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Abst ract

| TU-T Reconmendation | TU-T G 709/Y.1331 (2020) Ard.3 (03/2024)
i ntroduced new fine grain OIN (fgOTN) for the efficient transm ssion of
sub-1G client signals.

Thi s docunent reviews the fgOIN control plane requirenents, exam nes
the applicability of using existing GWLS control plane for fgOIN, and
provi des the standard gap anal ysis and consi derati ons on GWLS

ext ensi ons.

Status of this Meno

This Internet-Draft is submtted to |ETF in full conformance with
the provisions of BCP 78 and BCP 79.

Internet-Drafts are working docunments of the Internet Engineering
Task Force (IETF), its areas, and its working groups. Note that
ot her groups may al so distribute working docunents as |nternet-
Drafts.

Internet-Drafts are draft docunments valid for a maxi num of six

mont hs and nmay be updated, replaced, or obsol eted by other documents
at any tine. It is inappropriate to use Internet-Drafts as
reference material or to cite themother than as "work in progress."

The list of current Internet-Drafts can be accessed at
http://ww. ietf.org/ietf/1id-abstracts.txt.

The list of Internet-Draft Shadow Directories can be accessed at
http://ww.ietf.org/shadow. htm .
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I ntroduction

Optical Transport Networks (OIN) is a mainstreamlayer 1 technol ogy
for the transport network. Over the years, it has continued to
evolve, to inprove its transport functions for the emerging
requirenents.

OIN control plane capabilities are also introduced and i nproved
according to the evolution of OTN technol ogies. The OIN control

pl ane brings benefits to operators, including inmproving OTN network
resiliency and resource usage efficiency. Control plane technol ogies
such as CGeneralized Multi-Protocol Label Swi tching (GWLS) [ RFC3945]
and Path Conputation El enment Conmunication Protocol (PCEP)

[ RFC4655], support different classes of interfaces and switching
capabilities including OTN

In the latest version of OIN, ITUT G 709/Y.1331 (2020) And. 3 [ G/09-
202403], the fine grain OIN (fgOIN) is introduced for the efficient
transmission of lowrate signals (e.g., sub-1G.

In [OCN], the Optical Coud Network (OCN) architecture is specified,
whi ch uses OIN (including fgOTN) as the underlay network to carry
the high-quality cloud services. The [OCN] al so specifies the
functionalities of Optical Service Protocols (CSP), which run on the
control interfaces of the OCN for service and connection control.

Thi s docunent reviews the |latest OIN standard technol ogi es
(especially the fgOIN) and their requirenments to the OTN control
pl ane.

Thi s docunent al so exami nes the applicability of using existing
GWLS and PCEP for fgOIN, and provi des the standard gap anal ysis and
consi derati ons on GWLS and PCEP extensi ons.

G 709 Optical Transport Network Overvi ew

Reconmendation I TU-T G 709/Y. 1331 [ G/09-202403] defines the
requirenents for the optical transport network (OTN) interface
signals of the optical transport network.

The nost inportant new feature introduced by G 709/Y. 1331 [ G/09-
202403], conpared with the previous editions of G 709 series
standards, is the introduction of fine grain OIN (fgOIN) for the
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efficient transm ssion of lowrate signals (e.g., sub-1G. This can
be an alternative to the existing SDH networks, which phases out in
operators’ networks.

Recomendation | TU-T G 709. 20 [ Gr09. 20] provi des an overvi ew of
functions provided by the fgOIN | ayer networKk.

The main functional requirenents of fgOIN, described in G 709. 20
[ Gr09. 20], i ncl ude:

Support TDM hard isolation with determnistic |atency to
guar ant eed perfornmance of OIN networks.

Support mappi ng packet services and Constant Bit Rate (CBR)
services into fgODUfl ex path | ayer.

Support multiplexing multiple fgODUfl ex signals into
obwo/ 1/ 2/ flex(fgTS, n) (where n = 3 to 7).

