DER) and bidirectional power
distribution, resulting in a wireless power source. In this work, we investigate
combined RRH-BBU to reduce the association of Brownian energy consumption and

energy allocation problems in C-RAN to green energy.
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The problem was formulated in the form of Mixed Integer Linear Programming
(MILP) to deal with the computational complexity of a MILP solution, and the
experimental two-stage polynomial algorithm was proposed and evaluated via
extensive simulation-based studies. However, this new paradigm also brings with it
its own challenges. For example, remote users, cloud resources, front-end network
bottlenecks, C-RAN capacity bottlenecks, etc. need to update the architecture.
Moreover, the release of a large number of RRHSs leads to significant perturbations.
Especially in the uplink, each RRH compresses the received signal so that it can be
sent to the central BBU via the bound forward link. In addition, the processing of
large amounts of data by mobile devices limits their battery life on the one hand, and
on the other hand, a large number of BBUs must be activated to meet user
requirements. Therefore, C-RAN systems must also deal with the associated power
consumption issues at the network and mobile station level. These issues are
addressed in our work by examining common RRH-BBU issues of correlation and
energy sharing to reduce brown energy consumption in green-powered C-RAN.

Structure of the note :

This report is organized as follows:

« The first chapter presents the basic concepts necessary to understand the
problem. First, it presents the concept of wireless access network and its components
RAN and types of wireless access network (RAN), and we touched on the structure
of C-RAN, the benefits of C-RAN and some of its disadvantages C-RAN and the
challenges of C-RAN and finally the relationship between C-RAN and 5G.

* The second chapter describes some of the previous work and studies related to
our research, and we also touched on introducing an in-depth analysis system model,
including the network model and the energy model.

 The third chapter describes the programming environment and introduces the
realized application.

Finally, we concluded our work with a general conclusion.
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Chapter 1
Background

1. Introduction
The exponential growth of mobile traffic is a real obstacle for mobile network

operators today. New traffic patterns with different latency and bandwidth
requirements are introduced. Faced with such demands, mobile network operators
employ flexible and efficient solutions to meet ongoing traffic demands without
compromising their financial cost and return on investment. Cloud Radio Access
Networks, known as Cloud-RAN or C-RAN, were introduced to address the
challenges faced by MNOs and their requirement to reduce capital expenditure
(CAPEX) and operational expenditure (OPEX). The concept of C-RAN architecture
is based on "cloudification". In particular, the baseband processing elements, or
BBUs, will be migrated to cloud data centers, where centralized management of
baseband tasks will be introduced. Lightweight Radio Components (i.e. RRHSs), Still
distributed in many locations to provide access to the UE. This chapter introduces
the C-RAN architecture and compares it with the traditional architecture Distributed
RAN (D-RAN). In addition, the rationale behind the C-RAN architecture is
presented and various challenges are outlined. This chapter also describes the

purpose of the work .

1.1 Radio Access Network
A radio access network (RAN) is the part of a mobile network that connects end-

user devices, like smart phones, to the cloud. This is achieved by sending
information via radio waves from end-user devices to a RAN’s transceivers, and
finally from the transceivers to the core network which connects to the global
internet. For telecommunications network operators, RANs are crucial connection
points that represent significant overall network expenses, perform intensive and
complex processing, and now face rapidly increasing demand as
more edge and 5G use cases emerge for Telco customers. Just as the virtualization of
network functions has enabled telcos to modernize their networks, similar principles
can also be applied to RAN. This is especially important as the future of the industry
focuses on the transition to 5G—in fact, the ongoing 5G network transformation
often depends on the virtualization of RAN, and increasingly assumes that it
Is container-based and cloud-native[1].



https://www.redhat.com/en/topics/edge-computing/telecommunications
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1.1.1 Components RAN:

RAN components include base stations and antennas that cover a specific region,
depending on their capacity. Silicon chips in both the core network and the user

equipment provide RAN functionality[2].
A RAN is made up of three essential elements:
1. Antennas convert electrical signals into radio waves.

2. Radios transform digital information into signals that can be sent wirelessly and
ensure that transmissions are in the correct frequency bands with the right power

levels.

3. Baseband units (BBUs) provide a set of signal processing functions that make
wireless communication possible. Traditional baseband uses custom electronics
combined with multiple lines of code to enable wireless communication, typically
using the licensed radio spectrum. BBU processing detects errors, secures the

wireless signal and ensures that wireless resources are used effectively.

Basic RAN architecture

Core natwork

Figurel.1: Basic RAN architecture.

1.1.2 Types of Radio Access Network (RAN)
RAN trends include the following[2]:

e Open RAN is the hot topic in the access network world. It involves developing
interoperable open hardware, software and interfaces for cellular wireless networks
that use white box servers and other standard equipment, rather than the custom-
made hardware typically used in base stations.

e D-RAN Architecture In conventional architecture, base stations operate in a
distributed fashion. In particular, each base station deployed on a site, consists of a
BBU and a RRH. The BBU is an intelligent element used to perform the baseband
tasks functionalities (i.e, physical and MAC layers functionalities). The RRH is a
light weighted radio element, acting as a passive antenna, and used to perform signal
modulation and amplification. The BBU and RRH are linked through a fiber optic

link using the Common Protocol Radio Interface (CPRI) .
5
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C-RAN separates the radio elements in a base station into remote radio heads

(RRHSs). These can be used atop the cell towers for the most efficient radio coverage.
RRHs must be connected to centralized baseband controllers via fiber or microwave
radio links. Most base band processing uses standard white box servers.

Global System for Mobile communications (GSM) RAN, or GRAN, was
developed for 2G.

GSM EDGE RAN, or GERAN is similar to GRAN, but it specifies the inclusion of
Enhanced Data GSM Environment packet radio services.

Universal Mobile Telecommunications System (UMTS) Terrestrial RAN, or
UTRAN, came about with 3G.

Evolved Universal Terrestrial RAN, or E-UTRAN, is part of LTE.

In the following, we detail the fundamental aspects of C-RAN architecture and
its main components. Then, we discuss the main advantages of this architecture and
finally, we outline the most important challenges that we are facing while deploying
C-RAN architecture.

