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Abst ract

Thi s docunent focuses on the requirements for path conputation and
control of the fine-granularity transport network. It provides the
general context of the use cases of path conputation and the

consi derations on the requirenments of PCE extension in such fine-
granularity transport network.
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1. I nt roduction

Wth the proposal of new service denmand, the technol ogy of the
transport network is constantly devel oping. TDM based Opti cal
Transport Network (OTN) and Metro Transport Network (MIN)

technol ogi es are both moving towards fine-grain hard slices. The
vertical industries and dedicated |ine services have higher
requirenents on isolation, security and reliability but with smaller
bandwi dth. Fine-grain TDM technol ogy can provide the flexible
N*10Mops bandwi dth for these connections.

ITUT has a series of reconmendations for fgOIN (fine grain OTN ) and
fgMIN (fine grain MIN). The fgOIN overview is defined in

[ITUT G 709.20], fgOIN | ayer architecture is defined in

[ITUT G872], fgOIN Interface and server adaptation is defined in
[ITUT G 709], fgOIN equi pnent is defined in [ITUT G 798], fgOIN
synchroni zation is defined in [ITUT_G 8251], fgOIN managenent
requirenentsis defined in [ITUT_G 874] and protocol -nneutral

informati on nodel is defined in [ITUT_G875]. The fgMIN overviewis
defined in[ITU- T _G 8312.20], fgMIN | ayer architecture is defined in
[ITUT G 8310], fgMIN interface is defined in [ITUT_G 8312], fgMIN
equi pment is defined in [ITUT_G 8321], fgMIN synchronization is
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defined in [ITUT_G nn-sync], and nanagenment requirenent and
informati on nodel is defined in [ITUT_G 8350]. Both the fgOIN and
fgMIN protection are defined in [I TU T_G 808. 4].

The new fine-grain transport technology will significantly increase
the number of path connections in the network conpared to the
traditional connections based on optical wavel ength or OCDUk with

| arger bandwi dth. For the future massive fine-grain channe
connections, howto effectively performend-to-end path conputation
and control will be an inportant technical topic.

The architecture of a Path Conputation El ement (PCE)-based nodel has
been presented in [RFC4655]. It discusses PCE-based inpl enmentations
i ncludi ng conposite, external, and multiple PCE path computation

[ RFC8779] addr esses the extensions required for GWLS applicati ons and
routing requests, for exanple, for Optical Transport Networks (OTNs)
and Wavel ength Switched Optical Networks (WSONs). Due to the new
features of fine-grain technology, PCE nmay need to be extended.

Thi s docunent focuses on the requirements for path conputation and
control of the fine-grain transport network. Section 6 provides the
general context of the use cases of path conputation. Section 7
provi des the considerations on the requirenents of PCE extension in
such fine-grain transport network.

2. Requirenents Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP14 [ RFC2119] [ RFCB8174] when, and only when, they appear in al
capital s, as shown here

3. Term nol ogy
Donai n:

A domain, as defined in [ RFC4655], is "any collection of network
el ements within a common sphere of address managenment or path
conputation responsibility". Specifically, within this docunent,
we nean a part of an operator’s network under conmon managenent
(i.e., under shared operational managenent using the sane
instances of a tool and the sane policies). Network elenments are
often grouped into domai ns based on technol ogi es, vendor profiles,
or geographic proximty.

FG
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Fine Gain
MI'N:

Metro Transport Network
OrN:

Optical Transport Network

4. fgMINP network | ayer

MIN(Metro Transport Network) [ITU-T_G 8310] is a new generation of
transport network technol ogy systemdefined by ITUT. MIN integrates
packet and TDM t echnol ogi es, enabling conpatibility with Ethernet
protocol stacks while neeting differentiated requirenments of the 6G
era, such as hard isolation, low latency, and high reliability, thus
further enhancing the bearer capability of 5G networKks.
From the bottom up, MIN network i s conposed of three network |ayers

MIN section |layer, MIN path |ayer and fgMIN path | ayer

Client Signal (Ethernet MAC frame or Constant Bitrate)
fgMIN path | ayer

I I
I I I
| MIN path | ayer |
I I
| MIN section | ayer |

Figure 1: MIN Network Layers

As shown in Figure 1, the fgMIN technol ogy

[ TU-T_G 8312. 20]i ncorporates fine-grained slicing into the MIN
architecture, providing a | owcost, refined, hard-isolated, and fine-
grai ned bearer channels. The fgMIN technol ogy further refines the
granularity of hard slicing fromb5 Ghit/s to 10 Miit/s, neeting the
differentiated service bearer requirenents of vertical industry
applications and private |ine services, such as small bandwi dth, high
i sol ation, and high security.
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5. Path Conmputation Requirements in Fine-grain Transport NetworKk

