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Abst ract

Traditionally, Ethernet MAC rates were constrained to match the rates
of the Ethernet PHY(s). OUF s inplementation agreenent [ O FM.G3] was
the first step in allowing MAC rates to be different than the PHY
rates. OF has recently approved another inplenentation agreenent

[ O FFLEXEL1] which all ows conpl ete decoupling of the MAC data rates
and the Ethernet PHY(s) that support them This includes support for
(a) MAC rates which are greater than the rate of a single PHY
(satisfied by bonding of nmultiple PHY(s)), (b) MAC rates which are

Il ess than the rate of a PHY (sub-rate), (c) support of multiple FlexE
client signals carried over a single PHY, or over a collection of
bonded PHY(s). The Fl exE SH M functions which bond nulti pe Ethernet
PHY(s) to forma large "pipe" view the connectivity between two Fl exE
awar e devices as a collection of nultiple point-to-point |inks (one
link per Ethernet PHY). These logical point-to-point |inks can
either be direct links (without an intervening transport network), or
realized via a Optical transport network. This draft catal ogs the
usecases that capture the Fl exE depl oynent scenarios -- including the
cases that include/exclude OTINs.

Status of This Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.
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1. Introduction

Traditionally, Ethernet MAC rates were constrained to match the rates
of the Ethernet PHY(s). OF s inplenmentation agreenent [O FM.G3] was
the first step in allowing MAC rates to be different than the PHY
rates standardized by |EEE. O F has recently approved anot her

i npl ement ati on agreenent [ O FFLEXE1l] which allows conpl ete decoupling
of the MAC data rates and the Ethernet PHY(s) that support them

This includes support for (a) MAC rates which are greater than the
rate of a single PHY (satisfied by bonding of nultiple PHY(s)), (b)
MAC rates which are less than the rate of a PHY (sub-rate), (c)
support of multiple FlexE client signals carried over a single PHY,

or over a collection of bonded PHY(s). The capabilities supported by
the OF FlexE inpl enentation agreenent version 1.0 are:

a. Support a large rate Ethernet MAC over bonded Ethernet PHYs, e.g.
supporting a 200G MAC over 2 bonded 100GBASE- R PHY(s)

b. Support a sub-rate Ethernet MAC over a single Ethernet PHY, e.g.
supportnig a 50G MAC over a 100GBASE-R PHY

c. Support a collection of flexible Ethernet clients over a single
Et hernet PHY, e.g. supporting two MACs with the rates 25G 50G
over a single 100GBASE-R PHY

d. Support a sub-rate Ethernet MAC over bonded PHYs, e.g. supporting
a 150G Ethernet client over 2 bonded 100GBASE- R PHY(s)

e. Support a collection of Ethernet MAC clients over bonded Ethernet
PHYs, e.g. supporting a 50G and 150G MAC over 2 bonded Ethernet
PHY( s)

Al'l networks which support the bonding of Ehernet interfaces (as per
[ O FFLEXE1l]) include a basic building block -- which consists of two
Fl exE SH M functions (located at opposite ends of a link) and the
(logical) point to point links that carry the Ethernet PHY signals
between the two Fl exE SHI M Functions. These |ogical point-to-point
PHY links can be realized in a variety of ways:
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a. These are direct point-to-point links with no intervening
transport networKk.

b. The Ethernet PHY(s) are transparently transported via an Optical
Transport Network. Optical Transport Networks (defined by [ Gr09]
and [ Gr98]) have recently expanded the traditional bit (or
codeword) transparent transport of Ethernet client signals, and
i ncl uded support for the usecases identified in the OF FLexE
i npl ement ati on agr eenent.