1.2 C-RAN architecture

Current generation mobile networks use traditional radio access networks (RAN),
including where the radio and baseband processing functions are located the same
base station. Indeed, as shown in Figure 1.2, traditional base stations Consists of two
components, the antenna (RRH) and the BBU (data center), located in the same
macro site (eNodeB). However, these networks no longer exist Capable of delivering
high data rates to meet and guarantee high latency requirements High QoS for end-
user needs. To achieve these goals, C-RAN Proposed as a promising architecture for
next-generation cellular networks (5G) Meet diverse service needs. The main
concepts of C-RAN are Decouple the BBU from the antenna and bundle computing
resources In the central data center, i. H. BBU pool. The BBU compute pool will
Shared by multiple base stations to achieve resource utilization gain and save
network costs..Figure 1.2 illustrates the main difference between the traditional RAN
(the left part of Figure 1.2) and C-RAN architecture (the right part of Figure 1.2) in

terms of resource pooling and BBU centralization.


https://www.techtarget.com/searchmobilecomputing/definition/GSM
https://www.techtarget.com/searchmobilecomputing/definition/UMTS
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BBU Pool (Centralized Data Center)

Fronthaul

(a) Traditional RAN (b) C-RAN architecture

Figurel.2: Traditional RAN to C-RAN architecture.

As mentioned above, the proposed C-RAN architecture consists in centralizing
the baseband processing of antennas demands from several cell sites in BBU pools
when the RRHs are connected to the centralized data centers through fronthaul
network. Figure 1.3 illustrates C-RAN architecture focusing on three main
components:

* RRHs or antennas: are located at the cell sites and they forward the
baseband signals received from User Equipments (UEs) to the BBU pools for
centralized processing in the uplink while transmitting Radio Frequency (RF)
signals to UEs in the downlink. RRHs perform radio functions including RF
conversion, amplification, filtering, analog-to-digital conversion and digital-to
analog on version.

* BBU pool or centralized data center: is a centralized location of computing
and processing resources shared among multiple cell sites. In fact, each
BBU pool can serve 10 to 1000 RRHs and it consists in centralizing the
processing of baseband signals of antennas demands and then optimizing the
allocation of computing resources.

* Fronthaul network: is a set of communication links between RRHs and
BBU pool. The fronthaul traffic exchanged between antennas and centralized
data centers can be transmitted using typical protocols including OBSAI
and CPRI , which is the most widely used in cellular networks. Fronthaul
network can be released by different technologies such as optical fiber
communications, standard wireless communications, or millimeter Wave (mmWave)

communications [3].
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Centralized Data Center Centralized Data Center Centralized Data Centler

Fronthaul

Netwark <

Figurel.3: C-RAN architecture and components
1.3 C-RAN benefits
C-RAN has some great advantages over the existing counterpart as summarized
below [4].

Reduced CAPEX (CAPitalEXpensesiand OPEX (OPeratingEXpenses): Deployment
and commissioning of a macrocell BS (MBS) is expensive and time-consuming. In
contrast, C-RAN involves less cost, space and time to deploy, install, and operate
RRHSs . Furthermore, C-RAN can make it possible to more effectively equipment
sharing leading to reduced CAPEX. A quantitative analysis presented in showed
that CRANSs has the potential to reduce CAPEX up to 15% per kilometer. Besides,
computating resources in C-RAN are aggregated in few big clouds leaving simpler
functions in RRHs, which can save a large portion of OPEX and management cost.
Improved EE: Number of BBUs required in a C-RAN is less than a conventional
RAN leading to reduction in power consumption. Besides, air conditioning
of radio modules in C-RANSs can be decreased around 90% as RRHSs are naturally
cooled by air hanging on masts or building walls. Furthermore, C-RANs allow
both UEs and MBSs to offload their data intensive energy-consuming computations
to a nearby cloud saving their energy. One study conducted by ZTE estimated that
C-RAN can achieve up to 80% energy savings compared to traditional RAN .
.Improved spectral efficiency (SE): C-RAN can also improve the SE of cellular
networks. For instance, implementation of coordinated and cooperative transmission/
reception strategies, such as enhanced inter-cell interference coordination (elCIC)
and coordinated multi-point transmission (CoMP) across the RRHs connected to the

same cloud will be much simpler and more effective resulting in higher SE .
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Reduced latency: C-RAN has the capability to reduce latency in performing various

operations. For instance, the time needed to perform handovers will be reduced as it
can be done inside a cloud instead of between BSs. Failure rate in handover can also
be decreased. Moreover, the general amount of signaling information sent to core
network can be reduced in C-RAN and hence latency will be reduced.

Facilitate the switching of BBUs: C-RAN relaxes the constraint of keeping each
BS on for all time. As all processing functionalities are implemented in a remote
cloud, power and load congestion can be reduced by dynamically allocating
processing capability and migrating tasks in the BBU pool. Thus several BBUs can
be turned to low power sleep mode or even be shut down for saving energy.
Improved interference management: C-RAN enables ease sharing of channel state
information (CSI), traffic data and control information of mobile services among
cooperating BSs. This will allow more effective multipoint cooperation and enable
multiplexing more streams on the same channel with substantially reduced mutual
interference . Due to the decrease of interference, link quality as well as throughput
will be greatly improved.

Ease of maintenance and expansion: The inherent centralized architecture of C-
RAN makes it easily scalable and thus simplifies the cellular network upgrading and
maintenance. For example, a network operator only needs to add new RRHs
connecting with the cloud for covering more service areas or split the cell for higher
capacity . C-RAN also facilitates on demand installation of virtual resources in cloud
. Besides, C-RAN provides a smooth way for introducing new standards, as
hardware needs to be placed in few centralized locations. Moreover, centralization of
BBUs in cloud enables easy and more frequent CPU updates than that in the
traditional systems. Furthermore, the native centralized support for multi-standard
operation will make inter-RAN operation relatively easy.

