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Abstract : In the growth of fourth-generation mobile servicing, long` c ns 

 term evolution (LTE) is an emanate technology. In LTE the downlink model build up on orthogonal frequency 

division multiple access (OFDMA) and the uplink arrangement build up on single carrier frequency division 

multiple access (SC-FDMA).In this paper we have tendency to derive the achievement of typical elemental 

differences between the OFDMA and SC-FDMA schemes. In the cutting-edge wireless mobile communications 

multiple access schema should meet certain requirements like low bit error rate (BER),high signal-to-noise 

ratio(SNR),high throughput, high spectral efficiency, good channel capacity, low peak to average power 

ratio(PAPR) and high quality etc. In this paper the act of OFDMA and SC-FDMA in LTE physical layer are 

reviewed by using various modulation techniques (BPSK, QPSK and 16QAM) with respective to SNR, BER, and 

PAPR .Finally it summarizes the simulation results of OFDMA and SC-FDMA transmission modes. 
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I. Introduction 

International Telegraph Union (ITU) (currently, International Telecommunication Union) has been 

involved to standardize the telecommunication universally from telegraph to today 4
th

 generation systems. As of 

late, in 2000, to fulfill the ITU's third era portable framework norms, an association of 3GPP was shaped. The 

3rd Generation Partnership project is a coordinated effort of gatherings of telecom affiliations taking a shot at 

Global System for Mobile Communication (GSM).3GPP distributed and presented the different gauges for IP 

based framework in Release 8, which was additionally named Long Term Evolution and condensed as LTE. As 

of late in 2011, LTE was additionally created through Release 10 to fulfill ITU's IMT-Advanced necessities for 

4G cell frameworks. LTE radio transmission and gathering determinations are recorded in TS 36.101 for the UE 

(User Equipment) and TS 36.104 for the eNB (Evolved Node B). According to these determinations, LTE is 

equipped for supporting up to 1Giga Bits for every second (1Gbps) for repaired client and to 100 Mbps for rapid 

client. The prime reason for this fast of LTE frameworks is the progression in physical layer LTE was started as 

a scheme in 2004 by media transmission body known as the Third Generation Partnership Project (3GPP). The 

term LTE is ordinarily used to speak to both LTE and SAE.LTE advanced from a before 3GPP framework 

known as the Universal Mobile Telecommunication System UMTS, which thus developed from the Global 

System for Mobile Communications (GSM). Indeed, even related particulars were formally known as the 

developed UMTS earthly radio get to E – UTRA and advanced UMTS earthbound radio get to network E − 

UTRAN. Initially form of LTE was recorded in Release 8 of the 3GPP determinations. A fast increment of 

versatile information use and development of new applications, for example, MMOG Multimedia Online 

Gaming, portable TV, Web 2.0, gushing substance have spurred the third Generation Partnership Project 

3GPPto work on the Long-Term Evolution LTE in transit towards fourth era versatile. The principle objective of 

LTE is to give a high information rate, low inactivity and parcel improved radio get to innovation supporting 

adaptable data transmission organizations 

 

II. Literature Survey 
1G was actually meant for voice services, the technology used in this is FDMA. The AMPS (Advance 

Mobile Phone System) in United States and the TACS (Total Access Communication System) in many parts of 

Europe comes under this 1G.Be that as it may, AMPS established the framework to the "cell" innovation which 

spearheaded the utilization of little hexagonal cell regions and henceforth upheld recurrence re-use over the 

"cells" without obstruction. The 1G innovation was soon supplanted by the second era or 2G advances which 

spoke to the substitution of the simple radio system with computerized radio system. 2G is actually meant for 

voice and data. 2G advancements could be additionally ordered into Time Division Multiple Access (TDMA) 

based and Code Division Multiple Access (CDMA) based. The TDMA based innovation was received generally 

in Europe and was called Global framework for Mobile correspondences or GSM (Global system for mobile 

communications) while USA embraced the CDMA based innovation and it was called CDMA one or 

institutionalized as Seems to be 95a. CDMA had the upside of supporting a bigger number of clients than GSM 
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because of the better utilization of the range. CDMA is a spread range innovation in which every client is 

permitted to transmit over the entire range utilizing an alternate orthogonal code.. CDMA one bolstered 

computerized information exchange rates ranging 4.8-14.4 kbps while CDMA two upheld signaling bits 

approximately 115.2 kbps. The2nd generation innovation prompted a between time era of 2.5G which spoke to 

2G frameworks which executed a parcel exchanged Neighboring cells may reuse a similar recurrence band and 

not meddle the length of the utilize diverse code, in this area notwithstanding the circuit exchanged space. 