Support fgODUfl ex SNCP 1+1 protection.
Support timng transparent transport for CBR services.

Support fgODUfl ex hitl ess bandw dth adjustnment function for packet
servi ces.

The detail definition of fgOIN, including frame format, mappi ng of
client signals into fgOIN and nmapping of fgOINinto ODUK, is
described in G 709 [ Gr09-202403].

2. 1.

f gOTN Mappi ng and Miul tiplexing Architecture

fgOIN | ayer network is a service |layer network of the OIN ODU | ayer
network. Figure 1 shows the overview of fgOIN mappi ng and
mul ti pl exi ng architecture.

Li n,
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p=1~119
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Figure 1: fgOTN mappi ng and nul tiplexing architecture

Note that, sinmlar to ODUJ into OTY mapping, the ODY (fgTS)
(j=0,1,2) may al so be mapped into OTY directly, which is not shown
in Figure 1 for sinmplicity.

2.1.1. fgODUflex(p) into ODY (fgTS) or ODUf I ex(fgTS, n) Miltiplexing

The ODYj (fgTS) (j=0,1,2) and the ODUfl ex(fgTS, n) are the new
containers used for fgODUfl ex(p), which contain nultiple fine grain
Tributary Slots (fgTSs) with an approxinmate bit rate of 10 Mit/s.
More specifically:

-  The ODWO(fgTS) contains 119 fine grain Tributary Slots (fgTSs),
and the bit rate of each fgTS is approximately 10411 kbit/s.

- The ODUL(fgTS) contains 238 fgTSs, and the bit rate of each fgTS
i s approxi mately 10455 kbit/s.

Lin, et al. Expi res January 2026 [ Page 5]



I nternet-Draft GWPLS fgOIN Applicability July 2025

- The ODU2(fgTS) contains 952 fgTSs, and the bit rate of each fgTS
is approxi mately 10499 kbit/s.

-  The ODUfl ex(fgTS, n) (3<=n<=7) contains n*119 fgTSs, and the bit
rate of each fgTS is approxinately 10411 kbit/s.

When nul tiplexing an fgODUfl ex(p) into an ODUj (fgTS) (j=0,1,2) or an
ODUf | ex(fgTS, n), the fgODUfl ex(p) occupies p fgTSs of the ODY (fgTS)
or ODUfl ex(fgTS,n), where p is a positive integer that |ess than or
equal to 119.

Packet or CBR client signals which are less than 1 Ghit/s can be
carried by an fgODUfl ex(p) to inprove the efficiency of OIN
bandwi dth utilization.

2.1.2. ODYj(fgTS) or ODUfl ex(fgTS, n) into CDUk Multiplexing

The ODYj (fgTS) (j=0,1,2) or ODUfl ex(fgTS,n) can be nultiplexed into
ODUk using one or multiple 1.25Gops tributary slots of the ODUK,
which is simlar to the traditional ODU (including ODUfl ex) into
ODUk mul ti pl exi ng.

Traditional ODU and ODUj (fgTS) / ODUfI ex(fgTS,n) can be co-exist in
the sane ODWk, i.e., it’s possible that sone of the 1.25Ghps
tributary slots of an ODUk are used for the traditional ODUY, while

other 1.25CGops tributary slots of the ODUk are used for the
oDy (fgTsS) / ODUfl ex(fgTsS, n).