Adaptability to non-uniform traffic: Modern day cellular networks exhibit a
substantial amount of tempo-spatial diversity in traffic. However, BSs are
dimensioned for busy

hours implying a wastage of processing power during off-peak hours . Since in C-
RAN, baseband processing of multiple BSs is carried out in the centralized BBU
pool, resources to the BSs can be allocated in an optimum way based on the
instantaneous traffic demand and thus the overall resource utilization rate can be

improved.
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1.4 Drawbacks of C-RAN

C-RAN also has some shortcomings that need to be addressed before
implementing a C-RAN based cellular network. For example, the security and trust
issues of C-RAN are one of the main issues of particular concern. In a wireless
network, due to its open transmission nature, it can be accessed by authorized or
unauthorized users. In addition to security threats common to traditional wireless
networks, such as Due to its own provision, C-RAN will face more serious security
threats and trust issues . Also, C-RAN faces a huge risk of a single point of failure as
many BS's BBUs are clustered in the cloud, ie. H. If the cloud goes down, the entire
network goes down. On the other hand, the RAN architecture introduces huge
overhead for the optical fronthaul link between the RRH and the cloud., which can
be up to 50 times higher than the backhaul requirement . Furthermore, latencyl/jitter
between cloud and RRH, complex operating system operations in cloud, and the risk
of losing native hardware compatibility are some of the major drawbacks of C-RAN
. In some cases, there is also an opportunity to increase latency due to centralized

signal processing[4].
1.5 C-RAN challenges

While the C-RAN architecture brings all the advantages (as described above), the
Many challenges must be addressed to enable and facilitate deployment via C-RAN.
In this section, we will focus on the main challenges of C-RAN mentioned in this
manuscript[3].

e Strong latency expectations on front haul network: in C-RAN architecture, the
fronthaul network that connects RRHs to BBU pools must carry a significant amount
of data traffic demands in real time with high bandwidth and strong latency
requirements. In fact, the transmission delay on a link between RRHs and the
centralized data centers should be kept below 1 millisecond to meet
HARQ'requirements which impose that the maximum distance between RRH and
BBU pool must not exceed 20 to 40 kilometers[21].

e The fronthaul capacity and delay constraints can be alleviated by flexibly
splitting the baseband processing between BBU pools and RRHs. The envisioned
solution consists in moving a part of baseband processing functions in centralized
data centers in order to reduce the increasing data throughput and the overheads of
the signal transmitted through fronthaul network. The evaluation of different options
of BBU functions split in C-RAN will be detailed of Chapter 2.

'HARQ (Hybrid Automatic Repeat reQuest) is the process that poses the most stringent delay
requirement for cellular networks.
10
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New resource allocation algorithms: another key challenge of C-RAN is the

assignment of computing and radio resources shared among multiple cell sites.
Network operators should investigate new approaches to determine the best
strategies to assign heterogeneous antennas demands to the available edge data
centers when satisfying hard latency requirements. An optimal assignment between
RRHs and BBUs enables to achieve resource utilization
gains by reducing the number of edge data centers used to satisfy antennas demands.
This will also minimize the network costs including CAPEX and OPEX. This
exciting research challenge .

Inter-cell interference reduction: in C-RAN architecture, each BBU pool should
be able to support 10 to 1000 RRHs and provide optimal and joint baseband
processing of antennas demands. Moreover, network operators need to increase the
density of cells by deploying more antennas in order to meet the growing number of
end-users’ demands. This requires to investigate new algorithms to reduce inter-cell
interference while guaranteeing the full network coverage.

BBU functions placement: the centralization of RAN functions in BBU pools
allows capitalizing on computational gain and improving mobile network functions,
e.g. scheduling and flowing control. Nevertheless, the processing of RAN
functionalities in a centralized location increases the fronthaul data rate demands and
requires strict latency requirements. Therefore, there is a need for addressing the
trade-off between RAN functions centralization and transport requirements by
finding the optimal placement of baseband functions in C-RAN architecture.
Virtualization: In addition to the centralization of baseband processing, network
virtualization is an important technique for the realization of C-RAN architecture. In
fact, virtualization decouples the computing resources fromthe physical hardware
and creates new virtual entities called Virtual Machines(VMs) which are responsible
for handling BBU functions in each centralized data center (for more details, see and
). Recent efforts investigated new software solutions to implement virtualized RAN.
In fact, authors in and propose a new software platform called OpenAirinterface
(OAI), which is an open-source Software Defined Radio (SDR) implementation for
4G/5Gnetworks including both RAN and Evolved Packet Core (EPC)
functionalities. This challenge has been very well studied in the literature (see for

instance [5], [6] and [7]) and this is not in the scope of our work.
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1.6 C-RAN and 5G

The fifth generation (5G) cellular network is a new paradigm of cellular
technologies mainly consists of three main features[8],

1) millimeter wave spectrum,2) ultra-densification, and 3) massive multiple-input-
multiple-output (MIMO) . A large number of different use cases such as applications
of the Internet of things (IoT) as well as machine-type communication (MTC), direct
device-to-device (D2D) communication will integrate into 5G networks to improve
user experience and network capacity. In addition, controlling and coordination
among multi-cell, multi-users with distinct use cases require a new infrastructure for
5G networks. In 5G networks, a single layer of macro cell based traditional wireless
network will change to densely deployed small cells on top of the macro cell layer .
Recently, cloud-RAN (CRAN) has been considered as an enabling technology for
5G network where baseband processing is managed in a centralized pool, called
baseband unit (BBU) pool.

The key idea of C-RAN is to pool the baseband units from multiple base stations to a
centralized BBU pool. In C-RAN, the pool of BBUs works like servers to process
requests from users in a centralized, cooperative, and coordinated way. Furthermore,
centralized and cloud-based BBU pools can share resources, mitigate interference,
manage mobility among users. The major benefits of C-RAN over conventional
RAN are that C-RAN architecture reduces capital expenditure (CAPEX) and
operating expenditure (OPEX)cost as well as supports scalability and flexibility of
further deployment of small cells in terms of deployment of remote radio heads
(RRHSs). Figure 4 depicts a small cell-based C-RAN architecture where RRHs are
responsible for RF signal transmission from/to users in the small cell and to/from
BBU pool through fronthaul links. To satisfy the demand for large bandwidth and
data rate, the optical fiber is generally considered as an ideal fronthaul link for C-
RAN, whereas wired and wireless links support C-RAN backhaul . There are several
challenges associated with C-RAN. For example, the optimization issues of
fronthaul include RRH deployment; BBU-RRH mapping, BBU-RRH function
visualization, BBU allocation etc. are the major challenging tasks in C-RAN
networks. Resource allocation is another challenging task in C-RAN. Generally, two
types of resources are considered for allocation: 1) IT resources (e.g., computing
servers or BBU, memory, GPU etc.) for computation and 2) wireless resources (e.g.,
bandwidth) for transmission. The authors in proposed a location-specific energy-
efficient resource allocation in C-RAN, where computation tasks are executed in the
devices or the cloud depending on the overall power budget. The framework for

