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ABSTRACT

In present era, cellular communication plays al vitde for communicating over long
distance. The number of mobile subscribers is a®irg tremendously day by day. 3GPP LTE is
the evolution of the UMTS in response to ever-iasieg demands for high quality multimedia
services according to users’ expectations. Theageedata consumption exceeds hundreds of
Megabytes per subscriber per month. To introduseansarize and get acquainted with this new

technology LTE is one of the main objectives of tingsis.

The Downlink is always considered an importantdaat terms of coverage and capacity
aspects in between Downlink and Uplink factors @milular communication. Orthogonal
Frequency Division Multiple Access (OFDMA) and Mple Input Multiple Output (MIMO) are
the new technologies which enhance the performahtee traditional wireless communication
experience for downlink. In this thesis, we considethe downlink system for channel

estimation by using different algorithms and intdgbion methods.

Channel Estimation algorithms such as Least Squasémation (LSE) and Minimum
Mean Square Error (MMSE) have been evaluated féerdnt channel models. The interpolation
method used in algorithms is Linear, Piecewise tzons Averaged and Pilot averaged. |
measured the performance of these algorithms mstesf Bit Error Rate (BER) and Symbol
Error Rate (SER). The results are presented tcstilite the salient concept of the LTE

communication system.
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CHAPTER 1

INTRODUCTION

The support for voice and data services has degdlepormously in recent years and the
demands for higher data rates along with high tuakireless communications has also
increased. Limitations in bandwidth resources andhénse increase in the number of users
become an unavoidable issue to be solved. So, tieera need to improve wireless
communications by adopting advanced technologieséothe available spectrum in an efficient
way. Orthogonal Frequency Division Multiplexing (DM) and Multiple Input Multiple Output
(MIMO) systems are examples of technologies whiahn enhance the performance of the
wireless communications systems. These system®brag the advantages of using high data
rates and high quality voice simultaneously. On tiker hand, cheaper installation and
maintenance cost along with superior performancelavbe highly desirable. Therefore, Long
Term Evolution (LTE) of the Evolved Packet SystdaiP§) becomes a revolutionary move in
the field of mobile communications which can fulfthe demand for high speed connections on
networks, low latency and delay and high peak datas. LTE leverages on a number of
technologies namely Multi Input Multiple Output (MD) antennas, Orthogonal Frequency
Division Multiplexing (OFDM) and Orthogonal Frequmn Division Multiplexing Access
(OFDMA) at the downlink, Single Carrier FrequenciwiBion Multiple Access (SCFDMA) at
the uplink, support for Quadrature Phase Shift Kgy(QPSK), 16 Quadrature Amplitude

Modulation (16QAM), and 64QAM [1].



1.1  Thesis Outline

Chapter 2 starts with a brief description of eviolus of wireless technology along with
the modulation techniques, multiple access schemma$ propagation & fading of the
communication channel. After that it also desgibie motivation of the thesis and

contributions accordingly.

Chapter 3 contains an introduction to LTE physieger for both downlink and uplink
transmission. It also describes the modulationrteghes, synchronization, frequency allocation

and channel structure for downlink and uplink trarssion.

Chapter 4 contains a brief overview of availablargtel estimation methods and related

results as literature review.

Chapter 5 represents the simulation and resultshefavailable channel estimation
methods for OFDMA based downlink systems. The aislynainly based on MATLAB
simulation (LTE PHY Lab) [2].

Chapter 6 presents the conclusions and outlookiseftork of the thesis work based on

simulations and experimental result analysis.



CHAPTER 2
BACKGROUND

The concept of wireless communications is consdleree of the greatest achievements
of all time. It was first introduced by Guglielmo avtoni in 1897. It is widely used in
broadcasting of television, radio, satellite trarssion and cellular networks in today’s world. In
between them, cellular communications has expesistgnificant development within the last
two decades.

Table 1 shows the evolution of wireless technolbggfly elaborated from 2G to 4G according

to the corresponding multiple access techniqueguincy bands and throughputs.

The evolution of mobile standards

Mobile standards 3GPP Qualcomm China |IEEE
5 . AT&T and T-Mobile US, Sprint, Verizon . B =
Carriers using: majority of global carriers Wireless China Mobile Sprint
2G: GSM: 2G
digital + data GPRS: 2.5G CDMAOne
SEFvices EDGE: 2.75G
CDMA2000
Release 4 UMTS 3G EVDO rev 0
CDMA2000
3G: HSDPA 3.5G EVDO rev A
at least 200 kbps Release 5 (to 21Mbps (up to 31Mbps
e ok down, 1.8up) | TD-SCDMA
currently delivers | Release 6 HSU:;!AbB.SG EVDORevcy |WPTO2Mbps)|
up to 7.2Mbps (to 5.8Mbps up) Ultra Mobile WiIMAX
down, 5.8Mbps UP | pejease7 | HSPA+3.5G Broadband 396G
Canceled: (4 Mbps cap
Release 8/9 LTE 3.9G , on EVO “4G")
L Sprint moving to
4G: [
at least 100 Mbps, | i "tieon mawing
1P-based to 3GPP LTE

Table 1: Wireless Technology Evolution [3]



2.1 Communication Model

In general, there are three main parts of a comeation model. (Figure 1)

1) Transmitter: It transmits the information oraé#&tom the source to the channel.

2) Channel: It is a medium where transmitter candmit the signal to the receiver. The quality
of the signal is greatly depends on the channehgth and distance.

3) Receiver: It receives the signal from the chamme recovers the information signal from

transmission loss due to attenuation and interéeren

User of Information

Source of
Information |

Source Encoder Source Decoder
Transmitter Channel Encoder Channel Decoder Receiver
Modulation Demodulator
Wave Form Received
Channel Signal

Figure 1: Basic Communication Model
The modulator and demodulator play a vital rolecommunication systems. At the
transmitter side, the information signal is modedbty carrier frequency. After getting the
carrier frequency added information from chanrteis removed from the information signal at

the receiver side to retrieve the original sigddl [



2.2 Multiple Access Schemes
Multiple Accesses allow users to share the samangiaon the basis of frequency, time, space

and code [5]. The well known multiple access schemeude:

1) Time Division Multiple Access (TDMA)

2) Code Division Multiple Access (CDMA)

3) Frequency Division Multiple Access (FDMA)

4) Space Division Multiple Access (SDMA)

5) Orthogonal Frequency Division Multiple Accesd-({@MA)

6) Single Carrier Frequency Division Multiple AcegSC-FDMA)

2.2.1 Time Division Multiple Access (TDMA)

TDMA is mainly based on time-division multiplexif@ DM) scheme, which provides
different time-slots to different data —streamsigyclically repetitive frame structure. Several
users access the same frequency channel for différee slots and each user is assigned a
separate time slot for a specific period that tnaitss signal in rapid succession. It is used in

GSM, 1S-136, PDC and iDEN.

2.2.2 Frequency Division Multiple Access (FDMA)
FDMA is based on frequency-division multiplexingD@) scheme, which provides
different frequency bands to different data strea@re channel is assigned to one user for entire

call duration which is not an efficient scheme. FRM used in 1G (AMPS).



2.2.3 Code Division Multiple Access (CDMA)
In this system, the data is transmitted over thgeefrequency range available. CDMA is
a form of multiplexing system. It allows a numbdrsignals to occupy a signle transmission
channel which optimize the available bandwidth. idt used by 2G and 3G wireless
communications and typically operates in the fregyaange of 800 MHz to 1.9 MHz. With the
combination with spread spectrum technology, CDMAplys analog-to-digital conversion

(ADC).

Figure 2 shows a basic frequency vs time diagrafFDdfIA, TDMA and CDMA.

