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Abst r act

Thi s docunment provides a framework to allow the devel opment of
prot ocol extensions to support Generalized Milti-Protocol Labe
Switching (GWPLS) and Path Conputation El ement (PCE) control of
Optical Transport Networks (OINs) as specified in ITUT
Recomendati on G 709 as published in 2012.
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1. Introduction

Optical Transport Networks (OINs) have becone a mai nstream | ayer 1
technol ogy for the transport network. Operators want to introduce
control -pl ane capabilities based on GWLS to OTN to realize the
benefits associated with a high-function control plane (e.g.

i mproved network resiliency, resource usage efficiency, etc.).

GWLS extends Miulti-Protocol Label Switching (MPLS) to enconpass Tine
Division Multiplexing (TDM networks (e.g., Synchronous Optica
NETwor k ( SONET) / Synchronous Digital Hi erarchy (SDH), Pl esiochronous
Digital H erarchy (PDH), and G 709 sub-Ilanbda), |anbda switching
optical networks, and spatial switching (e.g., incomng port or fiber
to outgoing port or fiber). The GWLS architecture is provided in

[ RFC3945], signaling function and Resource Reservation Protocol -
Traffic Engineering (RSVP-TE) extensions are described in [ RFC3471]
and [ RFC3473], routing and Open Shortest Path First (OSPF) extensions
are described in [ RFC4202] and [ RFC4203], and the Link Managenent
Protocol (LMP) is described in [ RFC4204].

The GWPLS signaling extensions defined in [ RFC4328] provide the
mechani sns for basic GWLS control of OIN based on the 2001 revi sion
of the G 709 specification. The 2012 revision of the G 709
specification, [Gr09-2012], includes new features, for exanple,
various nultiplexing structures, tw types of Tributary Slots (TSs)
(i.e., 1.25 Gops and 2.5G bps), and extension of the Optical channe
Data Unit-j (ODUj) definition to include the ODUfl ex function

Thi s docunent reviews rel evant aspects of OIN technol ogy evol ution
that affect the GWLS control -pl ane protocols and exanm nes why and
how to update the nechani sns described in [ RFC4328]. This docunent
additionally provides a framework for GWLS control of OIN and

i ncl udes a discussion of the inplications for the use of the PCE

[ RFC4655] .

For the purposes of the control plane, the OIN can be considered to
be conprised of ODU and wavel ength (Optical Channel (OCh)) |ayers.
Thi s docunent focuses on the control of the ODU | ayer, with contro
of the wavel ength | ayer considered out of the scope. Please refer to
[ RFC6163] for further information about the wavel ength | ayer.

2. Term nol ogy
OTN: Optical Transport Network
OPU: Optical Channel Payl oad Unit

ODU: Optical Channel Data Unit
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OTU: Optical Channel Transport Unit
OVB: Optical Miltiplex Section

MBI : Multiplex Structure Identifier
TPN. Tributary Port Nunber

LO ODU: Lower Order ODU. The LO ODUj (j can be 0, 1, 2, 2e, 3, 4, or
flex) represents the container transporting a client of the OIN t hat

is either directly mapped into an OTUk (k =j) or nultiplexed into a
server HO ODUk (k > j) container

HO ODU:. Higher Order ODU. The HO ODWk (k can be 1, 2, 2e, 3, or 4)
represents the entity transporting a multiplex of LO ODU tributary
signals inits OPUk area

ODUf | ex: Flexible ODU. A flexible ODUk can have any bit rate and a
bit rate tol erance of +/-100 ppm (parts per nillion).

In general, throughout this docunent, "ODU " is used to refer to ODU
entities acting as an LO ODU, and "ODUK" is used to refer to ODU
entities being used as an HO ODU

3. G 709 Optical Transport Network

This section provides an informative overview of the aspects of the
OIN i mpacting control -plane protocols. This overviewis based on the
| TUUT Recormendati ons that contain the normative definition of the
OIN.  Technical details regarding OIN architecture and interfaces are
provided in the relevant | TU-T Recommendati ons.

Specifically, [G872-2012] describes the functional architecture of
optical transport networks providing optical signal transnission,

mul ti pl exi ng, routing, supervision, performnce assessnment, and
network survivability. The |legacy OIN referenced by [ RFC4328]
defines the interfaces of the optical transport network to be used
wi thin and between subnetworks of the optical network. Wth the

evol ution and depl oynent of OIN technol ogy, nmany new features have
been specified in I TUT recomendati ons, including, for exanple, new
OoDUo, ODW2e, ODU4, and ODUfl ex containers as described in

[ Gr09- 2012] .
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3.1. OIN Layer Network

The sinplified signal hierarchy of OINis shown in Figure 1, which
illustrates the layers that are of interest to the control plane.
O her layers below OCh (e.g., Optical Transm ssion Section (OIS)) are

not included in this figure. The full signal hierarchy is provided
in [Gr09-2012].