processing base stations in to a data center is proposed . Similarly, the authors
12
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considered bin packing scheme to match processing requirements to computing

servers with the aim to minimize the number of servers or bin to be used. the authors
studied energy-efficient resource allocation in queue-aware multimedia
heterogeneous C-RAN, where CRAN maintained a queue for each RRH user.
However, the round trip time (RTT) or response time (RT) requirement has not been
studied in the resource allocation literature. The RTT or RT is an important QoS

parameter for delay sensitive applications.

Figure 1.4:Small cell-based C-RAN architecture for 5G networks
. Conclusion

In this work, we addressed the problem of service mode in Cloud Radio
Access Networks (CRANS), a new network paradigm to address challenges in 5G
networks. We have discussed that in order to take advantage of this network model,
an efficient service mode scheme is mandatory to meet strict latency requirements,
we mentioned the concept of wireless access network, its components RAN and
types of radio access networks (RAN), and we touched on the architecture of C-
RAN, the benefits of C-RAN and some of its disadvantages C-RAN And the
challenges of C-RAN and finally the relationship between C-RAN and 5G.
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Chapter-2
C-RAN optimization:
Mathematical background and state-of-the-art
1. Introduction

Network operators are investigating new algorithms for resource allocation
problems to enable and facilitate the deployment of the C-RAN architecture. Total
optimization is one of the most effective approaches to addressing such issues. In the
first section of this chapter, we describe some of the previous work, studies,
research, and findings of researchers in relation to our research. In the second
section, we touched on presenting an in-depth analysis system model, including the

network model and the energy model.
1.1 Related work

In the last few years, RAN is attracting more and more researchers.. Sun et al.
[14] integrates NFV, software-defined radio (SDR), and SDN for 4G/5G networks,
and identifies C-RAN as a core component of future 5G networks. Therefore, a lot of
work has recently been put into this area [9, 15-17]. C-RAN is energy efficient by
centralizing the BBU and enabling dense RRH deployment. He and others. [9]
Derives upper and lower bounds on the traversal downlink capacity that can be
achieved in C-RAN. On the other hand, pioneering researchers have also
investigated how to explore the flexibility afforded by the separation of BBU and
RRH. Liu et al. [15] discussed reconfigurable backhaul in C-RAN, which allows
one-to-many mapping between RRHs and BBUSs, enabling dynamic activation of
BBUs and energy saving. A study by Sundaresan et al. also supports this concept. in
[13]. Some recent efforts are mainly devoted to infrastructure sharing and spectrum
sharing.

As described in [18], some recent efforts have focused on infrastructure and
spectrum sharing. Due to the great advantages in network flexibility and power
efficiency, some recent studies on energy efficiency in C-RAN have also
contributed. Sabella et al. [10] discusses the energy efficiency benefits of C-RAN
theoretically by introducing a generalized overall performance model that considers
RRH, BBU and backhaul link power consumption. Alhumima et al. [12] records the
power consumption of individual components and examines the impact of various
parameters, such as B. number of antennas and system bandwidth, on the energy
efficiency of C-RAN. Suryaprakash et al.[11] show that C-RAN requires
approximately 10% to 15% less capital expenditure persquare Kkilometer than

traditional LTE networks. To optimize the C-RAN energy efficiency, Tang et al.
15
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[19] investigate how to adjust the BBU process rate according to the traffic demand.

Kong et al. [16] construct an energy-efficiency BBU cluster reference tested referred
as eBase for C-RAN concept verification and performance evaluation. Pompiliet al.
[17] propose a demand-aware virtual base stations resizing scheme to adapt to the

demand fluctuation of the cellular networks.

Furthermore, these concepts and schemes for optimizing resource allocation in C-
RAN can be extended to develop software-defined networking (SDN) and network
function virtualization (NFV) solutions for C-RAN.

Unfortunately, the traditional 5G C-RAN architecture is not yet able to cope with
massive network demands. In conclusion, most existing resource allocation schemes
in C-RAN do not yet fully exploit the concept of centralized virtual base stations.

Resource allocation issues for large RRHs and BBUSs still need to be considered.

Reference | year | Objet Algorithm
[9] 2014 To optimize the flexibility | Study of the problem of
afforded by the separation of | deriving differential strength
BBU and RRH. analytical limits for cell edge
Distributed Antenna

Systems (DAS) users in
cloud radio access.
Networking (C-RAN) under
low signal and noise (SNR)
conditions by focusing on
downlink amplitude. Which
is the user equipment
reception (UE) capacity of
The signal is transmitted
simultaneously by N > 1

cells.

[10] 2015 To optimize introducing a | It studies aspects of energy
generalized overall performance | efficiency  and related
model that considers RRH, BBU. | benefits From implementing
RANaaS (using commodity
hardware) as an evolution of
LTE-Advanced  Networks
toward 5G infrastructure. In
fact, from the point of view
of the future definition of 5G

systems.
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[11]

2015

To optimize the C-RAN energy

efficiency.

He studies a theoretical
framework that enables this
Calculate  the  network
deployment cost (similar to
using different spatial point
operations). After that, the
obtained framework is used
with Complex model
enables information
computation Network
processing costs, to compare
the cost of deployment
Cloud-based network versus
traditional LTE network,
And to analyze why it is
more economical. Using
This Framework and typical
budget.

[12]

2016

to optimize the power
consumption of individual
components and examines the

impact of various parameters

Propose a composite, linear,
and specific PM, which
explores  the individual
components  relevant  to
computer analysis,
particularly for a software-
defined cloud radio access
network

(SDC-RAN)  Architecture.
The model determines the
energy efficiency (EE) by
capturing the computer of

individual components.

[13]

2013

to optimize  to infrastructure

sharing and spectrum sharing.

