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Abstract

LTE-Advanced is the evolution of LTE to 4G. Standartimawork was done as part of Release 10 of
3GPP specification, with further enhancements ife&ee 11 and beyond. L-Advancedintroduces a number 1
enhancements and new technologies to enable péakadas of up to 1 Gbps in the downlink and 50(pMin the
uplink. Carrier aggregation (CA) is one of the Kewgtures for LTl-Advanced. By means of CA, users gain act
to a tothbandwidth of up to 100 MHz in order to meet thMeTl-Advanced requirements. Carrier aggregation is
in LTE-Advanced in order to increase the bandwidth, aedethy increase the bitrates. This paper presemggiew
on the features and current advaneats in Carrier Aggregation. It also includes twerview of deployments ar

future scope of Carrier Aggregation in various paitworld
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I ntroduction

LTE Advanced is a mobile communicati
standard, formally submitted as a candidate
system to ITUT in late 2009, was approved ir
ITU, International Telecommunications Union, II-
Advanced and was finalized by 3GPP March
2011[1]. It is standardized by the 3rd Genera
Partnership Project (3GPP) as a major enhance
of the Long Term Evolution (LTE) standard. T
work by 3GPP to define a 4G candidate r¢
interface technology started in Release 9 with
study phase for LTRAdvanced. Being described a:
3.9G (beyond 3G but pG), the first release
LTE does not meet the requirements for 4G (
called IMT Advanced as defined by the Internatic
Telecommunication Union) such as peak data 1
up to 1 Gb/s.

The driving force to furthe
develop LTEtowards LTEAdvanced - LTE
Releasel0 is set to provide higher bitrates in &
efficient way and, at the same time, comple fulfill
the requirements set by ITidr IMT Advanced, alsc
referred to as 4G [2]. In LTBdvanced focus is o
higher capacity:

Increased peak data rate, DL 3 Gbps, UL 1.5 C
Higher spectral efficiency, from a maximum
16bps/Hz in R8 to 30 bps/Hz in R10, Increa
number of simultaneolys active subscriber:
Improved performance at cell edges, e.g. for DL
MIMO at least 2.40 bps/Hz/cEll.

The key features introduced in L¥&dvanced are
Carrier Aggregation (CA), enhanced use of n-
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antenna techniques and support for Relay N
(RN).

Carrier Aggregation is one of the mu
important feature of LTE&dvanced as it deals wit
the fulfilment of the required data rates that
being headlined for 4G LTE Advanced. It
necessary to increase the transmission bandwidt
order to achieve the higher bitrates. Using L
Advanced CA, it is possible to utilize more thare:
carrier and in this way increase the ove
transmission bandwidth.

Carrier Aggregation

Carrier aggregation is one key enabler
LTE-Advanced to meet the IN-Advanced
requirements in terms of peak c rates . It is
desirable to improve the spectral efficiency of
initial releases of LTE. In many areas, only sr
bands are available, often as small as 10 Mhz. '
CA, such small bands can be aggregated tize the
fragmented spectrum more efficiently, there
increasing the data rates. In the case of ce
aggregation, multiple LTE carriers, each with
bandwidth up to 20 MHz, can be transmitted
parallel to/from the same terminal, thereby allog
for an overall wider bandwidth and correspondir
higher per-link data ratés In releas-10, up to five
carriers can be aggregated , each known
component carrier (CC). Each CC is fully backw
compatible to Releas®’9 due to which it is possib
to use the technologies developed for LTE Rel-
8/9 to be fully reused in Release-
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Carrier Aggregation is supported by both
formats of LTE, namely the FDD and TDD variants.

