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ABSTRACT:

These years’ there is a rapid development in thld fof wireless communication. Increased
demands for the broadband mobile wireless conmestend the materialization of new
wireless multimedia implementation have constitiutesl enthusiasm for the development of
broadband wireless accessible technologies. Lorrgh Tevolution (LTE) system that has
been standardized by the Third Generation PartigerBoject (3GPP) to the approach
towards fourth-generation (4G) mobile for the aasae of the 3GPP keeping the dominance
of the mobile communication technologies. The Ltgrgn evolution (LTE) is a 3GPP (Third
Generation Partnership Project), 4G technologyclwimproves the development in the area
of telecommunication and also improves the perfowweaof the system for the different types
of traffic stream. Since it is an all IP technolagys the most rising technology these days.
The reality that 3G long term evolution which ispacket based network, brings some
development in the form of lower latencies, higiage of bits, and a variety of other services.
In recent past, it has observed that there have &igaificant advantages of multiuser MIMO
(MUMIMO) in the area of wireless communication gst MU-MIMO system has been
now introduced in different ways and is being cdastd to be as new age of wireless
standards. For illustration: 802.16m and LTE-Adwhdn addition, the growing concern is
about the green communication which relates tosiiecial effects of the radiation that iswo
emitted from wireless devices on the human bodye Phper presents a survey of theé

different enhancement algorithms under variabledit@mms and hence accordinly, theg

variation in their results in terms of the performoa metrics resembling packet Ioss,%
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throughput, fairness, delay time, spectral efficieatc. has been discussed. Basic concepts of
LTE Advance for uplink as well as MIMO communicatisystem have also been discussed.
Keywords: Long term evolution (LTE), Channel Quality Indicator (CQIl), Physical
downlink common control channel (PDCCH), User Equipment (UE), Quality of Service
(QoS).

I ntroduction

LTE system is a global standardization for the flougeneration of the mobile broadband
(4G) which is supported by all major operatorsha industry which was introduced by 3rd

Generation Partnership Project in the year 200Bastbeen anticipated that LTE system will
provide an expansion in capacity and a there véllimprovement in the performance as
compared to the existing HSPA (High Speed Packeess) based networks [1]. Here the
basic idea of LTE is to build up an environment athpresents benefits likke high data rates
required for proper communication, minimum delayichhis termed as latency and higher
range of spectral efficiency for a wide range ofdwaidth. The objective in the evolution of

LTE networks is to raise the data-rates to futfik needs of the user.
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Fig.l: Signal Interface
In LTE the Radio resource is divided and is shafidiently amongst different active users
with maintaining a satisfied level in terms of QmSall the active users. So as to fulfill the
needs, the LTE system depends on orthogonal fregudiision multiple access (OFDMA)
technique in the downlink. The OFDMA technique sefes the available bandwidth into
many narrow band sub-carriers thereby allocate®apgof sub-carriers to any user based on
the current system load, requirement and systerfigtoation [1]. The SC-FDMA (Single
Carrier Frequency Division Multiple Access) is used the uplink and multi-antenna
technology [3]. Transmission bandwidth can be chdsstween 1.4MHz to 20MHz [1]. The
bandwidth of 20MHz can provide downlink user dagéerup to 150Mbps in 2X2 MIMO
system and 300 Mbps data rate with 4x4 MIMO syste®osas to support downlink services
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to which the information or data that comes fromngnaources or users is multiplexed in
frequency and time domains. Hence different schegulapproaches are proposed
considering different requirements and necessdfethe users along with the performance.
The LTE-Advanced (Long Term Evolution-Advancedgistandard for cellular networking
system that offers high throughput as comparedst@redecessor which is known as LTE
(Long Term Evolution). The Long Term Evolution-Adw@d system can transmit data at a
rate of 1 GB per second that is reasonably high@oanpared to LTE networks which have a
maximum data transmission rate of 300 MB per secGatsequently, the higher need of the
cellular bandwidth illustrate that carriers may ché@ use the standard LTE-Advanced which
results as the increase in system capacity arsh’it necessary to deliver extensively higher
speeds. The system of LTE-Advanced network usediptailnput and multiple-output
(MIMO) technology to deliver or produce the datansmission faster using greater than one
signal. MIMO needs multiple antennas to get inputooreceive those signals, that can limit
its utilization in compact devices like smart phgntablets and mobiles [2].

