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(57) ABSTRACT 

Apparatus and method for supporting operations and main 
tenance (“OAM”) functionality in an OBS network is 
described. One embodiment is an OBS network having 
OAM functionality, the OBS network comprising a plurality 
of OBS nodes interconnected via links. Each of the OBS 
nodes comprises an OAM module (“OAMM”) for process 
ing information regarding OAM functions in the OBS 
network and a routing manager (“RM”) for processing 
routing information; and wherein at least one wavelength in 
each of the links comprises an OAM/l wavelength for 
OAM/l transmissions between nodes, the OAM/l transmis 
sions comprising OAM activity information; wherein at 
least one wavelength in each of the links comprises a 
reference wavelength for providing a wavelength reference 
to which light generating devices in the OBS network lock; 
and wherein at least one wavelength in each of the links 
comprises a routing wavelength for providing routing infor 
mation between nodes. 
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METHOD AND APPARATUS FOR SUPPORTING 
OPERATIONS AND MAINTENANCE 

FUNCTIONALITY IN AN OPTICAL BURST 
SWITCHING NETWORK 

PRIORITY UNDER 35 U.S.C. §ll9(e) & 37 
CPR. §l.78 

[0001] This nonprovisional application claims priority 
based upon the following prior US. provisional patent 
applications entitled: (1) Operation and Maintenance Issues 
in Optical Burst-Switched Networks, Application No. 
60/379,364, ?led May 10, 2002, in the names of Jong-Dug 
Shin, Saravut Charcranoon, Hakki Candan Cankaya, and 
Tarek S. El-Bawab; and (2) Framework for Operation and 
Maintenance Procedures in Optical Burst Switched Net 
works, Application No. 60/382,918, ?led May 22, 2002, in 
the names of Jong-Dug Shin, Saravut Charcranoon, Hakki 
Candan Cankaya, and Tarek S. El-Bawab, which are hereby 
incorporated by reference for all purposes. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] The present invention generally relates to optical 
burst switching (“OBS”) networks. More particularly, and 
not by way of any limitation, the present invention is 
directed to a method and apparatus for supporting operations 
and maintenance (“OAM”) functionality in such networks. 

[0004] 2. Description of Related Art 

[0005] In burst switching technology, such as, in particu 
lar, optical burst switching (“OBS”) technology, data bursts 
(“DBs”), each of which is made up of multiple packets, are 
switched optically at core nodes, or routers, in the OBS 
network. A small control packet, called the Burst Header 
Packet (“BHP”) travels an offset time ahead of each DB 
along the same DB route and con?gures the optical switch 
for the duration of the DBs at the core node. In short, each 
BHP travels an offset time ahead of its associated DB and 
establishes a path for the DB. 

1. Technical Field of the Invention 

[0006] Two primary features distinguish OBS networks 
from other types of optical networks that one must bear in 
mind with regard to Operations and Maintenance (“OAM”) 
issues in OBS networks. The ?rst is that spectral (i.e., 
spatial) decoupling is used in transmitting a BHP and the DB 
associated therewith transparently from ingress to egress 
edge nodes with possible wavelength conversion for con 
tention resolution at intermediate optical core nodes. As a 
result, both a proper mechanism to check on correlation 
between a DB and its associated BHP in the passage from 
ingress to egress edge nodes and a network-wide wavelength 
reference to offer wavelength standard to each node are 
required. Second, temporal decoupling between a BHP and 
its associated DB, which are modi?ed/updated at each 
intermediate node, exists. This requires that timing infor 
mation for each DB and BHP pair must be maintained until 
they reach the egress OBS edge node. 

[0007] It is these two distinctive characteristics of OBS 
networks that may generate another set of OAM require 
ments and warrant a fresh look into OAM issues in connec 
tion with OBS networks. There are several potential OAM 
implementation problems in OBS networks caused by these 
features. Such potential problems include out-of-synchroni 
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Zation receipt of BHP and DB, orphan BHPs and DBs, 
optical switch fabric miscon?guration, burst misrouting, 
bursti?cation process malfunction, and out of sequence 
arrival of bursts at the destination edge nodes, to name a few. 

[0008] Operations and Maintenance (“OAM”) architec 
ture can be broken down into four main levels. The ?rst such 
level is a functional architectural level, in which OAM 
architecture is considered in relation to OBS functionality. 
The second such level is a network architectural level, in 
which all necessary building blocks to provide OAM func 
tionality on a network-wide level are identi?ed along with 
their de?ned inter-relationships. The third such level is an 
informational and communication architectural level. This 
level addresses a model of communication, as well as an 
exchanged informational model among entities in the OAM 
architecture. The last such level is a node architectural level. 
This level describes how the previous three levels can be 
realiZed and integrated into an OBS node so as to achieve 
OAM objectives. At the node architectural level, the funda 
mental OAM building blocks needed to carry out OAM 
functions are provided and their interactions with other parts 
of the OBS node infrastructure are de?ned. In contrast to the 
network architectural level, focus at the node architectural 
level is on local OAM activities. 

[0009] Currently in OBS networks, there is a lack of OAM 
functionality in the edge and core nodes to support perfor 
mance monitoring, fault management defect and failure 
detection, and related information dissemination. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, the present invention advantageously 
provides a method and apparatus for supporting OAM 
functionality in an OBS network. 

[0011] One embodiment is an optical burst switching 
(“OBS”) network having operation and maintenance 
(“OAM”) functionality, the OBS network comprising a 
plurality of OBS nodes interconnected via links. Each of the 
OBS nodes comprises an OAM module (“OAMM”) for 
processing information regarding OAM functions in the 
OBS network and a routing manager (“RM”) for processing 
routing information; and wherein at least one wavelength in 
each of the links comprises an OAM/l wavelength for 
OAM/l transmissions between nodes, the OAM/l transmis 
sions comprising OAM activity information; wherein at 
least one wavelength in each of the links comprises a 
reference wavelength for providing a wavelength reference 
to which light generating devices in the OBS network lock; 
and wherein at least one wavelength in each of the links 
comprises a routing wavelength for providing routing infor 
mation between nodes. 