2.2. fgOIN Connecti on Mbdel

Figure 2 shows a sinple exanple about the fgOIN connecti on nodel .
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Virtual ODUj/ODUf I ex |ink Virtual ODUj/ODUf I ex |ink
A A
| |
TR + TR + TR + TR + TR +
| Kkkkkkkkkhkkhkkkkkkk*xx Kkkkkkkkkhkkhkkkkkkk*xx |
| | | | | | | | | |
| A | ::::::l B | ::::::l C | ::::::l D | ::::::l E |
| J ook | | ook| | ok | | ook | |
+----- + Link +----- + Link +----- + Link +----- + Link +----- +
Conn#1 Conn#2
Kok kokkkokkokkokokokokok ok ok ok ok ok ok ok ok ok ok ok ok ok Kok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok ok

oDy (fgTS) or ODUFI ex(fgTs, n) oDy (fgTS) or ODUFI ex(fgTs, n)

Conn#3: fgODUf |l ex(p)
Figure 2: exanple of fgOTN connection nodel

In this exanple, there are five OIN nodes which are interconnected
by ODUk links. Two ODUj (fgTS) or ODUfl ex(fgTS, n) connections are
creat ed:

- Conn#l: ODUj (fgTS) or ODUfl ex(fgTS,n), A-B-C
- Conn#2: ODUj (fgTS) or ODUl ex(fgTS,n), CGDE

These two connections formtwo virtual |inks, which are used for the
f gODUf | ex(p) connecti on.

- Conn#3: fgODUflex(p), A-CE

From the OTN node point of view (only describe one connection
direction for sinplicity. The other connection direction is exactly
the sane):

- Node A nultiplexes the fgODUfl ex(p) into an ODUj (fgTS) or
ODUf | ex(fgTS, n), which are further multiplexed i nto ODWK.

- Node B and D performthe cross-connect for the ODU (fgTS) or
ODUf | ex(fgTS, n), without being awareness of the fgODUf I ex(p)
i nsi de.

- Node C denul tiplexes the Conn#l signal fromthe ODWk,
demul ti pl exes the fgODUfl ex(p) fromthe Conn#l, perform
f gODUf | ex(p) cross-connect, and nultiplexes the fgODUfl ex(p) into
Conn#2 and then into ODUWK.

- Node E denultiplexes the Conn#2 signal fromthe ODUk, and further
denul ti pl exes the fgODUfl ex(p) fromthe Conn#2.
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2.3. fgOIN Use Cases
2.3.1. Point-to-Point (P2P) Private Line Service

One of the notivations of fgOINis to provide an alternative to
carry sub-1G private line services. Figure 3 bel ow shows an exanpl e
of reference network nodel for mnulti-domain fgOIN private |ine
service (also see Annex A of G 709.20 [ Gr09. 20]).

In this exanple, there are one backbone OTN domain, two Metro OIN
domai ns and two fgOIN CPEs in the network. The backbone OTN domain
only supports ODUk switching, while the Metro OIN networks support
both fgODUfl ex and ODUk switching. Therefore, at the boundary nodes
(e.g., netro core nodes) of the nmetro OTN domai ns, the fgODUfl exes
to other metro OTN networks are nultiplexed into ODUk of the
backbone network. The backbone OTN nodes perform ODUk switching

wi t hout being aware of the fgODUfl exes inside the ODUWK.

R R R R R I

e * Backbone OTN (ODWK) * ----- +

| * *

| R R S S S S O I

Metro A | | Metro B
EE R I Sk I S S R I Sk S S S
L S +----- + * L S +----- + *

|  fgOIN | * |  fgOIN | ¥
* core | * * core | *
L S +--- - - + * L S +--- - - + *
* | * * | *
L +--m - - + * L +--m - - + *
* fgOTN | * Metro OTN * fgOTN | *
* | aggregation| * (fgOTN & ODWk) * |aggregation| *
[ +o-m o - + * [ +o-m o - + *
* | * * | *
fo R S Fomm - - + * fo R S Fomm - - + *
* | fgOIN | * * | fgOIN | *
* access | * * access | *
[ S +--m o= + * [ S +--m o= + *
kkkkkkkikhkhkhkkhkkhkkkk*% kkkkkkkikikhkhkkhkkhkkkk*%

Fome o Fome o + Fome o Fome o +
| fgOIN | | fgOIN |
| CPE | | CPE |
e e + e e +

Figure 3: Exanple of fgOTN-based private line (from[Gr09.20])
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2.3.2. Milti-Point-to-Milti-Point (MP2MP) C oud Access

