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Abstract: We propose to use multiple uplinks in passive optical networks (PONs) to increase the 
optical transmission power from users to central office. The requirement of the PON receiver at the 
central office is discussed.
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1. Introduction 

Passive optical network (PON) is one of the important access network technologies to provide end users the cost 
effective broadband services [1]. The coverage of a PON is mainly restricted by the optical signal loss between the 
optical line terminal (OLT) and the K optical network units (ONUs). Even if the fiber attenuation is negligible, ideally, 
only 1/K of the OLT signal power can reach a user’s ONU because of the 1-to-K optical signal splitting for the 
downstream channel broadcasting. Although the ONU to OLT transmission is point-to-point type, the OLT also 
receives no more than 1/K of the signal power. In effect, the 1-to-K optical splitter can be considered as a K-to-K optical 
coupler with only one of the K ports connected to the OLT and the other K ports connected to the ONUs [2]. Most 
optical power of the upstream signals is wasted at the optical splitter. Consequently, the transmitters at the OLT and 
ONUs are required to have similar output power. This arrangement unnecessarily increases the cost of ONUs and 
reduces the coverage of PONs. Hence, it is important to increase the optical power transfer efficiency from the ONUs to 
OLT.
As a 1-to-K optical splitter is functionally equivalent to a K-to-K optical coupler with K - 1 unconnected ports at the 
OLT side, we use the K-to-K optical coupler instead of the 1-to-K optical splitter in a PON.  We proposed that multiple 
fibers are used to connect the K-to-K optical coupler and the OLT as shown in Fig. 1. Owing to the K-to-K optical 
coupler, there are up to K identical optical signal streams available at the OLT for receiving the user data. Direct 
combining the K identical optical signal streams into a single higher intensive optical stream however is not possible 
because of the coherent interference [3]. We therefore propose two novel OLT receiver architectures to take advantage 
of the multi-uplink.   

2. The multi-uplink passive optical networks  

Figure 1 is the proposed multi-uplink PON.  Figures 2 and 3 are two proposed architectures for the OLT receivers to 
improve the system performance.  Figure 2 is a multiple light beam single photodetector receiver. We assume that there 
are M uplinks available at the OLT receiver, and each of them can be collimated and focused into a dedicated area on 
the photodetector, where M K. Hence, the photocurrent from the photodetector is the sum of the M photocurrents 
generated at the M areas on the photodetector. Ideally, the receiver will have the similar performance of a normal 
receiver with the input signal of power M/K of the ONU output. However, this requires the perfect collimating and 
focusing of the M optical signal streams from the uplinks. Since the bandwidth of a receiver is inversely proportional to 
the area of its photodetector [3], we therefore cannot increase the size of the photodetector in Fig. 2 too much.  
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Fig. 2  A multiple light beam single photodetector PON 
OLT receiver, where M K.
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Fig. 1  A multi-uplink passive optical network. 
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Fig. 3  A multiple light beam multiple photodetector PON 
OLT receiver, where M K.
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Fig. 4  The bit error rate (BER) improvement for a PON OLT 
with a multiple light beam multiple photodetector receiver using 
the simple bit comparison error correction. 

Figure 3 shows an alternate PON OLT receiver of multiple light beam multiple photodetector architecture. In the 
receiver, M sets of photodetectors and bit decoders are used for decoding the M input optical signal streams. The output 
of the M bit decoders are then sent to an error correction device. We assume that the M optical signal streams have been 
delayed separately before sending to the M photodetectors. The errors occurring on the M data streams of the bit 
decoders become independent of each other after we re-align the M data streams at the error correction device. For 
hardware simplicity, only a simple error correction method is needed. The device output is a ‘1’ (‘0’) if the average 
value of the input bits is larger (smaller) than 0.5. A ‘1’ or ‘0’ will be chosen at random on the device output if the 
average value of the input bits happens to be equal to 0.5. This will occur if M is an even number. Figure 4 is the 
simulation results of the bit error rate (BER) improvement for a PON OLT after we have used the receiver architecture 
in Fig. 3. In Fig. 4, the curves with pluses, crosses, and circles are the tolerable BER at the inputs of the receivers 
(outputs of the bit decoders) if the required BER of the OLT (output of the error correction device) is 10 8, 10 10, and 
10 12, respectively. Owing to the simplicity of the error correction method, there is no BER improvement if M = 2 in 
Fig. 4. However, several orders of BER reduction are obtained for M  3. It demonstrates that the multi-uplink approach 
can substantially improve the utilization of ONU signal power even if only very simple error correction method is used. 
We can therefore increase the coverage of PON and reduce the cost of ONUs accordingly. 

Both the receiver architectures in Figs. 2 and 3 increase the hardware complexity of the OLT in order to simplify the 
design of ONUs. Since the ONUs are located at remote sites, in principle, simple hardware should be used in the ONUs 
to reduce the cost of deployment and maintenance of the PON operation. The proposed multi-uplink PON improves the 
system reliability by moving the hardware complexity from the ONUs to the OLT.  To increase the optical power 
transfer efficiency from the ONUs to OLT, we use a K-to-K optical coupler to replace the 1-to-K optical splitter used in 
a normal PON. It is not a significant issue because both the coupler and the splitter have similar hardware complexity in 
many implementations [2]. More important is the use of multiple fiber links between the OLT and the K-to-K optical 
coupler. We observe that the proposed multi-uplink PON is more suitable when the distance between the OLT and the 
coupler is much smaller than that between the coupler and ONUs. 

3. Conclusion 

In this paper, we propose to replace the passive optical network (PON) 1-to-K optical splitter by a K-to-K optical 
coupler, and use up to K fibers to connect the optical line terminal (OLT) and the coupler. Two PON OLT receivers are 
proposed for this multi-uplink PON architecture. From the simulation results, significant system performance 
improvement is observed. We can therefore increase the coverage of PON and reduce the cost of optical network units 
(ONUs) accordingly. 
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