General Packet Radio Service (GPRS) was the 2.5G innovation embraced by global system by mobile 

communications. General pocket radio system gives parcel exchanged administration over GSM expiation 

information rates 56-114 kilobits per sec.  

Improved data rates for GSM evolution (EDGE) over GSM and CDMA2000 1xRTT over CDMA was 

considered as 2.75G innovations however they may be called 3G advances as the outperform information speeds 

of 144 kilobits per sec. Enhanced data rates for GSM evolution gives information speeds of 236.8 kilobits per 

sec while code division multiple access 2000 technology constrain the information rates at 144kbps. The 

International Telecommunication Union (ITU) under the International Mobile Telecommunications Program 

settled the base information rate of 144kbps for any innovation to fit the bill to be a 3G innovation. 

Notwithstanding, most advances which fall under this class by a wide margin outperform this base breaking 

point and give information rates normally between 5-10 Mbps. 3G Technologies achieve better ghostly 

effectiveness (more bits/Hertz) over wide region cell phone systems taking into consideration higher 

information rates and improved administrations. The primary pre-business and business 3G innovation was 

introduced in Japan took after by South Korea. In Europe the Universal Mobile Telecommunication System 

(UMTS) is the embraced 3G innovation utilizing W-CDMA (Wideband Code Division Multiple Access) as the 

air interface. UMTS is here and there called 3GSM to underline the way that it is the third era innovation 

succeeding GSM. The advancement of CDMA based advances to 3G was through the CDMA2000 group of 

conventions, particularly EV-DO (Evolution-Data Optimized) which utilizes multiplexing methods including 

CDMA and TDMA to increment per client and additionally framework throughput. UMTS based 3G 

innovations have raised themselves to 3.5G with HSDPA (High Speed Downlink Packet Access) permitting 

information rates up to 7.2Mbps. Likewise these systems are arranging their advance into 4G through the 3GPP 

(third Generation Partnership Projects) where they intend to accomplish information rates in the request of 

100Mbps downlink and 50 Mbps Uplink. 

Utilization of MIMO innovation has been presented progressively over the diverse arrivals of the LTE 

norms. MIMO has been a foundation of the LTE standard, yet at first, in discharges 8 and 9 various transmit 

reception apparatuses on the UE was not upheld on the grounds that in the intrigued of energy diminishment, 

just a solitary RF control enhancer was thought to be accessible. It was in Rel. 10 that various new plans were 

presented. Shut circle spatial multiplexing for SU-MIMO and numerous reception apparatuses on the UE. There 

are a few courses in which MIMO is executed in LTE. These fluctuate as per the gear utilized, the channel work 

and the hardware required in the connection. 

 

III. Design Methodology 
For uplink scheme an emerging technology of single carrier frequency division multiple access (SC-

FDMA) is used for high data rates and has been hugged by 3GPP for it cutting edge cell framework, called 

Long-Term Evolution (LTE). SC-FDMA is mainly depends on the multicarrier nature of OFDM for high 

throughput.  To transform time domain samples to frequency domain samples this is regularly seen as DFT-

coded OFDM before experiencing the standard OFDM tweak, so it receives the advantages OFDM   over 

TDMA and CDMA. The significant issue in GSM TDMA and wideband CDMA is increasing complexity in 

multipath signal reception. The fundamental favorable position of OFDM, as is for SC-FDMA, is its vigor 

against multipath flag spread, which makes it appropriate for broadband systems. SC-FDMA conveys extra 

advantage of low crest to-normal power proportion (PAPR) contrasted with OFDM making it appropriate for 

uplink transmission by client terminals. SC-FDMA constructed on OFDM modulation technique .The block 

diagram of SC-FDMA is shown in below figure1. 

 
Fig 1: SC-FDMA Transmitter and Receiver 
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OFDM transmitter and receiver structure is appeared in Figure. A transmitter incorporates a baseband 

modulator, subcarrier mapping, backwards Fourier change, cyclic prefix expansion, parallel-serial 

transformation, and a computerized to-simple converter taken after by an I-Q RF modulator. Dissimilar to other 

adjustment methods that work image by image, OFDM transmits a square of information images all the while 

more than one OFDM image. An OFDM image is the time used to transmit all of subcarriers that are tweaked 

by the piece of info information images. The baseband modulator changes the information twofold bits into an 

arrangement of multi-level complex numbers that relates to various adjustments organizations, for example, 

BPSK, QPSK, 16 or 64-QAM. 