Cl oud applications are becom ng widely deployed in enterprises and
vertical industries. Organizations with nultiple canmpuses are

i nterconnected together with the renote cloud Data Centers (DCs) for
storage and conputing. Such cloud services demand that the

under | ying network provides Milti-Point-to-Milti-Point connectivity
with high quality of experience, such as high availability, |ow

| at ency, and on-demand bandwi dth adj ustnments. fgOTN, as a TDM based
technol ogy, can be used to nmeet such requirenents. This could be
seen as an MP2MP private network service.

[ F5G UC] provides several use cases on how OTN is used for multi
cloud access, including enterprise private line connectivity to

mul tiple clouds and prem um hone broadband connectivity to nultiple
clouds. To support these use cases, the [OCN] further defines the
Optical Coud Network architecture, and further analyze the

techni cal requirements on the service and connection control

pr ot ocol s.

[opt 2cl oud] also provides simlar nulti cloud access use cases, and
further provides the probl em statenent and control plane technical
gap analysis on using fgOTN for nulti cloud access. See Figure 4
bel ow and see nore detail description in [opt2cloud].

/ \ / \
| enterprise| | Vertical |
| CPE |\ / \ +----- + /] doud |

A\ [\ +---+ \+---+ |Coudl/ \__ /

\| O A* *OEl----+ GV |
+---+ +---+ +----- +
________ I OTN I -
/ \ +-- -+ +-- -+ S R + / \
| Vertical |----+0 A* *OF----+Cloud|---|] Private |
| CPE | - - [+---+ | GN | | Coud |
\ / \ / +----- + \ /

Figure 4: Milti-cloud access through an OIN (from [ opt 2cl oud])
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3. Ceneral fgOIN Control Consideration
3.1. Signal Type

[ G7r09-202403] introduces new signal types including fgODUfl ex,
oy (fgTsS) (j=0,1,2) and ODUf I ex(fgTsS, n).

The fgOTN control plane needs to support these fgOIN rel ated si gnal
types.

3.2. fgOIN Label

In a control plane for a TDM network, |abels are used to indicate
the tributary slots in a link which are used by a connecti on.

In [RFC7139], the ODU |l abel for ODU into ODUk nultiplexing is
defined. There are at nost 80 tributary slots in an ODUk (i.e., ODW
l'i nk).

In [ Gr09-202403], the bit rate of the tributary slot (10 Mit/s) is
much smal l er than before (1.25 Ghit/s), therefore the total nunber
of fgOIN tributary slots will be much larger. There are 119*n
(1<=n<=8) tributary slots in an ODU (fgTS) or ODUfl ex(fgTS, n) (952
tributary slots in maxi mum.

An fgODUf | ex(p) occupies p (1<=p<=119) tributary slots of the
oDy (fgTS) or ODUf I ex(fgTs, n).

New fgOIN | abel needs to be designed to support the nmaxi mum nunber
of tributary slots.

4. fgOTIN Connection Control Consideration

4.1. Connection Hierarchy
As described in Section 2 of this docunent, two-stage nultiplexing
may happen when creating an fgODUfl ex connections (e.g., fgODUflex
into ODUfl ex(fgTS,n) and then into ODUk multipl exing). The fgOIN

control plane needs to support the control of the multi-stage
mul ti pl exi ng.

4.2. Hitless Resizing
[ RFC7139] supports the control of hitless resizing of ODU I ex.
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[ G709-202403] defines the data pl ane procedure to support fgODUfl ex
hitl ess resizing. The support of control of hitless resizing of
f gODUf | ex needs to be further considered.

4.3. Scalability Consideration

f gOTN support much finer granularity of ODU connections. Therefore,
the nunber of ODU connections will be significantly increased.

