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I ntroducti on

Thi s docunment specifies routing extensions in support of carrying
link state information for Generalized Miulti-Protocol Label Switching
(GQWPLS). This docunent enhances the routing extensions [ISIS TE],

[ OSPF-TE] required to support MPLS Traffic Engineering (TE)

Traditionally, a TElink is advertised as an adjunct to a "regular"
link, i.e., a routing adjacency is brought up on the |ink, and when
the link is up, both the properties of the link are used for Shortest
Path First (SPF) conmputations (basically, the SPF netric) and the TE
properties of the Iink are then adverti sed.

GWPLS chal l enges this notion in three ways. First, links that are
not capable of sending and receiving on a packet-by-packet basis nmay
yet have TE properties; however, a routing adjacency cannot be
brought up on such links. Second, a Label Switched Path can be
advertised as a point-to-point TE link (see [LSP-H ER]); thus, an
advertised TE link may be between a pair of nodes that don’t have a
routing adjacency with each other. Finally, a nunber of |inks nmay be
advertised as a single TE link (perhaps for inproved scalability), so
again, there is no | onger a one-to-one association of a regular
routi ng adjacency and a TE |link

Thus we have a nore general notion of a TEIlink. A TE link is a
"logical" link that has TE properties. The link is logical in a
sense that it represents a way to group/ map the information about
certain physical resources (and their properties) into the
information that is used by Constrained SPF for the purpose of path
comput ati on, and by GWLS signaling. This grouping/ mappi ng nmust be
done consistently at both ends of the Iink. LMP [LMP] could be used
to check/verify this consistency.

Dependi ng on the nature of resources that forma particular TE |ink
for the purpose of GWLS signaling, in sonme cases the conbination of
<TE link identifier, label> is sufficient to unanbi guously identify
the appropriate resource used by an LSP. In other cases, the
conbination of <TE link identifier, |label> is not sufficient; such
cases are handl ed by using the Iink bundling construct [LINK-BUNDLE]
that allows to identify the resource by <TE link identifier
Component link identifier, |abel>.
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Sonme of the properties of a TE |link nmay be configured on the
advertising Label Switching Router (LSR), others which nmay be
obt ai ned fromother LSRs by nmeans of sonme protocol, and yet others
whi ch may be deduced fromthe component(s) of the TE link

A TE link between a pair of LSRs doesn't inply the existence of a
routing adjacency (e.g., an | GP adjacency) between these LSRs. As we
nmenti oned above, in certain cases a TE link between a pair of LSRs
coul d be advertised even if there is no routing adjacency at all
between the LSRs (e.g., when the TE link is a Forwardi ng Adjacency
(see [LSP-H ER])).

A TE link nust have sone nmeans by which the advertising LSR can know
of its liveness (this neans may be routing hellos, but is not linited
to routing hellos). When an LSR knows that a TE link is up, and can
determine the TE link’s TE properties, the LSR nmay then adverti se
that link to its (regular) neighbors.

In this docunent, we call the interfaces over which regular routing
adj acenci es are established "control channel s"

[1SIS-TE] and [ CSPF-TE] define the canonical TE properties, and say
how to associate TE properties to regul ar (packet-sw tched) |inks.
Thi s docunent extends the set of TE properties, and al so says how to
associ ate TE properties with non-packet-sw tched |inks such as |inks
bet ween Optical Cross-Connects (OXCs). [LSP-H ER] says how to
associ ate TE properties with links forned by Label Sw tched Pat hs.

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "COPTIONAL" in this
docunent are to be interpreted as described in BCP 14, RFC 2119

[ RFC2119] .

1.1. Requirements for Layer-Specific TE Attributes

In generalizing TE links to include traditional transport facilities,
there are additional factors that influence what information is
needed about the TE Iink. These arise fromexisting transport |ayer
architecture (e.g., ITUT Reconmendati ons G 805 and G 806) and

associ ated | ayer services. Sone of these factors are:

1. The need for LSPs at a specific adaptation, not just a particular
bandwi dth. dients of optical networks obtain connection services
for specific adaptations, for exanple, a VC-3 circuit. This not
only inplies a particular bandwi dth, but how the payload is
structured. Thus the VC-3 client would not be satisfied with any
LSP that offered other than 48.384 Miit/s and with the expected
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structure. The corollary is that path conputation should be able
to find a route that would give a connection at a specific
adapt ati on.

Di stingui shing variabl e adaptation. A resource between two OXCs
(specifically a G805 trail) can sonetinmes support different
adaptations at the sane tine. An exanple of this is described in
section 2.4.8. In this situation, the fact that two adaptations
are supported on the sanme trail is inmportant because the two

| ayers are dependent, and it is inportant to be able to reflect
this layer relationship in routing, especially in view of the
relative lack of flexibility of transport |ayers conpared to
packet | ayers.