SCHEDULERS

2.1 Maximum Throughput Scheduler

The approach that is known as Maximum ThroughpuT)(Mhitended at maximizing the
overall throughput that assigns each RB (ResouloekB to the user that can gain the
maximum throughput in existing TTI.

2.2 Modified Largest Weighted Delay First

The Modified LWDF (M-LWDF) is a channel-aware exten of LWDF and surrounded
packet delivering delay is provided. In the cousgshaping the behavior of MLWDF, PF it
utilizes information about the accumulated delaguaing a good balance amongst airness,
spectral efficiency and the QoS prerequisite. & haen developed to support multiple real
time data users.

2.3 Proportional Fair Scheduler

A classic way of finding a trade-off between thguieements of fairness and the spectral
efficiency is nothing but the Proportional Fair jREheme and the idea behind this is that the
past average throughput may act as a weightingrfdot the expected data rate, such that
users in bad situation will be served inside aageramount of time.
Transmission Modesin MIMO LTE

In the MIMO systems there are two types of modes @e known to be the most popularet

016

modes which are used in the LTE analysis, whichtcamsmit in Diversity mode as well as &

[+4
in Spatial Multiplexing mode. Hence Diversity modesn be used either in the Transmilg
w
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Diversity side or in the receive Diversity; wherethe side of receive diversity it is known
for simply combining the operations of various tyjmé copy of the same broadcasted signal.
The Transmit Diversity needs the transmission ghai by Space Time Coding operation. In
the LTE there are various modes of Transmit Diverdefined as below.
3.1 Transmit diversity mode
The methods of Transmit Diversity where only trenmitted signal replicas are utilized to
reduce error rate at the receiver section. ThesharDiversity which includes two antennas
at the transmitter side and one antenna at recsigerwith a data stream is defined as codes
shown below. The SFBC (Space Frequency Block CQdang defined where two eNB
antennas are available for transmit diversity fiomctThe SFBC derived from Space Time
Block Coding which is commonly known is Alamouti d@s. Range created by the
transmitter uses diversity of time and space asl wasl the frequency diversity. The
Alamouti’'s space-time coding scheme can achievieglih in spatial diversity. The TxDs
issue exists for single ranks meaning that it dedssustain multi stream transmission [7]. In
the method of LTE for SFBC transmission, symbols #ansmitted from two eNodeB
antennas ports on adjacent subcarriers and is bien
Y1) Y°2)

{Yl(l) Yl(Z)}
Where Y(K) represents the information transmitted fromeania port p on the"ksubcarrier.
One of the important characteristic of these caddat the signal streams are orthogonal that
are being transmitted and for optimal performareesmple linear receiver is required. By
diversity gain utilization, reliability of diversit scheme increases. As a consequence of
diversity gain, there is a reduction in the eriter Data rate also is logarithmically enhanced
as per the quantity of antennas, since the antéinesasity increases the linearly of SNR.

C=Blog, (1+SNR ...........coeetnnn. (2)

The diversity gain of MIMO system is mostly distiighed by the quantity of the branches
of independent fading diversity, also known as bsitg Order. The curve between slope of
SNR curves and BLER on a log-log scale is giveriasrsity. In a MIMO system Nt are
number of transmit antenna and Nr are the numbeeagfive antenna that are presented in a
MIMO system and it has a diversity order of Nd =NNt This diversity order has effect on °
the system reliability since the probability of onfethe diversity branches having high SNR3S
is higher compared to only one branches.
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3.2 Spatial multiplexing mode

