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 Requirements for FEC in EPoC 
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 Simulation results for AWGN and Burst Noise 

 Summary 
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Objectives for IEEE 802.3bn 

 “Provide a physical layer specification that is capable of a baseline data 
rate of 1 Gb/s at the MAC/PLS service interface when transmitting in 
120 MHz, or less, of assigned spectrum under defined baseline plant 
conditions” 

 “PHY to have:  

– A downstream frame error rate better than 10^‐6 at the MAC/PLS service 
interface 

– An upstream frame error rate better than 5x10^‐5 at the MAC/PLS service 
interface” 

Based on these objectives and on agreements achieved so far in 

EPoC, several requirements for the LDPC FEC can be derived 

 See next slide for further details  

IEEE 802.3bn Objectives 
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The FEC scheme should support multiple rates 

 High codes rates should be supported in order to achieve large spectral 

efficiency 

– The highest rate should be in the order of R = 0.9 

 Lower code rates should be supported as well in order to provide 

sufficient robustness in severe burst noise conditions 

– The lowest rate should be in the order of R = 0.75 

The FEC scheme should support multiple code lengths 

 For bursty upstream traffic, the shortest code length should be roughly 
1000 bits to serve a 64 bytes packet + overhead 

 For continuous downstream traffic, the longest code length should be 
roughly 15000 – 16000 bits  

 For burst modes (FDD US, TDD DS/US) intermediate length should be 
available 

 

FEC Requirements for EPoC – Rate and Length 
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The same class of LDPC codes should be applied in all EPoC 
modes 

 This allows having a common PHY in EPoC 

The FEC should have a deep error floor to avoid outer BCH codes 

Encoder and decoder should be implementable with low complexity 

 Quasi-cyclic LDPC codes should be applied in EPoC 

– For a rate R = k/n code the information block size is k  Z and the code 
length is n  Z 

– Z is called the lifting size of a quasi-cyclic LDPC code 

All lifting sizes Z of the LDPC codes should be the identical or 
should have a common large factor 

 An identical lifting size enables applying the same decoder for all codes 
of this lifting size 

 Common factors in the lifting size enable hardware reuse for codes of 
different lifting size 

FEC Requirements for EPoC – Class of Codes 
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All proposed LDPC codes are quasi-cyclic and binary 

The proposed LDPC codes fit to all modes in EPoC 

 A specific subset may be chosen for the continuous mode (FDD DS) 
and the burst modes (FDD US, TDD DS/US) in EPoC 

– E.g., codes with large lifting size may be chosen for the continuous mode 

– E.g., codes with short(er) lifting size and/or shorter code length may be 
chosen for burst modes 

The matrix M to calculate the parity bits has nearly upper diagonal 
form for all codes 

 In the proposed codes, only the first sub-diagonal of the matrix M is 
non-zero 

 The parity matrices H are constructed so that encoding can be realized 
with low complexity 

– A complete description is provided in the backup 

Design of the LDPC Codes 
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 The parity matrices of all codes are given in the backup slides 

Proposed Set of LDPC Codes 

Code Rate k/n Lifting Size Z Code Length n  Z 

I 27/30 = 0.9 360 10800 

II 13/15 = 0.867 360 5400 

III 37/42 = 0.88 360 15120 

IV 36/40 = 0.9 360 14400 

V 40/45 = 0.89 360 16200 

VI 12/16 = 0.75 60 / 120 / 240 / 360 960 / 1920 / 3840 / 5760 

VII 16/20 = 0.8 60 / 120 / 240 / 360 1200 / 2400 / 4800 / 7200 

VIII 20/24 = 0.833 120 / 240 / 360 2880 / 5760 / 8640 

IX 23/27 = 0.85 120 / 240 / 360 3240 / 6480 / 9720 
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Edge Density, Parity Checks and Lifting Size 

Base n Base k Rate Lifting Z 
Information  

bits 

Code word 

 length 

Parity  

checks 

Based  

edges 

Edge  

density 

30 27 0.9 360 9720 10800 1440 105 3.5 

15 13 0.866667 360 4680 5400 1080 (1440) 54 (56) 3.6 (3.73) 