Inheritable attributes. Wen a whole multiplexing hierarchy is
supported by a TE link, a lower layer attribute may be applicable
to the upper layers. Protection attributes are a good exanpl e of
this. If an OC-192 link is 1+1 protected (a duplicate OC 192
exists for protection), then an STS-3c within that OC 192 (a

hi gher layer) would inherit the same protection property.

Extensibility of layers. |In addition to the existing defined
transport layers, new |l ayers and adaptation relationships could
cone into existence in the future.

Het er ogeneous net wor ks whose OXCs do not all support the sanme set
of layers. |In a GWLS network, not all transport |ayer network
el ements are expected to support the sane |layers. For exanple,
there may be switches capable of only VG 11, VC 12, and VC 3, and
there nay be others that can only support VC-3 and VC-4. Even
though a network el ement cannot support a specific layer, it
shoul d be able to know if a network el enent el sewhere in the
networ k can support an adaptation that woul d enabl e that
unsupported | ayer to be used. For exanple, a VC-11 switch could
use a VC-3 capable switch if it knew that a VC 11 path could be
constructed over a VC-3 |ink connection

Fromthe factors presented above, devel opment of |ayer specific GWLS
routing docunents should use the following principles for TE-link
attributes.

1

Separation of attributes. The attributes in a given |ayer are
separated fromattributes in another |ayer

Support of inter-layer attributes (e.g., adaptation
rel ati onships). Between a client and server |ayer, a genera
mechani sm for describing the layer relationship exists. For
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exanple, "4 client links of type X can be supported by this server
layer link". Another exanple is being able to identify when two
| ayers share a common server |ayer

3. Support for inheritable attributes. Attributes which can be
i nherited should be identified.

4. Layer extensibility. Attributes should be represented in routing
such that future layers can be acconmmodated. This is much Iike
the notion of the generalized | abel

5. Explicit attribute scope. For exanple, it should be clear whether
a given attribute applies to a set of links at the sane |ayer.

The present docunent captures general attributes that apply to a
single | ayer network, but doesn't capture inter-layer rel ationships
of attributes. This work is left to a future docunent.

1.2. Excluding Data Traffic from Control Channels

The control channel s between nodes in a GWLS network, such as OXGCs,
SDH cross-connects and/or routers, are generally nmeant for contro
and adm nistrative traffic. These control channels are advertised
into routing as nornal |inks as nentioned in the previous section
this allows the routing of (for exanple) RSVP nessages and tel net
sessions. However, if routers on the edge of the optical domain
attenpt to forward data traffic over these channels, the channel
capacity will quickly be exhausted.

In order to keep these control channels from being advertised into
the user data plane a variety of techni ques can be used.

If one assunmes that data traffic is sent to BGP destinations, and
control traffic to | GP destinations, then one can exclude data
traffic fromthe control plane by restricting BGP nexthop resol ution
(I't is assuned that OXCs are not BGP speakers.) Suppose that a
router Ris attenpting to install a route to a BGP destination D. R
| ooks up the BGP nexthop for Din its G s routing table. Say R

finds that the path to the nexthop is over interface I. R then
checks if it has an entry in its Link State database associated wth
the interface I. If it does, and the link is not packet-sw tch

capable (see [LSP-H ER]), Rinstalls a discard route for destination
D. Oherwise, Rinstalls (as usual) a route for destination Dwth
nexthop I. Note that R need only do this check if it has packet-
switch incapable links; if all of its links are packet-sw tch
capable, then clearly this check is redundant.
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In other instances it nmay be desirable to keep the whol e address

space of a GVWPLS routing plane disjoint fromthe endpoint addresses
i n anot her portion of the GWLS network. For exanple, the addresses
of a carrier network where the carrier uses GVWLS but does not w sh

to expose the internals of the addressing or topology. 1In such a
network the control channels are never advertised into the end data
network. In this instance, independent nmechani snms are used to

adverti se the data addresses over the carrier network.

O her techniques for excluding data traffic fromcontrol channels may
al so be needed.

2. QWLS Routing Enhancenents

In this section we define the enhancenents to the TE properties of
GWLS TE links. Encoding of this information in IS-1Sis specified
in [GWLS-1SIS]. Encoding of this information in OSPF is specified
in [ GWLS- CSPF] .

2.1. Support for Unnunbered Links

An unnunbered Iink has to be a point-to-point link. An LSR at each
end of an unnunbered link assigns an identifier to that link. This
identifier is a non-zero 32-bit nunber that is unique within the
scope of the LSR that assigns it.

