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Abstract: Long term evolution (LTE) is a 3GPP 4G technology which enhances the development in the field of
telecommunication and by improving the performance of the network for the different types of traffic flows. 4G LTE
is a packet based networks brings some improvements in the form of higher bit rate and lower latencies. OFDMA
technique is used in downlink and SC-FDMA technique is used in uplink. PAPR of OFDMA is higher than SC-FDMA.
This paper presents reduction in the values of PAPR for OFDMA in downlink system by using pulse shaping filter and
capacity of LTE system is improved by using water filling algorithm.
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I. INTRODUCTION

Mobile telephony and mobile communication systems LTE ARCHITECTURE

have been part of the modern telecommunication spectrum.

As they became increasingly popular, a number of new Basic architecture contains following network elements:
systems were introduced, improving and evolving the

existing approaches. a. LTE-EUTRAN:

It provides higher data rates, lower latency and is
1G had fulfilled basic mobile voice while 2G represented optimized for packet data. EUTRAN (Evolved Universal
Global system for Mobile, i.e.GSM has introduced Terrestrial Radio) consists of eNB (Base station).
capacity and coverage. EUTRAN is responsible for complete radio management

in LTE.

This is followed by 3G and 3.5G, which introduced packet
switched data transmission & it allows support for data, b. LTE-EPC:
voice and video information at higher speeds. The LTE EPC consists of Mobility Management Entity

(MME), Serving Gateway (SGW), PDN Gateway(PGW)
This new feature caused exponential growth and and Home Subscriber server(HSS).
worldwide spread of 3G mobile communication standards.
Evolution of wireless access technologies is about to reach

its fourth generation (4G) Long Term Evolution (LTE). wee | S
Traffic

LTE FEATURES: - ’

e Downlink peak rate: 300Mb/s stmwe| | S62 ..

e Uplink peak rate: 75Mb/s ;

E-UTRAN S11

e Improved support for mobility. i
: s1-U Servers
o Low data transfer latencies( less than 5ms). S-GW  [mmmn) P-GW = PDNs
S5/58 I

e OFDMA for downlink & SC-FDMA for uplink to
conserve power.

Fig. 1 LTE Architecture
o Increased spectrum flexibility: 1.4 MHz, 3 MHz,

5 MHz, 10 MHz, 15 MHz and 20 MHz The paper is ordered as follows. In section II, it defines
system model which represents various steps included in
proposed work and the performance parameters used.
Section 11 represents the results. Finally, conclusion is

o Packet switched radio interface. explained in Section IV.

e Support atleast 200 active data clients in every 5 MHz
cell.
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Il. PROPOSED WORK
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Fig. 2: System Model

PROPOSED ALGORITHM

=

GENERATE INPUT DATA STREAM

2. SET INPUT PARAMETERS BLOCK SIZE, NO. OF

SUBCARRIERS

CHOOSE MODULATION SCHEME

4, APPLY ENCODING AND MODULATION TO THE
DATA

5. ADD AWGN NOISE IN CHANNEL

6. APPLY DEMODULATION AND DECODING
PROCESS

7. CALCULATE PAPR VALUE

8. IF PAPR >LIMIT THEN

APPLY FILTERING TECHNIQUE FOR REDUCING
PAPR

ELSE

COMPUTE RESULTS

9. CALCULATE CAPACITY USING ITERATIVE
METHOD

PRB=8:2:20;

L1=length(PRB); Ntx =2;

Nrx=2;

w
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SNRdB=-10:1:20;
SNRIinear=10.~(SNRdB/10);
H = (randn(Nrx,Ntx)+1j*randn(Nrx,Ntx));

for i=1:L1

C@)=
C(i)+log2(real(det(I+SNRlinear(i)/Ntx*H)));

end
10. IF CAPACITY <LIMIT THEN
IMPROVE THE CAPACITY USING WATER FILLING
CONCEPT

for i=1:L

Capacity(i) = Capacity(i)+(1/N * sum(log2(1+
PowerAllo.' .* H)));
end
ELSE
COMPUTE RESULTS
11. END

PERFORMANCE PARAMETERS

1. Mathematical Calculation for PAPR

The complex data block for the OFDM signal to be
transmitted is given by
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N-1
1 .
x(t) = \/_NZ X, ¢2MAt 0 <t<NT
n=0

The PAPR of the transmitted signal is defined as
max Xy < t < NT [x(t)[?

N o
—Jy Ix(@®* dt

PAPR =

Normally, the complementary cumulative distribution
function (CCDF) is used which helps to measure the
probability that the PAPR of a certain data block exceeds
the given threshold.
The CDF of the PAPR of the amplitude of a signal sample
is given by:

F(z) = 1- exp(2)

CCDF is given by:
P(PAPR>Z) = 1- P(PAPR )
=1- F(z)N
=1- (1- exp(-2))N

» PAPR is determined by combination of

e Modulation

o Constellation of the signal

o Pulse shaping

» High PAPR reduces power amplifier efficiency since it
must operate with large back off (higher PAPR
requires higher back off and/or more linearity)

2. Significance of pulse shaping filter in PAPR analysis
In digital communication, pulse shaping is one of the
methods of changing the waveform of the transmitted
pulse. It helps in limiting the effective bandwidth of the
transmission and also the ISI caused by the channel can
also be kept in control. PAPR of an RRC will increase
with  reduced excess bandwidth and increased filter
length.

3. LTE Capacity

Peak Capacity of LTE is the maximum possible capacity
which can only be achieved in lab conditions.LTE
Capacity depends on the following:

e Channel Bandwidth

e network Loading: number of subscribers in a cell
which impacts the overhead.

e The Configuration & capability of the System: whether
it is 2*2 MIMO,SISO and MCS Scheme.