LTE carriers can be aggregated in many ways :
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Figurel. Ways of Carrier Aggregation

A. Intra-band: This type of carrier aggregation uses

a single band. There are two main formats for this
type of carrier aggregation:

Contiguous. The Intra-band contiguous carrier
aggregation is the easiest form of LTE -carrier
aggregation to implement. Here the carriers are
adjacent to each other. The aggregated channel can
be considered by the terminal as a single enlarged
channel from the RF viewpoint. In this instancelyon
one transceiver is required within the terminal or
User Equipment (UE), whereas more are required
where the channels are not adjacent. However as the
RF bandwidth increases it is necessary to ensate th
the UE in particular is able to operate over such a
wide bandwidth without a reduction in performance.
Although the performance requirements are the same
for the base station, the space, power consumption,
and cost requirements are considerably less stringe
allowing greater flexibility in the design.
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Figurell. Contiguous aggregation of two uplink
component carriers

Non-contiguous: Non-contiguous intra-band carrier
aggregation is somewhat more complicated than the
instance where adjacent carriers are used. No tonge
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can the multi-carrier signal be treated as a single
signal and therefore two transceivers are required.
This adds significant complexity, particularly tet
UE where space, power and cost are prime
considerations.

B. Inter-band non-contiguous: This form of carrier
aggregation uses different bands. It will be of
particular use because of the fragmentation of ®and
some of which are only 10 MHz wide. For the UE it
requires the use of multiple transceivers withie th
single item, with the wusual impact on cost,
performance and power. In addition to this thee ar
also additional complexities resulting from the
requirements to reduce inter-modulation and cross
modulation from the two transceivers.

The current standards allow for up to five 20 MHz
carriers to be aggregated, although in practicedwo
three is likely to be the practical limit. These
aggregated carriers can be transmitted in paradlel
or from the same terminal, thereby enabling a much
higher throughput to be obtained.

Carrier Aggregation Bandwidth: There are several
definitions required for the bandwidth of the
combined channels during the aggregation of carrier
for an LTE signal. It is necessary to define these
several bandwidths in order to reduce the confusion
There are total of six different carrier aggregatio
CA bandwidth classes which are being defined.

CARRIER AGGREGATED NUMBER OF
AGGREGATION TRANSMISSION COMPONENT
BANDWIDTH BW CARRIERS

CLASS CONFIGURATION
A <100 1
B <100 2
C 100-200 2
TABLE I. BANDWIDTH CLASSES

Note: ClassesD, E, & F arein the study phase.

Deployments

There are three main motivationn
introducing carrier aggregation for LTE-Advanced in
Release 10, due to its support of high data rates,
efficient utilization of fragmented spectrum, and
support of heterogeneous network deployments by
means of cross-carrier scheduling. A combination
with other features defined in LTE Release 10, such
as higher order MIMO, CA provides a powerful
means to boost the peak user throughput in LTE
Release 10 and to meet the IMT-Advanced
requirements set by the ITU-R. CA allows
aggregation of CCs dispersed across different bands
as well as CCs having different bandwidths. CA also
allows aggregation of cells having different coygra
thereby enabling flexible network deployments
according to traffic demands. In exploiting cross-
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carrier scheduling, efficient interence manageme
is possible in heterogeneous network deploym
thereby improving system capacity. Moreover, €
CC is backwards compatible with LTE Release
allowing smooth upgrade and migration of L
networks towards LTE-Advanced.

Further evtution of CA is expected i
future releases of LTE to include more advar
features such as inteand CA for the UL an
separate timing control for different UL CCs,
support additional deployment scenai