For exanple, there could be up to 952 (119*8) fgOIN connecti ons
within a single ODU2 link. As a comparison, there are at nost 8 CDUO
connections within an ODU2 |ink and 80 ODUO connections within an
ODU4 Iink in a traditional OTN networKk.

Therefore, the scalability and the performance of fgOIN connection
control need to be considered. Specifically, when an ODU |link fails,
there may be thousands of fgOTIN connections which are affected by
the failure and need to be rerouted at the sane tine. Even in such
case, the performance of fgOTN connection restoration still needs to
be guarant eed.

If the General Comunication Channel (GCC) overhead bytes are used
as the Data Conmunication Network (DCN) of the OIN, the DCN
bandwi dt h may become the bottl eneck when transmitting thousands of
rerouting signaling nessages at the sane tine.

A possible way to inprove the performance of the connection contro
is to use the parallel approach, i.e., the connection contro
messages are sent to each node of the path in parallel. The PCE as a
Central Controller (PCECC) ([RFC9050]) may be extended to support
paral |l el fgOIN connection control

Note that [OCN] provides several fgOIN connection control approaches
(including the parallel approach), aining at inproving the
performance of connection provisioning and restoration with | arge
nunber of fgOTN connecti ons.

5. fgOIN Service Control Consideration

Section 2.3.2 of this docunent describes the scenarios where fgOTN
is used for multi-cloud access services. In such scenarios, multiple
f gODUf | ex connections will be created for a customer, to forman
MP2MP private network interconnecting multiple custoner’s branches
and nultiple cloud DCs.

Since an OIN edge node may have multiple fgOTN connections connected
to different destinations for a custoner, the OIN edge node needs to
support identification of customer’s service flows, and support
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mappi ng different service flows (with different destination
addresses) into correspondi ng fgOTN connections. This requires each
OIN edge node to be able to:

- Collect the client-side (the custoner side or the cloud side,
whi ch the OTN edge node are connected to) service address
i nformation;

Note that this step may be done by manual configuration or by
running rel evant protocols between client side and the OIN edge
node, which is out of scope of this docunent.

- Learn the other client-side service address information from al
ot her OTN edge nodes;

- GCenerate the service mapping rules;

- ldentify the service identification information (e.g., source and
destination I P or MAC addresses) fromthe packet headers of the
recei ved service flow,

- Mapping the received service flowinto correspondi ng fgOTN
connections, according to the generated service napping rules.

Servi ce packets

e e m - +-- -+
| Ser-Al |
oo +---+
+----- +---+ f gOIN dommai n +----- +---+
|Ser_B| | IR R I R O I O O |Ser_A| |
Fammm- + H----- +---+ 4+---*4+ Conn-1 R S NS A S +
| G1 |-----mmmmmm-- | OE1* | ===========| *CE3| - - ----------- | doud-A |
+----- + ------ > +- - -*4===== I S > R +
* = *
* = *
oo - + - --* 4 = S S > e +
| G2 |-mmmmmmmmnn- | OE2* | =======| *OEA| - e e | O oud-B |
O + +---*+ Conn-2 S S S T R +
kkkkkkkikhkikikkikkkk*k |Ser_B| |

+----- +---+
Figure 5: Example of multi-cloud access service

Figure 5 shows an exanple on nmulti-cloud access service. In this
exanpl e, an fgOTN-based private network service is provisioned, with
mul tiple fgOTN connections interconnecting custoner’s branches (G 1
and C-2) and two cloud DCs (C oud-A and d oud-B). Wen the OIN Edge
node OEl receives the service flow packets with service
identifications (e.g., the destination addresses) Ser-A and Ser-B,
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CE1l needs to map the service packets identified as "Ser-A" into

f gOTN connection #1, and map the service packets identified as "Ser-
B" into fgOIN connection #2. In this way, the service flow can be
transmtted to the correct destination cloud DCs.

Note that traditional OTNwth 1.25 Goit/s or 2.5 Gohit/s tributary
slots can also be used in this scenario.

