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B Rg=8/9 16200 US, low band F G, H B,C,D
& = DB 5940 DS, low band E, (F), G, H
D Rp=3/4 1120
US, high band E, (F), G, H
E Re = 9/10 14400
F R.= 9/10 10800 DS, high band E, (F), G, H A
G Rg = 13/15 5400
H Ry = 3/4 960
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REDUCED PROPOSED CODES FOR ACTIVE PLANT 3“{.,"")’82&

C R.=0.848 5940 US, low band F, G, H B,C,D
D Rp=3/4 1120 DS, low band E, (F), G, H
E Rz = 9/10 14400
US, high band E, (F), G, H
F R = 9/10 10800
G Re = 13/15 5400 DS, high band E, (F), G, H B
H R, = 3/4 960

| | | B Rg = 8/9 16200
This presentation will concentrate on: C R. = 0.848 5940
D R, = 3/4 1120
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OUTLINE e

= Proposed code matrices

= Performance evaluation criteria
= AWGN channel performance

= Performance under burst noise

= Conclusion

= Background on LDPC Code Algorithms
= LDPC codes in general
= [terative message passing decoding for LDPC codes
= Possible encoding method



QC-LDPC CODES PARITY CHECK MATRICES DESCRIPTION 3@&%

= Definition of an (n, k) QC-LDPC code

= A QC-LDPC parity-check matrix can be divided into blocks of L by L submatrices, where L represents
the submatrix size or lifting factor.

The parity-check matrix in compact circulant form is represented by an m by n block matrix:

H1,1 H1,2 H1,3 Hl,n
H2,1 H2,2 H2,3 H2,n
Hbase = H3,1 H3,2 H3,3 H3,n
Hm,l Hm,2 Hm,3 Hm,n

= Each submatrix H;; is a L by L all-zero submatrix or a cyclic right-shifted Identity submatrix.

= The parity-check matrix tables consist of entries {-1, O,..., L-1}, where a ‘-1’ value represents an all-
zero submatrix, and the remaining values represent an identity submatrix which has been cyclically
right-shifted by the specified value.

= The H,_.. matrix can be represented as [H1 | HZ] where H, represents the parity portion.
= The code rate is (n-m)/n and a codeword length is n L bits.



LONG SIZE LDPC CODE e

= The code will be used for both downstream and upstream

Long size code: Rate= 8/9 (16200, 14400) code, m=5 rows x n=45 columns, L=360

93271 -1 83 26208245200 -U175331 17 86 -1y337 -1238 81 -1307 -1ie69 -1 47 76 73150349139331118 34y 27294 -1§145279 971061160143 -4 -1 -1 -1
274115329 338/124 -1J293 -1 69 64342 -1 88139 -1137212 -11571195357 81194 1159 56 72126(277156 321111175 -1§306(224] -1206] -1 29106334 -1 -1 -1
1341355179 24)253242 -1187] 94 26 87302 -1§191323 22 -11245294240 84] 761342345174269329 -1214 -1 -1 -Y -1y218104 40197 73229 63 -1§27Q9 72 -1 -1

-1 -1§184 701247 14 22 71285 54 -1352 26[108 10/298123139117 -1y336[ 492021359342 -1224106] -12731771245 9835517817147 -1J280 -1 -1 -1221j20§ -1
253273 90| -1 -1y151f3113201339 -1§295148 48 91 621002321462001135 12 -Ui79 -1 -1232 -1 213313131349 34 97187 38 -1235 52170 5§ -1 -1 -1257 O

= Number of equations: 1800
= Number of edges: 60840
= Density: 0.00209

Number of nodes in the Tanner graph
= Bit nodes: 16200
= Check nodes: 1800



MEDIUM SIZE LDPC CODE 3@&3&

= The code will be used for upstream only

Medium size code: Rate= 28/33(0.848) (5940, 5040) code, m=5 rows x n=33 columns, L=180

1420 158 113 124 92 44 93 70 172 3 25 44 141 160 S50 45 118 84 -1 64 66 97 1 115 g 108 -if -y 22 -y -1y -1 -1
54 1720 145 28 55 19 159 221 9¢ 12 85 -1 128 5 158 120 51 171 65 141 -1 42 83 71 -y 39 121 84 10y 1vy -3 -1 -1
63 11 112 114 61 123 728 55 114 20 53 114 42 33 4 66 163 50 46 17 17§ -1 -4 -4 92 -1 41 13§ -Y 34 74 -1 -1
28 160 102 44 8 84 126 9 169 174 147 24 145 -1 2 -1 -Y -1 67 82 4 177 1513 131 139 117 36 1§ -1 -1 23 g -1
520 159 7§ 74 46 71 421 11 108 153 -1} 72 -1 163 -1 9 2 168 158 -1 1 49 89 63 179 10 75 161 -Yf -1 -1 177 19

Number of equations: 900
Number of edges: 23580
Density: 0.0044

Number of nodes in the Tanner graph
= Bit nodes: 5940
= Check nodes: 900



SHORT SIZE LDPC CODE e

= The code will be used for upstream only

Short size code: Rate= 3/4 (1120, 840) code, m=5 rows x n=20 columns, L=56

9 14 120 1
O 39 1 26
120 28 22 46
0 51§ 16 31 1
360 6 3 51

371 49 26 24 O 3 -1 34 7 4 10 -1 -1
100 16 16 34 4 2 23 O 51 -1 49 20 -1
160 51 21 25 29 19 18 52 -1 37 -1 34 39
39 27 33 8§ 271 53 13 -1 52 33 -1 -1 38
19 4 49 48 9 -1 11 22 23 43 -1 -1 -1 1

BIWIWIOIN
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Number of equations: 280
Number of edges: 4424
Density: 0.014

Number of nodes in the Tanner graph
= Bit nodes: 1120
= Check nodes: 280



PERFORMANCE EVALUATION CRITERIA 3@&%

= Evaluation parameters

= Constellation:
= Downstream 256, 512, 1024, 2048, and 4096 QAM
= Upstream 64,128,256,512 and 1024 QAM
Two OFDM symbol durations
= 20 us and 40 ps
= Cyclic prefix of 2.5 ps
Probability of error at threshold
= BER=1e-8
= WER=1e-6
AWGN SNR threshold with and without burst error events
Channel assumptions for burst error events
= Downstream burst noise: 16 ps at 20 dB SNR or 16 ps at 5 dB SNR (two consecutive OFDM symbols)
= Upstream burst noise: 1 ys at 0 dB SNR (1 OFDM symbol) or 10 uys at 10 dB SNR (two consecutive OFDM symbols)

= Decoding procedure
= |terative sum-product message passing algorithm
= Floating point
= Maximum of 15 and 30 flooding iterations
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ON AWGN CHANNEL (LONG SIZE CODE) =1
(MAX. 30 ITERATIONS) T o~
10" H 256 QAM AWGN | g : : : : £
] 512 QAM AWGN % i 256 QAM AWGN
1024 QAM AWGN ! I 512 QAM AWGN
2048 QAM AWGN 103 1024 QAM AWGN
4096 QAM AWGN i 2048 QAM AWGN
1071 US LDPC(16200,14400), 30it 4096 QAM AWGN
US LDPC(16200,14400), 30it
10*
10°
10°
10*
10°
5
10 e
10° 10°

24 26 28 30 32 34 36
SNR (dB)

28 30 32 36
SNR (dB)

(162%%’ d1:400) SNR@WER=1le-6 24.11dB  26.83dB  29.64dB  32.29dB  35.16dB

CIONEETGE)M SNR@BER=1e-8 24.1dB 26.82dB 29.62dB 32.28dB 35.15dB
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ON AWGN CHANNEL (LONG SIZE CODE)

BROADCOM.
(MAX. 15 ITERATIONS) RO,
107 . l
e, ; 10° LI 256I AM AWGIN 1
512 QAM AWGN . " QAM e E
1024 QAM AWGN I 1 >12Q
2 2048 QAM AWGN 1024 QAM AWGN
10 4096 QAM AWGN E 10" 2048 QAM AWGN !
US LDPC(16200,14400), 15it 4096 QAM AWGN :
US LDPC(16200,14400), 15it [1
107 10°
0 i
g © 10°
10
10"
10°
10°
10°
24 26
SNR (dB) SNR (dB)

Upstream 256QAM | 512QAM | 1024QAM | 2048QAM | 4096QAM
(16200, 14400)

code

: : SNR@WER=1e-6 24.26dB 26.97dB 29.8dB 32.46dB 35.31dB
(15 iterations)

SNR@BER=1e-8 24.19dB 26.89dB 29.73dB 32.38dB 35.26dB
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ON AWGN CHANNEL (LONG SIZE CODE)

DIFFERENCE BETWEEN 15 AND 30 ITERATIONS

BROADCOM.
T -

Downstream code: Max. 30 iterations vs. Max. 15 iterations

256QAM | 512QAM | 1024QAM | 2048QAM | 4096QAM
SNR@WER=1e-6 Max.15 iterations 24.26dB 26.97dB 29.8dB 32.46dB 35.31dB
Max.30 iterations 24.11dB 26.83dB 29.64dB 32.29dB 35.16dB
Difference 0.15 0.14 0.16 0.17 0.15
SNR@BER=1e-8 Max. 15 iterations 24.19dB 26.89dB 29.73dB 32.38dB 35.26dB
Max. 30 iterations 24.1dB 26.82dB 29.62dB 32.28dB 35.15dB
Difference 0.0.09 0.07 0.11 0.1 0.11
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ON AWGN CHANNEL (UPSTREAM MEDIUM SIZE CODE) =
(MAX. 30 ITERATIONS) sresrcon
10 Y T T ; 10 T T T T
64 QAM AWGN ; ! t 64 QAM AWGN
128 QAM AWGN | { 1 128 QAM AWGN
256 QAM AWGN | a | \ 256 QAM AWGN
10° 512 QAM AWGN H 10 512 QAM AWGN
1024 QAM AWGN E ‘ 1024 QAM AWGN :
US LDPC(5940,5040), 30 iter. [] ) US LDPC(5940,5040), 30 iter. [
10 }
10” ;
10
10°
10" 4
10
10° . 10° ;
18 20 22 24 26 28 30 18 20 22 2 26 28 30
SNR (dB) SNR (dB)
| 64QAM 1280AM 256QAM 512QAM 1024QAM
SNR@WER=1e-6 18.15dB 20.93dB 23.59dB 26.26dB 29dB

