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Abst ract

This meno defines extensions to LMP(rfc4209) for managi ng Opti cal
paraneters associ ated with Wavel ength Division Miltiplexing (WM
systens or characterized by the Optical Transport Network (OIN) in
accordance with the Interface Application Code approach defined in
| TU-T Recomendation G 698.2.[1TU. G698.2], G 694.1.[ITU. &x694.1] and
its extensions.
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1. Introduction

This extension is based on "draft-galikunze-ccanp-g-698-2-snnp-m b-
10", for the relevant interface optical paraneters described in
recommendations like | TUT G 698.2 [ITU G598. 2] and

G 694.1.[I TU. &694.1]. The LMP Model from RFC4902 provides |ink
property correlation between a client and an COLS device. LM link
property correl ation, exchanges the capabilities of either end of the
link where the term’link’ refers to the attachnent |ink between OXC
and OLS (see Figure 1). By perfornming link property correlation,
both ends of the link exchange |ink properties, such as application
identifiers. This allows either end to operate within a comonly
under st ood paraneter wi ndow. Based on known paraneter linmts, each
devi ce can supervise the received signal for confornmance using
mechani snms defined in RFC3591. For exanple if the dient transnmitter
power (OXCl) has a value of 0dBm and the ROADM i nterface neasured
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power (at O.S1) is -6dBmthe fiber patch cord connecting the two
nodes may be pinched or the connectors are dirty. Mre, the
interface characteristics can be used by the OLS network Contro
Plane in order to check the Optical Channels feasibility. Finally
the OXCl transceivers paraneters (Application Code) can be shared
with OXC2 using the LMP protocol to verify the Transceivers
conpatibility. The actual route selection of a specific wavel ength
within the allowed set is outside the scope of LMP. In GWLS, the
paraneter selection (e.g. central frequency) is perforned by RSVP-TE

Figure 1 shows a set of reference points, for the Iinear "black |ink"
approach, for single-channel connection (Ss and Rs) between
transmtters (Tx) and receivers (Rx). Here the DWM network el ements
i nclude an OM and an OD (which are used as a pair with the opposing
el ement), one or nore optical amplifiers and may al so include one or
nmore OADMs.

I T +
Ss | DWDM Net wor k El enent s | Rs
wek ] ] T I
Tx L1--]->| \ +o----- + +o----- + [--]-->Rx L1
e IERSEEEEE + | I O
sonb i B R B | | R
TX L2--]->] OM|-->|------ [->] OADM |--]------ |[->] OD|--]-->Rx L2
eREE T I A | | I A B e
s N I B |- + I I I
Tx L3--]->| / | DVWDM | | » | DVDM | \ |--]-->Rx L3
+---+ | |/ | Link +----]--]----+ Link | \ +- -+
Fomm e eaaaa + | | Fomm e +
T S
I I
Rs v | Ss
+--- - - + - +
| RxLx | | TxLx |
N + - +
Ss = reference point at the DAWDM network el ement tributary output
Rs = reference point at the DWM network el enent tributary input

Lx = Lanbda x
OM = Optical Mix
OD = Optical Denux

OADM = Optical Add Drop Mix

fromFig. 5.1/G 698.2

Figure 1: Linear Black Link approach
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Fi gure 2 Extended LMP Model ( from [ RFC4209] )

- - - - - + Ss - - - - - + - - - - - + Rs +------ +
| ----- | | | | ----- | |
| oxcr | ----- | OS1 | ===== | OL.S2 | ----- | OXc2 |
| - | | | | - | |
oo - + oo - + oo - + oo - +
AN AN AN AN AN AN
| I I |
| +----- LMP----- + +----- LMP----- + |
I I
o e eeeeeioon = +
oxc : is an entity that contains transponders
as . generic optical system it can be -

Optical Mux, Optical Demux, Optical Add
Drop Mux, etc.

