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Abstract 

LTE-Advanced is a communication standard for cellular networks. It uses the physical layer uplink transmission technology 

based on single carrier frequency division multiple access (SC-FDMA) and down link based on orthogonal frequency division 

multiple access (OFDMA).  The system is designed using OFDMA in both uplink and downlink with deployment of amplify and 

forward relays. To reduce the effect of noise, equalization has been applied on the receiver side. In order to improve the system 

throughput power allocation scheme has been added. Maximum achievable rate and throughput are obtained after performing ZF 

equalization and power allocation.   

Keywords: Amplify and Forward Relay, Minimum Mean Square Error (MMSE) Equalization, Power Allocation, Water 

Filling Algorithm, Zero Forcing Equalization 

________________________________________________________________________________________________________ 

I. INTRODUCTION 

The increasing demand for high speed data services over limited bandwidth and power led to significant expansion in mobile, 

cellular technologies and wireless communication standard. LTE-Advanced (LTE-A) is a mobile communication standard and 

support 4G mobiles. This standard seeks to improve voice quality and expand broadband data services, to provide high-definition 

video and audio and real-time content in an “anything anywhere-anytime” manner, i.e. the target is to support higher peak data 

rates, higher throughput and coverage. To active high radio spectral efficiency and enable efficient scheduling in time and 

frequency domain, a multicarrier approach ie. Multiple access was chosen. In LTE, OFDMA (Orthogonal frequency division 

multiple access) was selected for down link and for the uplink use SC-FDMA (single carrier frequency division multiple 

access).In SC-FDMA system the signals on all subcarriers transmitted series. With the achievable rate increase by using SC-

FDMA in both uplink and down with equalization and power allocation [1]. Throughput increases by using equal power 

algorithm and an equal power algorithm with refinement scheme [2]. By considering the quality of service (QoS) and different 

power allocation algorithms can increase system throughput [3]. The system capacity increased by applying power allocation[4-

7]. 

Equalization can be implemented in the receiver side as well as compensating loss after a signal travel through a channel by 

restoring high frequency content. Mainly two type linear equalizer zero forcing (ZF) and Minimum Mean Square Error (MMSE). 

The name Zero Forcing due to it bringing down the inter symbol interference to zero in a noise free case. Zero Forcing equalizer 

eliminates all ISI and provides a noiseless channel. Minimum mean square error equalizer that minimizes the total power of the 

noise and ISI components in the output [7]. 

By considering the physical layer techniques and relaying technologies we have to improve the network efficiency by utilizing 

the limited spectral resources. The system design use OFDMA as the uplink and down link multiple access scheme with suitable 

PAPR reduction method, this will improve spectrum efficiency and transmission rate. Also use power allocation for the uplink 

communications with the deployment of relay stations. The use a power allocation schemes among subcarriers at both user 

equipment and relay stations to maximize the overall through put of the system. Here we use in band amplify and forward (AF) 

type-II full duplex relay, this will reduce the complexity.  In band relay allows the same set of frequency subcarriers for 

cooperative transmission with each users equipment (UE) [8]. Relay station receive a signal from user equipment, it will first 

amplify the signal then retransmits to the base station (eNB). At the receiver side use equalization technique Zero Forcing (ZF) 

and Minimum Mean Square Error (MMSE) to reduce ISI. Then compare ZF and MMSE equalization.  

PAPR is defined as the ratio of the peak power to average power of the transmit signal. It is a technical challenge and it will 

reduce the efficiency of RF power amplifiers. PAPR is one main object at the user terminals, that is preferred low PAPR. PAPR 

directly relates to the amplifier efficiency at the transmitter. The maximum power efficiency is obtained when the amplifier 

operates at the saturation region. Low PAPR allows operation of the power amplifier near to saturation point that result higher 

efficiency. In SC-FDMA, modulated signal can be considered as a single carrier signal. A pulse shaping filter can be applied to 

transmit signal to further improve PAPR. One of th PAPR reduction techniques in OFDM is using hadamard transform. 

Hadamard transform reduce the occurrence of the high peaks compared to the original OFDM systems. Hadamard transform 

https://en.wikipedia.org/wiki/List_of_mobile_phone_standards
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reduce the auto correlation of the input sequence that reduce the PAPROFDMA system required high Peak to Average Power 

Ratio (PAPR) which cause expensive power amplifiers with high linearity, that increase the power consumption for the sender 

[9]. The rest of the paper is organized as follows. The report is outlined as follows: Chapter 2 provides a lay out of the system. 

