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Abstract—The Long Term Evaluation (LTE) is the latest technology on which many telecom companies are working all over the world. A rapid increase of mobile data and new emerging applications like MMOG (multimedia online gaming) ,mobile TV have motivated the evolution of LTE and is also known as 4G or fourth generation mobile. The present paper deals with the new technologies used in 4G and its essential interface.
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1. Introduction to lte
LTE evolved from 3GPP (3G partnership project) which  is known as Universal Mobile Telecommunication System which was further evolved from GSM(Global System For Mobile Communication).There are total 10 release of 3GPP evolution and the first version of LTE was released in Release 8.The evolution process of LTE is not going to end soon. Release 8(R8) was the first transition of 3G into 4G and in Release 9 adds certain improvements regarding residential and in-building coverage. After that Release-10 evolve which is called LTE advance.LTE devices are very flexible as it can utilizes 2G as well as 3G. There are various goals and advantages of 4G, which are as follows:
Low Latency: Latency is defined as the time taken to connect to a network having a range of a few hundred milliseconds.LTE is having very low latency.
Common platform for FDD and TDD: In 4G both FDD and TDD can be used.

Simple Architecture: Due to simple architecture,4G has a low operating expenditure (OPEX).

High Throughput: It gives high data rates i.e. throughput in both uplink as well as downlink.

Plug and Play: It automatically install drivers and recognize devices and load new drivers for hardware.
Seamless Connection:  4G supports seamless connection to existing networks like GSM,CDMA and WCDMA etc.

1.1 FEATURES OF LTE
· Higher data rates-300 Mbps peak downlink and 75 Mbps peak uplink.

· Better spectral efficiency to cellular networks.

· Support high data rates for services like voice over IP(VOIP) and video conferencing etc.
· Uses both FDD and TDD

· FDD uplink and downlink uses different frequency.

· TDD uplink and downlink uses same frequency but separated in time slots.

· LTE devices supports MIMO i.e. multiple input and multiple output transmission.

· 4G devices can work with the systems utilizing existing 2G and 3G spectrum and new spectrum.

· Quality of services(QoS) mechanism have been improved and standardized.

· Flexible carrier bandwidth from 1.4MHz up to 20 MHz
1.2 LTE-NETWORK ARCHITECTURE
      There are 3 main components in its architecture:

· The User equipment

· The Evolved UMTS Terrestrial Radio Access Network(E-UTRAN)

· The Evolved packet core
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Figure1:Network Architecture

1.2.1The User Equipment(UE)
The architecture of UE is same as that used for GSM. It is actually a Mobile Equipment(ME) which has following modules:
Mobile Termination(MT): Handles all communication functions.
Terminal Equipment(TE): Terminates data stream.

                    Universal Integrated Circuit Card(UICC):It is also called SIM card for LTE devices, it runs an application of Universal Subscriber Identity Module(USIM).
1.2.2The E-UTRAN

It is the access network. It handles radio communication between mobile and evolved  packet core and consist of base stations known as eNodeB or eNB. So eNB is a base station that control all mobiles and calls. The main functions are that it sends  and receive radio transmission using analog as well as digital signal processing. Also it sends handover command and other signaling message and control all low level operations of all its mobile. All eNBs are connected with each other by using X2 interface and with EPC by using S1 interface.
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Figure 2  The E-UTRAN

1.2.3The Evolved Packet core(EPC)

 It is the core network. It consist following components:
Home Subscriber Server(HSS):It is a kind of database which contains all information about network operators and subscribers.

 Packet Data Network Gateway(P-GW):It communicates with the outside world by using SGi interface.
 Serving Gateway(SGW):It acts as  a router and also forward data between base station and PDN gateway. It is connected with P-GW  by using either S5 interface(when two devices in same network) or S8(when two devices are in different network).
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Figure 3 Evolved packet core

Mobility Management Entity(MME):It controls all high level operations of a mobile.
The Policy Control and Charging Rules Function(PCRF):It is responsible for policy control decision making as well as control the flow based charging functionality.
So these are main components which forms the  architecture of LTE.

1.3 LTE-ROAMING ARCHITECTURE

Public Land Mobile Network(PLMN) is defined as a network run by one operator in one country. When a user uses his operators PLMN, it is called Home-PLMN and in roaming it is called Visited—PLMN. Hence in roaming a user is connected to the E-UTRAN..MME and S-GW of visited LTE network. However P-GW can be  either visited or home.
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Figure 4-Roaming architecture of LTE

If a P-GW is in visited network then it allows a local breakout to the internet in visited network while  if it is in home network then it allows the user to access the  home operators services even in a visited network.

2. LTE –COMMUNICATION CHANNELS
Channels are defined as the different Protocols in which   information flows. In LTE there are basically three types of channels which are distinguished by the type and the way in which information is processed.