c. Realized by tunneling the Ethernet PHY(s) over sone other type of
network (e.g. |P/MPLS). Thus, for exanple, the Ethernet PHY(s)
signals could be carried over a pseudowire (or a LSP)in the |IP/
MPLS network. Note that the OF inplenmentation agreenent
[ O FFLEXE1] only includes support for 100G Ethernet PHY(s). As
a result of this encapsulation into a PW the bandwi dth of the PW
will be nuch larger than the bit rate of the Ethernet PHY (i.e
100G, and such a pseudowi re cannot be transported in networks
that only include 100G Ethernet links. This scenario is
realizabl e when (a) higher rate Ethernet PHY(s), e.g. 200G 40G
are supported) or (b) OF extends the Fl exE groups to include
| ower rate Ethernet PHY(s), e.g. at the 25GF 50G rate. Further
study is needed to ensure that these scenarios are realizable,
practical, and beneficial to operators. Wth this in mnd, the
current draft doesn't include any coverage for this scenario.

Internet-draft exam nes the usescases that arise when the | ogica

I i nks between Fl exE capabl e devices are (a) point-to-point |inks
wi thout any intervening network (b) realized via Optical transport
networks. This draft considers the variants in which fhe two peer
Fl exE devi ces are both customner-edge devices, or customer-edge/

provi der edge devices. This list of usecases will help identify the
Control Plane (i.e. Routing and Signaling) extensions that may be
required).

1.1. Requirenents Language
The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOWMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

2. Term nol ogy
a. FEthernet PHY: an entity representing 100G R Physical Coding

Subl ayer (PCS), Physical Media Attachnment (PMA), and Physica
Medi a Dependent (PMD) | ayers.
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b. FlexE Goup: A FlexE Goup is conposed of from1l to n 100GBASE-R
Et hernet PHYs. Each PHY is identified by a nunber in the range
[1-254].

c. FlexE dient: an Ethernet flow based on a MAC data rate that may
or may not correspond to any Ethernet PHY rate (e.g., 10, 40, mx
25 /s).

d. FlexE Shim the layer that maps or demaps the FlexE clients
carried over a Fl exE group.

e. FlexE Calendar: The total capacity of a FlexE group is
represented as a collection of slots which have a granul arty of
5G  The cal endar for a FlexE group conposed of n 100G PHYs is
represented as an array of 20n slots (each representing 5G of
bandwi dth). This calendar is partitioned into sub-cal endars,
with 20 slots per 100G PHY. Each FlexE client is napped into one
or nore cal endar slots (based on the bandwi dth of the FlexE
client).

3. Usecases
3.1. FlexE unware transport

The FlexE shimlayer in a router maps the Fl exE client(s) over the

Fl exE group. The transport network is unware of the FlexE. Each of
the FlexE group PHY is carried i ndependently across the transport
network over the sane fiber route. The FlexE shimin the router

tol erates end-to-end skew across the network. |In this usecase, the
router nakes flexible use of the full capacity of the Fl exE group

and depends on | egacy transport equiprment to realize PCS-codeword-
transparent transport of 100GbE. It allows striping of PHYs in the
Fl exE group over multiple line cards in the transport equipnent. It
is worth mentioning that in this case, the FlexE SH M| ayer is

term nated at the routers, and the coordination of operations related
to FlexE clients, e.g. creating new Fl exE clients, deleting existing
FIl exE clients, and resizing the bandwi dth of existing FlexE clients
(if desired) happens between the two routers. Note that the
transport network is conpletely transparent to the Fl exE signals, and
doesn’'t participate in any Fl exE protocols.
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Figure 1: Fl exE unaware transport
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3.2. FlexE Avnare
3.2.1. FlexE Aware Case - No Resi zi ng

