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ABSTRACT

Long Term Evolution (LTE), by third generation proj partnership (3GPP) is one of the radio access
technologies used for delivering broadband mobdlevises. It is mainly influenced by high data rates
minimum delay and the capacity due to scalable wadtt and its flexibility. The downlink LTE employs
orthogonal frequency division multiple access (OFBMs a multiple access technique. The conventional
resource allocation method in OFDMA employed défer modulation and coding scheme (MCS) on
allocated subcarriers to achieve good throughput, B the downlink LTE, all scheduling blocks at a
given transmission time interval (TTI) to user madbpt same MCS and these brings about constiaints
the system and as a result degrade system perfoemahis paper reviewed several resource allocation
schemes for throughput maximization in LTE downlink each of the schemes considered, the sub-
optimal solution shows a significant performanc@iavement compared to the optimal solution. A duali

of service (QoS) guaranteed RB allocation achiévgis throughput compared to other schemes consldere
in this article.
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1. INTRODUCTION uses a multitude narrow bands subcarriers that are
orthogonal with each other and carry lower data
The mobile communications’ development hastreams which sum up to a high data rate
passed through a sequence of successit@nsmission[4].
generations, starting from first generation (1G) The need for intelligent resource allocation @#nn
analog, second generation (2G) digital and to thlee over emphasized not only because of the limited
present third generation (3G) broadbandature of the spectrum but also because of how it
technologies. The 3G enable audio, video and da@dfects the quality of service of users at low cést
transmission simultaneously within the sameonsiderable amount of literature has been
channel [1] . published on the problems of resource allocation in
Long Term Evolution (LTE), by third generationan OFDMA system in recent years. Previous
project partnership (3GPP) is one of the raditesearch findings in OFDMA resource allocation
access technology used for delivering thdocused on scheduling decisions based on the
broadband mobile services. LTE offers mangurrent time instant subject to the current reseurc
features with flexibilities in terms of deploymentconstraints. They were not able to utilize the
options and potential service offerings. Thedynamic nature of the wireless spectrum to improve
downlink of LTE employed Orthogonal Frequencythe performance of the communication system.
Division Multiple Access (OFDMA) technique in Furthermore, the conventional method of resource
order to obtain robustness against multipl@llocation in OFDM system is that a user can
interference, frequency domain channel-dependeatploy different modulation and coding scheme
scheduling and Multi-Input Multi-output [2][3]. (MCS) at a given transmission time interval (TTI)
In OFDMA, users are assigned separate “sulpn the allocated subcarriers to improve the
channels” that effectively divides up the broadbanthroughput. In the downlink LTE systems however,
into multiple narrow bands and transmitall scheduling blocks (SB) allocated to a user must
information on these narrow bands in paralleladopt the same MCS at any given TTI. Therefore,
OFDMA is based on the modulation techniquéhe application of conventional resource allocation
power can be produce@®FDMA is based on the in LTE results in degraded performance, since

modulation technique called orthogonal frequenc!CS must be chosen according to the worst SB[5].
division multiplexing (OFDM), which similarly
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Therefore, due to the constraints discussed abogeouped in units of 12 subcarriers from each
and the complexity of the problem, severalDFDM symbol, separated by 15khz and therefore
researchers focused in developing sub-optimaccupying a total of 180khz. One resource block is
solutions to the resource allocation problems tdefined as one of the subcarriers for durationnef o
improve the overall system performance. Thislot. The resource block is the main unit to schedu
paper will review the research conducted on severansmissions over the air interface.

resource allocation schemes to improve the

system’s throughput in LTE downlink. I frame = 10 subframes = 10ms

The rest of the paper is organized as follows: [ ]

Section 2 gives a general overview of LTE, while
section 3 describes its frame structure. Section 4
summarizes the resource allocation methods
considered in this work and comparison between —<«
them is detailed in section 5, and conclusion is '
drawn in section 6.

