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Abst r act

| TU-T recomendation G 709-2012 has introduced new fixed and fl exible
Optical channel Data Unit (ODU) containers in Optical Transport
Net wor ks (OTNs) .

Thi s docunent provides an eval uati on of existing Generalized
Mul ti protocol Label Switching (GWLS) routing and signaling protocols
agai nst the G 709 OINs.

Status of This Meno

This docunent is not an Internet Standards Track specification; it is
published for infornational purposes.

This docunent is a product of the Internet Engi neering Task Force
(ITETF). It represents the consensus of the |IETF community. |t has
recei ved public review and has been approved for publication by the
I nternet Engineering Steering Group (IESG. Not all docunents
approved by the | ESG are a candi date for any |evel of Internet

St andard; see Section 2 of RFC 5741.

I nformation about the current status of this docunent, any errata,

and how to provide feedback on it may be obtai ned at
http://ww.rfc-editor.org/info/rfc7096
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1

I ntroduction

GWPLS routing [ RFC4203] [ RFC5307] and signaling [ RFC3473] [ RFC4328]
provi de the nechani sns for basic GWLS control of Optical Transport
Net wor ks (OTNs) based on the 2001 revision of the G 709 specification
[ G 709-2001]. The 2012 revision of the G 709 specification

[ G 709-2012] includes new OIN features that are not supported by
GWPLS.

Thi s docunent provides an eval uati on of exiting GWLS signaling and
routing protocols against G 709 requirenents. Background information
and a franmework for the GVPLS protocol extensions needed to support

G 709 is provided in [RFC7062]. Specific routing and signaling
extensions defined in [ OTN-OSPF] and [ OTN- RSVP] specifically address
the gaps identified in this docunent.
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2.

G 709 Mapping and Multiplexing Capabilities

The digital OIN-layered structure is conprised of the digital path
layer (ODU) and the digital section layer (OTU). An OTU (Optical
channel Transport Unit) section |ayer supports one ODU path |ayer as
a client and provides nonitoring capability for the Optical Channel
(CCh), which is the optical path carrying the digital OIN structure.
An ODU path layer may transport a heterogeneous assenbly of ODU
clients. Sone types of ODUs (i.e., ODUl, ODU2, ODU3, and ODW) nmay
assune either a client or server role within the context of a
particul ar networking domain. The terns ODUL, ODU2, ODU3, ODW, and
flexible ODU (ODUfl ex) are explained in G 709. G 872 [G 872]

provi des two tabl es defining mapping and nultiplexing capabilities of
OINs, which are reported bel ow.

B B +
| ODU cl i ent | Or!J server |
e e +
| Oobuo | - |
e T I U ey e T I U ey +
| ODUL | oru 1 |
B B +
| oDu2 | oru 2 |
e e +
| oDU2e | - |
e T I U ey e T I U ey +
| obuU3 | oru 3 |
B B +
| oD | oru 4 |
e e +
| ODUf | ex | - |
e T I U ey e T I U ey +

Figure 1: OTN Mapping Capability
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+ + +
| ODU client | ODU server |
s T +
| 1.25 Ghit/s client | |
T + obuUo |
| - | |
+ + +
| 2.5 Ghit/s client | |
e + obuLl |
| obuo | |
+ + +
| 10 Ghit/s client | |
L + oDu2 |
| ODbU0, ODU1, ODUf | ex | |
+ + +
| 10. 3125 &it/s client | |
T + OoDU2e |
| - | |
+ + +
| 40 Gbit/s client | |
R T + obuU3 |
| ODUD, ODUL, ODU2, ODU2e, ODUf | ex | |
+ + +
| 100 Ghit/s client | |
L + o4 |
| ODbUOo, CDUL, ODbU2, ODU2e, CDU3, ODUf | ex| |
+ + +
| CBR* clients fromgreater than | |
[|2.5 Gbit/s to 100 Goit/s: or | |
| GFP- F** mapped packet clients | ODUf | ex |
|[from1l.25 Ghit/s to 100 Ghit/s. | |
e + |
- | |

+ +

|
+
(*) - Constant Bit Rate
(**) - Generic Fram ng Procedure - Franed (GFP-F)