Consi der an (unnunbered) link between LSRs A and B. LSR A chooses an
idenfitier for that link. So does LSR B. From A’ s perspective we

refer to the identifier that A assigned to the Iink as the "link
local identifier" (or just "local identifier"), and to the identifier
that B assigned to the link as the "link renote identifier" (or just

"renmote identifier"). Likewise, fromB s perspective the identifier
that B assigned to the link is the local identifier, and the
identifier that A assigned to the link is the renote identifier.

Support for unnunmbered links in routing includes carrying information
about the identifiers of that link. Specifically, when an LSR
adverti ses an unnunbered TE |link, the adverti senent carries both the
local and the renpte identifiers of the link. |[|f the LSR doesn't
know the renote identifier of that |ink, the LSR should use a val ue
of 0 as the renpte identifier

2.2. Link Protection Type
The Link Protection Type represents the protection capability that
exists for alink. It is desirable to carry this information so that

it may be used by the path conmputation algorithmto set up LSPs with
appropriate protection characteristics. This information is
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organi zed in a hierarchy where typically the m ni num acceptabl e
protection is specified at path instantiation and a path sel ection
technique is used to find a path that satisfies at |east the m ninum
acceptabl e protection. Protection schenes are presented in order
fromlowest to highest protection

Thi s docunent defines the follow ng protection capabilities:

Extra Traffic
If the link is of type Extra Traffic, it means that the link is
protecting another link or links. The LSPs on a link of this type
will be lost if any of the links it is protecting fail

Unpr ot ect ed
If the link is of type Unprotected, it neans that there is no
other link protecting this link. The LSPs on a link of this type
will be lost if the link fails.

Shar ed
If the link is of type Shared, it means that there are one or nore
disjoint links of type Extra Traffic that are protecting this
link. These Extra Traffic links are shared between one or nore
Iinks of type Shared.

Dedi cated 1:1
If the link is of type Dedicated 1:1, it means that there is one
dedi cated disjoint link of type Extra Traffic that is protecting
this link.

Dedi cated 1+1
If the link is of type Dedicated 1+1, it nmeans that a dedi cated
disjoint link is protecting this Iink. However, the protecting
link is not advertised in the link state database and is therefore
not avail able for the routing of LSPs.

Enhanced
If the link is of type Enhanced, it neans that a protection schene
that is nore reliable than Dedicated 1+1, e.g., 4 fiber
BLSR/ M5- SPRING, is being used to protect this link

The Link Protection Type is optional, and if a Link State

Advertisenent doesn’t carry this information, then the Link
Protection Type is unknown.
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2.3. Shared Risk Link Goup Information

A set of links may constitute a 'shared risk link group’ (SRLG if
they share a resource whose failure may affect all links in the set.
For exanple, two fibers in the sanme conduit would be in the sane
SRLG A link may belong to nultiple SRLGs. Thus the SRLG
Information describes a list of SRLGs that the |ink belongs to. An
SRLGis identified by a 32 bit nunber that is unique within an I GP
domain. The SRLG Information is an unordered list of SRLGs that the
i nk bel ongs to.

The SRLG of a LSP is the union of the SRLGs of the links in the LSP
The SRLG of a bundled link is the union of the SRLGs of all the
component i nks.

If an LSRis required to have multiple diversely routed LSPs to

anot her LSR, the path conputation should attenpt to route the paths
so that they do not have any links in comon, and such that the path
SRLGs are disjoint.

The SRLG Information may start with a configured value, in which case
it does not change over tine, unless reconfigured.

The SRLG Infornmation is optional and if a Link State Adverti senent
doesn't carry the SRLG Information, then it neans that SRLG of that
link is unknown.

2.4. Interface Switching Capability Descriptor

In the context of this docunment we say that a link is connected to a
node by an interface. In the context of GWLS interfaces nmay have
different switching capabilities. For exanple an interface that
connects a given link to a node may not be able to switch individua
packets, but it may be able to switch channels within an SDH payl oad.
Interfaces at each end of a link need not have the same sw tching
capabilities. Interfaces on the sane node need not have the sane

swi tching capabilities.

The Interface Switching Capability Descriptor describes swtching

capability of an interface. For bi-directional |inks, the swtching
capabilities of an interface are defined to be the sane in either
direction. 1.e., for data entering the node through that interface

and for data | eaving the node through that interface.
A Link State Advertisenent of a link carries the Interface Switching

Capability Descriptor(s) only of the near end (the end i ncunbent on
the LSR originating the advertisenent).
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An LSR perform ng path conputation uses the Link State Database to
determine whether a link is unidirectional or bidirectional.

For a bidirectional link the LSR uses its Link State Database to
determne the Interface Switching Capability Descriptor(s) of the
far-end of the link, as bidirectional links with different Interface
Swi tching Capabilities at its two ends are all owed.