[0012] Another embodiment is an OBS node for imple 
menting OAM functionality in an OBS network. The OBS 
node comprises an OAM module (“OAMM”) for processing 
information regarding OAM functions in the OBS network 
and a routing manager (“RM”) for processing routing infor 
mation, wherein OAM/l transmissions comprising OAM 
activity information are transmitted in the OBS network 
using an OAM/l wavelength; wherein a wavelength refer 
ence to which light generating devices in the OBS network 
lock is transmitted in the OBS network using a reference 
wavelength; and wherein routing information is transmitted 
in the OBS network using a routing wavelength. 
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[0013] Another embodiment is OAM-capable optical 
switch fabric (“OSF”) for implementation in optical burst 
switched (“OBS”) core nodes in an OBS network. The OSF 
comprises, for each incoming data channel, a 2x1 optical 
switch having a ?rst input connected to the data channel and 
a second input connected to an output of an OAM/2 insert 
port; for each group of k 2x1 optical switches, a ?rst kxl 
multiplexer (“MUX”) having inputs each connected to an 
output of one of the group of k 2x1 optical switches for 
wavelength division multiplexing data channels input 
thereto from the group of k 2x1 optical switches; a semi 
conductor optical ampli?er (“SOA”) module having a plu 
rality of inputs each connected to an output of one of the ?rst 
kxl MUXes; and a 1x2 optical switch having an input 
connected to receive an output of the SOA module, a ?rst 
output connected to an OAM/2 extract port, and a second 
output connected to an outgoing data channel. 

[0014] Another embodiment is OAM-capable optical 
switch fabric (“OSF”) for implementation in OBS core 
nodes in an OBS network. The OSF comprises, for each 
incoming data channel, switch means having a ?rst input 
connected to the data channel and a second input connected 
to an output of an OAM/2 insert port; for each group of k 
switch means, ?rst means for wavelength division multi 
plexing data channels input thereto from the group of k 
switch means, the ?rst wavelength division multiplexing 
means having inputs each connected to an output of one of 
the group of k switch means; amplifying means having a 
plurality of inputs each connected to an output of one of the 
?rst wavelength division multiplexing means; and second 
switch means having an input connected to receive an output 
of the amplifying means, a ?rst output connected to an 
OAM/2 extract port, and a second output connected to an 
outgoing data channel. 

[0015] Another embodiment is a method of implementing 
OAM procedures in an OBS network comprising a plurality 
of OBS network elements interconnected via links. The 
method comprises generating an OAM burst; and inserting 
the OAM burst into an optical channel. 

[0016] Yet another embodiment is a system for imple 
menting OAM procedures in an OBS network comprising a 
plurality of OBS network elements interconnected via links. 
The system comprises means for generating an OAM burst; 
and means for inserting the OAM burst into an optical 
channel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] A more complete understanding of the present 
invention may be had by reference to the following Detailed 
Description when taken in conjunction with the accompa 
nying drawings wherein: 

[0018] FIG. 1A illustrates an exemplary OBS network in 
accordance with one embodiment; 

[0019] FIG. 1B is block diagram of a portion of an OBS 
network embodying features of one implementation; 

[0020] FIG. 2 is a functional block diagram of one 
embodiment of an architecture of a core node of an OBS 

network; 
[0021] FIG. 3 illustrates an example of wavelength refer 
ence distribution in an OBS network in accordance with one 

embodiment; 
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[0022] FIG. 4 is a block diagram of an ingress portion of 
an edge node of an OBS network in accordance with one 

embodiment; 
[0023] FIG. 5 is a block diagram ofan egress portion ofan 
edge node of an OBS network in accordance with one 
embodiment; 
[0024] FIG. 6 is a more detailed block diagram of an 
Optical Switch Fabric (“OSF”) of the core node of FIG. 2; 

[0025] FIG. 7 illustrates the coverage span of each of 
several ?ow reference models of one embodiment; and 

[0026] FIGS. 8A-8D respectively illustrate information 
models that are deployed in an embodiment of an OAM 
infrastructure level. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0027] In the drawings, like or similar elements are des 
ignated with identical reference numerals throughout the 
several views thereof, and the various elements depicted are 
not necessarily drawn to scale. 

[0028] FIG. 1A illustrates an exemplary OBS network 100 
in accordance with one embodiment. The OBS network 100 
comprises a plurality of OBS-capable core nodes 102 and 
OBS-capable edge nodes 103 interconnected via ?ber optic 
links 104. Each of a plurality of user communications 
devices (“UCDs”) 106 interfaces with the network 100 via 
one of the edge nodes 103. In operation, data originating 
from a ?rst UCD 106 and destined for a second UCD 106 
enters the network 100 via the one of the edge nodes 103 to 
which the ?rst UCD is connected (referred to as the “ingress 
node”) and is routed through one or more of the core nodes 
102 to the one of the edge nodes 103 to which the second 
UCD is connected (referred to as the “egress node”), which 
transmits it to the second one of the UCDs 106. 

[0029] As previously noted, in OBS technology, DBs 
comprising multiple data packets are switched optically at 
the core nodes 102 of the OBS network 100. A small control 
packet, called the Burst Header Packet (“BHP”), associated 
with each DB travels an offset time ahead of the DB along 
the same route and con?gures the optical switch for the 
duration of the DB at the core node. 