4, Carrier Aggregation

Carrier aggregation is used in LTE-Advanced in order to
increase the bandwidth, and thereby increase the bit rate.
Carrier Aggregation (CA) allows scalable bandwidth
extension via aggregating multiple smaller band segments,
each called a Component Carrier (CC), into a wider virtual
frequency band to transmit at higher rates. The component
carrier can have a bandwidth of 1.4, 3, 5, 10, 15 or 20
MHz.
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5. Water Filling Algorithm

Water-filling algorithms are always performed iteratively
to solve the power allocation problem. In this, linear
iterative algorithm is proposed to increase the LTE
capacity.

IV. RESULTS

1. COMPARISON OF PAPR VALUE OF OFDMA &
SC-FDMA

In order to gain high data bandwidth when transmitting
packets, LTE integrates OFDM technology which can
provide high-degree resilience to reflections and
interference at the same time. SC-FDMA has the
advantages of smaller PAPR The OFDMA solution leads
to high PAPR requiring Expensive Power amplifiers with

high requirements on linearity, increasing power
consumption for the sender.
m Itelink -
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Fig 3. Comparison of PAPR values for various multiple
access schemes for No. of subcarriers =128 and block
size=64 using (a) QPSK modulation (b) 16 QAM (c) 64
QAM.

Table 1. Comparison of PAPR values for various multiple
access schemes for No. of subcarriers =128 and block
size=64 using (a) QPSK modulation (b) 16 QAM (c) 64
QAM.

MODULATION SCHEME | OFDMA | SC-FDMA
QPSK 8.4 12
16-QAM 9.2 11.2
64-QAM 10.3 11.8

2. COMPARISON OF PAPR VALUES OF OFDMA
USING

WITH AND WITHOUT
TECHNIQUE

FILTERING

Probability (PAPR > PAPRo)
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Fig 4.4 Comparison of PAPR values for OFDMA for No.
of subcarriers =128 and block size=64 using (a) QPSK
modulation (b) 16 QAM (c) 64 QAM
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Fig 4.5. Comparison of PAPR values for OFDMA for No.
of subcarriers =256 and block size=64 using (a) QPSK
modulation (b) 16 QAM (c) 64 QAM.

=

Similarly results are calculated for comparison of PAPR
values for OFDMA for No. of subcarriers =512,256,512
and block size=64,128,128 respectively using (a) QPSK
modulation (b) 16 QAM (c) 64 QAM.

Table 4.2. Comparison of PAPR values of OFDMA with
filtering technique and without filtering technique for
different No. of subcarriers and different block size using
QPSK modulation, 16-QAM and 64-QAM.
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Number Block | MODUL | PAPR | PAPR
of Sub Size ATION with | without
carriers SCHEME | Filter Filter
QPSK 10.4 115
128 64 16-QAM 10.9 11.2
64-QAM 10.8 11.7
QPSK 10.9 115
256 64 16-QAM 10.9 11.2
64-QAM 11.2 11.8
QPSK 10.8 115
512 64 16-QAM 10.9 12.1
64-QAM 10.8 12.1
QPSK 9.9 11.9
256 128 [716-QAM | 10.1 | 115
64-QAM 10.6 11.6
QPSK 9.9 11.9
512 128 | 16-QAM | 10.2 | 123
64-QAM 10.9 115

3. COMPARISON OF LTE CAPACITY OF OFDMA
WITH AND WITHOUT USING WATER FILLING
ALGORITHM
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Fig 4.6 Comparison of LTE Capacity for QPSK
Modulation using (a) Monte Carlo Method (b) Water
Filling Algorithm
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Similarly results are calculated for comparison of LTE
Capacity for 16 QAM and 64 QAM.

Table 4.3. Comparison of values of LTE CAPACITY
using Monte Carlo Method and Water Filling Algorithm
using QPSK modulation, 16-QAM and 64-QAM.

Modulation | LTE Capacity LTE Capacity
Scheme with MONTE with WATER
CARLO FILLING
METHOD ALGORITHM
QPSK 100 158.5
16-QAM 199 257.1
64-QAM 309 398.1

4. Symbol Error Rate (SER)

One way to compute the symbol error rate for a
communication system is to simulate the transmission of
data messages and compare all messages. Symbol rate is
the number of symbol changes or waveform changes
across the transmission medium per unit time before and
after transmission. The symbol error rate (SER) is the
number of bit errors per unit time.

Symbol Error Rate

0.2 0 0.2 0.4
SNR/bit in dB
Fig 4.7. SER for 256 subcarriers
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Symbol Error Rate
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SNR/bit in dB

Fig 4.8. SER for 512 subcarriers
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Symbal Error Rate

SNR/bit in dB

Fig 4.9. SER for 1024 subcarriers
V. CONCLUSION

PAPR analysis of OFDMA and SC-FDMA showed that
the SC-FDMA has less PAPR value. By using pulse
shaping filter with high roll off factor, significant
reduction of PAPR of OFDMA is achieved but this
increases Bandwidth requirement. Therefore, a middle
value of Roll off Factor is chosen for this dissertation.
Simulated results are obtained for different number of
subcarriers and block size for OFDMA and value of PAPR
is compared for both by using Pulse Shaping Filter and
without using Pulse Shaping Filter. As there is always a
scope for capacity improvement. So LTE Capacity is
computed by Monte Carlo method. The value of capacity
is improved by using Carrier Aggregation and Water
Filling Algorithm. Carrier aggregation increases the
Bandwidth and Water Filling Algorithm improves LTE
Capacity. It is also concluded that SER increases with
increase in number of subcarriers.
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