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ABSTRACT 

 

The evolved version of Long Term Evolution is LTE-Advanced which is being developed by the 

Third Generation Partnership Project(3GPP). LTE-Advanced will meet or go beyond the 

requirements of the International Telecommunication Union (ITU) for the fourth generation 

(4G) radio communication standard known as IMT-Advanced. LTE-Advanced is primarily 

considered as a part of Release 10 of 3GPP specifications. 

The LTE-Advanced specifications will continue to be developed in subsequent 3GPP releases. 

The complete physical layer structure has been employed by using the latest 3GPP standards. 

Furthermore, technologies such as Orthogonal Frequency Division Multiplexing (OFDM) and 

Multiple Input Multiple Output (MIMO) have also been implemented and integrated with LTE 

Advanced.The Multiple Access Scheme in Advanced Mobile radio system has to meet the 

specific requirements such as: high throughput, robustness, efficient Bit Error Rate (BER), high 

spectral efficiency, minimum delays, low computational complexity, low Peak to Average Power 

Ratio (PAPR), low error probability etc.   

This report investigates the performance of OFDMA and various MIMO configurations of LTE-

Advanced physical layer using 16QAM and QPSK. The numerical results obtained by Matlab 

Simulation are then demonstrated on BER and signal to noise ratio graphs.  AWGN and Rayleigh 

fading models are also used to determine the performance of LTE-Advanced in presence of 

noise and fading. 
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1 INTRODUCTION AND EVOLUTION OF WIRELESS TECHNOLOGIES 
 

1.1 Evolution of Wireless Technologies  

 

The basic definition of communication is transfer of information, e.g., data, voice or videos, 

from one place to another place. If information transmitted through wireless medium then it is 

called wireless communication.  

The wireless communication concept was first introduced by Guglielmo Marconi in 1897. In the 

late 1970, thefirst two way communication was introduced as Advanced Mobile Phone System 

(AMPS) , which was categorized as a first mobile generation  1G. This generation was based on 

analogue communication and using FDMA. [3] 

The second mobile generation 2G was based on digital communication as it was using digital 

modulation to produce voice and data. This mobile generation was introduced in late 1980 and 

included the global mobile system GSM which is still applicable in many countries. As compared 

to 1G, two more multiple access techniques were introduced in 2G. They wereCode Division 

Multiple Access (CDMA) and Time Division Multiple Access (TDMA). Frequency band allocated 

for 2G is 890-960(MHz) and 1710-1880(MHz). After 2ndgeneration, General Packet Radio 

Service(GPRS) was introduced which was considered as 2.5G. Then Enhanced Data Rates for 

GSM Evolution (EDGE) was introduced which was 2.75G. The 3rd generation was introduced 

which was basically Universal Mobile Telecommunications System (UMTS)[2,3]. 

 

1.2 Motivation for LTE 

 

Now a day,most of the modern high standard wireless communications are practically basis on 

Multiple Input Multiple Output (MIMO) and Orthogonal Frequency Division Multiplexing 

(OFDM). 

The most important factor that comes up with wireless communication is ‘Mobility’.  By 2015, it 

is predictable that five billion people will be connected to the internet. . The accessibility of 

broadband internet connection will be almost anywhere in the world. Already existing wire line 

installations can reach approximately one billion households and mobile networks connect 

more than three billion subscribers. These installations require advancing into broadband 

internet access. Additional extensive use of wireless access, as well as new wireline installations 
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with increased capabilities, are required to offer true broadband connectivity to the five billion 

customers [1]. 

 Now to fulfill the requirements of the higher number of mobile users, operators request high 

data capacity with low cost of data delivery. 3GPP Long Term Evolution (LTE) is designed to 

meet those targets. 

Due to advancement in wireless communication and high expectation of customers from 

operators, wireless networks must provide higher data rates to match the data rates that user 

experienced in wire line networks. Long term evolution (LTE) is evolutionary step to fulfill all the 

requirements of mobile user such as high data rates, low latency rate, IPTV, video chat, video 

conferencing and also included key advantage for operators is spectrum efficiency. 

Basically LTE is considered last step towards 4G and LTE-Advanced is considered as 4th 

generation of mobile communication. 

 

1.3 Main Goals of Thesis 

 

1 Gaining the knowledge of LTE-Advanced. 

2 Study the physical layer of LTE-Advanced. 

3 Implementation of LTE-advanced transceiver for downlink with the help of MATLAB 

Simulink. 

4 Implementation of different MIMO configurations along with different modulation 

schemes and different fading channels. 

5 Comparisonof the impact of different modulation schemes and different channels 

with different MIMOs configurations. 

6 Investigation the influence of different values of signal to noise ratio (SNR) obtained 

by using different modulation, channel schemes, and different antenna 

configurations on bit error rate (BER). 

 

1.4 Scope of Thesis 

 

The scope of our thesis is to implement a physical layer model for Long term evolution LTE-

Advanced communication system and trying to improvethe BER and SNR by applying different 

advanced techniques like MIMO, OFDM along with different channels and modulation 

techniques. We utilize MATLAB Simulink tool to implement these different techniques to 
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analyze performance of different scenarios. With the help of these analyses, we are able to get 

the important conclusion and also recognizeand propose the optimal configuration for the LTE-

advanced. 

 

1.5 Thesis Outline 

 

Chapter 1: This chapter introduces LTE-Advanced and its predecessor. It also reviews the scope 

of thesis. 

 

Chapter 2: This chapter provides a brief description of LTE architecture andintroduces the key 

concepts LTE-Advanced. It also discusses the advantages of LTE-Advanced compared to LTE and 

differences between them. 

 

Chapter 3: This chapter mentions the procedures of signal processing in Physical Layer for LTE-

Advanced for downlink. This chapter also provides in depth knowledgeabout the concept of 

precoding and Layer Mapping. 

