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ABSTRACT

Carrier aggregation (CA) is one of the most impairtiechnologies to ensure the success of 4G teohiesl.
Carrier aggregation allows both an efficient usespéctrum already deployed and the required sugpoithe resource
allocation in new frequency bands. The Release B tarrier maximum bandwidth is 20 MHz. This bandWwidan be
further extended in LTE-Advanced by carrier aggtiega with which the base stations can transmittipl@ LTE carriers,
each having bandwidth upto 20 MHz. When no caaggregation is used, the user will receive oneigrahen carrier
aggregation is used, it is possible to send not onk carrier but multiple carriers to the usericlv leads to a higher bit
rate. Adding carrier aggregation influences enexffigciency for some modulation schemes. So, theadbje is to study
energy efficient LTE system in order to reduce poeansumption of the system and to increase theggredficiency and

throughput.
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INTRODUCTION

Long term evolution (LTE) and long term evolutiomlvanced (LTE-A) are the standards for wireless
communication. LTE-A (commonly 4G LTE) are the memergy efficient networks as compare to LTE. 3Glefned
LTE of Universal Mobile Telecommunications SysteldMTS) cellular technology. It aims to meet the doling

demands:
» High speed data for mobile phones
e Backward compatibility
* Wide application
e High usability and global roaming
« Demand for higher data rates
»  Greater flexibility in frequency allocations
LTE-A Mainly Focus on Three Factors
» Carrier aggregation
* Cell based (like femto, macro etc) stations in anbek

e Extended MIMO support
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CARRIER AGGREGATION AND MODULATION

Carrier aggregation is something where multipleiees of 20 MHz (or less) would be aggregated fa $ame
user equipment (UE). The UE receives carriers atsime time by the use of multiple frequency basmchsiltaneously.
When no carrier aggregation is used, the userradéive one carrier. When carrier aggregation édug is possible to
send not only one carrier but multiple carrierghte users, which leads to a higher bit rate. Addiagier aggregation
influences energy efficiency for some modulatiohesnes. With carrier aggregation, we can obtain highates even

with a lower modulation scheme or bandwidth.

A higher modulation scheme or coding rate resultlower energy efficiency and leads to a shortegeafor a
higher bit rate. The reduction in range is gre#tan the increase in bit rate, leading to a lowergy efficiencyas the
power consumption and number of served users renth@same. We can obtain higher bit rates evehifdrer energy
efficiency using carrier aggregation. For example, using arotal base station with 1/2 QPSK modulation, egperg
efficiency (EE)= 0.4 (km2 ¢ Mbps)/W for LTE while 2.1 (km2 « Mbp¥) when aggregating five 5-MHz component
carriers. It is the impact of carrier aggregationmiaki does not influence the obtained ranges andeumf served users.

Carrier aggregation has very little impact on bets¢gion power consumptions.
IMPACT OF DIFFERENT MODULATION ON CARRIER AGGREGATION

One of the most important blocks of LTE-Advancedhis modulation technique because it affects thel lef
throughput, energy efficiency and the accuracy hef system. The effect of modulation is represerigdhe used
technique and code rate. The code rate is dirpatigortional to throughput of system modulated g€@PSK and the best
code rate for the system with 2x2 MIMO is 2/3. Thaximum code rate can be used with 16QAM is 3/4 &k2 MIMO
which gives the best throughput. On the other h&4dQAM has high throughput as compared to BPSK @REK.
64QAM gives the best performance for LTE-Advancaed eakes the system has high throughput if the cedd rate is
5/6. It implies that higher modulation scheme gitles best throughput. But on the other hand it feas disadvantage

which is given below.
Drawback of Using Higher Modulation Scheme

There is also disadvantage of using higher modwlaticheme everywhere, the drawback is that it isemo
vulnerable to noise and interference in the chanhelver modulation schemes are less susceptibl@cise and
interference in the channel. A higher modulatiohesne or coding rate results in lower energy efficie(EE)because a

higher modulation scheme and coding rate leadstwater range for a higher bit rate.
HETEROGENEOUS LTE AND LTE-A

Heterogeneous networks are the combination of dnyicro, macro, pico and femtocell- based stationene
network. Small cells are a good alternative to ekwdensification as they achieve higher netwonac#ties with good
energy efficiency. To have further improvementha efficiency of the resulting heterogeneous netgjowe can propose
a sleep mode which would switch off some of thdscelhen the traffic is low and quantify the resudtiincrease in
efficiency. The hybrid macro and femto approachhsut 65 times more efficient in terms of total semed power than

the macrocell approach and about 1,400 times nféicgeat in terms of radiated power.
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The bit rate determines which base station typaast energy efficient (EE). For the bit rates higttan that of
20 Mbps, the macrocell base stations are the nmasge efficient EE = 7.5 (km2 ¢ Mbps)/W versus 4.5 (km2 « Mbps)/W
for 25 Mbps) due to their longer range and highember of users served (despite its higher poweswoption).
When used below 20 Mbps, there is no unambigudesarjcanswer. In some cases, the macrocell baenstare most
energy efficient (like, for 5 Mbps), while in thether cases, the femtocell base stations are masigerefficient