OLS to OLS : represents the black-Link itself

Rs/ Ss . in between the OXC and the QLS

Fi gure 2: Extended LMP Model
2. Use Cases

The use cases described bel ow are assuni ng that power nonitoring
functions are available in the ingress and egress network el ement of
t he DWDM networ k, respectively. By perforning link property
correlation it would be beneficial to include the current transnit
power value at reference point Ss and the current received power

val ue at reference point Rs. For exanple if the Cient transmtter
power (OXCl) has a value of 0dBm and the ROADM i nterface neasured
power (at OLS1l) is -6dBmthe fiber patch cord connecting the two
nodes nmay be pinched or the connectors are dirty. Mre, the
interface characteristics can be used by the OLS network Control
Plane in order to check the Optical Channels feasibility. Finally
the OXCl transceivers paraneters (Application Code) can be shared
with OXC2 using the LMP protocol to verify the Transceivers
conmpatibility. The actual route selection of a specific wavel ength
within the allowed set is outside the scope of LMP. 1In GWLS, the
paranmeter selection (e.g. central frequency) is performed by RSVP-TE.

G 698. 2 defines a single channel optical interface for DWM systens
that allows interconnecting network-external optical transponders
across a DWDM network. The optical transponders are considered to be
external to the DAWDM network. This so-called 'black |ink’ approach
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illustrated in Figure 5-1 of G 698.2 and a copy of this figure is
provi ded bel ow. The single channel fiber |ink between the Ss/Rs
reference points and the ingress/egress port of the network el ement
on the donmai n boundary of the DWM network (DWDM border NE) is called
access link in this contribution. Based on the definition in G 698.2
it is considered to be part of the DWM network. The access |ink
typically is realized as a passive fiber link that has a specific
optical attenuation (insertion loss). As the access link is an
integral part of the DWDM network, it is desirable to nonitor its
attenuation. Therefore, it is useful to detect an increase of the
access link attenuation, for exanple, when the access |link fiber has
been di sconnected and reconnected (nai ntenance) and a bad patch pane
connection (connector) resulted in a significantly higher access link
attenuation (loss of signal in the extrene case of an open connector
or a fiber cut). 1In the follow ng section, two use cases are
presented and di scussed:

1) pure access link nonitoring
2) access link nonitoring with a power control [|oop

These use cases require a power nonitor as described in G 697 (see
section 6.1.2), that is capable to neasure the optical power of the

i ncom ng or outgoing single channel signal. The use case where a
power control loop is in place could even be used to conpensate an

i ncreased attenuation as long as the optical transmitter can still be
operated within its output power range defined by its application
code.
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Fi gure 3 Access Link Power Mbonitoring
+
I
I
Hommmmm + |
I | P(Tx) I
| +----+ | Ss 11\ [
| | T™X[----]----- R
| +----+ | Access Link (AL-T) |
| | attenuation a(Tx) |
I I I
| External | |
| Optical | |
| Transpond. | [
I I I
I I I
I | P(Rx) I
| +---+ | Rs I 1\\ [
| | RX[<---]----- W/ e - -
| +----+ | Access Link (AL-R) |
[ | Attenuation a(Rx) |
R + |
I
P(Rx) = P(out) - a(Rx) |
|
I

draft-dhari ni gert-ccanp-g-698-2-1 np-10

- For AL-T monitoring: P(Tx) and a(Tx) mnust be known
- For AL-R nonitoring: P(RX) and a(Rx) nust be known

An al arm shal |

configured threshold (t [dB]):

- P(in) < P(Tx) - a(Tx)
- P(RxX) < P(out) - a(Rx)
- a(Tx) = a(Rx)

Hi remagal ur, et al.

be raised if P(in) or

July 2015

__________________________ +
P(in) = P(Tx) - a(Tx) |
_ I
\ / Power Monitor |
Vv P(in) |
| [\ |
------- >\ I
o I

| >
o I
---> I
|/ |
P(out) |
_ I
\ / Power Monitor |
\Y P(out) |
I |\ I
-------- |\ |
|| I

| |<

o I
<---| 1 I
|/ I
ROADM |
__________________________ +

P(Rx) drops bel ow a

-t (Tx direction)
-t (Rx direction)

Fi gure 3: Extended LMP Nbdel
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Pure Access Link (AL) Mnitoring Use Case