[0030] FIG. 1B is block diagram of a portion of an OBS 
network 120 embodying features of one implementation. 
More particularly, FIG. 1B illustrates the logical wavelength 
distribution between two edge nodes, speci?cally an ingress 
edge node 122 and an egress edge node 124, and a core node 
126 in accordance with one embodiment. In a control plane 
128 of the network 120, which includes OAM Modules 
(“OAMMs”) 132(a), 132(1)), and 132(0), and Routing Mod 
ules (“RMs”) 134(a), 134(1)), and 134(c), three types of 
wavelengths are used, including an OAM/l wavelength 
(“KOAIWI”), a reference wavelength (“ ref”), and a routing 
wavelength (“M”). 
[0031] As will be described in greater detail hereinbelow, 
the OAM/l wavelength is used to disseminate OAM activity 
information in every ?ber between adjacent nodes of an 
OBS network. One OAM/l channel is allocated to each ?ber 
due to the fact that the ?bers in the same ?ber optic cable 
demonstrate different transmission characteristics and that 
these ?bers in a cable might be diverted to other nodes. An 
OAM/l packet on the OAM/l channel is terminated at each 
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optical ampli?er (“OA”) 136 and node 122, 124, 126; that is, 
the scope of OAM/l transmissions covers a single optical 
ampli?er section (“OAS”) 140. Each OAM/l packet is sent 
as a plain packet not preceded by a BHP, as it is not intended 
to be transmitted in OBS mode. A single OAM/l Wave 
length, Which is outside the gain region of the OAs 136, is 
used throughout the entire OBS netWork 120. 

[0032] As Will also be described in greater detail herein 
beloW, the reference Wavelength is used to provide a Wave 
length reference in an OBS netWork to Which light-gener 
ating devices in the netWork are locked. The reference 
Wavelength also provides a timing reference to enable 
slotted operation of optical sWitching and to synchronize 
betWeen a BHP and its corresponding DB. A reference edge 
node, e.g., the ingress edge node 122, is responsible for 
generating of the reference Wavelength. The routing Wave 
length is used to carry routing information betWeen nodes on 
a per-link basis. 

[0033] In a transport plane 130 ofthe netWork 120, control 
channel 142 and data channel 144 Wavelengths, designated 
in FIG. 1B as kcl-kcm and kdl-kdn, respectively, are used to 
carry BHPs and DBs, respectively. To monitor the perfor 
mance of each data channel 144 and a transparent Optical 
SWitch Fabric (“OSF”) 146 in core nodes, such as the core 
node 126, an OAM mechanism in the transport plane 130 
needs to be implemented. OAM/2 transmission is introduced 
for this functionality. In contrast to OAM/l, OAM/2 oper 
ates in the OBS transmission mode; that is, an OAM/2 BHP 
is transmitted on one of the control channel Wavelengths 
ADI-km and the corresponding OAM/2 DB is transmitted on 
the associated data channel Wavelength kdl-kdn. It should be 
noted that, for the purposes of this document, all signal How 
is assumed to be unidirectional. 

[0034] FIG. 2 is a functional block diagram of one 
embodiment of an architecture of a core node, represented 
by the core node 126. As shoWn in FIG. 2, the core node 126 
comprises four functional sub-blocks, including the OSF 
146 With a shared optical buffer 200, a SWitch Control Unit 
(“SCU”) 202, the RM 134(1)), and an OAMM 206. It Will be 
assumed that p ?ber pairs 208 are connected to the node 126. 
The con?guration of the OSF 146 can be changed in a matter 
of nanoseconds responsive to commands from the SCU 202 
to transfer DBs to the appropriate output ports. The SCU 202 
receives and preprocesses BHPs to provide sWitch control 
information to the OSF 146, as Well as to resolve contention 
of BHPs. 

[0035] The RM 134(b) is responsible for routing and 
forWarding information exchange betWeen adjacent nodes 
and communicates such information to the SCU 202 of those 
nodes. The OAMM 206 is responsible for performing OAM 
activities as requested from relevant OAM elements as 
described above With respect to the description of the 
netWork architecture level. The main task of the OAMM 206 
is to process OAM information for proper actions to be taken 
in case of a netWork malfunction and/or performance deg 
radation. A secondary task of the OAMM 206 is to provide 
the information received on the reference Wavelength 210 
and a slot clock 212 to the SCU 202 and OSF 146 in a node 
for netWork-Wide synchronization of Wavelength and tim 
mg. 

[0036] A jitter and Wander extraction unit (not shoWn) is 
positioned in front of the core node 126 and corrects phase 
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misalignment betWeen different channels and ?bers. The 
main timing uncertainties are jitter created by the OSF 146, 
dispersion due to WDM channel spread, Wander by tem 
perature ?uctuation, and bit shift due to length difference 
betWeen ?ber paths. Following the jitter and Wander extrac 
tion circuit (not shoWn), p OAM/l channels 214, x reference 
Wavelength channels 216, k routing channels 217, and m 
BHP, or control, channels 218 are separated from n DB, or 
data, channels 220 at WDM demultiplexers (“DEMUXes”) 
222. The DB channels 220 in each ?ber 208 are delayed by 
Fiber Delay Line (“FDLs”) 224 in front of the OSF 146 to 
compensate for the BHP processing delay in the SCU 202. 

[0037] Once inside the OSF 146, optical signals are re 
ampli?ed, re-timed, and re-shaped (“3R regenerated”) to 
have a good signal-to-noise (“S/N”) ratio pertinent for 
sWitching and converted to internal Wavelengths used in the 
OSF 146 by modules 225. MeanWhile, BHPs are optical 
to-electrical (“O/E”) converted at input O/E converters 230, 
decapsulated, and time-stamped at packet processors and 
forWarder units (“PP & FWD”) 232 in the SCU 202. The 
forWarder portion of the unit 232 performs forWarding table 
lookup from a label information base (“LIB”) 233 in the RM 
134(b) to determine Which outgoing control channel group 
on Which to forWard the BHP and the associated data 
channel group on Which to forWard the DB. 