Cient signal
|
oDy
|
OryU/ CCh
ovs

Figure 1: Basic OIN Signal Hierarchy

Client signals are mapped into ODU containers. These ODU
containers are nultiplexed onto the OTW OCh. The individual OTU OCh
signals are conbined in the OVS using Wavel ength Di vi sion

Mul tiplexing (WOM, and this aggregated signal provides the link
bet ween t he nodes.
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3.1.1. dient Signal Mpping

The client signals are mapped into an LO ODUj. The current val ues of
j defined in [Gr09-2012] are: 0, 1, 2, 2e, 3, 4, and flex. The
approximate bit rates of these signals are defined in [Gr09-2012] and
are reproduced in Tables 1 and 2.

o e e e e i o o m e e e e e e e e e e eme— oo +
| ODU Type | ODU nominal bit rate |
Tt o m e e e e e e e e e e memao - +

oDUo 1, 244, 160 Kbps

obul 239/ 238 x 2,488, 320 Kbps

oDU2 239/ 237 x 9,953, 280 Kbps

obu3 239/ 236 x 39, 813, 120 Kbps

oD 239/ 227 x 99,532,800 Kbps

OoDU2e 239/ 237 x 10, 312,500 Kbps

Constant Bit Rate (CBR)
Client signals

239/ 238 x client signal bit rate

ODUf | ex for Ceneric

Fram ng Procedure

- Framed (G-P-F)
Mapped client signal

| |
| |
| |
| |
| |
| |
| |
| ODUf | ex for |
| |
| |
| |
| |
| | Configured bit rate
| |

| |

Table 1: ODU Types and Bit Rates

NOTE: The nominal ODUKk rates are approximately: 2,498, 775.126 Kbps

(obu1), 10, 037,273.924 Kbps (ODU2), 40, 319, 218.983 Kbps (0ODU3),
104, 794, 445. 815 Kbps (ODW4), and 10, 399, 525. 316 Kbps (ODU2e).
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o e e a o o m m e e e e e e e e e ee— oo +
| ODU Type | ODU bit rate tol erance |
o e e e e o o m m e e e e e e e e e me— oo s +
| obuo | +/-20 ppm |
| obul | +/-20 ppm |
| obuU2 | +/-20 ppm |
| OobuU3 | +/-20 ppm |
| oDuU4 | +/-20 ppm |
| OobU2e | +/-100 ppm |
| | |
| ODUf | ex for CBR | |
| Client signals | +/-100 ppm |
| | |
| ODUflex for GFP-F | |
| Mapped client signal | +/-100 ppm |
Tt o m e e e e e e e e e e memao - +

Tabl e 2: ODU Types and Tol erance

One of two options is for mapping client signals into ODUfI ex
dependi ng on the client signal type:

- Circuit clients are proportionally wapped. Thus, the bit rate is
defined by the client signal, and the tolerance is fixed to +/-100

ppm

- Packet clients are mapped using the Generic Frami ng Procedure
(GFP). [Gr09-2012] recommends that the ODUfl ex(GFP) will fill an
i ntegral number of tributary slots of the smallest HO ODUk path
over which the ODUfl ex(GFP) may be carried, and the tol erance
shoul d be +/-100 ppm

Note that additional information on G 709 client mapping can be found
in [Gr041].

3.1.2. Miltiplexing ODU onto Links

The Iinks between the switching nodes are provi ded by one or nore
wavel engt hs. Each wavel ength carries one OCh, which carries one OTU,
which carries one ODU. Since all of these signals have a 1:1:1

rel ati onship, we only refer to the OTU for clarity. The ODUjs are
mapped into the TSs (Tributary Slots) of the OPUk. Note that in the
case where j=k, the ODUj is napped into the OTUW OCh wi t hout

mul ti pl exi ng.
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The initial versions of G 709 referenced by [ RFC4328] only provided a
single TS granularity, nomnally 2.5 Gohps. [Gr09-2012] added an

additional TS granularity, nominally 1.25 Gops. The nunber and type
of TS provided by each of the currently identified OTUk are provided

bel ow
Tributary Slot Ganularity
2.5 Gops 1.25 Gops Nomi nal Bit Rate
oruli 1 2 2.5 Gops
oru2 4 8 10 Gbps
orus 16 32 40 Gops
orwu -- 80 100 Gops

To mai ntain backward conpatibility while providing the ability to
i nterconnect nodes that support a 1.25 Gohps TS at one end of a link
and a 2.5 Gops TS at the other, [Gr09-2012] requires 'new equipnent
to fall back to the use of a 2.5 Gohps TS when connected to | egacy
equi pnment. This information is carried in band by the payl oad type.

