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ABSTRACT

This thesis presented the simulation and analysis of the efficiency of LTE-Advanced
System performance with the program of Advanced Design System (ADS) by investigating the
effects of the simulation of 4G mobile communication OFDMA (Orthogonal Frequency - Division
Multiple Access) and SC-FDMA (Single - Carrier Frequency Division Multiple Access) on the
transmission of uplink and downlink channels at 900 MHz and 1800 MHz. This was used to
analyze the error vector magnitude and the bit error rate by QPSK 16QAM and 64QAM signal
modulation.

To analyze a LTE-Advanced System simulator using the program of ADS, the system
was designed by using bandwidths of 1.4, 3, 5, 10, 15 and 20 MHz and inserting a positive
Gaussian noise (AWGN) into the simulation system. It also analyzed how fast the device moves at
120 km / h. The simulation results showed that the error vector magnitude in QPSK modulation had
a tolerance of no more than 11%. and 16QAM and 64QAM modulation had a tolerance of no more
than 7%.

The simulation results revealed that when the signal-to-noise ratio was greater, the bit
error value was lower, while the impact on the error vector magnitude increased when there was
more noise. It was found that the up and down channels had noise in the system that did not exceed
-80 dBm / Hz and -100 dBm / Hz respectively, which allowed the transmission between the base

station and the workstation to meet the standard of the efficiency of the LTE-A Release-13.
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2.4.2 Quadrature Amplitude Modulation
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EVM (dB) = 10 log (P, /P, ) (2.26)
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& Downlink signal source with RF modulator:3

LTE_DL_Src_RF
Instance Name (name[<start:stop>])
RFSource

Select Parameter
FrameMode =FDD
TDD_Config=Config 0
SpedalSF_Config=Config 4

RE_MappingType=Localized
IdleInterval=0.0 sec
UE1_Parameters="Category”
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= Downlink signal source with RF modulator:2

LTE_DL_Src_RF
Instance Name (name[<start:stop>])
RFSource

Select Parameter
-
ROut=50 Ohm i
RTemp=- 273.15
FCarrier=FCarrier
MirrorSpectrum=NQO
= il o

IPhaseImbalance=D.0 I
ST e Tty

Q_OriginOffset=0.0

MNNIOUTUWILTIANTINNANY

Y
I 21 =00 ' % [
e ekl SOV 301 UANA U AL 0-360 DI
SpecVersion=2008-09
FrameMode =FDD
T';D_eg:mﬁ: =Config O (degree)

SpecialSF_Config=Config 4

Bandwidth=Bandwidth

OversamplingOption =0versamplingOption
CydicPrefix=CydicPrefix -

Add Cut Paste
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= pDownlink signal source with RF modulator:2

LTE_DL_Src_RF
Instance Name (name[<start:stop>])
RFESource

Select Parameter
RF_Parameters="Category”

ROut=50 Ohm
RTemp=- 273.15 =
FCarrier=FCarrier &

| G;,,n:m:bej::a::m: "-o:ull NNNTBVAYNNISTINITINY

I_OriginOffset=0.0 1 7% '
Q_OriginOffset=0.0 ANTULUADNANUBDINUNAILLR
IQ_Rotaton=0.0

SystemParameters="Category"”
Speciersion=2008-09 _
FrameMode =FDD 0-100 dB
TDD_Config=Config O

SpecialSF_Config=Config 4

Bandwidth=Bandwidth

OversamplingOption =0versamplingOption
CychcPrefix=CydicPrefix

Add Cut Paste
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Bandwidth
1.4 MHzBW
30 MHzBW
50 MHzBW
10.0 MHzBW
15.0 MHzBW
200 MHzBW

MEWhl—= O

O:erszbmplingOpﬁon

g
2
3
PHICH_Ng
0
1
2
3

Cyc[i}icpreﬁx Meanin:

Norma
” 1 3 %!ended
appingTy anin
PB glype OPSKg
1 16QAM
2 64QAM

Meaning
Oversampling ratio=1
Oversampling ratio=2
Oversampling ratio=4
Oversampling ratio=8