One of the important aspects to conside
that carrier aggregation should allow aggregatib
not only the existing bands, but also bands tha
introduced in future, e.g., 3.5 GHz band, etc. W
existing bands already have certain deployments,
deployments can be considered for new bethat
are introduced. Since introduction of new band
done in a release independent fashion, considas
for such future bands are essential already il-10.
When higher frequencies such as 3.5 GHz
considered, path loss can be significant ( 4-10 dB
difference in link budget) when compared to 2 G
Hence,the most efficient deployment may not be
stick with the traditional macroverlaying approact
Carrier aggregation should allow more flexible o$
such new bands, since coverage andbility can be
ascertained by the existing band deployments, 2
GHz.
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A brief summary of status of mobi
carriers’ LTEA (Carrier Aggregation) penetratic
and deployment is provided belc
SK Telecom: SK Telecom has successfully tes
their core LTEAdvanced technologies as of July £
2012[5]. CoMP (Coordinated Mu-Point)
technology has been commercialized in Jan
2012[6]. elCIC (Enhanced Int&ell Interference
Coordination) technology has b¢ successfully
tested in collaboration with Qualcomm and Nc¢
Siemens Network. They are planning
commercialize Carrier Aggregation towards the
of 2013.SK Telecom already has 100 mbps wirel
service using a heteregeous network of LTE ar
Wifi.
Russan Yota: Yota has launched the fir
commercial network using LTE Advanced, thougF
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vendor. Huawei, also describes it as a test -A
network. LTE Advanced technology has b
installed on 11 base stations in the city, andal
transmissions have achieved the target 300 mec
speed[7]. No user terminals are yet available. *
expectdelivery of the first devices in the ft half of
2013.

Sprint: Sprint plans to deploy its L1-Advanced
network

800 MHz spectrum by first half of 20:
AT&T: AT&T confirms LTE-Advanced deploymer
in 201z
T-Mobile: T-Mobile has signed mu-year
agreemats with Ericsson and Nokia Sieme
Networks. 3GPP Release 10 equipment will
provided by the two companies. L-Advanced trials
set to begin this summe
Clearwire: Clearwire plans to deploy an L1
Advancedready network by June 2013. It will allc
for peak rates of 168Mbps through carn
aggregation. It will not be irtommercial product
until 2014
Telstra: Telstra could possibly operate advan
LTE services on the 900 MHz and 1800 M
bands|[8].

It plans to upgrade approximately 7,500 cell <
and base stations over the next 12 mol
NTT DoCoMo: NTT DoCoMo has begun buildir
test network near Tokyo. They have achie
downlink speeds of around 1Gbps and uplinks
around 200Mbps in LTE Advanced lab t.

Future Scope

In 2014 there will becases where a devi
will be required to support 5 to 6 bands just fc
single operator and globally it is foreseen thatrél
will be around 18 bands in use for LTE. This me
that efficient multi band support will become
important matter to get desdgs that can be usi
globally.

Even before the initial rc-out of LTE has
been completed, many operators are gearing
take the next step by deploying LTE Advanced. L
Advanced will bring increased network efficien
higher throughput to end users inore locations, ¢
well as, support for various advanced deployn
scenarios.

More than 90% of all contiguous spectr
allocations today are 15MHz or lower. A significi
part is even below 10MHz. This limitation make:
difficult for many operators tsupport 100Mbps da
rate, or more, without using Carrier Aggregat
The LTE Carrier Aggregation roll out will ste
during 2013 and we expect significant growth 2(
U.S., Korean and Japanese operators already
firm deployment plans for Carrier /gregation. In
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the first phase, up to 20MHz of spectrum will be
aggregated enabling subscribers to enjoy up to
150Mbps downlink data throughput, or even higher
in the future.

There are also interest in Carrier
Aggregation on the European market but not as
crucial for a quick roll-out since operators alrgad
have up to 20 MHz allocations either in the 1.8 GHz
and 2.6 GHz bands.

One of the big challenges for Carrier Aggregation
is to develop a RF front-end flexible enough to
support a majority of domestic, and international,
bands together with possible future Carrier
Aggregation combinations. Besides that, device
manufacturers expect excellent device performance
with respect to data throughput, and still maintain
small size and decent battery life time.

Conclusion

Carrier Aggregation is a key feature of LTE-
Advanced that is enabling the various operators to
create larger “virtual” carrier bandwidths by
combining separate spectrum allocations. The
benefits of this aggregation include higher peatada

rates, increased average data rates for users and

improved spectral efficiency. LTE-Advanced
technology is getting deployed at a very fast pé#ce.

can be foreseen from the current deployments that

LTE-Advanced has a long run in the field of wireles
communication providing higher bit rates and
increased bandwidth which is an important
requirement of today’s technology inspired world.
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