 

Chapter 4: This chapter illustratesthe bit error rate of LTE-Advanced systems for different 

modulation schemes and different MIMO configurations over AWGN and Rayleigh fading 

channel 

Chapter5:  This chapter discusses the results and makes important conclusions of the research.  

Future scope of work is also discussed in this chapter. 
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2 EVOLUTION FROM 3G TO 4G (LTE-ADVANCED) 
 

2.1 LTE History 

 

The discussion started on long term evolution in 2004 during a workshop held in Canada in 

November 2004. The following targets or high level requirements are defined for LTE in that 

workshop [5]. 

1 Increase service provisioning, i.e., more services at lower cost with better user 

experience 

2 Flexibility of use of all the existing, the new defined frequency bands, simplified 

architecture as well as open interfaces. 

 

2.2 Targets for LTE 

 

The main targets for LTE are listed below[1]. 

 Spectral efficiency should be 2 to 4 times as compared to High Speed Packet Access 

(HSPA) mentioned in 3GPP Release 6 

 Peak data rates should be more than 100 Mbps for downlink and 50 Mbps for uplink 

 Optimized terminal power efficiency 

 Bandwidth flexibility with allocation of band from below 1.5 MHz up to 20 MHz 

 Optimized packet-switched  

 High level security and mobility 

 Low latency rate should be less than 10ms.  

 

2.3 3GPP Family 

 

The 3rd generation partnership project is the standard developing and inventing body that 

specify the 3G UMTS/UTRA and also GSM system.  The 3GPP is the partnership project which 

mainly is established by the standard bodies ETSI, ARIB, TTC, TTA and CCSA. 

‘3GPP TSRAN’ is the technical specification group that developed WCDMA and evolution of 

HSPA and also the developer of the long term evolution (LTE). The work in 3GPP is carried out 

with the relevant international telecommunication union (ITU) recommendation in mind and 
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the results of this work are submitted back to ITU.The specification of all releases can be 

updated after each set of the Technical Specification Group(TSG) meetings. The 3GPP 

documents are divided into the releases where each release has the specific set of new added 

features in comparison to the previous release. The Figure 1shows the releases of the 3GPP 

specification for UTRA [3]. 

 

Figure 1: IMT-2000 

2.4 IMT 2000 

 

The current work and progress on the 3G takes place in ITU-R working party 8F (WWP8F),where 

the 3G system and the network are referred to as IMT-2000. It does not write the technical 

specification for IMT-2000 but keeps the role of defining IMT-2000 cooperating with the 

regional standardization bodies and to maintain a set of recommendation for IMT-2000. The 

main IMT-2000 recommendation is ITU-RM-147, which identifies IMT-2000 radio interface 

specifications. These recommendations contain the family of radio interfaces, all included on an 

equal basis. In addition to maintaining IMT-2000 specifications, the main activity in ITU-R WP8F 

is the work on system beyond IMT-2000 recently named as IMT advanced. 

The main characteristics of the 3G system known as collectively IMTS-2000 are the single family 

of the compatible standards. IMT-2000 is a set of requirements which are defined by the ITU. 

IMT stands for “International Mobile Telecommunication” and 2000 represents both the 

frequency range of 2000 MHz and scheduled year of initial trail system. The following are the 

main proposals proposed under IMT-2000. All of which are leading the previous existing 

standards toward ultimate goal of IMT-2000[4]. 

UMTS (W-CDMA) as the successor to GSM system. 
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 CDMA-2000 

 Time division synchronous CDMA (TD-SCDMA) 

In 2009, IMT-Advanced was submitted to ITU and new capabilities of IMT-advanced will support 

a wide range of data rates with peak data rates up to 100 Mbps for high mobility requirements 

and up to 1 Gbps for low mobility requirements.New IMT-advanced work within 3GPP is called 

LTE-Advanced[1]. 

 

Figure 2: LTE Advanced Attributes 

 

2.5 Requirements for 3G systems 

 

IMT-2000 has published a set of the minimum performance requirements for the 3G cellular 

systems, which is applicable to both packet switched (PS) and to circuit switched (CS) networks. 

Following are the minimum requirements propose by IMT-2000[4]. 

 The data rate of 144 Kbps in the vehicle environments 

 The data rate of 384 Kbps in the pedestrian environments 

 The data rate of 2Mbps in the fixed indoor and the outdoor environment 
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2.6 Features of 3G  

 

Following are the main salient features of the 3G cellular systems. 

 Efficient power control 

 High packet data rates 

 Detection of multi-users 

 Handovers between the carriers 

 

2.7 3G Systems 

 

The 3G systems mainly focus on three ITU adopted systems using the CDMA                          

technology. These three systems are: 

 UMTS 

 WCDMA-UTRA (Europe) 

 WCDMA-ARIB (Japan) 

 CDMA-2000 (North America) 

 HSPA (HSPUA and HSPDA), HSPA+ 

 

 

2.8 Introduction of UMTS 

 

The Universal Mobile Telephone Systems (UMTS) is the 3G of wireless systems. The 

development of the 3G standard is strongly linked to the main second generation standards and 

the network that are now in use around the world like GSM, D-AMPS, CDMA one and PDC. The 

UMTS has not yet been commercially available in the existing communication market all over 

the world like GSM yet. UMTS third generation network will provide the coverage between the 

Mobile Telephony (MT) and the broadband access the 3G mobile systems are based on the 

systems known as the CDMA [3]. 

The UMTS network will provide the more efficient coverage between the Mobile Telephony 

(MT) and the broadband access and the Internet Protocol (IP) backbone. The 3G mobile 

systems are based on a system known as a Code Division Multiple Access (CDMA). The major 

difference between 2G systems and 3G systems is that the 2G system utilizes the Time Division 
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Multiple Access (TDMA). The UMTS is a 3G wireless system that has the capability to deliver 

high bandwidth data and voice service to mobile users [3]. 