Ty Aa TTYEAA P )
rl’s v’y ERNEIL [ L
(Fremuenecsy Thsrizion ("Titne Diwidon ¢ eda T o e
(Fregquency Division [ Titme Dividon {Code Division
Maltifle Access) Aliliple & ceess) Mul-irle focesg
& H £« F3 CUQ
B — Full IR S I I B a
o I ' - =] 3
2 £l g |] BN | - ! [ I— | -]
= - = = L - |
L T [N 4 tude ] -
= £ =
Titne: Titne: Time

Figure 2: Comparison between FDMA, TDMA & CDMA [6]

2.2.4 Orthogonal Frequency Division Multiplexing@ess (OFDMA)
In OFDM systems, the available bandwidth is brokea many narrower subcarriers [7].
The data is divided into parallel streams, onectich subcarrier each of is then modulated using
varying levels of QAM modulation e.g. QPSK, 16QAB4QAM or higher orders as required by

the desired signal quality.

Figure 2 shows a basic block diagram of OFDMA traitter and receiver. In the

transmitter end, bits are modulated in the modulaim then become serial to parallel. Each of



the OFDM symbol is preceded by a cyclic prefix (G#)ich is effectively used to eliminate
Intersymbol Interference (ISI). The subcarriers ailso very tightly spaced for efficient

utilization of the available bandwidth.

Transmitter
Serial
Bits erial to Cyclic
—Modulatorf—| Parallel | [FFT Extension

/

R TT

frequency

- —
—

Receiver / total radio BW (eg. 20 MHz)

—
Remove Serial to |—,
Cyclic —> ' 3 FET
Extension Parallel | :
Bits

«—| Demodulator je=— Equaliser

Figure 3: OFDMA transmitter and receiver [8]

2.2.5 Single Carrier — Frequency Division Multiplecess (SC-FDMA)

A SC-FDMA signal can be generated by using therdiscfourier transform (DFT) -
spread OFDM digital signal processing. The datalsysare spread over all the subcarriers

carrying information and produce a virtual singérer structure [9].

Figure 4 shows a comparison between a frequencyato8C-FDMA and OFDMA. SC-

FDMA has lower PAPR compare to OFDM. In SC-FDMAg thandwidth is divided into



multiple parallel subcarriers with cyclic prefix the time domain in order to stay orthogonal to

each other and eliminate ISI.

=11
Q . . -‘. -‘rl 1*-1 . . lI.1'1.
>

seguence of QPSK data symbols to be transmitted

QFSK modulating data symbaols

Constant subcarrier power
during each SC-FDMA
symbaol period

Freguency 60 kHz Frequency
15 kHz SC-EOMA
OFDMA Data symbols occupy M*15 kHz

Data symbels eccupy for 1/M SC-FOMA symbol periods

15 kHz for one OFDMA symbol period

Figure 4: SC-FDMA in frequency domain [10]

2.3 Propagation and Fading
In communication, the quality of the received sigmgeatly depends on the
propagation and fading during transmission. Herecaresee some common types of fading and

impairments of transmission channel.



2.3.1 Fading
RF signals propagate from antenna to different gdachrough atmosphere. In
atmosphere, signals can be affected by reflectidfraction, scattering and absorption. At the
receiver side, the signal arrives through severaltipath and random fluctuations. These
distortions in signal called fading which playsitalrole in communications. It can cause poor
performance in a communication system which rdaudt loss of signal power without reducing
the power of noise. There are different kind ofifigdnodels available for the distrivution of the

attenuation. Here we can see major two modelsdodg[11]:

¢ Rician Fading: The Rician fading occurs when theyea LOS (line of sight) path
available along with the number of indirect multipaignals.

e Rayleigh Fading: If there is no LOS path betweeangmitter and receiver and the
transmission takes place only by multipath propagatthis type of fading called
Rayleigh Fading. In this case, the received sigiiahe receiver is the sum of all the

reflected and scattered waves.

2.3.2 Noise

Generally unwanted energy from different sourcdseiothan the transmitter is called Noise.

Below are the some basic types of noise:

e Thermal Noise: Thermal noise is an excitation @& tinarge carriers inside the electric
conductor and generated without applying any veltagurce [12]. We can see it

mathematically as:

N = KTW



Where,

T = Temperature in Kelvin

K = The Boltzmann Constant (K = 1.3806 x 10-23 dsyler Kelvin (J - K-1))
W = Bandwidth in Hz

N = Noise Power in Watts

e AWGN Noise: The AWGN (Additive white Gaussian ngise a noise with continuous
and uniform frequency spectrum over specified fezgpy band. It is often used as a
channel model in which the only impairment to comicate is a linear addition of
wideband or white noise with a constant spectralsig and a Gaussian distribution of
amplitude. The name denotes specific charactesiglg]:

1. Additive: it is added to any noise that might b&insic to the information system.

2. White: AWGN has uniform power across the frequelnayd for the information
system similar to white color which has the unifamissions at all frequencies.

3. Gaussian: It consists of a normal distributionha time domain with an average time
domain value of zero.

e Cross talk: Cross talk appears due to inductiveplbog between two closed wires or two
adjacent subcarriers (inter-carrier interferentted. a very common scenario in telephone
network where user experiences another user’s wibetween the voice conversation.

¢ Intermodulation: When two different frequency silgnare transmitted through a
medium, then intermodulation occurs due to theinealr characteristic of the medium. It
can come from co-channel interference, atmosphmiditions as well as man-made

noise generated by medical, welding and heatingpagnt.

10



2.4  Attenuation
Attenuation is a general term that refers to amyucon in the strength of a signal over
distances. A signal must be strong enough so lieatetceiver can detect and interpret the signal.
If attenuation is too high then the receiver migbt be able to identify the signal at all. [14]

Attenuation is usually expressed in dB.

If Psis the signal power at the transmitting end (seuof a communications circuit ang iB the
signal power at the receiving end (destinationgntl® > Py. The power attenuation pAin

decibels is given by the formula:

Ap =10 logo(Ps/Pq) 0]

2.5 Thesis Motivation

The Channel estimation is an imperative task taensfficient communication for 3GPP
LTE network. It is essential before the demodutatdd OFDM signals since the channel suffers
from frequency selective fading and time varyingtdas for a particular communication system
[9]. It is inevitable to evaluate the performanaed astability of different kinds of channel
estimation methods before activating at the pratfield in order to promote a cost-efficient and
smooth introduction and deployment.

The purpose of the thesis work is to evaluate #réopmance of LTE Downlink systems

for various channel estimation algorithms undefedént channel conditions.

11



CHAPTER 3

OVERVIEW OF LTE PHYSICAL LAYER

LTE Physical layer translates data into reliablgnal for transmission over a radio
interface between eNobeB and the user equipmenncliides basic modulation, protection
against transmission errors, multiplexing schengesvall as the antenna technology that are
utilized. The antenna technology uses differenffiganations, schemes and techniques that can

be incorporated into multiple antenna systems.

The LTE air interface consists of protocol layersene one of them is physical layer.
Physical channels carry data from higher layertuding control, scheduling and user payload
(data) while the physical signals are used foresystell identification, radio channel estimation
and system synchronization. The LTE air interfaceesigned for deployment in paired (FDD
Mode) and unpaired (TDD mode) spectrum bands [Iis thesis work is targeted or primarily
based on LTE downlink transmission; therefore thk of the work is on the physical layer with

focus on OFDMA and MIMO.

3.1 LTE Frame Structure

The LTE frame structure is comprised of two types,

e Type-1 LTE Frequency Division Duplex (FDD) modetsyss

e Type-2 LTE Time Division Duplex (TDD) mode systems

12



Type-1 frame structure works on both half dupled &l duplex FDD modes. This type of
radio frame has duration of 10ms and consists &l@3, each slot has equal duration of 0.5ms.
Figure 5 shows a sub-frame consists of two slbtyefore one radio frame has 10 sub-frames. In
FDD mode, downlink and uplink transmission is daddin frequency domain, such that half of

the total sub-frames are used for downlink and falfuplink, in each radio frame interval of

10ms [16].
LTE frame lenmgth
One
slot
oo J a1 T we | ows | s Joooo| was ] ao
Subfirame

Figure 5: LTE Frame Length [8]
Type-2 frame structure is composed of two identinzdd frames of 5ms duration each.