SubFrame

Slot Resource Block
e

2. OVERVIW OF LTE

The LTE is a mobile technology by third generation
partnership project (3GPP) group, that is divided
into generations from first to fourth, with third
generation (3G) as the first mobile handling
broadband data and later, voice and other services
were integrated. The specifications of LTE are
formally known as evolved UMTS terrestrial radio - \ )
access (E-UTRA) and evolved UMTS terrestrial N (Symbols)
radio access network (E-UTRAN), although they Dok OFDMA
are all referred to as LTE[6]. Table 1.0 below

summarizes some of the important features of LTE Figure 1: The LTE Frame Structure
and some of them will be highlighted in this work.
LTE can achieve theoretical high data rate o
100Mbps with 20MHz bandwidth in the downlink
and 50Mbps with 20MHz in the uplink. It has
scalable bandwidth of between 1.4Mhz to 20Mh
for flexible radio planning. LTE has reduced packe

2

110)
|

Y’

A
N (Sub Carriers per RB) [N

e Blocks) [6 <

Resourc

he frame structure and its operation based on
ownlink LTE depends on the concept of physical
resource block (PRB). A PRB is defined as
consisting of 12 consecutive subcarriers for oné sl
0.5msec) in duration. The PRB is the smallest

. lement of resource allocation assigned by the base
latency, reduced radio access network cost and &t . ;
station scheduler. The relationship between the

cost effective migration from earlier 3GPP releaseﬁandwidth and the PRBs for downlink LTE is

Other important features of LTE are the usage q .
. . . shown in table 2.0 below.
multiple access schemes, adaptive modulation and

coding (AMC), hybrid automatic repeat request4 METHODS OF RESOURCE

(HARQ) technology[7], and the radio resource™ ) y=ATION CONSIDERED IN LTE
allocation technique[8]. The main drivers of are

therefore, data rates, delay and capacity. The resource allocation schemes in downlink LTE

attract attention from various scholars due to time
varying nature and fading associated with the
wireless channel. The downlink LTE employs
The LTE frame structure in as shown in figure lorthogonal frequency division multiple access
below. The frame duration is 10ms and each fram@FDMA) as a multiple access technique. The
is divided into subframes of 1ms each. Theonventional resource allocation method in
subframes are further divided into two slots ofOFDMA employed different modulation and
0.5ms durations. Depending on the cyclic prefixoding scheme (MCS) on allocated subcarriers to
configuration, each slot has seven and six OFDMchieve good throughput.But, in the downlink LTE,
symbols in the normal and extended cyclic prefiall scheduling blocks at a given transmission time
respectively. In the frequency domain, resources ainterval (TTI) to user must adopt same MCS and
these brings about constraints in the system amad as

3. FRAME STRUCTURE IN LTE
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result degrade system performance. Therefor@creased monotonically with SINR, as shown in
optimum allocation of resources and MCS selectiofigure 2 for the LTE systems.

will improve the overall throughput of the system
and mitigate against the effects of fading and th
time varying nature of the wireless channel. Irs thi
section, four different resource blocks (RB)
allocations with MCS selection schemes are studie
and summarized. o 13

4.1 Adaptive Block-Level Resource Allocation
technique (ABLRA)
Fanet al[9] proposed a resource allocation schem
in LTE that allocates Resource Blocks (RB),
Power, and Rate jointly to maximize the network
throughput. In this paper, exponential effective
signal-to-interference-plus-noise  ratio  (SINR)
mapping (EESM) and mutual information effective
SINR mapping (MIESM) methods are used ta
convert the for post-processing SINR to determin .
an appropriate MCS for RBs with different channe! SINR (dB)
gains. This method uses the modulation and codir.,
scheme (MCS) information in the uplink as aFigure 2:Relationship Of MCS, SINR  And Throughput
feedback to the base station (BS). Based on the _ In AWGN Channel
feedback, the BS optimizes RB assignment, pow&rduré 3 depicted the average throughput versus
allocation and MCS selection achieve the highe@vérage SINR for various resource allocation
sum throughput with the limited resources. In ordefchemes with 4 users. The average throughput of
to reduce the complexity of the process, the joi{’€ Proposed method significantly outperforms
optimization was separated into RB assignment ar#ihers when -5dB<SINR<25dB.
power allocation. The RB assignment to the users
based on the highest signal-to-interference-toenois
ratio (SINR) or largest MCS index to achieve the ; ; ; ; ] 2
highest throughput after relaxing the MCS 9~
constraint in LTE. Modulation and coding scheme 1 1 1 : AR :
(MCS) was selected based on power allocation nc
only to ensure the block level error rate (BLER)
performance of RBs with the worst channel
condition, but also to exploit the RBs with better
channel conditions more efficiently. The relative
power was allocated among the RBs’ belonging t
the same user which is termed as power allocatic
among RBs’ of the same user (PAaRB). The powe
is then adjusted among users to achieve furthe : ;
improvement and the corresponding MCS is alst -0 -5 0 5 SN;((()dB) 5 20 26 30
determined, which is called power allocation
among users (PAaUE). Therefore, after completing
PAaRB and PAaUE, the power allocation at th?—|o
RBs of a user can be found then accordingly ney,
SINR of each user obtained. Based on the ne
SINR of a user, MCS corresponds to a user is al
found.
The MCS indices were used by the base stati
(BS) to approximate the SINR and it was based
that, the resource allocation scheme was develop
to improve the system throughput. The throughpl{

