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                                                                              Abstract 
 

The development of 4G systems that enable low-delay, high speed, bi-directional data access, unified 

messaging, and broadband wireless multimedia. Therefore, these systems provide services through an 

entirely packet based access networks. LTE can support low to very high mobility applications and a wide 

range of data rates proportional to usage models and user density. 3GPP developed a physical layer that 

adopts advanced Orthogonal Frequency Division Multiple Access (OFDMA) in Downlink and Single 

Carrier Orthogonal Frequency Division Multiple Access (SC-FDMA) in uplink to improve spectral 

efficiency [7]. Also LTE uses advanced Multiple Input Multiple Output (MIMO) multi antenna techniques 

to increase the data rate using the same physical resources. To implement LTE physical layer using 

OFDMA and SCFDMA. 
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1. Introduction 

The significant expansion seen in mobile and cellular technologies over the last two decades is a direct 

result of the increasing demand for high-data-rate transmissions over bandwidth and power limited wireless 

channels. This requirement for high data rates results in significant inter symbol interference (ISI) for 

single carrier systems, and therefore requires the use of robust coding and powerful signal processing 

techniques in order to overcome the time and frequency selective natures of the propagation channel. In 

recent years orthogonal frequency division multiplexing (OFDM) based technologies such as SC-FDMA 

and OFDMA has been proposed as an efficient high data rate solution for wireless applications. Particular 

examples include the physical layer of high-performance Long Term Evolution (LTE), wireless local area 

networks (WLANs), such as the 802.11a/g/n, DVB-T/H, and 802.16 WiMAX standards. This trend has 
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occurred since OFDM offers excellent performance in highly dispersive channels with low terminal 

complexity.  

 

2. Introducing LTE systems 

 

To globally standardize the telecommunication, an organization known International Telegraph Union 

(ITU) (presently, International Telecommunication Union), was established in Switzerland in 1865 [7]. 

Since then, ITU has been involved in developing global standards; from telegraphs to modern age 4G 

systems. Recently, in 2000, to satisfy the ITU’s 3rd generation mobile system standards, an organization 

3rd Generation Partnership Project (3GPP) was formed. 3GPP is a collaboration of groups of telecom 

associations working on Global System for Mobile Communication (GSM) [7]. 3GPP published and 

introduced the various standards for IP based system in Release 8, which was also termed Long Term 

Evolution and abbreviated as LTE. Recently, in 2011 LTE was further developed through Release 10 to 

satisfy ITU’s IMT-Advanced requirements for 4G cellular systems. LTE radio transmission and reception 

specifications are documented in TS 36.101 for the UE (User Equipment) and TS 36.104 for the eNB 

(Evolved Node B). As per these specifications, LTE is capable of supporting up to 1Giga Bits per second 

(1Gbps) for fixed user and up to 100 Mega Bits per second (100 Mbps) for high speed user [7]. The prime 

cause of this high speed of LTE systems is the advancement in physical layer. 

 

3.  LTE evolution 

 

Although there are major step changes between LTE and its 3G predecessors, it is nevertheless looked upon 

as evolution of the UMTS/3GPP 3G standards as shown in the Table 1.1. Although LTE uses a different 

form of radio interface using OFDMA/SC-FDMA instead of CDMA; yet there are many similarities with 

the earlier forms of 3G architecture and there is scope for much re-use.LTE can, therefore, be seen to 

provide a further evolution of functionality, increased speeds and general improved performance. 

 

Table 1.1: Comparison of parameters of UMTS, HSPA, HSPA+ and LTE. 

 

 WCDMA 

(UMTS) 

HSPA 

HSDPA/ 

HSUPA 

HSPA+ LTE 

Max downlink speed  384Kbps 14Mbps 28Mbps 100Mbps 

Max uplink speed  128Kbps 5.7Mbps 11Mbps 50Mbps 

Latency round trip time 150ms 100ms 50ms (max) ~10ms 

3GPP releases Rel 99/4 Rel 5/6 Rel 7 Rel 8/10 

Approx years of initial roll out  2003/04 2005/06 

HSDPA 

2007/08 

HSUPA 

2008/09 2009/10 
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Access technology CDMA CDMA CDMA OFDMA/ 

SC-FDMA 

 

From the above discussion, LTE has provided a global framework for the development of 4G systems that 

enable low-delay, high speed, bi-directional data access, unified messaging, and broadband wireless 

multimedia. Therefore, these systems provide services through an entirely packet based access networks. 