The actual bit rate of the TS in an OTUk depends on the val ue of k.
Thus, the nunmber of TSs occupied by an ODUy may vary dependi ng on the
val ues of j and k. For exanple, an ODU2e uses 9 TSs in an OTU3 but
only 8 in an OTU4. Exanples of the nunber of TSs used for various
cases are provided below (referring to Tables 7-9 of [Gr09-2012]):

- ODUO into ODU1L, ODU2, ODU3, or ODU4 multiplexing with 1.25 Gops TS
granul arity
o ODUO occupies 1 of the 2, 8, 32, or 80 TSs for ODU1, ODU2,
obu3, or ODUA

- ODUl into ODU2, ODU3, or ODUW nultiplexing with 1.25 Gops TS
granul arity
o ODUl occupies 2 of the 8, 32, or 80 TSs for ODU2, ODU3, or ODW

- ODUl into ODU2 or ODU3 multiplexing with 2.5 Gops TS granularity
o ODUl occupies 1 of the 4 or 16 TSs for ODU2 or ODU3

- ODU2 into ODU3 or ODU4 multiplexing with 1.25 Gops TS granularity
o ODU2 occupies 8 of the 32 or 80 TSs for ODU3 or ODWUA

- ODU2 into ODU3 multiplexing with 2.5 Gops TS granularity
o ODU2 occupies 4 of the 16 TSs for ODU3

- ODU3 into ODU4 multiplexing with 1.25 Gops TS granularity
o ODU3 occupies 31 of the 80 TSs for ODUA
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- ODUflex into ODU2, ODU3, or ODU4 nultiplexing with 1.25 Gops TS
granul arity
o ODUfl ex occupies n of the 8, 32, or 80 TSs for ODU2, ODU3, or
ODU4 (n <= Total TS nunber of ODUK)

- ODU2e into ODU3 or ODWU4 multiplexing with 1.25 Gops TS granularity
o ODU2e occupies 9 of the 32 TSs for ODU3 or 8 of the 80 TSs for
oD

In general, the mapping of an ODUy (including ODUflex) into a
specific OTUk TS is determned locally, and it can also be explicitly
controlled by a specific entity (e.g., head end or Network Managenent
System (NMB)) through Explicit Label Control [RFC3473].

3.1.2.1. Structure of Ml Information

VWhen multiplexing an ODUj into an HO ODUk (k>j), G 709 specifies the
information that has to be transported in-band in order to allow for
correct demultiplexing. This information, known as MSI, is
transported in the OPUk overhead and is local to each link. 1In case
of bidirectional paths, the association between the TPN and TS nust
be the sanme in both directions.

The MBI information is organi zed as a set of entries, with one entry
for each HO ODUy TS. The information carried by each entry is:

- Payload Type: the type of the transported payl oad.

- TPN: the port number of the ODU transported by the HO ODUk. The
TPN is the sanme for all the TSs assigned to the transport of the
same ODUj i nstance.

For exanple, an ODU2 carried by an HO ODU3 is described by 4 entries
in the OPU3 overhead when the TS granularity is 2.5 Gops, and by 8
entries when the TS granularity is 1.25 Cops.

On each node and on every link, two MSI val ues have to be provisioned
(referring to [Gr98]):

- The Transmtted MSI (TxMsSl) information inserted in OPU (e.qg.,
OPU3) overhead by the source of the HO ODUk trail.

-  The Expected MSI (ExMSI) information that is used to check the

Accepted MSI (AcMsl) information. The AcMSI information is the
M5l val ued received in-band, after a three-frame integration.
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As described in [Gr98], the sink of the HO ODU trail checks the

conpl ete content of the AcMSI information against the ExMSI. |If the
AcMSl is different fromthe ExMSI, then the traffic is dropped, and a
payl oad nmi smatch alarmis generat ed.

Provi si oning of TPN can be performed by either a network nanagenent

systemor control plane. |In the |ast case, the control plane is also
responsi bl e for negotiating the provisioned values on a link-by-1link
basi s.

4. Connection Managenent in OTN

OTN- based connecti on nmanagenent is concerned with controlling the
connectivity of ODU paths and OCh. This docunment focuses on the
connection nmanagenent of ODU paths. The managenent of OCh paths is
described in [ RFC6163].