Both half frames have further 5 sub-frames of 1onation as illustrated in below figure 6:

One radio frame, 7 = 307200;"S =10ms

QOne half frame,
I'e= 1536007, = 5 ms

—

' One slot, Seegp 0 o o
1 Iy =153607, .. TR
1 “slot s - "

307207, T~ T e
a3

— ey N e
1 1 1 S ! e

)
I
I
]
i
iSubframe Subframe | Subframe | Subframe | Subframe Subframe | Subframe | Subframe
|
|
I
]
I
I
]

#0 #2 #3 #4 #5 : #7 #8 #o

Ohe 1
subframe, i
307207, 1

f—|

DwPTS GP UpPTS DWPTS GP UpPTS

Figure 6: Type 2 Frame Structure [8]
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One sub-frame consists of two slots and each sleturation of 0.5ms. There are some
special sub-frames which consist of three fieldsa@ Period (GP), Downlink Pilot Timeslot
(DWPTS) and Uplink Pilot Timeslot (UpPTS). In terned length these three fields are
configurable individually, but each sub-frames muste total length of 1ms [17].

Figure 7 shows the frequency representation oLWte signal for OFDMA and SC-FDMA:

Frequency

Downlink Path: OFDMA

. Iy

=2

Frequency

Uplink Path: SC-FDMA

Figure 7: Frequency representation of OFDMA andFRBAA [18]

L TE Resource Block Architecture: The building block of LTE is a physical resoutdeck
(PRB) and all of the allocation of LTE physical sasce blocks (PRBs) is handled by a
scheduling function at the 3GPP base station (eRpd9]

Figure 8 shows the below infirmatuion:

1 frame = 10 ms which consistes of 10 sub-frames

1 LTE subframe =1 ms, which contains 2 slots

e 1 resource block = 0.5 ms which contains 12 sulsrarfor each OFDM symbol in
frequency domain

e 7 sysmbols (normal cyclic prefix) per time slotl time domain or 6 sysm,bols in locg

cyclic prefix
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\ ISJF:LL 11 - ee e :
RADIOSLOT (0.5  ms)
+ SUBFRAME (1 ms) —
RADID FRAME (10 ms)

Figure 8: LTE resource block architecture [19]

3.2 Modulation Techniques
The modulation mapping methods available (for wkEga) are Quadrature Phase Shift
Keying (QPSK), 16QAM and 64QAM. The use of QPSK mlation allows good transmitter
power efficiency when operating at full transmissipower. The devices will use lower
maximum transmitter power when operating with 16QANM64QAM modulation. Figure 7
shows the number of bits/symbol for 3 differentdgnof modulation mapping methods. For
QPSK (Quadrature Phase Shift Keying) the bits/symbo2. Accordingly, the number of

bits/symbol for 16 QAM (Quadrature Amplitude Modiida) and 64 QAM are 4 and 6.

QPK 16QAM 64QAM
2 bits/symbol 4 bits/symbol 6 bits/symbol
L L] L ] L] ° L]

(RN N AN N NN ]
9000 (0000
(A A R AR N XN J
LA R K AR X KN J
(XN AN N N N J
(R R R AR N XN J
9000 000
o000 o0

Figure 9: LTE Modulation Constellations [20]
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3.3  Synchronization

A UE wishing to access an LTE cell must first udiee a cell search procedure. This
consists of a series of synchronization stages lhighwthe UE determines time and frequency
parameters that are necessary to demodulate thelid&vand to transmit uplink signals with the
correct timing and the UE also acquires some efitgystem parameters. The synchronization
signal is defined as the downlink physical signhlcl corresponds to a set of resource elements
used by the physical layer but does not carry médion originating from higher layers. The
synchronization procedure makes use of two spgcidisigned physical signals which are
broadcast in each cell: the Primary Synchronizateignal (PSS) and the Secondary
Synchronization Signal (SSS).The SSS carries tlysigdl layer cell identity group and the PSS
carries the physical layer identity. The detectdrihese two signals not only enables time and
frequency synchronization, but also provides thewith the physical layer identity of the cell
and the cyclic prefix length, and informs the UEetiter the cell uses Frequency Division

Duplex (FDD) or Time Division Duplex (TDD) [21].

3.4 Frequency Allocations in LTE

There are different LTE band allocations for TDDddfDD. FDD requires pair bands
and TDD requires a single band. Sometimes, thesgsb@aay overlap with each other. However,
it is unlikely that both TDD and FDD transmissioosuld be present on a particular LTE
frequency band [22].

Table 2 provides the chart of FDD frequency barldeaions along with the LTE band
numbers and gaps. Accordingly, Table 3 providesctiet of TDD frequency bands allocations

along with the LTE band numbers and width of bands.
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=
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Table 2: FDD LTE frequency band allocations [20]

TDD LTE BANDS & FREQUEMCIES

LTE BAND ALLOCATION (MHZ) WIDTH OF BAND (MHZ)
NUMBER
20

33 1500 - 1

34 2010 - 2025 15
35 1850 - 191

36 1930 -1

37 1910 - 1930 20
38 2570 - 2620 50
35 1880 - 1920 4l
40 2300 - 2400 00
41 24596 - 26590 154
42 3400 - 3600 00
43 3600 - 3800 00
- 703 - 803 00

Table 3: TDD LTE frequency band allocations [7]



3.5 Downlink Parameters

As LTE has scalable bandwidth, the number of sulieza also changes while keeping
sub-carriers spacing up to 15 khz. Additionallyerthare two Cyclic Prefix are allowed (short
and extended) [21] . Table 4 illustrates the LTRvdlink parameters along with the transmission

bandwidths, number of occupied sub-carriers ande@ths.

Transmission BW 125MHz | 25MHz | 5MHz 10 MHz 15 MHz 20MHz
Sub-carrier Duration 0.5ms
T
Sub-carrier Spacing 15kHz
_rsﬂ(x‘
Sampling Frequency 1.92 MHz 384MHz | 768 MHz | 1536MHz | 23.04 MHz 30.72 MHz
L
FFT and Nyrgr 128 256 512 1042 1536 2048
Number of occupied sub--carries | 75 150 300 600 900 1200
New
Number of OFDM symbols per 76
Sub-frame Short/'Long (CP)
short (4.69/9)x6 (4.69/18)%6 (4.69/18)x6 (4.69/72)x6 (4.69/108)x6 (4.69/144)x6
CcP Lg”gm (5.21/10)x1 (5.21/20)x1 (5.21/40)x1 | (5.21/80)=1 (5.21/120)=1 (5.21/160)x1
(us / sample)
(16.67/32) (16.67/64) (16.67/128) | (16.67/256) (16.67/384) (16.67/312)
Long

Table 4: LTE Downlink parameters [18]

3.6 Multiple Antenna Techniques
MIMO antenna technology is one of the key technigedeveraged on by LTE. It is a
technology in which multiple antennas are usedadih Ithe transmitter and at the receiver for
enhanced communication: The use of additional aatezlements at either the base station
(eNodeB) or User Equipment side (on the uplink andlownlink) opens an extra spatial
dimension to signal precoding and detection [22g¢pé&hding on the availability of these

antennas at the transmitter and/or receiver, th@dmg classifications exist:
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e Single-Input Multiple-Output (SIMO): A simple scer@of this is an uplink transmission
whereby a multi-antenna base station (eNodeB) camuates with a single antenna User
Equipment (UE).

e Multiple-Input Single-Output (MISO): A downlink tremission whereby a multi-antenna
base station communicates with a single antennaEtpgpment (UE) is a scenario.

e Single-User MIMO (SU-MIMO): This is a point-to-pdimultiple antenna link between a
base station and one UE.

e Multi-User MIMO (MU-MIMO): This features several UES communicating
simultaneously with a common base station usingsémee frequency- and time-domain
resources.

As a result of the requirements on coverage, capand data rates, integration of MIMO as

part of the LTE physical layer is highly imperatigece it necessitates the incorporation of

transmission schemes like transmit diversity, spatiultiplexing and beam forming.

