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Abstract

We perform chromatic dispersion (CD) equalization in thegjfrency domain based on Modified Discrete Fourier Trans-
form (MDFT) Filter Banks (FB) with a non trivial prototypeti#lr. The equalization is done per subchannel with a single
tap equalizer placed between the analysis and the synfiiesi®anks. Our main contribution is to design and insegt th
equalizer such that the output is alias free. We compare BET™FB with per subchannel single tap alias free equaliza-
tion with the so called overlap and discard frequency doraegimlization, which is nothing else than a MDFT FB with a
trivial prototype filter. Larger CD values are toleratedwitur approach at the cost of slightly increased complexity.

1 Introduction the signal at the output of a back-to-back connection of
analysis and synthesis FB is alias free. Upon inserting a

When carriers began to migrate from 2.5 Gbl/s to 10 Gp/Single tap CD_equ_aIizer into this structure the output is _not
transmission rates, the performance of fiber optic links if*€cessarily still alias free. However, we were able to find
long haul, metro and enterprise networks became limite@ SPecial arrangement that preserves an alias free output.
by dispersion causing a short optical pulse to broaden asft FB based FDE with trivial prototype filters commonly
travels along the fiber leading to intersymbol interferencé@lled ‘overlap-and-discard’ implementation of lineaneo
(IS1). This is largely because group velocity dispersionV°|Ut'°”f0rCD compensation serves a_sab_er_mhmark. The
(GVD) or CD in optical fibers increases with the square ofP€rformance of both FB based (i.e. with trivial and non-
the data rate and becomes a serious impairment at 10 GBf&ial prototype filters) equalization techniques are-dis
data rates and above. Thus, dispersion compensation i<4SSed from the point of their ability to compensate for

feature required in optical fiber communication system. different CD values. _
This paper is organized as follows. In Section 2, the FB

Dispersion compensation can be done either optically %Liructure of interest is briefly introduced. Our approach

electronically [1],[2]. Electronic dispersion comperisat for CD equalization is given in Section 3 along with the
(.EDC.) [3] techmqu_es are performed fo_r cD COMPENSay o chmark. Finally the results are shown in Section 4.
tion since they avoid the use of expensive and bulky op-
tical components. Recently, a number of efforts have come

out to bring digital signal processing into optical commu-2  Modified Filter Bank Structure: A
nication links specially for longer reach applications.-Ad .

ditionally, in optical coherent transmission systems; fre Review

guency domain equalizers (FDEs) based on fast Fourier . . : :
transform (FFT) have become the most appealing schenfadeneral overview of a maximally decimated FB is shown

for CD compensation due to the low computational com-" Figure 1, where _the number of subchanngisis qua_ll_
plexity for large dispersion and the wide applicability for to the S(cha\I/b\([nsampllngsrTelte. We have US_Ed.the definitions
different fiber distances [4],[5]. FBs [6] are digital signa “! = ° andz = e*", wheres = o + jw is the com-
processing systems that find applications in various fieldglex frequency variable.

in wireless communications. An important class of FBs is yolm]

the discrete Fourier transform (DFT) FBs, which can be ef-
ficiently implemented based on the use of polyphase filtersﬂn] yiml
FFT and inverse FFT.

Our main interest is in the application of FBs in optical
fiber communications. The efficient structure of the MDFT

FBs with non trivial prototype filters is applied for FDE _ _ i _
CD compensation. This structure has the advantage thifgure 1: Basic complex modulated filter bank structure
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Both AFB and SFB can be implemented efficiently by ap-AFB and the SFB, respectively. The bloaks perform a
plying some important identities for multirate processing% staggering of the real and imaginary parts of the low rate
and by performing the complex modulation by means ofignalsgy [{], while the blocksD’;, perform a destaggering
IDFT and DFT [7] of sizeM. Figure 2 depicts the effi- to generate the signajs|!]. Figures 4and5 depict the in-
cient realization of the AFB and ifrigure 3 that of the ternal structure o'y, andOy, for k even, respectively. In
SFB is shown. the cases of odd, the roles of the real and imaginary parts

are interchanged. These blocks are necessary to guarantee
Ll ~
ol ol

the MDFT FB to be alias free.
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Figure 2: AFB of an MDFT FB: Efficient Structure
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Figure 3: SFB of an MDFT FB: Efficient Structure 3 Filter Bank Based CD Compensa-
tion
Afterwards, let us introduce the transfer functi@nsg (z),
m =0,---,M —1, as the type-l polyphf’;\se componentsltwas shown that the use of frequency domain equalization
of length K OT th.e prototype filter [6], which are derived (FDE) techniques can compensate the effects of chromatic
from the relation: dispersion. FDE is very attractive because it has much
M—1 lower calculation complexity than time-domain equaliza-
Ho(z) = Z 27 "G (), (1) tion (TDE) when the equalizer has many taps [8],[9]. FDE
m=0 has been proposed for wireless channels [10],[11] and
d b lculated in the time d . ] adopted in 3rd generation long-term evolution (3G-LTE)
and can be caiculated in the ime domain as. systems [12]. Single carrier (SC) FDE improves the trans-

mission quality with reduced calculation complexity ow-
ing that to its block wise operation by using fast Fourier