SNR@BER=1e-8 18.17dB 20.93dB 23.6dB 26.25dB 28.99dB
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ON AWGN CHANNEL (UPSTREAM MEDIUM SIZE CODE)

(MAX. 15 ITERATIONS)

10

10

10

10°

10°

128 QAM

256 QAM

512 QAM

64 QAM AWGN

AWGN
AWGN
AWGN

1024 QAM AWGN :
US LDPC(5940,5040), 15 iter. H

18

20

22 24 26
SNR (dB)

SNR@WER=1e-6
SNR@BER=1e-8

28 ‘ 30 18 20
64QAM 128QAM 256QAM 512QAM

18.2dB
18.2dB

21.05dB
21.03dB

BER

10

10

10

10

10

10

-8

BROADCOM.
T -

64 QAM AWGN

it

_—‘_—--

128 QAM AWGN
256 QAM AWGN

512 QAM AWGN
1024 QAM AWGN

US LDPC(5940,5040), 15 iter. []

23.69dB
23.69dB

22 24
SNR (dB)

26.4dB

26.38dB

26 28 30

1024QAM

29.18dB
29.16dB
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DIFFERENCE BETWEEN 15 AND 30 ITERATIONS
(UPSTREAM MEDIUM SIZE CODE)

BROADCOM.
T -

| 64QAM | 1280AM | 2560QAM | 5120AM | 1024QAM

Max.15 18.2dB 21.05dB  23.69dB  26.4dB 29.18dB
iterations

SNR@WER=1e-6  \1ax 30 18.15dB  20.93dB  23.59dB  26.26dB  29dB
iterations
Difference 0.05 0.12 0.1 0.14 0.18
Max.15 18.2dB 21.03dB  23.69dB  26.38dB  29.16dB
iterations

SNR@BER=1e-8  \1ax 30 18.17dB  20.93dB  23.6dB 26.25dB  28.99dB
iterations
Difference 0.03 0.1 0.09 0.13 0.17
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ON AWGN CHANNEL (UPSTREAM SHORT SIZE CODE)
(MAX. 30 ITERATIONS) )

BROADCOM.
T\
o \ \ \ ingAhl/l AWGN | -‘ i -‘ 54 OAM AWGN
X \ \ QAM AWGN \‘ \\ \\ 128 QAM AWGN
\ \ \ 22 OAM AWGN ; A \ \ 256 QAM AWGN
| | \ 1024 QAM AWGN ] 10 iézszgA“\AMAXVV\?gN -
US LDPC(1120,840), 30 iter II |‘ l‘ .
10° \ \ \ ! ] ! | \ US LDPC(1120,840), 30 iter. |’
|‘\ “\ \\ “\ 10° \ \ \ \ \
‘\ \ \ \ \ "\ ‘\ % {
§ 10’ : : : : i ‘ ‘ ‘ ‘ \
= -
N O O O " 1
5 \ \ \ \ \
10 f { { { i
== Y I U T - ——
\ \ \ \ Y \ Y \ \
\\ \\ \\ \\ : \ \\ \‘ i \
et ten s
18 : 22 ‘ 24 ‘26 : 22 . 24 26 ‘ 30
SNR (dB) SNR (dB)
_ 64QAM 1280AM 256QAM 512QAM 1024QAM
SNR@WER=1e-6  17.83dB 20.52dB 23.08dB
SNR@BER=1e-8 17.960B

25.69dB 28.3dB
20.69dB 23.21dB

26.01dB 28.59dB
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ON AWGN CHANNEL (UPSTREAM SHORT SIZE CODE)
(MAX. 15 ITERATIONS) )

BROADCOM.
—_— A~
I\ \ \ : 64 QAM IAV;/GN ‘\\ 64 QAM AWGN
107 \ \ \ 128 QAM AWGN | 2\ \ 128 QAM AWGN
\ : ‘ 256 QAM AWGN 10° B 256 QAM AWGN
! | | 512 QAM AWGN i t t 912 QAM AWGN :
| | \ 1024 QAM AWGN | \ \ \ 1024 QAM AWGN !
0° \ \ \ US LDPC(1120,840), 15 iter 10° \ \ \ US LDPC(1120'8__‘4O)' 15 iter
‘\ \ | " { {
\ \ \ \ \ s\ \ \ \ \
\ \ \ \
e 4 5 W s W W
10° \ \ \ \ ‘-‘ ‘\ ‘-\ '\‘ 1
; ‘\ ‘\ ‘\ ‘\
\ \ \ 1 \ 7
e e g
10° \ \ \ \ ‘ \ \ \ \
\ \ “\ ‘ ‘| 10° \ \ \ \. \
\ \ \ \ \ X \ X X
18 24 22 24 28
SNR (dB) SNR (dB)
_ 64QAM 1280AM 256QAM 512QAM 1024QAM
SNR@WER=1e-6 17.96dB 20.71dB 23.23dB
SNR@BER=1e-8 18.1dB 20.87dB

25.91dB 28.49dB
23.37dB 26.11dB

28.67dB
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DIFFERENCE BETWEEN 15 AND 30 ITERATIONS
(UPSTREAM SHORT SIZE CODE)

BROADCOM.
T -

|64QAM |128QAM |256QAM |512QAM |1024QAM

Max.15 17.96dB  20.71dB  23.23dB  25.91dB  28.49dB
iterations

SNR@WER=1e-6 14y 30 17.83dB 2052dB  23.08dB  25.69dB  28.3dB
iterations
Difference 0.13 0.19 0.15 0.22 0.19
Max.15 18.1dB 20.87dB = 23.37dB  26.11dB  28.67dB
iterations

SNR@BER=1e-8 14y 30 17.96dB  20.69dB  23.21dB  26.01dB  28.59dB
iterations
Difference 0.14 0.18 0.16 0.1 0.08
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BURST NOISE SIMULATION SET-UP 3@&3&

Two OFDM symbol durations

= 20 ys
= 40 ys
= Cyclic prefix
= 2.5 s
= Channel assumption
Burst noise Duration | SNR
Downstream 16us 20dB
16us 5dB
Upstream 10us 10dB
lus 0dB

Interleaver latency threshold

= 1 ms total PHY delay (upstream and downstream), suppose 400 us each
= 20us symbol: 400/22.5=17.7 interleave depth
= 40us symbol: 400/42.5=9.4 interleave depth

Targeted probability of error
= BER=1e-8
= WER=1e-6

21



SNR CALCULATION WITH BURST NOISE 3'{.."")’89&

One OFDM symbol (Toepy)

SN RAWGN

R

Burst duration T,

= Case I: the burst hits one OFDM symbol
= SNR experienced by all sub-carriers in the OFDM symbol due to burst noise only is:

SNRburs‘r = SI\|Rimpulse_ 10 |Og (Tburst/ TOFDM)

Torpv:  OFDM symbol duration without cyclic prefix
Tep: duration of cyclic prefix

Tourst: burst duration

SNRpuse IMpulse SNR

= SNR experienced by all sub-carriers in the two OFDM symbols due to background noise only is:
SNRbackground - SI\IRAWGN_ 10 |Og (1 - [Tburst/ TOFDM])

st

22



SNR CALCULATION WITH BURST NOISE 3'{.,"")’82&

Cyclic Prefix
One OFDM symbol (Tepm) (Too) One OFDM symbol (Toepu)
) J\'cp) |

SN RAWGN SN RAWGN

]

»

Burst duration T

= Case ll: the burst hits two consecutive OFDM symbols equally
= SNR experienced by all sub-carriers in the two OFDM symbols due to burst noise only is:

SNRburst = SI\IRimpuIse_ 10 |Og (0-5 * (Tburst_ TCP) /TOFDM)

Torpv:  OFDM symbol duration without cyclic prefix
Tep: duration of cyclic prefix

Tourst: burst duration

SNRimpuise: IMpulse SNR

= SNR experienced by all sub-carriers in the two OFDM symbols due to background noise only is:
SI\IRbackground — SNRAWGN_ 10 |Og (1 - [0-5 * (Tburst_ TCP) / TOFDM])
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SNR CALCULATION WITH BURST NOISE 3@&3&

= SNR on the burst noise impacted subcarrier in the presence of background AWGN is:

. SNR - '10 LOQ (10 [_SNRburst/ 10] + 10 [_SNRbackground / 10])

sub-carrier —

SNR pv-carrier-  SNR experienced by all sub-carriers in the OFDM symbol
SNRpackgrouna: Background (thermal) Additive White Gaussian noise contribution
SNR /< Burst SNR contribution




INTERLEAVE DEPTH b

= Qur simulations show the minimum value for interleave depth N in order for the BER to
reach 1e-8 for a given worst case burst noise position at a specified duration and SNR
and the associated minimum background AWGN SNR

= Simulated cases
= Case 1. one OFDM symbol is impacted:

