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The IEEE Ethernet Passive Optical Networks (EPON) standard is a leading Time 
Division Multiplex (TDM) standard for PONs. The paper investigates the operation of 
an EPON based system in a Dense Wavelength Division Multiplex (DWDM) 
environment. It extends the concept of a multi-wavelength system from being merely a 
stack of independent PONs to that of a stack of a switched set of PONs. The 
functioning of the switching elements within the scope of EPON operation are 
investigated and qualitatively described. The architecture of the “Switched DWDM 
EPON” system is presented. 
 
Introduction 
The IEEE EPON standard is a TDM protocol for operation in PONs. The downstream 
transmission form the Optical Line Termination Unit (OLT) at the head-end to the 
Optical Network Unit (ONU) at the user is a broadcast transmission, the upstream 
transmission, from the ONU to the OLT, on the other hand is a TDM arbitrated 
transmission. EPON specifies WDM operation only for multiplexing the upstream 
(1.31 μm) and downstream transmission (1.49 μm) over a single fiber. EPON as such 
does not have a specification for use in a multi-wavelength environment. DWDM can 
also be used as a contention avoidance mechanism in PONs but this is not a 
practically scalable idea and is not discussed further. The following sections examine 
the operation of a switched EPON in a multi-wavelength environment.  
 
DWDM PON 
Figure 1 illustrates the concept of stacking up PONs to increase the aggregate 
bandwidth with use of multiple wavelengths. The aggregate bandwidth supported by 
the network scales up linearly with the number of wavelengths used. Each such PON 
is an independent network with only the fiber resources being shared by all the 
networks. 

 
 

Figure 1: DWDM PON (a) Increasing number of users; (b) Increasing bandwidth per user 
 
The increase in the bandwidth can be used in either increasing the number of users 
(horizontal stack) or in increasing the bandwidth provided per user (vertical stack). A 
dynamic switched combination of the two approaches is an interesting proposition. 
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 Switched DWDM EPON Configuration 
The use of multiple wavelengths opens up an added dimension which can be used to 
not just increase the aggregate bandwidth of the network but to also increase the 
dynamic re-configurability and the resiliency of the network. To achieve a dynamic 
switched combination of a horizontal and a vertical stack of PONs at the same time it 
should be possible to drop any or all wavelengths towards all the ONUs and that the 
ONUs are wavelength agnostic. To do this we consider a reconfigurable wavelength 
switch instead of passive (de)multiplexer, this device can output any set of 
wavelengths towards any of its ports. The control of the device will be done out of 
band [2]. The Client and WAN interfaces do not see the PON as a stack of separate 
PONs and the switching intelligence is in-built in the PON network.  

 
Figure 2: Switched DWDM EPON 

 (a) Switching an ONU to a new wavelength (b) Using additional wavelengths at a single ONU site 
 
In EPON operation to emulate a point to point topology in a point to multipoint 
scenario each ONU is allocated a Logical Link Identity (LLID) and the MAC 
instantiation in the ONU has a corresponding MAC instantiation in the OLT. An 
additional MAC called the Single Copy broadcast (SCB) MAC is used for broadcast 
from the OLT to the ONUs. In a single PON with n ONUs there will be n+1 
corresponding MAC instantiations in the OLT. If additional bandwidth or a different 
service is required for a set of ONUs, it can be switched to a different wavelength 
pair. Figure 2 illustrates the concept.  The switching to a different wavelength pair, 
switches the transmission on to a different logical PON but the MAC instantiation still 
remains in the same chipset.  The figure 2a illustrates two logical PONs; the red PON 
and the blue PON; ONU 1 is switched to the Red PON while ONU 2 to ONU n are 
left in the blue PON. The SCB MAC is also duplicated for both the logical PONs. 
Thus now the OLT instantiates n MACs for the blue PON and 2 MACs for the red 
PON. Figure 2b illustrates a configuration when additional wavelengths are used at a 
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particular ONU site. In this case the additional ONU card will have its own unique 
MAC identity. At ONU 1 site two wavelength pairs are used, the new card on the red 
PON is given a new LLID, thus the blue PON retains n+1 MACs and 2 MACs are 
instantiated for the red PON. The OLT should be able to instantiate as many MACs as 
is the number of LLIDs floated, and as many SCB MACs as the number of logical 
PONs. Having separate logical PONs for different wavelength pairs also allows for 
different line rates on the separate PONs. This way the cost of physical components 
for ONUs wanting higher line rates is not imposed on ONUs wanting to operate at 
lower line rates. 
 