As compared to the diversity mode that is mentioimedhe above section, the mode of
Spatial Multiplexing scheme which relates to thétspg of received high data rate stream
into Nt transmit data rate streams. In the datautinput point of view the spatial mode of
multiplexing is most important in LTE system. In MD system the nominal spectral
efficiency can be enhanced successfully with Nignait antennas. By a number of Nt stream
at receiver side the information can be successfalhd separately decoded. Here
multiplexing gain is defined in terms of factor Ni.the spatial multiplexing system i.e. Nt x
Nr MIMO system, the highest data rate grows as $platial Multiplexing mode in the LTE
system is designed as mode 4 and is recognized sgstem of closed loop Spatial
Multiplexing mode. The SISO OFDM systems is inflaed by the parameter of the OFDM
signal and available bandwidth, the maximal dataubhput is influenced. For illustration,
the number of subcarriers and the modulation olitter QPSK, 16QAM, 64Q AM. The
maximal data throughput that is calculated in lges second are for given Frequency
bandwidth B. The throughput calculated in bits pecond can be approximated as shown
below:

Throughput(T)—NFB'I\I_I?C'NOFDM .ECF ... (3)

sub

Where number of frequency Block is represented hyih the certain frequency band (B);
Number of subcarrier in one frequency block is espnted by Bk, Norpm Which is the
number of OFDM symbols present in one sub frameleigul2 and 14 respectively. Now 5
MHz bandwidth i.e. Ns=25, Nsc=12, Norpm =14, in LTE system has 16QAM modulation
scheme so Nb= 4 and ECR=0.369, also here sub fdanat¢ion is of 1ms. Subsituting all this
values in equation (iv) got maximum data Throughpat 5 MHz bandwidth equal to
6.1Mbps [8].

LITERATURE SURVEY

In 2013, Biswapratap singh Sahoo et.al [1] studied downlink packet scheduling
algorithms and mainly focuses on the three schegugorithms known as: FLS (Frame
level scheduler) in which basically two differetg@ithms are implemented in two different
levels, EXP rule which explains the queue lengtth waiting time for servicing a queue and
LOG rule which gives a balance between delay afmisimess. Simulation is done in a2
vehicular environment by using LTE-Sim for the \odeaffic and the performance is analyzeﬂ?{
and the number of users taken for the simulatiay #¥@m 10 to 60 and the simulation is 3

[+4
done in a region having radius of 1 km and is anded region. Simulation results showecg
w
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that the FLS algorithm performed better than th& te/o algorithms in terms of all the
parameters.

In 2012, Ali Alfayly et.al [2] focused on analyzinige performance of the LTE algorithm in a
single cell with a set of users at different speddsreal-time flows like VoIP is considered
to measure the impact on Quality of Experience (QdBe LTE simulation was built based
on LTE-Sim with three LTE scheduling algorithmse(j.PF, EXP-PF, and MLWDF) for a
single-cell scenario. Four different scenarios wdexeloped using a single cell: static,
pedestrian and vehicular scenarios using diffespaeds. EXP-PF is only considered for real
time flows.PF has best end to end delay which issuitable for VolP applications and
MLWDF and EXP-PF have less end to end delay.

In 2011, Wei Nie et.al [3] studied the schedulingplj}em and proposed a two- level
scheduling scheme with support for quality of seevand fairness guarantees for downlink
traffic in a WIMAX network and analyzed the perfante of the two- level scheduling
scheme and compared it to round robin and weigtaiedd robin algorithms. In the two level
scheduling, in first level strict priority packetse classified by scheduler according to the
guality of service then they are arranged intoedéht priority queues and in the second level
fairness oriented scheduling schemes for diffesentice flows are used. A simple WiMAX
network is simulated by using OPNET simulation amhcluded that as compared with
round robin algorithm and weighted round robin alpon, the QoS priority and fairness
scheduling scheme for downlink traffic guarantdes delay requirement and maximize the
throughput in the downlink.