N sub-carkrlers apart . Non-impacted sub-carriers

{ |

= Case 2 two consecutive OFDM symbols are impacted equally:

. . Burst impacted sub-carriers

N sub-carriers apart

\
{ \
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20pus SYMBOLS ON 16pus 20dB BURST (LONG SIZE CODE)

BROADCOM.
MAX 30 ITERATIONS =
I 1T I 1| T 1 T] :|_0_2 I % T i
256 QAM 16us burst ¥ 256 QAM 16us burst
10" 512 QAM 16us burst 512 QAM 16us burst
1024 QAM 16us burst g 10° 1024 QAM 16us burst
2048 QAM 16us burst 20“8 SymbOI 2048 QAM 16us burst
2 4096 QAM 16us burst i
. o Lo | (WO affected)
Latency: 382.5us :
. 10 (depth:17) _ 5
w (i1}
= o
10” "
10° 10"
10° 10” """""""'J' . |
24 26 28 30 32 34 l 28 30 I 32 34 36 -
SNR (dB) SNR (dB)
_ 2560QAM 5120AM 10240AM | 20480AM | 4096QAM
SNR@WER=1e-6 24.38dB 27.38dB 30.59dB 33.71dB 37.10dB

SNR@BER=1e-8 24.36dB 27.36dB 30.58dB 33.69dB 37.09dB

27



20pus SYMBOLS ON 16pus 20dB BURST (LONG SIZE CODE)

BROADCOM.
MAX 15 ITERATIONS ==
10-1 I T T T it t % I
256 QAM 16us burst 256 QAM 16us burst
512 QAM 16us burst i 3 512 QAM 16us burst
1024 QAM 16us burst - 10 1024 QAM 16us burst £
107 2048 QAM 16us burst i 20|JS Sym bOI 2048 QAM 16us burst
4096 QAM 16us burst . “ 4096 QAM 16us burst
20dB burst, US LDPC(16200,14400), 15it (two affected) 10 20dB burst US LDPC(16200,14400), 15it i
10° Latency: 382.5us .
N (depth:17) 0
'-éJ s}
10" 10°
. 10"
10
10°
10°
24 26 28 30 32 34 36 38
24 26 28 30 32 34 36 38 SNR (dB)
SNR (dB)
_ 2560QAM 5120AM 10240AM | 20480AM | 4096QAM
SNR@WER=1e-6 24.54dB 27.55dB 30.78dB 33.95dB 37.36dB

SNR@BER=1e-8 24.26dB 27.46dB 30.71dB 33.84dB 37.24dB
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40ps SYMBOLS ON 16us 20dB BURST (LONG SIZE CODE)

BROADCOM.
T -

MAX 30 ITERATIONS

256 QAM 40us symb. ' = :
512 QAM 40us symb. éig gﬁm 2832 323
* 02 0 b. | ' I
0 204:31 gim 2032 32&). 10° 2024 QAM 40us SymE' £
4096 QAM 40us symb. 40us symbol 4832 g':m jgaz 325 ]
10 16us,20dB b”rSt'US(mZOO'l‘:“OO)' S0t (two affected) 0 16us,20dB burst,US(16200,14400), 30it ||
i Latency: 340us !
o 10° (depth: 8) v 10°
= 4
|
10" \ 10° .=
1 |
10° \ 10 \
\
10—6 10_8 \
24 28 30 32 34 36 28 30 32 34 36 38 40 42
SNR (dB) SNR (dB)
_ 2560QAM 5120AM 10240AM | 20480AM | 4096QAM
SNR@WER=1e-6 24.41dB 27.53dB 31.04dB 34.9dB 40.25dB

SNR@BER=1e-8 24.4dB 27.52dB 31.03dB 34.86dB 40.1dB
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40ps SYMBOLS ON 16us 20dB BURST (UPSTREAM LONG CODE)

MAX 15 ITERATIONS

BROADCOM.
T -

256 QAM 40us symb.
512 QAM 40us symb.
10> 1024 QAM 40us symb.
2048 QAM 40us symb.
4096 QAM 40us symb. ]
16us,20dB burst,US(16200,14400), 15it |1
10° !
1
||
ad
=
10"
\
\
\
10° \
\
\
\
10°

24 26 28 30 32 34 36 38 40 42
SNR (dB)

40us symbol
(two affected)
Latency: 340ps
(depth: 8)

BER

10 1024 QAM 40us symb.
2048 QAM 40us symb.
_ 4096 QAM 40us symb.
10 16us,20dB burst,US(16200,14400), 15it
1
\
10 \
1
\
10° \
107 \
X
A
\
10 \__
24 26 28 30 32 34 36 38 40 42

5

256 QAM 40us symb.

512 QAM 40us symb.

RS
e

SNR (dB)

_ 2560QAM 5120AM 10240AM | 20480AM | 4096QAM

SNR@WER=1e-6
SNR@BER=1e-8

24.57dB
24.48dB

27.73dB
27.64dB

31.28dB
31.19dB

35.29dB
35.13dB

42dB
40.9dB

30



MAX 30 ITERATIONS

20pus SYMBOLS ON 16ps 5dB BURST (LONG SIZE CODE)

‘\ \ \\ \\ \
\ \ AN \
\ \ \. X
\ \ \ \
ol | \ \ N\ N\
'-. =. X = —
1 || \
| | AY
| \ \\
10” \ \ ~
i ¥
1 \
| \
| \
x 10° ! \
w ¥ s
= {
|
10" -
1
\
| 256 QAM 20us symb "
] \ 512 QAM 20us symb u
10 t 1024 QAM 20us symb -
{ 2048 QAM 20us symb -
\\ 4096 QAM 20us symb -
16us,5dB burst, DS LDPC(16200,14400), 30it [
10 \ ! f : ! :
26 28 30 32 34 36 38 40 42 a4
SNR (dB)

BROADCOM.
e
20us symbol
(two affected) . N e
2 \
Latency: 382.5us 10 g X : o
(depth:17) \
10'3 \ \
\ \
|| )\
| \
10" \ \
-'Wv-\
Lo
CQ 10 o -
\ " 256 QAM 20us symb. [
5 512 QAM 20us symb. [T
10 1024 QAM 20us symb. 3
2048 QAM 20us symb. H
3 \ — 4096 QAM 20us symb. |7
10 16us,50B burst US £
LDPC(16200,14400), 30it [
10°
26 28 30 32 34 36

38 40 42 44

SNR (dB)

31



20pus SYMBOLS ON 16ps 5dB BURST (LONG SIZE CODE)

BROADCOM.
T -

MAX 30 ITERATIONS

X e » \ N — AV | — Y
256 QAM 20us symb 1 10 \ 256 QAM 20us symb
B 512 QAM 20us symb 1 \ 512 QAM 20us symb
. oo e - 20ussymbol — o
4096 QAM 20us symb i two affected 2048 QAM 20us symb
2 Intlv. depth = 21 4096 QAM 20us symb
10 . - H . ) _
16us,5dB burst, LDPC(16200,14400), 30it § Latency: 472.5us 10" Intlv. depth = 21 I
.‘ | | 16us,5dB burst, LDPC(16200,14400), 30it
B \ \ \ (depth: 21) i
@ 10 i L | o -5 \
W - - W 10 |
g \ = g =. =.
‘\ \ \
10° : 1 \ 10-6 \ \
{ : 1 { | {
\ \ \ \ \ \
107 - \ 10" T |
X { - : \
\ 1 |
‘\ | 8 ‘\ \
.'].0_6 ¥ ; : 10 | X X
24 26 28 30 32 34 36 38 40 24 26 28 30 32 34 36 38 40 42
SNR (dB) SNR (dB)

Remark: latency 450us (depth 20) works for 30 iterations, but not for 15 iterations

_ 2560AM 5120AM 10240AM | 20480AM | 4096QAM

SNR@WER=1e-6 26.72dB 30.20dB 34.12dB 36.72dB 40.28dB
SNR@BER=1e-8 26.68dB 30.13dB 34.09dB 36.62dB 40.3dB
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20pus SYMBOLS ON 16ps 5dB BURST (LONG SIZE CODE)
MAX 15 ITERATIONS

BROADCOM.
3 s F— - == : E
\‘ 256 QAM 20us symb i 256 QAM 20us symb
o 512 QAM 20us symb _ \ { 512 QAM 20us symb
1024 QAM 20us symb 20ps sym bol 10 \ \ 1024 QAM 20us symb |
2048 QAM 20us symb { 2048 QAM 20us symb ;
. 4096 QAM 205 symb (two affected) i 4096 QAM 20us symb
10 113132 5?; b;rst LDPC(16200,14400), 15it - Lat 472.5 4 | inthv. depth = 21
- . b : atency. OMS 10 ! 16us,5dB burst, LDPC(16200,14400), 15it 3
| | | : T T T
e l (depth: 21) \ \ ‘| 1
= ; X 10° \ \ \ \
— : =
10° \ \ \ | l |
= = \
\ { \ |
o ] S
i -7
) ) 10 X \ L
\ \ ;
. I — \
24 26 28 30 32 34 36 38 40 42 44 10° ] \‘ \\
SNR (dB) 25 30 35 40
SNR (dB)

_ 2560AM 5120AM 10240AM | 20480AM | 4096QAM
SNR@WER=1e-6  27.08dB 30.68dB
SNR@BER=1e-8

34.74dB
26.94dB 30.49dB

37.45dB
37.07dB

40.94dB
34.45dB

40.58dB

33



40ps SYMBOLS ON 16us 5dB BURST (LONG SIZE CODE)

MAX 30 ITERATIONS

10"