Figure 2: OTN Multiplexing Capability

In the following, the ternms Optical channel Data Unit-j (ODUj) and
Optical channel Data Unit-k (ODUK) are used in a multiplexing
scenario to identify the Iower order signal (ODU) and the higher
order signal (ODUk). How an ODUK connection service is transported
within an operator network is governed by operator policy. For
exanpl e, the ODUk connection service mght be transported over an
ODWk path over an Optical channel Transport Unit-k (OTUk) section,
with the same path and section rates as that of the connection
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service (see Figure 1). 1In this case, an entire |anbda of capacity
is consumed in transporting the ODUk connection service. On the

ot her hand, the operator might exploit different nultiplexing
capabilities in the network to inprove infrastructure efficiencies

wi thin any given networking domain. 1In this case, ODUk multipl exi ng
may be performed prior to transport over various rate ODU servers (as
per Figure 2) over associated OTU sections.

From the perspective of nultiplexing relationships, a given ODUk nmay
play different roles as it traverses various networking domains.

As detailed in [RFC7062], client ODUk connection services can be
transported over:

Case A: one or nore wavel ength subnetworks connected by optica
links, or

Case B: one or nore ODU |inks (having sub-lanbda and/or | anbda
bandwi dth granul arity), or

Case C a nmix of ODU links and wavel ength subnetwor ks.

Thi s docunent considers the Traffic Engineering (TE) information
needed for ODU path conputation and the paraneters needed to be
signal ed for Label Swi tched Path (LSP) setup

The follow ng sections list and anal yze what GWLS al ready has and
what it is mssing with regard to each type of data that needs to be
adverti sed and signal ed.

3. Tributary Slot Ganularity

G 709 defines two types of Tributary Slot (TS) granularities. This
TS granularity is defined per |ayer, neaning that both ends of a link
can select proper TS granularity differently for each supported

| ayer, based on the rul es bel ow

o If both ends of a link are new cards supporting both 1.25 Git/s
TS and 2.5 Ghit/s TS, then the link will work with 1.25 Goit/s TS.

o If one end of alink is a new card supporting both the 1.25 Ghit/s
and 2.5 Ghit/s TS granularities, and the other end is an old card
supporting just the 2.5 Ghit/s TS granularity, the link will work
with 2.5 Ghit/s TS granularity.

Belotti, et al. I nf or mat i onal [ Page 6]



RFC 7096 GWPLS Eval uati on agai nst G 709v3 OINs January 2014

3.1. Data-Plane Consi derations
3.1.1. Payload Type and TS Granularity Relationship

As defined in G 709, an ODUk container consists of an Optical channel
Payl oad Unit-k (OPUk) plus a specific ODUk Overhead (OH). OPU CH
information is added to the OPUk information payload to create an
OPWk. It includes information to support the adaptation of client
signals. Wthin the OPUk overhead, there is the payl oad structure
identifier (PSI) that includes the payload type (PT). The PT is used
to indicate the conposition of the OPUk signal. Wen an ODUj signal
is multiplexed into an ODUk, the ODUj signal is first extended with
the frane alignnment overhead and then nmapped into an Optical channel
Data Tributary Unit (ODTU). Two different types of ODTUs are

defi ned:

o ODTY k ((j,k) ={(0,1), (1,2), (1,3), (2,3)}; ODTUO1, ODTU12,
ODTU13, and ODTU23) in which an ODUj signal is nmapped via the
Asynchronous Mappi ng Procedure (AMP), as defined in Section 19.5
of [G 709-2012].

o ODTWk.ts ((k,ts) =(2,1..8), (3,1..32), (4,1..80)) in which a
| ower order ODU (ODUO, ODU1L, ODU2, ODU2e, ODU3, and ODUf| ex)
signal is mapped via the Generic Mappi ng Procedure (GW), as
defined in Section 19.6 of [G 709-2012].

G 709 also introduces a logical entity, called Optical channel Data
Tributary Unit Group (ODTUGK), characterizing the nultiplexing of the
various ODTU. The ODTUGK is then mapped into OPUk. Optical channel
Data Tributary Unit j into k (ODTUjk) and Optical channel Data
Tributary Unit k with ts tributary slots (ODTUk.ts) are directly
time-division nmultiplexed into the tributary slots of an OH OPWk.