LTE cansupport low to very high mobility applications and a wide range of data rates proportional to usage 

models and user density. The key advantages of LTE are mentioned below: 

 Enhanced peak data rate (100 Mbit/s for high and 1 Gbit/s for low mobility advanced services and 

applications. 

 Longer battery life. 

 Optimization in terms of spectrum and equipment. 

 Smooth transition from legacy system to new system. 

 Reduced cost of terminals, network equipment based on global economies. 

 Worldwide roaming capability. 

 Programmable/configurable platforms that enable fast and low-cost development. 

 

4.  Literature survey 

 
1. Xuewu et. al [1] in 2012 investigated the estimation of fast-fading LTE downlink channels in 

high-speed applications of LTE advanced. In order to adequately track the fast time-varying 

channel response, an adaptive channel estimation and interpolation algorithm is essential. In this 

article, the multi-path fast-fading channel is modeled as a tapped-delay, discrete, finite impulse 

response filter, and the time-correlation of the channel taps is modeled as an autoregressive (AR) 

process. Using this AR time-correlation, authors developed an extended Kalman filter to jointly 

estimate the complex-valued channel frequency response and the AR parameters from the 

transmission of known pilot symbols. Furthermore, the channel estimates at the known pilot 

symbols are interpolated to the unknown data symbols by using the estimated time-correlation. 

This article integrates both channel estimation at pilot symbols and interpolation at data symbol 

into the proposed Kalman interpolation filter. The bit error rate performance of authors new 

channel estimation scheme is demonstrated via simulation examples for LTE and fast-fading 

channels in high-speed applications. 

 

2. Ravichandran et. al [2] in 2011 mentioned that SC-FDMA (Single Carrier Frequency Division 

Multiple Access) has been accepted as an uplink standard in 3GPP Release 8, December 2008. As 

per the release the frequency domain equalization (FDE) is used to mitigate the distortion effects 

due to the channel. This type of equalization is complex and requires high power consumption at 

the receiver. In this paper, authors proposed LMS channel estimation followed by Time Domain 

Equalization which offers better performance when compared to the standard FDE.  
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3. Peichang et. al [3] in 2013 proposed a novel joint channel estimation and three-stage iterative 

detection/decoding scheme for near-capacity MIMO systems. In this scheme, as usual, the 

detected soft information is first exchanged a number of times within the inner turbo loop between 

the unity-rate-code (URC) decoder and the MIMO soft-demapper, and the information gleaned 

from the inner URC decoder is then iteratively exchanged with the outer decoder in the outer turbo 

loop. Authors channel estimator however exploits the a posteriori information produced by the 

MIMO softdemapper to select a sufficient blocks of high-quality detected soft bits, and it is 

naturally embedded into the original iterative three-stage detection/decoding process, without 

introducing the costly iterative loop between the decision-directed channel estimator and the three-

stage turbo detector/decoder. 

 

4. Md. Masud et. al [4] in 2010 presented a variable step size based least mean squares (LMS) 

channel estimation (CE) algorithm for a single carrier frequency division multiple access (SC-

FDMA) system under the umbrella of the long term evolution (LTE). This unbiased CE method 

can automatically adapt the weighting coefficients on the channel condition. Therefore, it does not 

require knowledge of channel, and noise statistics. Furthermore, it uses a phase weighting scheme 

to eliminate the signal fluctuations due to noise and decision errors. Such approaches can 

guarantee the convergence towards the true channel coefficient. The mean and mean square 

behaviors of the proposed CE algorithm are also analyzed. With the help of theoretical analysis 

and simulation results, authors proved that their algorithm outperforms the existing algorithms in 

terms of mean square error (MSE) and bit error rate (BER) by more than around 2 to 5dB. 

 

 

5. Xiangyun et. al [5] in 2007 developed low-complexity iterative channel estimation techniques for 

emerging IDMA systems. The channel estimators make use of pilots as well as soft decoded data 

information. Authors derived a lower bound for channel estimation error that reflects the reliability 

of soft decoded data. Authors showed that the estimators perform close to a minimum variance 

unbiased estimator as the mean square error (MSE) approaches the lower bound. Numerical results 

on the MSE and BER performance also showed that their channel estimators are able to track the 

time-varying channel states. 

