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• DVB-C2 Bit interleaved coded modulation (BICM)

• 16200-length shorter LDPC code + BCH outer code

• Column twisted Bit interleaver.

• This is mature and has been proven to work in HFC environment

• We propose to use code rate 8/9 as the primary code rate for all SNR

• We support all square constellations from QAM16 to QAM4096

• We extend DVB-C2 to non-square or odd constellations (128/512/2048)

• We define column-twisted bit interleavers for non-square constellations 

• We combine successive modulations with a fixed 50:50 ratio to get 1.5 dB 
SNR step size in the spectral efficiency graph, using 8/9 code rate only 
(this will be explained in detail)

• We propose to include code rates 7/9 and 6/9 with minimal extra 
complexity for extreme burst conditions

FEC Proposal for EPOC Downstream
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• DVB-C2 supports square QAM constellations only, but has six LDPC 
code rates

• Even with all these rates, some operating points are separated by 
about 3 dB along the SNR axis of the spectral efficiency graph.  Also 
the operating points are not uniformly spaced.

• It is preferable to achieve a SNR point using a lower order modulation 
and higher code rate than higher order modulation and lower code rate

• Because of losses (e.g. phase noise) in the demodulator

• Furthermore, higher code rates are more hardware efficient than lower 
code rates because of fewer number of parity check equations

• Hence our aim has been to use only the highest code rate of 8/9

• To achieve a 3 dB SNR resolution in the spectral efficiency graph with 
8/9 code rate we have defined non-square constellations & associated 
column-twisted bit interleavers

• Then we go up and down the spectral efficiency graph in 3 dB steps by 
changing only the modulation, keeping code rate fixed

• See later for the way of achieving 1.5 dB SNR step

Extension to Non-Square Constellations
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• Back-up material of this presentation contains:

• Details of column twisted bit interleavers for QAM128/512/2048

• Details of constellation mappings

• Modifications to the tables of the DVB-C2 specification to 
include odd or non-square constellations

Detailed Specification of Odd or Non-square 
QAM Constellations



Idea for Achieving 1.5 dB SNR Resolution

• In each OFDM symbol

• We make 50% of the data carriers square-QAM, say QAM4096

• We make other 50% of data carriers non-square-QAM, say QAM2048

Frequency

QAM4096

QAM2048

LLR
Generator

16200-bit LDPC
Decoder

(with outer BCH)

• So the spectral efficiency of the new modulation is halfway between 
QAM4096 and QAM2048

• We show that the SNR requirement is also halfway between the SNR 
requirements of QAM4096 and QAM2048

• Same applies to QAM-1024/2048, 512/1024, 256/512 & 128/256



Combined Modulation Definition

• The only purpose of the combined modulation idea is to achieve 
approximate 1.5 dB SNR resolution in the spectral efficiency graph 

• For example, to get the mid-point between QAM2048 and QAM4096 we 
combine these modulations 50:50 within one LDPC codeword

• LDPC-coded bits to OFDM carrier mapping has a fixed pattern and ratio:

• QAM2N+1 carriers occupy locations 0, 2, 4, … 

• QAM2N carriers occupy locations 1, 3, 5, … 

• This bits to carrier mapping happens after LDPC encoding and bit 
interleaving but before time and frequency interleaving

• This fixed mapping is signalled by the same parameter that is used to 
signal the QAM constellation.  It is an “effective constellation” halfway 
between QAM2N+1 and QAM2N

• Note also that a LDPC codeword always maps onto an integer number of 
OFDM sub-carriers.  This means that in some instances there could be 
unused bits in the last sub-carrier, that are discarded by receiver.

• For combined modulation we use the bit interleaver defined for QAM4096 



AWGN Performance
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• Shows square and non-square constellations, as well as those in between

• The performance has been measured by limiting iteration count to 15



Spectral Efficiency Graph
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• All results obtained using the simplest LDPC code rate of 8/9

• Operating points are more uniformly spaced than in the DVB-C2  
standard which uses six code rates



Burst Performance

• We propose using a convolutional time interleaver operating on 
OFDM sub-carriers to mitigate broadband burst noise

• Different sub-carriers of each OFDM symbol delayed by different 
amounts

• Burst errors in the channel can impact one (or even two) OFDM 
symbols

• Convolutional de-interleaver will spread this burst over M symbols

• M is the depth of the interleaver in OFDM symbols

• Value of M limited by the tolerable latency and memory size

• We propose making the interleaver depth programmable with a 
maximum value of 32

• Use of convolutional sub-carrier-level interleaving gives the most 
memory efficient hardware architecture



Time Interleaver Structure
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distributed 
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Interleaver depth = M symbols
Latency = M symbols



Time Interleaver Parameter J

J

2J

3J

(M-1)J

Interleaver depth = M symbols
Latency = M symbols

• Let N be the number of data carriers in the OFDM symbol. N may 
not be a multiple of M

• Define J = (N/M)

• But (N/M) may be a fraction.  Then J is the next highest integer

• Append (JM – N) dummy carriers to make the symbol length a 
multiple of M

• Enter the dummy carriers into the interleaver, but discard at 
interleaver output

• But during implementation dummy carriers not written or read



13

Burst Noise Performance Simulations

Burst Condition Interleaver depth

+20 dB SNR burst of 16 us impacting Two symbols 10-12 symbols with code rate 8/9

-inf SNR burst of erasing One complete symbol 12 symbols with code rate 8/9

-inf SNR burst of erasing Two complete symbols 26 symbols with code rate 8/9

-inf SNR burst of erasing Two complete symbols 18 symbols with code rate 7/9

-inf SNR burst of erasing Two complete symbols 8 symbols with code rate 6/9

• Hence we propose including code rates 7/9 and 6/9 code rates as back-
up for low latency applications operating in extreme burst noise 
conditions
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• We propose DVB-C2 FEC with

• 16200-length LDPC code + BCH outer code

• Column twisted Bit interleaver.

