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TABLE I
THRESHOLDS OF CERTAIN CODES RECOMMENDED FOR OPTICAL COMMUNICATIONS

Code type

Source

post-FEC BER

p

2.7%
5.8%
6.7%
6.7%
6.7%
6.7%
6.7%

Reed–Solomon (RS) (528,514) “KR4”
RS(544,514) “KP4”
RS(255,239)
Bose–Chaudhuri–Hocquenghem (BCH)+BCH
BCH+RS
RS(2720,2550)
Proprietary “P-FEC”

[26]a

10−15

[26]a

10−15

[27]a
[28, App. I.3]
[28, App. I.4]
[28, App. I.8]
[29]–[32]

6.7%
7% (6.7%?)

BCH+BCH
Continuously interleaved BCH

[33]b,c
[34]

10−15
10−15
10−15
10−15
10−15 − 10−20

2.18 · 10−5
2.26 · 10−4
8.27 · 10−5
3.15 · 10−3
2.17 · 10−3
1.10 · 10−3
3.84 · 10−3

10−15
10−15

4.42 · 10−3
4.52 · 10−3

20%
Low-density parity-check (LDPC) convolutional
[35]b
10−15
2.7 · 10−2
−15
24.5%
Convolutional+RS
[28, App. I.2]
10
5.20 · 10−3
−15
c
6.7 − 24.3%
BCH+BCH
[28, App. I.7]
10
1.30 · 10−3 − 1.30 · 10−2
c
−15
6.25 − 33.33%
Staircase
[36]
10
4.70 · 10−3 − 2.24 · 10−2
a The pre-FEC BER p was estimated by the accurate approximation in [28, App. I.8.2], assuming bounded-distance decoding.
√
b The pre-FEC BER was calculated from the given Q factor in dB as p = (1/2)erfc(10Q/20 / 2).
c The pre-FEC BER or Q factor was extrapolated from simulation results at significantly higher post-FEC BERs, and may therefore be inaccurate.

Errata:
• The LDPC convolutional code in [35] uses soft-decision decoding and should not be included in this table.
• The BCH+BCH codes in [28, App. I.7] should have a superscript c, since two of the three thresholds come from extrapolated simulations.

gives better prediction in systems with bit-wise soft decisions
[37]. Unfortunately, no GMI thresholds for specific FEC codes
at low post-FEC BERs such as 10−15 have yet been published,
but GMI thresholds at higher post-FEC BERs are available,
suitable for use in concatenated FEC systems based on an
inner SD decoder and and outer HD decoder [37], [40]. The
GMI can also be interpreted as an achievable rate with ideal
FEC coding.
To address the second key assumption, that bit errors
occur independently, a large interleaver is typically applied
(or assumed) after the FEC encoder, and a corresponding
deinterleaver before the FEC decoder. Otherwise the input bits
(and their corresponding soft metrics) to the decoder will be
correlated. This correlation may come from several sources,
such as residual channel memory, transceiver imperfections,
cycle slips in the phase recovery, multilevel modulation, and/or
an inner FEC code. These effects typically cause error bursts
in the pre-FEC bit stream, which may affect the FEC decoder
performance either beneficially or adversely, depending on the
type of code. In either case, the performance predicted based
on the binary symmetric channel will be invalid. To achieve
full decorrelation, the interleaver length should be equal to the
burst length times the code length.
An important aspect that is often overlooked is that if the
FEC code is fixed, and the rest of the system is designed
for optimum performance at the corresponding FEC or GMI
threshold, then the overall system will almost surely perform
suboptimally [41]. A significantly better performance may be
obtained by considering a different FEC OH (and hence a
different threshold) and reoptimizing other system parameters.
For example, there exists a fundamental trade-off between
modulation order and FEC OH, which is not exploited if the
code is fixed to some ad-hoc value (such as 6.7%). It is quite
possible that the overall throughput is increased if the OH
is increased (from say 6.7% to 20% or even higher), since

the improved error-correction capability may enable a higherorder modulation format. Similar trade-offs exist between the
OH and other important system parameters, such as baudrates,
WDM spacing, DSP algorithms, amplifier spacing, launch
powers, and many others.
IV. D ISCUSSION AND R ECOMMENDATIONS
We have introduced some information-theoretic concepts
and tools useful for the design and analysis of optical fiber
systems. The widespread notion of a so-called nonlinear Shannon limit for optical fibers and its more rigorous interpretation
as an AIR with mismatched decoding have been discussed.
The problem of predicting the post-FEC BER from pre-FEC
metrics has been also considered, discussing the use and
validity of different predictors for HD and SD decoding, such
as the pre-FEC BER and the GMI. To conclude, we give
the following recommendations to optical communications
engineers.
• When the channel statistics are unknown or too complicated, as for nonlinear optical fibers, use the AIR with
mismatched decoding as a figure of merit.
• Consider the nonlinear Shannon limit just as a capacity
lower bound, achievable by systems optimized for the
AWGN channel.
• Keep looking for improved transmission and detection
strategies, as the capacity limit of optical fiber systems is
still unknown.
• Use Gaussian models and approximations with caution:
they provide accurate results for conventional systems,
but may lead to overlooking potential AIR gains and
underestimating channel capacity.
• To predict the post-FEC performance of systems with
HD-FEC decoding, use the pre-FEC BER and compare
it with HD-FEC thresholds whose origin and correctness
can be validated in references. Do not copy someone