When PT is assumi ng val ues 0x20 or 0x21, together with OPUk type
(k=1, 2, 3, 4), it is used to discrimnate tw different ODU
mul tiplex structures for ODTUGK:

0 Value 0x20: supporting ODTUj k only

0 Value 0x21: supporting ODTUk.ts or ODTUk.ts and ODTUj k

The distinction is needed for OPUk with k=2 or 3 since OPU2 and OPU3
are able to support both the different ODU nultiplex structures. For
OPU4 and OPUL, only one type of ODTUG is supported: ODTUGA with

PT=0x21 and ODTUGL with PT=0x20 (see Figure 6). The relationship
between PT and TS granularity is due to the fact that the two
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di fferent ODTUGK types discrimnated by PT and OPUk are characterized
by two different TS granularities of the related OPUk, the forner at
2.5 Ghit/s and the latter at 1.25 Ghit/s.

In order to conplete the picture, in the PSI OH there is also the
Multiplex Structure ldentifier (MSI) that provides the information on
which tributary slots of the different ODTUjk or ODTWk.ts are nmapped
into the related OPUk. The followi ng figure shows how the client
traffic is nmultiplexed till the OPUk | ayer.

Fom e e e - + S +
+----+ f-eo--- | ODTY k [----- Cient
| | | ODTUX | +o-m - R L +
| [----- | PT=0x21
. | | I REEEEE +
| | | [------ | ODTWk.ts [----- dient
| OPUK| R + S +
I I oo + e +
| | | [------ | oOtyk  |----- Cient
| [----- +----- e +
+----+ | ODTUG
| PT=0x20| o m - s +
| [------ | ODTY k [----- Cient
T + oo +

Figure 3: OIN Cient Miltiplexing
3.1.2. Fallback Procedure

G 798 [ G 798] describes the so-called PT=0x21-to-PT=0x20 i nt erwor ki ng
process that explains howtwo nodes with interfaces that have

di fferent payl oad types and, hence, different TS granularity (1.25
Ghit/s vs. 2.5 Ghit/s), can be coordinated to pernit the equi pnent
with 1.25 Ghit/s TS granularity to adapt the TS allocation according
to the different TS granularity (2.5 Ghit/s) of a nei ghbor

Therefore, in order to let the Network El enent (NE) change TS
granularity accordingly to the neighbor requirenents, the

AUTOpayl oadtype [ G 798] needs to be set. \When both the nei ghbors
(link or trail) have been configured as structured, the payl oad type

received in the overhead is conpared to the transnitted PT. |f they
are different and the transnitted one is PT=0x21, the node nust fal
back to PT=0x20. In this case, the fallback process nakes the system

sel f-consistent, and the only reason for signaling the TS granularity
is to provide the correct |abel (i.e., the label for PT=0x21 has
twice the TS nunber of PT=0x20). On the other side, if the
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AUTOpayl oadt ype is not configured, the Resource Reservation Protocol -
Traffic Engi neering (RSVP-TE) consequent actions need to be defined
in case of a TS misnatch.

3.2. Control-Pl ane Consi derations

When setting up an ODUj over an ODUk, it is possible to identify two
types of TS granularity (TSG: the server and the client. The server
TS granularity is used to map an end-to-end ODUy onto a server ODUK
LSP or links. This paraneter cannot be influenced in any way from
the ODUY LSP: the ODUy LSP will be mapped on tributary slots

avail able on the different links / ODUk LSPs. Wen setting up an
ODUy at a given rate, the fact that it is carried over a path
conmposed by links / Forwardi ng Adjacencies (FAs) structured with 1.25
Ghit/s or 2.5 Ghit/s TS granularity is conpletely transparent to the
end-to-end ODYj .

The client TS granularity information is one of the paranmeters needed
to correctly select the adaptation towards the client |layers at the
end nodes, and this is the only thing that the ODUj has to guarantee.

In Figure 4, an exanple of client and server TS granularity
utilization in a scenario with mxed OIN [ RFC4328] and OIN i nterfaces
[ G 709-2012] is shown.