Achievable rate increased by equalization techniques which are explained chapter 3. The proposed system model described in 

chapter 4. Result analysis performed in chapter5. Chapter 6 contains concluding remarks. 

II. SYSTEM MODEL 

 
Fig. 1: System model for wireless communication system 

Uplink communication framework in an LTE-A network given in above fig 1.  Base station (BS) is located in the centre of each 

cell.  Each user equipments (UE) try to connect with base station simultaneously for uplink transmission.  Users may or may not 

requires relays, ie it’s depends on transmission distance. The users closer to base station do not require relays. Relays are used 

near the cell edge. Relays station used Type II in band amplify and forward types, these are installed to assist the 

communications and improve transmission rate for the users within the relay source (RS) communication range. User 

equipments within the relay source coverage area broadcast it’s signal to both it’s affiliated base station and the relay source. 

Resource allocation in orthogonal frequency division multiplexing (OFDM) based relay communication systems involve more 

technical challenges. Compared with single carrier relay systems, the multiple relays can allocate multiple orthogonal subcarriers 

in every hop, it will increase the complexity. Here we study about amplify and forward type relay, equalization and power 

allocation, that is the objective is to maximize the transmission rate.  

III. LINEAR EQUALIZATION 

For linear equalization, there are two basic linear equalizations, that is linear equalizer implemented as an FIR filter and as an 

lattice filter. Here equalizer automatically adapts to time-varying properties of the communication channel. This equalizer is 

frequently used with coherent modulations such as phase shift keying and it is mitigate the effects of multipath propagation and 

Doppler spreading. 

 Zero Forcing Equalizer 

Zero Forcing Equalizer is a form of linear equalizer used in communication systems which applies the inverse of the frequency 

response of the channel. If the channel response of a channel is H(s), then the input signal is multiplied by the reciprocal of it. 

This remove the effect of channel from the received signal that is inter symbol interference.   

Zero forcing equalizer removes all ISI and is ideal when the channel is noiseless. But when the channel is noisy, the zero 

forcing equalizer will amplify the noise at frequency f where the channel response H(j2πf) has a small magnitude in the attempt 

to invert the channel completely. Balanced linear equalizer is the minimum mean square error equalizer, which does not usually 

eliminate the inter symbol interference completely but it minimizes the total power of the noise and ISI components in the 
output.  

The main advantage of zero forcing technique (ZFE) is that the solution to the set of equations is reduced to a simple matrix 

inversion. The major drawback of zero forcing equalizer is that the channel response may often exhibit attenuation at high 

frequencies around one-half the sampling rate. Since the ZFE is simply an inverse filter, it applies high gain to these upper 

frequencies, that tends to exaggerate noise. Another disadvantage is that the training signal and it is low energy signal which 

results in a much lower received signal to noise ratio than provided by other training signal types 

Consider a linear filter having an impulse response 𝑓𝑛 and equalizer having an impulse response 𝑐𝑛. So a single equivalent 

filter having the impulse response 

𝑞𝑛 =∑ (𝑐𝑗
∞
𝑗=−∞ )𝑓𝑛−𝑗                                           (1) 

Here 𝑞𝑛 simply the convolution of 𝑐𝑛 and 𝑓𝑛 . The equalizer is assumed to have an infinite number of taps. Its output at kth 

sampling instant 

𝐼𝑘  ̂=𝑞0𝐼𝑘 +∑ 𝐼𝑛𝑛−𝑘 𝑞𝑛−𝑘 +∑ 𝑐𝑗
∞
𝑗=−∞ 𝜂𝑘−𝑗            (2) 

https://en.wikipedia.org/wiki/Telecommunications
https://en.wikipedia.org/wiki/Frequency_response
https://en.wikipedia.org/wiki/Frequency_response
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The first term represents scaled version of the desired symbol and take 𝑞0 to unity. The second term is inter symbol 

interference (ISI). The peak value of this interference is called Peak distortion D(c). 

D(c) = ∑  |𝑞𝑛|∞
𝑛=−∞,𝑛≠0                                     (3) 

D(c) is a function of the equalizer tap weights. 