BROADCOM.
T -

256 QAM 40us symb 10 Y o ve—
512 QAM 40us symb 256 QAM 40us symb
1024 QAM 40us symb ié;Q/QA'Z/IMﬁgs symbb
2048 QAM 40us symb 40 SS mbOI 10-3 us sym
107 4096 QAM 40us symb bS Sy 2048 QAM 40us symb
Intlv. depth = 19 (tWO aﬁected) :1(;96 (?Am 40;: symb
16us,5dB burst, LDPC(16200,14400), 30it 4 ntlv. depth =
Latency: 807.5.5us 10 16us,5d8 burst, LDPC(16200,14400), 30it £
-3 1
10 . |
(depth: 19)
Ind -5
5 % 10
=
-4
10
10° \
1
1
|
10_5 t 10'7 \‘
; ]
\ ||
| | \
‘ s \ \
5 | 10 : =
10 \ i {

24 2 2 2 4 4
24 26 28 30 32 34 36 38 40 6 8 30 SSR (@B) 3 36 38 0
SNR (dB)

Remark: latency 765us (depth 18) works for 30 iterations, but not for 15 iterations

_ 2560AM 5120AM 10240AM | 20480AM | 4096QAM

SNR@WER=1e-6 26.35dB 29.8dB 33.21dB 36.35dB 39.89dB
SNR@BER=1e-8 26,34dB 29.8dB 33.2dB 36.33dB 39.81dB
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40ps SYMBOLS ON 16us 5dB BURST (LONG SIZE CODE)

MAX 15 ITERATIONS

BROADCOM.
T -

10 i i =T Tk 256 QAM 40us symb
256 QAM 40us symb 512 QAM 40us symb
512 QAM 40us symb 3 1024 QAM 40us symb
1024 QAM 40us symb 40“5 SymbOI 10 2048 QAM 40us symb g
-2 2048 QAM 40us symb
10 4096 QAM 40us symb
4096 QAM 40us symb (tWO aﬁeCted) Intlv. depth = 19
Intlv. depth = 19 ] . 10" 16us,5dB burst, LDPC(16200,14400), 15it H
16us,5dB burst, LDPC(16200,14400), 15it | Latency' 807'5'5“5 i :
10° (depth: 19) ‘\\
5
x 10 t
i o '=
= %
-4
10
10° \ \
| ‘\
\
-5 B
10 107
i
)
|
5 \
10° \ 10 : ‘
24 26 28 30 32 34 36 38 40 42 44 24 26 282 3 32 34 36 3B/ 40

SNR (dB) SNR (dB)

_ 2560AM 5120AM 10240AM | 20480AM | 4096QAM

SNR@WER=1e-6 26.61dB 30.22dB 33.68dB 36.99dB 40.68dB
SNR@BER=1e-8 26.47dB 30.09dB 33.38dB 36.73dB 40.28dB
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NS -
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20pus SYMBOLS ON 10ps 10dB BURST (SHORT SIZE CODE)

MAX 30 ITERATIONS

10"

BROADCOM.
T -

\

—— 256 QAM 20us symb. \\ '\\ 256 QAM 20us symb.
\ . 512 QAM 20us symb.
\ 512 QAM 20us symb. 5 \ \ 1024 QAM 20us symb.
s \ —— 1024 QAM 20us symb. 1 20us symbol 10 10us,10dB burst,US(1120,840), 30it f
"\ 10us,10dB burst,US(1120,840), 30it [ \ \ :
X : (\ ) 30} (two affected) \ \ \
\ \ \ :I.O_4 X X L3
" \ \ \ Latency: 382.5us
X X X \ \ \
X X \ . \ \ \
: § : : (depth:17) ¢ 10 \ \ \
\ \ ) X ¥ X
= \ \ ; \
10 \ \ \ \
\ \ \ 10° \ \ \
\ \ \ \ ; ;
\ \ \ \ \ \
_ \ \ \ | \ \
10 107 \ \ \
\ \ X
\ \ \ " \
10 \I 10° \ \-. ;
2 23 24 25 26 27 28 29 30 26 28 30 32
SNR (dB) SNR (dB)

22 24
- |256QAM 5120AM 1024QAM

SNR@WER=1e-6 24.08dB 27.03dB 29.91dB
SNR@BER=1e-8 24.27dB 27.19dB 30.30dB
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20pus SYMBOLS ON 10ps 10dB BURST (SHORT SIZE CODE)

BROADCOM.
T -

MAX 15 ITERATIONS

) 20us symbol 2N < — .
10 \ X : —— ' : : = X X 256 QAM 20us symb.
% \ 256 QAM 20us symb. 5 (two affected) \ X 512 QAM 20us symb.
\ 512 QAM 20us symb. ] . ) \ 1024 QAM 20us symb.
2 \\ \ 1024 QAM 20us symb. | Latency' 3825“8 10° \ ﬁ 10us,10dB burst,US(1120,840), 15it :
10 \ 10us,10dB burst,US(1120,840), 15it | _ \ n \ :
{ \ : (depth:17) \ \ \
\ \ \ 4 \ \ \
\ \ \ 10 X \ %
\ \ \ “‘\ “‘\ “\
ol \._ \ \ \ \
' X v i 10° \ \
i \\ \ \ B ‘\ ‘\
= \ \ \
10" \ \ \ 10° \._‘ \._‘ \._‘
X X X \ X X
\ \ | o \ ‘ X
\ ! \
"\ “\ \\ \\ ‘\
\ 108 \‘\ \‘\ \‘-
10° \ \ 20 22 23 24 25 26 27 28 29 30 31
A X A SNR (dB)
22 23 24 25 26 27 28 29 30 31 32
SNR (dB)
S oo sizoa | 1026am
SNR@WER=1e-6 24.27dB 27.28dB 30.16dB

SNR@BER=1e-8 24.58dB 27.55dB 30.47dB
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DIFFERENCE BETWEEN 15 AND 30 ITERATIONS (SHORT SIZE CODE) A

BROADCOM.
T -

20ps SYMBOLS ON 10us 10dB BURST

20us symbol (two affected)
Latency: 382.5us (depth:17)

2560AM | 512QAM | 1024QAM

Short size SNR@WER=1e-6 Max.15 iterations  24.27dB  27.28dB  30.16dB
(1?'20’8_40) Max.30 iterations 24.08dB  27.03dB  29.91dB
30 1terations _
Difference 0.19 0.25 0.25
VS.
_ _ SNR@BER=1e-8 Max. 15 iterations 24.58dB 27.55dB  30.47dB
15 iterations
Max. 30 iterations 24.27dB 27.19dB 30.30dB
Difference 0.31 0.36 0.17




WER

40ps SYMBOLS ON 10ps 10dB BURST (SHORT SIZE CODE)

MAX 30 ITERATIONS

BROADCOM.
T -

_l \ \ 1 1 1 \ 1 1 1 < < < : :
10 a3 256 QAM 40us symb. X X
X H 20\ \ 256 QAM 40us symb.
\ 512 QAM 40us symb. 10
\ 1024 QAM 40us symb 40us symbol \ &) °12 QAM 40us symb.
107 \ 10us, 10dB burst, US(1120,840), 30 \ A 1024 QAM 40us symb. !
o ret, U5(1120,840), 301 (two affected)  10° \ 10us, 10dB burst,US(1120,840), 30it ]
\ A\ X X aY
\ \ \ . \ \ X
\ \ Latency: 340us , \ X
10° \ \ \ _ 10 \ \ \
\ X X (depth:8) 3 v %
\‘ \‘ x \ \ \
\ \ \ W oo° \ \ \
10" \ \ \ \ v X
X \ -6 \ \
\ \ \ 10 \ \
\ \ \ 8% 2
10 5 ' \-‘ \“ } \\\ \\\
\\\ \“ \\ 10 N\ X X
\\ \\ \\ ‘\\ X ‘\
N N\ \
10 \_ \ \ 10 AN N N
22 23 24 25 26 27 28 29 30 31 32 22 24 26 28 30 32
SNR (dB) SNR (dB)

- |256QAM 5120AM 1024QAM

SNR@WER=1e-6 25.25dB 28.03dB 31.8dB
SNR@BER=1e-8 25.97dB 28.52dB 32.42dB
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WER

40ps SYMBOLS ON 10ps 10dB BURST (SHORT SIZE CODE)

MAX 15 ITERATIONS

10" E=y - —
'\‘ \ 256 QAM 40us symb.
\ \ 512 QAM 40us symb. 40us symbol
2 \ 1024 QAM 40us symb.
10 10us,10dB burst,US(1120,840), 15it §  (TwO affected)
‘\\ ‘\\ \\ Latency: 340us
107 X % 3 (depth:8)
\ \ \ 0
m
10" \ \ \
\ \‘\ “\
\ \ \
10” A\ \ \‘
X \ s
X \ \
100 N \
22 24 26 28 30 32
SNR (dB)

BROADCOM.
T -

TN

256 QAM 40us symb.

v
i <5l
3 /

/""
Lt —

512 QAM 40us symb.
1024 QAM 40us symb.

10us,10dB burst,US(1120,840), 15it

\

ot
L
—-l'/

\

"
i
i

L~ T
/

' it
>

AT
i
i

.
AT
Pt
>
i~

22 24

- |256QAM 5120AM 1024QAM

SNR@WER=1e-6
SNR@BER=1e-8

25.86dB
26.4dB

28.45dB
28.84dB

32.68dB
32.73dB

26

28 30 32
SNR (dB)

a1



DIFFERENCE BETWEEN 15 AND 30 ITERATIONS (SHORT SIZE CODE) A

BROADCOM.
T -

40ps SYMBOLS ON 10ps 10dB BURST

40us symbol (two affected)
Latency: 340us (depth:8)

