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A Study on Efficient Transmitter Structure of FIN
Method Based on Unequal Error Probability

Seo, Jung Hyun

Department of Radio Communication Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

In next generation satellite broadcasting system, requirement of high
throughput efficiency has been  increasing continuously. To increase
throughput efficiency and improve bit error performance, FTN (Faster
Than Nyquist) method is employed in new satellite standard, DVB-S3
(Digital Video Broadcasting - Satellite - Third Generation) system and
FOBTV(Future of Broadcast Television) system.

FTN is a method of transmitting information at a rate higher than the
allowed Nyquist limit. In order to improve the transmission efficiency by
applying the FTN method, according to increasing the interference rate.
However, performance degrade arising from  ISI(Inter-symbol
interference). The other attempt is MIMO(Multiple Input Multiple
Output)-FTN transmission method, which combines the MIMO and FTN
methods to improve throughput, can maximize the improvement of

throughput, however its decoding method and removal of interference is
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difficult, the research about which is under developed vyet. And
MIMO-FTN method requires accurate channel estimation for each
channel, yet does not improve performance compared to the SISO (Single
Input Single Output)-FTN method.

Therefore, in this thesis, proposed an unequal error probability (UEP)
based multiband FTN transmission method that transmits the FTN
interference differently applied to each band of multiband to each one.
This method, by classifying band depending on the importance of the
encoded bits of a channel encoder, improves performance in the same
overall interference by allocating less FTN interference to the band to
which important bits belong and more FIN interference to the band to

which unimportant bits belong.

Lastly,  proposed - an  OFDM(Orthogonal ~ Frequency  Division
Multiplexing)-FTN method based on UEP algorithm in multipath channels
as in massive mobile communication networks such as 5G. The OFDM
method divides data into multiple carrier signals, and multiplexes and
transmits them by adding orthogonality to minimize the interval between
divided carrier signals. Since OFDM with high spectrum efficiency is
efficient in a frequency selective fading channel environment and a
multipath channel environment, it can maximize the band efficiency by
applying the FTN method and also guarantee the performance in
multipath channels.

KEY WORDS: Faster-Than Nyquist; Inter-symbol interference; Unequal Error

Probability; multipath channels; Orthogonal Frequency Division Multiplexing;
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Fig. 2.6 Trellis diagram of basic method
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(c) Step 3

Fig. 3.3 LDPC HSS decoding flow
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Fig. 3.4 The order of bit nodes group with or without UEP algorithm
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Table 3.1 Number of N, connected to N

NG(V number NGB number NG(V number NGB number

1 26, 27, 30, 36, 74 46 1, 5, 18, 22, 81

2 10, 10, 20, 37, 41 47 7, 21, 33, 71, 82
3 4, 16, 27, 38, 51 48 0, 26, 50, 65, 83
4 2, 6, 16, 39, 68 49 0, 10, 14, 35, 84
5 9, 24, 33, 40, 82 50 0, 5, 29, 33, 85

6 3, 13, 24, 30, 41 51 1, 11, 12, 60, 86
7 14, 21, 32, 42, 76 52 1, 3, 21, 85, 87

8 4, 28, 34, 43, 89 53 5, 17, 73, 87, 88
9 16, 18, 30, 44, 87 54 10, 23, 40, 68, 89
10 21, 24, 45, 58, 79 55 0, 3, 6, 8, 83

11 1, 4, 5, 37, 46 56 1, 25, 30, 53, 88
12 8, 19, 20, 32, 47 57 2, 6, 28, 30, 42

13 15, 26, 33, 48, 78 58 3, 3, 12, 26, 60
14 8, 16, 46, 49, 66 59 4, 4, 23, 29, 35

15 0, 18, 50, 63, 67 60 5, 17, 29, 44, 54
16 13, 23, 30, 51, 63 61 6, 12, 21, 38, 57
17 6, 11, 52, 59, 73 62 7, 12, 31, 61, 70
18 8, 27, 49, 53, 56 63 8, 12, 12, 35, 65
19 14, 23, 25, 54, 81 64 1, 1, 9, 29, 34