Throughput (bits/symbol)
S

Throughput (bits/symbol)
w

Tperin 70" e Proposed Scheme w/ SINR Feedback
' = = = Proposed Scheme w/ MCS Feedback
vvvvvv Scheme in [12] w/ MCS Feedback

Figure 3: Throughput Versus SINR For Fan’s Scheme
And The Scheme In [4] With 4 Numbers Of Users
wever, when the SINR was too low or too high,
e RBs had the same minimum or a maximum
SKXCS index, and therefore there was no significant
Hifference recorded in the throughput. Also, there
Jvas a slight performance difference from the
roposed scheme with SINR feedback and MCS
eedback.

e average throughput versus number of users for
e various resource allocation scheme is depicted
by the simulation result shown in figure 4, when

415



Journal of Theoretical and Applied Information Technology
20" December 2013. Vol. 58 No.2 B

© 2005 - 2013 JATIT & LLS. All rights reserved-

" A mmmm—
F7aYTTI]

ISSN:1992-8645 www.jatit.org E-ISSI$17-3195

SINR=10dB. The figure shows that the Fan'sSINR is mainly dominated by the RBs with
scheme is improved by 20% compared to othenaximum SINR. For GM based scheme, RBs
schemes when number of user is 4 and SINR=10d&longing to the same user are considered. While
and the proposed scheme based on MCS feedbdok the HM based scheme, RBs with minimum
has the same performance as that based on tBENR are considered. It was shown that the scheme
accurate SINR. Therefore, it can be concluded thédsed on HM was more appropriate MCS and
the overall throughput of MCS selected througlobtained higher throughput compared to the other
power allocation of the Fan’s scheme, is largenthaschemes.

that of the scheme based on minimum MCS

selection. N[

35 T T T T T T T T —=—GM
35 ——HMm
—#— Minimum

—%— EESM
| —&— Optimal

Throughput (bits/symbol)
N
o0

I nrougnput (DIts/symbol)

IS
o
o
o
N

SNR(dB)

05 L .| s Proposed Scheme w/ SINR Feedback

= — = Proposed Scheme w/ MCS Feedback Figure 5 Average Throughput Versus S[NR
....... Scheme in [12] w/ MCS Feedback For Different MCS Methods In Jiancun’s

Scheme

01 é :IS z; 5 6 7 8 9 10
Number of Users
Figure 4: Throughput Versus Number Of User For Fan’sFrom figure 5, the Jiancun’'s scheme based MCS
Scheme And The Sche In [4] When SINR=10db  selection obtained almost the same throughput as

the optimal, which was considered best among the
42 MCS Selection  for  Throughput gther methods.

Improvement in Downlink LTE Systems SNR=10(dB)
(MCSHM) 49 T T f

Jiancunet al [10] investigated MCS selection to
maximize system throughput and developec
effective MCS selection scheme that ensure th
BLER performance of the RB with both poor and
good channel conditions.

The joint optimization problem was simplified in
the Jiancun’s by separating into RB assignment ar
MCS selection. Appropriate RBs was assigned t
users and then MCS was selected based on t P ] P A [
effective packet-level SINR estimated by different : : : :

Throughput (bits/symbol)

—%— Minimum

—%— EESM
ways. o
N i . . ptimal
Multiple subcarriers in an RB have different . - ) o
channel gains, therefore EESM and other methoc. _ Number of users

Figure 6: Average Throughput Versus Number
Of Users For The Jiancun’s Scheme

jom figure 6, it was shown that the throughput
om jiancun’s based MCS selection is improved by

0 ;
Also, Arithmetic mean (AM), geometric mean 18% compared to that in [13] when the number of

(GM), and harmonic mean (HM) of the users is 4 and SINR=10dB.
approximate block-level SINRs on the RBs for each

user was exploited which was used to obtain the

estimated packet-level SINRs with results in

different impacts from these methods. For AM

based scheme, the estimated effective packet-level

are used to find the effective SINR of each reseurc
block and then relate the values of MCS inde>'g
which is feedback to the base station as Channﬁ;
quality indicator.
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4.3  Quality Of Service (QoS) Guaranteed RB
Allocation Algorithm for LTE systems
(QSRBA)

according to their channel conditions. In LTE, max
C/l cannot always provide the best throughput
performance because the MCS adopted by each