Wil e [ BB72-2001] considered the ODU to be a set of layers in the
same way as SDH has been nodel ed, recent I TU-T OTN architecture
progress [ G872-2012] includes an agreenment to nodel the ODU as a
single-1ayer network with the bit rate as a paraneter of |inks and
connections. This allows the |links and nodes to be viewed in a
single topol ogy as a common set of resources that are available to
provi de ODU connections independent of the value of j. Note that
when the bit rate of ODUj is |ess than the server bit rate, ODUj
connections are supported by HO ODU (whi ch has a one-to-one
relationship with the OTU).

Froman I TU- T perspective, the ODU connection topology is represented
by that of the OTU link | ayer, which has the sane topol ogy as that of
the OCh | ayer (independent of whether the OTU supports an HO ODU
where multiplexing is utilized, or an LO ODU in the case of direct

mappi ng) .

Thus, the OTU and CCh | ayers should be visible in a single
topol ogi cal representation of the network, and froma | ogica
perspective, the OTU and OCh nmay be consi dered as the sane | ogi cal
switchable entity.

Note that the OTU |ink-1ayer topology may be provided via various
infrastructure alternatives, including point-to-point optica
connections, optical connections fully in the optical domain, and
optical connections involving hybrid sub-Ianbda/l anbda nodes
involving 3R, etc. See [RFC6163] for additional information
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4.1. Connection Managenent of the ODU

An LO ODUj can be either mapped into the OTWk signal (j = k) or
mul tiplexed with other LOCDU s into an OTWk (j < k), and the OTW is
mapped i nto an QCh.

Fromthe perspective of the control plane, there are two ki nds of
network topol ogy to be consi dered.

(1) ObU | ayer

In this case, the ODU links are presented between adjacent OIN nodes,
as illustrated in Figure 2. In this layer, there are ODU links with
a variety of TSs avail able, and nodes that are Optical Digital Cross
Connects (ODXCs). LO ODU connections can be set up based on the

net wor k t opol ogy.

Li nk #5 R R Li nk #4
S | R +
| | ODXC | |
| oo + |
| Node E |
| |

+- - - - - -+ I s S I s S I s N
| | Li nk #1 | | Li nk #2 | | Li nk #3 | |
| |- | R | |- | |
| ODXC | | ODXC | | ODXC | | ODXC |
B R + B R + B R + B R +
Node A Node B Node C Node D

Figure 2: Exanpl e Topol ogy for LO ODU Connecti on Managenent

If an ODUj connection is requested between Node C and Node E,
routing/ path conputation nmust select a path that has the required
nunber of TSs avail able and that offers the | owest cost. Signaling
is then invoked to set up the path and to provide the information
(e.g., selected TSs) required by each transit node to allow the
configuration of the ODUj-to-OTWk mapping (j = k) or multiplexing (]
< k) and demapping (j = k) or demultiplexing (j < k).

(2) ODU layer with OCh switching capability

In this case, the OTN nodes interconnect with wavel ength swi tched
nodes (e.g., Reconfiguration Optical Add/Drop Miltiplexer (ROADM or
Optical Cross-Connect (OXC)) that are capable of OCh switching; this
isillustrated in Figures 3 and 4. There are the ODU | ayer and the
OCh layer, so it is sinply a Miulti-Layer Network (MN) (see
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[ RFC6001]). OCh connections may be created on denmand, which is
described in Section 5. 1.

In this case, an operator may choose to allow the underlying OCh
| ayer to be visible to the ODU routing/path conmputation process, in

whi ch case the topology would be as shown in Figure 4. In Figure 3,
however, a cloud representing OCh-capabl e sw tching nodes is
represented. |In Figure 3, the operator choice is to hide the rea

OCh-1 ayer network topol ogy.

Node E
Li nk #5 +o--- oo - - + Li nk #4

S | [---mmmm - +

I |

| /1 \\ |

| | | | | |

| | OCh domain | |
E N R, + S R, | [| ------ + +---- - +- +
| | \\ /1 |
| |[Link #1 | -------- | Li nk #3 | |
| E R + | | E R + +
| ODXC | | ODXC - + ODXC | | ODXC
E + TS +Link #2 +--------- + E +

Node A Node B Node C Node D

Figure 3. OCh Hi dden Topol ogy for LO ODU Connecti on Managenent

Li nk #5 Fome e + Li nk #4

o e e e e oo - - | R T +

| +----] ODXC | ----+ |

| +- ++ Fommemeae - + ++- + |

| Node f | | Node E | | Node g |

| +- ++ +4+- + |

| | +--+ | |
e + SR R EEE Ty [ --+----- +---+ +----- +- +
| | Li nk #1 | | +--+ | | Li nk #3 |
| e + | Node h | e +
| ODXC | | ODXC Fomemeaas + QODXC | | ODXC
S + S + Link #2+--------- + S +

Node A Node B Node C Node D

Figure 4. OCh Visible Topology for LO ODUj Connecti on Managenent
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In Figure 4, the cloud in the previous figure is substituted by the
real topology. The nodes f, g, and h are nodes with OCh swi tching
capability.