FluidNet Proposal - A
scalable and lightweight
framework to realize
the full potential of C-
RAN.

FluidNet deploys
logically reconfigurable
forward  spaces to
implement appropriate

transport strategies in
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different parts of the

network.

[14]

2015

identifies C-RAN as a core

component of future 5G networks

This article suggests,
Network Function
Virtualization  (NFV),
Software Defined Radio
(SDR), and Software
Defined Network
(SDN). In particular,
we are investigating
both existing standards
And potential additions
to 4G / 5G mobile
networks, followed by a

few open.

[15]

2013

enabling dynamic activation of
BBUs

Design Implementation
of the first OFDMA-
based C-RAN test bed
with a Reconfigurable
hitch allows 4 oversized
units to connect flexibly
With 4 RAUs using
fiber optic technology.

[16]

2013

energy saving construct and

performance evaluation.

He is developing a BBU
block test, eBase, into
Integrates multiple isolated
BBUs into a virtual BBU
and Then provide the unified
baseband resource pool for
the RAN. Present
Engineering and
implementation of eBase in

detail.

[17]

2015

propose a demand-aware virtual

base stations.

Study of the stability
problem of a nonlinear
Kirchhoff  series with
nonlinear limitscontrol.
Nonlinear boundary control
is the negative feedback of

the tangential velocity of the

18
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chain atOne end, which
meets sector constraints.
Using the integral type
multiplier  method, we
created The apparent
absolute exponential
stability of the Kirchhoff

series system.

[18]

2016

to optimize on infrastructure and

spectrum sharing

The Karnaugh-map-like
Embedding Algorithm
(KEA) ,he extend the
classical WSRM problem to
the QWSRM problem, and
then propose a BnB solution
for

the latter.

[19]

2015

to optimize adjust the BBU
process rate according to the

traffic demand

Algorithm 1 BnB algorithm
for QWSRM problem.
Algorithm 2 Iteratively
WMMSE approach for the
ESUM

problem.

Algorithm 3 Shaping-and-
Pruning Algorithm.

BnB algorithm for QWSRM

problem

Discrimination The
problem of allocating
resources across layers
as a mixed integer
Nonlinear programming
(MINLP), which jointly
studies flexible service
scaling, RRH selection,
and common beam

forming.

Tablel: Related work
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2. System model

In this section, we introduce the system model, including both network model and
energy model [22]. For the conveniences of the readers, the major notations used in
this paper are listed in Table 2.In existing studies, additional integer variables and
complex boundary conditions are usually introduced to ensure radial topology in
power distribution system planning and operational optimization. A straightforward
way to deal with radial constraints is to find all the loops in the power distribution
system and make sure that at least one branch of each loop is open. However, an
efficient method for all circuits in a power distribution system has still not been
found. Based on graph theory, a model for detecting whether an edge-introduced
graph of a graph is a ring or a ring group is proposed, and a method for searching all
rings in a power distribution system is proposed. All loops in the allocation system
are searched in ascending order of the number of edges contained in the loop. The
proposed method is formulated as a mixed integer linear programming (MILP)
model. The simulation results verify the feasibility and effectiveness of the proposed
method[23].

2.1 Network model
We consider a general C-RAN network powered by green energy, as shown in

Figure 2.1. The main network entities in a C-RAN network are the BBU and RRH,
referred to as sets B and R, respectively. BBU and RRH are scattered in the network
area. Without loss of generality, we assume that both BBU and RRH are connected
to each other. That is, the RRH can be served by any BBU in the network. Since the
RRH and BBU do not need to be co-located, their association can be freely defined
according to various uses. RRH directly serves users within its transmission range.
Let Ar be the arrival rate of communication requests on RRH r € R. Each BBU can
handle a limited number of workloads, limited by its processing power. We assume

that all BBUs are homogeneous and have the same processing pOWer iy, -

BBU Pool

al nl 1: liJl'

BBU il!l‘ BBU HHH BBU

Traditional
Power Plant

I (t ) Vl,ff.‘I/' \[ﬁ ;( )
TS ) é ﬁ ”TD
D | pPue s
a1 g\ ke

Fig2.1: Green energy powered C-RAN
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Table 2 : List of notations

symboles

Description

B

The BBU set

ABBUDbeB

The RRH set

ARRHreR

The
communication
request  arrival
rate at

RRHr eR

Total power
consumption  at
BBU beB.

€p

Static power
consumption  at
BBU b eB

Whether BBU b
€B is activated or
not

Power generation
rate at BBU b €B

Power
consumption and
request
processing ratio

at BBU

Total requests at
BBU b €B

Total power
consumption  at
RRHr eR

Static power
consumption  at
RRH r eR

Power
consumption and
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request
processing ratio
at RRH

g, Power generation
rate at RRH r €
Ror not

n, Power

y . .
transferring ratio

between DERs at

network entities x
andy, x,y ER uB

Xrp Whether RRH r
is associated with
BBU b €B

The maximum
processing
capacity at BBU
b eB

p, The brown
y

energy consumed
by network

entity y eER uB

Table 2 : List of notations

2.2 Energy model

We adopt an energy model given in [20] where each transmission consumes a
unit of energy from the base station. Accordingly, we calculate the total energy

consumed at any active BBU bE B As

pr=eptay, (1)
Where e ,is the static energy consumption of BBU b, regard less of its actual
usage once activated and ay,is the dynamic power consumption proportional to the
workload b allocated to the BBU with ratio asimilarly, the power consumed by

RRH r €Rcan be calculated as

pr=er+fA.(2)

Where e,.is the static energy consumption of RRH r, and S A,is the dynamic part
proportional to the workload A,with ratio 8. All the network entities are
simultaneously powered by both brown energy from traditional power grid and
green energy from DERs. The green energy generated at a DER is typically random

with certain rate. Without loss of generality, we assume that the energy generated
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from DER at network entity b €Band r €Rare with rate g,andg,., respectively. The

green energy can be shared among the network entities. As indicated in [21], it is
impossible to transfer power between DERs without any loss. The loss may account
for 7% of the transferred energy or may even reach 55% in extreme cases. To
represent such loss relationship, we usen,,, X, y ER UB to denote the efficiently
energy transferring ratio between the DERs on different network entities. Specially,
we define 7,,= 1, ¥X ER UB to indicate that no energy loss will be experienced at

local DER.

