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General objective
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Make a comparative analysis of the

uniform modulation (UC) versus non-

uniform (NUC) modulation used in the
new TDT standards.



Introduction
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Non-Uniform Constellation
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Uniform Constellation
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Where p(t) is the pulse and is equal:

s t = ෍

i=−∞

i=+∞

aip t − iTs cos 2πfct + ෍

i=−∞

i=+∞

bip t − iTs sin 2πfct

p t = ቊ
1, 0 < 𝑡 < 𝑇𝑠
0, 𝑜ℎ𝑡ℎ𝑒𝑟 bi = ∓1

ai = ∓1

ASK(I) ASK(Q)



Uniform Constellation

5

7



n bits

Mapping

2𝑛 = 𝑁 points of the

constellation

Rotation

Channel 𝐼𝑘 Channel 𝑄𝑘+1

n=4,6,8…

N=16,64,256…

Mapping, rotation and delay 8

Channel 𝑄𝑘



Non-Uniform Constellation
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ሾ𝒑
𝐑
𝐢 𝐩𝐑 𝐪] = 𝐩𝐢 + 𝐩𝐪 ∗

ሻ𝐜𝐨 𝐬( 𝛉 ሻ−𝐬𝐢 𝐧( 𝛉
ሻ𝐬𝐢 𝐧( 𝛉 ሻ𝐜𝐨 𝐬( 𝛉

𝒙𝒊 = 𝒂𝒊 𝐜𝐨𝐬 𝜽 + 𝒃𝒊 𝐬𝐢𝐧 𝜽

𝒚𝒊 = −(𝒂𝒊 ሻ 𝐬𝐢𝐧 𝜽 + 𝒃𝒊 𝐜𝐨𝐬 𝜽

𝐬 𝐭 = ෍

𝐢=−∞

𝐢=+∞

𝐱𝐢𝐩 𝐭 − 𝐢𝐓𝐬 𝐜𝐨𝐬 𝟐𝛑𝐟𝐜𝐭 + ෍

𝐢=−∞

𝐢=+∞

𝐤𝐲𝐢𝐩 𝐭 − 𝐢𝐓𝐬 𝐬𝐢𝐧 𝟐𝛑𝐟𝐜𝐭



Rotation angles
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Modulation 16-QAM 64-QAM 256-QAM

θ (degree) 16.8 8.6 atan(1/16)



Performance
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BICMData

Modulator

OFDM
Channel

Demodulator

OFDM

BCH LDPC Interleaver NUC M-QAM



BCH LDPC Interleaver

Modulation

NUC M-QAM

Data(D) D*3) (D*3)/CR

64800)

64800)

64800/m)

Coding, Modulation, and Interleaved
12

CR*64800



Performance
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Software MATLAB  (R2014 y R2015)

Channels AWGN , Rayleigh

Constellation NUC 16-QAM,64-QAM,256-

QAM

Dimension of the constellation 1,2

CR 12/15
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Analysis and validation of results



Front
Interface 
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Principal Interface 16



Non-Uniform Constellation

1D
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Non-Uniform Constellation

2D



AWGN Channel
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SNR=3dB. SNR=9dB.
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Rayleigh Channel

𝝈 𝝉=0.5 𝝈 𝝉=0.1



Bits Error Rate (BER)
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h9.001e-05



Bits Error Rate (BER)
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7.001e-05



Bits Error Rate (BER)
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0.0002



Bits Error Rate (BER)
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0.0001



AGWN 16-QAM 64-QAM 256-QAM

SNR(dB) UC 1D 2D UC 1D 2D UC 1D 2D

0 0,1412 0,0892 0,2149 0,1990 0,1675 0,3207 0,2540 0,2150 0,1209

5 0,0419 0,0057 0,0139 0,1000 0,0369 0,1336 0,1590 0,1033 0,0860

10 0,0018 9e-5 7e-5 0,0265 0,0010 0,0038 0,0786 0,0156 0,0307

Rayleigh 16-QAM 64-QAM 256-QAM

SNR(dB) UC 1D 2D UC 1D 2D UC 1D 2D

0 0.1437 0.1037 0.2355 0.2025 0.1906 0.1638 0.2890 0.2344 0.1248

5 0.0448 0.0090 0.0272 0.1032 0.0587 0.0828 0.2047 0.1162 0.0969

10 0.0027 0.0001 0.0002 0.0289 0.0015 0.0067 0.1242 0.0247 0.0476

Comparison of the NUC´s vs UC´s 25



PAPR Analysis
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𝑷𝐀𝐏𝐑 =
ቃ𝐦𝐚𝐱ሾ 𝐲 𝐤

𝟐

ቃ𝐄ሾ 𝐲 𝐤
𝟐

Modulation UC(dB) NUC 1D(dB) NUC 2D(dB)

16-QAM 9.095448 8.036107 7.806945

64-QAM 10.626976 9.175798 8.970163

256-QAM 11.294440 9.683567 9.634040



Spectral Efficiency Analysis
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𝑹

𝑾
=

𝑽𝒕
𝑨𝑩

𝒃𝒊 ΤΤ𝒕 𝒔 𝑯𝒛

Tamaño 

FFT

16 QAM 64 QAM 256 QAM

4k 5.0515 6.8124 8.0618

8k 5.5090 7.2699 8.5193

16k 5.7573 7.5182 8.7676

32k 5.8869 7.6478 8.897260



Conclusions
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A GUI was implemented in MATLAB, using a simple simulation language to

any user, it enables the understanding and implementation of theoretical and

technical knowledge about advanced modulation techniques.

Uniform and non-uniform constellations were simulated and this permitted to

highlight the advantages and disadvantages of non-uniform versus uniform

constellations in relation to PAPR, BER and spectral efficiency parameters.

The values of the BER for an AWGN and Rayleigh channel were calculated,

they decrease as the values of the SNR increase. In addition the results obtained

for an AWGN channel are better than for a channel Rayleigh.



Conclusions
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The spectral efficiency achieves better results as the modulation order and the

number of FFT points increases, which favors the performance of the

communications systems.

The PAPR was calculated for uniform and non-uniform constellations of 1 and 2

dimensions, obtaining that the non-uniform constellations presented better

results than the uniform, although in general it was observed that, as the number

of carriers increases, PAPR increase too.
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