In the exanples (i.e., Figures 3 and 4), we have considered the case
in which LO ODUj connections are supported by an OCh connection and
the case in which the supporting underlying connection can al so be
nmade by a conbi nati on of HO ODU/ OCh connecti ons.

In this case, the ODU routing/path selection process will request an
HO ODU OCh connection between node C and node E fromthe OCh domain
The connection will appear at the ODU | evel as a Forwarding
Adj acency, which will be used to create the ODU connecti on.

5. QGWLS/ PCE Inplications

The purpose of this section is to provide a set of requirenents to be
eval uated for extensions of the current GVWPLS protocol suite and the
PCE applications and protocols to enconpass OIN enhancenents and
connecti on nmanagenent.

5.1. Inplications for Label Switched Path (LSP) Hi erarchy

The path conputation for an ODU connection request is based on the
t opol ogy of the ODU | ayer.

The OIN path computation can be divided into two |ayers. One |ayer
is OCh/OTWk; the other is ODUj. [RFC4206] and [ RFC6107] define the
mechani snms to acconplish creating the hierarchy of LSPs. The LSP
managenent of nultiple layers in OIN can follow the procedures
defined in [ RFC4206], [RFC6001], and [ RFC6107].

As discussed in Section 4, the route path conmputation for OCh is in
the scope of the Wavel ength Switched Optical Network (WSON)

[ RFC6163]. Therefore, this document only considers the ODU | ayer for
an ODU connection request.

The LSP hierarchy can also be applied within the ODU | ayers. One of
the typical scenarios for ODU |l ayer hierarchy is to maintain
conpatibility with introduci ng new [ G7/09-2012] services (e.g., ODUO
and ODUfl ex) into a | egacy network configuration (i.e., the |egacy
OIN referenced by [RFC4328]). 1In this scenario, it nmay be necessary
to consider introducing hierarchical nultiplexing capability in
specific network transition scenarios. One nethod for enabling

mul ti pl exi ng hierarchy is by introducing dedicated boards in a few
specific places in the network and tunneling these new services
through the | egacy containers (ODUl, ODU2, ODU3), thus postponing the
need to upgrade every network elenent to [ G/09-2012] capabilities.
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In such cases, one ODUy connection can be nested into another ODUk
(j <k) connection, which forns the LSP hierarchy in the ODU | ayer.
The creation of the outer ODUK connection can be triggered via
networ k pl anning or by the signaling of the inner ODU connection
For the former case, the outer ODUk connection can be created in
advance based on network planning. For the latter case, the multi-
| ayer network signaling described in [ RFC4206], [RFC6107], and

[ RFC6001] (including related nodifications, if needed) is relevant to
create the ODU connections with multiplexing hierarchy. In both
cases, the outer ODUk connection is advertised as a Forwarding

Adj acency (FA).

5.2. Inplications for GWLS Signaling

The signaling function and RSVP-TE extensi ons are described in

[ RFC3471] and [RFC3473]. For OIN-specific control, [RFC4328] defines
signaling extensions to support control for the | egacy G 709 Optica
Transport Networks.

As described in Section 3, [Gr09-2012] introduced sone new features
that include the ODUDO, CDU2e, ODW4, and ODUfl ex containers. The
mechani sns defined in [RFC4328] do not support such new OIN feat ures,
and protocol extensions will be necessary to allowthemto be
controlled by a GVWLS control plane.

[ RFC4328] defines the LSP Encoding Type, the Switching Type, and the
Generalized Protocol ldentifier (Generalized-PID) constituting the
conmmon part of the Ceneralized Label Request. The G 709 traffic
paraneters are also defined in [RFC4328]. |In addition, the follow ng
signaling aspects not included in [ RFC4328] shoul d be consi dered:

- Support for specifying new signal types and related traffic
i nformation

The traffic paraneters should be extended in a signaling nessage
to support the new ODUj, including:

- ODbWw

- ODU2e

- ODuU4

- ODUfl ex

For the ODUfl ex signal type, the bit rate nust be carried
additionally in the traffic parameter to set up an ODUf| ex
connecti on.

For other ODU signal types, the bit rates and tol erances are fixed
and can be deduced fromthe signal types.
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Support for LSP setup using different TS granularity

The signaling protocol should be able to identify the TS
granularity (i.e., the 2.5 CGops TS granularity and the new 1. 25
Gops TS granul arity) to be used for establishing a Hierarchica
LSP that will be used to carry service LSP(s) requiring a specific
TS granul arity.