For a unidirectional link it is assuned that the Interface Switching
Capability Descriptor at the far-end of the link is the sane as at
the near-end. Thus, an unidirectional link is required to have the
sanme interface switching capabilities at both ends. This seens a
reasonabl e assunption given that unidirectional links arise only with
packet forwardi ng adjacencies and for these both ends belong to the
sane | evel of the PSC hierarchy.

Thi s docunment defines the followi ng Interface Switching Capabilities:

Packet - Swi tch Capabl e-1 (PSC 1)
Packet - Swi t ch Capabl e-2 (PSC- 2)
Packet - Swi tch Capabl e-3 (PSC- 3)
Packet - Swi t ch Capabl e-4 (PSC-4)
Layer-2 Switch Capabl e (L2SC)
Ti me- Di vi sion-Mul ti pl ex Capabl e (TDM
Lanbda- Swi t ch Capabl e (LSO

Fi ber-Swi tch Capabl e (FSO)

If there is no Interface Switching Capability Descriptor for an
interface, the interface is assunmed to be packet-sw tch capable
(PSC-1).

Interface Switching Capability Descriptors present a new constraint
for LSP path conputation.

Irrespective of a particular Interface Switching Capability, the
Interface Switching Capability Descriptor always includes infornation
about the encoding supported by an interface. The defined encodings
are the sane as LSP Encoding as defined in [GWLS-SI§.

An interface may have nore than one Interface Switching Capability
Descriptor. This is used to handle interfaces that support nultiple
switching capabilities, for interfaces that have Max LSP Bandwi dth
val ues that differ by priority level, and for interfaces that support
di screte bandwi dt hs.

Depending on a particular Interface Switching Capability, the

Interface Switching Capability Descriptor may include additional
i nformati on, as specified bel ow
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2.4.1. Layer-2 Switch Capabl e

If an interface is of type L2SC, it neans that the node receiving
data over this interface can switch the received franes based on the
| ayer 2 address. For exanple, an interface associated with a link
term nating on an ATM switch woul d be consi dered L2SC.

2.4.2. Packet-Switch Capabl e

If an interface is of type PSC-1 through PSC-4, it means that the
node receiving data over this interface can switch the received data
on a packet - by-packet basis, based on the label carried in the "shinf
header [ RFC3032]. The various |levels of PSC establish a hierarchy of
LSPs tunnel ed within LSPs.

For Packet-Switch Capable interfaces the additional information
i ncl udes Maxi num LSP Bandw dt h, M ni mum LSP Bandwi dth, and interface
MTU.

For a sinple (unbundled) Iink, the Maxi mum LSP Bandwi dth at priority
pis defined to be the smaller of the unreserved bandw dth at
priority p and a "Maxi mum LSP Si ze" paraneter which is locally
configured on the link, and whose default value is equal to the Max
Li nk Bandwi dth.  Maxi mum LSP Bandwi dth for a bundled |ink is defined
i n [ LI NK- BUNDLE] .

The Maxi mum LSP Bandwi dth takes the place of the Maxi num Li nk

Bandwi dth ([1SI S-TE], [OSPF-TE]). However, while Maxi mum Li nk

Bandwi dth is a single fixed value (usually sinply the link capacity),
Maxi nrum LSP Bandwi dth is carried per priority, and nay vary as LSPs
are set up and torn down.

Al t hough Maxi num Li nk Bandwi dth is to be deprecated, for backward
conmpatibility, one MAY set the Maxi num Li nk Bandwi dth to the Maxi mum
LSP Bandwi dth at priority 7.

The M ni num LSP Bandw dth specifies the mni mum bandwi dth an LSP
coul d reserve.

Typi cal values for the M ninum LSP Bandwi dth and for the Maxi num LSP
Bandwi dth are enunerated in [GWLS-SI(F .

On a PSC interface that supports Standard SDH encodi ng, an LSP at
priority p could reserve any bandw dth all owed by the branch of the
SDH hi erarchy, with the leaf and the root of the branch being defined
by the M ni mum LSP Bandwi dt h and the Maxi num LSP Bandw dt h at

priority p.
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On a PSC interface that supports Arbitrary SDH encodi ng, an LSP at
priority p could reserve any bandw dt h between the M ni num LSP
Bandwi dt h and the Maxi mum LSP Bandwi dth at priority p, provided that
the bandwi dth reserved by the LSP is a multiple of the M nimum LSP
Bandwi dt h.

The Interface MU is the maxi num size of a packet that can be
transmitted on this interface w thout being fragmented.

2.4.3. Time-Division Miltiplex Capable

If an interface is of type TDM it neans that the node receiving data
over this interface can nultiplex or demultiplex channels within an
SDH payl oad.

