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I nt roducti on

The current GWPLS routing [RFC7138] and signaling [ RFC7139]

ext ensi ons support the control of the Optical Transport Network (OTN)
signals and capabilities that were defined in the 2012 version of

| TUT Recomendation G 709 [ITU- T _Gr09 2012].

In 2016, a new version of |ITU T Recomendati on G 709 was publi shed:
[ITUT_Gr09_2016]. This version introduced higher-rate Opti cal
Transport Unit (OTU) and Optical Data Unit (ODU) signals, terned
"OrucCn" and "ODUCn", respectively, which have a nom nal rate of n*100
Goit/s. According to the definition in [ITUT_Gr09_2016], OrTuCn and
oDUCn performonly the digital section-layer role, and ODUCh supports
only ODUk clients. This docunent focuses on the use of existing
GWLS mechani sms to set up ODUK (e.g., ODUfl ex) Label Sw tched Pat hs
(LSPs) over ODUCn |inks, independently from how these |inks have been
set up.

Because [I TU-T_Gr09 2020] does not introduce any new features to
OruCn and ODUCn conpared to [I TU-T_Gr09_2016], this docunent first
presents an overvi ew of the OTUCn and ODUCn signals in

[ TU T_Gr09_2020] and then anal yzes how the current GVWPLS routing and
signaling nmechani sns can be utilized to set up ODUk (e.g., ODU I ex)
LSPs over ODUCn Ii nks.

Thi s docunment assunes that readers are fanmliar with OIN, GWLS, and
how GWLS is applied in OIN. As such, this docunment doesn’t provide
any background pertaining to OIN that include Iinks with capacities
of 100 Goit/s or less; this background could be found in docunents
such as [RFC7062] and [ RFC7096]. This docunent provi des an overvi ew
of the data plane primtives that enable links with capacities
greater than 100 Ghit/s and anal yzes the extensions that would be
required in the current GVWLS routing and signaling nechanisns to
support evolution in OIN

OIN Term nol ogy Used in This Docunent

Fl exO Flexible OINinformation structure. This infornmation
structure usually has a specific bitrate and frane format that
consi sts of overhead and payl oad, which are used as a group for
the transport of an OTUCn signal.

LSP: Label Switched Path

MBl: Miltiplex Structure Indicator. This structure indicates the
grouping of the tributary slots in an OPU payl oad area that
realizes a client signal, which is multiplexed into an OPU. The
i ndividual clients multiplexed into the OPU payl oad area are
di stinguished by the Tributary Port Nunber (TPN).

ODU:. Optical Data Unit. An ODU has the frame structure and



overhead, as defined in Figure 12-1 of [ITU-T_Gr09_2020]. ODUs
can be forned in two ways: a) by encapsul ating a single non-OIN
client, such as SONET/ SDH (Synchronous Optical Network /
Synchronous Digital H erarchy) or Ethernet, or b) by multiplexing

lower-rate ODUs. 1In general, the ODU | ayer represents the path
layer in OTN. The only exception is the ODUCn signal (defined
bel ow), which is defined to be a section-layer signal. 1In the

classification based on bitrates of the ODU signals, ODUs are of
two types: fixed rate and flexible rate. Flexible-rate ODUs,
called "ODUf I ex", have a rate that is 239/238 tines the bitrate of
the client signal they encapsul ate.

ODUC:. Optical Data Unit-C.  This signal has a bandw dt h of
approximately 100 Ghit/s and is of a slightly higher bitrate than
the fixed rate ODU4 signal. This signal has the format defined in
Figure 12-1 of [ITU T _Gr09_2020]. This signal represents the
bui l di ng bl ock for constructing a higher-rate signal called
"ODUCn" (defined bel ow).

ODUCn: Optical Data Unit-Cn, where Cn indicates the bitrate of
approximately n*100 Goit/s. This frane structure consists of "n"
interleaved frane and nultifrane synchronous instances of the ODUC
signal, each of which has the format defined in Figure 12-1 of
[1 TUT_Gro9_2020].

ODUf | ex: Optical Data Unit - flexible rate. An ODUfl ex has the sane
frane structure as a "generic" ODU but with a rate that is a fixed
multiple of the bitrate of the client signal it encapsul ates.

