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ABSTRACT 

We propose a novel scheme to overlay multicast service over a wavelength-division-multiplexed (WDM) passive optical 

network (PON) based on dynamic wavelength reflection scheme. At the optical line terminal (OLT), for each WDM 

channel, a dynamic wavelength reflector is used to selectively bypass the corresponding optical carrier to avoid multicast 

data superimposition, while the remaining optical carriers go through the dynamic wavelength reflector and 

simultaneously carry the multicast data. The proposed scheme is experimentally demonstrated with 5-Gb/s downstream 

unicast, multicast data and 625-Mb/s upstream re-modulated data. 

Keywords: WDM-PON, multicast, dynamic wavelength reflection, fiber bragg grating (FBG) 

 

1. INTRODUCTION  

WDM-PON is regarded as a promising solution for next generation broadband access networks because of its almost 

unlimited bandwidth, network security, simple management and upgradeability. To deploy multicast service over WDM-

PON, some efforts have already been reported 
1- 5

, and fall into three categories: 1) In-band transmission 
1, 2

, the multicast 

service shares the downstream wavelength bandwidth with unicast data service via time-division multiplexing scheme or 

orthogonal modulation format, which requires complicated timing or synchronization control; 2) Out-of-band 

transmission 
3, 4

, multicast service is overlaid on the same wavelength channel by means of sub-carrier multiplexing 

(SCM), which requires high-frequency electronic components at both the transmitter and receiver sides; 3) Out-of-

wavelength transmission 
5
, a additional specific wavelength channel is used to transmit the multicast service with simple 

optical power splitter and the arrayed waveguide grating (AWG). However, to accommodate the dynamic change of 

members in the multicast group, the dynamic deployment of broadcast/multicast service over WDM-PON needs to be 

further studied. 

In this paper, a simple scheme to overlay multicast service is proposed. It uses a set of dynamic wavelength reflector 

added on each wavelength channel. When the dynamic wavelength reflector is in the bar (straight-through) state, the 

multicast data is orthogonal-overlaid with downstream unicast data on the corresponding optical carrier. The multicast 

data could not be superimposed when the dynamic wavelength reflector is in the reflection state to bypass the 

corresponding downstream optical carrier. By dynamically adjusting the state of the dynamic wavelength reflector, the 

multicast data can be enabled on a unicast wavelength channel to achieve selective multicast and thus realizing flexible 

network functions. We experimentally demonstrate the proposed WDM-PON with multicast overlay at 5-Gb/s and 

investigate its feasibility and system performance. The upstream data re-modulation based on the downstream non-

return-to-zero (NRZ) format with a low extinction ratio (ER) is also demonstrated.  

2. PROPOSED SCHEME AND PRINCIPLE 

The proposed WDM-PON architecture with multicast overlay is shown in Fig. 1. In the optical line terminal (OLT), the 

downstream carrier of each wavelength channel is generated by a continuous-wave (CW) laser, and modulated by an 
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optical intensity modulators (IMs), to generate NRZ unicast data, with an extinction ratio (ER) of around 3dB. The lower 

ER makes it easier that the successful superimposition of the differential phase-shift keying (DPSK) multicast data and 

upstream data re-modulation 
5
. To realize flexible multicast, the dynamic wavelength reflector can be added in between 

IM and arrayed waveguide grating (AWG) on each wavelength channel. In the schematic diagram as shown in the Fig. 1, 

the dynamic wavelength reflector consists of an optical circulator and a controllable Fiber Bragg Grating (FBG).  

When an optical network unit (ONU) on a wavelength makes a request for the multicast service, the controllable FBG in 

the corresponding wavelength channel is adjusted via the control circuit to deviate from center wavelength and to allow 

unicast data carrier go straight to the AWG. Thus multicast signal can be simultaneously modulated on the downstream 

unicast carrier by an optical phase modulator (PM). To disable the multicast signal for an ONU, the FBG is dynamically 

tuned and reflects the corresponding wavelength to circulator and another AWG, so as to bypass multicast signal 

modulation. Hence the multicast signal can be selectively and dynamically superimposed onto downstream unicast signal 

on arbitrary wavelength channels. Then these two multiplexed signals I and II are combined by coupler and carried to 

remote node (RN) and finally routed to individual ONU. It should be noted that all the multicast control intelligence is 

deployed at OLT by adjusting a set of the dynamic wavelength reflector (FBG and circulator), which is transparent to all 

ONUs and can be a cost-effective solution. 

 

 
 

Fig. 1 Schematic diagram of the proposed WDM-PON architecture with multicast overlay 

 

After transmission over fiber, a 2×16 AWG is used to de-multiplex the optical signals and route them to individual 

ONUs. In ONU, one part of downstream power is tapped off by an optical splitter for NRZ downstream unicast data and 

differential-phase-shift-keying (DPSK) multicast data, respectively. For users who subscribe to multicast service, the 

optical carrier not only carries the downstream unicast data, but also contains the multicast data information. The 

remaining part is re-modulated by upstream data with higher ER and sent back to the OLT. In this way, colorless ONU 

without the need of light source could also be implemented. It is an attractive feature for PON deployment. 