The UMTS is evolved from GSM system for Mobiles.With the advent of 3G and the higher 

bandwidth radio interface of Universal Terrestrial Radio Access (UTRA), UMTS can offer a wide 

range of new services and facilities which were not present in 2G systems and also the 2.5G 

systems and networks [3]. 

The following layers are included in UMTS architecture: 

 The top service layer which provides deployment of services and centralized location. 

 The middle layer is the control layer which takes responsibility for the dynamic allocation of 

the channels in radio spectrum and serves in all upgrading requirements. 

 The bottom layer is called the connectivity layer which makes sure that the usage of any 

transmission technology and supports transfer of voice over ATM, AAL2 or IP[2]. 

 

2.9 Drawback of 3G 

 

The drawback of 3rd generation is the difficulty in achieving high speeds for data and 

multimedia transport between fixed networks and sub networks. It is because the fact that 

when the data speed increases, the coverage area of the cell becomes smaller and smaller. This 

result is the lack of utilization internet protocol (IP) with converged voice and data capability to 

the maximum. In order to solve this issue, evolution is required and this evolution is known as 

long term evolution LTE [2]. 

 

2.10 3G Evolution 

 

Long term evolution of 3G wasfirst time discussed in 2004 and also started to implement in late 

2004 for its standardization by 3GPP RAN group. All work related to LTE features, protocols, 

performance specifications and functionality was finished in 2008 and included in 3GPP release 

8[2]. 
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2.11 Architecture of LTE 

 

The 3GPP standardization resulted in Evolved Packets System (EPS) consists of Core Network 

Part (CNP), Evolved Packet Core (EPC),and radio network evolution part, the Evolved-UTRAN 

also known as LTE. The evolved packet core can also be connected to other 3GPP and non-3GPP 

radio access networks. The evolved packet core consists of one control plane node known as 

Mobility Management Entity (MME). Two user plane nodes called Serving Gateway (S-GW) and 

Packet Data Network Gateway (PDN-GW). The LTE radio access network consists of the base 

Stations that are known as Enhanced NodeB (eNB). These eNBs are connected to each other 

through an interface known as X2 interface and to the evolved packet core through the S1 

interface.The mobile terminal is known as User Equipment (EU) [7]. 

The architecture of LTE with only two user plane nodes (eNodeB and s/P-GW) is simpler than 

that of UTRAN in release 6 that have four nodes, i.e.,NodeB, Radio Network Controller (RNC), 

Serving General Packet Radio service (GPRS) which supportsServing GPRS Support Node (SGSN), 

and Gateway GPRS support Node (GGSN) and reduces the user plane latency rate. One reason 

behind is that some functionalities performed by RNC in UTRAN is ciphering and header 

compression[7]. 

 

 

Figure 3: Architecture of LTE Advanced[8] 
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The main features of eNodeB are as following: 

Radio Bearer Management: 

Radio Bearer Management includes Radio Bearer setup and release which involves radio 

resource management features for initial admission control and bearer allocation. This set of 

functions is under the control of the MME through the S1 interface during session setup, 

release and modification phases [6]. 

Radio interface transmission and reception: 

This includes radio channel modulation/demodulation as well as channel coding and 

decoding. Furthermore, Radio interface transmission and reception takes responsibility 

for uplink and downlink dynamic radio resource management and data packet 

scheduling. This is probably the most critical function which requires the eNodeB to 

cope with many different constraints such as radio-link quality, user priority and 

requested Quality of service so as to be able to multiplex different data flows over the 

radio interface and make use of available resources in the most efficient way[6]. 

Radio Mobility Management: 

This function relates to terminal mobility handling while the terminal is in active state. 

This function implements radio measurement configuration and processing as well as 

the handover algorithms for mobility decision and target cell determination. Radio 

Mobility has to be distinguished from Mobility Management in idle, which is a feature 

handled by the Packet core. 

User Data IP Header Compression and Encryption: 

This function is crucial to radio interface data transmission. It answers the requirements 

to maintain privacy over the radio interface and transmit IP packet in the most efficient 

way[6].  

Network Signaling Security: 

Because of the sensitivity of signaling message exchanged between theeNodeB itself 

and the terminal or between the MME and the terminal, all this set of information is 

protected against eavesdropping and alteration[6]. 

 

2.12 Salient Features of Long Term Evolution 

 

The basic objective of LTE is to enhance the data rates for the uplink (UL) and downlink (DL) 

transmission and increase the raw data rates. The key features of long term evolution are 

mentioned as follows [6]. 
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 High Spectral Efficiency:The spectrum efficiency associated with LTE is much higher 

than the other existing networks. This higher spectral efficiency allows the operators to 

support the large number of users within their existing networks and future’s spectrum 

allocation with the low cost of delivery per bit. 

 Reduced Latency Rate:LTE is able to deliver a more responsive user experience by 

reducing the round trip time (RTT) to 10msec or even less than that. This offers better 

quality for interactive real time services like high quality audio/video conferencing and 

multi-playergaming. 

 Flexible Radio Planning:LTE can offer the optimum performance in the cell size of up to 

5km. it is still capable of delivering the much effective performance in cell having the 

cell sizes of up to 30km.In addition LTE also enables to deliver the limited services in cell 

sizes up to 100km [6]. 

 An all-IP (Internet Protocol) Environment:One of the main features of LTE is its 

transition to a flat,i.e, all-IP based core network has a very simplified architecture and 

open interfaces. A lot of 3GPP’s standardization work targets to conversion of the 

existing core network to all IP based networks. Within 3GPP, the step towards all IP 

based core network has been referred to as system architecture evolution (SAE), now 

called Evolved Packet Core. 

 Co-Existence With Legacy Standards And Systems (Seamless Mobility):LTE is a key 

technology in realizing the full promise of seamless mobility. The subscribers of LTE can 

be able to make the voice calls from their terminals and accessbasic data services even 

when they are present in location without the LTE coverage [6]. 

