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Abstract: Long Term Evolution (LTE) based on OFDM technology is popular 3" Generation Partnership Project that
dominates the 4™ generation of mobile telecommunication network. In this paper our work is unique in providing a detailed
performance study based on NI VST 5644. Our performance study includes TDD and FDD operation modes for uplink and
downlink transmission in physical channel, data modulation, EVM, SEM etc. In this paper LTE performance is being evaluated

using VST with QPSK, QAM modulation schemes.
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1. Introduction

Long Term Evolution (LTE) is a standard for high-speed
wireless communication for mobile phones and data
terminals, It increases the capacity and speed using a
different radio interface together with core network
improvements. The standard is developed by the 3GPP (3rd
Generation Partnership Project). LTE [1-7] is the upgrade
path for carriers with both GSM/UMTS networks and
CDMAZ2000 networks. The goal of LTE was to increase the
capacity and speed of wireless data networks using new DSP
(digital signal processing) techniques and modulations that
were developed around the turn of the millennium. A further
goal was the redesign and simplification of the network
architecture to an IP-based system with significantly reduced
transfer latency compared to the 3G architecture. The LTE
wireless interface is incompatible with 2G and 3G networks,
so that it must be operated on a separate radio spectrum. The
LTE Advanced standard formally satisfies the ITU-R
requirements to be considered IMT-Advanced. To
differentiate LTE Advanced and WiMAX-Advanced from

current 4G technologies, ITU has defined them as "True 4G".
The LTE standard covers a range of many different bands,
each of which is designated by both a frequency and a band
number. In North America, 700, 750, 800, 850, 1900,
1700/2100, 2300, 2500 MHz in South America; 700, 800,
900, 1800, 2600 MHz in Europe;800, 1800 and 2600 MHz in
Asia and 1800 MHz and 2300 MHz[14] in Australia and New
Zealand. As a result, phones from one country may not work
in other countries. Users will need a multi-band capable
phone for roaming internationally.

2. LTE -OFDM Architecture

LTE (Long Term Evolution) or the E-UTRAN (Evolved
Universal Terrestrial Access Network), [16] introduced in
3GPP RS, is the access part of the Evolved Packet System
(EPS). The main requirements for the new access network
are high spectral efficiency, high peak data rates, short round
trip time as well as flexibility in frequency and bandwidth.
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Figure 1. LTE Architecture

GSM was developed to carry real time services, in a circuit
switched manner with data services only possible over a
circuit switched modem connection, with very low data rates.
The first step towards an IP based packet switched solution
was taken with the evolution of GSM to GPRS, using the
same air interface and access method, TDMA. To reach
higher data rates in UMTS (Universal Mobile Terrestrial
System) a new access technology WCDMA (Wideband Code
Division Multiple Access) was developed. The access
network in UMTS emulates a circuit switched connection for
real time services and a packet switched connection for
datacom services. In UMTS the IP address is allocated to the
UE when a datacom service is established and released when
the service is released. Incoming datacom services are
therefore still relying upon the circuit switched core for
paging. The Evolved Packet System (EPS) is purely IP
based. Both real time services and data communication
services will be carried by the IP protocol. The IP address is
allocated when the mobile is switched on and released when
switched off. The new access solution, LTE, is based on
OFDMA (Orthogonal Frequency Division Multiple Access)
and in combination with higher order modulation (up to
64QAM), large bandwidths (up to 20 MHz) and spatial
multiplexing in the downlink (up to 4x4) high data rates can
be achieved. The highest theoretical peak data rate on the
transport channel is 75 Mbps in the uplink, and in the
downlink, using spatial multiplexing, the rate can be as high
as 300Mbps. The LTE access network is simply a network of
base stations, evolved NodeB (eNB), generating a flat
architecture There is no centralized intelligent controller, and
the eNBs are normally inter-connected via the X2-interface
and towards the core network by the S1-interface (The reason

for distributing the intelligence amongst the base-stations in
LTE is to speed up the connection set-up and reduce the time
required for a handover. For an end-user the connection set-
up time for a real time data session is in many cases crucial,
especially in on-line gaming. The time for a handover is
essential for real-time services where end-users tend to end
calls if the handover takes too long.

Packet Switched
EPC

S1interface

! X2 Interface

Figure 2. X2 and S1 Interfaces.