19



CHAPTER 4

LITERATURE REVIEW

4.1 Introduction to Channel Estimation in OFDMA
In this chapter, different kinds of channel estimattechniques are described for LTE
downlink systems. The effect of the channel ontthesmitted information must be estimated in
order to recover the transmitted information sigoaidrectly. There are various kinds of radio
propagation channel which are mainly effective ddferent channel estimation algorithms [4].
If the receiver can keep the track of the varyiadio propagation channels, it can efficiently

recover the transmitted information.

4.2 OFDM Signal Model
We consider an OFDM symbol to perform channel ediion in LTE downlink system.
Below is the equation of our signal model, whereomasider a diagonal matrix containing the

transmitted frequency domain samples and the chémogiency response vector [23]:

Y=XH+pu (i)
X [ CVeer ™ Neer is a diagonal matrix
H (1 CVerr contains unknown channel frequency response ciefts
i [ CMeer is the noise vector.
We can write the channel frequency response (CikrRrims of channel impulse response (CIR)

as,
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H=Fh (iii)
So we will get then:
Y =XFh+ u (iv)
Where,
Y = Channel Impulse Response

F 0 CNFFTXNIFFTi DET matrix

4.3 Pilot-assisted Channel estimation
There are different kinds of pilot-assisted charestimation schemes that can be deployed for
the estimation of the channel effects on the trattedisignal. Interpolation methods determine
the response of the channel at the data subcavikrsised several interpolation methods to get
the simulation results for channel estimations saghLinear, Piecewise constant, Averaged and

Pilot averaged [24].

4.3.1 Least Square Estimation (LSE)

In this channel estimation technique, the chammeliise response is determined from the known

transmitted reference symbols according to theviehg equations [25]:

GLS:[Yr(l) Yr(2) Yr(3) Yr(4) Yr(N)]

xr(1)’ xr2)’ xr(3)’ Xr(4) " Xr(N) v)
Here,
G.s [1 CV'is the estimated channel frequency response osuthearriers.

Xr and Yr are the corresponding number of the reszkBignal.

In order to obtain the channel frequency respoosthe subcarriers carrying data symbols, this
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response can be interpolated over full frequenngeavhether it could be in time domain or
frequency domain.
The time domain signal can be expressed as:

Y= FRAFh+ (vi)
Where,
h is the L x 1 vector corresponding to the FIR espntation of the channel in the time domain.
F is the N x L Fourier matrix that gives the freqogiomain representation over N sub-carriers
of the channel of length.
A is the N x N diagonal matrix containing, in thesftions corresoponding to the modulated sub-
carriers (N, over N), the transmitted symbols (comprising bad#ta and pilot) in the frequency
domain, assumed to be transmitted with the samggne
Fu is the N x N inverse Fourier matrix giving the édndomain representation of the received
signal.
K is the N x 1 vector corresponding to the comlesular additive white Gaussian noise.
So, the channel estimation using Least Squaresendomain can be expressed in the following
way:

h = (S'sy's’y, (vii)
Where,
The matrix S is an approximation where the pilohbgls are taken into account

Finally, we can get the expression for LS estinigtsolving above equations:
r— H a1HH
h= (FIZ Al ARyt R Y i)

Where,
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H

(FIZ AIZ AF)? FL Is constant and we can solve it regardless ofithe varying nature of the

channel.

4.3.2 Minimum Mean Square Estimation (MMSE)
The Least Square estimation technique is compuattiosimple but the performance is not that
efficient. The Channel Impulse Response for Minimitean Square Estimator (MMSE) has
better performance even though it is computatignadmplex. Here is the equation for CIR of

Linear Minimum Mean Square Estimator [25]:

h =Ravr Ryvr M Yy (i)
Where,
h channel is considered as a deterministic parameter
Rvrvr IS the auto covariance of vector Yr.
Rnhyris the cross covariance of vectors h and Yr.
The values for Rrand Ry, are given below:
Ryrvr = X TRanX T + 6,7 IN, (x)
Ryr = X, 'T," (xi)
So, finally we got the equation:
A= X"T" (XCTRaeX T + 6,7 IND Y, (xii)
Where,
Rvryr IS the auto covariance of vector Yr
Rnhyris the cross covariance of vectors h and Yr
oy is the constant parameter
T" is the channel co-factor
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CHAPTER 5

SIMULATIONS AND RESULTS

5.1 Software Overview - LTE PHY Lab
| have used the LTE PHY LAB Software for our sintida and experimental results [2]. It has a
form of MATLAB toolbox which is very user friendlyand convenient for modeling and
simulating the communication systems. | used thsiee 1.2 for my simulation, which is a

comprehensive implementation of the 3GPP Rele&S&8RA physical layer [26].

5.1.1 LTE PHY LAB v.1.2 Features

These are the main features for using the soft{2are28]:

e Downlink and uplink (including RACH) support

e FDD support (TDD available on request)

¢ Normal and Extended CP

e Support for MIMO (SM (SU-MIMO), TX diversity),

e OFDMA and SC-FDMA

e MIB generation and decoding

e DCI generation and blind decoding

e Feedback generation and decoding (CQI, PMI, Riregton)

¢ Flexible control of all the necessary parameters; e
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0 Resource allocation (number and placement of resdalocks)
o Input bits for data and control channels
0 MIMO configuration (number of antennas and modedration)
o MCS (modulation, transport block size, redundanession)
o System parameters (UE and Cell IDs, system BW robatea size, UL channels'
configuration)
e Support for all the LTE bandwidths: 1.4MHz, SMHMBz, 10MHz, 15MHz, 20MHz
e Channel models included (AWGN, SUI, E-UTRA 3GPP365101)
e Test files included (see user guide for examplgesp
e Use case scenarios (e.g. UL feedback generatisteraysync procedure)
e Possibility to combine with other MATLAB functiorand Toolboxes (e.g. Signal
Processing Toolbox and Communications Toolbox)
e Implemented supporting transmitter algorithms
o PAPR Reduction for downlink and uplink
e Implemented supporting receiver algorithms
o Channel estimation and correction for downlink aptnk

o Time and frequency synchronization for downlink ampdink

5.1.2 LTE PHY LAB v.1.2 Downlink Channels and Sam

In table 5, we can see the information of the fpansand physical channels for downlink.
Accordingly, in figure 10, the transport and PHYanohel baseband processing within eNB
transmitter.

Transport channels and
control information
Downlink DL-SCH, BCH, CFIL, HI, DCI PDSCH, PBCH, PDCCH, PCFICH, RS,

P-SS, S-SS

Physical channels and signals
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Table 5: Downlink Channels and Signals [2]

DL‘SCIiI or PCH Bi:H D'CI CFI HI
TrBlk TrBIk TrBlk
CRC24 CRC16 CRC16
Segmentation
CRC24
Turbo Ceding Conv. Coding Conv. Coding Block Coding Repetition
113 1/3 1/3 116 Code 1/3
Interleaving & Interleaving & Interleaving &
Rate Matching Rate Matching Rate Matching
Code block
Concatenation
Transport Channels and Control Info
Physical Channels
PDSCH PBCH PDCCH PCFIH PHICH
. . CCE Multiplexing| :
‘ Scrambling ‘ ‘ Scrambling | | & Scrambling | Scrambling ‘
Modulation Modulation Modulation Modulation Mod BPSK &
QPSK, 16QA, 640AM QPSK QPSK QPSK scrambling
Layer Mapping Layer Mapping |Layer Mapping Layer Mapping Layer Mapping Cell specific RS P55 5-55
| Precoang | | Precoang | | Precoang | | Precouing | | Preconing | Sequence || Sequence | | Sequence

RESOURCE MAPPING (SUBFRAME GENERATION) |

OFDMA  Le*se .- » Towards RF
Modulator et

Figure 10: Transport and PHY channel baseband psougwithin eNB transmitter [2]