 Enable New Applications:With the expected data rate of 100Mbps and low latency rate 

of 10msec, LTE can provide the subscribers with a user experience very comparable to 

what they are having at their home today with xDSL and cable connection. LTE breaks 

the boundaries between the home and outside, meaning that many advance application 

can be shared between the home computer and outside the home[6]. 

 Cost Reduction Capabilities: The introduction of the above features in the LTE 

environment should be able to reduce the cost per bit [6]. 

 

2.13 LTE Advanced 

 

LTE Advance 3GPP approached the requirements to assure the specification of IMT 

Advanced(International Mobile Telecommunications-Advanced) in LTE Advanced.  Key 

advantage of LTE- Advanced is its backward compatibility, which means that LTE devices can 

easily work in LTE-Advanced and vice versa.  For straight forward low-cost progression to LTE 

Advance networks, spectrum compatibility was essential similar to the evolution of WCDMA 
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(Wideband Code Division Multiple Access) to HSPA(High Speed Packet Access). LTE-Advanced 

was planned to meet the standards set by the ITU for IMT-Advanced with regards to capacity, 

data rates and low-cost deployment.  

Features chosen by ITU for IMT-Advanced are: 

 Preserve the flexibility to support wide range of services 

 Applied in cost efficient manner 

 Compatibility of services with IMT and fixed networks 

 Ability of internetworking with other radio access systems 

 Suitable User Equipmentfor worldwide use  

 User-friendly applications, services and equipment 

 High quality mobile services 

 Globally roaming ability 

 Boost peak rates to sustain advanced services and applications[9, 10]. 
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The difference between LTE and LTE Advanced is listed in the following table 

Features LTE LTE-Advanced 

Peak Data Rate Down 

Link(DL) 
300Mbps 1Gbps 

Peak Data Rate Up 

Link(UL) 
75Mbps 500Mbps 

Transmission 

Bandwidth (DL) 
20MHz 100MHz 

Transmission 

Bandwidth (UL) 
20MHz 40MHz 

Peak Spectrum 

Efficiency (bps/Hz) 

Down Link 

15 30 

Peak Spectrum 

Efficiency (bps/Hz) Up 

Link 

3.75 15 

Scalable Bandwidth Up to 20MHz Up to 100MHz 

Mobility 

Optimized for low 

speed (<15km/h), 

high performance at 

speed up to 120 

km/h, and maintain 

links at speeds up to 

350km/h. 

Same as LTE 

Capacity 
200 active users per 

cell in 5MHz 

3 times higher as 

compared to LTE 

 

Table 1: Difference between LTE and LTE Advanced[9, 10] 



14 
 

 

The following characteristics also hold true:  

 LTE is not backwards compatible with old 3G networks, whereas LTE-Advance is 

backward compatible with LTE 

 LTE can put forward as much as of 326Mbps and whereas LTE-Advance can offer 

1200Mbps(1.2Gbs) maximum 

 Both LTE and LTE-Advance are forward and backward compatible with each other 

[11]. 

 

The sharing method of LTE spectrum is Orthogonal Frequency Division Multiplexing (OFDM), 

which is different than the previous generations in the following ways: 

 It provides flexible and efficient utilization of different carrier bandwidths.  

 It has tolerance to noise and multipath interference[12]. 

The concept of OFDM is derived from Multi Carrier Modulation (MCM) transmission technique. 

MCM technique is a spectral efficient modulation scheme which is based on division of input bit 

stream into several parallel bit streams and then using them to modulate with several 

subcarriers for further transmission. To avoid overlap subcarriers, there is a Guard Band (GB) 

between every subcarrier. Another benefit of GB lies in the receiver side. Specifically, GB as it 

helps bandpass filter in identifying individual subcarrier [13]. 

 

 

Figure 4: LTE OFDM Transmitter [12] 



15 
 

OFDM is a unique form of spectrally efficient MCM technique. It uses orthogonal subcarriers 

that remove the use of band pass filter from the receiver end. Due to orthogonal subcarrier 

characteristic, it removes Inter Carrier Interference(ICI) which was a significant setback. The use 

of guard band in MCM is removed in OFDM technique, which in the reduction of the bandwidth 

usage. 

It is possible to recover individual subcarriers despite their overlapping spectrum provided that 

the orthogonal nature is maintained. The orthogonal nature in OFDM is achieved by performing 

FFT on the input stream. Given the combination of multiple low data rate subcarriers, OFDM 

provides a composite high data rate with long symbol duration. This reduces or completely 

eliminates the risk of ISI, which is a common phenomenon in multi path channel environment 

with short symbol duration[12]. 

 

2.14 MIMO Downlink for LTE-Advanced 

 

Up to eight transmit antennas in the downlink and four transmit antennas in uplink are 

supported in Single User MIMO(SU-MIMO) technologies in LTE-Advanced.  

Downlink multiple antenna schemes for LTE-Advanced are mentioned below: 

1. Spatial Multiplexing 

2. Transmit Diversity 

3. Receive Diversity 

 

2.15 Spatial Multiplexing 

 

In spatial multiplexing, multiple data streams are transmitted on the same Recourse Block(RB) 

by exploiting the spatial dimension on the radio channel. They are transmitted on the same 

channel but by different antennas. These transmitted data streams can belong to SU-MIMO or 

to diverse Multiple Users MIMO (MU-MIMO). 

Depending on the number of transmitted antennas, spatial multiplexing doubles, triples or 

quadruples the data rate. To enhance single user peak data rates and meet the ITU-R 

requirement for spectrum efficiency, LTE-Advanced goes up to eight layers in downlink and 

requires eight receivers in User End (UE) side. This requirementpermits the possibility of 

downlink of 8x8 spatial multiplexing. The UE will be required to support up to four transmitters 
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allowing the possibility of up to 4x4 transmissions in the uplink when combined with four eNB 

receivers [14,15]. 