2560AM | 512QAM | 1024QAM

Short size SNR@WER=1e-6 Max.15 iterations  25.86dB  28.45dB  32.68dB
(1?'20’8_40) Max.30 iterations 25.25dB  28.03dB  31.8dB
30 iterations _
Difference 0.61 0.42 0.88
VS.
_ _ SNR@BER=1e-8 Max. 15 iterations 26.4dB 28.84dB 32.73dB
15 iterations
Max. 30 iterations 25.97dB 28.52dB 32.42dB
Difference 0.43 0.32 0.31




20ps SYMBOLS ON 1ps 0dB BURST (SHORT CODE)

BROADCOM.
MAX 30 ITERATIONS =
107 \ l 2516 QAM 210us‘ Symlb | = \“ \‘ 256 QAM20us symb. E
t ' 3 \ \ 512 QAM 20us symb. ]
\ 512 QAM 20us symb. ] 10° \ 1024 QAM 20us symb. |
\ 1024 QAM 20 b. i i
\\ 1us OdQB burstuLSJSszllTZO 840), 30it 20us SymbOI \ o0 burs;t,US(1120,840), Sl
) - : —= \ \ \
10° \ \ (one affected) - \ \ \
\ \ \ Latency: 382.5us "\\ "\\ Y
. \ \ \ (depth:17) & 4 \ \ \
= A y @ X i ;
\ \ \ \ \ X
\ \ \
\ \ \ 10° \ \
10° \ \ \ 3 \ X
\ X X \ \ \
\ X 107 \ \ \._
\ \ \ = ; <
10" \ \ \ \ \ \
{ X X 10" A \
22 23 24 25 26 27 28 29 20 22 23 24 25 26 27 28 29 30
SNR (dB) SNR (dB)
S oo sizoan | aozaoam
SNR@WER=1e-6 23.79dB 26.5dB 29.24dB

SNR@BER=1e-8 24.1dB 26.71dB 29.51dB
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20ps SYMBOLS ON 1ps 0dB BURST (SHORT CODE)

BROADCOM.
T -

MAX 15 ITERATIONS

10_1 \ \ T A} T T T T | 10 X1 T T
\ 256 QAM 20us symb. i ‘-\ \: 256 QAM 20us symb.
\ X 512 QAM 20us symb. \ \ 512 QAM 20us symb.
\ \ 1024 QAM 20us symb. I 20us symbol 4 Y \ 1024 QAM 20us symb. !
10° \ 1us,0dB burst,US(1120,840), 15it (on e affe cted) X X 1us,0dB burst,US(1120,840), 15it ]
\ \ \ \ \ ]
\ \ \ 4 \ \
\\ \\ \ Latency: 382.5us 1° 3
-3 \ \
? (depth:17) \ \ \
& \ \ X © 10 \ \ X
= \ \ o0 X \ X
10" \ \ \ \ X \
-‘\ \ ‘\\ 10 ® \- \ \
\ \ \ \
A\ \
. \ \ \
10” \ \ \ 10”7 \ \ \
\ \ \ \ % §
\ \ \ \ X X
o \ \ \ o \ \ \
21 22 23 24 25 26 27 28 29 30 31 21 22 23 24 25 26 27 28 29 30 31
SNR (dB) SNR (dB)
o5 |s120aM | 1026Qam
SNR@WER=1e-6 24.05dB 26.78dB 29.48dB

SNR@BER=1e-8 24.33dB 27.04dB 29.77dB
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DIFFERENCE BETWEEN 15 AND 30 ITERATIONS (SHORT SIZE CODE) A

BROADCOM.
T -

20ps SYMBOLS ON 1ps 0dB BURST

20us symbol (two affected)
Latency: 382.5us (depth:17)

2560AM | 512QAM | 1024QAM

Short size SNR@WER=1e-6 Max.15 iterations  24.05dB  26.78dB  29.48dB
(1?'20’8_40) Max.30 iterations 23.79dB  26.5dB 29.24dB
30 1terations _
Difference 0.26 0.28 0.24
VS.
_ _ SNR@BER=1e-8 Max. 15 iterations 24.33dB  27.04dB  29.77dB
15 iterations
Max. 30 iterations 24.1dB 26.71dB 29.51dB
Difference 0.23 0.33 0.26




40ps SYMBOLS ON 1us 0dB BURST (SHORT CODE)

BROADCOM.
MAX 30 ITERATIONS ey
10 3 3 :
- — ! \ 256 QAM 40us symb.
10™ \ 256 QAM 40us symb. \ X 512 QAM 40us symb.
.‘ 512 QAM 40us symb. o \ \ 1024 QAM 40us symb. N
\\ 1024 QAM 40us symb. 1 40|JS Sym bOl “‘ ,\ 1us,0dB‘burst,US(1120,840), 30it H
2 \ 1us,0dB burst,US(1120,840), 30it \ Y \
10 3 (one affected) _ \ \ \
\ \ \ 10 % % X
\ \ X Latency: 340us \ \ §
\ \ \\ \ \\
-3
10 \ X (depth:8) ., . \ \
i \ \ w 10 X ‘-. ¥
@ X X X
- \\ \\ \ \ \ \
-4
10 10 \ \ \
\ X \ 3
\ \ \ \
\ \
) X \ \ \
A\ \ X \ \ X
10° \ \ 10 \ \ \
23 24 26 27 28 29 30 22 24 26 28 30 32
SNR (dB) SNR (dB)

- |256QAM 5120AM 1024QAM

SNR@WER=1e-6 24.59dB 27.45dB 30.44dB
SNR@BER=1e-8 24.89dB 27.71dB 30.69dB

46



40ps SYMBOLS ON 1us 0dB BURST (SHORT CODE)

BROADCOM.
T -

MAX 15 ITERATIONS

10"

3 X ; ; 10 o e ; :
\ \ 256 QAM 40us symb. : \: 256 QAM 40us symb.
\ X 512 QAM 40us symb. - \ 512 QAM 40us symb.
) \ \ 1024 QAM 40us symb. | 40“5 Symb0| 10° \ \ 1024 QAM 40us symb. 1
10 Y t 1us,0dB burst,US(1120,840), 15it [ (on e aﬁected) '\‘ '\\ 1us,0dB burst,US(1120,840), 15it {
\ X X \ \ \
. \ . Latency: 340us 10 ) X A
10 \ \ \
X X \ de th8 \ \ \
% \‘ \‘ \\ ( p ) x 10 5 \ \ \
= \ \ \ o X X X
10" \ \ \ X X X
% \\ \ 10° \ \ \
\ X \
5 \ \ A\ X ;
10 X X \ 10" \. \- \
‘\ ‘\ \\ “\\ “‘\ “\
\ \ \ % 5
10—6 \ \“ \“ 10-8 \‘ \
22 23 24 25 26 27 28 29 30 31 32 22 23 24 25 26 27 28 29 30 31
SNR (dB) SNR (dB)
T e | sizoa | 1026Qam
SNR@WER=1e-6 24.91dB 27.7dB 30.7dB

SNR@BER=1e-8 25.4dB 27.94dB 31dB
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DIFFERENCE BETWEEN 15 AND 30 ITERATIONS (SHORT SIZE CODE) A

BROADCOM.
T -

40ps SYMBOLS ON 1ps 0dB BURST

40us symbol (two affected)
Latency: 340us (depth:8)

2560AM | 512QAM | 1024QAM

Short size SNR@WER=1e-6 Max.15 iterations  24.91dB  27.7dB  30.7dB
(1?'20’8_40) Max.30 iterations 24.59dB  27.45dB  30.44dB
30 1terations _
Difference 0.32 0.25 0.26
VS.

SNR@BER=1e-8 Max. 15 iterations 25.4dB 27.94dB 31dB
Max. 30 iterations 24.89dB 27.71dB  30.69dB
Difference 0.51 0.23 0.31

15 iterations




20pus SYMBOLS ON 10ps 10dB BURST (MEDIUM SIZE CODE)
MAX 30 ITERATIONS

BROADCOM.
N =
10 % ; ——
3 = ; ; o ) \ 256 QAM 20us symb.
10" \ 256 QAM 20us symb. ! \ 512 QAM 20us symb. _
'-“ 512 QAM 20us symb. : 10-3 \ 1024 QAM 20us symb. |
1024 QAM 20us symb. i 20“8 SymbOI \ ‘ 10us,10dB burst,US(-5940,5040), 30it
102 | 10us,10dB burst,US(5940,5040), 30it \ \
(two affected) 0 \ \ \
\ \ \ . t
o \ \ \ Latency: 382.5us ‘\ -\ \\
o { { { (depth:17) o 10°
- ‘\ ‘\ ‘\ : “ ‘\ ‘\
10" \ . .
‘\\ ‘\ \\ \ : :
5 | \ [
10 t ; ‘ 10" \ \ \
\ \ 1 {
\ \ X
10° | ‘. = . ‘
.} i 10
23 24 25 26 27 28 29 30 31 i
SNR (dB) 23 24 25 26 27 28 29 30 31 32
SNR (dB)
- |256QAM 512QAM 1024QAM
SNR@WER=1e-6 24.77dB 27.96dB 31.08dB
SNR@BER=1e-8 24.75dB

27.99dB 31.08dB
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MAX 15 ITERATIONS

20ps SYMBOLS ON 10ps 10dB BURST (MEDIUM SIZE CODE)

BROADCOM.
N =
10-2 \‘ T AN T N !
107 — : N 256 QAM 20us symb.
X 256 QAM 20us symb. \ 512 QAM 20us symb. i
\ 512 QAM 20us symb. 3 1024 QAM 20us symb. |
\ 10 g
) \ 1024 QAM 20us symb. 20“8 SymbOI i 10us,10dB burst,US(5940,5040), 15it
10  § . \ 1 I
".‘ : 10us,10dB burst,US‘(5940,5040), 15it (tWO aﬁected) . \\ \\ \\
\ | \ 10 1 X X
\\ \\ \\ Latency: 382.5us
3 | | \
10 \ \ \ .
=. '-. '-. (depth:17) & ,° ‘. \ \
- '| '\ \ @
: \ \ | | |
10" ; ; : 10° | | |
\ "\
7 \
10° \ 10
\ { \ \ \
\ \ \ 10° \ \ \
10° \ \ 22 23 24 25 26 27 28 29 30 31 32
24 25 26 27 28 29 30 31 32 SNR (dB)
SNR (dB)

- |256QAM 5120AM 1024QAM
SNR@WER=1e-6

24.96dB 28.19dB
SNR@BER=1e-8

31.35dB
24.92dB 28.17dB

31.32dB
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DIFFERENCE BETWEEN 15 AND 30 ITERATIONS (MEDIUM SIZE CODE) A

BROADCOM.
T -

20ps SYMBOLS ON 10us 10dB BURST

20us symbol (two affected)
Latency: 382.5us (depth:17)

Medium size

(5940,5040)

30 iterations
VS.