2.1 Logical Channels
It defines what type of information is transmitted or what type of data is transferred over air. It consist traffic channels, system broadcast and control channels etc. Certain layers are involved which carry signaling messages and data on logical channels. Hence RLC and MAC protocols are used for this purpose. These are as follows:
· Broadcast Control Channel(BCCH)

· Paging Control Channel(PCCH)

· Common Control Chanel(CCCH)

· Dedicated Control Channel(DCCH)

· Multicast Control Channel(MCCH)

· Dedicated Traffic Channel(DTCH)

· Multicast Traffic Channel(MTCH)

2.2 TRANSPORT CHANNE
It defines how is something i.e. some kind of information or data can be transmitted over the air. It includes encoding techniques and interleaving option used to transmit data.MAC and physical layers are used to carry data and signaling messages on transport channels. These are as follows:
· Broadcast Channel(BCH)

· Downlink Shared Channel(DL-SCH)

· Paging Channel(PCH)

· Multicast Channel(MCH)

· Uplink Shared Channel(UL-SCH)

· Random Access Channel(RACH)

2.3 PHYSICAL CHANNELS

It defines where is data or information is transmitted over air. Data and signaling messages are carried between different levels of physical layers which are divided in two parts which are physical data channels and physical control channels.
2.3.1 Physical Control Channels
It control information that supports low level operations of physical layer. These are as follows:

· Physical Control Format Indicator Channel(PCFICH)

· Physical Hybrid ARQ Indicator Channel(PDICH)

· Physical Downlink Control Channel(PDCCH)

· Physical Uplink Control Channel(PUCCH)

· Relay Physical downlink Control Channel(R-PDCCH)

2.3.2 Physical Data Channels
Physical data channels are the way in which the physical channels manipulates them. The transport channel processor consist several type of control information. Physical data and transport channels are as follows:

· Physical Downlink Shared Channel(PDSCH)

· Physical Broadcast Channel(PBCH)

· Physical Multicast Channel(PMCH)

· Physical Uplink Shared Channel(PUSCH)

· Physical Random Access Channel(PRACH)

· Downlink Control Information(DCI)

· Hybrid ARQ Indicator(HI)

· Uplink Control Information(UCI)

So these are various channels used by LTE for transmission of information, data or signaling messages.

3. LTE Air Interface Essentials
LTE uses different multiple access techniques for both uplink and downlink.For downlink the E-UTRA use orthogonal frequency division multiple access(OFDMA) to overcome  effects of multipath fading and for uplink ,LTE uses a pre coded version of OFDM which is known as single carrier frequency division multiple access(SC-FDMA).
3.1 LTE Downlink-OFDMA

Orthogonal frequency division multiplexing is a fundamental transmission technology on the downlink i.e. to transmit data from the base station to the terminal. OFDM is a frequency division multiplexing (FDM) technique which is used as a digital multi carrier modulation method.
OFDM provides flexibility to the spectrum and also it is a cost efficient method. OFDM system consist a group of resource block which have a total size of 180 KHz in frequency and 0.5 ms in time domain. Each user is allocated a number of resource  block in time and frequency domain. As number of resource block provided to a user are increases then the bit rate as well as modulation in resource block increases.
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Figure 5 OFDMA
Advantages of OFDM

· Reduced receiver complexity

· High spectral efficiency

· Support for MIMO

· Resource allocation

· Robust against multipath interference

Drawbacks of OFDMA

· Peak to average ratio is high

· Doppler shift due to sensitivity of frequency offset
3.2 LTE Uplink-SC-FDMA

It is a pre-coded version of OFDM and used in uplink to compensate the drawback of high peak to average ratio in OFDM. It is known as Single carrier-frequency division multiple access. In this scheme the resource blocks are group together in such a way so as to reduce the power consumption in the power amplifier an hence low peak to average power is required which improves the coverage and cell edge performance.
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Figure6 SC-FDMA

Advantages of SC-FDMA

· Low peak to average power ratio(PAPR)

· Lower maximum power requirement

· Better cell-edge performance

Drawback of SC-FDMA

· Complexity increases due to more processing blocks at the transmitter and receiver.

3.3HANDOVER

Handover is used in mobile system to maintain the connections as the mobile equipment moves between different cells.LTE  can supports only Hard handovers. In hard handovers firstly the previous connection is break and then new connection is established. A handover between two eNBs is executed in three phases which are as follows:
1.Handover Preparation equipment. : Handover signaling exchange occurs over X2 interface. U-plane tunnels establish between the eNB for each active EPS bearer to allow the downlink traffic to be forward. The eNB inform to the target to prepare for a handover. The target eNB allocates the necessary resource to support the user
2.Handover Execution: In this phase UE leaves the eNB and make a radio connection with target eNB.User data is forwarded from source eNB to target eNB until S-GW is ready to send the packets to new eNB and then forward to the target for  delivery.
3.Handover Completion: In this phase a new S1-U bearer is established between the target eNB and the S-GW while the source eNB completes forwarding the remaining DL user data to target eNB and after that original E-RAB(radio and access bearer) is released.
4.Multiple Antenna Techniques in LTE

There are  multiple antenna techniques used in LTE as shown in figure. These techniques are as follows:
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Figure 7 Types of Multiple access techniques

1.Diversity:This technique is used to increase link robustness and hence coverage. It includes both type of diversity i.e. transmit diversity as well as receive diversity. In transmit diversity the same data stream is sent to the same user and have independent fading. Hence the quality of signal is enhanced by combining both the transmit and receive  fading.