For Time-Division Miltiplex Capable interfaces the additional

i nformati on includes Maxi num LSP Bandw dth, the information on

whet her the interface supports Standard or Arbitrary SDH, and M ni num
LSP Bandwi dt h.

For a sinple (unbundled) Iink the Maxi nrum LSP Bandwi dth at priority p
is defined as the maxi mum bandwi dth an LSP at priority p could
reserve. Maxi mum LSP Bandwi dth for a bundled link is defined in

[ L1 NK- BUNDLE] .

The M ni mum LSP Bandwi dth specifies the mini mum bandw dth an LSP
coul d reserve.

Typi cal values for the Mninum LSP Bandwi dth and for the Maxi num LSP
Bandwi dth are enunerated in [GWLS-SI G .

On an interface having Standard SDH nul tipl exing, an LSP at priority
p could reserve any bandw dth allowed by the branch of the SDH

hierarchy, with the | eaf and the root of the branch being defined by
the M ni num LSP Bandwi dth and t he Maxi mum LSP Bandwi dth at priority

p.

On an interface having Arbitrary SDH multiplexing, an LSP at priority
p could reserve any bandw dth between the M ni num LSP Bandw dt h and
the Maxi mum LSP Bandwi dth at priority p, provided that the bandw dth
reserved by the LSP is a nultiple of the M ninmum LSP Bandw dt h.

Interface Switching Capability Descriptor for the interfaces that
support sub VC-3 nay include additional information. The nature and
t he encodi ng of such information is outside the scope of this
docunent .
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A way to handl e the case where an interface supports nultiple
branches of the SDH nultipl exing hierarchy, nultiple Interface

Swi tching Capability Descriptors would be advertised, one per branch
For exanple, if an interface supports VC-11 and VG 12 (which are not
part of sanme branch of SDH nultiplexing tree), then it could
advertise two descriptors, one for each one.

2.4.4. Lanbda-Switch Capabl e

If an interface is of type LSC, it nmeans that the node receiving data
over this interface can recognize and switch individual |anbdas
within the interface. An interface that allows only one | anbda per
interface, and switches just that |anbda is of type LSC

The additional information includes Reservabl e Bandw dt h per
priority, which specifies the bandwidth of an LSP that could be
supported by the interface at a given priority nunber

A way to handle the case of nmultiple data rates or nmultiple encodi ngs
within a single TE Link, multiple Interface Switching Capability
Descriptors woul d be advertised, one per supported data rate and
encodi ng conbi nation. For exanple, an LSC interface could support
the establishment of LSC LSPs at both STM 16 and STM 64 data rates

2.4.5. Fiber-Switch Capabl e

If an interface is of type FSC, it neans that the node receiving data
over this interface can switch the entire contents to another
interface (w thout distinguishing | anbdas, channels or packets).

I.e., an interface of type FSC switches at the granularity of an
entire interface, and can not extract individual |anmbdas within the
interface. An interface of type FSC can not restrict itself to just
one | anbda.

2.4.6. Miltiple Switching Capabilities per Interface

An interface that connects a link to an LSR may support not one, but
several Interface Switching Capabilities. For exanple, consider a
fiber Iink carrying a set of |anbdas that terminates on an LSR
interface that could either cross-connect one of these | anbdas to
some ot her outgoing optical channel, or could term nate the |anbda,
and extract (demultiplex) data fromthat | anbda using TDM and then
cross-connect these TDM channel s to sone outgoing TDM channels. To
support this a Link State Advertisenent may carry a list of Interface
Swi t ching Capabilities Descriptors.
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2.4.7. Interface Switching Capabilities and Labels

Depicting a TElink as a tuple that contains Interface Switching
Capabilities at both ends of the |ink, sone exanples links nmay be:

[PSC, PSC] - a link between two packet LSRs

[TDM TDM - a link between two Digital Cross Connects

[LSC, LSC] - a link between two OXCs

[PSC, TDM - a link between a packet LSR and Digital Cross Connect
[PSC, LSC] - a link between a packet LSR and an OXC

[TDM LSC] - a link between a Digital Cross Connect and an OXC

Both ends of a given TE link has to use the sanme way of carrying

| abel information over that link. Carrying |abel information on a
given TE |link depends on the Interface Switching Capability at both
ends of the link, and is deternined as follows:

[PSC, PSC] - label is carried in the "shinl header [ RFC3032]
[TDM TDM - | abel represents a TDMtine sl ot [ GWLS- SONET- SDH]|
[LSC, LSC] - |abel represents a | anbda

[FSC, FSC] - |abel represents a port on an OXC

[PSC, TDM - |abel represents a TDMtine sl ot [ GWLS- SONET- SDH]|
[PSC, LSC] - |abel represents a | anbda

[PSC, FSC] - |abel represents a port

[TDM LSC] - |abel represents a | anbda

[TDM FSC] - |abel represents a port

[LSC, FSC] - |abel represents a port

2.4.8. Oher |ssues

It is possible that Interface Switching Capability Descriptor will
change over tine, reflecting the allocation/deallocation of LSPs.