15 iterations

SNR@WER=1e-6 Max.15 iterations 24.96dB 28.19dB 31.35dB
Max.30 iterations 24.77dB 27.96dB 31.08dB
Difference 0.19 0.23 0.23

SNR@BER=1e-8 Max. 15 iterations 24.92dB 28.17dB 31.32dB
Max. 30 iterations 24.75dB 27.99dB 31.08dB
Difference 0.17 0.18 0.24



40ps SYMBOLS ON 10ps 10dB BURST (MEDIUM SIZE CODE)

BROADCOM.
T -

MAX 30 ITERATIONS

10"

. 2t T T = } \ S f T
"‘ X 256 QAM 40us symb. H 10° \'-. \ 256 QAM 40us symb.
‘ \ X )
\ 512 QAM 40us symb. i \ 512 QAM 40us symb.
2 \ 1024 QAM 40us symb. 40“8 SymbOI 3 \\ \ 1024 QAM 40us symb.
w0 t 10us, 10dB burst,US(5940,5040), 30it (two affected) 10 ; 10us,10dB burst,US(5940,5040), 30it |3
‘\ \\ ‘\ \\
\\ \\ Latency: 340us |« | \
-3 \ X
10 1 : . X i
i ¥ (depth:8) \ :
x \ s \ \
s \ \ w10 : £
10" \ \ i "\ X
\ IS 10° \ -
1 S
\
107 i \ 10" |
‘ \
{
10° \ 107 -
24 26 28 30 32 34 36 38 24 26 28 30 32 34 36 38 40
SNR (dB) SNR (dB)
T T osoga I s120am | 1ozaoa
SNR@WER=1e-6 25.49dB 29.8dB

SNR@BER=1e-8 25.46dB 29.89dB
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40ps SYMBOLS ON 10ps 10dB BURST (MEDIUM SIZE CODE)

BROADCOM.
T -

MAX 15 ITERATIONS

\ \ 256 (:I)AM‘40us Isymb. | | - 10° \ A\ 256 QAM 40us symb.
'\\ \\ 512 QAM 40us symb. 1 40us symbol '\‘ \ 512 QAM 40us symb.
-2 1024 QAM 40us symb. i ) 1024 QAM 40us symb.
10 \ 10us,10dB burst,US(5940,5040), 15it | (two affected) 10” ) \ 10us,10dB burst,US(5940,5040), 15it [
‘ \ 3 Latency: 340pus ; { 5
‘\ \\ \ 10'4 \ \ \
10° Bz \ (depth:8)
. \ : - \ |
u ) ‘\ TTe
10 \ |
\ \ ;
10° \ \ %
\ 10 \ 4
! i
10° ¥ \‘-. 10 \
24 26 28 30 32 34 36 38 24 26 28 30 32 34 36 38
SNR (dB) SNR (dB)
e T assaanLorzom | oziomm
SNR@WER=1e-6 25.77dB 30.38dB

SNR@BER=1e-8 25.69dB 30.04dB
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40ps SYMBOLS ON 10ps 10dB BURST (MEDIUM SIZE CODE) s

LDPC=(5240,5040), rate=0.8485, 20 iters,, 10us burst (impulse SNR=10dB) impacting two BK OFDM symbols (40us each), Depth=2 LDPC=(5340,5040), rate=0.8485, 15 iters,, 10us burst (impulse SNR=10¢B) impacting two 8K OFDM symbols (40us each), Depth=3

40us symbol  hmmmeekked o de ol
(two affected) whoto

Latency: 382.5us ok b o

(depth:9)

BER
BER
S

407° [ =®=sizeam N BRI NN
| el (g QA [ e
- : j : : :

T i el ese e e bt i & 20 25 30 35
20 22 24 26 28 30 32 34 Background SNR
Background SNR

Max. 30 iterations Max. 15 iterations

SNR@BER=1e-8 Max. 15 iterations 25.5dB 29.5dB 34.3dB
Max. 30 iterations 25.3dB 29.1dB 33.5dB
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DIFFERENCE BETWEEN 15 AND 30 ITERATIONS (MEDIUM SIZE CODE) A

BROADCOM.
T -

40pus SYMBOLS ON 10ups 10dB BURST
40us symbol (two affected) Latency: 340us (depth:8)

256QAM | 512QAM | 1024QAM

SNR@WER=1e-6 Max.15 iterations 25.77dB  30.38dB
Max.30 iterations 25.49dB  29.8dB
Medium size Difference 0.28 0.58
(5940,5040) SNR@BER=1e-8 Max. 15iterations  25.69dB  30.04dB
30 iterations Max. 30 iterations  25.46dB  29.89dB
VS. Difference 0.23 0.15
15 iterations 40us symbol (two affected) Latency: 382.5us (depth:9)

256QAM | 512QAM | 1024QAM

SNR@WER=1e-6 Max.15 iterations
Max.30 iterations
Difference

SNR@BER=1e-8 Max. 15 iterations 25.5dB 29.5dB 34.3dB
Max. 30 iterations  25.3dB 29.1dB 33.5dB
Difference 0.2 0.4 0.8




20pus SYMBOLS ON 1ps 0dB BURST (MEDIUM CODE)

BROADCOM.
T -

MAX 30 ITERATIONS

10 \‘- ! |y I
Y ; ; e 3 Y 256 QAM 20us symb.
1 256 QAM 20us symb. i , ‘\ 512 QAM 20us symb.
\ 512 QAM 20us symb. I ZOHS sym bol 10 \ 1024 QAM 20us symb. :
2 1024 QAM 20us symb. I \ 1us,0dB burst,US(5940,5040), 30it 3
10 1us,0dB burst,US(5940,5040), 30it |; (One aﬁeCted) 0 ‘\ \ \
! \ \\ Latency: 382.5us ;
- . | |
10” (depth:17) ;s I |
a'd ‘| % \ I|
w \ \ |
; 10_4 \ 10_6 \
1 1
l‘ 10" \ :
10° i
1 \ |
\ 10° \ |
\ ‘ =lI ) |
10° 22 23 24 25 26 27 28 29 30 31
22 23 24 25 26 27 28 29 30 31 SNR (dB)
SNR (dB)
| |2500AM__[5120AM | 10240AM
SNR@WER=1e-6 24.43dB 27.30dB 30.22dB

SNR@BER=1e-8 24.44dB 27.31dB 30.22dB
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WER

20pus SYMBOLS ON 1ps 0dB BURST (MEDIUM CODE)

MAX 15 ITERATIONS

107

10

10

10°

10°

BROADCOM.
T -

Y T - i 10 I - Ay
‘n‘ 256 QAM 20us symb. i \ 256 QAM 20us symb.
| 512 QAM 20us symb. I 20us symbol \ 512 QAM 20us symb.
1024 QAM 20us symb. i 10'3 % 1024 QAM 20us symb. ;
1us,0dB burst,US(5940,5040), 15it [ (One aﬁeCted) “ 1us,0dB burst,US(5940,5040), 15it
\\ ‘ ‘\\ Latency: 382.5us . | \ \
: (depth:17) ‘ '-\
‘\ ‘\ & 107 | |
| : ; :
\ | |
\ \= | .\
j i 10" \
‘ 1 \ I‘l
\ \ \
| \ \. |
22 23 24 25 26 27 28 29 30 23 24 25 26 27 28 29 30 31
SNR (dB) SNR (dB)
1250 [5120AM | 10240AW
SNR@WER=1e-6 24.61dB 27.5dB 30.4dB

SNR@BER=1e-8 24.6dB 27.450dB 30.38dB
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DIFFERENCE BETWEEN 15 AND 30 ITERATIONS (MEDIUM SIZE CODE) A
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20ps SYMBOLS ON 1ps 0dB BURST

20us symbol (one affected)
Latency: 382.5us (depth:17)

Medium size

(5940,5040)

30 iterations
VS.