20 2,715, 28, 38, 55 65 3, 10, 18, 23, 33
21 11, 19, 31, 56, 74 66 11, 13, 17, 47, 72
22 0, 8, 11, 57, 67 67 7, 12, 15, 24, 81
23 19, 31, 58, 71, 85 68 9, 13, 30, 34, 49
24 3, 9, 19, 45, 59 69 6, 14, 31, 32, 43
25 4, 17, 35, 52, 60 70 15, 22, 26, 79, 84
26 19, 24, 27, 61, 78 71 1, 13, 16, 20, 32
27 2, 29, 52, 62, 83 72 2, 17, 17, 24, 28
28 7, 13, 34, 63, 66 73 2, 18, 34, 39, 53
29 18, 25, 32, 45, 64 74 18, 19, 27, 35, 62
30 5, 6, 14, 35, 65 75 9, 9, 20, 22, 75
31 20, 22, 47, 66, 86 76 21, 22, 23, 69, 77
32 3, 4, 46, 67, 80 77 14, 22, 26, 29, 54
33 6, 17, 25, 64, 68 78 7, 23, 24, 28, 36
34 15, 16, 35, 40, 69 79 13, 15, 24, 41, 44
35 11, 12, 70, 77, 88 80 2, 22, 25, 48, 82
36 14, 22, 28, 36, 71 81 2, 13, 26, 64, 80
37 5, 21, 25, 51, 72 82 16, 27, 34, 72, 76
38 4, 10, 31, 61, 73 83 0, 9, 28, 34, 55
39 7, 10, 37, 50, 74 84 7, 27, 29, 33, 62
40 20, 26, 48, 55, 75 85 11, 18, 28, 30, 69
41 15, 20, 70, 75, 76 86 9, 10, 29, 31, 33
42 17, 31, 57, 58, 77 87 8, 23, 31, 32, 32
43 16, 20, 27, 78, 86 88 11, 25, 33, 42, 84
44 14, 21, 59, 79, 89 89 5, 7, 15, 34, 56
45 8, 19, 25, 39, 80 90 0, 19, 32, 35, 43
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OFDM

Fig. 3.5 Frequency domain of FDM method and OFDM method
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Table 4.1 Simulation parameters

Total number of data 10°
Channel coding LDPC(HSS algorithm)
Coding rate 1/2
Modulation BPSK
Number of sampling bits(SRRC filter) 32
Roll off factor 0.35
Interference rate(+) 25%, 37.5%
LDPC inner iteration 60
Number of N, 4

AN EHolAY FHL 919 Table 4.19] detvELE o] 839t UEP A4 3}
d 3 EF<tol| AAE LDPC =
g B33 7Yl Rasg 1/290 H-matrixS AT UEP 24 Al
oA A & EaFS AR N TSl Bt
Al wjRste] 42kl A2 & M HleS AAste] AA No A HlE 3
EE 3.%E AAst e, 9 Ad FIN AF 719 44 #3533
A5l 25% = 37.5%9] b WIS 2 IZAIZH. A gl UEP
€ Ads¥ UEP 2% AAAA ZA4e] Npol €' 5= H4d vl&d we
d5¢ B3 Table 4.29)4 Table 45% UEP A4 A olA 2472
= 4] ¥ES el e, Table 4.29F Table 4.3 A 1H4] H]
9] Yo Frol 25%F 2o Table 4.39] HJ vl &o] Table 4.29] H4] v
Hoh 25% 7102 %3 ©] A AAste] UEP A4 Al b4 Hl&9f Fo ot
2 MdsE B33t Table 4.4} Table 4.5 =3k b v L9 Hto] 37.5%
olm It Hl&¢] Fo mE dse BAsATH

5
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Table 4.2 UEP parameters setting I (7=25%)

Interference rate(%)
7_11 7,2 7,3 7,4
Typel 18.75 21.875 28.125 31.25
Type2 18.75 28.125 21.875 31.25
Type3 31.25 28.125 21.875 18.75
Typed 31.25 21.875 28.125 18.75
Table 4.3 UEP parameters setting II (+=25%)
Interference rate(%)
7_11 7,2 7_13 7,4
Typel 6.25 9.375 40.625 4375
Type2 6.25 40.625 9.375 43.75
Type3 43.75 40.625 9.375 6.25
Typed 43.75 9.375 40.625 6.25
Table 4.4 UEP parameters setting Il (7=37.5%)
Interference rate(%)
7_/1 7_/2 7,3 7,4
Typel 31.25 34.375 40.625 43.75
Type2 31.25 40.625 34.375 4375
Type3 43.75 40.625 34.375 31.25
Type4 43.75 34.375 40.625 31.25
Table 4.5 UEP parameters setting IV (7¥=37.5%)
Interference rate(%)
7_11 7,2 7_13 7,4
Typel 25 28.125 46.875 50
Type2 25 46.875 28.125 50
Type3 50 46.875 28.125 25
Typed 50 28.125 46.875 25
. - 28 -
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Fig. 4.1 The performance of FTN method based on UEP algorithm
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