 

6. Chengyang et. al. [6] in 2003 mentioned that reliable channel estimation is indispensable for 

orthogonal frequency-division multiplexing (OFDM) systems employing coherent detection and 

adaptive loading in order to achieve high data rate communications. Several options exist in 

practical OFDM systems—including training symbols, cyclic prefix, virtual carriers, pilot tones, 

and receiver diversity—to facilitate channel estimation. In this paper, a subspace blind channel 

estimation method based on exploiting the presence of virtual carriers is proposed for OFDM 

systems over a time-dispersive channel. The method can be applied to conventional OFDM 



IJRIT International Journal of Research in Information Technology, Volume 4, Issue 4, April 2016, Pg 15--22 

Manish Kumar, IJRIT-19 
 

systems with cyclic prefix as well as OFDM systems with no cyclic prefix. The 

reduction/elimination of cyclic prefix thereby provides the OFDM systems the potential to achieve 

higher channel utilization than most previously reported cyclic prefix based estimators. Sufficient 

channel identifiability condition is developed as well. Comparison with two other recently 

reported subspace methods is presented via computer simulations to support the effectiveness of 

author’s method. 

 

 

5. Motivation 

 

From the above discussion, the focus of future generation wireless communication systems is on supporting 

high data rate services and ensuring seamless provisioning of services across a multitude of wireless 

systems and networks, for indoor to outdoor, from one interface to another, and from private to public 

network infrastructure. High data rate means that the signal waveform is truly wideband, and the channel is 

frequency-selective from the waveform perspective, that is, a large number of resolvable multipaths are 

present in the environment. OFDM is preferable modern modulation technique suitable for future 

generation communication systems, as it is less susceptible to intersymbol interference introduced in the 

multipath environment. However, it is not possible to make reliable data decisions untill a good channel 

estimate is available. Thus, an accurate and efficient channel estimation procedure is necessary to 

coherently demodulate the received data. Although differential detection can be used to detect the 

transmitted signal in the absence of channel estimates; however, it would result in about 3-4dB loss in 

signal to noise ratio compared to coherent detection. Moreover, as opposed to former standards using 

OFDM modulation, the new standards rely on QAM modulation and thus require channel estimation. 

Hence, the complexity of channel estimation is of crucial importance, especially for time varying channels, 

where it has to be performed periodically or even continuously. Therefore, the research through this 

synopsis will focuses on the channel estimation of the high speed wireless networks. 

 

7. Formulation of the problem  

 

OFDM is most commonly used in modern mobile broadband wireless communication systems such as 

mobile WiMAX and LTE. Therefore, channel estimation techniques for OFDM systems in doubly selective 

channels are the topic of interest. For high data rate transmission systems, employing OFDM converts a 

wide bandwidth channel into several narrow band subchannels (subcarriers). Due to its high bandwidth 

efficiency, its simple implementation and its robustness over frequency-selective channels, OFDM has 

been widely applied in wireless communication systems. For conventional coherent detection, accurate CSI 

is needed for the receiver processing. Although channel estimation can be avoided by using differential 

modulation techniques, these techniques will fail catastrophically in the fast fading channel, where the 
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channel impulse response (CIR) varies significantly within the symbol duration. In fact, differential 

modulation techniques assume that the channel is stationary over the period of two OFDM symbols which 

is not true for the fast fading channels. Moreover in fast fading channels, the impulse response of the 

channel for each propagation path changes from the beginning to the end of each OFDM symbol. The 

orthogonality among the subcarriers is destroyed and intercarrier interference (ICI) is created, which, if left 

uncompensated, can cause high bit error rates (BERs). Thus, channel estimation is more challenging for 

OFDM systems in fast fading channels than in slow fading systems.  

 

 

7. Objectives 

From the above made review, the aim of the research proposal made through this synopsis is to develop an 

adaptive algorithm for channel estimation in LTE wireless networks. To fulfil this aim following objectives 

are proposed:  

1) To review the existing techniques for channel estimation in LTE based wireless communication 

systems.  

2) To develop an adaptive algorithm for channel estimation of the LTE wireless networks.  

3) To Improve  the  speed  of  high  data   rate   transmission for  channel estimation in LTE based 

wireless communication system.  

 

8.  Methodology 

The major steps involved to be done to achieve the above objectives are summarized in Figure 6 below. 
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