Support for LSP setup of new ODUk/ ODUfl ex containers with rel ated
mappi ng and mul tipl exing capabilities

A new | abel format nust be defined to carry the exact TS s
allocation information related to the extended mappi ng and

nmul tipl exing hierarchy (for exanple, ODU0 into ODU2 nul tiplexing
(with 1.25 CGops TS granularity)), in order to set up the ObU
connecti on.

Support for TPN all ocati on and negoti ati on

TPN needs to be configured as part of the Msl information (see
nore information in Section 3.1.2.1). A signaling nmechani sm nust
be identified to carry TPN information if the control plane is
used to configure MsI information

Support for ODU Virtual Concatenation (VCAT) and Link Capacity
Adj ust nent Schene (LCAS)

GWPLS signaling shoul d support the creation of Virtua

Concat enati on of an ODUk signal with k=1, 2, 3. The signaling
shoul d al so support the control of dynami c capacity changing of a
VCAT contai ner using LCAS ([ Gro42]). [RFC6344] has a clear
description of VCAT and LCAS control in SONET/ SDH and OTN

Support for Control of Hitless Adjustment of ODUfl ex (GFP)

[ Gr044] has been created in ITU-T to specify hitless adjustnent of
DUl ex (GFP) (HAO) that is used to increase or decrease the
bandwi dth of an ODUflex (GFP) that is transported in an OTN.

The procedure of ODUfl ex (GFP) adjustment requires the

partici pation of every node along the path. Therefore, it is
recomended to use control -plane signaling to initiate the

adj ustment procedure in order to avoid manual configuration at
each node al ong the path.
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Fromt he perspective of the control plane, control of ODUfI ex
resizing is simlar to control of bandw dth increasing and
decreasing as described in [RFC3209]. Therefore, the Shared
Explicit (SE) style can be used for control of HAQ

Al the extensions above should consider the extensibility to match
future evol venent of OTN.

5.3. Inplications for GWLS Routi ng

The path conputation process needs to select a suitable route for an
ODUj connection request. |In order to performthe path conputation,
it needs to evaluate the avail abl e bandwi dth on each candi date |ink.
The routing protocol should be extended to convey sufficient
information to represent ODU Traffic Engi neering (TE) topol ogy.

The Interface Switching Capability Descriptors defined in [ RFC4202]
present a new constraint for LSP path conputation. [RFC4203] defines
the Switching Capability, related Maxi mum LSP Bandwi dt h, and

Swi tching Capability specific information. Wen the Swi tching
Capability field is TDM the Switching Capability specific
information field includes M ninum LSP Bandw dth, an indication

whet her the interface supports Standard or Arbitrary SONET/ SDH, and
paddi ng. Hence, a new Switching Capability val ue needs to be defined
for [Gr09-2012] ODU switching in order to allow the definition of a
new Swi tching Capability specific infornmation field. The follow ng
requi renents shoul d be consi dered:

- Support for carrying the link nultiplexing capability

As discussed in Section 3.1.2, many different types of ODUj can be
mul tiplexed into the sane OTUk. For exanple, both ODUO and ODUl
may be nultiplexed into ODU2. An OTU link may support one or nore
types of ODUY signals. The routing protocol should be capabl e of
carrying this multiplexing capability.

- Support any ODU and ODUf | ex

The bit rate (i.e., bandwi dth) of each TS is dependent on the TS
granul arity and the signal type of the Ilink. For exanple, the
bandwi dth of a 1.25 CGops TS in an OTU2 is about 1.249409620 Gops,
while the bandwidth of a 1.25 Gops TS in an OTU3 is about

1. 254703729 Cbps.

One LO ODU may need a different number of TSs when nul tipl exed

into different HO ODUs. For exanple, for ODU2e, 9 TSs are needed
when multiplexed into an ODU3, while only 8 TSs are needed when
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mul tiplexed into an ODW4. For ODUfl ex, the total nunber of TSs to
be reserved in an HO ODU equal s the nmaxi num of [bandw dth of
ODUf | ex / bandwi dth of TS of the HO ODU .

Therefore, the routing protocol should be capable of carrying the
necessary |ink bandwi dth information for perform ng accurate route
conputation for any of the fixed rate ODUs as well as ODUfI ex.

Support for differentiating between term nating and switching
capability

Due to internal constraints and/or limtations, the type of signa
bei ng advertised by an interface could be restricted to swi tched
(i.e., forwarded to switching matrix w thout

mul ti pl exi ng/ denul ti pl exi ng actions), restricted to term nated
(dermuxed), or both. The capability advertised by an interface
needs further distinction in order to separate term nation and
swi tching capabilities.