[0038] A scheduler 234 at each output port of an electrical 
sWitch fabric 236 performs scheduling for both DBs and 
BHPs, updating the state information of the BHP and DB, 
modifying BHPs, and sending optical sWitch con?guration 
information to a sWitch controller 238. Along With time-to 
send (offset time) information, the BHP is sent to a BHP TX 
module 240 Where layer 1 and layer 2 encapsulation are 
performed. 
[0039] SWitch control information from the SCU 202 is 
executed slot-by-slot in a synchronous fashion. DBs ?oW 
across the optical sWitch path, thus con?gured. At the output 
of the OSF 146, the optical signal is 3R regenerated by 
modules 241 to compensate for the unequal loss from the 
different optical paths inside the OSF and the jitter caused by 
semiconductor optical ampli?er (“SOA”) gates. The internal 
Wavelengths for the DBs are then converted to proper 
external Wavelengths for transmission to doWnstream nodes 
(not shoWn). Shared optical bulfer con?guration is used for 
the contention control in OSF 146. 

[0040] The RM 134(b) receives and processes routing and 
label information in a Routing and Label Processor (“RLP”) 
250 carried on the routing Wavelength in each link to update 
a routing information base (“RIB”) 252 and the LIB 233 
used for forWarding BHPs and DBs. The reference Wave 
length remains ?xed in the OBS netWork 120. The resulting 
topology and link status information is then distributed to 
other nodes by a Routing and Label Distributor (“RLD”) 
256. 

[0041] Operation of the OAMM 206 is as folloWs. Wave 
length DEMUXed OAM/l packets from each ?ber and 
OAM/2 DBs from an OAM/2 extract port 256 are O/E 
converted at an O/E converter 258 and input to an OAM 
processor 260. The OAM processor 260 processes the 
received OAM bursts/packets according to routines indi 
cated by the carried information, such as BHP loss, DB loss, 
BER, signal-to-noise ratio, poWer decrease, etc. OAM/l 
information from each ?ber is separately processed and the 
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results are delivered to an OAM management information 
base (“MIB”) 262 for information update. 

[0042] Once the OAM bursts/packets are processed, a 
sequence of responses may be initiated. For example, if 
there are failures in the upstream, the OAM processor 260 
generates an alarm indication signal (“AIS”) to the doWn 
stream and updates the MIB so that traf?c is directed not to 
the faulty ?ber path, but to the alternate paths that have been 
prearranged. To the upstream, a remote failure indication 
(“RFI”) signal is delivered to Warn not to send traf?c through 
the faulty ?ber. An OAM/l TX module 264 transfers the 
alarm signals generated by upstream nodes to the doWn 
stream, transfers the RFI signals generated by doWnstream 
nodes to the upstream, and transfers OAM/l type packets 
generated in the node 126 to the doWnstream. 

[0043] An OAM/2 TX module 266 generates OAM/2 
bursts and communicates With the scheduler 234. The ref 
erence Wavelength channels 216 containing both Wave 
length and timing information are input to an optical sWitch 
(“OPT SW”) 268 folloWed by an optical coupler (“CPL”) 
270 in the OAMM 206, from Which a small portion of 
optical poWer is tapped and converted by an O/E converter 
271 to extract the slot-clock signal 212. This timing infor 
mation is distributed in the node 126 to serve as a reference 
clock. Output signals from the other end of the CPL 270 
remains in the optical domain. Ampli?ed Wavelength refer 
ence signal is distributed to all of the light generating 
devices to serve as a reference. An optical splitter (“SPL”) 
272 distributes the Wavelength reference signal to the doWn 
stream nodes. 

[0044] An OAM manager 274 is responsible for coordi 
nating all of the OAM building blocks in the node 126 to 
enable OAM activity. The OAM manager 274 noti?es the 
OAM processor 260, OPT SW 268, OAM/l TX module 264, 
and OAM/2 TX module 266 When a neW OAM activity 
needs to be initiated or a current OAM activity needs to be 
terminated. Additionally, the OAM manager 274 is informed 
When certain OAM activity is completed. The OAM man 
ager 274 also communicates With a database building block 
(not shoWn) to update such information as OAM policy, 
procedures, and security guidelines. It also contacts the 
database to transfer results to other OAM elements in the 
OAM netWork architecture. Another primary function of the 
OAM manager 274 is as a node OAM agent that interacts 
With the OAM logical level entities (not shoWn) in order to 
carry out a global (i.e., netWork-Wide) OAM activity such as 
those end-to-end or edge-to-edge related activities. 

[0045] As previously noted, OAM/l transmissions are 
responsible for delivering fault-related OAM information in 
a packet format betWeen adjacent nodes, not including the 
OSF 146. The OAM/l channel is terminated at OAs and 
nodes for the fault monitoring and management. OAM/l 
transmissions use the same Wavelength, Which is outside the 
gain region of the OAs (typically 1510 nm), throughout an 
OBS netWork. 

[0046] To ensure reliable netWork operation, a mechanism 
must exist for monitoring the health of each channel. In one 
embodiment, OAM/2 transmissions serve this purpose. In 
particular, to obtain the exact information in channels Where 
user data ?oWs, one must use the same format and data 
channel for both data and test signals. Since a BHP and its 
associated DB are transmitted on different channels, an 
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OAM/2 transmission consists of an OAM/2 DB on one of 
the data channels and an OAM/2 BHP on the associated 
control channel. 