40 36 0.9 360 12960 14400 1800 137 3.425 

42 37 0.880952 360 13320 15120 2160 147 3.5 

45 40 0.888889 360 14400 16200 1800 150 3.33 

16 12 0.75 60 720 960 300 57 3.56 

16 12 0.75 120 1440 1920 600 53 3.31 

16 12 0.75 240 2880 3840 1200 51 3.19 

16 12 0.75 360 4320 5760 1800 51 3.19 

20 16 0.8 60 960 1200 300 72 3.60 

20 16 0.8 120 1920 2400 600 71 3.55 

20 16 0.8 240 3840 4800 1200 69 3.45 

20 16 0.8 360 5760 7200 1800 67 3.35 

24 20 0.833333 120 2400 2880 600 87 3.63 

24 20 0.833333 240 4800 5760 1200 85 3.54 

24 20 0.833333 360 7200 8640 1800 83 3.46 

27 23 0.851852 120 2760 3240 600 98 3.63 

27 23 0.851852 240 5520 6480 1200 97 3.59 

27 23 0.851852 360 8280 9720 1800 93 3.44 
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 In the following slides a detailed performance analysis of the 
proposed LDPC codes is provided 

Simulation results are shown for  

 AWGN 

 Burst noise including required time interleaving depth 

 OFDM symbol durations of 20 s and 40 s 

Performance is compared with the DVB-C2 LDPC code and the 
ITU-T G.9960 LDPC code 

Performance metric of interest is a bit error rate (BER) of 1e-8 

 A BER of 1e-8 corresponds roughly to a frame error rate of 1e-6 

Performance Analysis of the LDPC Codes 
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To analyze performance in burst noise, a simple model is chosen 

 Burst noise is modeled as white Gaussian noise with a certain SNRBurst 

– Burst noise is assumed to be wideband 

 Burst noise is modeled with time duration Tburst and burst SNR SNRBurst 

 

 

 

 

 

The burst noise duration TBurst is assumed to be shorter than the 
duration of an OFDM symbol  

 In this case, burst noise can impact one or two OFDM symbols 

Burst Noise in OFDM 

SNRAWGN SNRAWGN SNRBurst 

 

TBurst 
time 
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Effective SNR in OFDM symbols hit by burst noise 

 SNR = -10  log10( 10^(-SNRBurst, effective/10) + 10^(-SNRAWGN, effective/10) ) 

– SNRBurst, effective = SNRBurst – 10  log10(TBurst / TU) 

– SNRAWGN, effective = SNRAWGN – 10  log10(1 - TBurst / TU) 

 

Effective SNR in OFDM symbols not hit by burst noise 

 SNR = SNRAWGN 

Burst Noise affecting One OFDM Symbol 

TCP TU TCP TU 

Burst Noise 

TBurst 
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Effective SNR in OFDM symbols hit by burst noise 

 SNR = -10  log10( 10^(-SNRBurst, effective/10) + 10^(-SNRAWGN, effective/10) ) 

– SNRBurst, effective = SNRBurst – 10  log10(0.5  (TBurst - TCP) / TU) 

– SNRAWGN, effective = SNRAWGN – 10  log10(1 - 0.5  (TBurst - TCP) / TU) 

 

Effective SNR in OFDM symbols not hit by burst noise 

 SNR = SNRAWGN 

Burst Noise affecting Two OFDM Symbols 

TCP TU TCP TU 

Burst Noise 

TBurst 

  
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Frequency Domain View of Time Interleaving Depth D  
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The depth D of the time domain interleaving impacts how many 
QAM symbols of a code word are affected by burst noise 

 For a larger interleaving depth D less symbols of a code word are 
impacted and performance improves 

 The drawback of a large interleaving depth D is increased PHY latency 

– However, if the depth D is to small, BER performance does not reach the 
BER target of 1e-8 anymore 

Hence, an important metric is the required interleaving depth D to 
achieve BER = 1e-8 at a fixed AWGN SNR 

 Interleaving depths are provided in the following 

Comments on required interleaving depth D 

 It can be shown that the required interleaving depth D is related to the 
inverse of the code rate R, i.e. D ~ 1 / (1 – R) 

 

 

 

Consideration on Time Interleaving Depth D 
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Downstream  