 

Figure 5: LTE-Advanced Maximum Number of Antennas [15] 

 

2.16 Transmit Diversity 

 

Transmit diversity is a technology which utilizes the difference in channel variation between 

transmission antenna channels to attain diversity gain. This technology is needed in a system 

where more power, space and processing capability is available on transmitter side as 

compared to the receiver side, e.g., a cellular system. Transmit diversity design relies on 

whether a complex channel gain is known at the transmitter or not. As the complex channels 

gain is recognized, the system becomes almost similar to receiver diversity. Without this 

channel state information, transmit diversity gain needs a mixture of time and space diversity 

by the means of a novel technique known as Almouti scheme [16]. 

 

2.17 Space Time Block Codes (STBC) 

Space Time Block Codes (STBC) is a technique that is most commonly applied in wireless 

communications to transmit numerous copies of a data stream across a number of antennas 

and to utilize the many received versions of the data to improve the consistency of data 

transfer. Due to decoding complexity concern, Alamouti STBC is used for transmission by using 

two antennas.  

In accordance with this scheme, input symbols are grouped in pairs where symbols    and      

are transmitted at time k from the first and second antennas respectively. Now at time k+1, the 

symbol    
 is transmitted from the first antenna and symbol   

  is transmitted from the second 

antenna where * denotes the complex conjugate transpose. 
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Alamouti STBC has been adopted in several wireless standards due to the following attractive 

features. 

 It achieves full diversity at full transmission rate for any signal constellation (real or 

complex)  

 It does not require CSI at the transmitter (i.e., open loop). 

 The maximum likelihood decoding involves only linear processing at the receiver 

[17,18]. 

 

2.18 Receive Diversity 

 

It is compulsory for UE to have downlink scheme diversity. The common technique of the 

receive diversity is the Maximal Ratio Combining (MRC) of the received streams.  MRC is used 

to increase link consistency in challenging propagating conditions when signal strength is low 

and multipath conditions are not optimum[19]. 

MRC is considered one of the best techniques for combining diversity signals. In this technique, 

the received signal in all diversity antenna branches are weighted according to the amplitude 

and phase of the signal on each corresponding channel. Then, they are combined. This 

technique provides significant gains over the selection combining method.However, it needs 

complex signal processing to determine the weighting factors, which in turn increases the 

cost[17]. 
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Figure 6:MRC Signals [19] 

2.19 Pre-coding 

 

Transmitted signals from different antennas are weighted in pre-coding for maximizing the 

received SNR. LTE Advanced uses pre-coders, which mostly engages pure phase correction, 

andno amplitude change. The Physical Downlink Shared Channel (PD-SCH) transmission modes 

for the open loop spatial multiplexing and closed loop spatial multiplexing use pre-coding from 

a defined “codebook” to form transmitted layers. This codebook consists of a set of predefined 

pre-coding matrices, the size of the set is determined by the total number of signaling bits 

required to specify a particular matrix in the codebook and the correctness of the resulting 

transmitted beam direction. In the close loop spatial multiplexing, a UE feeds back to eNodeB 

the most suitable entry from the predefined codebook. The most desired pre-coder is the 

matrix, which would maximize the capacity based on the receiver capabilities, performance and 

those which having an effective SNR [20]. 

 

2.20 Layer Mapping 

 

Layer mapping indicates how the extra transmitter antennas are employed. Basically, layer 
mapping and pre-coding are related to MIMO applications. Antenna configurations of MIMO 
systems are defined by N(transmitters) x N(receivers) for LTE- Advanced and it is same for LTE. Both 
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LTE and LTE-Advanced are equipped up to four layers, the code word-to-layer mapping. The 
complex modulation symbols for each code word to be transmitted are mapped onto one or 

several layers. Complex valued modulation symbols    (0),…..,  (       
  -1) for code word q 

shall be mapped onto the layers x(i)=[    (i)  …        (i)+ , i=0,1,…,        
     

 -1 where   is the 

number of layers and        
     

 is the number of modulation symbol per layer [16]. 

 
 

Number of 
Layers 

Number of 
Codewords 

Codeword-to-layer mapping, 

i=0,1,……..     
     

-1 

1 1 X(0) (i) = d(0) (i)                             
     

=     
    

2 1 X(0) (i) = d(0) (2i) 

X(1) (i) = d(0)  (2i+1)     
     

=      
   

 /2 

3 1 X(0) (i) = d(0) (3i) 

X(1) (i) = d(0)  (3i+1)          
     

=      
   

 /3 

X(2) (i) = d(0)  (3i+1) 
 

4 2 X(0) (i) = d(0) (2i) 

X(1) (i) = d(0)  (2i+1)          
     

=      
   

 /2=     
   

/2 

X(2) (i) = d(1) (2i) 
X(3) (i) = d(1)  (2i+1) 
 

5 2 X(0) (i) = d(0) (2i) 

X(1) (i) = d(0)  (2i+1)          
     

=      
   

 /2=     
   

/3 

X(2) (i) = d(1) (3i) 
X(3) (i) = d(1)  (3i+1) 
X(4) (i) = d(1)  (3i+2) 
 

6 2 X(0) (i) = d(0) (3i) 

X(1) (i) = d(0)  (3i+1)          
     

=      
   

 /3=     
   

/3 

X(2) (i) = d(0) (3i+2) 
X(3) (i) = d(1)  (3i) 
X(6) (i) = d(1)  (3i+2) 
 

7 2 X(0) (i) = d(0) (3i) 

X(1) (i) = d(0)  (3i+1)          
     

=      
   

 /3=     
   

/4 
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X(2) (i) = d(0) (3i+2) 
X(3) (i) = d(1)  (4i) 
X(4) (i) = d(1)  (4i+1) 
X(5) (i) = d(1)  (4i+2) 
X(6) (i) = d(1)  (4i+3) 
 

8 2 X(0) (i) = d(0) (4i) 

X(1) (i) = d(0)  (4i+1)          
     