[1 TUT_Gr09_2020] defines specific CDUl ex containers that are
required to transport specific clients such as 50GE, 200CGE, 400GE,
etc.

ODUk: Optical Data Unit-k, where k is one of {0, 1, 2, 2e, 3, 4}.
The term "ODUK" refers to an ODU whose bitrate is fully specified
by the index k. The bitrates of the ODUk signal for k = {0, 1, 2,
2e, 3, 4} are approximately 1.25 Ghit/s, 2.5 Ghit/s, 10 Ghit/s,
10.3 Ghit/s, 40 Goit/s, and 100 Goit/s, respectively.

OPUC. Optical Payload Unit-C. This signal has a payl oad of
approximately 100 Ghit/s. This structure represents the payl oad
area of the ODUC signal.

OPUCn: Optical Payload Unit-Cn, where Cn indicates that the bitrate
is approximately n*100 Ghit/s. This structure represents the
payl oad area of the ODUCn signal.

OIN:  Optical Transport Network

OTuC: Optical Transport Unit-C. This signal has a bandw dth of
approxi mately 100 Ghit/s. This signal forns the building block of
the OTUCn signal defined bel ow, which has a bandw dth of
approxi mately n*100 Goit/s.

OruCn: Fully standardi zed Optical Transport Unit-Cn. This frame
structure is realized by extending the ODUCh signal with the OTU
| ayer overhead. The structure of this signal is illustrated in
Figure 11-4 of [ITU T_Gr09_2020]. Note that the term"fully
standardi zed" is defined by ITU-T in Section 6.1.1 of
[1 TU T_Gr09_2020].

OruCn-M  This signal is an extension of the OTUCn signal introduced
above. This signal contains the sane anount of overhead as the
OrucCn signal but contains a reduced anount of payl oad area.
Specifically, the payload area consists of Mtributary slots (each
5 Ghit/s), where Mis less than 20*n, which is the nunmber of
tributary slots in the OTUCn signal .



PSI: Payload Structure Indicator. This is a 256-byte signal that
descri bes the conposition of the OPU signal. This field is a
concat enati on of the payload type (PT) and the Miultiplex Structure
I ndi cator (MsSI) defined bel ow

TPN:  Tributary Port Number. The tributary port nunber is used to
i ndicate the port nunber of the client signal that is being
transported in one specific tributary slot.

Det ai | ed descriptions for sone of these terns can be found in
[1 TUT_Gro9_2020].

Overvi ew of OTUCn/ ODUCn in G 709

This section provides an overview of the OTUCn/ ODUCn signal s defined
in [ITUT_Gr09_2020]. The text in this section is purely descriptive
and is not normative. For a full description of OruCn/ ODUCn signal s,
pl ease refer to [ITUT_Gr09 _2020]. 1In the event of any discrepancy
between this text and [I TU-T_Gr09_2020], that other document is
definitive.

.1.  Orucn

In order to carry client signals with rates greater than 100 Git/s,
[ITU-T_Gro9 _2020] takes a general and scal abl e approach that
decouples the rates of OTU signals fromthe client rate. The new OTU
signal is called "OTUCn", and this signal is defined to have a rate
of (approxi mtely) n*100 Ghit/s. The followi ng are the key
characteristics of the OTUCn signal:

* The OTUCn signal contains one ODUCn. The OTUCn and ODUCn signal s
performdigital section-layer roles only (see Section 6.1.1 of
[1 TU T_Gr09_2020])

* The OTUCn signhals are formed by interleaving n synchronous OTUC
signals (which are labeled 1, 2, ..., n).

* Each of the OTUC i nstances has the sanme overhead as the standard
OTWk signal in [ITU T _Gr09 2020]. Note that the OTUC si gnal
doesn’t include the Forward Error Correction (FEC) col umms
illustrated in Figure 11-1 of [ITU- T_Gr09_2020]. The OTUC si gnal
i ncl udes an ODUC.

* The OTUC signal has a slightly higher rate conpared to the OTU4
signal (without FEC); this is to ensure that the OPUC payl oad area
can carry an ODU4 signal.

* The conbi ned signal OTUCn has n instances of OTUC overhead and n
i nstances of CODUC over head.

The OTUCn, ODUCn, and OPUCn signal structures are presented in a
(physical) interface-independent manner, by means of n OTUC, ODUC,
and OPUC instances that are marked #1 to #n.