5.2 Simulation Results and Analysis

The Figure 11 shows the subfunctions of downlinkcpssing chain including the supporting
algorithms in PHY layer [2]. When the transport mhels are processed through the MAC layer,
it starts the baseband processing with PHY layerganerates PHY channels and input output
signals. Afterwards, in the part of resource magpihe subframes are generated to modulate in
the OFDMA modulator. PAPR reduction would be preeesbefore the OFDMA modulator

process the data. Channel estimation has beenaddne UE PHY receiver side.
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Figure 11: LTE PHY Lab Downlink processing Ct Flow Char{2]

The Software LTE PHY LABollowed the standard of 3GPP specifications stah
The relation between implementation of the LTE PHRB and the 3GPP specifications
shown in figure 12Each function of this software implements the 3G&FE specificationsThe
user can build its ow system based on that functions. Additionally ¢hare functions (calle

gathering functions) building up the whole procegsthains of transmitters and receiv [2]

Extract from 13 36.Z11 LTE FHY Lab imbpiementation
£an B
£2.2 onoou i
F Wi é
The block of scrambled buts B0y AiM_. — 1) shall be modulated a3 described in Section 7. 1. resulting in a L
- s el o2 o o LAsch dadine
[ L% AP L VEIUeU IMOJURMMT Sy mDoRs @11 F. TADSE D351 3peciies e moguiashon VU v
QPSK
4 L I
F™ % A J
T —— —— T o
|rr_vx=l_<- CanTe s WO R ON K'-I-II ‘ﬁ Luyl:l
LPUCCH | PSR J
Mapping
6.8.4 Layer mapping and precoding l
The block of modulation symbols J(0)._ JM g = 1) shall be mapped 10 lavers according 10 one of Sections Precodang
633 1ar6 A3 with M0 =M __ & precoded acconding to one of Sections 6.1.4.1 or 6.1.4.3, resulting in
a block of vecwons \.u-[\""-u \""~:-r im0 M~ 10 be mapped oalo resources on the ankenna 1

Figure 12: Relation between 3GPP specificationlard PHY LAB implementatio [2]

In the table elow, we can see a flow diagram of parametersé liged for simulatio

part at transmitter side.
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LTE Link Level Simulate DL
- Simulates 1 DL radio
frame (Transmission over
multipath channel)

LTE DL Phy Transmitter -
Performs processing and
transmission of one
subframe

Layer Mapping - Performs
layer mapping for all
schemes (SISO, Tx
Diversity, SM)

OFDM Modulation -
Generates one OFDM
symbol

MIMO Precoding -
Performs precoding for all
multiantenna schemes

DL Resource Mapping -
Maps all physical channels
on the TF grid for one
subframe

Table 6: Simulation flow diagram for Transmitte] [

In table 7, we can see a flow diagram of parametease used for simulation part at receiver

side.

LTE DL Phy Receiver -
Performs processing and
reception of one DL subframe

DL Noise Estimation -
Performs noise estimation in
downlink

DL Resource DeMapping
Select - Performs selected
resource demapping for the
downlink subframe.

OFDM DeModulation -

Demodulates one OFDM

symbol

Layer DeMapping - Performs

layer demapping for

multiantenna schemes (SISO,

Tx Diversity, SM)

DL Resource DeMapping -
Demaps all physical channels
from the TF grid for one
subframe — as a generates
vector of samples for each
physical channel

MIMO DePrecoding -
Performs decoding for
multiantenna schemes (SISO,
Tx/Rx Diversity, SM)

Table 7: Simulation flow diagram for Receiver [2]
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In table 8, we can see a flow diagram of pararsdtbave used for simulation part at

channel estimation.

DL Channe IEstimation - Performs
channel estimation for control and data
channels with the use of RS LS
calculation and linear or piecewise
constant interpolation in the frequency
domain; linear interpolation in the time

PAPR Reduction - Performs PAPR
reduction with the use of Clipping and
filtering method for OFDMA and
SCFDMA symbols

domain
DL MIMO ChannelEstimation - Performs
channel estimation using DL Channel Correction - Performs
DLChannelEstimation for each Tx/Rx channel correction on data REs
antenna

Table 8: Simulation flow diagram for Channel Estiioa [2]

5.2.1 Frame level simulation of Downlink and Uplink
After generating PHY layer samples of the 3GPP ERBTRel 8 downlink radio frame
type 1, normal and extended CP, we have simulab@hlthk transmission and reception of a
LTE FDD system under various parameters. Heredw#tue of the parameters we set for initial

simulation in LTE PHY LAB:

Input matrix of the HI (of size (number of subfran& (number of HIs)), txHI = randint(10, 8,
2)

For FFTsizes: 128 — 512 : 8 HIs

1024, 1536 : 16 HIs

And 2048 : 24 His

sizeFFT = number corresponding to the fft sizeafesl to the system BW), (values: 128, 256,

512, 1024, 1536, 2048), sizeFFT = 128
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SNR = randint(1,10,10)*10 + 30

Physical cell ID (0 - 503), N_cell_ID =13

radio frame number, nF =0

CPtype =1

In figure 13, we can see the simulated resultiferabove parameters. The horizontal axis refers
to the times for 10 sub frames and the verticad egdiers to the magnitude. This reference signal
is being transmitted at every subframe and it spdrecross the operating bandwidth. In this

case, we have set the parameter of FFT is 128.

Figure 13: Time domain signal magnitude of a LTE f@adio frame

5.2.2 Generating AWGN noisy output channel

In this case, we transmit the input samples overAWGN channel and generated the

noisy output samples. We set the below parametdr$kE PHY LAB:
SNR = signal to noise ratio given in dB = 30
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We set two random variables first to get AWGN naaynples: (Table 9)

Table 9: Two Random Variables

And here are the Rx output samples:

According to the Rx data what we got from the siatioh, we can see that for SNR 30,
the time domain OFDM symbols become noisy as yetitavked data in the matrix output.

(Table 10)

ExDaca =
Columns 1
1.0135 + 0.97381 0.0009 + 0.00561 0.9769 + 0.99411 -0.0291 - 0.0182i 0.5705 + 1.00301 0.9938 + 0.97351 0.9548 + 0.00761
Columns
1 + 0.96441 0.9880 - 0.054591 -0.0077 + 0.9953i 1.0146 - 0.02201 0.0077 + 0.03424 0.9923 + 0.0307i 1.0007 - 0.01374

0.8970 + 0.9784: -0.0140 - 0.0048i 0.0249 - 0.00711 1.026%9 + 0.03101 1.0016 - 0.00781 0.9770 + 0.02701

through 7

8 through 14

Table 10: Time Domain OFDM matrix symbol with AWGMNise

5.2.3 Error Vector Magnitude (EVM) Calculation

EVM measurement requires apriori knowledge of tmaitted symbol, or must assume

that closest constellation point is transmitted Bgin EVM is normalized to average power.

EVM may be easily computed from a modulated sigpegbuse:

SNRs are extremely high so that the measured EVMesents transmitter
constellation distortion, and not noise-inducechalglistortion.
High SNRs for measurement means that nearest datiste point is always the

transmitted constellation point, I.e BER = 0 fartsmitter testing purposes [29]

These are parameters we set sample values formitéers and receiver symbols to get the

simulated results of EVM.
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txSymbols = matrix of samples of the transmittedbfeames = complex(randint(14,128,2),
randint(14,128,2))

rxSymbols = matrix of samples of the receive sub&ra = complex(randint(14,128,2),
randint(14,128,2))

We got the below EVM simulated result for belowgraeters (Only column 1 through 26 of 128
have been shown here). In this case, we can sethéhaimulated matrix data of EVM has been
distorted which represent the transmitter congtetladistortion. A single point is ideal, but in
practice there will be a cluster of actual pointsuad the ideal point. The more widespread the
points, the poorer the EVM. (Table 11)