3. Problem formulation

3.1 RRH-BBU association constraints
Thanks to the pooling of BBU resources in [22]. The association between BBU

and RRH becomes flexible and can be adjusted at runtime. We denote the

association relationship between a RRH r €R and a BBU b €B as a binary variable

o = {1, if RRH is associated with BBU b,
b, otherwise

3)
Each RRH must be attached to one BBU by creating a back-haul link between
them. Therefore, we have
YvemXrp = 1L,VT € R. 4)
Note that, from the consideration of energy efficiency, not all
BBUs must be activated. To denote such status, we define a binary variable

_ {1, if BBU b is active
Yb = 0, otherwise

(5)
Consequently, the value of x,,shall be constrained by y,as
xrbfyb, vr ER, b EB, (6)

Indicating that a RRH can only be associated with an active BBU, i.e., y,= 1;
otherwise, x,,is forced to be 0 if y,= 0.
3.2 Process capacity constraints
According to the C-RAN communication process, the workload on a BBU is
related to its associated RRHSs. The total workloadu;,, = Y’ <r X,»A,allocated to BBU
b €B shall not exceed its processing capacity, i.e.,
Yrer XroAr < Yoppma VP € B (7)
3.3 Power supply constraints
To describe the energy consumption transferring relationship, we define
variablespyy, X, y €R UB to represent the energy transferring amount from DER at
network entity x to y. specially, note that we allow x =y, e.g., pxx, X ER UB,
indicating the amount of green energy from the local DER. When the green energy
cannot catch up with the energy demand of a network entity, certain brown energy
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must be retrieved from the power grid. We use p.,to denote the amount of brown

energy retrieved from the power grid to the network entity y, which could be either a
RRH or a BBU. To ensure the functionality of a network entity, its total energy
supply must satisfy its energy requirement. That Is

z prbnrb +Z pxbnxb + Peb = Ypep + az xrb/lr' Vb € B, (8)

rerR XEB rerR

And

Z Pxryygr + z Pbrfor + Per = €r + B4, Vr € R, (9)

reR rerR
Where p.pand p,.,.denote the brown energy retrieved from the power grid to
BBU b and RRH r, respectively. The green energy transferring amount is limited by
the green energy generation rate. Therefore, we have
Z z Pxy Szgr+ng- (10)
xERUB yERUB reR beB
Our objective to maximize the energy efficiency is equivalent to minimizing
the brown energy usage. Taking all the constraints discussed above, we eventually

obtain an MILP as.
MILP:

2 Per ) Pa

reR beB
st. : (4), (6), (7) - (20),
x,,€ {0, 1},y,€ {0, 1}, vr €R, b €B

2 Per ) Pa

reR beB
st. 1 (4), (6), (7) - (10),
x,5€ {0, 1},y,€ {0, 1}, Vr €R, b €B.
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Conclusion

In this chapter, we investigate a brown energy consumption minimization
problem by joint optimization of the RRHBBU association and green energy
sharing. We formally describe the problem by MILP and then propose a two phase
heuristic algorithm to obtain a sub-optimal solution. The efficiency of our proposed
algorithm is extensively verified by the fact it performs much close to the optimal
solution and exhibits much advantage over the other two competitors. Our study
identifies the advantage of joint optimization of network resources and energy
resource in green energy powered C-RAN and will open up more research directions
to pursue the high performance efficiency and high-energy efficiency next-

generation wireless networks.
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chapter3

Design And Implementation

1. Introduction :

On the practical side, there are many software applications. We have used java
because of its ease and simplicity, as it is a common language and we improve its

mastery.
1.1Netbeans:

NetBeans IDE was developed at the initiative of Sun Microsystems. It presents
everything Characteristics necessary for a quality environment, whether developing
Java, Ruby, C/C++ and even PHP.

Net beans is under an open source license, which allows rapid development and
deployment Free graphical Swing applications, Applets, JSP/Servlets, J2EE

architecture in a highly customizable environment.

NetBeans IDE is based on the powerful core NetBeans platform and you can use it
You can also use it to develop your own Java applications and plug in system

Powerful, allowing modular IDE. In addition to the full version of the IDE There are
different versions of NetBeans focused on one or one platform Precise languages

(Java ME, Java: SE + ME + EE, Ruby, C/C++, PHP).

@ NetBeans IDE

My NetBeans

Recent Projects

ORACLE

mmmmmmmmm

Figure 3.1 NetBeans IDE 8.2
In addition to support for CVS and SubVersion, NetBeans also includes support for
Clear Case, Also applies to Mercurial. It also allows deploying web applications
instead of Only works with Tomcat and Glassfish included with the "Web Pack",
also works with JBoss, WebSphere 6.1, WebLogic 9.
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NetBeans Supports Web Application Development with Improvements For

editing JSPs, server management and support for the latest version of Tomcat.

Finally, this IDE has a high-quality debugger and an improved graphical

interface.
1.2 Reminders for Java Architecture:

The Java language and runtime environment are the result of research work
that has been done Developed by Sun .Microsystems in the 1990s as part of the
Stealth Project (later renamed the Green Project). The goal is to create a high-level,
object-oriented and Inspired by C++, fill the gaps in the management of the latter
Storage (Add Garbage Collector) and Programming At the same time (native
management of multithreading). The project was originally aimed at the market Thin
clients (PDAs, etc.), but repositioned in the early 1990s Network related
applications.

The rise and popularity of Java largely depends on the rise of web technologies.
Sun's free runtime environment and tools Development over the Internet (compilers)
also contributed to The different Subsequent versions of the language and execution
environment since version 1.0, Released in 1996 to the latest stable version (1.6)
available since 2006. One of the goals of Java is to ensure The same Java program

can be used in different environments (UNIX, Windows,

Mac, etc.). So Sun decided to develop an execution platform (or environment)
Default, virtual machine based. Detailed explanation of the platform architecture in
the next section.

1.3 General description of the architecture:

The execution environment of a Java program, shown in Figure 3.2, includes various

more or less standardized elements. The figure distinguishes three sets:
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JDK Application
Java
JRE

(extensions) =\ 7
Compilateur

Java

Y

| \
1 :i_—'_'—___—___'—
v J—- v

‘ :
! 1
l Systeme d'exploitation (0S) E
|
: .

| Support matériel (processeur, mémoire, etc.) |

Figure 3.2 The execution environment of a Java programme.