Conpared to traditional optical networks, fine-grain transport
networks require nore quantity, faster, and nore flexible path set-up
and renoving capabilities. The path conputation architecture should
be reliable, scalable and efficient to facilitate the configuration
of a large anmount of fine-granularity channel connections.

o e e e e + o e e e e e e e e oo o - +
| Domain A | | Donei n B |
-+ H--+ +- -+ ++- + +- ++ +- -+ +- -+ +- -+
--->| PE1+- - - +P1+4-- - - +P24- - - - >+P4| - - - - - - >| P5+- - - - +P6+- - - - +P7+- - - - >+PE2| - - - >
oo+ H--+ +--+ ++- + +- ++ +--+ +--+ +-+- +
I I I I
o e e e e + o e e e e e e e e oo o - +
N N
I _ _ I
R LT E2E fine-grain LSP------------mmmmomnot +

Figure 2: Scenario of E2E fine-grain connection
0 The nunber of fine-grain TDM channels will significantly increase

FgOTN and fgMIN support 10Mdit/s level tributary slots
granularity. One ODU2 channel can support up to 952 fgOIN
connections. One 5CGbps MIN channel can support up to 480 fgMIN
connections. For transport devices with a switching capacity of
several Tbps, they can support fine-grain channel connections of
tens of thousands or even tens of thousands. Therefore, for the
net wor k, the nunber of connections throughout the entire network
will significantly increase.

0 According to service requirenents, fine-grain paths may change
frequently and dynam cal |l y:

One fine-grain channel can carry and correspond to a certain CBR
or Ethernet service, rather than serving as a |arge optica
channel . Wen the services appear or end, or its bandw dth
changes, or the destination address changes, they will cause
changes in fine-grain channels. Therefore, conpared to serving as
an optical bandw dth channel for the routers, the fine-granularity
channel s serve directly as service channels, which are nore |likely
to change
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6

Use Cases of Fine-grain Path Conputation

To address the massive fine-grain path conputation issues, it is
necessary to conbine centralized control systens and distributed
control protocols. On the one hand, a centralized control systemis
used to calculate the global optinmal routing and devel op resource
scheduling strategies. On the other hand, distributed contro

prot ocol s between devices are used to perform operations such as
cross connection configuration and tine slot occupation assignment.

The applications of fine-grain path conputation and rel ated
capabilities at |east include:

Fi ne-grain path set-up

The control systemcal culates service routing in a centralized way
and sends nessages to the source node. Then, the connection is
establ i shed between devi ces through connection control signaling.
The end-to-end fine-grain connections nay cross one or nore

domai ns.

Fi ne-grain resource nanagenent:

The topol ogy and resource information of fine-grain devices and
slots need to be collected and reported, so that the centralized
system can cal cul ate new routes based on this information and

al l ocate slot resources for the new connecti ons.

Fi ne-grain path update:

During the connection, fine-grain channels can undergo hitless
bandwi dt h adjustment. \Wen channel bandw dth increases or
decreases, tinme slots need to be added or renmoved. It is needed
to control and update the existing path paraneter.

Fi ne-grain path renoval
When the service no |longer needs this connection, it is necessary

to remove this fine-grain channel and rel ease the correspondi ng
resources
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7.

10.

11.

Requi rements of PCE Extension for Fine-grain Transport Network

FgMIN uses the managenent and control systemto performcentralized
pat h conputation. The functions of topology and resource collection
can use PCEP-LS [I-D.ietf-pce-pcep-ls] to enable the collection of
link-state and TE i nformati on from MIN networks and sharing with PCE
by extending a new LS Report nessage. Therefore, the PCEP-LS can be
extended to support the reporting of fgMIN topol ogy resources.

The path cal cul ation request/reply nessage fromthe PCC or the PCE
must contain the information specifying appropriate fine-grain
channel attributes, including the fine-grain switching capability/
type, the fine-grain server |layer type, the fine-grain time slots,
the fine-grain client 1D, end-to-End fine-granularity path protection
type, etc.

Based on the above analysis, the specific PCEP and its |ink status
extensions are provided by [I-D.ietf-pce-pcep-Is] and
[I-D.ietf-pce-pcep-Is].

Manageabi l ity Consi deration
TBD

Security Considerations
TBD

I ANA Consi derati ons

TBD
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