ODU1- LSP
TSG C| | TSG C
1. 25| OoDU2- H LSP [1.25 Goit/s
Git/s+------------ R R T +
| TSG S| | TSG S
| 2. 5] |2.5 Ghit/s
| Ghi t/ s| ODU3- H LSP |
| [EEEEEEEEREES S EERREEEEEEEE |
| | |
+-- -+ +-- -+ +-- -4+
| | | | S | |
| A +------ + B +----- T sl S S + Z |
| V.3 ] OTW2 | V.1 |OTU3 +-+ +-+ OTU3| V.3 |
F--- - + F--- - + F--- - +
Service LSP

--- Hierarchical -LSP (H LSP)

Figure 4: dient-Server TS Granularity Exanple
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In this scenario, an ODU3 LSP is set up fromnodes Bto Z. Node B
has an old interface that is able to support 2.5 Ghit/s TS
granularity; hence, only client TS granularity equal to 2.5 Goit/s
can be exported to ODU3 H-LSP-possible clients. An ODU2 LSP is set
up fromnodes Ato Zwith client TS granularity 1.25 Ghit/s signal ed
and exported towards clients. The ODU2 LSP is carried by ODU3 H LSP
fromnodes Bto Z. Due to the lintations of the old node B
interface, the ODU2 LSP is mapped with 2.5 Ghit/s TS granularity over
the ODU3 HLSP. Then, an ODUL LSP is set up fromnodes A to Z which
is carried by the ODU2 H LSP and napped over it using 1.25 Ghit/s TS
granul arity.

What is shown in the exanple is that the TS granularity processing is
a per-layer issue: even if the ODU3 HLSP is created with the TS
granularity client at 2.5 Ghit/s, the ODU2 H LSP nust guarantee a
1.25 Ghit/s TS granularity client. The ODU3 HLSP is eligible from
an ODU2 LSP perspective since it is knowmn fromthe routing that this
ODU3 interface at node Z supports an ODU2 term nation exporting a TS
granularity at 1.25 Goit/s / 2.5 Goit/s.

The TS granularity information is needed in the routing protocol as
the ingress node (A in the previous exanple) needs to know if the
interfaces at the last hop can support the required TS granul arity.
In case they cannot, Awll conpute an alternate path fromitself to
Z (see Figure 4).

Moreover, TS granularity information also needs to be signaled. As
an exanpl e, consider the setup of an ODU3 forwardi ng adj acency that
is going to carry an ODUO; hence, the support of 1.25 Ghit/s TS is
needed. The information related to the TS granularity has to be
carried in the signaling to pernit node C (see Figure 5) to choose
the right one anong the different interfaces (with different TS
granularities) towards D. In case the full Explicit Route Object
(ERO is provided in the signaling with explicit interface
declaration, there is no need for Cto choose the right interface
towards D as it has been already decided by the ingress node or by
the Pat h Conputation El enent (PCE).
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obu3
o m e e e a e >
oDbuUo
o e e e e e e e e e e e e e e e e e e e e >
| |
E R + E R + E R + E R +
| | | | | | 1.25 | |
| Node | | Node | | Node +------ + Node
| A SRR + B SRR + C | ODU3 | D
| | ODU3 | | ODU3 | Fomm +
SRR + 1.25 4-------- + 2.5 4-------- + 2.5 4-------- +

Figure 5: TS Granularity in Signaling

In case an ODUk FA LSP needs to be set up as nesting another ODU (as
depicted in Figure 5), there might be the need to know the hierarchy
of nested LSPs in addition to TS granularity to pernit the
penultimate hop (i.e., C to choose the correct interface towards the
egress node or any internediate node (i.e., B) to choose the right
pat h when performing the ERO expansion. This is not needed in case
we al l ow bundling only conmponent |inks w th honogeneous hierarchies.
In the case in which a specific inplenmentation does not specify the

|l ast hop interface in the ERO crankback can be a solution

In a nulti-stage nultiplexing environment, any |ayer can have a
different TS granularity structure; for exanple, in a nultiplexing
hi erarchy such as ODU0->0DU2- >0DU3, the ODU3 can be structured at TS
granularity = 2.5 Guit/s in order to support an ODU2 connection, but
this ODU2 connection can be a tunnel for ODUO and, hence, structured
with 1.25 Ghit/s TS granularity. Therefore, any multiplexing |evel
has to advertise its TS granularity capabilities in order to allow a
correct path conputation by the end nodes (both the ODUk trail and
the H LSP/ FA).