OTuCn interfaces can be categorized as foll ows, based on the type of
peer network el enent:

inter-domain interfaces: These types of interfaces are used for
connecting OTN edge nodes to (a) client equipnment (e.g., routers)
or (b) hand-off points fromother OIN. |TU T Recommendati on
Gr09.1 [ITU-T_Gr09.1] specifies a flexible interoperable short-
reach OTN i nterface over which an OTUCn (n >=1) is transferred,
usi ng bonded Fl exible OTN i nformation structure (Fl exO
i nterfaces, which belong to a Fl exO group.



intra-domain interfaces: |In these cases, the OIUCn is transported

using a proprietary (vendor-specific) encapsul ation, FEC, etc. It
is also possible to transport OTUCn for intra-domain |inks using
Fl exO.

3.1.1. Orutn-M

The standard OTUCn signal has the sanme rate as the ODUCn signal.

This inplies that the OTUCn signal can only be transported over

wavel ength groups that have a total capacity of nultiples of

(approxi mately) 100 Ghit/s. Modern optical interfaces support a
variety of bitrates per wavel ength, depending on the reach
requirenents for the optical path. |If the total rate of the ODUk
LSPs planned to be carried over an ODUCn link is smaller than n*100
Goit/s, it is possible to "crunch" the OTruCn, and the unused
tributary slots are thus not transmtted. [ITU T _Gr09 2020] supports
the notion of a reduced-rate OTUCn signal, termed "OTUCn-M. The
OruCn- M signal is derived fromthe OTUCn signal by retaining all the
n i nstances of overhead (one per OTUC i nstance) but with only M(Mis
| ess than 20*n) OPUCn tributary slots available to carry ODUk LSPs.

3.2. ODUCn

The ODUCn signal defined in [ITUT_Gr09_2020] can be viewed as being

fornmed by the appropriate interleaving of content fromn ODUC signal

i nstances. The ODUC frames have the sane structure as a standard ODU
in the sense that the franes have the sane overhead and payl oad areas
but have a higher rate since their payload area can enbed an CDU4

si gnal .

The ODUCn is a multiplex section ODU signal and is nmapped into an

OrucCn signal, which provides the regenerator section layer. In sone
scenarios, the ODUCn and OTUCn signals will be coternminated, i.e.,
they will have identical source/sink |ocations (see Figure 1). In

Figure 1, the term"OIN Switch" has the sane neaning as that used in
Section 3 of [RFC7138]. [ITU T_Gr09_2020] allows for the ODUCh
signal to pass through one or nore digital regenerator nodes (shown
as nodes Band Cin Figure 2), which will termnate the OTUCn | ayer
but will pass the regenerated (but otherw se untouched) ODUCn towards
a different OTUCn interface where a fresh OTUCn |ayer will be
initiated. This process is ternmed as "ODUCnh regeneration" in
Section 7.1 of [ITUT_G&B72]. In this exanple, the ODUCn is carried
by three OTUCn segnents.

Specifically, the OPUCn signal flows through these regenerators
unchanged. That is, the set of client signals, their TPNs, and
tributary-slot allocations remains unchanged.

Fommm e e + Fommm e e +
| S + |
| OTN [----------- | OTN |
| Switch +----------- + Switch |
| A I | B I
| o m e e e - + |
Fommm e e + Fommm e e +
<-------- obuln------- >
Semmmm-- orucn------ >

S R + Fomm oo + Fomm oo + Fomm oo +
| REEEEEE + | | doo oo + |
| OTN [EEEEEEEE | OIN | | OTN  |---mmmene- | OIN |
| Switch +-------- + Regen +-------- + Regen +---------- + Switch |
I A I | B I | C I | D I



Figure 2: ODUCn Signal - Milti-Hop
3.3. Tributary Slot Granularity

[ TUT_Gr09_2012] introduced the support for 1.25 Ghit/s granul ar
tributary slots in OPU2, OPU3, and OPW signals. [ITU T_Gr09_2020]
defined the OPUC with a 5 Ghit/s tributary slot granularity. This
means that the ODUCn signal has 20*n tributary slots (of 5 Ghit/s
capacity). The range of tributary port nunmber (TPN) is 10*n instead
of 20*n, which restricts the maximumclient signals that could be
carried over one single ODUCL.