(for example, when used for 13 Mbps).
Femtocells in Heterogeneous LTE

A femtocell base station (BS) is a BS having loansmit power, installed by a subscriber in homeS©HO
(small office/home office) to provide access tda@sed or open group of users as configured by dhsaiber and/or the
access provider. The macrocell throughput degraatill increase with increasing femtocell deployrhdensity, where
the degradation will reach up to 8% when 80 fenits@re dropped within one macrocell. At the saimef the femtocell
solution can significantly improve energy efficignin terms of some commonly used energy consumpti@trics.
Clearly there is a tradeoff between energy efficiermand system throughput (or spectral efficienay)dieploying

femtocells. In order to overcome this hybrid uséemfitocells is necessary with other small cells.
Femtocells Can be Operated in Two Modes Dependingn@ heir Requirements

* Open access

* Closed access

Open access means femtocell will allocate resou@esd| users within its range, it overcomes thebpem of
interference while closed acceafcates resources only to specific users. Clesegss mode provides a level a security
so that only authenticated users can have accesg—tr a given SINR, capacity of open access éewit is greater than
that of the closed access mode and for closed s.toede the capacity decreases with increasinglatioe between the

actual and interfering signal.
MIMO AND ENERGY EFFICIENCY

Multiple input multiple output (MIMO) means the neothe transmitting and receiving antennas. MIMOeénses
the energy efficiency (EE). In case of single inpuiigle output (SISO), there is only one transmittand one receiving
antenna. For the macrocell base station,igfeases upto 433 percent when used with 8x8 MIB&se stations power
consumption (watts) becomes 2 times higher, whidade (kms) becomes 3 times higher, resulting iEERnwhich comes
out to be 5 times higher. When used with the femitdoase station EE increases up to 454.6 pereenb.b times).

It is used for spatial diversity.

The results for spatial multiplexing using 1/3 QP&K a 5-MHz channel have also been calculatedinAgsore
transmitting and receiving antennas results in dligkE. For the macrocell base station, a maximuorease
of 304.8 percent (or about 4 times) comes out du@ times higher bit rate, but the power consunmpiiwreases only
upto 2 times. For a femtocell base station, theghid is a maximum of 131.3 percent (or 2.5 tim&se highest EFjain

is obtained using MIMO for spatial diversity
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Energy Efficiency in Terms of Carrier Aggregation

Table 1
Network Base Carrier Coding Energy Efficiency
Station | Aggregation Rate (Km? Mbps)/W
LTE Macrocell | (1x5)MHZ 1/2 QPSK 0.4
LTE-A | Macrocell | (2x5)MHZ 2/3QPSK 0.5
LTE-A | Macrocell | (2x5)MHZ | 2/3 64QAM 0.2
LTE-A | Macrocell | (5x5)MHZ 1/2 QPSK 2.1
Energy Efficiency in Terms of MIMO
Table 2
(A) Spatial Diversity
Base Station | MIMO Energy Efficiency
Macrocell (8x8) Increases to 4339
Femtocell (8x8) Increases to 454.6P%
Table 3
(B) Spatial Multiplexing
Multiplexing | Channel | MIMO | Base Station | Energy Efficiency
1/3 QPSK 5 MHZ (8x8) Macrocell Increases to 304.8%
1/3 QPSK 5 MHZ (8x8) Femtocell Increases to 131.3%

RELATED STUDY

Fengming Cao and Zhong Fan [l]proposed some of the benefits and challenges dbylaeg femtocells in
cellular networks. In this paper, the focus is be tradeoff between energy efficiency and the sysperformances.
Taking realistic LTE system parameters in accoitris shown that femtocells can improve the enegfjiciency of the
network. However, this comes with a price — perfange degradation due to interference, which isrgeire dense
scenarios. Therefore, femtocell solutions are “gfedut also “noisy”. Interference mitigation mectems such as

mobility management, power control and the resoatoeations are then discussed.

