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Abstract–This paper gives an overview of LTE  of the Universal  

Mobile Telecommunication System (UMTS), which is being 

developed by the 3rd Generation Partnership Project (3GPP). 

LTE, an abbreviation for Long-Term Evolution, commonly 

marketed as 4G LTE, is a standard for wireless communication 

of high-speed data for mobile phones and data terminals.It is 

based on the GSM/EDGE and UMTS/HSPA network 

technologies, increasing the capacity and speed of mobile 

communications. 
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I.INTRODUCTION 

The 3rd Generation Partnership project is a collaborative 

agreement to bring together a number of 

Telecommunications standard bodies known as 

"Organizational Partners"[3GPP].[3]The UMTS based 3G 

technologies have raised themselves to 3.5G with HSDPA 

(High Speed Downlink Packet Access) allowing data rates up 

to 7.2Mbps. [7]  Also these networks are planning their 

progress into 4G through the 3GPP (3rdGeneration 

Partnership Projects) where they aim to attain data rates in 
the order of 100Mbps downlink and 50 Mbps Uplink.[4] 

Long Term Evolution is the next-generation 4G technology 

for both Global System for Mobile communication (GSM) 

and Code Division Multiple Access (CDMA) cellular 

carriers.  

           
FIGURE 1[10]. 

 

The technical specifications approved by 3GPP for the LTE 

project include the use of Orthogonal Frequency Division 
Multiplexing (OFDM) and advanced antenna technologies 

such as MIMO (Multiple Input Multiple Output). LTE is also 

referred to as E-UTRA (Evolved UMTS Terrestrial Radio 

Access) or E-UTRAN (Evolved UMTS Terrestrial Radio 

Access Network).The terms LTE, E-UTRA or E-UTRAN are 

used interchangeably. LTE has ambitious requirements for 

data rate, capacity, spectrum efficiency, and latency. In order 

to fulfill these requirements, LTE is based on new technical 

principles. LTE uses new multiple access schemes on the air 

interface: OFDMA (Orthogonal Frequency Division Multiple 

Access) in downlink and SC-FDMA (Single Carrier 

Frequency Division Multiple Access) in uplink. Furthermore, 

MIMO antenna schemes form an essential part of LTE. 

 

II.LTE REQUIREMENTS 
The LTE is motivated because the latency of user plane 

traffic (UMTS: >30 ms) and of resource assignment 

procedures (UMTS: >100 ms) is too big to handle traffic with 

high bit rate variance efficiently.The terminal complexity for 

WCDMA or MC‐CDMA systems is quite high, making 

equipment expensive, resulting in poor performing 

implementations of receivers and inhibiting the 

implementation of other performance enhancements. Also 

LTE is motivated the need of higher data rates, greater 

spectral efficiency, high quality of services and cheaper 

infrastructure.The performance targets of LTE includes high 

data rates,low latency/delay,cost effective migration and end 

to end QoS. 

High Level requirements for a 4G technology were identified 
as: 

Data Rate: Peak data rates target 100 Mbps (downlink) and 

50 Mbps (uplink) for 20MHz spectrum allocation, assuming 

2 receive antennas and 1 transmit antenna at the terminal. 

Throughput: Target for downlink average user throughput 

per MHz is 3-4 times better than 3GPP Release 6. Target for 

uplink average user throughput per MHz is 2-3 times better 

than 3GPP Release 6. 

Spectrum Efficiency: Downlink target is 3-4 times better 

than 3GPP Release 6.Uplink target is 2-3 times better than 

3GPP Release 6. 

Latency: User plane latency. The one-way transit time 
between a packet being available at the IP layer in either the 

device or radio access network and the availability of this 

packet at IP layer in the radio access network/device shall be 

less than 30 ms. 

Control plane latency. Also C-plane, that means the time it 

takes to transfer the device from a passive connection with 

the network (IDLE state) to an active 

connection(CONNECTED state) shall be further reduced. 

Bandwidth: LTE supports a subset of bandwidths of 1.4, 3, 

5, 10, 15 and 20 MHz. 

Interworking: Interworking with existing UTRAN/GERAN 
systems and non-3GPP specified systems was ensured. 