The followi ng tabl e shows the different nmapping possibilities
depending on the TS granularity types. The client types are shown in
the left colum, while the different OPUk server and related TS
granularities are listed in the top row The table also shows the
rel ati onship between the TS granularity and the payl oad type.
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o o e e e e e e e e e e +
| 2.5 Gbit/s TS || 1.25 Gohit/s TS |
| OPUL2 | OPU3 || OPUL | OPU2 | OPU3 | OPWA |

Fommm e e e e e e e e e e e e e e e e mmmma—aa +

| | - - |l AW | aw | aw | GW |

| oDwo | | | | PT=0x20| PT=0x21| PT=0x21| PT=0x21]|

- o o e e e e e e e e e e e +

| | AVP | AW || - | AW | AW | GW |

| ODUL | PT=0x20| PT=0x20] | | PT=0x21| PT=0x21| PT=0x21|

Fommmm e e e e e e e e e e e e e e e mmmma—aa +

| | - | AW ] - - | AW | QW |

| obu2 | | PT=0x20] | | | PT=0x21| PT=0x21]|

- o o e e e e e e e e e e e +
| - - | - - | Gw | aw

| OoDW2e | | I | | PT=0x21| PT=0x21]|

Fommmm e e e e e e e e e e e e e e e mmmma—aa +

| | - - | - - - | QW

| ODU3 | | I | | | PT=0x21]

- o o e e e e e e e e e e e +

| | - - | - | Gw | aw | Gw |

| ODUFI | | I | PT=0x21| PT=0x21| PT=0x21|

Fommmm e e e e e e e e e e e e e e e mmmma—aa +

Figure 6: ODUj into OPUk Mappi ng Types
(Source: [G 709-2012], Tabl es7-10)

Specific information could be defined in order to carry the

mul ti pl exi ng hierarchy and adaptation information (i.e., TS
granularity / PT and AMP / GW) to enable precise path selection
That way, when the penultimte node (or the internedi ate node
perform ng the ERO expansi on) receives such an object, together with
the Traffic Paraneters bject, it is possible to choose the correct
interface towards the egress node.

In conclusion, both routing and signaling need to be extended to
appropriately represent the TS granularity/PT information. Routing
needs to represent a link’s TS granularity and PT capabilities as
well as the supported nultiplexing hierarchy. Signaling needs to
represent the TS granularity/PT and nultipl exing hierarchy encoding.
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4.

Tributary Port Nunber

[ RFCA328] supports only the deprecated auto- VSl node, which assunes
that the Tributary Port Number (TPN) is automatically assigned in the
transmt direction and is not checked in the receive direction

As described in [ G 709-2012] and [G 798], the OPUk overhead in an
OTrWk frame contains n (n = the total nunber of TSs of the ODUk) MS
bytes (in the formof multifrane), each of which is used to indicate
t he associ ati on between the TPN and TS of the ODUk.

The associ ati on between the TPN and TS has to be configured by the
control plane and checked by the data plane on each side of the link
(Please refer to [RFC7062] for further details.) As a consequence,
the RSVP-TE signaling needs to be extended to support the TPN

assi gnnent function.

Si gnal Type

From a routing perspective, GWLS OSPF [ RFC4203] and GWLS | S-1S

[ RFC5307] only allow advertising interfaces [ RFC4328] (the single TS
type) without the capability of providing precise informtion about
bandwi dt h-specific allocation. For exanple, in case of l|ink
bundl i ng, when dividing the unreserved bandwi dth by the MAX LSP
bandwi dth, it is not possible to know the exact nunber of LSPs at MAX
LSP bandwi dth size that can be set up (see the exanple in Figure 3).