Figure 4 illustrates the access link nonitoring use case and the
di fferent physical properties involved that are defined bel ow

Ss, Rs: G 698.2 reference points

P(Tx): current optical output power of transmitter Tx

a(Tx): access link attenuation in Tx direction (externa
transponder point of view)

P(in): neasured current optical input power at the input port
of border DWDM NE

t: user defined threshold (tol erance)

P(out): neasured current optical output power at the output port
of border DWM NE

a(Rx): access link attenuation in Rx direction (externa
transponder point of view

P(Rx): current optical input power of receiver Rx

Assunpt i ons:

AL

The access link attenuation in both directions (a(Tx), a(Rx))

is known or can be determined as part of the conm ssioning
process. Typically, both values are the sane.

A threshold value t has been configured by the operator. This
shoul d al so be done during conm ssi oni ng.

A control plane protocol (e.g. this draft) is in place that all ows
to periodically send the optical power values P(Tx) and P(Rx)

to the control plane protocol instance on the DWM border NE
This is llustrated in Figure 3.

The DWDM border NE is capable to periodically neasure the optica
power Pin and Pout as defined in G 697 by power nonitoring points
depicted as yellow triangles in the figures bel ow

nmoni t ori ng process:

Tx direction: the neasured optical input power Pin is conpared
with the expected optical input power P(Tx) - a(Tx). If the
measured optical input power P(in) drops bel ow the val ue

(P(Tx) - a(Tx) - t) a low power alarmshall be raised indicating
that the access |link attenuation has exceeded a(Tx) + t.

Rx direction: the neasured optical input power P(RX) is
conpared with the expected optical input power P(out) - a(Rx).
If the nmeasured optical input power P(Rx) drops bel ow the val ue
(P(out) - a(Rx) - t) a

| ow power alarm shall be raised indicating that the access |ink
attenuation has exceeded a(Rx) + t.
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Figure 4 Use case 1. Access Link power nonitoring

o e oo + o e +
| +------ + | P(Tx), P(Rx) | +------- + I
| | | | : > I I
| | LMP | | P(in), P(out) | | LM | I
| | | | < || | |
| +--- - - - + | | B + |
| | | _ |
I I I P(in) - P(Tx) - a(Tx) I
| | | \ / Power Monitor |
| | P(Tx) | N |
| +----+ | Ss [ 1\\ [ [ [\ [
| | T™X|----]----- IR >\ |
| +----+ | Access Link (AL-T) | | ] |
| | attenuation a(Tx) | | ] >
I I I || I
| External | | ---> ] |
| Optical | [ |/ [
| Transpond. | | P(out) |
I I I _ I
| | | \ / Power Monitor |
I | P(Rx) I N I
| +---+ | Rs [ 1\\ | | [\ |
| | RX|[<---]----- LR R | \ [
| +----+ | Access Link (AL-R) | | |
| | Attenuation a(Rx) | | |<
AREETTEEEE + | | |
| <--] 1 |
P(Rx) = P(out) - a(Rx) | |/ |
I I
| ROADM |
o e e +

- For AL-T monitoring: P(Tx) and a(Tx) must be known

- For AL-R monitoring: P(RX) and a(Rx) must be known

An alarmshall be raised if P(in) or P(Rx) drops bel ow a
configured threshold (t [dB]):

- P(in) < P(Tx) - a(Tx) - t (Tx direction)

- P(RX) < P(out) - a(Rx) - t (Rx direction)

- a(Tx) = a(Rx)

Fi gure 4: Extended LMP Nbdel
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Power Control Loop Use Case

This use case is based on the access |link nonitoring use case as
descri bed above. In addition, the border NE is running a power
control application that is capable to control the optical output
power of the single channel tributary signal at the output port
of the border DWDM NE (towards the external receiver Rx) and the
optical output power of the single channel tributary signal at
the external transmitter Tx within their known operating range.
The tine scale of this control loop is typically relatively sl ow
(e.g. sonme 10s or minutes) because the access |ink attenuation
is not expected to vary nmuch over tine (the attenuation only
changes when re-cabling occurs).