Multimode terminals shall support handover to and from 

UTRAN and GERAN as well as inter-RAT measurements. 

Interruption time for handover between E-UTRAN and 

UTRAN/GERAN shall be less than 300 ms for real time 

services and less than 500 ms for non-real time services. 

Mobility: The system should be optimized for low mobile 

speed (0-15 km/h), but higher mobile speeds shall be  
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supported as well including high speed train environment as 

special case. 

Spectrum allocation: Operation in paired (Frequency 

Division Duplex / FDD mode)and unpaired spectrum (Time 

Division Duplex / TDD mode) is possible. 
Quality of Service: End-to-end Quality of Service (QoS) 

shall be supported. Voice over Internet Protocol (VoIP) 

should be supported with at least as good radio and backhaul 

efficiency and latency as voice traffic over the UMTS circuit 

switched networks. 

Network synchronization: Time synchronization of 

different network sites shall not be mandated. [8] 

 

 
 

FIGURE 2. [5] 

 

III.TECHNICAL CHALLENGES AND TECHNOLOGY 

ADOPTED 

2.1OFDM 

LTE downlink transmission scheme is OFDMA. The 

Orthogonal Frequency Division Multiplexing is an air access 

method compared to its predecessor CDMA. The downlink 

transmission scheme for E-UTRA FDD and TDD modes is 

based on conventional OFDM. In an OFDM system, the 
available spectrum is divided into multiple carriers, called 

subcarriers. Each of these subcarriers is independently 

modulated by a low rate data stream. Each subcarrier is 

modulated with a conventional 

modulation scheme (such as Quadrature phase-shift keying 

(QPSK), 16-Quadrature amplitude modulation (QAM), or 

64-QAM) at a low symbol rate.[6]  OFDM is used as well in 

WLAN, WiMAX and other broadcast technologies. OFDM 

has several benefits including its robustness against multipath 

fading and its efficient receiver architecture. OFDM allows 

adaptive assignment of sub-carriers to sub-channels based on 

channel conditions making it more robust and achieving 
higher spectral efficiency than CDMA. 

The Multi-User version of OFDM is called 

OFDMA(Orthogonal Frequency Division Multiple Access). 

OFDM makes use of a large number of closely spaced 

orthogonal subcarriers that are transmitted in parallel. 

OFDM can easily be scaled up to wide channels that 

 

are more resistant to fading. OFDM is better suited to 

MIMO. The frequency domain representation of the signal 

enables easy precoding to match the signal to the frequency 

and phase characteristics of the multi-path radio channel. 

The Physical Downlink Control Channel (PDCCH) serves a 
variety of purposes. Primarily, it is used to convey the 

scheduling decisions to individual UEs, i.e. scheduling 

assignments for downlink and uplink. 

The information carried on PDCCH is referred to as 

downlink control information (DCI). Downlink Hybrid ARQ 

is also known from HSDPA. It is a retransmission protocol 

used in LTE. In LTE FDD there are up to 8 HARQ processes 

in parallel. 

 

2.2SC-FDMA 

LTE uplink transmission scheme is SC-FDMA.[9] The LTE 

uplink transmission scheme for FDD and TDD mode is based 
on SC-FDMA (Single Carrier Frequency Division Multiple 

Access) SCFDMA signals have better PAPR properties 

compared to an OFDMA signal. SC‐FDMA is a new hybrid 

modulation scheme that cleverly combines the low PAR of 

single‐carrier systems with the multipath resistance and 

flexible subcarrier frequency allocation offered by OFDM. 

Each subcarrier of an 

OFDMA signal only carries information related to specific 

modulation symbols. This spreading lowers the PAPR 

compared to OFDMA as used in the downlink. It depends 
now on the used modulation scheme (QPSK, 16QAM). 

Scheduling of uplink resources is done by eNodeB. The 

eNodeB assigns certain time/frequency resources to the UEs 

and informs UEs about transmission formats to use. The 

scheduling decisions may be based on QoS parameters, UE 

buffer status, uplink channel quality measurements, UE 

capabilities, etc. 

