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a b s t r a c t

We present interleave division multiple access (IDMA) scheme combined with orthogonal frequency division
multiplexing (OFDM) for passive optical network, which offers improved transmission performance and good
chromatic dispersion tolerance. The interleavers are employed to separate different users and the generated
chips are modulated on OFDM subcarriers. The feasibility of IDMA-OFDM-PON is experimentally verified with
a bitrate of 3.3 Gb/s per user. Compared with OFDMA, IDMA-OFDM offers 8 and 6 dB gains in term of receiver
sensitivity in the cases of 2 and 4 users, respectively.

© 2017 Published by Elsevier B.V.

1. Introduction

Passive optical network (PON) is considered as a very promising
method to implement a fiber-to-the-home (FTTH) system [1–3]. The
exponential growth of global communications nowadays demands next
generation PON with high spectral efficiency and high data rates.
Currently most deployed PONs are gigabit PON (GPON) and Ethernet
PON (EPON), both of which suffer from high transmission impairment
because of chromatic dispersion when the data rate is beyond 10 Gb/s.
Owing to their high spectral efficiency, good chromatic dispersion
tolerance, flexible and dynamic bandwidth allocation as well as the
ability to adapt to frequency dependent channel quality with simple
single-tap equalization [4–6], the orthogonal frequency division multi-
plexing (OFDM) based PONs including orthogonal frequency division
multiple access (OFDMA), wavelength division multiplexing (WDM)-
OFDM-PON, time division multiplexing (TDM)-OFDM-PON and code
division multiple access (CDMA)-OFDM PON [7–11] are investigated as
promising solutions for future optical access. TDM-OFDM-PON suffers
from transmission impairments at higher transmission speeds caused
by burst synchronization and interference between different optical
network units (ONUs). WDM-OFDM PON is impressive for its high
data rate but is relatively expensive and complex due to the use of
high-cost optical components, such as arrayed waveguide gratings. The
management of wavelengths of ONUs is a key technical challenge for
OFDMA-PON [12,13]. CDMA-OFDM-PON has many attractive features,
such as high power budget margins, a secure physical layer and good
chromatic dispersion tolerance.
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In this paper, we experimentally demonstrate interleave division
multiple access (IDMA) scheme combined with OFDM for PON, in
which the interleavers are employed to separate different ONUs and the
generated chips are modulated on OFDM subcarriers (SCs). IDMA in-
corporates all the attractive features of CDMA and it also provides some
excellent features such as low complexity detection for systems with
large numbers of users and improved transmission performance [14,15].
The concept of IDMA-OFDM has already been widely applied in wireless
communications [16], uplink PON [17], uplink visible light commu-
nication (VLC) systems [18]. The feasibility of IDMA-OFDM-PON is
experimentally verified with a bitrate of 3.3 Gb/s per user. Compared
with OFDMA, IDMA-OFDM offers 8 and 6 dB gains in term of receiver
sensitivity in the cases of 2 and 4 users, respectively.

2. Technique principle

Fig. 1 shows the schematic diagram of downstream IDMA-OFDM-
PON with K users. In the transmitter (Tx), the source data for each
user is fed into a spreader for the purpose of bandwidth expansion. The
bits after spreading are usually called chips. Then a unique interleaver
(𝜋𝑘) is allocated to user k (k =1, 2, . . .K), which is used as the only
means to separate different users. Moreover, burst error control can
be achieved by dispersing the sequences of the chips randomly using
the interleavers. After interleaving, chips from all users (𝑥𝑘, k =1, 2,
. . .K) are combined and then converted to OFDM symbols with inverse
discrete Fourier transform (IDFT) operation. Cyclic prefix (CP) and
preamble are inserted to combat chromatic dispersion induced inter-
symbol interference (ISI) and for channel estimation, respectively. The

http://dx.doi.org/10.1016/j.optcom.2017.07.050
Received 16 June 2017; Received in revised form 13 July 2017; Accepted 17 July 2017
0030-4018/© 2017 Published by Elsevier B.V.

http://dx.doi.org/10.1016/j.optcom.2017.07.050
http://www.elsevier.com/locate/optcom
http://www.elsevier.com/locate/optcom
http://crossmark.crossref.org/dialog/?doi=10.1016/j.optcom.2017.07.050&domain=pdf
mailto:linbangjiang@163.com
mailto:xtang@fjirsm.ac.cn
http://dx.doi.org/10.1016/j.optcom.2017.07.050


B. Lin et al. Optics Communications 403 (2017) 222–225

Fig. 1. Block diagram of (a) transmitter and (b) receiver for IDMA-OFDM-PON.

generated baseband OFDM signal is up-converted in order to generate a
real-valued signal for intensity modulation (IM) of the laser. After fiber
transmission, the optical IDMA-OFDM signal is detected by an optical
detector at the receiver and then down-converted to baseband. After
frame synchronization, the signal is sent to the OFDM demodulation
module, which consists of discrete Fourier transform (DFT) operation,
CP removal and channel equalization. The decoded signal is sent to
the IDMA iterative decoding module, which consists of an elementary
signal estimator (ESE) and K posterior probability decoders (DECs). The
received signal after perfect channel equalization can be written as:

𝑟 (𝑗) =
𝐾
∑

𝑘=1
𝑥𝑘 (𝑗) + 𝑛 (𝑗) , (1)

where n (j) is the noise term. The outputs of ESE are extrinsic logarithm
likelihood ratios (ELLRs) for each user, which can be written as:

𝑒𝐸𝑆𝐸
(

𝑥𝑘 (𝑗)
)

= 2
𝑟 (𝑗) − 𝐸 (𝑟 (𝑗)) + 𝐸

(

𝑥𝑘 (𝑗)
)