EVH =
Columns 1 through 13

1.4142 [} 1.4142 1.4142 o 1.0000 1.0000 1.0000 i.0000 1.0000 1.0000 1.0000 1.0000
L] 1.0000 ] 1.4142 1.0000 1.0000 1.4142 1.0000 1.0000 1.451492 1.0000 1.0000 1.0000
1.0000 1.00049 1.0000 1.4142 1.41492 o "} 1.0000 B 1.4142 1,0000 1.0000 o
1.0000 1.0000 i1.0090 1] L.00o0 o o 1.4a000 1.0000 1) 1.0400 O 1.0000
1] 1.4142 1.4142 1.4142 1] 1.0000 1.4142 1.0000 0 o 1.4142 1.0000 1.0000
i.0000 1.0000 1.4142 1.0000 i.0000 1.0000 1.0000 «00an Q 9 1.0000 o l.4142
1.9142 1.4142 o o L.0000 o 1.4142 1.000 1.0000 o 1.00600 L.9142 I.41%2
1.0000 1.4142 1.0000 1.4142 1.0000 1.0000 1.0000 o 1.4142 1.00008 1.00400 o 1.0000
] L] 1.4142 1.0000 1.0000 1.0000 1.4142 0 1.0000 0 0 1.4142 1.0000
1.9142 1.4132 2 1] 1.41492 1.91482 1.0000 o000 o «2142 1.0000 1.0000 1.0000
1.4142 1.0000 1.4142 o L.4142 o 1.0000 1.0000 o 1.0000 1.0400 1.0000 1.43142
1.0000 1.0000 1.0000 1.4142 1.0000 1] 1.0000 1.4142 1.0000 1.0000 1.0000 1.4142 o
] 1, Q 4] 1.0000 1.4142 1.0000 Qo000 142 1] 1.4142 14142 o 1.0000

1.0 i.0000 o L.0000 1.0000 1.4142 1.0000 1.0000 1.0000 1.0600 L.0000 1.0000

Columna 14 through 26

1] 1.0000 2 1.4142 L.0000 1.0000 1.414%2 1.4142 0 1.0000 1.00400
1.4142 1.4142 1.0000 1.4142 1.0000 1.0000 [*] 1.0000 1.4142 1.0000 1.0000
1.0000 1.0000 i1.4142 Q 4] 1.4142 1.0000 1.0000 0000 1.0000 0
1.0000 1.4142 1.4142 1.4142 1.0000 1.4143 1.0000 o 1.0000 1.0000 1.0000
1] 1.4142 i.4142 1.0000 1.0000 [+] 1.0000 [ o o o

a 1.0000 1.0000 0 1.49142 a [+] 1.0000 0000 1.0000 0000
1.0000 1.4142 1.0000 o Y4142 1.4142 1.4143 i.0000 1.0000 1.0000 1.0000
1.0000 1.4142 1.4143 1.4142 1.0000 1.0000 1.0000 1.4142 o 1.0000 4142
1.4142 ] ] 1.0000 1.4142 o ] 1.0000 1.0000 0 o
1.0000 1.0000 1] 1.0000 o 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
4] 1.4142 1.4142 1.0000 o 1.0000 1.0000 1.4342 o 1.0000

1] 1.0000 1.4142 1.0000 o [+] 1.0000 o 1.0000 o

1] 1.4142 1.0000 1.0000 1.49142 1.0000 1.0000 0000 1.4142 1.0000
1.0000 i.0000 1.41432 1.4142 1.4143 1.4142 i.0000 1.4342 1.0000 1.81482

Table 11: EVM Matrix Data
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5.2.4 Sub frame Synchronization

In LTE, there are two downlink synchronization sithwhich are used by the UE to

obtain the cell identity and frame timing [30].

e Primary synchronization signal (PSS)

e Secondary synchronization signal (SSS)

In this case, we performed subframe synchronizatigarithm. It determines the time offset for
whole subframe, correlating the received subfrantie cally generated PSS signals (three
types), SSS signal and determine N_cell_ID.

Here are the values of the parameters we setlfibframe synchronization of downlink:
txHI = randint(1,16,2)
modOrder = 64
numSubframe = 0
sizeFFT = 1024
numPDCCH =3
numsPRB =[2 3 4 5]
N_cell _ID =124
PHICHtype =0

CPtype =0

5.2.5 Downlink frequency synchronization

According to [30], for frequency synchronizatiorr @OFDMA system is required coarse
and fine frequency synchronization. Coarse frequesgnchronization estimates integer
frequency offset and fine frequency synchronizatestimates fraction frequency offset. In
general, PSS correlation based estimation methddCah correlation based tracking loop are

applied for coarse and fine frequency synchroromatin 3GPP LTE OFDMA system,
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respectively [31]. However, the conventional coahsuency synchronization method has
performance degradation caused by fading chanreISINR loss. Also, the conventional fine
frequency synchronization method cannot guarantaeles operation in TDD mode because
there is no signal in uplink subframe.

In this case, we set the below values for desiegdmeters in LTE PHY LAB:

FFTsize = FFT size used in transmitter: 128 (d¢€fadb6, 512, 1024, 1536 or 2048
=128;

numOFDMSym = 14

TimeOffsetFractional = 0

numSubframe = subframe number (0-9) =0

numAntennas =[1 1]

idxAntenna = number of mapping antena (with PigBad) = 1
CPtype = measured CP type (0 - normal, 1 extbne®

N_ID_2 = index of received PSS signal 0, 1 éor2each type =1

After the simulation done, | got the below resuits receiver resource grid (Only
columns 1 through 44 of 128 has been shown hers).l Aised the coarse frequency
synchronization for the simulation, it estimateseger frequency offset. However, the red
indicated matrix data signifies the performancerdéation caused by fading channel and SNR
loss. (Table 12)
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rxResourceGrid =
Columns 1 chrough 22 ’\
1 3 2 3 2 3 3 9 3 1 1 5§ 2 5 4 5 : 8 5 g 1 5 2
5 5 1 2 5 1 1 3 q 3 i 2 1 1 3 3 2 2 1 5 1 |
- -] 3 2 4 2 1 3 3 4 § 1 2 5 2 1 2 g 1 2 2 2 q
1 ! -k 3 4 5 -3 5 5 2 3 5 1 5 - 5 3 : ! s 5 1 2
5 5 5 3 1 3 3 2 El 1 1 4 1 1 1 1 4 3 4 1 5 1
2 2 1 3 3 3 3 3 3 3 5 4 3 5 B 5 4 2 4 4 5 2
5 2 s 1 5 5 4 4 3 4 1 & 1 5 4 4 1 5 1 i 4
1 1 2 2 3 2 2 5 5 4 L1 5 5 2 2 5 3 5 2 4 4
1 4 4 3 5 4 2 4 5 3 i 4 5 4 5 4 3 4 3 3
5 3 1 4 4 3 2 4 5 L 1 & 4 3 4 1 2 4 4 =} 2 3
-] 2 4 : | 4 L 4 3 3 2 4 3 2 5 2 4 5 3 1 4 1 1
2 4 1 5 3 4 5 1 1 5 4 3 3 3 3 3 L} 2 4 2 5 3
1 & 5 3 3 4 2 2 3 1 z L5 3 1 3 2 1 3 2 5 &
4 3 5 4 5 5 .1 3 z 4 4 2 4 2 3 z 5 4 4 5
Columns 23 through 44
L] 2 5 3 1 5 2 1 5 % 1 4 4 3 5 3 1 1 3 3 1 2
3 3 1 4 2 2 3 2 5 3 3 1 s 3 3 3 1 1 5 %
5 3 4 3 3 3 L) 3 3 4 1 L 5 5 z 1 3 4 3 2 4 5
2 4 1 1 3 L] 4 4 5 1 1 2z 3 - L3 1 3 L ] 2 5 4 2
2 3 4 L 2 3 3 2 3 4 i 5 2 i S 2 s 1 L 1 L 5
4 1 2 2 5 2 a2 2 2 2 | 2 3 3 3 ) 1 1 4 3 5
4 4 s 4 4 4 2 L] 4 2 4 2 4 3 s 2 2 4 3 2 2 5
1 3 1 2 5 1 4 5 2 % 2 4 3 4 L 5 ;A 3 3 2 1 4
2 1 3 L 4 a 2 1 1 2 3 x 3 : | 3 -] 2 1 3 5 Z
5 4 2 = 1 a 3 1 2 2 3 3 2 3 1 4 2 3 3 2 5
o =] 4 4 3 2 = 3 2 4 3 2 2 ] 1 4 5 3 =]
5 5 2 ] 3 3 2 1 2 ] 3 1 i 3 4 5 i 2 3 &
1 5 3 2 5 3 3 1 1 i 3 3 % 4 r 4 4 ]
1 5 2 2 3 3 3 3 3 3 i 2 =1 2 3

Table 12: Receiver resource grid in matrix form

5.2.6 Downlink Noise Estimation

To measure the noise estimation in downlink, wégpered several algorithm steps, which are
[32]:

e Averaging pilots
e Channel estimation

e Noise estimation

We set some sample values for specific parameatdr$k PHY LAB to get the noise estimation

in downlink.