Receive Diversity:This is implemented at receiver.Multiple antennas are used at receiver.The base station transmit only one signal which is copied due to multiple antennas which then experience different fading but the quality of combined signal is good.Altough the cost of the terminal at receive diversity is high but at the same time it has a better performance. 

Transmit Diversity:It is implemented at transmitter and the single base station sends the signal of different shape by using multiple antennas with independent fading.It  has an advantage over receive diversity i.e. it can be implemented without using multiple antennas.
2.Multiple Input Multiple Output(MIMO): It is also known as spatial multiplexing. In this different data streams are sent from multiple antennas. It is of two types:
SU-MIMO:-If the different data streams are sent by same user then it is called single user multiple input multiple output.It is also known as spatial multiplexing.In this each antenna have differen data stream on each fequencycontaining the sum of all symbols sent in each symbol time.
MU-MIMO:-If the different data input multiple output.It can increase capacity streams are sent by different or multiple user then it is called multiple user multiple of a cell.

The figure shows 2X2 MIMO system i.e. two receiver and two transmit antennas.A 2X2 system can double the data rates and if we use 4X4 then system can quadruple it.

Advantages:1.Improve reliability of decoding

2.Cell Edge coverage can be enhanced.
Disadvantages:Complexity of either transmitter or receiver is increased and cost is also increased.

3.Beamforming:- Beam forming is a signal processing technique which results in a spatial selectivity  which is achieved by using fixed or adaptive receive/transmit beam patern which comes from relative phase shifts observed between the antennas in space at different points.

It is divided into two categories from which spatial division multiple access(SDMA) is very complicated .The SDMA is a kind of theoretical foundation of MU-MIMO. In practice MU-MIMO is equivalent to SDMA. When a simple beamforming is required then data stream is sent by using special case of SU-MIMO.
So these are different kinds of antenna techniques used in LTE.
5.Power Management in LTE
Power management in LTE have some common features as that of 3G.But still there are some unique features such as open loop and closed loop power control.
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Figure 8-Features of Power management

Downlink Power: In LTE, there is no specification given related to amount of power used by various channels. It depends of eNB vendor to design algorithms and specification. In downlink, there are no such commands given to manage power but still the goal of downlink is to maintain a constant energy per resource element(EPRE).For this different modulation schemes are required.

Uplink Power Management: It is somewhere similar in design to 3G techniques. In this two techniques are used which are open and closed loop power control. The open loop power control determines the initial power level while the  closed loop power control uses feedback from the network in order to provide control for uplink power levels on dedicated channels. Its main goal is interference management.
Open Loop Power Control: It is virtually identical to 3G in its operation. If UE needs to transmit a preamble to the physical random access channel(PRACH) then it determines initial power level on the basis of downlink signal measurement. 
Initial Power=min(Max UE power, Preamble initial received power+ path loss)

Closed Loop Power Control: Its main goal is to minimize the interference between the cells. Due to the OFDMA/SC-FDMA uplink interference is less. Transmit power control(TPC) is a command is sent in every sub frame to control the power. Although the actual power used for uplink transmission depends on multiple factors such as path loss, uplink bandwidth, block size, TPC command and selected transport format etc.
6.Applications of LTE

· Crises Management-When some disaster occur then the communication system breaks down and takes at least 2 months to recover but the LTE technology takes only few hours to restore the system.

· Virtual Navigation-LTE gives virtual navigation to access buildings, streets to the user.

· Multimedia(video services)-It provide mobile TV and multimedia online gaming(MMOG).
· Tele-Geoprocessing Applications-4G consist a combination of GPS(Global Positioning System) and GIS(Global Information System).In this a location can be access by querying.

· Virtual Presence-It provide user service all time.

· Tele-Medicine and Education-It support remote health monitoring.
So these the various unique applications provided by LTE.

7.Conclusion and Future Scope

The long term evolution (LTE) is a technology of 4G is designed to meet a number of challenging goals in order to meet the evolving expectations of the subscriber and operators .It provides a lot of improvements over 3G such as scalability, high data rates, cell coverage ,mobility, reduced handover delays and better power management techniques.The future scope  of the LTE to implement it on each and every city so that each user can use this technology to get high data rates.The future scope of this technology are LTE Advance and 5G.
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