Meaning

H_Ng =16
PHICH Ng = 122
PHICH Ng = 1
PHICH Ng =2

3UM 3.17 @1919 Variable ¥0352U1

o 1 o o Y, ~ A o
ﬂ']fl'ﬂ51|ﬂ’lﬂ’lﬂcl,uigUUuu%gﬁ]u'liﬂﬂjUhlﬂIﬂﬂﬁiq Iﬂﬂﬁ]zll!a""uﬂu‘ﬂ']‘ﬂli’ﬁlgu’]ll’l

= ()

1a 1agns Modulation 3z Hp8A 280

U

[

49

VAR
VAR_SignalSource
OversamplingOption=1
FCarrier=2000 MHz
Bandwidth=2
CyclicPrefix=0
UE1_MappingType={1}
OtherUEs_MappingType={0,1,2.0,1}
UE1_RB_Alloc={0,5}
UE2_RB_Alloc={5,5}
UE3_RB_Alloc={10,5}
UE4_RB_Alloc={15,5}
UE5_RB_Alloc={20,2}
UE6_RB_Alloc={22,3)
PDCCH_SymsPerSF={2}
PHICH_Ng=0
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Abstract

This article present a performance analysis of LTE-Advanced by ADS simulation to test the
performance of the uplink and downlink. Tested for their ability to comparing the phase of the reference
signal with the phase of the signal transmitted. Analysis of bit error rate value comparison of the SNR and
bit error rate. Which is set to be no greater than 17.5%, 12.5%, 8% respectively.

Keyword : LTE — Ad d, ADS, Bit Error Rate.

1. Main Text

LTE-Advanced technology is a new technology developed to reduce restrictions on the transfer of
the technology used today. Add the ability to transfer information at high speeds and reduces the delay in
data transmission overall. The second characteristic is the frequency Time Division Duplex (TDD) and
Frequency Division Duplex (FDD) to prepare to accommodate technological advances. Entail the use of
telecommunications resources efficiently.

This article presents a simulation LTE-Advanced using ADS to analyze the performance of LTE-
Advanced as part of the communication FDD and TDD channel in the downlink, which uses OFDMA
and the uplink is Technology SC-FDMA.
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2. Design

SerialinputdataseltothespeedVbitspersecondisconver!edimoadamsetopramlleltomh
set contains a speed V/N bits per second. Output a signal with a wider N times the original signal. Symbol
is spread can be written as equation (1).

Ko = XqWa™ aqw + i ®
Where Wq is the order of the orthogonal.
W= [Wqo. Wats ---» Wana] 3 9= 0,1,..., N-1 2
Xq is signal q set parallel to the spread.
Xq=0q+jBq 3
T'henthesignalisspreadounobebmughnogelhcmndoonvendataﬁomseﬁalloparallelthesecondequation(4).
B[k] = XqWgt XgWou +...59=0,1, ...,N-1 @)

Where b[k] is a parallel to the input of the IFFT output signal to change the frequency of the signal in the
time axis. The output of the IFFT is as equation (5).

Yo={bk]e*(km/N)} ;m=0,1,..,N-I ©)

Considering the number symbol N symbol containing [Xp, Xi, ... Xn1] at the input of the system.

This way, every sub-carrier fi consists of all symbols Xo, Xj, ..., Xn1. Where each symbol is
independent of each other While the system is a traditional OFDM symbol is used for a single sub-carrier
and non-W, orthogonal sequence data by considering that Wy = [wqx]. where W, =1; q =k andW;=0; q
#k

The receiving antenna will receive multiple copies. The received signal from each antenna is then
fragmented Serial to parallel converter. FFT to process the signal that it is a sign that, depending on the
frequency axis Then converts the signal from a parallel to serial. This output can be expressed by the
following equation (6).

Ry[Kk] = HO[K] bl + H[K] b0, (k] + Nylk] ©

The receiving antenna hasa set of pand p= 1.2, ..., p

When b, [k] is the desired signal from the transmitter.

H),[K] is the frequency response of the desired signal from receiving antenna at p.

b{"?[k] is the interference order 1.

H® [K] is the frequency response of the channel, consistent with intetference from the antenna to the
order p.

N,[K] is the noise received by the antenna with mean p=0.