For exanple, assune that VC- 3, VC-4, VC 4-4c, VC-4-16¢c and VC-4-64c
LSPs can be established on a STM 64 interface whose Encodi ng Type is
SDH.  Thus, initially in the Interface Switching Capability
Descriptor the Mninmum LSP Bandwidth is set to VC-3, and Maxi num LSP
Bandwi dth is set to STM64 for all priorities. As soon as an LSP of
VC-3 size at priority 1 is established on the interface, it is no

| onger capabl e of VC-4-64c for all but LSPs at priority O.

Therefore, the node advertises a nodified Interface Sw tching
Capability Descriptor indicating that the Maxi num LSP Bandwi dth is no
| onger STM 64, but STM 16 for all but priority O (at priority O the
Maxi mum LSP Bandwi dth is still STM64). |f subsequently there is
another VG-3 LSP, there is no change in the Interface Switching
Capability Descriptor. The Descriptor remains the sane until the
node can no | onger establish a VC 4-16¢c LSP over the interface (which
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means that at this point nore than 144 tine slots are taken by LSPs
on the interface). Once this happened, the Descriptor is nodified
again, and the nodified Descriptor is advertised to other nodes.

2.5. Bandw dth Encodi ng

Encoding in | EEE floating point format [|EEE] of the discrete val ues
that could be used to identify Unreserved bandw dth, Maxi mum LSP
bandwi dth and M ni rum LSP bandwi dth is described in Section 3.1.2 of
[GWPLS-SI G .

3. Examples of Interface Switching Capability Descriptor
3.1. STM 16 PCS Interface on a LSR

Interface Switching Capability Descriptor:
Interface Switching Capability = PSC 1
Encodi ng = SDH
Max LSP Bandwi dth[p] = 2.5 Gops, for all p

If multiple links with such interfaces at both ends were to be
advertised as one TE link, link bundling techniques should be used.

3.2. G gE Packet Interface on a LSR

Interface Switching Capability Descriptor:
Interface Switching Capability = PSC 1
Encodi ng = Et hernet 802.3
Max LSP Bandwi dth[p] = 1.0 Gops, for all p

If nmultiple links with such interfaces at both ends were to be
advertised as one TE link, Iink bundling techniques should be used.

3.3. STM64 SDH Interface on a Digital Cross Connect with Standard SDH

Consider a branch of SDH nultiplexing tree : VC 3, VC 4, VC4-4c,
VC-4-16¢c, VC-4-64c. |If it is possible to establish all these
connections on a STM64 interface, the Interface Switching Capability
Descriptor of that interface can be advertised as foll ows:

Interface Switching Capability Descriptor:
Interface Switching Capability = TDM [ Standard SDH|
Encodi ng = SDH
M n LSP Bandwi dth = VC- 3
Max LSP Bandwi dth[p] = STM 64, for all p

If multiple links with such interfaces at both ends were to be
advertised as one TE link, link bundling techniques should be used.
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3.4, STM64 SDH Interface on a Digital Cross Connect with Two Types of
SDH Mul ti pl exi ng Hi erarchy Supported

Interface Switching Capability Descriptor 1:
Interface Switching Capability = TDM [ Standard SDH]|
Encodi ng = SDH
Mn LSP Bandwi dth = VC-3
Max LSP Bandwi dth[p] = STM 64, for all p

Interface Switching Capability Descriptor 2:
Interface Switching Capability = TDM[Arbitrary SDH]
Encodi ng = SDH
Mn LSP Bandwi dth = VC-4
Max LSP Bandwi dth[p] = STM 64, for all p

If multiple links with such interfaces at both ends were to be
advertised as one TE link, link bundling techni ques should be used.

3.5. Interface on an Opaque OXC (SDH Framed) with Support for One
Lanbda per Port/Interface

An "opaque OXC' is considered operationally an OXC, as the whole
| anbda (carrying the SDH line) is switched transparently w thout
further nultiplexing/denultiplexing, and either none of the SDH
overhead bytes, or at |east the inportant ones are not changed.

An interface on an opaque OXC handl es a single wavel ength, and cannot
switch nmultiple wavel engths as a whole. Thus, an interface on an
opaque OXC is always LSC, and not FSC, irrespective of whether there
is DWDM external to it.