This scenario represents an optinization of the FlexE unaware
transport presented in Section 3.1, and illustrated in Figure 1. In
this application (see Figure 2), the devices at the edge of the
transport network do not terminate the Fl exE shimlayer, but are
aware of the (a) conposition of the FlexE grpup (i.e. set of all
contai ned Ethernet PHYs) and (b) format of the Fl exE overhead. They
"snoop" the FlexE overhead to determ ne the subset of the set of al
cal endar slots that are available for use (i.e. these cal endar slots
may be used, or unused). The transport network edge rempves the
unavai |l abl e cal endar slots at the ingress to the network, and adds
the sane unavail abl e cal endar slots back when exiting the network.
The result is that the FlexE Shimlayers at both routers see exactly
the sane input that they saw in the Fl exE unware scenario -- with the
added benefit that the line (or DADM side bandw dth has been
optinmized to be sufficient to carry only the avail able cal endar slots
in all of the Ethernet PHY(s) in the FlexE group. This node may be
used in cases where the bandwi dth of the Ethernet PHY is greater than
the bit rate supported by a wavelength (and it is known that that al
cal endar slots in the PHY are not "avail able").

The transport network edge device could learn of the set of
unavail abl e cal endar slots in a variety of ways; a few exanples are
listed bel ow

a. The set of unavail able cal endar slots could be configured agai nst
each Ethernet PHY in the FlexE group. The FlexE denmux function
in the transport network edge device (A) conpares the information
about cal endar slots which are expected to be unavail able (as per
user supplied configuration), with the corresponding information
encoded by the customer edge device in the Fl exE overhead (as
specified in [OFFLEXELl]). |If there is a misnmatch between the
unavail abl e cal endar slots in any of the PHYs within a Fl exE
group, the transport edge node software could raise an alarmto
report the inconsistency between the provisioning information at
the transport network edge, and the custoner edge device.

b. The Transport network edge could be configured to act in a
"slave" node. In this node, the Fl exE dermux function at the
Transport network edge (A) receives the information about the
avai | abl e/ unavai | abl e cal endar slots by observing the Fl exE
overhead (as specified in [O FFLEXEl]) and uses this information
to select (a) the set of wavel engths (with appropriate
capacities) or (b) the bandwi dth of the ODUfl ex (or fixed rate
ODUs) that could carry the Fl exE PCS end-t o-end.
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c. The set of unavailable slots could be negotiated between Fl exE
Shimentity in the custonmer device and the partial rate ODUfl ex
mapper |located in the transport network el ement. Thus, for
exanpl e, the transport network el enent could declare the maxi mum
nunber of 5G slots that could be transported over a single
wavel ength, and the custoner network device can choose the nunber
of 5G slots that will be used between customer devices. This
process could be acconplished through control protocols such as
LMP, usi ng the appropriate control channel for transporting the
nessages.

In the basic Fl exE aware node, the transport network edge does not
expect the number of unavail abl e cal endar slots to change
dynami cal | y.

Note that the process of renpbving unavail able cal endar slots froma
Fl exE PHY is called "crunching" (see [O FFLEXEl1l]). The follow ng
addi tional notes apply to Figure 2:

a. The crunched Fl exE PHYs are independently transported through the
transport network. The nunber of used (and unused) cal endar
slots can be different across the FlexE group. |In particular, if
all the calendar slots in a FlexE PHY are in use, the crunching
operation | eaves the original signal intact.

b. In this illustration, the different Fl exE PHY(s) are transported
using ODUfl ex containers in the transport network. These ODUfl ex
connections can be of different rates.

c. In the nost general form G 709 Section 17.12 allows for a Fl exE
group consisting of mEthernet PHY(s) to be crunched, conbined,
and transported using n ODUFl ex containers (where n can range
between 1 and m. |In other words, the ITU G 709 recomendati on
all ows for (but not require the support for) the degenerate cases
in which (a) each Ethernet PHY within the group is transported
using its owmn ODUfl ex, and (b) all the PHY(s) are crunched,
conbi ned and transported over a single ODUfl ex container. |If al
the sub-cal endar slots in a given PHY are available, it is
possible to transport the content of the PHY in one of two ways:
(a) as shown in Figure 2, or (b) using a FLexE unware (i.e. PCS-
codeword transparent transport) node. The latter approach (of
usi ng Fl exE unaware transport) for a few select (fully-utilized)
PHYs is not attractive fromthe perspective of skew between the
PHYs that conprise the Fl exE group. For sinplicity, the
preferred node of operation will be one in which the same mappi ng
procedure is used for nenber PHYs of a Fl exE group
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d. Wen the crunched Fl exE PHY(s) have a rate that is identical to
that of a standard Ethernet PHY, it is possible that the
transport network may utilize standard ODU contai ners such as
ODWU2e, ODU4 etc. As currently defined by I TU G 709
Section 17.12, the crunched, sub-rate signal is always nmapped to
an ODUfl ex, and the mapping to a fixed rate ODU signal is not
required. This option could be dropped if it results in any
significant sinplification