[0047] To incorporate this function into the core node 126, 
certain netWork elements are required. These include an 
OAM/2 TX module 266 in the OAMM 206 for generating 
DBs, an internal OAM/2 Extract port 276, an internal 
OAM/2 Insert port 278, and additional optical components 
in the OSF 146. The coordination of the OAM manager 274 
among the OAMM 206, the SCU 202, and the OSF 146 also 
needs to be arranged. The coverage of OAM/2 transmissions 
include, for example, OSF diagnosis, link performance 
testing, and testing of synchronization betWeen a DB and a 
BHP and ranges betWeen adjacent OAM/2-capable nodes, 
betWeen multiple OAM/2-capable nodes, or Within the OSF 
146 itself. 

[0048] For OSF diagnosis, the OAM manager 274 initiates 
the OAM procedure. The OAM/2 TX module 266, the 
scheduler 234, and the sWitch controller 238 communicate 
With each other to set up this test. On ?nding appropriate 
slots in the desired channel to insert an OAM/2 DB, the 
scheduler 234 informs the OAM/2 TX module 266 to send 
the OAM/2 DB and the sWitch controller 238 to con?gure 
the OSF 146 accordingly. Following the intended optical 
path in the OSF 146, the OAM/2 DB emerges from the 
OAM/2 extract port 276. The OAM/2 DB is directed to the 
OAM processor 260. Following the test, time stamps of user 
BHPs have to be changed accordingly. 

[0049] For link performance testing and testing of syn 
chroniZation betWeen BHP and DB, the OAM managers 
betWeen corresponding nodes coordinate the procedure(s) 
by sending a speci?c command regarding the type of pro 
cedure required. In one of the nodes, for example, the node 
126, an OAM/2 DB generated from the OAM/2 TX module 
264 is inserted into an OAM/2 insert port 278 and sent 
doWnstream along With user DBs. The corresponding 
OAM/2 BHP is transmitted on the associated control chan 
nel. The scheduler 234 and the sWitch controller 238 coor 
dinate When and hoW to transmit OAM/2 BHPs and DBs on 
the appropriate channels. At an OAM/2 extract port at the 
OSF output in the doWnstream node (not shoWn), OAM/2 
DBs are extracted and fed to the OAM processor of the 
doWnstream node for processing, such as timing offset 
characteristic betWeen DB and BHP, BER, etc. 

[0050] Each Wavelength reference channel 216 carries a 
single Wavelength so that all of the Wavelength converters 
and optical sources in the node 126 can lock on. The 
reference Wavelength is modulated by a master slot-clock at 
a reference edge node and is demodulated at each node to 
provide synchronization information to the scheduler 234 
and sWitch controller 238 in the SCU 202, the OAM/l TX 
module 264 and the OAM/2 TX module 266 in the OAMM 
206, and the modules 225, 241, in the OSF 146. 

[0051] FIG. 3 illustrates an example of Wavelength refer 
ence distribution in an OBS netWork 300 in accordance With 
one embodiment. For purposes of example, it Will be 
assumed that the maximum value of x (the number of 
incoming Wavelength reference channels) is 2 and the maxi 
mum value of y (the number of outgoing Wavelength refer 
ence channels) is 3. A reference Wavelength 302 (repre 
sented in FIG. 3 by broken lines) generated by a reference 
ingress edge node 304 is, like a frequency standard in 



US 2007/0212065 A1 

electrical FDM systems, distributed to all of the other edge 
nodes 306(a)-306(d) and core nodes 308(a)-308(f) in the 
network 300 without conversion at any node so as to 
maintain the integrity of the spectrum. Depending on the 
topology of the network 300, a node may be connected to 
several other nodes. The node 308(d) is an example of this 
situation. As a result, several reference wavelength inputs 
from different nodes (e.g., nodes 308(0) and 308(f) enter the 
node 308(d). 
[0052] Accordingly, during installation or recon?guration 
of the network 300, each node selects one primary input over 
one or more secondary inputs. The one or more secondary 
inputs serve as a backup in case of upstream link or node 
failure. Referring again to the example above with reference 
to the node 308(d), the node has a primary input on a ?rst 
?ber 310 and a secondary input on a second ?ber 312. In a 
situation in which there is only one upstream node con 
nected to a node of interest, a proper backup route should be 
provided. In the network 300, one or more backup wave 
length reference sources should exist in different nodes so as 
to offset the effects of failure of the main reference node 304. 
Each node must monitor its reference wavelength inputs 
constantly. If its primary wavelength reference input fails or 
degrades, an optical switch in the OAMM of the node will 
select a secondary wavelength reference input in a pre 
de?ned manner. 

[0053] FIG. 4 is a block diagram of an ingress portion 400 
of an edge node, represented by the edge node 122 (FIG. 
1B). The ingress portion 400 consists of an ingress edge 
router 402, an RM 404, and an OAMM 406. Only preas 
signed edge routers (i.e., those in designated reference edge 
nodes) are equipped with a reference slot-clock 408 and a 
reference wavelength source 410 in the OAMM 406. For the 
other edge nodes, the reference wavelength and clock signal 
are received from the reference edge node, extracted in an 
egress part of the node (see FIG. 5), and distributed inter 
nally within the node. 

[0054] When a packet arrives at the ingress portion 400 
from a legacy network, a receiving part of a line card 
(“LC(r)”) 412 attaches a destination egress edge node 
address to the packet and forwards it through an electrical 
switch 414. A burst assembler 416 assembles packets into 
bursts depending on their egress edge node addresses and 
QoS requirements. Depending on the burst types and the 
QoS requirements, a scheduler 418 makes an arrangement of 
the transmission of bursts, including DBs and BHPs. A DB 
and BHP TX module 420 performs E/O conversion and 
sends DBs on data channels and BHPs on control channels, 
respectively, at the predetermined times. 