=      
   

 /4=     
   

/4 

X(2) (i) = d(0) (4i+2) 
X(3) (i) = d(1)  (4i+3) 
X(4) (i) = d(1)  (4i) 
X(5) (i) = d(1)  (4i+1) 
X(6) (i) = d(1)  (4i+2) 
X(7) (i) = d(1)  (4i+3) 
 

 

Table 2: Codeword to Layer Mapping for Downlink Spatial Multiplexing[20] 

 

This table describes the difference, of the codeword to layer mapping between LTE and LTE-

Advanced. The expressions d(0)  d(1) 
indicates the codeword symbols of maximum two 

codewords and X(0) -  X(7) indicates the symbols on maximum eight layers after the mapping 

procedure. For up to four layers, the codeword-to-layer mapping is the same as for LTE release 

8 [20]. 
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3 PROCEDURE FOR LTE-A PHYSICAL LAYER FOR DOWNLINK 
 

3.1 Steps of Physical Layer for Downlink 

 

 

 

Figure 7: LTE Downlink Physical Layer Model 

Data on transport channel is organized in the form of Transport Block (TB). In each Transmission 

Time Interval (TTI), at most one transport block is transmitted over radio interface. If spatial 

multiplexing is used, then more than one transport block can be transmitted, depending on 

number of transmitting antennas.  

 

3.2 Channel Coding 

 

To protect data from error,channel coding is implemented. In channel coding, n input bits are 

mapped to k bit,the encoder rate is specified as k/n. According to LTE-Advanced specification, 

different channel coding rates can be adopted such as 1/2, 2/3, 3/4 and 4/5. For our model, we 

have selected the convolutional encoder with rate 3/4. 

When convolution codes use 2n symbols, then the input length of the vector will be L*n where L 

is a positive integer which denotes the number of frame in each step.  Likewise, if the decoded 

data use 2k symbols, then the output length of the vector will be L*k. The input vector may be 

sample based with L=1 or with any positive integer for L [21]. 

 

Transport 

Block 

Channel 

Coding 

Inter- 

Leaver 

Modulation 

Layer-mapping Pre-Coding OFDM STBC 
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3.3 Interleaving 
 

Interleaving is used to decrease the errors caused by the burst errors in communication system. 

Burst errors overwrite a lot of bits in a row. Hence, interleaver is used to protect data from 

burst error [22, 23]. 

Frequently, bit error control mechanism of transmission techniques allows the receiver to 

correct the errors that occur during the data transmission. However, during the transmission, if 

the burst error occurs, several errors may be made in one code word and the code word cannot 

be correctly decoded. Numbers of code words are interleaved before transmission to suppress 

the effect of burst errors. This method is considered an efficient way to reduce the burst errors. 

The drawback of this interleaving is that it increases the latency. Interleaver used in physical 

layer model is matrix interleaver. It generates a matrix according to input data frame size, e.g. 

,If input frame size is 100, it will generate a matrix of 10X10 and start filling the data row wise in 

matrix and then outputs the data by reading column wise.     

 

3.4 Modulation Schemes 

 

LTE-Advanced downlink physical layer works with various modulation schemes, depending on 

the data rates and coverage circumstances. Modulations schemes are Quadrature Phase Shift 

Keying (QPSK), 16-QAM, 64-QAM. Quadrature Amplitude Modulation (QAM) is a modulation 

scheme which conveys data by changing (modulating) the amplitudes and phases of two carrier 

waves. These two waves, usually sinusoids, are out of phase with each other by 90°and thus are 

called Quadrature carriers. The average peak bit-rates and spectrum efficiency can only be 

optimized by: 

 Introducing advanced modulation schemes 

 More efficient channel coding 

 Increasing symbol rates (in practice, increasing the carrier bandwidth). 

QPSK modulation schemes convey data by changing the phase of the two carrier waves. 

 

 

http://en.wikipedia.org/wiki/Modulation
http://en.wikipedia.org/wiki/Data
http://en.wikipedia.org/wiki/Amplitude
http://en.wikipedia.org/wiki/Carrier_wave
http://en.wikipedia.org/wiki/Carrier_wave
http://en.wikipedia.org/wiki/Sinusoid
http://en.wikipedia.org/wiki/Out_of_phase
http://en.wikipedia.org/wiki/Degree_%28angle%29
http://en.wikipedia.org/wiki/Quadrature
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3.5 Layer Mapping 

 

The incoming data is divided into two layers according to table 2. Where Layer V1 is carrying 

even symbols and layer V2 is carrying odd symbols 

 

 

Figure 8: Layer Mapping 

 

 

3.6 PreCoding 

 

 

Figure 9: 4x4Precoding Matrix 

Unitary Precoding technique is adopted. Matrix given above is unitary matrix. AnUnitary matrix, 

H, exhibits the following property. 

HH* = I where I is an identity matrix and * denotes conjugate transpose operator of a matrix. 
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Precoding matrix is multiplied with factor 
 

√ 
 at transmitter side. Let matrix ‘A’ correspond to 

the data coming out of layer mapping block and arranged according to above figure. Further, 

we denoted Ytrans  as the transmit signal matrix, i.e., 

 

Ytrans = 
 

√ 
HA 

After the received data matrix from all receive antennas multiplied with H*,we obtain the 

received signal as  

Yrec =     (Ytrans) 

                                                                   =H*
 

√ 
H.A 

=
 

√ 
H*HA 

= 
 

√ 
2I.A 

                                                                  =
 

√ 
.A       (a) 

After multiplication, data comes out in form shown in equation (a). 

The pre-coder will take input block of vectors     = [     ……..           , i=0,1…,       
     

-1 

from the layer mapping and it generates a block of vectors  

y                 ,              
  -1 to be mapped onto the resources on each of 

antenna ports. Here,          represents the signal for the P thantenna [24]. 