Concept implementation 
The switching logic implementation will be carried out in the MAC Control Client 
block which is beyond the scope of the EPON specifications. There will be a single 
MAC Control Client interface for all the logical PONs. There are minimal 
modifications to the current MAC Control block specifications. Figure 3 illustrates the 
interfacing of the MAC Control Client interface with the modified MAC Control 
Client block. 

 
Figure 3: Multipoint MAC Control Block in a DWDM EPON 

 
The Dynamic Bandwidth Allocation (DBA) agent takes care of the resource allocation 
and decides on the modalities for switching between the logical PONs. The agent has 
a complete overview of the resources available and the resources allocated. The 
switching initiation can be autonomous based on a pre-determined bandwidth 
allocation scheme, or an operator triggered event. The discovery agent initiates a 
discovery round periodically to detect and range the ONUs. It is envisaged that in a 
multi-wavelength configuration it is possible that the split ratio for a single 
wavelength will not have sufficient optical power budget for all the ONUs that might 
be connected. At initial start up, the discovery agent will ensure that the splitting ratio 
for every wavelength is controlled at the wavelength switch and thus if k wavelength 
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pairs are used there will be k parallel discovery rounds. In the operational state the 
discovery agent has the information about the wavelength allocations on all the ports 
and will run the discovery round without reallocation of wavelengths. 
 
The MA_Data.request and the MA_CONRTOL_request primitives are used for 
transfer of data to the MAC entity or the MAC control entity respectively. The 
primitive should be able to carry additional information on the wavelength on which it 
is operating. The Multipoint Transmission Control block generates the transmitEnable 
to allow for transmission from one of the Multipoint MAC Control instance in a single 
PON, however with multiple logical PONs operating; the Multipoint Transmission 
Control block should be able to enable parallel transmissions on different wavelengths 
and will enable multiple transmissions as long as the transmissions from the 
Multipoint MAC Control instance are on different wavelengths. We envisage the logic 
of operation of the Multipoint Transmission Control block to be controlled by the 
DBA agent. To receive data from the MAC instances, the ReceiveFrame( ) function 
call is continuously asserted. For a single PON there is always a single packet 
reception from one of the MAC instances which is forwarded to the MAC Control 
Client for data packets. In the current scenario there can be more than one packet 
receipts at the same time on different logical PONs. The MAC Control Client will 
have the provision to receive multiple data streams and to process them 
independently. At the OLT the Reconciliation Sublayer (RS) will be separate for the 
logical PONs. For one logical PON at a given instance only one PLS_DATA.request 
primitive (not illustrated) from any one of the multiple MAC instantiations to the RS, 
is active; this is ensured by the Multipoint Transmission Control Block. To enable 
parallel transmission on the different wavelengths there will be specific instantiations 
of the RS for each logical PON. The RSs interface to the PHYs which drive the 
DWDM optics. The ONU is wavelength agnostic and no changes are required. 
 
Conclusions 
An architecture for extension of EPON operations in a multi-wavelength environment 
is presented. The emphasis is to present an architecture which can be practically 
realized with minimum modifications to the existing EPON standards. The network is 
a dynamic switched combination of a horizontal and a vertical stack of PONs which 
can be used to exploit the best features of both kinds of networks. The solution 
minimizes the cost increase at the ONU site, instead increasing the associated 
complexity at the OLT site to distribute the cost addition over multiple users. The 
cost-performance characterization of such a network needs to be elaborated and will 
form part of future study. 
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