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Bit Interleaver Design of Ultra High-Order Modulations
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ABSTRACT

The ultra-high definition television (UHDTV) has been considered as a next generation broadcsating service.
However the conventional digital terrestrial transmission system cannot afford the required transmission data rate
of UHDTYV, and thus adopting ultra-high order constellation, such as 4096-QAM, into the conventional DTT
systems has been studied. In particular, when the ultra-high order constellation is adopted into the digital video
broadcasting-2nd generation terrestrial (DVB-T2) unequal-error protection (UEP) properties of a codeword of an
error correction coding and ultra-high order constellations should be properly matched by bit mapper in order to
enhance the decoding performance. Because long codeword results in a heavy computational complexity to design
the bit mapper, the DVB-T2 divided it into cascaded blocks, the bit interleaver and the bit-to-cell DEMUX, and
there have been many researches related to each block. However, there are few published study related to design

methodology of bit interleaver. In this respect, this paper proposes a design methodology of the bit interleaver
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and presents bit interleavers of 1024-QAM and 4096-QAM according to the proposed design algorithm. The

newly designed interleavers improved the decoding performance of the error correction coding by maximally 0.6

dB SNR over both of AWGN and random fading channel.
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INPUT
Modulation order : M
Code rate set : r = [r,rz,r1]
Length of r : L
INITIALIZATION : Twisting factor
Twisting factor : ¢
Length of t. : N = 2M
Twisting factor check flag : feheek = O
DESIGN ALGORITHM
1 1=1
(Parity check matrix generation, Parity
interleaving)
2) lth code rate : r
Parity check matrix of r : H
Parity interleaved H @ Hp
Twisting factor index @ [ = 1
Twisting factor update parameter : iy = N
Number of columns of sub matrix : Low = 64800/N
Summation matrix @ S = 0 (zero matrix)
(Multi-edge check)
3) Circular shift sub matrices :

H,,,(©)
=[H, , H

PI, Ly, Xi—t, (i) +1:L,, i PL Ly x(i=1)+1: Ly, xi =1, (i)]

Summation matrix update :
S=S+H_, (i)
4) If MAX(S) > 1, toeok = 1, ir = MINGiyi)
5 Ifi <N, i=1+1 goto3)
(Twisting factor update)
i1 N—ij+1
—— ——
6) t. =t +[0,---,0,1,---,1]
7 M I<L [=1+1,goto2)
8) If teheex == 1, go to 1)
9) OUTPUT : ¢
J8 5. ®E <l bzl darejge] 4l

Fig. 5. Implementation of the bit interleaver design
algorithm
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Fig. 6. Flowchart of the bit interleaver design algorithm
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Table. 2. Bit interleaver design result

Modulation t
[01335669 121515 16 19
1024-QAM 19 21 21 23 25 28 28]
[057 9 12 12 20 23 28 34 38 43
4096-QAM 45 48 50 53 57 60 64 68 71 73 76

78]

3438 OFDM A& Zol= dlo|e] ¥-£o] <F 4.8ms
ol REP7Ee] Hol= o 3TusHER A nell&E
AH8-8F TU6(Typical urban-6) 2wle] Z ] x]edql 5p
sHr} w9~ ZHojx OFDM HZof|x ZwA] F}e
23t A58 F&o] A A o A T3
Z8 By g o2l o3t Al e BAF
g 4= 9lek 714 Y] WE2A 1024-QAM I} 4096-
AMS A83l9] o DVB-T2 %32 dlo]g] Alse
4% BE LDPC #3583 A-43l9ch

3 4% v EA dugsir)e] AA A0E Aesh
Folc}l. DVB-T2 %ol 1024-QAM ¥ 4096-QAM
o] AF3p = AlFEe] oAl derng, v|E <Eg
Wl A Elsly] $18te] BE=A] A Alds o]
of gz W E-Al AuEsirlw 7] Aokssiy] A
Ao} sl A7 AnpE ghgslo] AA KA

B 3. AEdelA detvle 2 Ad 2d
Table 3. Simulation parameters and channel model

Parameter Specification

Ele.mentary 7148 1

period

FFT size 32 K

Guard 1/128

interval

Modulation 1024-QAM, and 4096-QAM

Code rate 1/2, 3/5, 2/3, 3/4, 4/5, and 5/6
Typical urban-6 (TU6) channel model

Channel Tap number | 1 | 2 | 3| 4| 5| 6

model Delay (us) |0.0/0.2]/0.5]|1.6]/2.3|5.0
APG (dB) 31 0]-2]-6|-8|-10

APG: Average Power Gain

E 4. 1024-QAM3} 4096-QAM®] H|E-A Ar}Es}r]
Table 4. Bit-to-cell DEMUX of 1024-QAM and 4096-QAM

l\:t(i)g;ﬂra%)d&)’ 1| 2| 3| 4| 5| 6| 7| 8| 9| 10
172 (1) 2| 6| 4| 5| 8| 1| 3|10 7| 9
35 (2) 4| 5| 6] 10 8| 3] 2] o] 7| 1
1024_2/3(3)e(i)93108 1] 4| 5| 2| 6] 7
QAM|3/4 (4) 6| 5| 8 7| 1| 9| 4| 3| 1] 2
4/5 (5) 3| 1| 4| 6| 8] 510 7] 9] 2
5/6 (6) 8| 6| of 10 2| 5| 4] 1] 3] 7
l\;[fi’gﬁlra?:‘i%)z 1| 2| 3| 4| 5| 6| 7| 8| 9| 10 11 12
12 (1) 12 4| 5| 8| 7] 3] 11] 6| 2| 19 9] 1
3/5 (2) o 11 12 6| 8| 7| 5| 2| 4] 3] 10 1
4096-123 @] | 9| 7|10 11 1| 2| 6] 4| 3] 5| 8] 19
QAM3/4(4)8(1) 30 4 9| 7|10 1] 12 5| 8| 2| 6] 11
4/5 (5) 2| 5|12 of 3| 1| 7| 4| 8| 6| 11] 10
5/6 (6) 6| 8| 5| 9o 7] 2/ 12 1|19 3| 11 4
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Fig. 7. BER performance of the newly designed
1024-QAM bit interleaver over AWGN channel
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