15 iterations

SNR@WER=1e-6 Max.15 iterations 24.61dB 27.5dB 30.4dB
Max.30 iterations 24.43dB 27.3dB 30.22dB
Difference 0.18 0.2 0.18

SNR@BER=1e-8 Max. 15 iterations 24.6dB 27.45dB 30.38dB
Max. 30 iterations 24.44dB 27.31dB  30.22dB
Difference 0.16 0.14 0.16



BROADCOM.
MAX 30 ITERATIONS ==
1 \ 1 I 1 I X
10 ¥ 256 QAM 40us symb. 256 QAM 40us symb.
} ——— 512 QAM 40us symb. i . ‘\ 512 QAM 40us symb. -
| — 1024 QAM 40us symb. ] 10 X 1024 QAM 40us symb. E
10-2 \ llus,()dB burst,US(59l40,5040), 30it I 40|JS Symb0| ||\ ‘1us,OdB burst,US(59‘40,5040), 30it [
“‘ \\ (one affected) 10* \ | \
o | Latency: 340us { ‘\\ {
i -5
o ! (depth:8) x 10
”;J ] B '\ |
10" \ 10°
| ! I
7
10° -= 10 ;
i \
|| | \
| 10°
5 \ \
10 ; ; 23 24 25 26 27 28 29 30 31 32
22 24 26 - (déz)a 30 32 SNR (dB)
T sagan—sizoan | iozaoam
SNR@WER=1e-6 25.09dB 28.35dB 31.6dB

40ps SYMBOLS ON 1ps 0dB BURST (MEDIUM SIZE CODE)

SNR@BER=1e-8 25.09dB 28.37dB 31.62dB
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40us SYMBOLS ON 1ps 0dB BURST (MEDIUM SIZE CODE)
MAX 15 ITERATIONS

BROADCOM.
T -

| 256 IQAM 4(=)us symb 2 \ = '
‘\\ 512 QAM 40us symb. 40us symbol 10 \ f_jg gﬁm jgzz 323
-2 | 1024 QAM 40us symb. I \ ' i
1 t _1us,00B burst,US(5940,5040), 15it (one affected) s \ inglOdQ; L/qugﬁ;égfo’smo), 1sit
-\ \ \ Latency: 340us i ¥ §
10° \ | (depth:8) 10" \ : \
‘- \ i
L ‘\ \\ .y | \
10 { \ \
\ 10° | \ )
\ { X
10° \ “ \
: 10" \-= \=- \'=
‘\ ‘\ } \ \
10° \ \ \ 10” } : !
: ; 23 25 28 29 30 31 32 33
23 24 25 26 27 28 29 30 31 32 33
SNR (dB) SNR (dB)
I = I Y
SNR@WER=1e-6 25.31dB 28.65dB 31.9dB
SNR@BER=1e-8 25.29dB

28.57dB

31.89dB
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DIFFERENCE BETWEEN 15 AND 30 ITERATIONS (MEDIUM SIZE CODE)

40ps SYMBOLS ON 1ps 0dB BURST

Medium size

(5940,5040)

30 iterations
VS.

15 iterations

40us symbol (one affected)

Latency: 340us (depth:8)

2560AM | 512QAM | 1024QAM

SNR@WER=1e-6 Max.15 iterations 25.31dB 28.65dB 31.9dB
Max.30 iterations 25.09dB 28.35dB  31.6dB
Difference 0.22 0.3 0.3

SNR@BER=1e-8 Max. 15 iterations  25.29dB 28.57dB  31.89dB
Max. 30 iterations  25.09dB  28.37dB  31.62dB
Difference 0.2 0.2 0.27
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20pus SYMBOLS ON 10ps 10dB BURST (LONG SIZE CODE)
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MAX 30 ITERATIONS

10'1 1 I I I I I ] :]_O_3 X I I =
256 QAM 20us symb. 256 QAM 20us symb. W
l‘ 512 QAM 20us symb. ] 512 QAM 20us symb. u
. 1024 QAM 20us symb. 1 20us symbol ) 1024 QAM 20us symb. 1
10 1I0us,10dB burst,US(16200,144I00), 30it H (tWO a ffecte d) 10 ¥ 10us,10dB burst,US(16200,14400), 30it |
'. \ '\
. ‘\ | Latency: 382.5us ‘\
10 -5 \
, : (depth:17) 10 , :
i |l { o \
] w |
; 10_4 \ X ; 10-6 \
10° .
10
10° _ |
: 10°
25 26 27 28 29 30 31 32 25 26 27 28 29 30 31 32
SNR (dB) SNR (dB)
I Y T
SNR@WER=1e-6 25.53dB 28.88dB 32.2dB

SNR@BER=1e-8 25.52dB 28.86dB 32.17dB
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20pus SYMBOLS ON 10ps 10dB BURST (LONG SIZE CODE)
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T -

MAX 15 ITERATIONS

756 OAM 2005 syt ; 256 QAM 20us symb.
\\ 512 QAM 20us symb. | 20ps symbol _ féiféﬁ”ﬁ? symb.b
2 \ 1024 QAM 20us symb. | i us symb. :
Latency: 382.5Us 10 | | \
10° \ (depth:17) \ | "
: = s
i \ \ o :
10" \ 1 \\
:I.O-6 f
10° i 10"
10° ] 10” ;
py %6 p 28 26 20 31 32 33 24 25 26 27 28 29 30 31 32 33
SNR (dB) SNR (dB)
S Tsogan | sizoav | 1ozagam
SNR@WER=1e-6 25.76dB 29.13dB 32.5dB

SNR@BER=1e-8 25.65dB 29.02dB 32.42dB

63



DIFFERENCE BETWEEN 15 AND 30 ITERATIONS (LONG SIZE CODE)
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20ps SYMBOLS ON 10us 10dB BURST

20us symbol(two affected)
Latency: 382.5us (depth:17)

2560AM | 512QAM | 1024QAM

SNR@WER=1e-6 Max.15 iterations 25.76dB  29.13dB  32.5dB
Max.30 iterations 25.53dB  28.88dB  32.2dB
Difference 0.23 0.25 0.3

SNR@BER=1e-8 Max. 15 iterations  25.53dB 28.88dB 32.2dB
Max. 30 iterations  25.52dB  28.86dB  32.17dB
Difference 0.01 0.02 0.03

Long size
(16200,14400)
30 iterations
VS.

15 iterations




40pS SYMBOLS ON 10ps 10dB BURST (LONG SIZE CODE)

)
MAX 30 ITERATIONS _BROADCOM.

40us symbol
(two affected)

Latency: 340us
\\\\
. — o — —
1" _ (depth: 8) \\ T |
“\‘ \\\ 10-2
10-1 — 256 QAM 40us symb.
512 QAM 40us symb.
1024 QAM 40us symb. 256 QAM 40us symb.
10-2 | e s B 1OUS’10dB bUfSt,US(16200,14400), 30it 4 512 QAM 40us Symb.
} \\ 10 1024 QAM 40us symb.
ﬁ 5 N 5 10us,10dB burst,US(16200,14400), 30it
; 10- | e e =EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE:\!EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE-EEEEEEEEEEEEE @
: |
e
10" = 10° N
10°
-8
22 24 26 28 30 32 34 36 22 24 26 28 30 32 34 36 38
SNR (dB) SNR (dB)

65



40ps SYMBOLS ON 10ps 10dB BURST (LONG SIZE CODE) o

LDPC=(16200,14400), rate=0.9889, 13 iters,, 10us burst {impulse SNR=10dB) impacting two 8K OFDM symbols (40us each), Depth=3

40ps symbol 10° ' e * b
(two affected) ok st

Latency: 382.5ps  Bwl |

(depth:9) w0l

BER

e T : RaIad Skt E i Leenpmie el s e
20 22 24 26 28 30 32 34 36 38 20 22 24 26 28 30 32 34 36 38
Background SNR Background SNR

Max. 30 iterations Max. 15 iterations

SNR@BER=1e-8 Max. 15 iterations 26.5dB 31dB
Max. 30 iterations 26.4dB 31.8dB
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40ps SYMBOLS ON 10ps 10dB BURST (LONG SIZE CODE) o

LOPC=(16200,14400), rate=0.8883, 13 iters., 10us burst (impulse SNR=10dB) impacting two 8K OFC symbols (40us each), Depth=11

40us symbol | e s e s
(two affected)
Latency: 467.5us
(depth:11)

BER
BER

Smia s s e e e e -
107 ——se-omd | chosss i i e | i E S
o =17 g st oot B bt e B Bt il B Bed o oSty i) r ;
e e e e e S HE B HE uq o i : ; :
024G T Bl : i : : By 5 L TR R NS T TS . e B i st B e B e B B ot B

20 P 04 26 o8 30 42 2 E S e e e e e

20 25 30 35
Background SNR Background SNR

Max. 30 iterations Max. 15 iterations

SNR@BER=1e-8 Max. 15 iterations 26.5dB 29.5dB 33.8dB
Max. 30 iterations 25.6dB 29.6dB 34.3dB
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DIFFERENCE BETWEEN 15 AND 30 ITERATIONS (LONG SIZE CODE)
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40pus SYMBOLS ON 10ups 10dB BURST
40us symbol (two affected) Latency: 382.5us (depth:9)

256QAM | 512QAM | 1024QAM

SNR@WER=1e-6 Max.15 iterations
Max.30 iterations
Long size Difference
(16200,14400) SNR@BER=1e-8 Max. 15 iterations 26.5dB  31dB
30 iterations Max. 30 iterations  26.4dB  31.8dB
VS. Difference 0.1 0.8
15 iterations 40us symbol (two affected) Latency: 467.5us (depth:11)

256QAM | 512QAM | 1024QAM

SNR@WER=1e-6 Max.15 iterations
Max.30 iterations
Difference

SNR@BER=1e-8 Max. 15 iterations 26.5dB 29.5dB 33.8dB
Max. 30 iterations  25.6dB 29.6dB 34.3dB
Difference 0.9 0.1 0.5
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20pus SYMBOLS ON 1ps 0dB BURST (LONG SIZE CODE)
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MAX 30 ITERATIONS