Therefore, to allowthe required flexibility, the routing protoco
shoul d clearly distinguish the ternminating and switching
capability.

Support for Tributary Slot Granularity adverti senent

[ Gr09-2012] defines two types of TSs, but each Iink can only
support a single type at a given tine. In order to performa
correct path conputation (i.e., the LSP endpoints have matchi ng
Tributary Slot Granularity values) the Tributary Slot Ganularity
needs to be adverti sed.

Support different priorities for resource reservation

How many priority |l evels should be supported depends on the
operator’s policy. Therefore, the routing protocol should be
capabl e of supporting up to 8 priority levels as defined in

[ RFC4202] .

Support 1ink bundling

As described in [ RFC4201], |ink bundling can inprove routing
scalability by reducing the nunber of TE |inks that have to be
handl ed by the routing protocol. The routing protocol should be

capabl e of supporting the bundling of nmultiple OTU |links, at the
same line rate and nuxing hierarchy, between a pair of nodes that
a TElink does. Note that link bundling is optional and is

i mpl enent ati on dependent.
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- Support for Control of Htless Adjustrment of ODUfl ex (GFP)

The control plane should support hitless adjustment of ODUfl ex, so
the routing protocol should be capable of differentiating whether
or not an ODU link can support hitless adjustrment of ODUfl ex (G-P)
and how many resources can be used for resizing. This can be

achi eved by introducing a new signal type "ODUfl ex(G-P-F),

resi zabl e" that inplies the support for hitless adjustnent of
ODUfl ex (GFP) by that link

As nentioned in Section 5.1, one nmethod of enabling multiplexing

hi erarchy is via usage of dedicated boards to all ow tunneling of new
services through | egacy ODUL, ODU2, and ODU3 containers. Such

dedi cat ed boards nay have sone constraints with respect to swtching
matri x access; detection and representati on of such constraints is
for further study.

5.4. Inplications for Link Managenent Protoco
As discussed in Section 5.3, path conmputation needs to know t he
interface switching capability of links. The switching capability of
two ends of the link may be different, so the link capability of two
ends shoul d be correl at ed.

LMP [ RFC4204] provides a control -plane protocol for exchangi ng and
correlating link capabilities.

Note that LO ODU type information can be, in principle, discovered by

routing. Since in certain cases, routing is not present (e.g., in
the case of a User-Network Interface (UNI)), we need to extend |ink
nmanagenent protocol capabilities to cover this aspect. |If routing is

present, discovery via LMP could al so be optional
- Correlating the granularity of the TS

As discussed in Section 3.1.2, the two ends of a |link may support
different TS granularity. |In order to allow interconnection, the
node with 1.25 Cbps granularity should fall back to 2.5 Gbops
granularity.

Therefore, it is necessary for the two ends of a link to correl ate

the granularity of the TS. This ensures the correct use of the TE
[ink.
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- Correlating the supported LO ODU signal types and multipl exing
hi erarchy capability

Many new ODU signal types have been introduced in [ Gr09-2012],
such as ODUO, ODW4, ODU2e, and ODUflex. It is possible that

equi prent does not support all the LO ODU signal types introduced
by new standards or documents. Furthernore, since multiplexing
hi erarchy may not be supported by the legacy OINs, it is possible
that only one end of an ODU |ink can support nultiplexing

hi erarchy capability or that the two ends of the |ink support
different multiplexing hierarchy capabilities (e.g., one end of
the link supports ODUO into ODUL into ODU3 nultipl exing while the
ot her end supports ODUO into ODU2 into ODU3 nul tipl exing).

For control and nanagenent consideration, it is necessary for the
two ends of an HO ODU link to correlate the types of LO ODU that
can be supported and the nultipl exing hierarchy capabilities that
can be provided by the other end.

I mplications for Control-Plane Backward Conpatibility

Wth the introduction of [Gr09-2012], there may be OIN conposed of a
m xture of nodes, sone of which support the | egacy OTN and run the
control -pl ane protocols defined in [ RFC4328], while others support

[ Gr09-2012] and the new OIN control plane characterized in this
docunent. Note that a third case, for the sake of conpl eteness,
consi sts of nodes supporting the | egacy OTN referenced by [ RFC4328]
with a new OIN control plane, but such nodes can be considered new
nodes with limted capabilities.

Thi s section discusses the conpatibility of nodes inplenmenting the
control -pl ane procedures defined in [ RFC4328] in support of the

| egacy OTN and the control -pl ane procedures defined to support

[ Gr09-2012] as outlined by this docunent.