The Physical Uplink Control Channel (PUCCH) carries 

uplink control information (UCI), i.e. ACK/NACK 

information related to data packets received in the downlink, 

channel quality indication (CQI) reports, precoding matrix 
information (PMI) and rank indication (RI) for MIMO, and 

scheduling requests (SR). The PUCCH is transmitted on a 

reserved frequency region in the uplink which is configured 

by higher layers. 

Hybrid ARQ retransmission protocol is also used in LTE 

uplink. The encode has the capability to request 

retransmissions of incorrectly received data packets. 

ACK/NACK information in downlink is sent on Physical 

Hybrid ARQ Indicator Channel (PHICH). 

2.3LTE MIMO CONCEPT 

The concept of multiple antenna techniques—often loosely 

referred to as MIMO—which take advantage of spatial 
diversity in the radio channel. Multiple Input Multiple Output 

(MIMO) systems form an essential part of LTE in order to 

achieve the ambitious requirements for throughput and 

spectral efficiency. MIMO refers to the use of multiple 

antennas at transmitter and receiver side. The salient features 

of MIMO is that it offers higher throughput for a given 

bandwidth and higher link range for a given power value. 

MIMO also achieves spatial multiplexing to distinguish  
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among different symbols on the same frequency. MIMO thus 

helps in achieving higher spectral efficiency and Link 

reliability. Spatial multiplexing allows transmitting different 

streams of data simultaneously on the same resource block(s) 

by exploiting the spatial dimension of the radio channel. 
MIMO requires two or more transmitters and two or more 

receivers. For a system to be described as MIMO, it must 

have at least as many receivers as there are transmit-streams. 

The number of transmit streams should not be confused with 

the number of transmit antennas. The theoretical gains from 

MIMO are function of the number of transmit and receive 

antennas, the radio propagation 

conditions, the ability of the transmitter to adapt to the 

changing conditions, and the signal to noise ratio 

(SNR).[1,2]The eNodeB will select the optimum MIMO 

mode and precoding configuration. The information is 

conveyed to the UE as part of the downlink control 
information (DCI) on PDCCH. 

3GPP Release 8 Uplink MIMO schemes for LTE will differ 

from downlink MIMO schemes to take into account terminal 

complexity issues. For the uplink, MU-MIMO can be used. 

Multiple user terminals may transmit simultaneously on the 

same resource block. This is also referred to as spatial 

division multiple access (SDMA). The scheme requires only 

one transmit antenna as well as transmitter chain at UE side 

which is a big advantage. The UEs sharing the same resource 

block have to apply mutually orthogonal pilot patterns. 

 

IV.FUTURE WORKS 

Premium VOD(Video On Demand)/MOD(Music On 

Demand) Services: With High data rates and differentiated 

QoS services operators can provide premium multimedia 

based services such as video - on-demand and music-on-

demand to subscribers who wish to avail of such services. 

The selling point of such services would be superior quality 

coupled with ease of mobility. 

Multimedia Upload and Exchange services: The high 

uplink data rates of LTE allow for multimedia upload and 

exchange services such as file sharing, mobile blogging, 

social networking etc. 
 Consumer Electronics: The high data rates combined with 

mobility of LTE shall also spur a growth in development of 

newer and better consumer electronic goods leveraging these 

advantages. Better gaming consoles, vehicular entertainment 

systems, portable multimedia players, digital cameras with 

network capabilities and the likes of such shall be introduced 

which shall add value to the technology. 

 Business Applications for Vertical Markets: LTE shall 

allow operators to provide services to vertical business 

markets through business applications like Video 

conferencing to enterprise customers, video surveillance 
services to homes etc. The services that can be provided 

through LTE are only restricted by one's imagination.  

The above mentioned categories only represent the tip of the 

ice-berg. The limitless applications can be supported through 

LTE. 

 

 

 

V.CONCLUSION 
 

As In this paper an overview of the LTE is provided.The 

overview focused on the requirements, technical challenges, 

technologies adopted and LTE MIMO concept.The paper also 
mentioned some future work covering Premium VOD(Video 

On Demand)/MOD(Music On Demand), Multimedia Upload 

and Exchange services, Consumer Electronics, Business 

Applications for Vertical Markets. 
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