10" 256 QAM 20us symb. 3 256 QAM 20us symb.
512 QAM 20us symb. ] 10 512 QAM 20us symb.
1024 QAM 20us symb. ] 1024 QAM 20us symb. ]
102 1us,0dB burst,US(16200,14400), 30it || 20“8 SymbOI 1us,0dB burst,US(16200,14400), 30it :
(one affected) 10" ‘
o Latency: 382.5us
) (depth:17) 107
g ‘
10 10—6
10-5 10-7
10° 10°
24 25 26 27 28 29 30 31 32 o5 26 o7 8 29 30 31 30
SNR (dB) SNR (dB)
[2s60av_[510av | i02iQam
SNR@WER=1e-6 25.11dB 28.04dB 30.99dB

SNR@BER=1e-8 25.1dB 28.01dB 30.97dB
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20pus SYMBOLS ON 1ps 0dB BURST (LONG SIZE CODE)

)
OADCOM.
MAX 15 ITERATIONS SO
\ — seQAMZssymb. | 10” 3 : : =
2 \ QAM 20us symb. 3 256 QAM 20us symb.
10 1 512 QAM 20us symb. \ 512 QAM 20us symb.
1024 QAM 20us symb. # 20us symbol 10 \ 1024 QAM 20us symb. '
1us,0dB burst,US(16200,14400), 15it | i 1us,0dB burst,US(16200,14400), 15it |
\ (one affected) \\ ‘ \ ;
10 -4
Latency: 382.5us  *°
. \ |
¢ (depth:17) v 10
< 10 @
10°
10° .
10
10° 10" -
. 24 25 26 27 28 29 30 31 32
25 26 27 28 29 30 31 SNR (dB)
SNR (dB)
o™ sizom oziann
SNR@WER=1e-6 25.29dB 28.25dB 31.21dB

SNR@BER=1e-8 25.21dB 28.14dB 31.11dB
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DIFFERENCE BETWEEN 15 AND 30 ITERATIONS (LONG SIZE CODE)

20ps SYMBOLS ON 1ps 0dB BURST

Long size
(16200,14400)
30 iterations
VS.

15 iterations

20us symbol(two affected)

Latency: 382.5us (depth:17)

2560AM | 512QAM | 1024QAM

SNR@WER=1e-6 Max.15 iterations 25.29dB 28.25dB 31.21dB
Max.30 iterations 25.11dB  28.04dB  30.99dB
Difference 0.18 0.21 0.22

SNR@BER=1e-8 Max. 15iterations  25.21dB  28.14dB  31.11dB
Max. 30 iterations  25.1dB 28.01dB  30.97dB
Difference 0.2 0.13 0.14
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40us SYMBOLS ON 1ps 0dB BURST (LONG SIZE CODE)
MAX 30 ITERATIONS
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1 I256 AM 40us s mb "‘ 256 QAM 40us symb.
l‘ 512 QAM 40u ) b. 512 QAM 40us symb.
\ 1024Q AM 435 o b 1 10° 1024 QAM 40us symb. i
10° \ Q Us symo. L 40us symbol 1us,0dB burst,US(16200,14400), 30it 3
{ 1us,0dB burst,US(16200,14400), 30it T
{ } (one affected) \
i | 10" |
10° | \= \ Latency: 340us ‘
i ! (depth:8) ; \
i i | x 10
: \ | c
10" =.
{ 10° \
1
_5 ‘
10
10"
6
10 -
25 26 27 28 29 30 31 32 33
SNR (dB) 24 26 28

30

SNR (dB) ¥
S soa | s120av L 102i0an—
SNR@WER=1e-6 26.07dB 29.55dB
SNR@BER=1e-8 29.54dB

33.21dB
26.02dB

33.14dB

34

72



40ps SYMBOLS ON 1ps 0dB BURST (LONG SIZE CODE)
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MAX 15 ITERATIONS

10"

=i L : : - s : H -2 N - T T T AN
i Eig 8?& jgus SymE- i 10 3 256 QAM 40us symb.
\ us symo. 1 A0us svmbol \ 512 QAM 40us symb.
o \ 1024 QAM 40us symb. A HS Sy 0’ \ 1024 QAM 40us symb. |
‘ _1us,0dB burst,US(16200,14400), 15it g (gne affected) { 1us,0dB burst,US(16200,14400), 15it [
1 \ ‘\ i
. ‘\ ‘ Latency: 340us \ |
10 \ ) 1
i 3 (depth:8) i \
g 1 \ E 10° \ \
10° ) "
\ -6 \
1 10
10° { \ | ‘\\
} 10" \
\ X
. \ \ \ \
10 } 10° \ \ \
25 26 27 28 29 3 31 32 33 A4 % 26 27 28 29 30 31 s 33 34
SNR (dB) SNR (dB)
S oscoau [ sizgan | wzionm
SNR@WER=1e-6 26.34dB 29.89dB 33.77dB

SNR@BER=1e-8 26.25dB 29.76dB 33.63dB
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DIFFERENCE BETWEEN 15 AND 30 ITERATIONS (LONG SIZE CODE)

40ps SYMBOLS ON 1ps 0dB BURST

Long size
(16200,14400)
30 iterations
VS.

15 iterations

40us symbol (one affected)
Latency: 340us (depth:8)

2560AM | 512QAM | 1024QAM

SNR@WER=1e-6 Max.15 iterations 26.34dB 29.89dB 33.77dB
Max.30 iterations 26.07dB  29.55dB  33.21dB
Difference 0.27 0.34 0.56

SNR@BER=1e-8 Max. 15 iterations  26.25dB  29.76dB  33.63dB
Max. 30 iterations  26.02dB  29.54dB  33.14dB
Difference 0.23 0.22 0.49
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CONCLUSION e

= Three proposed LDPC codes for active plant have been presented

= Performance evaluation criteria including modulation orders and channel model
parameters have been discussed

= AWGN channel performance for all proposed codes has been presented
= Performance under burst noise conditions in AWGN has been presented
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LDPC CODES IN GENERAL 3'{.,"")’89&

= LDPC codes are specified by a (parity-check) matrix containing mostly
0’s and relatively few 1's (R. G. Gallager 1960)

= A simple example

1000 1000 1000 10007 16 bit nodes
0100 0001 0001 0010
0010 0100 0100 0001

0001 0010 0010 0100
0100 0100 0100 0100

1000 0010 0010 0001
0001 1000 1000 0010
0010 0001 0001 1000| 9 check nodes

Parity check matrix of (16,9) regular LDPC code Tanner graphs

321's,1280’s
Density of 1's = 0.25



ITERATIVE MESSAGE PASSING DECODING FOR LDPC CODES

BROADCOM.
T -

= Belief propagation (AKA sum-product) is a message passing algorithm for performing
iInference on Tanner graph.

= |t calculates the marginal distribution for each unobserved node, conditional on any observed nodes
= First flooding iteration:

= QObserved nodes: bit nodes with known LLR value from the demodulation
= Unobserved nodes: check nodes
= Extrinsic LLR; calculated marginal distribution for updated check node

= Second flooding iteration

= Observed nodes: check nodes with extrinsic LLR
= Unobserved node: bit nodes

= Etc. .... its checks Bits checks

0 Cy > 0 * Cy
- "Gy : "G,
2 2

3 + C3 3 + C3
4 4

5 * G, 5 © ¥ C,

Bit nodes process Check nodes process

(passing information to check nodes) (passing information to bit nodes)
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DECODING CAPABILITY ON (16,9) EXAMPLE CODE

BROADCOM.
T -

SNR

Classical Bounded-
distance decoding
(hard)

Maximal likelihood
decoding (MLD)(soft)

Bit MLD (soft)

lterative message
passing decoding
(soft)

tx: X=(0000000000000000)

Failed Failed

Failed

Failed

1010000010011 (HX™=0) but wrong corrected corrected corrected
codeword

Failed (HXT#0) failed (HX#0) corrected corrected
not converge not converge not converge corrected

(5 iterations)

QPSK on AWGN channel
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LDPC CODES ENCODING e

= pback-substitution algorithm

Denote the parity check matrix H=[H,, Hp], where

1(Ug.0) 0 0 0 0

H — 1(Uy,0) 1(uy4) 0 0 0
P 0 1(uy4) 1(u, ) 0 0

0 0 1(Us,) (U3 3) 0

0 0 0 (U 3) 1(Ug4)

I: an L by L identity matrix (L=360 for long size code, L=180 for medium size code and L=56 for short size code)
I(u): the matrix obtained by right cyclic shift | by u positions
¢, =(¢y.C, -, Cr 1) : k=L(n-m) input (information) bits. .

Cp =(Cy,Cp.ysCLyg) : Lm parity bits need to be computed by an encoder
CO

1

. T
Encoder will output cp = , where C; =(C_ i miiysCLinomriystr s CLinomaiysL1)

w

O 000

IS



UPSTREAM LDPC CODES ENCODING [CONTINUED] 3@&3&

Encoding procedure:
Input: Cl :(Co,C]_,"'le—l)

Step 1: Compute Vi=H,ci i=0,---4
Step 2: Back-substitution
C0 — VO(I—_Uo,o)

C, = V1(|— - U1,1)+ Co ((L — Uy, +U; ) mod L) A: asize L binary column vector.

C, = VZ(L — u2,2)+ Cl((L —U,, +U,,)mod L) A(u): a column vector obtained by up
C; = Vi(L—uys)+C,y((L—Uss+U;,)modL) cyclic shifting V in u positions

C, = V,(L-u,,)+Cs((L-u,,+u,5)modL)

o

=

Output: c; =

w

OO0 000

o
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