3.4. Structure of OPUCn MSI with Payl oad Type 0x22

As nentioned above, the OPUCn signal has 20*n tributary slots (TSs)
(each 5 Guit/s). The OPUCn MslI field has a fixed |l ength of 40*n
bytes and indicates the availability and occupation of each TS. Two
bytes are used for each of the 20*n tributary slots, and each such
informati on structure has the followi ng format (see Section 20.4.1 of
[1TUT_Groo_2020]):

* The TS availability bit indicates if the tributary slot is
avai |l abl e or unavail abl e.

* The TS occupation bit indicates if the tributary slot is allocated
or unall ocat ed.

* The tributary port nunber (14 bits) indicates the port number of
the client signal that is being carried in this specific TS. A
flexible assignment of tributary port to tributary slots is
possi ble. Numbering of tributary ports is from1l to 10*n

The concat enation of the OPUCn payl oad type (PT) and the MSI field is
carried over the overhead byte designated as PSI in Figure 15-6 of
[1TUT_Gro9_2020].

3.5. dient Signal Mappings

The approach taken by the ITU-T to map non-OTN client signals to the
appropriate ODU containers is as follows:

* Al client signals are mapped into an ODUJj or ODUK (e.g., ODUfl ex)
as specified in Section 17 of [ITU T_Gr09_2020].

* The terns "ODUj" and "ODUk" are used in a nmultiplexing scenario,
with ODUj being a |loworder ODU that is nultiplexed into ODUk, a
hi gh-order ODU. As Figure 3 illustrates, the ODUCn is also a
hi gh-order ODU into which other ODUs can be nultipl exed. The
ODUCn itself cannot be nultiplexed into any higher-rate ODU
signal; it is defined to be a section-Ilevel signal

* ODUfl ex signals are loworder signals only. |If the ODUfI ex
entities have rates of 100 Gbit/s or less, they can be transported
over either an ODUk (k=1..4) or an ODUCn. For ODUflI ex connections
with rates greater than 100 Ghit/s, ODUCn is required.

* ODU Virtual Concatenation (VCAT) has been deprecated. This
sinmplifies the network and the supporting hardware since nmultiple
di fferent mappings for the same client are no | onger necessary.
Note that |egacy inplenmentations that transported sub-100 Goit/s



clients using ODU VCAT shall continue to be supported.

Clients (e.g., SONET/SDH and Ethernet)
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Figure 3: Digital Structure of OIN Interfaces (fromFigure 6-1 of
[1 TUT_Gro9_2020])

4. QWLS Inplications and Applicability

4.1. TE Link Representation
Section 3 of [RFC7138] describes how to represent G 709 OTUk/ ODUK
with TE links in GWLS. In the sane manner, OTUCn |inks can al so be

represented as TE links. Figure 4 provides an illustration of a one-
hop OTUCn TE I i nk.

I + S T +
| OIN | | OIN |
| Switch +------------------- + Switch |
I A I | B I
Focmmnaaann + S TRy +
[ <--eenn--- Oorucn Link---------- >|
| <--------- TE Link------------- >|

Figure 4: One-Hop OTUCn TE Link

It is possible to create TE links that span nore than one hop by
creating forward adj acencies (FAs) between non-adjacent nodes (see
Figure 5). 1In Figure 5 nodes B and C are perform ng the ODUCn
regeneration function described in Section 7.1 of [ITUT &72] and
are not electrically switching the ODUCn signal fromone interface to
another. As in the one-hop case, nulti-hop TE |inks advertise the
ODU swi tching capability.

Fomm oo + Fomm oo + Fomm oo + S R +
| OTN | | OIN | | OIN | | OIN |
| Switch |<------- > Regen |<-------- > Regen |<------- > Switch |
| A | Oruen | B | orutn | C | Ooruen | D |



4. 2.

4. 3.

Figure 5: Milti-Hop ODUCn TE Link

The two endpoints of a TE link are configured with the supported
resource information (which may include whether the TElink is
supported by an ODUCn, ODUk, or OTWKk), as well as the link attribute
information (e.g., slot granularity and list of available tributary
sl ot).