Note: The figure may need further editing to accurately depict the
si gnal hierarchy.
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Fl exE Et hernet dient(s)

B + 2 x 100GE +--------- + Fomm oo + R +
| R1 I I I I +t----+ R2 |
| (FlexBE+----------- + NEA | | Ne Z | | (FI exE|
| Shim | | (FlexE | | (FlexE +----+ Shim|
| +----- A + aware) | | aware) | | |
I I I I I I I I I
oo - + + N + N + e +
Fl exE G oup
I +Transport+-------- +/
net wor k
. + . +
| Fl exE cli ent s | Fl exE cli ent s
. + . +
| FlexE Shim | | FlexE Shim |
TSRS + TSRS +
| PHY | PHY | | PHY | PHY |
. + . +
I I I I
| | e + Hommmmmmaeaas + |
I | | FlexEpsg | | FlexE-psg | | I
| | o m e e e oo - + S + |
[ +--+ PHY| ODUfl ex +------- | ODUFI ex| PHY +--+ |
| Fomm e e + o mmm e o + |
I . + R + I
| | FlexE|l psg | | FlexE| psg | |
| o + Fom - - + |
e + PHY| ODUfl ex +------- | ODUFI ex| PHY +-------- +
. + . +
+ Legend:
| R, R2 + Routers (supporting the FlexE clients)
| NE A Z + Transport Network Edge nodes
+ Fl exE-psg: FlexE partial rate (sub) group signal

(per G 709:17.12)

Figure 2: Fl exE Aware Transport

Hussain, et al. Expires April 23, 2017 [ Page 10]



Internet-Draft Fl exE Ext ensi ons Cct ober 2016

3.3. FlexE Term nation - Transport

These usecases build upon the basic router-transport equi pnent

connectivity illustrated in Figure 1. The FlexE shimlayer at the
router maps to the set of FlexE clients over the Fl exE group, as
usual . This section considers various usecases in which the

equi prent | ocated at the edge of the transport network instantiates
the Fl exE Shim function which peers with the Fl exE shimon the
custonmer device. |In the router to network direction, the transport
edge node terninates the FlexE shimlayer, and extracts one or nore
Fl exE client signals, and transports themthrough the network. That
is, these usecases are distinguished fromthe Fl exE unaware cases in
that the Fl exE group, and the FlexE shimlayer end at the transport
networ k edge, and only the extracted FlexE client signals transit the
optical network. 1In the network to router direction, the transport
edge node maps a set of FlexE clients to the FlexE group (i.e.
performng the sane functions as the router which connects to the
transport network).The various usecases differ in the conbination of
service endpoints in the transport network. In the FlexE term nation
scenari os, the distance between the FlexE Shins is limted the nornal
Et hernet link distance. The FlexE shins in the router, and the

equi pnent need to support a small anobunt skew.

3.3.1. FlexE dient at Both endpoints

In this scenario, service consists of transporting a FlexE client
through the transport network, and possibly combining this Fl exE
client with other FlexE clients into a Fl exE group at the endpoints.
The FlexE client signal can be transported in two nmanners within the
OTN: (i) directly over one or nore wavel engths (ii) mapped into an
ODUfl ex (of the appropriate rate) and then sw tched across the OTN.