Conpatibility needs to be considered only when controlling an ODUL
ODU2, or ODU3 connection because the | egacy OIN only supports these
three ODU signal types. |n such cases, there are several possible
options, including:

- A node supporting [ Gr09-2012] could support only the control-pl ane
procedures related to [ Gr09-2012], in which case both types of
nodes woul d be unable to jointly control an LSP for an ODU type
that both nodes support in the data pl ane.

- A node supporting [ Gr09-2012] could support both the control plane
related to [ Gr09-2012] and the control plane defined in [ RFC4328].
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0 Such a node could identify which set of procedures to follow
when initiating an LSP based on the Switching Capability val ue
advertised in routing.

0o Such a node could follow the set of procedures based on the
Swi tching Type received in signaling nmessages from an upstream
node.

o Such a node, when processing a transit LSP, could sel ect which
signaling procedures to foll ow based on the Switching
Capability value advertised in routing by the next-hop node.

5.6. Inplications for Path Conputation El enents

[ RFC7025] describes the requirenents for GVWLS applications of PCE in
order to establish GWLS LSP. PCE needs to consider the GWLS TE
attributes appropriately once a Path Computation Cient (PCC) or

anot her PCE requests a path conputation. The TE attributes that can
be contained in the path cal cul ati on request nessage fromthe PCC or
the PCE defined in [ RFC5440] include sw tching capability, encoding
type, signal type, etc.

As described in Section 5.2, new signal types and new signals with
vari abl e bandwi dth information need to be carried in the extended
signaling nessage of path setup. For the sanme consideration, the PCE
Conmruni cati on Protocol (PCECP) also has a desire to be extended to
carry the new signal type and rel ated variabl e bandw dth information
when a PCC requests a path conputation.

5.7. Inplications for Managenent of GVWPLS Net works

From t he managenent perspective, the managenment function should be
capabl e of managing not only the | egacy OIN referenced by [ RFC4328],
but al so new managenment functions introduced by the new features as
specified in [Gr09-2012] (for nore information, see Sections 3 and
4). OIN Operations, Admnistration, and Mii ntenance (OAM
configuration could be done through either Network Managenent Systens
(NVS) or the GWLS control plane as defined in [TDMOAM . For
further details on managenment aspects for GWLS networks, refer to

[ RFC3945] .

In case PCE is used to performpath conputation in OIN, the PCE

nmanageabi l ity shoul d be considered (for nore information, see
Section 8 of [RFC5440]).
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6. Data-Plane Backward Conpatibility Considerations

If M AUTOpayl oadtype is activated (see [Gr98]), a node supporting
1.25 Gops TS can interwork with the other nodes that support 2.5 Gops
TS by conbi ning specific TSs together in the data plane. The contro
pl ane nust support this TS conbination

Pat h
S T > S +
| TSl==| ===========\--------+--TS1 |
| +--TS2 |
| +--TS3 |
I +--TS4 |
| | V'V v VN ----4--TS5 |
| | LU T R +--TS6 |
| | L R +--TS7 |
| | | R +--TS8 |
Fomm e m e + Commmmmmmm oo - Fomm e m e +
node A Resv node B

Figure 5: Interworking between 1.25 Gops TS and 2.5 Gops TS

Take Figure 5 as an exanple. Assunme that there is an ODU2 |ink

bet ween node A and B, where node A only supports the 2.5 Gops TS
whi |l e node B supports the 1.25 Gops TS. |In this case, the TS#i and
TS#i +4 (where i <=4) of node B are conbi ned together. Wen creating
an ODUl service in this ODU2 |link, node B reserves the TS#i and
TS#Hi+4 with the granularity of 1.25 Gops. But in the |abel sent from
Bto A it is indicated that the TS#i with the granularity of 2.5
Gops i s reserved.

In the opposite direction, when receiving a | abel from node A
indicating that the TS#i with the granularity of 2.5 Gops is
reserved, node B will reserve the TS#i and TS#i +4 with the
granularity of 1.25 Gops in its data pl ane.

7. Security Considerations

The use of control -plane protocols for signaling, routing, and path
conput ati on opens an OIN to security threats through attacks on those
protocols. However, this is not greater than the risks presented by
the existing OTN control plane as defined by [ RFC4203] and [ RFC4328].
Meanwhi | e, the Data Comuni cation Network (DCN) for OIN GWPLS

control -plane protocols is likely to be in the in-fiber overhead,

whi ch, together with access lists at the network edges, provides a
significant security feature. For further details of specific
security neasures, refer to the docunments that define the protocols
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([ RFC3473], [RFC4203], [RFC5307], [RFC4204], and [ RFC5440]).
[ RFC5920] provides an overview of security vulnerabilities and
protection nechani sns for the GWLS control plane.
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