FFTsize = size of the FFT used in OFDMA modulatoh28;
NnuMOFDMSym = 14;

CPtype = measured CP type = 0;

N_cell_ID = Physical layer cell ID (0 - 503) = 2;
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numSubframe = subframe number (0 - 9) = 0;

numAntennas = number of antennas used for tranemifbx, Rx] =[1 1];
nF = radio frame number = 0;

After simulation done, we got the below results:

Average Noise Power = 0.40

Average Noise SNIR =0.76

5.2.7 Peak to Average Power Ratio (PAPR) Reduction

Peak to Average Power Ratio (PAPR) reduces ffficiency of the transmit high power
amplifier. Due to the large number of sub-carriarg/pical OFDM systems, the amplitude of the
transmitted signal has a large dynamic range, megatlh in-band distortion and out-of-band
radiation when the signal is passed through thdimear region of power amplifier [33, 34].
Although the above-mentioned problem can be avoldedperating the amplifier in its linear

region, this inevitably results in reduced powdicedncy.

We performed Peak to Average Power Ratio redudtidhe following steps:
- CP removing
- Truncation threshold calculation for specifagbping factor
- Oversampling (not implemented yet)

- OFDMA/SCFDMA symbols truncation using threshdietermined in previous step
- Filtering (to remove DC and OOB distortions)
- Down sampling

- CP adding
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We set the below parameters some sample valueBEPHY LAB:

inputSymbols = input complex NxM matrix of OFDMA/EOMA symbols (time domain). Each

must be in separate row of input matrix. N = 1JAX = complex(a,b)

FFTsize = size of the FFT block: 128, 256, 512 40536, 2048 = 128

CPver = cyclic prefix version: 0 (first symbol itog, 1 (second symbol in slot). It must have the

same number of rows as inputSymbols = 1

CPtype =0

After setting the above parameters, we got thevbetsults (table 13) for PAPR reduction in
matrix form. According to the simulated result, tRAPR reduction samples are denoted by
yellow marks. High PAPR in the matrix data is olbser due to large dynamic range of its
symbol waveforms. As we know that this high PAPRé&s the High Power Amplifier (HPA) to
have a large back-off in order to ensure linear lditgtion of the signal, which significantly

reduces the efficiency of the amplifier.
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Column= 1 through 7

G 0386 + 0.00304 -0.0305 + 3.05534 -0.0232 + 0.077T1 0.02395 + 0.02851 0.0300 - 0.02241 ~-0.0033 - 0.027TH -0.0078 - 0.03174

Columns 8 through 14

-0.0029 - 0.03984 -0.0088 + 0.0111i 0.0063 + 0.08331 ©0.0285 + 0.06334 ©.00T0 - 0.01951 -0.0325 - 0.03924 -0.0304 - 0.00854

Columna 15 cthroogh 21

=0, 0056 - 0.02774 0.0032 - 0.06161 0.0131 - 0.01331 0.0265% + 0.06491 =0.0070 + 0.06351 ~0.0644 + 0.01931 ~0.0452 + 0.0334d

Columna 22 chroogh 218

0.0219 + 0.08221 0.0288 + 0.07T871

a

0338 + 0.02291

]
(=]

.0484 = 0.01251 ©.0118 = 0.00741 0.0521 = 0.00571

a

-0287 = D.04131

Columns 25 cthrough 35

0.0005 = 0.05841 Q.0171 = 0.03701

a

Q516 = 0.02451 0.0508 - 0.0494991 ©.0133 - 0.049304 =-0.0037 + 0.00361

a

«02FE + 0.02121

Columns 36 through 42

0.0636 = 0.01714 0.0470 = 0.03321

a

0164 & 0,01021 0.0300 & 0.03144 0.0649 = 0.01301 0.0613 - O0.04461

=1

«0225 - 0.01591

Columns 43 cthrough 49

=0.0033 + 0.0142i 0.0017 & 0.01021

(=]

L0179 + 0.00931 0.0209 & 0.01931 0.0031 + 0.00961 =0.0164 - 0.0113i -0.0127 - 0.01831

Columns 50 cthrough 56

O.0086 - 0.0168% 0.0074 - 0.00681

|
a

0042 + 0.01631 -0.0178 + 0.01401 -0.0397 - 0.03161 -0.0598 - 0.0441%

i
=]

«0432 + 0.02601

Columns 57 chrough 63

0.0005 + 0.08424 0.0167 + 0.0303i

=]

0000 - 0.0387T4 -0.0041 - 0.04BB84 O.0065 — 0.01991i -0.0006 - 0.01651

|
2

0083 - 0.01724

Columna 6% throagh 70

0.0190 + 0.00974 0.0510 + 0.03264

=]

L0338 + 0.03551 -0.0162 + 0.00344 -0.0371 - 0.02774 -0.0137 - 0.05794

[=

L0103 - 0.04264

Table 13: PAPR reduction in matrix form

5.2.8 Processing and reception of one DL sub frafilansmitter Side

In this part, | generate PHY layer samples of tPB E-UTRA Rel 8 downlink sub frame,

normal CP or extended CP. A LTE sub frame time dorsignal for our simulation (Figure 12).

In figure 14, we can see that the LTE sub frameraadom values in time domain. The Y-axis
denotes the amplitude of the signal. Now, figuresh@ws the resources per OFDM symbol and

the corresponding time domain OFDM symbol.
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Figure 14: A LTE sub frame time domain signal

In figure 15, the first part shows the resourcemelets of the signal before the OFDM
modulation. The second and third part show theadigntime and frequency domain. The figure
illustrates the concept of an OFDM signal and titerirelationship between the frequency and
time domains.In the frequency domain, multiple adjacent tonessabcarriers are each
independently modulated with complex data. Therth@ time domain, guard intervals are
inserted between each of the symbols to preveet-symbol interference at the receiver caused

by multi-path delay spread in the radio channel.
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absftx Resource elements before OFDM mod)

Magnitude

Time

Figure 15: Resources per OFDM symbol (Time domaifjansmitter Side

5.2.9 Processing and reception of one DL sub frafReceiver Side

Here, we simulate the received PHY layer bit streafrthe 3GPP E-UTRA Rel 8 downlink sub
frame, normal CP or extended CP and performed OF@giAodulation to get bit stream of

each transmitted information.

Here are the sample parameters we set in the LTE IEAB:

numSubframe = 1

FFTsize =128

numsPRB =[1 2]

N_cell_ID = Physical layer cell ID (0 —503) =0

PHICHtype = normal - 0 (one symbol mapping) aeexled - 1 (3 symbols mapping) =0

CPtype =0
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nF = Radio frame number =0

Ng = detemine number of PHICH groups {1/6,1/2,152}/6
modOrder = modulation order = 4

SNR = signal to noise ratio = 30

txSCHsize = transmitted SCH size = 10

Figure 16 represents the resources per OFDM syrabdl the corresponding time domain

OFDM symbol after simulation.

In figure 16, we can see that at the receiver, B I5 performed on the OFDM symbols to
recover the original data bits in time domain. Ae figure illustrates, the frequency domain

OFDM symbol has very low amplitude and same aghfetransmitter resource elements.

abs({rc Resource elements before OFDM med)

60

abs{rx time domain OFDM symbel)

I—| I_\Ii‘lll- . |i |‘ I| |—'|I!JIII | .||'| I“ |“|.|" III' II”- Ili :|‘II:I|"‘||;I|5":.