[0055] The OAMM 406 provides wavelength and timing 
reference to the OBS network and provides fault and per 
formance management. An OAM manager 422 coordinates 
these functions. The reference slot-clock signal generator 
408 distributes the timing reference in the node for burst 
synchronization. The reference wavelength is provided to an 
E/O interface 424 in the OAMM 406 and all of the DB and 
BHP TX modules 420. At the output of the OAMM 406, the 
OAM/l packet is sent out on every ?ber. The reference 
wavelength modulated by the reference clock is transmitted 
on a link basis. An OAM/2 TX module 426 sends an OAM/2 
transmission through a scheduler 418 on command from the 
OAM manager 422 for performance monitoring of a corre 
sponding channel. 
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[0056] FIG. 5 illustrates a block diagram of an egress 
portion 500 of an edge node, such as the edge node 124 
(FIG. 1B). The egress portion 500 consists of an egress edge 
router 502, an RM 504, and an OAMM 506. The egress 
portion 500 functions in a manner opposite that of the 
ingress portion 400 (FIG. 4). An incoming DB on one of 
several data channels 507 is delayed by a ?ber delay line 
(“FDL”) 508 to compensate for the BHP processing delay. 
O/E converted DBs are disassembled back into packets and 
forwarded to their next hops. Burst reordering and retrans 
mission arrangements are assumed in a burst disassembler 
510. 

[0057] OAM/l packets are received on an OAM/l wave 
length 511 and input to the OAM processor 512. In contrast, 
OAM/2 DBs arrive on one of the data channels 507. It is 
required that a corresponding DB RX module 514 and BHP 
RX module 520 receive and transfer each OAM/2 DB and 
OAM/2 BHP, respectively, to the OAM processor 512 in the 
OAMM 506. Meanwhile, the wavelength reference infor 
mation received on a channel 515 is transferred to the 
ingress portion (FIG. 4) of the node. Routing and label 
information received on a channel 516 in each ?ber is 
processed at an RLP 517 for the update. 

[0058] A more detailed block diagram of the OSF 146 is 
illustrated in FIG. 6. In particular, the OSF 146 is an 
OAM-capable OSF for implementation in a core node of an 
OBS network. It will be assumed that p ?bers, each carrying 
n data channels, are connected to the OSF 146, which 
operates in synchronous mode. It will be further assumed 
that DBs in the network 120 are slotted and guard bands are 
provided between the slots to ensure proper switching of 
data bursts. 

[0059] Operation of the OSF 146 in accordance with one 
embodiment is as follows. After wavelength DEMUXing at 
OSF input, data signals on each of the nxp data channels 602 
are 3R regenerated, synchronized with other channels, and 
input to a respective 2x1 optical switch (“SW”) 604. A 
wavelength converter (“WC”) 606 connected to the output 
of each optical switch 604 changes the incoming data 
channel wavelength into an internal wavelength that is used 
for optical switching inside the OSF 146. The number of 
internal wavelengths is assumed to be k. A kxl multiplexer 
(“MUX”) 608 connected to the outputs of k wavelength 
converters 606 MUXes k input channels into a wavelength 
division multiplexed (“WDM”) signal. 

[0060] One saturation wavelength 610 for each wave 
length MUX 608 is provided. After being processed by an 
OA 612, the WDM signal is distributed into nxp optical 
paths, each of which is connected to a semiconductor optical 
ampli?er (“SOA”) module 616. Each SOA module 616 
comprises nxp/k input SOA gates 618, an nxp/k:k coupler 
620, k output SOA gates 622, and a kxl MUX 624. A 
wavelength converter 626 is connected to the output of each 
SOA module 624 for converting the internal wavelength into 
an external wavelength for transmission of data bursts to 
downstream nodes. 

[0061] Referring again to the 2x1 optical switches 604, 
one input terminal of each switch is connected to an incom 
ing data channel 602. The other input terminal is connected 
to an OAM/2 insert port 630 via an OA 632. Each 2x1 
optical switch 604 connects either incoming data bursts or 
OAM/2 busts input from the OAMM 132(b) depending on 
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the setup command from the SCU 202 of the node 126. This 
allows the checkup of the OSF condition or channel perfor 
mance test betWeen or beyond adjacent nodes. At the output 
of the OSF 146, OAM/2 bursts generated in the node 126 or 
at upstream nodes are extracted from the corresponding data 
channel 634 via a 1x2 optical sWitch 628 to an OAM/2 
extract output 638. The 1x2 optical sWitch 628 lets user data 
bursts How to downstream nodes When there is no OAM 
operation going on. 

[0062] Referring to FIGS. 2 and 6, for OSF diagnosis, the 
OAM manager 274 in the OAMM 206 initiates the proce 
dure. The OAM/2 TX module 266, the scheduler 234, and 
the sWitch controller 238 communicate With each other to set 
up the test. On locating appropriate slots in the desired 
channel to insert the OAM/2 burst, the scheduler 234 
informs the OAM/2 TX module 266 to send the OAM/2 
burst and informs the sWitch controller 238 to con?gure the 
OSF 146 accordingly. For the incoming OAM/2 DB, the 
OAM/2 burst exits the OAM/2 extract port 276 after taking 
a certain path across the OSF 146. The burst is directed to 
the OAM processor 274. Following the test, time stamps of 
user BHPs must be changed accordingly. 

[0063] For data channel performance testing and testing of 
synchronization betWeen a BHP and its DB, the OAM 
managers 274 of the corresponding nodes coordinate the 
procedure by sending a speci?c command indicating the 
type of performance test desired. In one node, an OAM/2 
burst generated from the OAM/2 TX module 266 is inserted 
in the OAM/2 insert port 278 and sent doWnstream along 
With user DBs. The corresponding OAM/2 BHP is trans 
mitted on the associated control channel. The scheduler 234 
and the sWitch controller 238 coordinate When and hoW to 
transmit OAM/2 BHPs and bursts on appropriate channels. 
At the OAM/2 extract port at the OSF output in the second 
node, OAM/2 bursts are extracted and fed to the OAM 
processor thereof for processing OAM information. 