Note that if there is external DADM then the fram ng understood by
the DWDM nust be sane as that understood by the OXC

A TE link is a group of one or nore interfaces on an OXC. All
interfaces on a given OXC are required to have identifiers unique to
that OXC, and these identifiers are used as |labels (see 3.2.1.1 of
[GWPLS-SIG).

The following is an exanple of an interface switching capability
descriptor on an SDH franmed opaque OXC:

Interface Switching Capability Descriptor:
Interface Switching Capability = LSC
Encodi ng = SDH
Reservabl e Bandwi dth = Determ ned by SDH Franer (say STM 64)
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3.6. Interface on a Transparent OXC (PXC) with External DWM That
Under st ands SDH Fr ani ng

Thi s exanpl e assunes that DWM and PXC are connected in such a way
that each interface (port) on the PXC handl es just a single

wavel ength. Thus, even if in principle an interface on the PXC could
switch nultiple wavel engths as a whole, in this particular case an
interface on the PXC is considered LSC, and not FSC.

|
|

L
2
O

(SDH franed)

A TE link is a group of one or nore interfaces on the PXC. All
interfaces on a given PXC are required to have identifiers unique to
that PXC, and these identifiers are used as labels (see 3.2.1.1 of
[GWLS-SIG).

The following is an exanple of an interface switching capability
descriptor on a transparent OXC (PXC) with external DWM t hat
under st ands SDH frami ng:

Interface Switching Capability Descriptor:
Interface Switching Capability = LSC
Encodi ng = SDH (cones from DWDM
Reservabl e Bandwi dth = Determ ned by DWDM (say STM 64)

3.7. Interface on a Transparent OXC (PXC) with External DWM That Is
Transparent to Bit-Rate and Fram ng

Thi s exanpl e assunes that DWDM and PXC are connected in such a way
that each interface (port) on the PXC handl es just a single

wavel ength. Thus, even if in principle an interface on the PXC coul d
switch nmultiple wavel engths as a whole, in this particular case an
interface on the PXC is considered LSC, and not FSC.
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I
I
| || PXC |
I
I

DWDM (transparent to bit-rate and frani ng)

A TE link is a group of one or nore interfaces on the PXC. All
interfaces on a given PXC are required to have identifiers unique to
that PXC, and these identifiers are used as |labels (see 3.2.1.1 of
[GWLS-SI G).

The following is an exanple of an interface switching capability
descriptor on a transparent OXC (PXC) with external DWDMthat is
transparent to bit-rate and fram ng:

Interface Switching Capability Descriptor:
Interface Switching Capability = LSC
Encodi ng = Lanbda (photoni c)
Reservabl e Bandwi dth = Determi ned by optical technology linits

3.8. Interface on a PXC with No External DWDM

The absence of DWDMin between two PXCs, inplies that an interface is
not limted to one wavel ength. Thus, the interface is advertised as
FSC.

A TE link is a group of one or nore interfaces on the PXC. All
interfaces on a given PXC are required to have identifiers unique to
that PXC, and these identifiers are used as port labels (see 3.2.1.1
of [GWLS-SIG).

Interface Switching Capability Descriptor:
Interface Switching Capability = FSC
Encodi ng = Lanbda (photonic)
Reservabl e Bandwi dth = Determined by optical technology linits

Note that this exanple assunmes that the PXC does not restrict each
port to carry only one wavel engt h.

3.9. Interface on a OXC with Internal DWM That Understands SDH Frani ng
Thi s exanpl e assunes that DWM and OXC are connected in such a way
that each interface on the OXC handles multipl e wavel engt hs

individually. In this case an interface on the OXC is considered
LSC, and not FSC.
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(SDH framed)

A TE link is a group of one or nore of the interfaces on the OXC

Al'l | anbdas associated with a particular interface are required to
have identifiers unique to that interface, and these identifiers are
used as labels (see 3.2.1.1 of [GWLS-SI(GF).

The following is an exanple of an interface switching capability
descriptor on an OXC with internal DWM that understands SDH frani ng
and supports discrete bandw dt hs:

Interface Switching Capability Descriptor:
Interface Switching Capability = LSC
Encodi ng = SDH (cones from DWM
Max LSP Bandwi dth = Determnmined by DADM (say STM 16)

Interface Switching Capability = LSC
Encodi ng = SDH (cones from DWDM
Max LSP Bandwi dth = Deternined by DADM (say STM 64)

3.10. Interface on a OXCwith Internal DWM That |Is Transparent to
Bit-Rate and Franing

Thi s exanpl e assunes that DWM and OXC are connected in such a way
that each interface on the OXC handles nultiple wavel engt hs

individually. In this case an interface on the OXC is considered
LSC, and not FSC.