1. Java applications are developed by programmers using the Java language.
The application's source code is compiled into an intermediate form: Java byte code.

The latter is performed by the Java Runtime Platform.

Applications may also contain native code (in C or C++ for example) to perform
operations that cannot be specified in the Java language. However, this type of code
is not recommended as it reduces 2. To run Java applications on hardware and
software platforms (OS) different, Sun has defined a standard execution platform
based on a virtual machine: the JVM (Java Virtual Machine).Besides the JVM, the
platform also includes a standard Java library. The minimum set of elements for
running a Java application, which includes, among other things, a implementation of
the JVM and the standard library, is referred to as JRE (Java Runtime Environment).
The JDK (Java Development Kit) is a superset of the JRE for developing Java
applications. It includes, in addition the elements of the JRE, the Java compiler

which converts the source files (in Java) into
class files (in Java byte code).

. The Java application may also rely on third-party libraries (designated here under the
term extension libraries). These are usually provided in the form of class files
(bytecode) grouped in archives (JAR). Those libraries can also use native code.
Unlike the standard library, these libraries are not part of the runtime platform
standard and must be installed separately. They simply allow reuse existing code

without necessarily having the source code.
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2. Implementation

2.1 the BBU class:

Start Page % |[4] BBURRH.java |[& Mainjava *|[£] BBUjava x|[&] RRHjava X |

Source | Histoy |[@ B-H- QT FENH (P LB |0 DL

1 package gapplication;

2 public class BBUO extends REH {
3 private float pb;

4 private float =b;

5 private boolean vb;

o private float gb;

7 private int ub;

8 private int a;

a| = puklic BBO{) { }

10| & puklic BBU(float pk, float eb, boolean vb, float gb, int ub, int a) {
11 this.pbk = pb;

12 this.ebk = eb;

13 this.vbk = yb;

14 this.gh = gb;

15 this.ub = ub;

16| - this.a = a; }

17| &  puklic BBU{ float ek, float gb, int a) {
1s this.eb = eb;

19 this.gbk = gb;

20 - this.a = ar }

21

22 pukblic int getA() {

[ 3%}
(8]

oow
o O e I O e I O e I O e I O e I O e O e M O e M R e R e

return a; }

puklic woid setA{int a) {
this.a = a; }

pukblic float getEb{) {
return =kb; }

puklic wvoid setEb(float eb) {
this.ekb = eb;}

pukblic float getGb () {
return gk}

puklic void setGb(float gb) {
this.gb = gb; }

[EVI LR O R o R S I S )
e Y - I € B

34 puklic float getPb() {

35 return pk; }

36 puklic void setPb(float pb) {
37 this.pb = pb: }

38 puklic int getUb() {

39 return ubr}

40 puklic void setUb(int ub) {
41 this.ub = ub; }

42 public boolean isYb() {

1=
(2]

return vb;}
public woid set¥Yb(boolean vb) {
this.vb = vb; }}

[ S
o
™
—

1
(=11

2
B
»

Figure 3.3 the BBU class.

For simulate the BBU we try to create class BBU that contain the characteristics as

args with the getter and setter methods
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2.2 The RRH class:

Start Page X |[] BBURRH.java X |4} Mainjava X |[£] BBUjava X |[£] RRH.java X |
Source | History |[@ B - H-| QL FBH|IC L @20 B & =

1=
Ll

pukblic boolean isYr() {

e
=

return yr:}

=
o

puklic wvoid set¥r(kboolean yr) {

1 package gapplication;

@ public class RRH {

3 private float pr:

4 private double er;

5 private boolean yr;

[ private float gr:;

7 private int ur;

g priwvate int k;

4 private int r;

10| [ public BRH{) {}

11| [ public RBH(float pr, float er, koolean yr, float gr, int ur, int b, int r) {
12 this.pr = pr:;

13 this.er = er;

14 this.yr = yr;

15 this.gr = gr;

1l& this.ur = uar;

17 this.b = b:

1z - this.r = r; }

18| & public RRH{ double er, float gr, int r) {
20 this.er = er;

21 this.gr = gr;

22| - this.r = r; }

23 % puklic int getB() {

24 return by }

25 % public woid setB(int b) {

26 this.b = b; }

27 % public doukle getBr() {

28 return =r; }

29 % public wvoid setEr(flocat er) {
30 this.er = er;}

31 % public float getBr() {

32 return gr; }

33 E? public woid setGr(float gr) {
34 this.gr = gr; }

35 [E public float getPr() {

36 return pr; }

37 [E pukblic void setPr(float pr) {
38 this.pxr = px:}

39 % puklic int getUr() {

40 return ur; }

41 [E pukblic void setUr(int ur) {
42 this.ur = ur;}

S
o

this.vxr = yr:;}}

e
=

o

- ) -

Figure 3.4 The RRH class

We do the same for simulate RRH with the specific args and getter and setter
method.
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2.3 The BBURRH class:

Start Page  |[£] BBURRH.java x|[& Mainjava x|[&] BBUjava x|[£] RRHjava x|

Source | Hisory |[@ B -B-|QATCHF BN P 0| &=

1 package gapplication;

2 puklic class BBURRH {

3 BBU[] kbus:

4 RRH[] R:

L static boolean [] x rb=new boolean[l5] :

&

7| = puklic static BBU[] sort(BBU[] bbus, int n) {
g

9 for( int i=1; i< myi++){

10 int j = i;

11 BBU a = bbus[i]:

12 while ((j > 0) && (kbus[j-1].getGk() >a.getGbk())){
13 bbus[j] = bbus[j-1]:

14 J--:

15 }

16 bbus[j] = a:

17 }

18 return bbus;

19| -

20| & private static woid imnitialise(boolean [] x){
21 for( int j =0; j<15; Jj++)

22 ®x[3] = false;

23| - 1

24| [ public static wvoid step3(BBU[] bbu, RRH[] rrh, int n){
25 initialise(x rb):

26 for( int i =0; i<n; i++){

27 for( int j =0; j<n; j++){

28 if (bbuli].getGb()== rrh[j].getGr()){
29 ® rb[i] = true;

30 }

31 if(bbuli].isYb()){

32 bbu[i] .set¥b (true);

33

34 =

35

36| [ public void phase2 (BBU[] bbu, RRH[] rrh, int n){
37 for( int i=0;i<n;i++){

38

39 for( int j=0:;3<m;i++){

40 float min = bbu[i] .getPb()+ rrh[j].getPr():
all Hn

42

Figure 3.5 The BBURRH class.