The polyphase representation is a neat tool which enabldgansform (FFT).

the rearrangements of the computations of the filtering opSo far, the overlap-and-discard method, which is one of the
eration, so as to minimize the computational load per uniSC FDE configurations for CD compensation, has been ap-
time. The length of the prototype filter relates &0 as  plied. As a benchmark, we realize this method as an DFT
N =KM. FB with trivial prototype filter. Our approach is to per-
Although DFT polyphase FB provides high computationalform CD compensation in the frequency domain based on
efficiency, it suffers from the fact that it is not able to can-MDFT FBs i.e. a structure with polyphase network and
cel alias components caused by subsampling the subbaf&T blocks. For this FB structure, a single tap per sub-
signals. This disadvantage can be overcome by introduchannel equalizer is inserted in such a way that the MDFT
ing destaggering@’;. and staggering;, operations to the FB with equalization keeps the alias free property.

gm[n] = holnM +m], m=0,--- ,M—1. (2)



3.1 Filter Bank with Non-trivial Prototype z[n] iy €o 0

Filters Based CD Compensation 2 I~

M .

This is our approach for CD equalization where the cores % =
for equalization are AFB, SFB, staggering/destaggering o ey M i[n]
operations and an equalizer. Without intermediate pro- =15 = —>— Rt 9?%
cessing (i.e. without an equalizer) between the AFB and M M
the SFB, this structure of the MDFT FB is inherently alias % DFET IDET ]
free. In case an equalizer is introduced, it could be that ‘ o M
the structure is no longer alias free. However, we suggest : M
the arrangement of a per subchannel single tap equalizer ¢ I f7 %
shown inFigure 6 which still leads to an overall alias free T T
structure for the MDFT FB. M o | M |
In order to get an alias free output, the equalizerand g %M || epM—1 N fM J
g, are designed as such: 2 . 2

e ¢, for each subband is a one-tap equalizer taken aBigure 7: DFT Filter Banks with Trivial Prototype Filter
the inverse of the channel. CD compensation

° qkzl.

Since all M degrees of freedom are used for the design
of the equalizee = [eg,e1, - ,enm—1], it IS nO longer
strictly the overlap-and-discard method to implement lin-
ear convolution with the aid of FFT and IFFT, but it is a
FB based CD equalization with a trivial prototype filter.

Figure 6: Special Arrangement of a Single tap Per sub-4 Results
channnel Equalizer

For a 112-Gbit/s NRZ-PDM-QPSK coherent optical trans-
mission system, our method and the benchmark for CD

3.2 Filter Bank with Trivial Prototype Fil- compensation have been compared by evaluating their ap-
) . plicability for different FFT sizes and for compensating
ters Based CD Compensation different CD values. For performance analysis, the re-
Frequency domain CD equalization can also be done b uired optical signal to no_ise rat?o (OSN_R) to tolerate dif-
using an overlap-and-save (OLS) FFT method also know _rent CD vglues (accordlngly different fiber Iength_s) ata
as overlap-and-discrad (OLD) FFT method [13],[5]. Over-bit error ratio (BER) of 10° is chosen to be the figure
lap techniques perform linear convolution in the frequencyPf merit. In the simulations, we employ the following for
domain, where the input signal is divided into overlappingPrototype filter, DFT and IDFT operations:
blocks. The block lengttiVy;,.1 is equal to the FFT size
M. As a benchmark, the value of the overlap is taken to be
half the FFT size i.e. a 50% overlap factor.
In OLD with 50% overlap, half of the output is discarded
while a whole input block of lengtti/ is processed. This
restricts the analysis prototype filter and the synthesis pr
totype filters, respectively, to be:

e The prototype filter is a real coefficient linear phase
FIR lowpass filter.

e The DFT and IDFT operations are efficiently imple-
mented with FFT and IFFT operations since we con-
sider that the size of the DFT and IDEW (which
is also the number of subchannels) is taken as power

e f[n]is arectangular filter of length//2. of two.

e h[n] is a rectangular filter of length/.

Figure 7 shows OLD FFT method implemented as an DFT

FB structure which is a non-maximally decimated DFT The prototype filter is the ELT filter anft’ = 2 has been
EB. chosen for the length of the polyphase components of the

prototype filters.
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Figure 8: Required OSNR for different CD values: MDFT (8]
FB with trivial and non-trivial prototype filters Based CD
Compensation

The simulation results show that for the same OSNR,
higher CD values are compensated for the same FFT size
with our method. Another result revealed by the simula
tions is that for the same CD, less OSNR value is needed
with our FB based FDE with non-trivial prototype filters.
These results are shownfigure 8.
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