The precoding for transmit diversity is only used in combination with layer mapping. The 

precoding process for transmit diversity is defined for two antenna ports,p∊{0,1}, with two 

outputs of the precoding operation                       ,              
  1, as [24] 
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 [24]. 

 

 

Figure 10: Precoder Block Diagram 

Modulated symbols coming from both layers are divided into their real and imaginary 

components. Real values of symbols from both layers are first re-shaped and then 

concatenated. The same procedures are performed for complex values of symbols. The 

combination of real and imaginary part is then finally concatenated. The output from matrix 

concatinate2 is then multiplied with precoding matrix.  
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are thesymbols coming from layers V1 and V2.         
   are the symbols coming from 

Matrix multiply block, these1500 modulated symbols enters in precoder block. They are divided 

into two layers, each carrying 750 symbols. Data after concatenation is arranged in 4X750 

dimensions in order to multiply it with the 4X4 precoding matrix. The output of matrix 

multiplier is then multiplied with factor
 

√ 
. This is done in order to normalize the power 

distributed among two layers which take symbols to antenna port. Finally the data received is in 

1500X2 dimension, i.e., 1500         
  symbols on each layer [24]. 

 

3.7 Resource Element Mapping 

 

The resource element mapping maps the symbols to be transmitted on each antenna to the 

resource elements of the set of resource blocks assigned by the MAC scheduler. This selection 

of Resource Block (RB) is based on estimates of the channel quality of the different resource 

blocks, which can be obtained at the target mobile terminal. In 1ms, 6 OFDM symbols are 

transmitted per sub-frame. Resource element mapper maps the modulated symbols on a grid 

and then transmits resource elements in the form of resource blocks to the OFDM modem[25]. 

 

 

 

 

 

 

 

 

 

 



27 
 

3.8 OFDM Symbol Generator 

 

 

Figure 11: OFDM Signal Generator 

This block takes high data rate carrier and splits it into 10 low data rates sub-carriers. The input 

data packing is then combined whit pilots bits and modulated with sub-carriers. According to 

LTE-Advanced specification, not all sub-carriers are used, i.e., for 512 FFT periods, only 250 sub-

carriers are used. Then, 512 FFT bits zeros are pad on either side of data as guard band. Finally, 

cyclic prefix is appended on each OFDM symbols. In cyclic prefix insertion, 144 modulated 

symbols from the last are placed before an OFDM symbols. 
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3.9 OFDM Symbol Receiver 

 

 

Figure 12:OFDM Signal Receiver 

 

OFDM signal receiver removes the cyclic prefix from the symbols, then it performs FFT 

operation to convert signal back to frequency domain. Then guard bands (padded zeros) are 

removed. Next block removes pilot bits from symbols. Since pilots are not used so they are 

terminated. 
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3.10 Layer De-Mapping 

 

Figure 13: Layer De-mapping and Data Re-arrangement 
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3.11 MIMO Channel for Multipath Propagation 

Here are different MIMO configurations which we have designed in our Simulink model. 

3.11.1 MIMO channel (4X3) 

 

 

Figure14: MIMO Channel (4x3) 

The above diagram indicates that each transmitter from this channel is feed to Rayleigh 

channel, which then adds the interference and simulates the channel performance. Exactly the 

same way, gain information is as well passed along for the channel estimator. In above figure, it 

can be noticed that there are three Rayleigh channel paths to the three receiving antenna 

paths. 
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3.11.2 MIMO channel (4X4) 

 

Figure 15: MIMO Channel (4x4) 

 

The above diagram indicates that each transmitter from this channel is feed to Rayleigh 

channel, which then adds the interference and simulates the channel performance. Exactly the 

same way, gain information is as well passed along for the channel estimator. In above figure, it 

can be noticed that there are four Rayleigh channel paths to four receiving antenna paths. 
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3.11.3 MIMO channel (2X8) 

 

Figure 16: MIMO Channel (2x8) 
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In this diagram, we illustrate a MIMO system with 2 transmit antennas and 8 receive antennas. 

The system operates under Rayleigh fading channel. The above diagram indicates that each 

transmitter from this channel is feed to Rayleigh channel, which then adds the interference and 

simulates the channel performance. Exactly the same way, gain information is as well passed 

along for the channel estimator. In above figure, it can be noticed that there are eight Rayleigh 

channel paths to the eight receiving antenna paths. 
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3.11.4 MIMO channel (3X8) 

 

Figure 17: MIMO Channel (3x8) 
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In this diagram, we illustrate a MIMO system with 3 transmit antennas and 8 receive antennas. 

The system operates under Rayleigh fading channel. The above diagram indicates that each 

transmitter from this channel is feed to Rayleigh channel, which then adds the interference and 

simulates the channel performance. Exactly the same way, gain information is as well passed 

along for the channel estimator. In above figure, it can be noticed that there are eight Rayleigh 

channel paths to the eight receiving antenna paths. 
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3.11.5 MIMO Channel (4x8) 

 

Figure 18: MIMO Channel (4x8) 
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In this diagram, we illustrate a MIMO system with 4 transmit antennas and 8 receive antennas. 

The system operates under Rayleigh fading channel. The above diagram indicates that each 

transmitter from this channel is feed to Rayleigh channel, which then adds the interference and 

simulates the channel performance. Exactly the same way, gain information is as well passed 

along for the channel estimator. In above figure, it can be noticed that there are eight Rayleigh 

channel paths to the eight receiving antenna paths. 
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4 RESULTS 
 

This chapter utilizes the simulation model that was developed in MATLAB to investigate the 

performance of LTE-Advanced downlink physical layer. A number of simulation scenarios have 

been conducted to investigate the impact of higher order modulation along with the effects of 

using MIMO techniques in AWGN and Rayleigh Channels. BER is evaluated as a function of SNR 

in all simulation scenarios. The following scenarios are investigated in this chapter:  

 Performance of QPSK and 16-QAM in AWGN and Rayleigh channel. 

 Comparison of QPSK and 16-QAM in AWGN and Rayleigh channel. 