Magnitude

abs(nc frequency domain OFOM symbol)

v

Time

Figure 16: Resources per OFDM symbol (Time domaiReceiver Side
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The scatter plot of every received OFDM symbol barshown in figure 17.

Scatter plot

Figure 17: OFDM symbol constellation
In the figure 17, we can see that the input bissgaouped and mapped to source data symbols
that are a complex number representing the modulatonstellation point. For example, the
BPSK or QAM symbols that would be present in a leingubcarrier system. These complex
source symbols are treated by the transmitter@agththey are in the frequency-domain and are

the inputs to an IFFT block that transforms theadato the time-domain.

5.2.10 Channel estimation for control and datannbés
For performs channel estimation in downlink, wédaled these algorithm steps [35,36]:

- Estimate channel only for pilot signals arranged number of OFDMA symbols
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- Estimate channel in frequency domain for the liamg sub-carriers for OFDMA

symbols previously taken. The linear interpolai®osed

- Estimate channel in time domain for all OFDMA dyais in resource grid. The linear

(default), piecewise constant interpolation metbodld be used.

We got the below result for our channel estimasimnulation part (Only column 1 to 14
of 512 has been shown here):

>> [channel estimation grid local resocurce grid H L3 H freq estimation]
ans =

Columna 1 through 7

@

0 9.1 1.

[+] JB2454 4052 - 2.2879: f-1.4458% + 1. 64084

L] 2.20434 o 0 + J.e887y —D.2005
L] 2,83331 3. 5 + 3.53551 2.1667
(1] 2.54321 4.2613 + 2.84731 3.3833 +
= £.43231 4.8504 + 2.005812 4.31149 = 1.78582
(] 1.99191 £.2 4.8230
1] 1,5529% B 4.8296
L] 1.18681 5. 4.,2859
o 0.804991 S 3.2467

1.9167 Z.8978 a.7 G517

3.3537 2.8401 + 1. L8727 2.

3.0026 = 1.2 Z2.6445 + 1.9 1.541 2.

1.3084 + 2.65 2.3077 + Z. a . 4.2068 S

=0 . 6202 1.82333 + 3.175%44 +B284 + 2828431 2.94963 + 2.949631
27i) -0.7%E0 1.3818 + 2,92031 L5827 + 2.89274 H.376E + 220431
261 —0.8452 0.9501 + 2,.61031 2.35T0 # 2.35701 3.4742 + 1.82004

-0.8333 0.6039 + 2.25381 2.1213 & 2.125131 3.5417 4+ ©.94301

0.6425 = 1. 1.8059 + 0. &1 S 2.8871

2.1887 1.7708 0.3 i

2.,3917 0.5491 1.

0.7T765 i —-D.7500 1

-1.8518 5 -1.2668

=3.6353 = 0 =0.B595 + 0

Table 14: Simulated matrix data after Channel Ezstiom

According to the simulated result, the estimateaciel only for pilot signals arranged in
a number of OFDMA symbols (red square). This edtamahannel in frequency domain for the
remaining sub-carriers for OFDMA symbols previousgken and in time domain for all
OFDMA symbols in resource grid.

These are values we set for the parameters in HE IFAB to see the simulated results

for channel estimation:

FFTsize = size of the FFT used in OFDMA moduolat: 128
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NnuMOFDMSym = 14
CPtype = measured CP type =0
N_cell_ID = Physical layer cell ID (0 - 503) = 2
numPort = number of antenna port (0-3) =0
numSubframe = subframe number (0-9) =0
numAntennas = number of antennas used for trgsgmn [Tx, Rx] =[1 1]
idxAntenna = number of mapping antenna = 1
nF = radio frame number (0-...) =0
METHOD = interpolation method used in algorithms
- 'linear’
- 'piecewise constant'
- 'averaged'
- 'pilot_averaged'

if METHOD is [] than default interpolation methodlMbe used. It works only for MISO,
the numAntennas(2): Rx is ignored = []

5.2.11 Simulation results of LSE and performarcmaparison with MMSE

To simulate the LSE algorithm, we set some valoeshie desired parameters:
N = Total number of sub channels = 256

P = Total number of Pilots = 256/8

S = Total number of data sub channels = N-P

Gl = Guard interval length = N/4

M = Modulation =2

pilotinterval = pilot position interval = 8

L = Channel length =16
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nlteration = Number of iteration in each evaluatos00
SNR_V = signal to noise ratio vector in dB = [0B]:2

After setting the above parameters in MATLAB, we gionulated results in figure 18.

Performance of LSE algarithm in OFDM channel estimation

Bit Error Rate

0 5 10 18 20 25
SNR in dB

Figure 18: Performance of LSE algorithm in OFDM @@l Estimation

The figure 18 provides the BER vs SNR graph for IcBBnnel estimation algorithm. In
this simulation, | used 2x2 MIMO-OFDM system antbfs are inserted among data for initial
LS extimation. The channel between transmitter reaeéiver is according to multipath Rayleigh
fading channel. Here, | used channel bandwidth Hz. According to the graph, we can

understand that the SNR increased in a greatentewti¢h simulatenous decrease in bit error

rate.

As LSE is comparatively simple algorithm, we invgate the performance of MMSE
here. Below is the comparison of the performanddébeolLS and the MMSE channel estimators

for a 64 sub carrier OFDM system based on the patemof Symbol Error Rate.
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According to the figure 19, the Least Square E(t@E) and Minimum Mean Square
Error (MMSE) alogirithms are used to time varyiagalysis of channel estimation methods in
OFDM. We can see that the MMSE looks worse than iStis graph. The bit error rate is
affected by the signal to noise ratio (SNR) valde.the SNR value increases the bit error rate

decreases but data rate increases.

SNR Ws_ SER for an OFDM system with MMSE/LS estimator based receivers

Symbol Error Rate

SNRin DB

Figure 19: SNR Vs. SER for an OFDM symbol with MME& estimator based receivers

Now, from the simulated result, we can understdrad larger the SNR value higher
accuracy of estimation will be achieved. So, tHatien between SNR and BER for both LSE
and MMSE channel estimation is inversely propodiorHowever, the performance of LSE
looks better than MMSE.
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CHAPTER 6

CONCLUSIONS AND FUTURE WORK
The main purpose of this thesis work is to evalutfferent channel estimation methods
for LTE downlink systems under various channel dbmgs. We have presented the
experimental results by means of simulations. LBmedor is computationally simple and
efficient for high SNR values. For higher constigtla mapping at high mobile speeds, its
performance would be degraded. MMSE estimator cdagda better solution for higher
modulation schemes and large delay spreads eveglthio is computationally complex. The

thesis work findings can be summarized in the foillg steps:

e Basic understanding of LTE and its physical lay&ecial emphasis on LTE downlink
frame structure and in time domain and frequenayaln, reference symbols structure

and multiple antenna techniques for LTE.
e Link and frame level simulation has been done fdM&-OFDM system.
e Different kinds of fading channel considered foachel estimation.
e Performance comparison has been done for LSE an&®&Mgorithm.

e Detailed channel estimation simulation done in seahmatrix data in LTE PHY LAB.

The future work could be described as below:
e Channel estimation for Uplink could be investigateddifferent channel conditions

e There are some other complex channel estimatiaritiigh are available now which are

still need to be simulated and implemented.
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e Performance analysis of different uplink and dowklichannel estimation algorithms for
MU-MIMO (2X2, 4X4)

e Error performance as a function Rayleigh Fading
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APPENDIX



Please contact IS-Wireless Inc. for codes and m¢éteHere is the contact info:
IS-Wireless Inc.

Pulawska Plaza

Ul. Pulawska 45b

05-500 Piaseczno/near Warsaw, Poland

Email: info@is-wireless.com

Tel: +48 22 213 8297

Fax: +48 22 213 8298
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