 4096QAM 

 OFDM symbol durations TU = 20 s and TU = 40 s 

 Cyclic prefix length TCP = 2.5 s 

 Burst noise 

a) TBurst = 16 s, SNRBurst = 20 dB equally affecting two OFDM symbols 

b) TBurst = 16 s, SNRBurst = 5 dB equally affecting two OFDM symbols 

Upstream 

 1024QAM 

 OFDM symbol durations TU = 20 s and TU = 40 s 

 Cyclic prefix length TCP = 2.5 s 

 Burst noise 

a) TBurst = 10 s, SNRBurst = 10 dB equally affecting two OFDM symbols 

b) TBurst = 1 s, SNRBurst = 0 dB affecting one OFDM symbol only 

 

Simulation Assumptions 
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LDPC decoder assumptions 

 Sum product decoder 

 Flooding schedule  

– No layered iterations are applied 

 The maximal number of iterations is set to 20 or 30, respectively 

– In the hardware implementation, layered iterations would be applied 

» This allows reducing the number of iterations roughly by 50% 

» Since the implementation and performance of a layered schedule is LDPC code 
specific, it is not used for code comparison 

Performance results for Codes I – IV and Code VIII are presented 
in the following slides 

 The burst noise results are for the downstream scenarios 

Still missing simulations 

 Codes V – IX for AWGN and burst noise scenarios 

– Results will be updated later 

Further Assumptions 
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 Performance of Codes I – 
IV for max. 30 iterations 
with flooding schedule 

 4096QAM, AWGN 

 Simulations still ongoing 
for BER  1e-8 

Performance of Codes I – IV in AWGN 

34 34.2 34.4 34.6 34.8 35 35.2 35.4 35.6 35.8
10

-8

10
-7

10
-6

10
-5

10
-4

10
-3

10
-2

Es / N
0

B
E

R

AWGN - 4096 QAM - 30 decoder iterations

 

 

r=0.900 10800 bits

r=0.867  5400 bit

r=0.900 14400 bits

r=0.881 15120 bits



PAGE  19 IEEE 802.3bn                                 Orlando, FL                                March 18-21, 2013 

 

 Performance of Codes I – 
IV for max. 20 & 30 
iterations with flooding 
schedule 

 4096QAM, AWGN 

 The gain of 10 additional 
iterations is in the order of 
0.1 dB 

Performance of Codes I – IV with 20 & 30 Iterations  
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r=0.900 10800 bits, 30 Iterations

r=0.867  5400 bits, 30 Iterations

r=0.900 14400 bits, 30 Iterations

r=0.881 15120 bits, 30 Iterations

r=0.867  5400 bits, 20 Iterations

r=0.900 10800 bits, 20 Iterations

r=0.900 14400 bits, 20 Iterations

r=0.881 15120 bits, 20 Iterations
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 Comparison of Code III 
and the DVB-C2 code 

 Code III: R = 0.881,                     
n = 15120 

 DVB-C2: R = 0.889,                   
n = 16200 

 4096QAM, AWGN 

 Max. 20 iterations with 
flooding schedule 

 Code III outperforms the 
DVB-C2 code by more 
than 0.4 dB at BER = 1e-6 

Comparison of Code III with DVB-C2 in AWGN 
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R = 0.881, n = 15120

DVB-C2, R = 0.889, n = 16120
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Comparison of Code VIII, Z=240 with ITU-T G.9960 

 

 Comparison of Code VIII 
and the ITU-T G.9960 
code 

 Code VIII: R = 0.833,                     
n = 5760, Z = 240 

 ITU-T: R = 0.883,                   
n = 5184 

 1024QAM, AWGN 

 Max. 30 iterations with 
flooding schedule 

 Preliminary result 

 At low BER Code VIII 
outperforms G.9960 code 

 Simulations still ongoing 
for BER  1e-8 
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Code VIII, Z = 240

ITU-T code
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Performance in Burst Noise impacting One Symbol 

Required 

Interleaving 

Depth @ 

BER  1e-8 

Rate R / 

Length N 

AWGN 

SNR 

[dB] 