 
Fig 2: OFDMA Transmitter and Receiver 

 

Based on the received signal-to noise ratio of received signal and ability of the receiver for correct 

decoding, kind of modulation is used. These modulated symbols are then mapped to subcarriers.  Then these sub 

carriers are converted from frequency domain to time domain by using an inverse-FFT (IFFT).  Same 

modulation can be used to keep the all subcarriers control information small. And also it is possible to use the 

different modulation formats and it is advantageous in typical time varying conditions. Over large system 

bandwidth the channel is frequency selective. In a broadband system, meaning each subcarrier of subcarrier 

signal is independent. Each sub carrier interference level is different on each sub carrier and varies uniquely 

with time. On each sub carrier signal to impairment level is different. So suitable modulation format on these 

sub carrier increases throughput of the system on the whole depending on the channel conditions adaptation of 

modulation schemes receives by OFDM this is called Channel-dependent scheduling. A portion of the samples 

copies by cyclic prefix block at the end of the time domain samples block (at the IFFT output) to the beginning.  

So outputs of the DFT/FFT in theory they are periodic, the samples copying to the beginning will make the 

signal continuous.  Cyclic prefix length depends on the delay spread of the channel, and is preferably longer 

than the length of the channel response. At the receiver, the prefix part of the symbol is thrown away as it may 

contain ISI from its previous symbol. Hence, it removes the effect of ISI caused by the multipath signal 

propagation. However, the prefix is the overhead in an OFDM system, as it does not carry any useful 

information. The block of complex samples are then serialized in the time domain and converted to analog 

signals. The RF section modulates the I-Q samples to final transmission radio frequency. A corresponding 

receiver does the inverse operations of the transmitter in the reverse order. A typical OFDM receiver includes an 

RF section, ADC, parallel-to-serial converter, cyclic prefix remover, Fourier transformer, sub-carrier de-mapper, 

equalizer and detector. The main difference between OFDM and SC-FDMA transmitter is the DFT mapper. 

After mapping data bits into modulation symbols, the transmitter groups the modulation symbols into a block of 

N symbols. An N-point DFT transforms these symbols in time domain into frequency domain. The frequency 

domain samples are then mapped to a subset of M subcarriers where M is typically greater than N. Similar to 

OFDM, an M-point IFFT is used to generate the time-domain. 

 

IV. Simulation Results 

 
Fig 3: BER vs. SNR of OFDMA with BPSK, QPSK, 16QAM 
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Fig 4: BER vs. SNR of SC-FDMA with BPSK, QPSK, 16QAM 

 

The above figures (fig4&fig5) shows signal-to-noise ratios of OFDMA and SC-OFDMA with different 

modulation schemes like BPSK, QPSK, 16-QAM, 64-QAM. 

 
Fig 5: PAPR of OFDMA and SC-FDMA for BPSK.   

 

 
Fig 6: PAPR of OFDMA and SC-FDMA for QPSK. 

 

The above figures (fig5&fig6) explains peak- to- average power ratios of OFDMA and SC-FDMA with 

modulation schemes of BPSK and QPSK. 
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Fig 7: PAPR of OFDMA and SC-FDMA for 16-QAM.  

 

 
Fig 8: PAPR of OFDMA and SC-FDMA for 64-QAM. 

 

The above figures (fig7&fig8) shows PAPR of OFDMA and SC-FDMA with modulation schemes of 16 QAM 

and 64 QAM 

   

V. Conclusion 

For any data link to indicate the performance of the system BER is important parameter. The uplink 

and down link transmission modes used in LTE system increasing of the BER is observed for a fixed value of 

SNR for higher order modulation methods(16-QAM and 64-QAM)  from the simulated results. In other way, at 

receiver BPSK and QPSK (i.e. lower order modulation schemes) experience less BER at receiver thus in terms 

of BER and SNR lower order modulations improves performance of the system[1]. By considering efficiency of 

bandwidth for these modulation methods within a given band width more data houses linked to lower order 

modulation techniques. Thus, there exists a tradeoff between BER and bandwidth efficiency among these 

modulation schemes used in LTE. Hence modulation techniques of different kind plays crucial role based on 

these results.  

In LTE uplink transmission at the user end (i.e. Portable devices) power consumption is a vital issue. It 

can be decided that the methods of higher order modulations have an impact on the PAPR of both OFDMA and 

SC-FDMA. The PAPR increases in SC-FDMA and slightly decreases in OFDMA for higher order modulation 

schemes. The overall value of PAPR in SC-FDMA is still less than that of OFDMA in all modulation schemes, 

and that is why it has been adopted for uplink transmission in LTE system. Based on the results obtained, it can 

be concluded to adopt low order modulation scheme i.e. BPSK, QPSK and 16-QAM for uplink in order to have 

less PAPR at user end. In nutshell, SC-FDMA is more power efficient. 
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