Na et al [11] proposed an efficient resource blockuser should be decided by the worst SB allocated to
allocation algorithm which takes into account bottfit.

the MCS constraints and QoS requirement for the

downlink transmission in LTE. The three classica.4 Resource Allocation in an LTE cellular
practical resource allocation algorithms namely: Communication System (RALDL)

max carrier-interference (C/I), round robin (RR)Kwan et al.[12]in their work investigates the effect
and proportional fair (PF) do not take QoS intof multi-user diversity in resource allocation to
account. The OFDM system employs thencrease throughput of the system. SBs with
conventional method of allocating different MCS tadifferent channel qualities are assigned to users t
subcarriers to achieve good throughput. In LTEchieve overall system throughput maximization.
downlink, the requirement is to assign same MCSBs with highest CQI are from a group of SBs are
to all the scheduling blocks allocated at a givefedback and the signal requires smaller bandwidth
TTI. Therefore, applying conventional resourcebut at the cost of degraded performance, as in LTE
allocation in LTE results into degradedadaptive modulation and coding (AMC) s
performance since MCS must be chosen accordimgnployed to reduce this effect on throughput. The
to worst scheduling block (SB). Average channefjuality of feedback defends on the method adopted.
condition in form of Channel quality index (CQI) islt is assumed that MCS rate increases with CQI
the feedback to the BS from the user, and it enabiedex and SBs whose CQI values are not fedback
the scheduler to know which MCS to be adoptedre assigned MCS 1. If MCS are to be assigned to a

and be assigned to all the SBs of the same user.

45

(@ MaxC/l | : : : : : :

1 =l + PF : : : : : f ®
- A = Proposed| : : : : : :
4 g RR e fee ERRTS P e oA

T2 3 4 5 6 . 8 9 10 11 12
Number of UEs

user, only those blocks with good enough channel
qualities or higher can be allocated. SBs with lowe
MCS index will result in high error rates if seledt
The sub-optimal scheduler is implemented in two
stages to reduce the complexity of the algorithm;

0] Selection of best user for each SB and
collection of information regarding the set of SBs
associated with user.

(ii) Selection of the best MCS given the
selected SBs for each user.

In the case of the optimal scheduler, there are two
types of models employed; multi-user optimization
model and linearized model. In both models MCS,
SBs and users are jointly assigned and therefore
creating computational complexity. Therefore,

Figure 7: Throughput Of Max C/I, PF, Na's SchemalAn suboptimal scheduler is better than the optimal

RR Algorithm Versus Number Of Users

The optimization problem in the scheme

scheduler due to the decouple selection between
SBs and MCS.
isFigure 8 below is the graph of throughput against

complex, which increases exponentially with thenumber of users to illustrate the performance ef th
number of constraints and variables, but theptimal and sub-optimal algorithms. The average
complexity was reduced by a novel suboptimasINRs for all users are set to 10dB. It can be
algorithm. It mainly comprises of two steps: (i)deduced from the graph that, as the number of users
Estimate the number of SBs required by each us@rcreases throughput also increase and sub-optimal
based on the ratio of users’ minimum ratescheduler, performs better than optimal scheduler.
requirements to its average gain; (ii) with coristra

of users’ minimum rate requirement, allocate SBs

to users according to users’ priority.

Figure 7 shows that the throughput of Na’s scheme

is higher than the max C/I algorithm when the

number of UEs is small. It may be concluded that

max C/I gives the highest performance, but under

the assumption that each SB employs different MCs
————————
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The authors [9], used EESM and MIESM to

—Opt. estimate the packet-level MCS index for RBs with
o— Sub—opt. different channels gains. The effect of channel
45 e ) estimation on the average throughput was
' investigated by [10] where they developed EESM,

4 - - AM, GM and HM effective selection schemes. [11]

g in their work expressed the average channel
condition in form of CQI and used it as feedback to
estimate the MCS to be used in the scheme.The
authors [12], unlike [9], [10] and [11] estimated
the channel values of those whose feedback
messages were not received at the scheduler by
25f // assigning MCS 1 to them.