Figure 3 illustrates the scenario involving the mapping of a Fl exE
client to an ODUfl ex envelope; this figure only shows the signa
"stack" at the service endpoints, and doesn’t illustrate the

switching of the ODUfl ex entity through the OIN. The ODUfl ex mappi ng
will be beneficial in scenarios where the rate of the FlexE client is
| ess than the capacity of a single wavel ength depl oyed on the DWM
side of the OIN network, and allows the network operators to packet
multiple FlexE client signals into the sane wavel ength -- thereby

i mproving the network efficiency. Although Figure 3 illustrates the
scenario in which one FlexE client is transported within the OIN, the
foll owi ng points should be noted:

a. Wen the FlexE Shimterm nation function recovers nultiple FlexE
client signals (at node A), the FlexE signals can be transported
i ndependently. In other words, it is not a requirenent that al
the FlexE client signals be co-routed.
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b. Conversely, at the egress node, FlexE clients fromdifferent
endpoi nts can be conbined via the Fl exE shim eventually exiting
the transport edge node over an Ethernet group

Fomm e - - + 2 x 100GE +--------- + Fomm e e e o - + Fomm e - - +
| | | | | | |
| Routerl] [ [ [ [ [
| FlexE +----------- + A-end | | Z-end 4------ +Rout er 2 |
| Shim | | (FlexE | | (FlexE | | Fl exE |
[ +o---- AR + term | term Feomo-- + Shim |
I I I I I I I I I
| | | | | | | | |
Hom e e oo - + + Fomm e - + Fom e o - + Hom e e oo - +
Fl exE Group
\heeeea oo +Transport+-------- +
net wor k

Fom e e e e - - + S + TSRS + Fom e e e e - - +
| Adient(s) | | Cient [ | Cient [ | Adient(s) |
N + Aeeeeeans e + . S e + eeeeeanaans +
| FlexE Shin | Shim | [ [ | Shim| | FlexE Shin
R R + IR + ODU | | OOU +------ + R R +
| PHY(s) [ | PHY(s) | flex| | flex | PHY(s)| | PHY(s) [
R + B i e L S R +
I I I I I I

. + N . . +

Figure 3: FlexE term nation: FlexE clients at both endpoints

.2. Interworking of FlexE Client w Native dient at the other
endpoi nt

The OF inplenentation agreenent [O FFLEXEl] currently supports Fl exE
client signals carried over one or nore 100GBASE-R PHY(s). There is
a cal endar of 5G tineslots associated with each PHY, and each Fl exE
client can make use of a nunber of tinmeslots (possibly distributed
across the nmenbers of the FlexE group. This inplies that the Fl exE
client rates are nultiples of 5Gips. Wen the rates of the Fl exE
client signals matches the MAC rates corresponding to existing

Et hernet PHYs, i.e. 10GBASE- R/ 40GBASE- R/ 100GBASE-R, there is a need
for the FlexE client signal to interwork with the native Ethernet
client received froma single (non-Fl exE capable) Ethernet PHY. This
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capability is expected to be extended to any future Ethernet PHY
rates that the | EEE nay define in future (e.g. 25G 50G 200G etc.).
In these cases, although the bit rate of the FlexE client matches the
MAC rate of other endpoint, the 64B66B PCS codewords for the Fl exE
client need to be transforned (via ordered set translation) to match
the specification for the specific Ethernt PHY. These details are
described in Section 7.2.2 of [O FFLEXEl] and are not el oborated any
further in this docunent.