The | ack of spatial allocation heavily inpacts the restoration
process because the | ack of information on free resources highly
i ncreases the nunber of crankbacks affecting network convergence
time.

Mor eover, actual tools provided by [ RFC4203] and [ RFC5307] only all ow
advertising signal types with fixed bandwi dth and inplicit hierarchy
(e.g., Synchronous Digital Hierarchy (SDH) networks / Synchronous
Optical Networks (SONETs)) or variable bandwi dth with no hierarchy
(e.g., packet switching networks); but, they do not provide the nmeans
for advertising networks with a nixed approach (e.g., ODU I ex
Constant Bit Rate (CBR) and ODUfl ex packet).

For exanpl e, when advertising ODUO as M N LSP bandw dt h and ODW4 as
MAX LSP bandwi dth, it is not possible to state whether the advertised
link supports ODU4 and ODUfl ex or ODU4, ODU3, ODU2, ODUl, ODUO, and
ODUf I ex. Such anmbiguity is not present in SDH networks where the
hierarchy is inplicit and flexible containers |ike ODUfl ex do not

exi st. The issue could be resolved by declaring 1 Interface

Swi tching Capability Descriptor (1SCD) for each signal type actually
supported by the I|ink.
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Suppose, for exanple, there is an equival ent ODU2 unreserved
bandwidth in a TE link (with bundling capability) distributed on 4
ODUL; it would be advertised via the 1SCD in this way:

MAX LSP Bandw dt h: ODUL

M N LSP Bandwi dt h: ODU1

- Maxi mum Reservabl e Bandwi dth (of the bundle) set to ODU2
- Unreserved Bandwi dth (of the bundle) set to ODU2

In conclusion, the routing extensions defined in [ RFC4203] and

[ RFC5307] require a different |SCD per signal type in order to
advertise each supported container. This notivates an attenpt to
| ook for a nore optim zed solution without proliferation of the
nunber of |1SCDs adverti sed.

Per [ RFC2328], OSPF nessages are directly encapsulated in IP

dat agrans and depend on | P fragnmentati on when transnitting packets

| arger than the network’s MIU. [RFC2328] reconmends that "I P
fragmentation should be avoi ded whenever possible". This
recomendation further constrains solutions since OSPF does not
support any generic nechanismto fragnment OSPF Link State
Advertisenents (LSAs). Even when used in IP environnents, IS-1S

[ RFC1195] does not support nessage sizes larger than a |ink’s nmaxinmum
frane size.

Wth respect to link bundling [ RFC4201], the utilization of the |1SCD
as it is would not allow precise advertising of spatial bandw dth

al l ocation information unless using only one conponent |ink per TE
l'ink.

On the other hand, froma signaling point of view [RFC4328]

descri bes GWLS signaling extensions to support the control of G 709
OTNs defined before 2011 [ G 709-2001]. However, [RFC4328] needs to
be updated because it does not provide the nmeans to signal all the
new si gnal types and related mapping and nul tipl exi ng
functionalities.
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6.

Bit Rate and Tol erance

In the current traffic parameters signaling, bit rate and tol erance
are inmplicitly defined by the signal type. ODUIlex CBR and ODUf I ex
packet can have variable bit rates (please refer to [ RFC7/062],
Table 2); hence, signaling traffic parameters need to be upgraded.
Wth respect to tolerance, there is no need to upgrade GWLS
protocols as a fixed value (+/-100 parts per mllion (ppm) or +/-20
ppm dependi ng on the signal type) is defined for each signal type.

Unr eserved Resources

Unreserved resources need to be advertised per priority and per
signal type in order to allow the correct functioning of the
restorati on process. [RFC4203] only all ows advertising unreserved
resources per priority; this leads to uncertainty about how many LSPs
of a specific signal type can be restored. As an exanple, consider
the scenario depicted in the follow ng figure.