In 2013, Oana IOSIF et.al [4] evaluated the perforoe of downlink LTE using System
Level Simulator .Sector throughput, user throughgmd Block error rate (BLER) are the
performance indicators analyzed and in this bdgithtee scheduling strategies are used i.e.
Round Robin, Best CQI and Proportional Fair and mbsults showed for the different
scenarios. For the bandwidth of 20MHz, when theedpaf user equipment is 5 Km/hr, the
throughput and network BLER are higher as comp#oetie results for the user equipment
speed of 20 Km/hr and for a bandwidth of 10 MH=z thsults get halved. For 2x2 MIMO,
the performance of Best CQI is better as comparediter two algorithms.

In 2013, Arkadiusz Biernacki et.al [5] evaluateck tperformance of three scheduling
algorithms proposed for LTE downlink transmissi®he three scheduling algorithms i.e.PFS
MLWDF and EXP/PF are used for the comparison. Apprtional fair (PF) scheduler (C\D{
basically assigns the resources to the users amgidthe CQI and the past user throughpu'ﬁwﬂ

The Modified Largest Weighted Delay First (M-LWDBgheduler supports multiple datag
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users with different QoS requirements. The EXP/Rgorahm supports the streaming
services and the best effort data services. Simulaésults showed that the packet delay is
maximum but the throughput is minimum in case aportional fair scheduling algorithm
and packet loss ratio performance is quite simitarcase of MLWDF and EXP/PF
scheduling.

In 2013, Bin Liu et.al [6] proposed a packet schiedustrategy known as Modified-Earliest
Deadline First- Proportional Fair (M-EDF-PF) algbm which is an extension of Earliest
Deadline First (EDF) and Proportion Fair (PF) algon and having low complexity for real
time traffics like video and VolIP in LTE systemrFverifying the high efficiency of the
proposed algorithm, several other well known alhons are also taken such as EXP/PF,
MLWODF etc. for the real time traffic and simulatiog done. During the simulation, the
proposed algorithm which is designed for the remkttraffic services performed better than
the other algorithms as it is having low complexitye proposed algorithm is very efficient
and is very suitable to use for the wireless system

In 2013, Huthaifa AL-Jaradat et.al [7] explored trexformance of three well known packet
scheduling algorithms i.e. Proportional Fair (PFodathm, Maximum Largest Weighted
Delay First (MLWDF) and EXP/PF for the real timaffic. In this paper, LTE-Sim is used to
perform the entire simulation. A single cell of fnkvith inter cell interference is used and
out of the total number of users half of them hgvwolP flows and remaining half are
having video flows. Performance of these scheduiggrithms is tested for five parameters
i.e, fairness index, packet loss ratio, total s@eafficiency, packet throughput and packet
delay. Simulation results showed that the MLWDFfgrened better than the PF and the
EXP/PF algorithms in terms of all the parameteis fan the both the traffics.

In 2013, A.S Sravani et.al [8] proposed two aldgoms known as Max Round Robin and Max
Throughput algorithms for high speed packet acgassg higher capacity and fairness than
other conventional algorithms Max SNR, Round Raddnial Proportional Fair are the three.
As the users are not fixed and most probably tmeyandomly situated so for every instant,
the active users are changed Simulation resultsvesthdhat the two proposed algorithms
achieved higher values of efficiency, average c¢glbdput etc. Than the conventional
algorithms but Max throughput scheduling is usegblece of Max SNR because by using

this, the performance is improved in terms of citpaaf the system and fairness in all the\®

0]