Luis Cucala, Oscar Moreno [2]discussed about the new generation of the celtatdmologies and the current
trends towards the small cells or femtocells, whidfers an improved spectral efficiency per ardap at offers an
opportunity to improve the energy efficiency, whishmeasured as the power consumption needed tidpra certain
throughput in a given area. In this paper, two woekwaggregated throughput, performance indicatord anergy
efficiency, have been analyzed and compared itmtbenetwork architectures; a deployment based adamw macro base
stations, for the provisions of indoor and outdeorerage, and a deployment in which some of theandraffic is
supported by the femtocells. Performance simulatiand energy calculations showed that the introdue femtocell
layer, complementing a macrocell layer is an ercelleap forward in energy efficiency and systemfgrenance, when
compared with current indoor coverage which is base the outdoor macro and micro base station,Alss paper
presented a study on how much could be reducedttsle network energy requirements of macrocelllagpents in
high density urban deployments, with low traffimdiions, based upon the application of two SelfaMizing Networks

(SON) techniques for selective disconnection, ensaying and power reduction of eNodeBs and HeNBs.
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L. Saker, S. E. Elayoubi [3]studied the impact of small cells on the energysoamption and capacity of an
LTE-Advanced network in a heterogeneous settingravireacro cells coexist with outdoor femtocells gidocells
They analyzed the Erlang-like capacity in such mvirenment and showed the gains obtained from adfiog traffic from
macro cells to small cells. Energy efficiency igdishroughout this study, brought together the ongtyperformance and
its overall power consumption. Results showed shaall cells are a good alternative to network deraion as they can
achieve higher network capacities with a good enexfliciency. To further improve the efficiency dfie resulting
heterogeneous network, they proposed a sleep ratlswitches off some picocells when the traffitois and quantify

the resulting increase in efficiency

M. F. L. Abdullah, A. Z. Yonis [4] discussed that th€arrier aggregation (CA) is one of the most impairta
technologies to ensure the success of 4G techmalodihis paper presented a new Long Term Evoluvanced
(LTE-Advanced) depending on CA technology; the regstem has better performance as compare to LTE.system
supports wider bandwidth upto 120 MHz and providekigher level of throughput. Here, Carrier Aggteda(CA)
LTE-Advanced is designed for 2x2 Multiple Input Mple Output (MIMO) and different modulation technes such as:
Quadrature Phase Shift Keying (QPSK) and 64Quardratmplitude modulation (64QAM) has been used. fEselts and
comparison proved that the maximum throughput iselaon assuming 64QAM modulation, maximum bandwidth
120 MHz 5/6 code rates.

Shivram S Arunachalam, Kishore Kumar Sekhar[5] investigated the performance of open access arseg:d!
access femtocells (HeNB) in the presence of a emvodl interference (CCI) from a nearby microceBdatation (eNB).
The analysis is presented for a downlink (DL) Ldegn Evolution (LTE) channel model in a heterogarssaetwork
where there is no co-operation involved between @N& HeNB. They further considered that the prin@ynmon pilot
symbol (P-CPICH) is at least 20hdB higher at ther esjuipment (UE) to which it is connected in orttedifferentiate the
useful signals from the interference. Performanits indicates that a significant variation in leitror rate (BER)
is observed when HeNB transmit power is varied amgroximately 4dB gain in SNR is achievable when¢hlB MUE

link distance reduces from 700m to 500.

Imran Ashraf, Federico Boccardi [6] discussed about the small cell base stations (Bfas)form an overlay
layer on the existing macrocell network which offsgmendous potential in terms of satisfying higitadrate traffic
requirements and enables breakthrough serviced! 8efladeployments can pose negative energy-eifficy implications
when not equipped with advanced power saving masimsn In this work, they addresses this issue amghgse
algorithms that instill the small cell BS with théility to invoke a low-powesleep mode when not required to serve any
user traffic. More specifically, they presents thdifferent strategies for sleep mode enactmersrfwll cells, which relay
on core network driven, small cell driven, and usguipment (UE) driven approaches. Based upon tureixf voice and
data traffic model, the algorithms provides appmeatiely 13—56% energy savings in the network retatiivthe absence of

the sleep modes, coupled with the additional capauientives.

Margot Deruyck, Wout Joseph, Bart Lannoo [7] compared the design of Long-Term Evolution (LTE)
networks to energy-efficient LTE-Advanced network$E-Advanced introduces three new functions — tageneous
networks carrier aggregation (CA) and extendedipiainput, multiple-output (MIMO) support. Theywsoped a power

consumption model for LTE and LTE-Advanced macrbeed femtocell base stations, along with the mesmant of
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energy efficiency. They proposed that LTE-A caraggregation and MIMO improves networks’s enerdiciefhcy up to
400 to 450 percent, respectively.

CONCLUSIONS

In this paper, analysis of two systems that is, land LTE-A has been done. It has been studiedrtratducing
a femtocell layer, complementing a macrocell laigran excellent leap forward in energy efficienaydasystem
performance. This paper presented a new Long Texotuton-Advanced (LTE-Advanced) depending on Céhteology;
the new system has better performance as compareEoWe have studied the power consumption modeLfE and
LTE-Advanced macrocell and femtocell base statiahsng with the measurement of energy efficiencVELA carrier

aggregation and MIMO improves networks’s energjicefficy.
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