The received signal from each antenna are combined and a weighted lincar with G[k] can be
written as an equation as equation (7).

blk] = G"[k] r[k] Q)
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When r[k] is a vector of the received signal.
G[Kk] is a vector of weighting.
G"[K] is the conjugate transpose of the vector and G[k] and b[k] is the desired signal from the transmitter.
Signal b[k] obtained by a linear combination of each antenna will need to make a despread or roll back by
multiplying the W, value that each brings to the positive combination. X, signal will have to pass a good
length modulation. Then converts the data from parallel to serial to get the original databack.

To establish system simulation and test by measuring the output signal standard used by the
reference standard R8 both uplink and downlink. Which consisted.

EVM measurement standard modulation techniques QPSK, 16 QAM and 64 QAM with phase
comparison between the reference phase from the standard R8 is set to a value of not more than 17.5%,
12.5% and 8%, respectively.

LTE _DL_Src_RF

RFE_ouv:_e g GerRF EactiTensly E_DL_E\
FCarnersFCamer Gl AR Mepures ent
Gairimbaisnce=00 Gain=1 KDsost/=-170 RefFreqeFCaniar
Phasembaancesl.0 hiosef gum=d Framellode=FDD
BardwdthaBandwidth BandwethsBandwidth

CcicPreh=CycicPretx

Figure 1 shows the measured EVM
Part 1 is a cell phone that you want to test
Part 2 is a block with gain in compression

Part 3 is a block used for generation of noise
Part 4 is a device used to measure the EVM
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Figure 2 BER is the bit error rate of the data stream input for uplink and downlink.

Part 1 is mobile device to be tested.

Part 2 is the set speed.

Part 3 is a block used for generation of noise.

Part 4 is used as a base station that is used to test the transmission.
Part 5 is a device used to measure the BER.

3. Results
3.1 Simulation results on the uplink.

16QAM not exceed]25%

St
. 1 2 3 ® 50
Phase imbalance (degree)
Figure 3 The effect on the phase of the I and Q reference point to the appropriate value.

95



Value of EVM (%) is the phase when measured from the reference phase. The right to use it under
a different modulation length.The graph in Figure 3.

QaPsK —s—QPSK
= E‘ . “'] --::m
'y 10" \

o' i
- g "
' 0
L TR SIS EELCR R - . i e N T
SNR SNR
Figure 4 SNR VS BER speed 5 km/h. Figure 5 SNR VS BER speed 120 km/h.

The noise in the system. The BER of the more valuable it is appropriate to use different
modulation according to the length of the BER decrease when the SNR is greater.

3.2 Simulation results for the downlink.

50
e QPSK

—m— 16 QAM
i B4 QAM

o 10 20 30 1 50
Phase imbalance (degree)

Figure 6 The effect on the phase of the 1 and Q Changed from a reference point in the appropriate values.

Value of EVM (%) is the phase when measured from the reference phase. The right to use it under
a different modulation length.The graph in Figure 6.
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Figure 7 the SNR VS BER speed 5 km/h. Figure 8 the SNR VS BER speed 120 kmvh.

The noise in the system. The BER of the more valuable it is appropriate to use different
modulation according to the length of the BER decrease when the SNR is greater.

4.Conclusion.

Of the results shows that the EVM (%) of the channel in the uplink and downlink are more
valuable when there are errors in all cases are simulated to. And the modulation of the simulation. It can
be seen that the modulation is QPSK EVM is the most minor of the modulation is 16 QAM and 64 QAM,
respectively. By using TDD spectrum in the overall results of the EVM is less than the spectrum in the
FDD.

In the analysis of the SNR vs bit error rate. This shows the efficiency of communication. Because
it is the energy that has been compared to the noise. From the simulations it is seen that the value of the
BER decrease when the SNR, which is a bit error rate of less efficient means of transportation as well.
And modulation of each model will yield different.
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ARRITZUVITA
1 RY: LTE-Advanced, ADS, B3 AN Atia

Abstract

This article present a performance unalysis of LTE-
Advanced by ADS si to test the performance of the uplink and
downlink. Tested for their ability to performance analysis of modulation
type QPSK. 16 QAM, 64 QAM comparing the phase of the reference
signalwith the phase of the signal transmitied. Analysis of bit emror ratc
value comparison of the SNR and bit ertor rate.Which is st to be no
greater than 17.5%, 12.5%, sgmeﬁw!y.

Keywords: LTE-Advanced, ADS,Bit Emror Rate
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