From a data pl ane perspective, this use case does not require
additional data plane extensions. It does only require a protocol
extension in the control plane (e.g. this LMP draft) that allows
the power control application residing in the DWDM border NE to
nmodi fy the optical output power of the DWM donai n-externa
transmitter TXx within the range of the currently used application
code. Figure 5 below illustrates this use case utilizing the LM
protocol with extensions defined in this draft.
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Figure 5 Use case 2: Power Control Loop

o e oo + o e +
| +------ + | P(Tx),P(Rx), Set(Pout) | +------- + e +
| | | | : > I | Power | |
| | LM | | P(in),P(out), Set(PTx) | | LM | | Control | |
| | | | < || | | Loop | |
| +------ + | [ Fom oo - + Hom e e oo - +
| . | _ |
| +------ + | I P(in) = P(Tx) - a(Tx) |
| |C Loop| | | _ |
| +------ + | | \ / Power Monitor |
| | | P(Tx) | N |
| +------ + ] Ss [ 1\\ [ [ [\ [
| | X |>---]----- LR R >\ |
| +------ + | Access Link (AL-T) | | ] |
| VQA(Tx) | attenuation a(Tx) | | ] >
I I I || I
| External | | ---> ] |
| Optical | I |/ I
| Transpond. | | P(out) |
I I I _ I
| | | \ / Power Monitor |
I | P(Rx) I N I
| +---+ | Rs [ 1\\ | | VOA(out) |\ |
| | RX|[<---]----- LR R <|------- | \ [
| +----+ | Access Link (AL-R) | | |
[ | attenuation a(Rx) [ .|| <=======
Hoememeoe + I VOA(out) | | I
I <--<[------- | / I
P(Rx) = P(out) - a(Rx) | |/ |
I I
| ROADM |
o e e +

-  The Power Control Loops in Transponder and ROADM regul ate
the Variable Optical Attenuators (VOA) to adjust the proper
power in base of the ROADM and Receiver caracteristics and
the Access Link attenuation

Fi gure 5: Extended LMP Mbdel
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3. Extensions to LMP-WDM Pr ot oco

Thi s docunment defines extensions to [ RFC4209] to allow the Bl ack Link
(BL) paraneters of G 698.2, to be exchanged between a router or
optical switch and the optical line systemto which it is attached.
In particular, this docunent defines additional Data Link sub-objects
to be carried in the LinkSumrary nessage defined in [ RFC4204] and

[ RFC6205]. The OXC and OLS systens nmay be managed by different

Net wor k management systens and hence may not know the capability and
status of their peer. The intent of this draft is to enable the OXC
and OLS systens to exchange this infornmation. These nessages and
their usage are defined in subsequent sections of this docunent.

The followi ng new nmessages are defined for the WDM extension for
ITUT G698.2 [ITU. G698.2]/1ITU-T G698.1 [ITU. G698. 1]/
ITUT G959.1 [ITU. &959. 1]

- OCh_Ceneral (sub-obj ect Type = TBA)
- OCh_Applicationldentier (sub-obj ect Type = TBA)
- OCh_Ss (sub-obj ect Type = TBA)
- OCh_Rs (sub-obj ect Type = TBA)

4. General Paraneters - OCh_GCeneral

These are the general paranmeters as described in [G5698.2] and
[G694.1]. Please refer to the "draft-galikunze-ccanp-g-698-2-snnp-
m b-12" for nore details about these paraneters and the [ RFC6205] for
the wavel ength definition

The general paraneters are

Central Frequency - (Tera Hz) 4 bytes (see RFC6205 sec. 3. 2)
Nunmber of Application ldentifiers (A 1.) Supported

Si ngl e-channel Application Identifier in use

Application ldentifier Type in use

Application ldentifier in use

ghNE

Figure 6: The format of the this sub-object (Type = TBA, Length =
TBA) is as foll ows:

0 1 2 3
01234567890123456789012345678901
T o i I S i S S S I  h i e s
| Type | Length | (Reserved) |
T i T i S s it I S S S
| Central Frequency |
B i S S T s i S T st i S S S S S S S S i
[ Nunber of Application [ [
| Identifiers Supported | (Reserved) |
I T S i S S s i i S S i i
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Si ngl e-channel | A I. Type [ A l. length |
Appli cation | in use | |
Identifier | | |

I

I

I

I

| Nunber in use | [

T T e b i i e e . S S SR S
[ Si ngl e-channel Application Identifier in use [
T T e o o s S e et o T i SIS
| Si ngl e-channel Application Identifier in use |
B i S S T s i S T st i S S S S S S S S i
[ Si ngl e-channel Application lIdentifier in use [
T T e e i i e s o i S SR S S

A.l. Type in use: STANDARD, PROPRI ETARY
A.l. Type in use: STANDARD
Refer to G 698.2 reconmmendation : B-DScWytz(v)

0 1 2 3
01234567890123456789012345678901
B e i s e S e e S e e S e e Rl il st sT o SRR I S S o
| Si ngl e- channel Application Code |
B E e r e s i s i o T T s S S S S 2
| Si ngl e- channel Application Code [
B T T i I T T o S S S e b S S S
| Si ngl e-channel Applicati on Code |
B e i s e S e e S e e S e e Rl il st sT o SRR I S S o

A.l. Type in use: PROPRI ETARY

Note: if the A l. type = PROPRI ETARY, the first 6 Cctets of the
Application ldentifier in use are six characters of the
Printabl eString nust contain the Hexadeci mal representation of
an QU (Organizationally Unique lIdentifier) assigned to the
vendor whose inplenmentation generated the Application
Identifier; the remaining octets of the PrintableString are
unspeci fi ed.

0 1 2 3
01234567890123456789012345678901
R R e R e s s e o S S e R e o o

Qul
!I-— B T i S S e I  Th s i S S S S S T S S S S !I-
[ QU cont. [ Vendor val ue [
B i i S S i I e i S S R L e e e e
| Vendor Val ue |

Hi remagal ur, et al. Expi res January 7, 2016 [ Page 12]
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5.

T I T S i T i S S S i T i S S S S S S S

Fi gure 6: OCh_General
Applicationldentifier - OCh_Applicationldentifier

This message is to exchange the application identifiers supported as
described in [(698.2]. Please refer to the "draft-galikunze-ccanp-
g- 698- 2-snnp-mi b-10". For nore details about these paraneters.
There can be nore than one Application Identifier supported by the
OXC/ AO.S.  The nunber of application identifiers supported is
exchanged in the "OCh_GCeneral" message. (from
[G698.1]1/[G698.2]/[@59.1] and G 874.1 )

The paraneters are
1. Nunber of Application Identifiers (A 1.) Supported

2. Single-channel application identifier Nunber
uniquely identifiers this entry - 8 bits

3. Application Indentifier Type (A 1.) (STANDARD PROPRI ETARY)

4. Single-channel application identifier -- 96 bits
(from[G698. 1]/[G698. 2] /[ 3B59. 1]

- this paraneter can have
mul tiple instances as the transceiver can support nultiple
application identifiers.

Figure 7: The format of the this sub-object (Type = TBA, Length =
TBA) is as follows:

0 1 2 3
01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i
[ Type [ Length [ (Reserved) [
B e i i e o e e S T S e e s i i TR S
| Nunber of Application |
L
I
I
I
I

I

Identifiers Supported | (Reserved) |
B T T S T T i i S o T sl i S S I S
Si ngl e-channel | A I. Type | A l. length |
Application [ [ [
Identifier | | |
Nunber | | |
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T S i i S S i i S S
| Si ngl e-channel Application Identifier |
B i S S T s i S T st i S S S S S S S S i
[ Si ngl e-channel Application Identifier [
T o S T i S i i S O h i S s
| Si ngl e-channel Application lIdentifier |
s T i i S T ik S S S S S

/11 ce /11
B i S S T s i S T st i S S S S S S S S i
| Single-channel | [ A l. length [
Appli cation | A l. Type | |