When an equalizer having an infinite number of taps, it is possible to select the tap weights so that D(c) = 0 i.e. 𝑞𝑛 = 0 for all 

n except n=0. i.e. the inter symbol interference can be completely eliminated. So the value of tap weight 

𝑞𝑛 =∑ (𝑐𝑗
∞
𝑗=−∞ )𝑓𝑛−𝑗 = {

1  (𝑛 = 0)
0   (𝑛 ≠ 0)

}                (4) 

Taking the Z transform of equation (4) 

Q(z) =C(z)*F(z) =1                                          (5) 

C(z) = 
1

𝐹(𝑧)𝐹∗(𝑧−1) =
1

𝑋(𝑧)
                                      (6) 

Where C(z) is the Z transform of Cj and this C(z) is simply the inverse filter to the linear filter model F(z) or simply say 

complete elimination of  the ISI requires the use of an inverse filter to F(z). This type equalizer is called Zero Forcing equalizer. 

 Minimum Mean Square Error (MMSE) Equalizer 

Minimum Mean Square Error (MMSE) equalizers reduce inter symbol interference (ISI) with noise enhancement. MMSE linear 

equalizer performs better than Zero Forcing Equalizer (ZFE) but its implementation complexity same as ZFE. The MMSE linear 

equalizer use a filter with linear response Ck, but the choice of filter impulse response Ck is different than the ZFE. In MMSE 

design, the goal is to minimize the combined error of Additive White Gaussian Noise (AWGN) and ISI. In Mean square error 

(MSE) criterion, the tap weight coefficients Cj of the equalizer are adjusted to minimize the mean square value of the error  

ek=Ik+𝐼𝑘                                  (7) 

Where Ik is the transmitted information symbol, transmitted in the Kth signalling interval and 𝐼𝑘 is the estimate of that  

Symbol at the output of the equalizer. 

𝐼𝑘  =     ∑ 𝑐𝑗
𝐾
𝑗=−𝐾  𝑣𝑘−𝑗                                             (8) 

So the performance index, J, is  the MSE criterion 

                                                                 J = E|𝑒𝑘|2 

= E |𝐼𝑘 − 𝐼𝑘| 2                                              (9) 

Now consider the case of infinite number of taps. The tap weight coefficient Cj , that minimize J when the equalizer has a n 

infinite number of taps. 

𝐼𝑘  =∑ 𝑐𝑗
𝐾
𝑗=−𝐾  𝑣𝑘−𝑗                                                  (10) 

Substitute equation for 𝐼𝑘in equation for J then expand the result yield a quadratic function of the coefficients Cj. This 

quadratic function can be easily minimized with respect to the Cj, that yield a set of linear equation  for the Cj. Set of linear 

equation obtained by using the orthogonality principle in mean square estimation. 

Here the coefficient Cj provide the error 𝑒𝑘 orthogonal to the signal sequence V*
k-l for -∞ < l < ∞. Thus  

E(𝑒𝑘𝑣𝑘−𝑙
∗ )=0                                                      (11) 

Substitute the value of 𝑒𝑘  

E[(𝐼𝑘 − ∑ 𝐶𝑗𝑉𝑘−𝑗
∞
𝑗=−∞ )𝑉𝑘−𝑙

∗ ] = 0                                 (12) 

Or        

∑ 𝐶𝑗
∞
𝑗=−∞  E(𝑉𝑘−𝑗𝑉𝑘−𝑙

∗ ) = E(𝐼𝑘𝑉𝑘−𝑙
∗ )                              (13) 

Then find the Z transform of this equation  

C(z)[F(z)F*(z-1) + N0] = F*(z-1)                                   (14) 

Transfer function of the equalizer 

C(z) = F(z)/(F(z)F*(z-1) + N0)                                   (15) 

The main difference between equation (6) and equation (14) noise spectral dencity factor N0 . When the N0 is very small in 

comparison with the signal, the coefficients that minimize the peak distortion D(c) and is approximately equal to the coefficients 

that minimize the mean square error performance index J. When N0=0, the minimization of the MSE results in complete 

elimination of the ISI. 