• We propose to use code rate 8/9 as the primary code rate for all SNR

• Support all square (even) QAM constellations from QAM16 to QAM4096

• Extended to non-square (odd) QAM constellations QAM128, 512 and 2048

• With column-twisted bit interleavers defined for non-square constellations 

• We propose combining successive modulations with fixed 50:50 ratio and 
fixed odd-even locations within an FEC codeword to achieve 1.5 dB 
resolution along the SNR axis of the spectral efficiency graph

• We propose to include code rates 7/9 and 6/9 with minimal extra 
complexity for extreme burst conditions

Conclusions



Proposed Motion

• Propose that the DVB-C2 Forward Error Correction scheme, with 
the following modifications, be adopted as the downstream 
Forward Error Correction Scheme of EPOC

• Use a single primary code rate of 8/9 to cover all SNR 
conditions

• Use back-up rates 7/9 and 6/9 for extreme burst noise 
conditions

• Include odd order QAM constellations with associated column-
twisted bit interleavers

• Provide an option to map carriers with successive QAM 
constellations onto one LDPC codeword, via the bit interleaver 
defined for QAM4096, but with fixed 50:50 ratio and fixed 
odd-even locations 

� Moved by: 
� Seconded by: 
� Technical motion (>=75%) 
� Yes / No / Abstain 



THANK YOU!
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ETSI EN 302 769 V1.2.1 (2011-04) Digital Video Broadcasting 
(DVB); Frame structure channel coding and modulation for a 
second generation digital transmission system for cable systems 
(DVB-C2)

The following pages contain changes to the DVB-C2 specification 
to incorporate non-square constellations 128, 512 and 1024

Details of Specification
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Column-twisted Bit Interleaver for Non-Square QAM

Since 16,200 is not divisible by 7 and 11, for QAM-128 and QAM-2048 
constellations, zeros shall be appended after parity interleaving and prior to 
column-twist interleaving at the end of the block (5 zero bits for QAM-128 
and 3 zero bits for QAM-2048 added after the 16,200th bit), thus the 
extended block of 16,205 bits or 16,203 bits shall be interleaved by the 
column-twist interleaver for QAM-128 and QAM-2048 respectively.

The following rows are added to table 6 of DVB-C2 specification.

Modulation
Rows Nr Columns

NcNldpc = 64 800 Nldpc = 16 200

128QAM - 2 315 7

512QAM - 1 800 9

2048QAM - 1 473 11

The following rows are added to table 7(a) of DVB-C2 specification.

Modulation
Columns

Nldpc

Twisting parameter tc

Nc Col.  0 1 2 3 4 5 6 7 8 9 10 11

128
QAM

7 16200 0 1 2 2 2 3 3 - - - - -

512 QAM 9 16200 0 1 2 3 5 6 7 9 11 - - -

2048 QAM 11 16200 0 0 0 0 0 3 3 4 4 4 4 -
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Constellation Mappings for Non-Square QAM
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QAM128
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QAM512
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QAM2048 Quadrant 1
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QAM2048 Quadrant 2
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QAM2048 Quadrant 3
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QAM2048 Quadrant 4
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The following rows are added to table 8 of DVB-C2 specification.

LDPC block length (NLDPC) Modulation mode ηηηηMOD
Number of output Data 

Cells

16 200

128QAM 7 2 315

512QAM 9 1 800

2048QAM 11 1 473

The following rows are added to table 9 of DVB-C2 specification.

Modulation NLDPC Number of sub-streams, Nsubstreams

128QAM 16200 7

512QAM 16200 9

2048QAM 16200 11
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The following rows are added to table 10(a) and 10(b) of DVB-C2 
specification.

 

Modulation format  128QAM (NLDPC = 16200) 
Input bit-number, 

di mod Nsubstreams 0 1 2 3 4 5 6 

Output bit-number, 
e 6 5 4 1 2 3 0 

 

 

Modulation format 2048QAM (NLDPC = 16200) 
Input bit-number, 

di mod Nsubstreams 0 1 2 3 4 5 6 7 8 9 10 

Output bit-number, 
e 10 9 8 7 2 3 4 5 6 1 0 

 

Modulation format 512QAM (NLDPC = 16200) 
Input bit-number, 

di mod Nsubstreams 0 1 2 3 4 5 6 7 8 

Output bit-number, 
e 8 7 6 1 2 3 4 5 0 
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The following rows are added to table 13 of DVB-C2 specification.

 

Modulation Normalization  

128QAM 
82
q

q

z
f =  

512QAM 
330

q
q

z
f =  

2048QAM 
1322

q
q

z
f =  