1/ The RBs assignment in [9] and [10] were based on
§ i the users with best channel condition, i.e highest
T meeies y 7% SINR or largest MCS index to achieve highest

' N throughput. [11], RBs assignment considers
channel average condition and rate requirement
base on priority. In [12], RBs with good channel
qualities or higher are considered for assignment.
The resource allocation methods considered in this
work used sub-optimal methods of optimization to
The works of [9], [10], [11] and [12] presented_maXimize the__ir systems’ throughpqt._The gchemes
different RB allocation schemes that maximize thé [9] and jiancun [10] were divided into RB
overall system’s throughput. In comparing thei@SSignment —and power allocation. The RB
works, the following points were considered; ()@SSignment was based on the highest SINR or
channel estimation method employed, (ii) how thédgest MCS. The allocation is divided into two
resources are assigned and (iii) the optimizatioptages; Power allocation among RBs of the same
method used and the channel parametek$€r PAaRB and power allocation among users
considered. Figure 9 below depicts the graph fer tf?AQUE, to achieve further improvement. In [11],
comparison of the resource allocation schemd§€ scheme was divided into estimation and

considered in this work while, table 3.0 is thel¢ab allocation. Channel gain was considered in the
of summary of the comparison. estimation. The SBs allocation is divided into two

stages; user priority was calculated and sorted in
descending order, then SBs are allocated base on

35

Average total bit rate (Mbps)

Figure 8:A Graph Of Average Bit Rate Versus Number
Of Users

5. THROUGHPUT COMPARISON OF THE
RESOURCE ALLOCATION SCHEMES

4.5 S - .
priority on user-by-user basis. The assignment
A 4 considered in the work of [12] is on stages. In the
% 35 ! s first stage, SBs are only stigned to the user who
-g ) can support the highest bit rate and best MCS for
> 3 g each user are determined. In the second stage, best
725 MCS to be selected given the selected SBs for each
s , user.
§' 15 ABLRA 6. CONCLUSION
L - .
® ¢ 8- RALDL
= 05 MCSHM| ©One of the more significant findings that emerged
= v from this review is that, resource allocation schkem
0 - QSRBA with QoS consideration has the highest throughput
1 2 3 4 Eb 6 7 8 9 10 11 compared to other schemes as depicted in the graph
Number of users of figure 9 above. Also, from the resource

allocation schemes investigated, the sub-optimal
solutions show significant performance
improvement with less complexity when compared
Methods to the optimal solutions in the downlink LTE.

Figure 9: Graph Of Comparison Of Resources Allomati
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It is recommended that further research be
undertaken on the effects of delay in the feedback
(uplink) and, error due to channel estimation on
resource allocation for throughput maximization.
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Tablel. Summary Of LTE Major Parameters

Parameters Values

Access Scheme UL SC-OFDMA

Access Scheme DL OFDMA

Bandwidth 1.4,3,5,10,15,20 MHz
Minimum TTI 1ms

Subcarrier spacing 15KHz

Cyclic prefix short 4.7us

Cyclic prefix long 16ps

Modulation
Spatial multiplexing

QPSK, 16 QAM, 64 QAM
Single layer for UL per UE, up to four layers fot. Per
UE, MU-MIMO supported for UL and DL

Table 2. Bandwidth And Corresponding Prbs In LTE

Channel
Bandwidth
(MHz)

1413 10 | 15| 20

Number of
resource
blocks

6 15 25| 50 | 75 | 100

Table 3: Comparison Of The Resource Block (RB)cAtion Schemes

Fan

Jiancun

Guan Kwan

Resource
Allocation Methods

Packet-level MCS
index estimation

RB assignment
method to users

Optimization
technique

Objective

Throughput
improved

Optimization of RB
and power allocation

EESM and MIESM

Based on high SINR
or MCS index

Sub-optimal, RB
assignment and power
allocation

Maximization of
network’s overall
throughput

Increased by 20%
when number of users
is 4 and SINR is 10dB

SBs allocation based
high channel quality to
high MCS index

Average Channel condition CQI index defends on the
used as CQI index (AM) method used

RB assignment with
MCS using EESM

QoS guaranteed RB allocation

EESM, AM, GM and HM

Based on high SINR
or MCS index

CQI and rate requirement baseBased on RBs with good
on channel priority channel qualities or higher

Sub-optimal, RB assignment Sub-optimal; SBs estimation Sub-optimal; selection of best
and power allocation per user, and allocation baseduser for each SB, and MCS
on priority assignment the MCS

Maximization of throughput by Throughput maximization and To allocate SBs having

resource allocation and MCS QoS guaranteed different channel qualities

selection methods to users to maximize
throughput.

max C/Il has the betterincreased as the number of

throughput as the number ofusers increases and SINR

user increases set 10dB

increased by 18% with HM
based MCS estimation to [4]
when users number is 4 and
SINR 10dB
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