 Impact of MIMO Configuration using QPSK and 16-QAM. 
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4.1 Performance of QAM Using AWGN and Rayleigh Channel 

 

 

Figure 19: Performance of QAM Using AWGN and Rayleigh Channel 

The above figure depicts BER for 16-QAM modulation scheme with OFDM in AWGN and 

Rayleigh channels without diversity. For the chosen setup parameters, it evaluates the 

performance of 16-QAM OFDM using AWGN is better than Rayleigh channel because AWGN 

channel has a simpler model without experiencing any fading.   
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4.2 Performance of QPSK Using AWGN and Rayleigh Channel 

 

 

Figure 20:Performance of QPSK Using AWGN and Rayleigh Channel 

The above diagram indicates the performance curves of QPSK modulation scheme with OFDM 

in AWGN and Rayleigh channels. As it can be seen in the above figure, performance of QPSK-

OFDM with AWGN is better than that Rayleigh channel. 
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4.3 Performance of QPSK and 16QAM Using AWGN and Rayleigh Channel 

 

 

Figure 21: Performance of QPSK and 16QAM Using AWGN and Rayleigh Channel 

Above diagram indicates that the bit error rate of QPSK is smaller as compared to 16QAM. As 

indicated in the figure the difference between QPSK and QAM cannot be seen clearly. 
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4.4 Performance of QAM Using Different MIMO Techniques 

 

 

Figure 22: Performance of QAM UsingDifferent MIMO Techniques 

In the above figure, our LTE-Advanced model operates in Multi Path Rayleigh fading channel 

along with different MIMO Configurations, varying the number of transmitter and receiver 

antennas while using 16QAM OFDM. It can be seen from the above figure, as the numbers of 

antennas are increased on the transmitter side or the receiver side, the bit error rate becomes 

lower.  
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4.5 Performance of QPSK UsingDifferent MIMO Techniques 

 

Figure 23: Performance of QPSK Using Different MIMO Techniques 

In the above figure, our LTE-Advanced model operates in Multi Path Rayleigh fading channel 

along with different MIMO Configurations, varying the number of transmitter and receiver 

antennas while using QPSK OFDM. It can be seen from the above figure, as the numbers of 

antennas are increased on the transmitter side or the receiver side, the bit error rate becomes 

lower.  
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5 CONCLUSION 
 

Long Term Evolution-Advanced is able to offer operators and emerging markets the basis to 

maintain their business models in more advanced way through its unique characteristics having   

latency targets, emphasis on simplicity, spectrum flexibility, more added capacity and lower 

cost per bit. LTE-Advanced offers highly competitive performance and provides an efficient 

foundation for further evolution. 

The modeling of physical layer of LTE is designed with the help of Simulink blocks in Matlab 

Simulink software. The results obtained from these models were analyzed and are discussed in 

chapter 4 in which the performance metric in terms of Bit Error Rate (BER) is investigated.  

Initially, we have used the different M-Array QAM and QPSK modulation schemes. In which it is 

observed that as the modulation order increases, the BER increases for the same range of SNR 

values. This isdue to the fact thatenhancing complexities for higher order modulation schemes, 

the BER will increase. Moreover, the Euclidean distances between the symbols decrease for 

higher order QAM,hencehigher order QAM which leads to increase BEReven for the little 

occurrence of noise. 

OFDM and MIMO are implemented where we utilized the Transmit Diversity (TD) for the 

downlink transmission.Pre-coding and interleaving with QPSK and 16QAM modulation schemes 

are employed for different antenna schemes.  

We concluded that as an increasing number of antennas are used at transmitter and receiver 

side, i.e., by increasing the diversity order, the performance of BERcan be improved. We had 

used the 4x3, 4x4, 2x8, 3x8 and 4x8 antenna configurations and AWGN and Rayleigh channels in 

our simulation.  

Apart from the above antenna configurations, we can also implement higher MIMO 

configuration like 8x8 according to LTE –Advanced downlink specification.An uplink LTE-

Advanced model can be designed in the same manner according to 3GPP release 10. 

Furthermore higher order modulation schemes can be implemented using Simulink model. 

Turbo coding can also be implemented in LTE-Advanced model to improve the performance 

and to minimize the error probability. 
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Appendix A Abbreviations 
 

LTE-A Long Term Evolution – Advanced 

OFDM Orthogonal Frequency Division Multiplexing 

AMPS Advanced Mobile Phone System 

FDMA Frequency Division Multiple Access 

TDMA Time Division Multiple Access 

UMTS Universal Mobile Telecommunications System 

QPSK Quadrature Phase Shift Key 

QAM Quadrature Amplitude Modulation 

CDMA Code Division Multiple Access 

WCDMA Wideband Code Division Multiple Access 

IP Internet Protocol 

HSPA High Speed Packet Access 

UTRA Universal Terrestrial Radio Access 

ITU International Telecommunication Union 

IMT International Mobile Telecommunication 

RAN Radio Access Network 

EPS Evolved Packets System 

CNP Core Network Part 
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EPC Evolved Packet Core 

EDGE Enhanced Data rates for GSM Evolution 

MME Mobility Management Entity 

S-GW Serving Gateway 

PDN-GW Packet Data Network Gateway 

GPRS General Packet Radio Service 

UTRAN Universal Terrestrial Radio Access Network 

ARQ Automatic Repeat request 

UL Up Link 

DL Down Link 

RTT Round Trip Time 

SAE System Architecture Evolution 

MCM Multi Carrier Modulation 

GB Guard Band 

ICI Inter Carrier Interference 

MIMO Multiple Input and Multiple Output 

SU-MIMO Single User- Multiple Input and Multiple Output 

UE User End 

STBC Space Time Block Codes 

MRC Maximal Ratio Combining 

SNR Signal to Noise Ratio 

PD-SCH Physical Downlink Shared Channel 
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TD Transmit Diversity 
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