 Power Allocation 

Water filling is a technique used in digital communications systems for allocating power in different channels in multicarrier 

schemes. Water filling algorithm used for allocating the power to the channels so as to enhance the capacity of the network. If we 

know the channel parameters of both transmitter and receiver, then we have to increase the capacity of the system. It also assigns 

extra power at the transmitter by allocating the power according to water filling algorithms to all the channels. The process of 

water filling is like to pouring the water in the vessel. The algorithm has this name because consider a communication medium as 

if it was like a water container with an uneven bottom. Each of the available channels is then a section of the container having its 

own depth. To allocate power, assume pouring water in to this container and the amount depends on desired maximum average 

transmit power. After the water level settles, the largest amount of water is in the deepest sections of the container; this implies 
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that allocating more power to the channels with most favorable SNR. The power allocation to each channel is not a fixed 

proportion, it varies nonlinearly with the maximum average transmit power.  

The total amount of power allocated or total amount of water filled is proportional to the signal to noise ratio of the channel. 

Power allocated to each channel by using the below formula 

Power allocated = 
𝑃𝑡+∑

1

𝐻𝑖

𝑛
𝑖=1

∑ 𝑐ℎ𝑎𝑛𝑛𝑒𝑙𝑠
−

1

𝐻𝑖
                                  (16) 

Pt is the power budget of the system which is allocated in the different channels and H is channel matrix of the system. By 

using the allocated power we have to find the capacity of the system.  The capacity of a system is the algebraic sum of all 

channels and it is given by 

Capacity = ∑ 𝑙𝑜𝑔2
𝑛
𝑖=1 (1 + 𝑝𝑜𝑤𝑒𝑟𝑎𝑙𝑙𝑜𝑐𝑎𝑡𝑒𝑑 ∗ 𝐻)          (17) 

Optimal power allocation scheme among sub carriers maximize the overall through put of the system. 

IV. SYSTEM MODEL 

 
Fig. 2: Block diagram of the designed system 

Fig 2 shows the system model. The physical layer techniques for LTE and LTE-A contain orthogonal frequency division 

multiplexing (OFDM) as the down link (DL) transmission scheme and SC-FDMA (Single Carrier-OFDMA) as the uplink (UL) 

multiple access scheme that improve spectrum efficiency and transmission rate. But it reduce uplink transmission rate. So here 

design OFDMA as the uplink and down link multiple access scheme with suitable PAPR reduction method, this will improve 

spectrum efficiency and transmission rate. Also use power allocation for the uplink communications with the deployment of 

relay stations. The use a power allocation schemes among subcarriers at both user equipment and relay stations to maximize the 

overall through put of the system. Here we use in band amplify and forward (AF) type-II full duplex relay, this will reduce the 

complexity.  In band relay allows the same set of frequency subcarriers for cooperative transmission with each users equipment 

(UE) [2]. Relay station receive a signal from user equipment, it will first amplify the signal then retransmits to the base station 

(eNB). At the receiver side use equalization technique Zero Forcing (ZF) and Minimum Mean Square Error (MMSE) to reduce 

ISI. Then compare ZF and MMSE equalization.  

In system model first convert the serial data in to parallel. After subcarrier mapping apply power allocation. Water filling 

algorithm used for power allocation. Then calculate the inverse fourier transform. OFDMA in uplink cause high PAPR so apply 

PAPR reduction techniques. Here apply Hadamard transform to reduce PAPR. Then apply cyclic prefix and convert it in to serial 

form. After passing through a channel, here channel is considered as AWGN, it convert to parallel form and remove cyclic 

prefix. Then calculate the fourier transform. Equalization techniques applied in the receiver section. Here use two linear 

transform techniques zero forcing (ZF) and minimum mean square error (MMSE) equalization techniques. Then convert the data 

in to serial form. After demapping get the decoded data. 
Table – 1 

System Parameters 

Parameters Specification 

Number of subcarriers 16 

Cyclic prefix 4 

Modulation BPSK 

Number of taps 4 

Channel AWGN 
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V. RESULTS AND DISCUSSIONS 

In this section, discuss the achievable rate of two equalization methods and power allocation. The achievable rate analyzed by 

changing the power and number of relays. The power allocation helped to increase the throughput. Table I shows the parameters 

used for the system design. Here the MATLAB simulations were performed to evaluate the performance.  

 
Fig. 3: BER comparison after applying equalization and power allocation 

Fig. 3 compares the BER after applying equalization and power allocation. Zero forcing (ZF) equalizer completely removes 

the noise, but Minimum Mean Square Error (MMSE) equalizers reduce the power of noise. The ZF OFDMA system shows low 

bit error rate (BER) after equalization and power allocation.  