𝑉 𝑎𝑟 (𝑟 (𝑗)) − 𝑉 ar
(

𝑥𝑘 (𝑗)
) (𝑘 = 1, 2...𝐾) . (2)

Then the ELLR for k-th user is fed into its unique de-interleaver to
get a priori logarithm likelihood ratio (PLLR) 𝑙𝐷𝐸𝐶 (𝑠𝑘(j)) for the DEC.
After the DEC, the transmitted data bits and the ELLR of DEC 𝑒𝐷𝐸𝐶 (𝑠𝑘(j))
for k-th user can be obtained. 𝑒𝐷𝐸𝐶 (𝑠𝑘(j)) is interleaved again to obtain
𝑙𝐸𝑆𝐸(𝑥𝑘(j)). 𝑙𝐸𝑆𝐸(𝑥𝑘(j)) is regarded as the PLLR to update the ELLR
𝑒𝐸𝑆𝐸 (𝑥𝑘(𝑗)) for the next iterative decoding process. The mean values
and variances in (2) can be calculated as:

𝐸
(

𝑥𝑘 (𝑗)
)

= tanh
[(

𝑙𝐸𝑆𝐸
(

𝑥𝑘 (𝑗)
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∕2
]

, (3)
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(

𝑥𝑘 (𝑗)
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= 1 −
(
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(
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))2, (4)

𝐸 (𝑟 (𝑗)) =
𝐾
∑

𝑘=1
𝐸
(

𝑥𝑘 (𝑗)
)

, (5)

𝑉 𝑎𝑟 (𝑟 (𝑗)) = 𝜎2 +
𝐾
∑

𝑘=1
𝑉 𝑎𝑟

(

𝑥𝑘 (𝑗)
)

. (6)

When the maximum iterative number we set is achieved, DEC output
the final decoded data bits for all the users.

In the OFDM demodulation module, the channel equalization and
DFT cost 1+ log2N/2 multiplications per symbol, where N is the
number of employed subcarriers. The operation in (5) and (6) are shared
by all users, costing two additions per coded bit. Overall, the ESE
operations in (2)-(6) cost one tanh operation, four multiplications and
six additions per coded bit per user. The cost per information bit per
user is independent of the number of users K. Since iterative operation
is required to obtain better performance, the increased cost per user are
L tanh operations, 4 × 𝐿 multiplications and 6 × 𝐿 additions for IDMA-
OFDM compared with the OFDMA scheme, where L is the number of
iterations.

3. Experiment setup and results

Fig. 2 shows the experimental setup for IDMA-OFDM-PON. For
each user, the generated data bits are spreaded before interleaving.
The bitrate of each user is 3.3 Gb/s. The IDMA signals are combined
and then modulated on OFDM SCs. The IDMA-OFDM signal is three
times up-sampled and up-converted to 2.5 GHz by means of digital
I-Q modulation and then uploaded into an arbitrary waveform generator
(AWG) operating at 10 GS/s. This ensures the generated signal is real
value, which can be used for IM of the laser. Note that the frequency of
the RF carrier is 𝑓𝑠∕4, where 𝑓𝑠 is the sampling rate of the AWG. The
DFT and CP sizes are 256 and 8, respectively. The output of the AWG is
used for IM of the laser. The wavelength of the laser is set to 1550 nm
and the transmitted optical power is about 10 dBm. The optical network
is emulated with 20 km single mode fiber (SMF), a variable optical
attenuator (VOA) and a 50/50 coupler. At the receiver, the optical signal
is detected by a photo-diode, the output of which is captured by a scope
operating at 25 GS/s. The sampled IDMA-OFDM signals are decoded
offline as shown in Fig. 1(b). All the key system parameter is provided
in Table 1.

Fig. 3 shows the average bit error rate (BER) for downstream
IDMA-OFDM-PON with 2 users after 20 km SMF. Note that, the BER
performance improves with the increasing number of iterations. The
optimum iteration is 5 beyond which there is no further improvement,
e.g. at a BER of 10−3 the optical power penalties are very high and ∼ 0.3
dB for the 1 iteration and 3 iterations, respectively when compared to 5
and 10 iterations. The bitrate per user is 3.3 Gb/s and the total bitrate
is 6.6 Gb/s.

For comparison, we have also investigated an OFDMA-based down-
stream PON. In order to achieve the same bitrate while using the same
bandwidth, QPSK and 16QAM are employed for the cases of 2 users and
4 users, respectively. All the key system parameters for OFDMA-PON
are provided in Table 1. The only difference between IDMA-OFDM and
OFDMA is the incoming data stream for IDFT operation. The incoming
data stream is IDMA signals for IDMA-OFDM, while it is QPSK or 16QAM
symbols for OFDMA. Fig. 4 shows the average BER performance for
IDMA-OFDM and OFDMA based PON with 2 users. Comparing the back
to back (BTB) and 20 km SMF transmission curves, we can see that
the chromatic dispersion induced power penalties are negligible for
both IDMA-OFDM and OFDMA. The received sensitivities are about −19
and −27 dBm for OFDMA and IDMA-OFDM, respectively. The receiver
sensitivity is the required received powers to obtain a BER of 1e-3.
Therefore, IDMA-OFDM offers 8 dB gain in term of receiver sensitivity
compared with OFDMA in the case of 2 users. Fig. 5 shows the average
BER performance for IDMA-OFDM and OFDMA based PON with 4 users
after 20 km SMF. 16QAM is employed for data mapping for OFDMA. The
total bitrate is 3.3𝐺 × 4 = 13.2 Gb/s for both IDMA-OFDM and OFDMA.
As shown in Fig. 5, IDMA-OFDM offers more than 6 dB gain in term
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