20 s OFDM 

symbol duration 

40 s OFDM 

symbol duration 

20 dB 

burst 

noise 

5 dB 

burst 

noise 

20 dB 

burst 

noise 

5 dB 

burst 

noise 

Code I  
R = 0.9 

N = 10800 
38 dB 12 21 10 18 

Code II 
R = 0.867 

N = 5400 
37 dB  12 > 20 9 18 

Code III 
R = 0.881 

N = 15120 
37 dB 10 17  8 17 

Code IV 
R = 0.9 

N = 14400 
38 dB 10 18 9 17 
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Performance in Burst Noise impacting Two Symbols 

Required 

Interleaving 

Depth @ 

BER  1e-8 

Rate R / 

Length N 

AWGN 

SNR 

[dB] 

20 s OFDM 

symbol duration 

40 s OFDM 

symbol duration 

20 dB 

burst 

noise 

5 dB 

burst 

noise 

20 dB 

burst 

noise 

5 dB 

burst 

noise 

Code I  
R = 0.9 

N = 10800 
38 dB 18 34  14 31 

Code II 
R = 0.867 

N = 5400 
37 dB 17 > 35 13 32 

Code III 
R = 0.881 

N = 15120 
37 dB 15 33 12 29 

Code IV 
R = 0.9 

N = 14400 
38 dB 16 > 32 12 30 
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A set of quasi-cyclic LDPC codes has been proposed that is suited 
for all modes in EPoC 

 Codes with large lifting size may be chosen for the continuous mode in 
EPoC 

 Codes with short(er) lifting size and/or shorter code length may be 
chosen for burst modes in EPoC 

Low complexity implementation is ensured by the code structure 
and the choice of the lifting sizes 

Performance comparison  

 Code III (R = 0.88, n = 15120) outperforms the DVB-C2 LDPC code by 
more than 0.4 dB for 4096QAM 

 Code VIII (R = 0.833, n = 5760, Z = 240) outperforms the ITU-T G.9960 
LDPC code at low BER for 1024QAM 

Conclusions 
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Thank you 
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Backup 
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 In the following slides the parity check matrices H of the LDPC 
codes are given 

Description  

 In all tables the top row indexes columns of the parity check matrix 

 The second row of the tables indicates information (1) and parity (0) 
columns 

 The third row of the tables indicates transmitted columns (1) and 
punctured columns (0) 

 

LDPC Parity Check Matrix Description 
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Parity Matrices for Code I and Code II 
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Parity Matrices for Code III and Code IV 
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Parity Matrix for Code V 
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Parity Matrices for Code VI, Z = 60 & 120 
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Parity Matrices for Code VI, Z = 240 & 360 



PAGE  33 IEEE 802.3bn                                 Orlando, FL                                March 18-21, 2013 

Parity Matrices for Code VII, Z = 60 & 120 
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Parity Matrices for Code VII, Z = 240 & 360 
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Parity Matrices for Code VIII, Z = 120 & 240 
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Parity Matrices for Code VIII, Z = 360  
and Code IX, Z = 120 
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Parity Matrices for Code IX, Z = 240 & Z = 360 
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The depth D of the time domain interleaving impacts how many 
QAM symbols of a code word are affected by burst noise 

 For a larger interleaving depth D less symbols of a code word are 
impacted and performance improves 

 The drawback of a large interleaving depth D is increased PHY latency 

– However, if the depth D is to small, BER performance does not reach the 
BER target of 1e-8 anymore 

Hence, an important metric is the required interleaving depth D to 
achieve BER = 1e-8 at a fixed AWGN SNR 

 Interleaving depths are provided in the following 

Comments on required interleaving depth D 

 It can be shown that the required interleaving depth D is related to the 
inverse of the code rate R, i.e. D ~ 1 / (1 – R) 

 

 

 

Consideration on Time Interleaving Depth D 
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 In burst noise a higher AWGN 
SNR is needed for the same 
capacity 

 This increase in SNR is called 
loss in the figure 

 This can be seen as required 
SNR margin for burst noise 

 For a given margin, the figure 
shows the required interleaving 
depth as a function of code rate  

 Codes with higher rate require 
higher interleaving depth 

 In comparisons for burst noise 
performance, code rates must 
be identical  

 

Code Rate and Interleaving Depth  


