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1 INTRODUCTION

Li nk Managenent Protocol (LMP) [1] was proposed between the OXCs
(Optical Cross Connects) to perform the tasks of channel nonitoring,
link correlation, link verification and fault detection. But this
mechani sm cannot identify and correlate all the faults between the
OXCs. The DWDM equi pnent, which is another active device between the
OXCs, can also detect and correlate many of path related faults and
degradations®. In this perspective, a protocol devised between the OXC
and the DWDM ([2]) can provide tighter control on fault detection and
hence restoration tines.

In the current proposal we streamiine different requirenents [2] wth
the followi ng goals in mnd:

- Mnitor and comunicate the status of different I(s), link(s) and
equi prent (s), which are not visible to the OXC and comunicate
the status to the relevant parties.

o This helps in «creating a hierarchy of link(s) and
equi prent (s) for the sake of fault analysis.

- Reduce the error detection and reporting tine.

o Fault reporting should be both event-driven and polling-
driven.

o Mnitored information should be periodic and event-driven
(in case of degrading links or on denand).

- Avoid all downstream nodes detecting the same error and sendi ng
nmyriad of nmessages to the upstream nodes, which is a normal case
in[1].

- Backward notification of the forward path status to ease the
| ayer 3 signaling intervention (for future extension).

The follow ng assumptions about the solution nmake the requirements for
such nechani sns cl earer:

- OXC and DWDM can conmuni cate on the configuration rel ati onshi ps.

- OXC and DWDM can negotiate on the feature support capabilities.

- The OSC channel between the DWM can carry the error
notifications of the forward data channels for the sake quicker
response to the faults (in stead of relying on the tiner-oriented
prot ocol s).

o Note this is the DWDM-DWDM LMP. Need further work in the
current proposal.

In section 2, we present a scenario to understand the requirenments of
such a solution. Section 3 discusses the suggestions or nodifications
required for such an LMP between the DWM and OXCs. In section 4 we
hi ghli ght the val ue-added by this docunent as conclusions, followed by
references in section 5.

! This is mainly due to the multiplexing and denultiplexing capability
and due to the OEO nature of the equi pnent.



2 UNDERSTANDING THE REQUIREMENTS
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Figure 1 A number of faults that can be detected and correlated by this proposal

In Figure 1, we present a typical optical domain segnment wth external
fault (or degradation) l|ocations that cannot be distinguished by the
LMP [1] (Hence a new DWMHOXC LMP [2] is proposed). These faults and
degradati ons are:

- A - Fault or degradation due to path (Optical Anplifier, fiber
etc.)

- B - Fault or degradation due to LDWM ( DeMix)

- C - Fault or degradation due to the links between LDWM (DeMix)
and OXC

- D - Fault or degradation due to OXC

- E - Fault or degradation due to |links between OXC and UDWM ( Miux)
F - Fault or degradation due to UDWDM ( Mux)

Here we distinguish between the WLMP and E-LMP to better understand
the requirenments. Table 1, presents different actions performed (with
the solution provided in this docunent) by different equi prent (LDWM
OXC, UDWM in response to the above-identified degradation or fault
| ocations. This table can be used to understand the protocol operations
the protocol fields that need to be carried.



Table 1 Fault/degradation versus the mechanisms of reaction by OXC and DWDMS

Locati on Degr adat i on Acti ons
O Fault
M — Moni tor Faul t/ Degradation
D — Detect Faul t/Degradation
R — Report Faul t/degradation
C — Correl ate Faul t/ Degradation
P — Protect from Faul t/ Degradation
G — CGenerate LOL negotiated action
L- DWDM OXC U DWDM
A Degr adat i on M C R C P, M R to OXC
(G downst ream (R upstrean) G
Faul t M C R C P, M R to OXC
(G downst ream (R upstrean) G
B Degr adat i on M C R C P M R to OXC
(G downst ream G
Faul t M, C, P M R to OXC
(R upstrean) G
C Degr adat i on C P M R to OXC
(R upstrean) G
Faul t M C P M R to OXC
(R upstrean) G
D Degr adat i on C P M R to OXC
(R upstrean) G
Faul t M C P M R to OXC
(R upstrean) G
E Degr adat i on C P M C
(R upstrean) Rto OXC, G
Faul t C P M C
(R upstrean) Rto OXC, G
F Degr adat i on C P M C,
(R upstrean) |[R to OXC
Faul t C P M C
(R upstrean) Rto OXC, G
Table 2, presents a better picture of the nodification required to
di fferent phases of the native LMP ([1]) against the proposed features,
nanel y:

- QGoup status nonitoring and reporting

- Custom zed error reporting

- Reduce the upstream proliferation of

[1]

2 Monitoring the sanity of the OSC channel

the error

reporting as

perfornms this action.