3. EXPERIMENTAL SETUP AND RESULTS  

To verify the feasibility of the proposed scheme, we demonstrate downstream unicast/multicast transmission in two 

different wavelength channels and upstream data re-modulation in Fig.2.  

In the OLT, continues wave (CW) in the 1551.95 nm wavelength is fed into a Mach-Zehnder modulator (MZM) which is 

biased at the quadrature point and is driven by a 5-Gb/s 2
31

-1 pseudorandom binary sequence (PRBS) to generate 

downstream unicast NRZ signal, with 3dB ER. After an EDFA and a tunable band-pass filter (BPF) with a bandwidth of 

0.4 nm, the unicast NRZ signal is orthogonally phase-modulated by a PM to superimpose multicast data. To obtain better 



signal performance, downstream unicast data and multicast data signals need to be bit synchronized, which is adjusted by 

an electrical phase shifter.  

Another CW at 1548.84nm is just modulated by unicast data with 5-Gb/s complementary PRBS and then is bypassed by 

an optical circulator and FBG with a 3-dB bandwidth of 0.15 nm and a 90% reflection ratio. Thus, the downstream 

optical carrier just contains unicast data. Then, both of the above wavelengths are combined and fed into two pieces of 

12.5km single mode fiber (SMF) to reach respective ONU. An AWG located in the Remote Node (RN) links the two 

pieces of SMF.  

 

 
 

Fig. 2 Experimental setup of the proposed scheme 

 

After transmission over 25-km SMF, at the ONU, an optical splitter is used to tap optical carrier power into two optical 

paths. The part of the received downstream signal power is again split into two parts. One half is detected for NRZ 

downstream unicast data and another half is demodulated by a delay interferometer (DI) for DPSK multicast data. The 

remaining part is re-modulated by 625-Mb/s upstream data with a higher ER of ~10dB and sent back to the OLT.  

 

    
 

Fig. 3 (a) BER curves for the downstream NRZ/DPSK  



 

The bit-error-rate (BER) curves and eye diagrams of the downstream unicast NRZ signal and multicast DPSK signal are 

provided in Fig. 3 a-b). The power penalties of downstream unicast signal caused by the fiber transmission are ~0.8 dB 

with multicast data and ~1.3dB without multicast data, respectively. The power penalty is ~0.5 dB for the DPSK 

multicast signal.  

The four eye diagrams are observed in Fig.3 b). The inset figure 1) shows the eye diagram of the demodulated multicast 

DPSK signal with downstream unicast NRZ, which has three folds of up-eyelids. The inset figures 2) and 3) display the 

eye diagrams for the demodulated NRZ with DPSK signal and the demodulated NRZ without DPSK signal, respectively. 

We observe that the performance degradation of the above eye diagrams induced by the superimposition of multicast 

DPSK signal is represented by the thicker eyelid. The eye diagram for the downstream unicast NRZ demodulated by DI 

without DPSK is shown in the inset figure 4).  

 

1)
 

 

2) 3)
 

 

4)
 

Fig. 3 (b) Eye diagrams of 1) the downstream demodulated DPSK with NRZ, 2) the demodulated NRZ with DPSK, 3) 

the NRZ demodulated by DI without DPSK, 4) the demodulated NRZ without DPSK 

 



The Fig. 3 c) shows the BER measurements of upstream re-modulated NRZ signal with higher ER, after the 25-km SMF 

transmission. We observe that the upstream transmission suffers ~0.5-dB penalty due to the dispersion. The insets of 

Fig.3 c) are eye diagrams of upstream re-modulated NRZ signal.  

 

 
 

Fig.3 (c) BER curves and eye diagrams for upstream re-modulated signal. 

 

4. CONCLUSIONS 

We have proposed and experimentally demonstrated a novel scheme to simultaneously deliver downstream unicast and 

multicast signal based on dynamic wavelength reflection scheme over WDM-PON architecture. In each WDM channel, 

a dynamic wavelength reflector is used to selectively bypass the corresponding optical carrier to avoid multicast data 

superimposition, while the remaining optical carriers go through the dynamic wavelength reflector and simultaneously 

carry the multicast data. The multicast function can be quickly and dynamically reconfigured with simple and centralized 

control in the OLT and is transparent for all ONUs. The technique just adds a little complexity to the existing WDM-

PON structure, and its feasibility is demonstrated with 5-Gb/s downstream unicast, multicast signal and 625-Mb/s 

upstream re-modulated data. By employing re-modulation technique, no light sources and colored components are 

needed in the ONUs, which effectively reduce the cost and complexity. 
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