users. So, the proposed scheduling algorithms eed better than the conventional®

algorithms.
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In 2011, T. Ali- Yahiya et.al [9] investigated tperformance of PF, M-LWDF and EXP/PF
in LTE and in this a single cell with interferenseenario is used. There are 40% of users
using video flows, 40% of users using VolP flowsl &9% of users using best effort flows
and considered that users are constantly movirgpe¢d of 3kmph in random directions.
LTE simulator is used for the simulation becausd= I Sim provides a support for radio
resource allocation in a time — frequency domaimsTtoncluded that M-LWDF and EXP
performed far better than PF when using real titoevd.PF is not considered as a good
solution for real time services.EXP/PF schedulingoathm seems an optimal possible
solution for guaranteeing a good QoS level. Mu#&tu MIMO communication can give
significant gains by using spatial multiplexing. Wver, it needs better feedback to provide
correct channel state information at the transm{tZ&IT) for minimizing the interference of
multiuser. 3GPP LTE provides support for MU-MIMQutht is not enough to extract sizable
gains. In this paper, our basic and primary go#b isxploit the system’s resources efficiently
for MU-MIMO in LTE. We observed that the TM5 i.enéwn as the transmission mode 5
committed for MUMIMO (Multi-user Multiple input Muiple output) utilizes wideband
feedback method which is very useful for providaignnel directional information (CDI) or
precoding matrix indicator (PMI) in the existing ETstandard of 3GPP (Rel. 8). Therefore in
this work, we recommend to take advantage of thebsund feedback for providing more and
more accurate and frequent update of PMI. Howeresrder to support this or maintain this
feedback method, we have to or need to proposavado@/nlink control information (DCI)
format for TM5 i.e. transmission mode 5 that witintain additional fields or supplementary
data when it compare with the existing DCI formBt[12]. MU-MIMO transmission scheme
has drawn a lot of attentions during the moderrettgpment of Long Term Evolution (LTE)
systems. Multiuser multiple-input multiple-outpuaiys a apparent role in the transmission.
Based on the feedback information or responseeofitiwnlink channel, evolved NodeB may
accomplish multiple accesses via MIMO technologid-MIMO Transmission Mode and
allow user equipment’s to distribute resourcesragdiency as well as time domain. In this
paper, we review several signal detectors and an ksis of which evaluate their
performance in MU-MIMO transmission. The review waéargeted or aimed as to check it or
to evaluate the feasibility study of receivers iTH. systems. Different scenarios and
correlations have been considered in the evalua®mell as in assessment progress, faf
example low and high spatial correlation, feedbadekay and real channel estimation. 8
Adaptive algorithm for MIMO detection under LTE-Aisdem is based on the detection ofg

sphere is proposed in this paper. The algorithnpgsed in this paper uses M-algorithm for"’J
w
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reference to eliminate unreliable constellation didates before the search is being

performed, and the number of constellation resemwat adaptively tune up according to

SNR. Simulations show about the LTE-A downlink pemance of BER also represents as

the proposed detection algorithm which is nearly same as maximum likelihood (ML)

detection algorithm. On the other hand, the comipjles reduced by on an approximation of

30% as compared with full constellation sphere cate [16].

RESULTS

In the year 2011, T. Ali Yahiya et.al [9] analyzié@ consequences for different parameter of

metrics. And the value of fairness calculated »/ahbelow:

Table.1l: Result

Scheduling _
Fairness Index

Strategy
ASA 0.774
OFDM-TDMA 0.527
RSA 0.830
Max. SNR 0.705

In the year 2013, Oana IOSIF et.al [4] has givendmalysis on the value of throughput for

the various schedulers for variable bandwidth,

CONCLUSION

Different scheduling method are studied for varidiesvnlink traffic flows in terms of the

Table.2: Result

Throughput
Schedulers

(Mbps)
ROUND ROBIN 45.06
PROPORTIONAL

63.89
FAIR
BEST CQI 80.72

parameter metrics i.e. the delay time, throughmaicket loss, fairness index, spectral

efficiency and analysed various outputs by compgtire parameters and scheduling scheme

O
that is proposed in the different papers. This syrsummarizes the improvement in LTE-Z

Advanced that has been evaluated and specifiedghout with the respective study and th
work item phase in 3GPP. The different featuressegrvarying activity gains and will show
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certain effects on the system cost and complexitye LTE-A is an development of LTE and

had been finalized about three years after LTE &eleé8 in 3GPP group. Paper presents a

crucial beginning to the units of Uplink LTE-A meith of communication. The Uplink LTE-

A is based on radio communications technique oRfReéechnique which is being mentioned

& used in various new technologies. Basically ddfd technologies of Uplink LTE-A has

been surveyed and shows that for better uplink lsigbed, communication approach are

distributed to the end user.
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