in



Table 2 Additional requirements required to [2] against the proposed features

Feat ure Addi ti ons needed for different phases
of DWDM OXC LMP communi cati on
Cont r ol Li nk Connectivity Faul t
channel property verification | ocal i zati on
managenent correl ation
Goup Status | F || Exchange Fi ber || Exchange Not e: G oup
nmoni t ori ng i | ownership Fi ber <->| El aborate on | notification
and reporting || b | information Link bundl e |the DWOM| per SRLG
- e information |fIinks and
Li nk(s) or r |{ Fi ber <-> Li nk bundl e
equi prrent (S) | mappi ng correl ation
from
connectivity
poi nt - of -
Vi ew.
D OSC channel OosC <-> OSC channel OXC detecting
W term nation DWOM bei ng t he upstream
D poi nt and correlation | term nated on DWDM f ai | ure
M nmoni t ori ng t he OXC and noti fying
t he downstream
equi prent .
Reduce t he Error | mpl enent ati on
upstream proliferation of error
proliferation of | suppression suppr essi on
the error nmechani sm mechani sm
reporting negoti ati on. Exampl e for
this bei ng
reporting the
error +
generating
Al S-1ike
opti cal
si gnal

Custom zed error
reporting
behavi or

Negot i at i ng

the type of
reporting,

gr oups of
paraneters to
be noni tored
etc.

Reporting/resp
onding to the
requests from
t he OXC/ DWDM
Correl ating

t he
faul t s/ degrada
tions.

3 SUGGESTIONS

Wth the understandi ng of

secti on,

- General

are not elaborated in this docunent

o Transport mechani snms shoul d be specified clearly.

the requirenments as nentioned in the previous
here we present suggestions to be considered in [1] and [2].

suggestions to [1] and [2] (please note that these points
before this juncture):



= |f LMP/IP then what DSCP/ ToS fields, TTL etc need to
be specified.

= |f LWMP/L2 then which fields should be set for the
sake of priority etc.

= |f LMP/Overhead bytes, need to define this in the
docunent .

= Crispness of the message formats and the requirenents
for monitoring and fault managenment are m ssing.

o Comrent on the security issues for the OOB (Qut O Band)
signaling via external clouds.

During control channel nanagenent in [2]:
o Feature capability negotiation should be incorporated in
thi s phase.

= Configuration features
Fiber — Port (1:N) information exchange
Resource ownership i nformation

= Mnitoring features
DWDM noni t ori ng
Fi ber nonitoring
| nmonitoring

= Support features
OSC termination on the OXC
LOF behavi or
LOL behavi or

Moni toring requirenents in the DWDM equi pnent:
o Types of nonitoring:

= Event driven (reporting)
Monitors thresholds for the degradation and
fault nonitoring

= Polled for information
Keep the history of the nonitored paraneters
and/ or runni ng average of these paraneters.
VWhat is t he avai |l abl e tinme bet ween
measur enent s?

o Per | nmonitoring
= Need to get a crisp definition of the paraneters
noni t or ed.
= Should be able to group the monitored paranmeters for
“the paraneters to be nonitored” negotiation
Moni toring threshold for the degradation report
o0 Use counters used for neasuring such as
BER, cross talk, OSNR
0o Goup nonitoring (E.g., Fiber, Cable, Node etc.,)
o What should be done by the OXC and what should be done by
DWDM?
= OXC
Moni tor OSC for the equi pnent failures
Correlate the error information received on E
and W LM
Communi cate this information upstream (or down
stream) for faster fault reporting (instead of
relying on the signaling or routing protocols).



Performrel evant protection.
= DVWDM
West bound (DWDM OXC) (De-nultipl exing):
o NMonitor pat h rel ated failures and
degr adat i ons.
o Correlate the upstreamrelated faults and
degr adat i ons.
0 Report t he faul t s/ degradati ons to
downst r eam OXC.
o Act according to the negotiated LOL
behavi or for downstream detection
East bound (OXC-DWDM (Miltipl exing):
o Mnitor and correlate the Faults and
degradati ons (caused by OXC and ot hers).
0 Report this information to the upstream
OXC.
o Act according to the negotiated LOL
behavi or for downstream detection

- Fault localization and reporting:
0 Goup fault Correl ation
= Correlation of fiber failures
= Correlation of DADM fail ures
0 Goup reporting to reduce the overhead
0o |Individual errors

4 CONCLUSIONS

Anal yzed the faults and degradations that cannot be detected by [1] and
observed sone of these can be solved by a nechanismlike [2]. Then we
extended the requirenments for [2] for better bounds on the fault (and
degradation) identification and reaction times between the OXCs. Many
suggestions are made to realize the extended services expected by [2].
These suggestions can directly be mpped to realize the protoco

ext ensi ons.
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