Fig 4 shows the achievable rate of OFDMA system after applying equalization and power allocation. ZF equalizer with power 

allocation provided high achievable rate. As the source transmission power increases, the user achievable rate rises. OFDMA 

achieves higher rates than SC-FDMA due to the parallel transmission structure. This helps the base station to decode the original 

data. 

 
Fig. 4: Performance comparison after applying equalization and power allocation by changing power 

Fig 5 shows the achievable rate of OFDMA system. As the number of relay source increases, the achievable rate increases. 

This method reduces the user equipment power consumption.  The maximum achievable rate gets by using ZF equalization with 

power allocation. 
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Fig. 5: Performance comparison after applying equalization and power allocation by changing number of relays 

Fig. 6 shows the throughput of MMSE and ZF OFDMA system with power allocation. Power allocation increased the overall 

system throughput. ZF OFDMA system with water filling(WF) algorithm provided better throughput as compared to the MMSE 

OFDMA system.  

 
Fig. 6: Throughput of MMSE and ZF OFDMA system with power allocation 

VI. CONCLUSION 

Physical layer techniques for LTE-Advanced system use Orthogonal Frequency Division Multiple Access (OFDMA) as the 

downlink transmission and Single Carrier Frequency Division Multiple Access (SC-FDMA) as the uplink transmission scheme. 

But this will reduce transmission rate in uplink. The proposed system is designed using OFDMA in both uplink and down link 

and a multi user joint resource allocation applied.  

It is seen that the achievable rate and power allocation improves by deployment of amplify and forward relays. That is, the 

cooperative transmission scheme improves the transmission efficiency. The work analyzed the equalization techniques and 

power allocation methods to improve the transmission efficiency. For equalization techniques Minimum Mean Square Error 

(MMSE) and Zero Forcing (ZF) techniques are used. After equalization and power allocation is done, the uplink OFDMA 

system with ZF equalization and power allocation provides maximum achievable rate and throughput. In future, this scheme is 

expected to provide high data rate services under limited bandwidth and power resources in wireless communication. 

REFERENCES 

[1] Xiaoxia Zhan, Xuemin Shen et. al, “uplink achievable rate and power allocation in cooperative LTE-Advanced Networks”, IEEE transactions on vehicular 

technology, vol- 9, pp. 1564–1570, January 2015. 
[2] M. S. Alam, J. W. Mark, and X. Shen, “Relay selection and resource    allocation for multi-user cooperative OFDMA networks,” IEEE Transactions on 

Wireless Communications,vol-2,pp.1347-1352, May 2013.    



Enhancement of Uplink Achievable Rate and Power Allocation in LTE-Advanced Network System  
(IJSTE/ Volume 3 / Issue 03 / 039) 

 

 All rights reserved by www.ijste.org 
 

217 

[3] M. S. Alam, J. W. Mark et. al, “Relay selection and resource allocation for multi-user cooperative OFDMA uplink,” IEEE Transactions on Wireless 

Communications, vol. 12, pp. 5092- 5096, June 2013. 
[4] Kuldeeep Kumar, Manwinder Singh “Proposed water filling model in a MIMO system” in International Journal of Emerging Technology and advanced 

Engineering, vol-1, pp.2250-2257, December 2011. 

[5] Qilin Qi, Yaonqing Lamar Yang “An Efficient waterfilling Algorithm For power allocation in OFDM based Cognitive radio system” International 
Conference on Systems and Informatics, January 2012. 

[6] Danilo Zanatta Filho, Luc Fety et. al “ A Hybrid Single Carrier/Multi carrier Transmission scheme with power allocation”, EURASIP journal  on wireless 

communications and networking,vol-2008,pp.1-11, August 2007. 
[7] Yi Jiang, Mahesh K. Varanasi etl. al,” Performance analysis of ZF and MMSE equalizers for MIMO system An in-depth study of the high SNR regime”, 

IEEE transaction in information theory, vol-57, pp. 2008-2026, April 2011. 

[8] Mehri Mehrjoo, S. Moazeni et. al, “Resource allocation in OFDMA    networks based on interior point methods,” Wireless Communications and Mobile 
Computing, volume-10, pp. 1493–1508, August 2009. 

[9] Myonghee Park, Heeyoung Jun, Jaechee cho etl. al, “PAPR reduction in OFDM transmission using Hadamard transform”, Communications IEEE 

international conference, June 2000. 