Figure 4 illustrates a scenario involving the interworking of a 10G
FlexE client with a 10GBASE-R native Ethernet signal. 1In this
exanpl e, the network wapper is ODU2e.

oo + 2 x 100GE +------- + oo + oo +
I I I I I I I I
| Router1| I I I I I I
| (FlexE +----------- + A-end | | Z-end | 10CE | Router 2|
| sShim | | (FI exE | | I + |
I +o---- Ao +term | I I I I
I I I I I I I I I
I I I I I I I I I
S + + S + S + S +
Fl exE G oup
I Transport--------- +/
net wor k

oo S SRR +
| dient(s) | | dient | R + R +
R R Fom - + | 10GE PCS | | 10GE PCS|
| Fl exE Shim | Shim | | Fom - +o---+ S +
R L + ODbU | | ODU2e | PHY] | PHY [
| PHY(s) | | PHY(s)| 2e | Hom ot e e oo PR
TR IR + TR IR +---+ | | |

I I I I I I

I I I I I I

e e e o + TSRS + Fom e e o +

Figure 4: FlexE client interop with Native Ethernet Cient
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3.3.3. Interworking of FlexE client w dient fromOF_MG

As explained in the Introduction section ( Section 1 O FM.G3

[O FMLG3] introduced support for carrying 10GE and 40CE client
signals over a group of 100GBASE-R Ethernet PHY(s). While the nost
recent inplenmentation agreenent doesn’t call it out explicitly, it is
expected that the FlexE clients (as defined in [ O FFLEXE1l]), and
10GBASE- R/ 40GBASE-R clients supported by OFM.G3 [O FM.G3]) will

i nt eroperate.

Figure 5 illustrates a scenario involving the interworking of a 10G
FlexE client with a 10GBASE-R client supported by an O FML.G3
interface. In this exanple, the network w apper is ODU2e.

R + 2 x 100GE +--------- + Fomm oo + B +
I I I I I I I I
| Routerl] | | | |
| FlexE +----------- + A-end [ | Z-end +------ +Router 2 |
| Shim | | (FlexE | [ [ | (MG 3.0)|
| FoooooMeooook tern) | | AREEES + |
I I I I I I I I I
I I I I I I I I I
Fomm e - - + + Fomm e oo - + Fomm e oo - + Fomm e oo - +

Fl exE G oup
e +Transport+-------- +/
net wor k
B + o m e e oo o - + B + Fomm e e e o - +
| Adient(s) | | Cdient | | 10GE PCS | | 10GE d. |
[ S + Hom e e oo - +----+ Homm - - - Fom oo - + Fom e o - +
| Fl exE Shim | Shim | [ [ | M&B | | MG3 [
Fomm e eaaaa + Ty + ODY| | ODU +------- + Fomm e +
| PHY(s) | | PHY(s) | 2e | | 2e | PHY(s)| | PHY(s) |
B + B S B o m o m - - +
| | | | | |
Fom e e e oo + Fom e e o + Fom e e o +

Figure 5: FlexE client interop with Ethernet Cient supported by M.G3
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3. 3. 4. Back-t o- Back Fl exE

This section covers a degenerate FlexE term nation scenario in which
routerl, router2, and router3 are interconnected through back-to-back
Fl exE groups without an internmedi ate transport network (see

Figure 6). In this exanple, the FlexE SHHMat Router2 extracts one
or nmore FlexE client signals fromthe FlexE group connected to
Router1l, and nutlipl exes these extracted Fl exE signals into the Fl exE
group towards the appropriate router (e.g. Router3). Note that each
of the extracted FlexE client signals can be indepdenently routed
towards its respective FlexE group.

e + 2 x 100GE +--------- + 3 x 100GE +--------- +
I I I I I I
| Routerl] | | | |
| FlexE +----------- + Router2 +----------- + Router3 |
| Shim | | FlexE  +----------- + FlexE |
[ +---- Neee-- + Shim +---- Neee-- + Shim [
I I I I I I I I
I I I I I I I I
Fommamenn + + N + + N +
FI exE G oup FI exE G oup

Fi gure 6: Back-to-Back FlexE
3.3.4.1. FlexE dient BWResizing

In the scenario presented in Figure 6, it is possible to support the
Fl exE client signal resizing on an end-to-end basis. Thus, for
exanple, the resizing of the end-to-end FlexE client circuit with a
scope of Routerl-Router2-Router3 is acconplished by correctly

coordi nating the resizing operations across these twd segnments:

Rout er 1- Rout er 2, Rout er 2- Router3. The hop-by-hop Fl exE client signa
resi zing operations across each of these segnents (or hops) are
acconpl i shed by using the follow ng Fl exE overhead (as per

[ O FFLEXE1] ) :

a. Currently active Fl exE cal endar (containing a list of mapping
between the 5G tributary slots and the FlexE client signals

b. Future cal endar to which the sender wants to transition to.
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c. Calendar switch request bit (CR)
d. Cal endar switch acknow dege bit (CA)

It is expected that the exact sequence of FlexE client resizing
operations will be different for the cases involving bandw dth
i ncrease/ decr ease.

4. Requirenents

This section sumari zes sol ution requirenents for the usecases
described in this docunent to help identify the Control Plane (i.e.
Routing and Signaling) extensions that nay be required.

a. The solution SHALL support a FlexE group to address
abovenenti oned usecases including Fl exE unaware (where Fl exE nux
and denux can be separated by |onger distances), FlexE aware
(where Fl exE mux and denux can be separated by shorter
di stances), and Fl exE partially aware.

b. The solution SHALL support a flexible mechanismfor configuring a
Fl exE group -- such as a signaling protocol or a SDN controller/
managenent systemw th network access to the Fl exE nux/denux at
each end of the Fl exE group.

c. The solution SHOULD support the ability to add/renove Ethernet
PHYs to/froma FlexE group. In the absence of this ability, it
is acceptable to permt changes to the group nenbers only when
the group has been administratively | ocked (and hence not
provi di ng any service).

d. The solution SHOULD al |l ow decoupling of FlexE group’s initia
configuration and bring up operation froman addition (or
renoval ) of FlexE clients to the Fl exE group. For instance, it
SHOULD be possible to configure and bring up a Fl exE group
without any FlexE client (e.g., with all calendar slots set to
unused or unavail abl e).

e. The solution SHALL allow adding or removing a FlexE client to a
Fl exE group without affecting traffic on other clients.

f. The solution SHOULD al |l ow resizing of FlexE client BWthrough
coordi nati on of cal endar updates within a single FlexE group.
There SHOULD be no expectation that FlexE client BWresizing be
hitless in all network scenarios. This capability can be
supported for the Back-to-Back Fl exE scenario identified in
Section 3.3.4.1
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g. For the Fl exE unaware case, each of the 100GBASE-R PHYs in the
Fl exE group SHALL be carried independently across transport
networ k using a PCS codeword transparent mapping. Al PHYs of
the Fl exE group SHALL be interconnected between the sane two
FI exE shinms. The Ethernet PHYs SHOULD be carried over the same
fiber route across the transport network (i.e., co-routed)

h. For the Fl exE aware case, each of the 100GBASE-R PHYs in the
Fl exE group SHALL be carried independently across transport
network. All PHYs of the FlexE group SHALL be interconnected
bet ween the same two Fl exE shims. The Ethernet PHYs SHOULD be
carried over the same fiber route across the transport network
In the transport network, in mux direction, the OTN napper SHALL
be able to discard unavailable slots (e.g., this can be based on
static configuration as the rate of a wavelength is not expected
to change in-service). In the transport network, in the denux
direction, the OIN mapper SHALL be able to restore unavail able
slots to match the original PHY rate.

i. For the FlexE term nation case, the Fl exE group SHALL be
term nated at the transport network edge. It SHOULD be possible
to carry (switch) each FlexE client extracted fromthe Fl exE
group i ndependently across transport network using OIN mappi ng
(e.g., ODUIex).
5.  Framework
6. Architecture
7. Solution
8. Acknow edgemnent s
9. | ANA Consi derati ons
This meno includes no request to | ANA
10. Security Considerations
None.
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