e + component link 1 +------ +
| tmmmmmm e eeeaaaas + |
| | conponent link 2 | |
| NI +---memmmmaee oo + N2

| | conponent link 3 | |
| o e e e ee e ae e aaaaa + |
N + I

Figure 7: Concurrent Path Conputation

Consi der the case where a TE link is conposed of three ODU3 conponent
links with 32 TSs available on the first one, 24 TSs on the second,
and 24 TSs on the third and is supporting ODU2 and ODU3 signal types.
The node woul d advertise a TE link with unreserved bandw dth equal to
80 TSs and a MAX LSP bandwi dth equal to 32 TSs. In case of
restoration, the network could try to restore two ODU3s (64 TSs) in
such a TE link while only a single ODU3 can be set up, and a
crankback would be originated. |In nore conplex network scenari os,

t he nunber of crankbacks can be nuch higher

Maxi mum LSP Bandwi dt h

Maxi mum LSP bandwidth is currently advertised per priority in the
common part of the ISCD. Section 5 reviews sone of the inplications
of advertising OIN information using | SCDs and identifies the need
for a nore optinized solution. Wile strictly not required, such an
optimization effort should al so consider the optimzation of the per-
priority maxi mum LSP bandw dth advertisenent of both fixed and

vari abl e ODU types.
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9.

Di stinction between Term nating and Switching Capabilities

The capability advertised by an interface needs further distinction
in order to separate ternminating and switching capabilities. Due to
internal constraints and/or limtations, the type of signal being
advertised by an interface could just be switched (i.e., forwarded to
the switching natrix wi thout nultiplexing/demultiplexing actions),
term nated (denultiplexed), or both. The follow ng figures help
explain the switching and terminating capabilities.

MATRI X LI NE | NTERFACE

o e e oo + o e e oo +
| S + | obu2 | |
----- > DR [----]----mm e e e - - |
| E - + | | +----+

| | | \_/ |
| | | \/ |
| Fomm oo + | ODU3 | | ODU3 |
----- > 0D |---| e |
| ] | v |
| | | \| |
| | | oot |
| | | \_/ |
| | | \/ |
| | I > Oru3
e e e oo + e e e oo +

Figure 8: Switching and Term nating Capabilities
The figure in the exanple shows a line interface that is able to:

o Miltiplex an ODU2 coning fromthe switching matrix into an ODU3
and map it into an OTU3

o Map an ODU3 conming fromthe switching matrix into an OTU3

In this case, the interface bandwi dth advertised is ODU2 with
switching capability and ODU3 with both switching and term nating
capabilities.

This piece of information needs to be advertised together with the
rel ated unreserved bandwi dth and signal type. As a consequence,
signaling nmust have the capability to set up an LSP, allow ng the
| ocal selection of resources to be consistent with the linitations
consi dered during the path conputation
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In Figure 9 and Figure 10, there are two exanples of the termnating/
switching capability differentiation. 1In both exanples, all nodes
only support single-stage capability. Figure 9 represents a scenario
in which a failure on link B-C forces node A to cal cul ate anot her
ODU2 LSP carrying ODUO service along the nodes B-E-D. As node Dis a
single stage capable node, it is able to extract ODUO service only
fromthe ODU2 interface. Node A has to know that fromE to D exists
an available OTU2 |ink fromwhich node D can extract the ODUO
service. This information is required in order to avoid the OTU3
Iink being considered in the path conputation

ODUO Transparently Transported
++++++++++H+ A

ODU2 LSP Carrying ODUO Service

+----++ OTU2 L + orv2  +----- + Oru2 +4--- -+
e A | B |____ | C | | D |
| | | | | | | |
+----- + +--+- -+ +----- + +4- -+ +

| ||

oTu3| ||

Li nk| +----- + |

| | | OTU3 Link |

|| E | |

| | _ |

+----- + Oru2 Link

Figure 9: Switching and Terninating Capabilities - Exanple 1

Fi gure 10 addresses the scenario in which the restoration of the ODU2
LSP (A-B-C-D) is required. The two bundl ed conponent |inks between B
and E could be used, but the ODU2 over the OTU2 conponent |ink can
only be terminated and not switched. This inplies that it cannot be
used to restore the ODU2 LSP (A-B-C-D). However, such ODU2
unreserved bandwi dth nust be advertised since it can be used for a
different ODU2 LSP ternminating on E, e.g., F-B-E. Node A has to know
that the ODU2 capability on the OTU2 |ink can only be term nated, and
that the restoration of A-B-C-D can only be perforned using the ODU2
bandwi dt h avail abl e on the Oru3 Ii nk.
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10.