[0064] The presence of the 2x1 optical sWitches 604 and 
the 1x2 optical sWitches 628 supports OAM functionality in 
an OBS netWork. For example, the embodiment supports the 
performance of OSF diagnosis on a channel-by-channel 
basis by inserting OAM bursts generated from the node to 
the OAM/2 insert port, selecting a desired path using a 2x1 
optical sWitch 604 at the input and a 1x2 optical sWitch 628 
at the output, and forWarding the OAM bursts to the OAM/2 
extract port. 

[0065] Additionally, it provides several types of data chan 
nel link performance monitoring, including monitoring 
betWeen optical core nodes, monitoring betWeen an OBS 
ingress edge node and an optical core node, monitoring 
betWeen an optical core node and an OBS egress edge node, 
and monitoring betWeen an OBS ingress edge node and an 
OBS egress edge node. The ?rst type of monitoring is 
performed by inserting OAM bursts into the OAM insert 
port at an upstream optical core node and extracting OAM 
bursts from the OAM extract port at the corresponding 
doWnstream node. The second type of monitoring is per 
formed by sending OAM bursts from an OBS ingress edge 
node and extracting them from the OAM extract port at the 
corresponding doWnstream optical core node. The third type 
of monitoring is performed by inserting OAM bursts into the 
OAM insert port at an upstream optical core node and 
extracting those at the corresponding doWnstream OBS 
egress edge node. 
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[0066] Yet another OAM functionality supported by the 
embodiments of the OSF described herein is a synchroni 
Zation test betWeen nodes. This test is performed by sending 
OAM DBs and corresponding BHPs into the OAM insert 
port and a control channel, respectively, at a node and 
checking them at a doWnstream node. 

[0067] In accordance With one embodiment, OAM func 
tionality is classi?ed into tWo fundamental procedures: 
active mode procedures and passive mode procedures. 
These tWo classes of mechanisms are anticipated to cover 
virtually all OAM activities. 

[0068] An active mode procedure is an OAM procedure in 
Which an OAM burst/packet is generated and inserted into 
an optical channel that needs to be monitored, e.g., a control 
(BHP) channel or a data (DB) channel. The OAM burst 
performs like an ordinary DB and is treated as one of the 
user DBs. Active OAM procedures are useful for monitoring 
any OAM activities related to user DBs. In this context, it is 
not permissible to handle any optical user DBs during the 
transmission thereof. Therefore, a dedicated optical burst 
needs to be generated that imitates a user DB and later can 
be intercepted and manipulated at any point in the OBS 
netWork. By appropriately incorporating relevant informa 
tion into the OAM burst (BHP or DB), the operation of an 
OBS netWork may be diagnosed. Information to be included 
in such an OAM burst may vary from activity to activity; 
hoWever, the bursts do have common portions, Which Will be 
described hereinbeloW. 

[0069] Active mode procedures may use one of four 
reference ?oW models to accomplish the above-described 
goals. The coverage span of each reference ?oW model is 
illustrated in FIG. 7. FIG. 7 illustrates an embodiment of an 
OBS netWork 700 comprising edge nodes 702, core nodes 
704, and OAs 706 interconnected by links 708. In FIG. 7, 
?oWs designated “F0” form a basis for launching OAM/l 
packets, as described hereinbeloW. F0 ?oWs cover a range of 
optical ampli?er sections (“OASs”) and are generated at an 
upstream netWork element (e.g., a node 702, 704, or an OA 
706), and terminated at an adjacent doWnstream netWork 
element. 

[0070] FloWs designated “Fl” support an OAM/2 session 
of an intra-nodal OAM operation. F1 ?oWs are generated at 
a node and are also terminated at the same node after 
sWitching through the node’s OSF. FloWs designated “F2” 
are used by an OAM/2 session to examine OAM-related 
problems that span a pair of adjacent nodes. F2 ?oWs are 
invoked by an upstream node (e.g., an ingress edge node or 
a core node) and are terminated at a doWnstream node (e. g., 
an egress edge node or core node). A core node uses an insert 
port and an extract port to invoke and terminate an F2 ?oW. 
F2 ?oWs may be cascaded for OAM operations that cover a 
pair of core nodes more than a hop aWay. 

[0071] FloWs designated “F3” support an end-to-end 
probe by an OAM/2 ?oW. F3 ?oWs start from an ingress 
edge node and terminate at an egress edge node. It should be 
noted that all ?oWs in OAM operations are unidirectional. 
This, a bidirectional OAM operation Would consist of tWo 
symmetrical, unidirectional ?oWs. Similarly, a loop-back 
OAM How Would have a mirror version of the How in the 
reverse direction. 

[0072] OAM/l packets are dedicated to OAM at an inter 
node transmission level. They are injected and extracted per 
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transmission link; that is, they are not switched in optical 
core nodes. They are intended for checking an optical 
transmission line quality as it is practiced in an ordinary 
optical network, rather than for examining an OBS-speci?c 
operation. Several optical metrics can be measured by an 
OAM/l session, including poWer level and S/N ratio, for 
example. An OAM/l session covers each OAS and utiliZes 
the F0 ?oW model. It Will be assumed herein that every node 
and OAM-capable ampli?er participating in a test is able to 
generate and terminate an OAM/l packet. 