I dentifier [ [ [
Nunber [ [ |

I

I

I

I

L-+-+-+-+-+-+-+-L-+-+-+-+-+-+-+-L-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
[ Si ngl e-channel Application Identifier [
T o S T i S i i S O h i S s
| Si ngl e-channel Application lIdentifier |
I S e T i S T ity S S S S S
| Si ngl e-channel Application Identifier |
B i S S T s i S T st i S S S S S S S S i

A.l. Type in use: STANDARD, PROPRI ETARY

A.l. Type in use: STANDARD
Refer to G 698.2 reconmendation : B-DScWytz(v)

0 1 2 3
01234567890123456789012345678901
T S i i S S i i S S
| Si ngl e- channel Application Code |
B i S S T s i S T st i S S S S S S S S i
[ Si ngl e-channel Application Code [
T o T i S i s S iy SHE SN A S
| Si ngl e- channel Application Code [
I T i T S T ity S S S S S

A.l. Type in use: PROPRI ETARY

Note: if the A l. type = PROPRIETARY, the first 6 Cctets of the
Application Identifier in use are six characters of the
Printabl eString nust contain the Hexadeci mal representation of
an QU (Organizationally Unique Identifier) assigned to the
vendor whose i npl enentation generated the Application
Identifier; the remaining octets of the PrintableString are
unspeci fi ed.
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0 1 2 3
01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i
I QU I
T T e b i i e e s . S I SR S
[ QU cont. [ Vendor val ue [
T T e e o i e S S e R Ch o o SR
| Vendor Val ue |
B i S S T s i S T st i S S S S S S S S i

Figure 7: OCh_Applicationldentifier
6. OCh_Ss - OCh transmit paraneters
These are the G 698.2 paraneters at the Source(Ss reference points).
Pl ease refer to "draft-galikunze-ccanp-g-698-2-snnp-m b-10" for nore

details about these paraneters.

1. CQutput power

Figure 8: The format of the OCh sub-object (Type = TBA, Length = TBA)
is as follows:

0 1 2 3
01234567890123456789012345678901
T S
| Type | Length | (Reserved) |
I S S i S I T T S S it SN S S S
| Qut put Power |
B i S S T s i S T st i S S S S S S S S i

Figure 8 QOCh_Ss transnit paraneters
7. OCh_Rs - receive paraneters
These are the G 698.2 paraneters at the Sink (Rs reference points).
Pl ease refer to the "draft-galikunze-ccanp-g-698-2-snnp-m b-10" for

nmore details about these paraneters.

1. Current |nput Power - (0.1dbm 4bytes
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8.

9.

Figure 9: The format of the OCh receive sub-object (Type = TBA,
Length = TBA) is as foll ows:

The format of the OCh receive/ QLS Sink sub-object (Type = TBA,
Length = TBA) is as foll ows:

0 1 2 3

01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i
[ Type [ Length [ (Reserved) |
B e i i e o e e S T S e e s i i TR S
| Current |nput Power |
B e o i T o S e i T e e e S i s ot o S R TR S

Figure 9: OCh_Rs receive paraneters

Security Considerations

LMP nmessage security uses | Psec, as described in [ RFC4204]. This
docunent only defines new LMP objects that are carried in existing
LMP nessages, sinlar to the LMP objects in [RFC 4209]. This
docunent does not introduce new security considerations.

| ANA Consi der ati ons

LMP <xref target="RFC4204"/> defines the foll owi ng name spaces and
the ways in which | ANA can nake assignnents to these nanespaces:

- LMP Message Type

- LWMP nject dass

- LMP bject dass type (C Type) unique within the hject C ass

- LMP Sub-object Oass type (Type) unique within the Oobject C ass
This meno introduces the follow ng new assi gnnents:

LMP Sub- Obj ect O ass nanes:

under DATA LINK Class name (as defined in <xref target="RFC4204"/>)

- OCh_Cener al (sub-obj ect Type = TBA)
- OCh_Applicationldentifier (sub-obj ect Type = TBA)
- OCh_Ss (sub-obj ect Type = TBA)
- OCh_Rs (sub-obj ect Type = TBA)
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