GWLS Si gnal i ng

Once the ODUCn TE Iink is configured, the GWLS nechani sns defined in
[ RFC7139] can be reused to set up ODUk/ CDUfl ex LSPs with no changes.
As the resource on the ODUCn |ink that can be seen by the ODUk/
ODUfl ex client signal is a set of 5 Git/s slots, the | abel defined
in [RFC7139] is able to acconmodate the requirement of the setup of
an ODUk/ CDUf I ex client signal over an ODUCn link. In [RFC7139], the
OTN- TDM GENERALI ZED LABEL object is used to indicate how the | ower-
order (LO ODU signal is multiplexed into the higher-order (HO ODUk
link. In a simlar manner, the OTN TDM GENERALI ZED LABEL object is
used to indicate how the ODUk signal is multiplexed into the ODUCn
link. The ODWk signal type is indicated by Traffic Paraneters. The
I F I D RSVP_HOP object provides a pointer to the interface associ ated
with TE link; therefore, the two nodes terminating the TE |ink know
(by internal/local configuration) the attributes of the ODUCn TE

Li nk.

The TPN defined in [ITU T_Gr09_2020] (where it is referred to as
"tributary port #"') for an ODUCn |ink has 14 bits while this field in
[ RFC7139] only has 12 bits, so sone extension work will eventually be
needed. Gven that a 12-bit TPN field can support ODUCnh links with
up to n=400 (i.e., 40 Thit/s links), this need is not urgent.

The example in Figure 6 illustrates the |abel format defined in

[ RFC7139] for mnultiplexing ODU4 onto ODUCL0. One ODUCL10 has 200
slots (each 5 Ghit/s), and twenty of themare allocated to the ODW.
Wth this |abel encoding, only 20 out of the 200 bits nmask are non-
zero, which is very inefficient. The inefficiency grows for |arger
val ues of "

n", and an optim zed | abel format may be desirable.
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Fi gure 6: Label Fornat

GWLS Routi ng



7.

7.

7.

For routing, it is deened that no extension to the current nechanisns
defined in [ RFC7138] is needed.

The ODUCn |ink, which is the | owest |layer of the ODU multipl exing

hi erarchy involving multiple ODU | ayers, is assumed to have been

al ready configured when GWLS is used to set up ODUk over ODUCn;
therefore, the resources that need to be advertised are the resources
that are exposed by this ODUCh |link and the ODUk mnul ti pl exi ng
hierarchy on it. The 5 Gbit/s OPUCh tine slots do not need to be
advertised, while the 1.25 Ghit/s and 2.5 Ghit/s OPUk tinme slots need
to be advertised using the nechani sns already defined in [ RFC7138].

Since there is a 1:1 correspondence between the ODUCn and the OTUCn
signal, there is no need to explicitly define a new value to
represent the ODUCn signal type in the OSPF-TE routing protocol.

| ANA Consi der ati ons
Thi s docunent has no | ANA acti ons.
Security Considerations

Thi s docunent anal yzes the applicability of protocol extensions in

[ RFC7138] and [RFC7139] for use in the 2020 version of ITUT
Recomendation G 709 [I TU-T_Gr09 2020] and finds that no new
extensions are needed. Therefore, this document introduces no new
security considerations to the existing signaling and routing

prot ocol s beyond those already described in [RFC7138] and [ RFC7139].
Pl ease refer to [ RFC7138] and [RFC7139] for further details of the
specific security measures. Additionally, [RFC5920] addresses the
security aspects that are relevant in the context of GWLS
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Appendi x A, Possible Future Wrk

As noted in Section 4.2, the GWLS TPN field defined in Section 6.1
of [RFC7139] is only 12 bits, whereas an ODUCn link could require up
to 14 bits. Although the need is not urgent, future work could
extend the TPN field in GWLS to use the Reserved bits immediately
adj acent. This would need to be done in a backward-conpatible way.

Section 4.2 further notes that the current encodi ng of GWLS | abel s
can be inefficient for larger values of nin ODUCh. Future work

m ght exam ne a nore conpact, yet generalized, |abel encoding to
address this issue should it be felt, after analysis of the
operational aspects, that the current encoding is causing problens.
I ntroduction of a new | abel encoding woul d need to be done using a
new pairing of LSP encoding type and Generalized Payl oad Identifier
(GPID) to ensure correct interoperability.
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