In this class we try to implement the necessary methods and args that work with
code with deferent type of constructors Our methods is simulation for two-phase
algorithm:

1. sort method :

The main idea of this method is for sort the bbu units deponding on its energy

(parameter gb).
2. step two:

After we get bbu sorted we try to taste its activity According to the idea of this
algorithm the bbu could be activated if its energy values could be in rrh table and

this exactly what we did in our simulation.
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2.4The main class:

StartPage X [ BBURRHjava | Mainjava || BBUjava ¥ |&| RRHjava X

Source  History | [ [+ [+

package gapplication;
public class Main {

1
2
3
4
5 [ public static void main(String[] args) {
&
i
g
§

BEU[] b = new BEU[15];
RRH[] r = new RRH[40]:
10 double randi;
1 for (int i=0; 1< 15; i) {
12 randi = Math.random();
13 b[i] = new BBU(1, Math.round(randi * 15), 2);
14 }
15 for (int 1 =0; 1< 407 i) {
16 randi = Math.random();
17 r[i] = new RRH(0.1, Math.round(randi * 40), 4);
8 }
14
20 BBU[] bbusorted = BBURRH.sort(b, 15);
21
22 BEURRE.step3(b, r, 15);
23
2 System.out.print ("BEU\t RRH\t i3BBUinRRH \n"):
25 for (int i=0; 1< 15; i+ {
26 System.out.print (bbusorted[i].getGb()+"\t"+r[i].getBr ()+"\t"+ BBURRH.x rb[i]+"\t" + "\n");
21 }
8 System. out,print ("HEEEEEEREERRR R \n");
28 for (int i =0; 1 < 40; i+4) {
30 System.out.print("rrh:\n " + r[i].getGr() + "\n");
3l
32 }
33 System. out,print {"HEEERERREERERRE R R R \n");

Figure 3.6 the main class.
We create a table of bbu and a table of rrh Those two table has random values
depending on our interval B=15;R=40 We sort the bbu table and we taste if there is

any active bbu We could get to this step deferent results in multiple execution.
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2.5 Results

() 56 application - NetBeans [DF 82
File Edit View Navigate Source Refactor Run Debug Profile Team Tools Window Help
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Figure 3.7 the result.

The result is output by multiple proccess, first step is generating the bbu table and
the rrh table randomly on the interval B = 15; R = 40. The second step is by

sorting the bbu table, next, we test for each value in bbu table, if it exists in rrh table

then it 's active , else it's not.
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Figure 3.8 the result2.
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Conclusion

In this area of our research, we have addressed the problem of resource
allocation in the CRAN environment by implementing and evaluating an existing
algorithm that is scalable and low-cost optimization technique. In fact, C-RAN is a
promising network for 5G cellular network architecture to meet different business
needs and handle new business opportunities. C-RAN Network costs is expected to
be reduced and resource efficiency should be increased. Therefore, we investigated
the problem of optimizing the RRH-BBU allocation in C-RAN.

Therefore, the problem is formulated by MILP and then a heuristic algorithm
has been used to obtain a suboptimal solution. The efficiency of this algorithm is
universal. This is confirmed by the fact that it is close to the optimal solution and has
many advantages over other solutions. Our research identifies hinge benefits

optimize network resources.
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Abstract

Abstract:

Wireless networks have experienced rapid growth over the past few decades.
Various advanced wireless technologies have been is suggested. To keep up with the
ever-increasing demands of various communications, Cloud Radio Access Network
(C-RAN), Schemes have by using to separate the baseband processing unit (BBU)
from the remote radio head (RRH) in another On the other hand, it is widely
recognized that, due to heavy usage, huge energy consumption is increased. Cellular
network. Therefore, reducing power grid energy consumption has become a hot
topic. to fight Limitations of traditional grids, smart grids with emphasis on
distributed energy sources (DER) and bidirectional Energy sharing, advocated for
powering wireless networks. In this work, we are motivated to study a common
RRH-BBU Linking and energy sharing problems for minimizing brown energy
consumption in C-RAN with green power. That The problem is expressed in MILP
(Mixed Integer Linear Programming) form. Handling Computational Complexity To
solve MILP, a two-stage heuristic polynomial-time algorithm by using and evaluated

using extensive simulations study.
Keywords: Cloud RAN; green energy; MILP; RRH-BBU.
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Abstract

Résumé:

Les réseaux sans fil ont connu une croissance rapide au cours des derniéres
décennies. De nombreuses technologies sans fil avancées ont été utilisées. Pour
suivre le rythme des demandes toujours croissantes de différentes communications,
Cloud Radio Access Network (C-RAN), nous avons utilisé des schémas pour séparer
l'unité de traitement de bande de base (BBU) de Il'en-téte radio distant (RRH).
I'’énorme puissance la consommation augmenter. Réseau cellulaire. Par conséquent,
la reduction de la consommation d'énergie du réseau électrique est devenue un sujet
brdlant. Combattre les limites des réseaux traditionnels et intelligents en mettant
l'accent sur les sources d'énergie distribuées (DER) et le partage d'énergie
bidirectionnel, qui ont été réclamés pour alimenter les réseaux sans fil.

Dans ce travail, nous sommes ravis d 'étudier les problemes communs de liaison
et de partage d'énergie RRH-BBU a fin de réduire la consommation d'énergie
structurelle dans C-RAN avec de I'énergie verte. Le probléme est exprimé en MILP
(Mixed Integer Linear Programming). Abordant la complexité de calcul de la
solution MILP, un algorithme heuristique polynomial temporel a deux étapes a été

utilisé et évalué a l'aide d'une étude de simulation intensive.

Mots-clés: Cloud RAN; énergie verte; MILP; RRH-BBU.

41