To enable possible deployment around the world,
supporting as many regulatory requirements as possible, LTE
is developed for a number of frequency bands — E-UTRA
operating bands- currently ranging from 700 MHz up to 2.7
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GHz. The available bandwidths are also flexible starting with
1.4 MHz up to 20 MHz. LTE [18]is developed to support
both the time division duplex technology (TDD) as well as
frequency division duplex (FDD). In R8 there are 15 bands
specified for FDD and eight bands for TTD.

3. The Motivation for LTE [19]

Need to ensure the continuity of competitiveness of the 3G
system for the future

User demand for higher data rates and quality of service

Packet Switch optimised system

Continued demand for cost reduction

Low complexity

Avoid unnecessary fragmentation of technologies for
paired and unpaired band operation

4. Result Analysis

Figure 3 shows the setup based on VST for analyzing the
performance of LTE signal at bandwidth of 5 MHz.
EVM (Error Vector Magnitude) “The Error Vector

Magnitude is a measure of the difference between the
reference waveform and the measured waveform. This
difference is called the error vector. The EVM result is
defined as the square root of the ratio of the mean error
vector power to the mean reference power expressed as a %.
The measurement interval is one timeslot as defined by the
CPICH(when present) otherwise the measurement interval is
one timeslot starting with the beginning of the SCH. Figure 4
shows Spectral Emmision mask for 64 QAM. The PAPR
value obtained is 7.3153dB.

Figure 3. NI PXle VST based Set-up for LTE.
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Figure 4. Spectral Emmision mask for 64 QAM.

EVM (also called relative constellation error) is a measure
used to quantify the performance of a digital communication
channel. An ideal digital communication channel would have
all constellation points precisely at the ideal locations.

Imperfections cause the actual constellation points to deviate
from ideal, and EVM is a measure of how far the points are
from those ideal locations. The constellation diagram of the
measured signal is normalized, in other words the mean
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distance between the origin and the sampling points is set to

one. Figure 5 shows

constellation Diagram using QPSK

modulation. The diagrm represents link

performance with PAPR value of 7.1791dB.
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Figure 5. Constellation Diagram using QPSK modulation.
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Figure 6. EVM and scatter plot for QPSK.

signal is Error Vector Magnitude, or EVM (Figure 5). This is
the ratio of the received signal’s amplitude and phase
compared to its Ideal amplitude and phase. Figure 6 shows
EVM and scatter plot for QPSK. The LTE standard defines
the EVM test as an average measurement over 20 frames
using preamble-only equalization and pilot phase tracking,
with a minimum of 16 data symbols per frame.. Note that the
EVM requirements for the low-density constellations are
very relaxed, and for the highest density 64 QAM an EVM of
-32 dB is required. This implies that test equipment EVM
floor must be much less than -32 dB to provide measurement
margin for 64QAM signals. Spectral Emmision Mask (SEM)
Spectrum emissions mask is also known as “Operating Band
Unwanted emissions”. These unwanted emissions are
resulting from the modulation process and non-linearity in
the transmitter but excluding spurious emissions. Spectral
measurements for some of the latest communication
standards like LTE Advanced, require wide bandwidth
acquisitions. Traditionally, such spectral measurements can
be performed using tune able narrowband analyzers and work
well when the signal is continuous since the signal is present
throughout the measurement duration. Figure 7 shows EVM
and scater plot for 64 QAM
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Figure 7. Spectral emmision Mask for 64 QAM.

5. Conclusion

To achieve very high data rates it is necessary to increase
the transmission bandwidths over those that can be
supported by a single carrier or channel. The results show
that better performance can be achieved for LTE link by
using QPSK as compared to 64 QAM. Using LTE carrier
aggregation, it is possible to utilize more than one carrier

and in this way increase the overall transmission bandwidth.

These channels or carriers may be in contiguous elements
of the spectrum, or they may be in different bands.
Spectrum availability is a key issue for 4G LTE. In many
areas only small bands are available, often as small as 5 or
10 MHz. As a result carrier aggregation over more than one
band is contained within the specification, although it does
present some technical challenges. Carrier aggregation is
supported by both formats of LTE, namely the FDD and
TDD variants. This ensures that both FDD LTE and TDD
LTE are able to meet the high data throughput requirements
placed upon them.
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