[ opt 2cl oud] provides nore detail description on how the service
address information is | earned, and how the service flows are nmapped
to the fgOIN connecti ons.

New protocol in the control plane is needed for the OIN edge nodes,
so that they can know which OIN connections can be selected to
transmt a certain service flow.

1) Distribution way, with extension to I GP

| GP protocols, such as OSPF-TE and | S-1S-TE, provide a
distribution method to flood the topol ogy (including the address
i nformati on) and resource information within the network.

Wth future protocol extensions to the OSPF-TE or IS 1S-TE, an OIN
edge node is possible to flood the service address information of
its client-side network to other OTN edge nodes.

The defect with such flooding nethod is that, all the internediate
OTN nodes will also receive such service address information. This
is not necessary, but brings |arge anong of extra data

transm ssion and process in the control plane of the internediate
OIN nodes.

2) Centralized way, with extension to PCEP

Anot her choice would be using a centralized way for the service
address | earning. Each OIN edge node communi cates with a
centralized controller via the control plane, to report its
client-side service address information. Then the controller
reflects such information to other OTN edge nodes directly. This
is much efficient conpared to the distributed fl oodi ng net hod.

[OCCN] introduces the OSP service control procedure, which supports
service address learning in a centralized way. In the OSP service
control procedure, a centralized Service Mappi ng Control Conponent
(SMCC) collects the service/client address information fromeach OIN
edge node via a "Servicel/client node Address Report" nessage,
generates the service nmapping information, and sends the service
mappi ng i nformati on to each OIN edge node via a "Service Mapping
Updat e" nessage
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PCEP has been extended to support distribution of |ink-state and TE
information in a centralized way, as defined in [PCE-LS]. Wth
further extensions to [PCE-LS], the PCEP nessages coul d be used as
the "Servicel/client node Address Report" and the "Service Mapping
Update" nessages in OSP, to support service address | earning.

The draft [PCE-fg] is working on the extension to the PCEP to
support the service address | earning and service flow mappi ng.

6. fgOIN Routing Consideration
6.1. fgOIN Resource Distribution

[ RFC7138] defines the routing protocol for the traditional OTN with
1.25 Ghit/s and 2.5 Ghit/s tributary slot types.

[ G709-202403] introduces new type of ODU tributary slot, i.e., the
fine grain tributary slot with a bit rate of approximtely 10
Moit/s.

The fgOTN control plane routing protocols need to support the
di scovery and distribution of fgOIN node and |ink resource
informati on and capability information, including:

- support of fine grain tributary slot, as well as the fine grain
tributary slot resource information;

- fgODUfl ex mul tiplexing capabilities;

- fgODUfl ex switching capabilities.

The typical scenarios for fgOINis to provide low bit rate private
line or private network services for nore custoners. This inplies
that the OIN network (which supports fgOTN connections) will cover a
| arger scope of networks, which may include the backbone network,
metro core, netro aggregation, nmetro access, and even the OIN CPE in
the custoners’ networks.

6.2. Scalability Consideration

Routi ng protocols such as OSPF-TE and | SI S-TE use fl oodi ng

mechani sns to distribute the routing information. The route
convergence tine may increase when the scale of the network becones
| arger. Therefore, the scalability of the fgOIN routing protocols
needs to be consi dered.

Lin, et al. Expi res January 2026 [ Page 14]



I nternet-Draft GWPLS fgOIN Applicability July 2025

10.

11.

11.

11.

A large-scale network may be divided into nultiple domains, to
reduce the route convergence time. Centralized mechani smdefined in
[ PCE-LS] may be used to collect the TE information in a domain by
the PCE, to avoid long routing convergence tine.

f gOTN Li nk Management Consi derati on

For further study.

Manageabi l ity Consi derations

For further study.

Security Considerations

For further study.

| ANA Consi der ati ons

Thi s docunent requires no | ANA acti ons.
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