DWDM (transparent to bit-rate and framni ng)
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A TE link is a group of one or nore of the interfaces on the OXC

Al'l | anbdas associated with a particular interface are required to
have identifiers unique to that interface, and these identifiers are
used as | abels (see 3.2.1.1 of [GWLS-SI(F).

The following is an exanple of an interface switching capability
descriptor on an OXC with internal DADM that is transparent to bit-
rate and franing:

Interface Switching Capability Descriptor:
Interface Switching Capability = LSC
Encodi ng = Lanbda (photoni c)
Max LSP Bandwi dth = Deternined by optical technology linits

4. Exanple of Interfaces That Support Miltiple Switching Capabilities
There can be many conbi nations possible, sonme are descri bed bel ow
4.1. Interface on a PXC+TDM Devi ce with External DWDM

As discussed earlier, the presence of the external DWDMIinmits that
only one wavel ength be on a port of the PXC. On such a port, the
attached PXC+TDM devi ce can do one of the follow ng. The wavel ength
may be cross-connected by the PXC el enent to other out-bound optical
channel, or the wavel ength may be termnated as an SDH interface and
SDH channel s swi t ched.

From a GVPLS perspective the PXC+TDM functionality is treated as a
single interface. The interface is described using two Interface
descriptors, one for the LSC and another for the TDM with
appropriate paraneters. For exanple,

Interface Switching Capability Descriptor:
Interface Switching Capability = LSC
Encodi ng = SDH (cones from V\DM
Reservabl e Bandwi dth = STM 64

and

Interface Switching Capability Descriptor:
Interface Switching Capability = TDM [ Standard SDH]|
Encodi ng = SDH
Mn LSP Bandwi dth = VC-3
Max LSP Bandwi dth[p] = STM 64, for all p

Konpel | a & Rekht er St andards Track [ Page 20]



RFC 4202 Routi ng Extensions for GWLS Cct ober 2005

4.2. Interface on an Opaque OXC+TDM Device with External DWDM

An interface on an "opaque OXC+TDM' device woul d al so be advertised
as LSC+TDM nmuch the sane way as the previous case.

4.3. Interface on a PXC+LSR Device with External DWM

As discussed earlier, the presence of the external DWDMIlinmits that
only one wavel ength be on a port of the PXC. On such a port, the
attached PXC+LSR device can do one of the followi ng. The wavel ength
may be cross-connected by the PXC el ement to other out-bound optical
channel, or the wavelength may be terminated as a Packet interface
and packets swi tched.

From a GWPLS perspective the PXC+LSR functionality is treated as a
single interface. The interface is described using two Interface
descriptors, one for the LSC and another for the PSC, wth
appropriate paraneters. For exanple,

Interface Switching Capability Descriptor:
Interface Switching Capability = LSC
Encodi ng = SDH (cones from VWDM
Reservabl e Bandwi dth = STM 64

and

Interface Switching Capability Descriptor:
Interface Switching Capability = PSC- 1
Encodi ng = SDH
Max LSP Bandwi dth[p] = 10 Gops, for all p

4.4, |Interface on a TDWLSR Devi ce

On a TDMHLSR device that offers a channelized SDH i nterface the
foll owi ng may be possible:

- A subset of the SDH channels may be uncommtted. That is, they
are not currently in use and hence are available for allocation.

- A second subset of channels may already be conmitted for transit
purposes. That is, they are already cross-connected by the SDH
cross connect function to other out-bound channels and thus are
not inmedi ately available for allocation.

- Anot her subset of channels could be in use as term nal channel s.

That is, they are already allocated by term nate on a packet
i nterface and packets sw tched.
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From a GQVPLS perspective the TDMPSC functionality is treated as a
single interface. The interface is described using two Interface
descriptors, one for the TDM and another for the PSC, with
appropriate paraneters. For exanple,

Interface Switching Capability Descriptor
Interface Switching Capability = TDM [ Standard SDH]
Encodi ng = SDH
M n LSP Bandwi dth = VC-3
Max LSP Bandwi dth[p] = STM 64, for all p

and

Interface Switching Capability Descriptor
Interface Switching Capability = PSC 1
Encodi ng = SDH
Max LSP Bandwi dth[p] = 10 Gops, for all p
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6. Security Considerations

There are a nunber of security concerns in inplenenting the

ext ensi ons proposed here, particularly since these extensions wll
potentially be used to control the underlying transport
infrastructure. It is vital that there be secure and/or

aut henti cated neans of transferring this information anong the
entities that require its use.

VWil e this docunent proposes extensions, it does not state how these
extensions are inplenented in routing protocols such as OSPF or
IS-1S. The docunents that do state how routing protocols inplenent
t hese extensions [ GWLS- OSPF, GWLS-1SIS] nust also state how the
information is to be secured.
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