11.

ODUO Transparently Transported
+++++++++H+HH

ODU2 LSP Carrying ODUO Service

+----++ OTU2 L + oruv2  +----- + Oru2 +4--- -+
S I W | B |____ | C | | D |
| | | | | | | |
+-- - - - + ++- +- ++ +-- - - - + +--4- -+

| | | |

orw| | | |

+----- + Li nk| | | oru3 +----- + |

| | | | | Li nk | | |

| F |__ O | E |____ |

| | | | | OrTuw2 Link

+--- - + OrU2 Link +4----- +

Figure 10: Switching and Termi nating Capabilities - Exanple 2

The i ssue shown above is analyzed in an OIN context, but it is a
general technol ogy-i ndependent GVPLS limitation

Priority Support

[ RFC4202] defines eight priorities for resource availability and
usage. As defined, each is advertised independent of the nunber of
priorities supported by a network, and even unsupported priorities
are included. As is the case in Section 8, addressing any
inefficiency with such advertisenents is not required to support
OTNs. But, any such inefficiency should al so be considered as part
of the optim zation effort identified in Section 5.

Mul ti-stage Miltipl exing

Wth reference to [ RFC7062], the introduction of multi-stage

mul ti plexing inplies the advertisenment of cascaded adaptation
capabilities together with the matrix access constraints. The
structure defined by the | ETF for the advertisement of adaptation
capabilities is the Interface Adaptation Capability Descriptor

(I ACD), as defined in [ RFC6001].

Wth respect to routing, please note that in case of nulti-stage
mul ti pl exi ng hierarchy (e.g., ODUl->0DU2->CDU3), not only the CDUk/
OTWk bandwi dt h (ODU3) and service-layer bandwi dth (ODUl) are needed
but also the internediate one (ODU2). This is a typical case of a
spatial allocation problem
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12.

13.

In this scenario, suppose the follow ng adverti senent:
Hi erarchy: ODUl->0DU2- >CDU3
Number of ODUl==5

The nunber of ODUL suggests that it is possible to have an ODU2 FA,
but it depends on the spatial allocation of such ODUls.

It is possible that two Iinks are bundl ed together and three

ODU1- >ODU2- >ODU3 are avail able on a conponent |ink and two on the
other one; in such a case, the ODU2 FA could not be set up. The
adverti senent of the ODU2 is needed because in case of ODUl spati al
al l ocation (3+2), the ODU2 avail abl e bandwi dth would be 0 (ODU2 FA
cannot be created), while in case of ODUl spatial allocation (4+1),
the ODU2 avail abl e bandwi dth would be 1 (1 ODU2 FA can be created).

The information stated above inplies augnenting both the | SCD and the
| ACD.

CGeneral i zed Label

The ODUk | abel format defined in [RFC4328] could be updated to
support new signal types as defined in [G 709-2012], but it would be
difficult to further enhance it to support possible new signal types.

Furt hernmore, such a label format may have scalability issues due to
t he hi gh nunber of |abels needed when signaling |arge LSPs. For
exanpl e, when an ODU3 is mapped into an ODW with 1.25 Ghit/s
tributary slots, it would require the utilization of 31 | abels
(31*4*8=992 bits) to be allocated, while an ODUfl ex into an ODU4 nay
need up to 80 | abels (80*4*8=2560 bits).

A new fl exi ble and scal able ODUk | abel format needs to be defi ned.
Security Considerations

Thi s docunent provides an eval uati on of OIN requirements agai nst
actual routing ([RFC4202], [RFC4203], and [ RFC5307]) and signaling
mechani sms ([ RFC3471], [RFC3473], and [ RFC4328]) in GWLS.

Thi s docunent defines new types of infornation to be carried that
descri bes OIN containers and hierarchies. It does not define any new
protocol elenents, and froma security standpoint, this meno does not
introduce further risks with respect to the information that can be
currently conveyed via GWLS protocols. For a general discussion on
MPLS and GWPLS-rel ated security issues, see the MPLS/ GWLS security
framewor k [ RFC5920] .
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