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Abstract: This paper experimentally demonstrates error-free all-optical contention resolution of 
asynchronous, variable-length, and mix-data rate packets in Optical-Label-Switching router 
networks. Time-To-Live information triggers selective 3R regeneration in the router. 
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1. Introduction 

Optical-label switching (OLS) is a promising technology that facilitates seamless integration of data and optical 
networking. The capability of switching packets directly in the optical domain offers the enormous capacity 
available in the optical fiber while supporting packet forwarding functions without optical/electrical/optical 
conversion.  In such optical packet switching (OPS) networks, a key challenge resides in resolving packet 
contention which happens when multiple packets attempt to be forwarded to the same output port, on the same 
wavelength, at the same time.  This is especially difficult for asynchronous and variable-length packets since there 
is no viable optical memory available today. On the other hand, all-optical contention resolution in wavelength, time, 
and space domain has been demonstrated by both simulations and experiments [1, 2]. In particular, the wavelength 
domain provides a new dimension in resolving contention with no additional latency or jitter. OLS supports OPS as 
well as optical-burst switching and optical-circuit switching with flexible interoperability.  For scalable OLS 
networks, the noise accumulation and signal degradation must be mitigated. 3R regeneration can significantly 
improve the signal quality by re-amplification, reshaping, and retiming. However, performing 3R to every incoming 
packet would be redundant and costly [3]. A more cost-effective scheme is to include a shared linecard with optical 
3R regeneration, to be shared by the input channels when necessary. Packets with more significant degradations, 
whose TTL values are about to expire, can be selectively regenerated in this case.  In this work, we experimentally 
demonstrate packet-by-packet contention resolution for a comprehensive contention scenario in an optical-label 
switching router with TTL-aware selective 3R regeneration. 

2. Experimental Process and Setup 

Fig.1 shows the experimental setup and critical subsystems involving a prototype OLS router system that 
includes 3R regeneration [4]. At Node 1, the first subcarrier-multiplexed transmitter (SCM-Tx1) modulates the 155 
Mb/s labels and 10 Gb/s payloads separately and then combines them to generate double-sideband 
subcarrier-multiplexed optical-label encoded optical packets [5].  This process, described in Fig. 1 inset “SCM 
Tx-1 10 Gb/RZ”, includes filtering through the Fiber Bragg Grating (FBG) in the upper arm to suppress the optical 
carrier of the double sideband SCM signal to reduce coherent crosstalk with the payload [5], and return-to-zero (RZ) 
payload generation by two cascaded LiNbO3 modulators in the lower arm. The optical-label switching packets are 
split into two in energy to reach Node 3 as input channel 1 and as input channel 2 after 60 km 
large-effective-area-fiber (LEAF) transmission. At Node 2, SCM-TX 2 generates the input channel 3 with 
non-return-to-zero (NRZ) payload data rate of 2.5 Gb/s, utilizing a similar two arm structure as Node 1. This input 
also experiences 60 km LEAF transmission. These OLS packets will arrive at Node 3 on input channel 3.  All 
packets at Node 3 will use the label extractor (LE) with a narrow band (~0.1 nm) FBG filter to separate the label and 
payload. The label is then demodulated in the burst-mode receiver (Bm-Rx) and the label content will be sent to the 
switch controller. The switch controller will then make a forwarding decision according to the content of the 
forwarding table and the recovered label. The payload, on the other hand, will go through a tunable wavelength 
converter (TWC) before it is switched to the proper output. TWC first obtains switching instructions from the 
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contentions are successfully solved by either wavelength domain or time domain resolution. Fig. 3 shows the eye 
diagram and BER measurement results. For 2

23
-1 pseudo-random-bit-sequence (PRBS) payloads, all BER curves 

reach below 1E-11 at the average power level of -13 dBm, indicating error-free operation. Each 60 km fiber 
transmission brings in about 2 dB power penalty. The TWC and switching fabric, on the other hand, causes little 
power penalty, primarily because the SOA-MZI modules used in wavelength conversion effectively reshape and 
reamplify the payload. The burst-mode 3R regeneration introduces about 1.5 dB of negative power penalty. The 
eye-diagrams of P2’, which has experienced 3R regeneration, has much less timing-jitter than P1’ and has much 
clearer space- and mark- levels after 3R regneration. 
 

   
(a)             (b) 

Fig. 2 Timing diagram and corresponding packet sequence 

 
Fig. 3 Eye diagram and BER measurements 

 
4. Summary 
We demonstrated comprehensive contention resolution for variable-length, mix-rate optical-packet switching in an 
OLS router network capable of supporting selective 3R regeneration. Experiment results indicate successful 
TTL-aware contention resolution with error-free operation. The burst-mode 3R regeneration obtained approximately 
1.5 dB negative power penalty measured at 1E-9 BER. This work indicates a practical OLS system application in an 
intelligent optical network capable of selectively regenerating packets while resolving contention between them. 
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