[0073] OAM/2 sessions are the main mechanism for diag 
nosing a condition of the OBS data plane. Accordingly, 
OAM/2 sessions are equipped With the ability to detect 
various problems related to BHP control channels and user 
DB data channels and are used in various OAM diagnostic 
procedures. 
[0074] The fundamental design concept of an OAM/2 
session is to make it behave like an ordinary user OBS 
transmission. Accordingly, an OAM/2 session consists of 
tWo component streams. The ?rst one is an OAM/2 BHP 
stream for conveying necessary information for burst 
sWitching plus some additional OAM-speci?c information 
described hereinbeloW. The other one is an OAM/2 burst 
that is analogous to a user DB. In addition to carrying 
OAM-speci?c information, the OAM/2 DB may contain 
scrambled random data in order to make it appear similar to 
a user DB. Both OAM/2 BHPs and OAM/2 DBs are treated 
by an OBS netWork in the same fashion as user BHPs and 
DBs. 

[0075] OAM/2 sessions can be launched as an F1 How, an 
F2 ?oW, or an F3 ?oW. An OAM/2 session launched as an 
F1 How is deployed to scrutiniZe an intra-nodal operation. 
An OAM/2 session launched as an F2 How is deployed to 
monitor an OBS function spanning a single hop. An OAM/2 
session launched as an F3 How is deployed to consider OBS 
netWork end-to-end connection quality. 

[0076] An OAM/2 session has a monitoring granularity as 
?ne as a connection that is speci?ed by source and destina 
tion addresses When it is initiated by an edge node. While in 
a core node, granularity is a lambda channel. 

[0077] Conceptually, four elements are necessary for sup 
porting OAM/2 sessions. These include an OAM/2 genera 
tor, an OAM/2 insert port, an OAM/2 terminator, and an 
OAM/2 extract port. The function of an OAM/2 generator is 
to create an appropriate OAM/2 BHP and OAM/2 DB 
according to an underlying OAM operation and an associ 
ated information format. In a core node, this function is 
performed by the OAM/2 TX module 266 (FIG. 2). The 
OAM/2 BHP is passed from the OAM/2 TX module 266 
doWn to the scheduler 234, While the OAM/2 DB is directed 
to either the insert port 278 or the scheduler 234. In an edge 
node, this function is performed by the OAM/2 TX module 
426 (FIG. 4) and the OAM/2 DB and BHP are passed from 
the OAM/2 TX module 426 to the scheduler 418. 

[0078] Still referring to FIG. 2, the OAM/2 insert port 278 
is located at a core node and is responsible for inserting the 
generated OAM/2 DB into a targeted data stream. The 
OAM/2 terminator functions in a manner opposite to that of 
the OAM/2 generator. The OAM processor 260 at the core 
node performs the function of the OAM/2 terminator. Simi 
larly, a BHP RX module 520 (FIG. 5) and the DB RX 
module 514 (FIG. 5) jointly perform the function at the 
egress node. 

Sep. 13,2007 

[0079] The OAM/2 extract port 276 is the counterpart to 
the OAM/2 insert port 278 and is responsible for separating 
OAM/2 bursts from other user DBs and then passing them 
up to the OAM processor 260. 

[0080] A passive mode procedure is one in Which no 
arti?cial OAM information entities are generated and 
inserted. It is a non-intrusive mode of OAM procedure. 
Monitoring or measuring in the passive mode is related With 
passing-by traf?c or node components. Accordingly, appli 
cation of the passive mode can be seen in tWo main 
scenarios. 

[0081] The ?rst scenario is one in Which OAM operations 
get involved With traf?c at an intermediate core node or at 
an edge node. At an intermediate core node, the number of 
DBs that pass by a reference point can only be counted, since 
they cannot be handled or interfered With. At an edge node, 
speci?cally an egress edge node, both user DBs and BHPs 
can be processed, if necessary, as all traf?c is terminated and 
converted into the electrical domain at such nodes. There is 
more liberty in dealing With passing-by BHPs, due to their 
electrical termination at each node. 

[0082] The second scenario in Which the passive mode is 
applicable is that in Which OAM operations deal only With 
node components and have nothing to do With traffic. 
Chie?y, it is anticipated that these OAM procedures Will be 
used for checking the proper operation of a node device, e. g., 
a laser diode or a light detector. The primary application of 
this scenario Would be in the monitoring of physical com 
ponent operation. 

[0083] The tWo main functions that OAM operations must 
serve include a diagnostic function and a correction and 
restoration function. One of the distinctions betWeen the tWo 
functions is that the former operates mainly on the data 
plane, While the latter operates on a control and maintenance 
plane. 

[0084] OAM diagnostic functions mainly support moni 
toring of a netWork operation on the data plane. The func 
tions focus on detecting any changes, degradation, or faults 
that may occur during an operation. Execution of an OAM 
diagnostic function results in the invocation of other suitable 
maintenance functions. OAM diagnostic functions consti 
tute an initial measure for OAM operations and procedures. 
Diagnostic functions can implemented as an active proce 
dure, With an OAM/l or an OAM/2 session, and as a passive 
procedure. Examples of diagnostic functions include the 
detection of BHPs and DBs, the detection of synchroniza 
tion loss betWeen a BHP and DB pair, and the checking of 
optical SNR (“OSNR”) optical poWer. 

[0085] The main goal of correction and restoration func 
tions is to support actions that are needed after learning the 
results of the diagnostic functions. Correction and restora 
tion functions primarily serve to correct or restore operations 
in an OBS netWork to maintain normal operations thereof. 
While the diagnostic functions are closely coupled With the 
data plane and may affect the performance of user traf?c, 
correction and restoration functions are de-coupled from the 
data plane and are instead coupled With the control and 
maintenance plane. Operation of a correction and restoration 
function is placed on an OAM supervisory channel; there 
fore, it does not affect the user traf?c performance. Examples 
of correction and restoration functions include sWitching to 










