Net wor k Wor ki ng Group O Conzal ez de Dios, Ed.
I nternet-Draft Tel efonica | +D
I nt ended status: Standards Track R Casel | as, Ed.
Expi res: August 18, 2014 CTTC
F. Zhang

Huawei
X. Fu
ZTE

D. Ceccarell
Eri csson
I. Hussain
I nfinera
February 14, 2014

Framewor k and Requirenents for GWLS based control of Flexi-grid DWDM
net wor ks
draft-ietf-ccanp-flexi-grid-fwk-01

Abstract

Thi s docunent defines a framework and the associ ated control plane
requirenents for the GWLS based control of flexi-grid DWM networ ks
To allow efficient allocation of optical spectral bandw dth for high
bit-rate systems, the International Tel ecommunication Union

Tel econmuni cati on Standardi zati on Sector (I TU-T) has extended the
recomendations [G 694. 1] and [G 872] to include the concept of
flexible grid. A new DWDM grid has been developed within the ITU-T
Study Group 15 by defining a set of nominal central frequencies,
channel spacings and the concept of "frequency slot". |In such

envi ronnment, a data plane connection is switched based on all ocated,
vari abl e-si zed frequency ranges within the optical spectrum
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1. Requirenents Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "COPTIONAL" in this
docunent are to be interpreted as described in [ RFC2119].

2. Introduction

The term"Flexible grid" (flexi-grid for short) as defined by the

I nternational Tel ecomunication Union Tel ecomuni cation

St andardi zation Sector (I TU-T) Study Group 15 in the | atest version
of [G 694.1], refers to the updated set of nominal centra
frequencies (a frequency grid), channel spacing and optical spectrum
managenent/ al | ocati on consi derations that have been defined in order
to allow an efficient and flexible allocation and configuration of
optical spectral bandwi dth for high bit-rate systens.

A key concept of flexi-grid is the "frequency slot"; a variabl e-sized
optical frequency range that can be allocated to a data connection

As detailed later in the docunent, a frequency slot is characterized
by its nominal central frequency and its slot w dth which, as per
[G694.1], is constrained to be a nultiple of a given slot width
granul arity.

Conpared to a traditional fixed grid network, which uses fixed size
optical spectrum frequency ranges or "frequency slots" with typica
channel separations of 50 GHz, a flexible grid network can select its
medi a channels with a nore flexible choice of slot widths, allocating
as much optical spectrumas required, allowi ng high bit rate signals
(e.g., 400G 1T or higher) that do not fit in the fixed grid

From a networking perspective, a flexible grid network is assuned to
be a layered network [G 872][ G 800] in which the nedia |layer is the
server layer and the optical signal layer is the client layer. In
the nmedia layer, switching is based on a frequency slot, and the size
of a nmedia channel is given by the properties of the associated
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4.

4.

1.

frequency slot. 1In this |layered network, the media channel
transports an Optical Tributary Signal.

A Wavel ength Switched Optical Network (WSON), addressed in [RFC6163],
is atermcomonly used to refer to the application/depl oynent of a
Generalized Multi-Protocol Label Swtching (GWLS)-based control

pl ane for the control (provisioning/recovery, etc) of a fixed grid

WDM networ k in which nedia (spectrun) and signal are jointly
consi der ed

Thi s docunent defines the franmework for a GWLS-based control of
flexi-grid enabled DWDM networks (in the scope defined by ITUT
| ayered Optical Transport Networks [G 872]), as well as a set of
associ ated control plane requirenments. An inportant design
consideration relates to the decoupling of the managenent of the
optical spectrumresource and the client signals to be transported.
Acr onyns
EFS: Effective Frequency Sl ot
FS: Frequency Sl ot
NCF: Nominal Central Frequency
CCh: Optical Channel
CCh-P: Optical Channel Payl oad
OrS: Optical Tributary Signal
OCC: Optical Channel Carrier
SWG Slot Wdth Granularity
Fl exi-grid Networks

Flexi-grid in the context of OIN
[ G 872] describes froma network | evel the functional architecture of
Optical Transport Networks (OTN). The OIN i s deconposed into

i ndependent | ayer networks with client/layer relationships anmong
them A sinplified view of the OIN |ayers is shown in Figure 1.
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T +
| Digital Layer |
S +
| Signal Layer [
e +
| Media Layer |
R +

Figure 1: Generic OTN overvi ew

In the OTN | ayering context, the nmedia |ayer is the server |ayer of
the optical signal layer. The optical signal is guided to its
destination by the nedia | ayer by nmeans of a network nedia channel
In the media |ayer, switching is based on a frequency slot, and the
size of a media channel is given by the properties of the associated
frequency slot.

In this scope, this docunent uses the termflexi-grid enabl ed DA\DM
network to refer to a network in which switching is based on
frequency slots defined using the flexible grid, and covers mainly
the Media Layer as well as the required adaptations fromthe Signa
| ayer. The present docunent is thus focused on the control and
managenent of the nedia |ayer.

4.2. Term nol ogy

This section presents the definition of the terms used in flexi-grid
networks. These terns are included in the | TU-T recomendati ons
[G694.1], [G872]), [G870], [G 8080] and [G 959.1-2013].

Where appropriate, this docunents al so uses terninol ogy and
| exi cography from [ RFC4397].

4.2.1. Frequency Slots
This subsection is focused on the frequency slot related terns.

0 Frequency Slot [G 694.1]: The frequency range allocated to a slot
within the flexible grid and unavailable to other slots. A
frequency slot is defined by its nonminal central frequency and its
sl ot width.

Nomi nal Central Frequency: each of the allowed frequencies as per the
definition of flexible DADMgrid in [G 694.1]. The set of nonina
central frequencies can be built using the follow ng expression f =
193.1 THz + n x 0.00625 THz, where 193.1 THz is ITU- T '’ anchor
frequency’’ for transm ssion over the C band, n is a positive or
negative integer including O.
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-5-4-3-2-1 0 1 2 3 4 5 <- values of n
B S T T S S Y S
VAN

193.1 THz <- anchor frequency
Fi gure 2: Anchor frequency and set of nominal central frequencies

Nom nal Central Frequency Granularity: It is the spaci ng between
al  oned nom nal central frequencies and it is set to 6.25 GHz (note:
sonmetines referred to as 0.00625 THz).

Slot Wdth Ganularity: 12.5 GHz, as defined in [G 694.1].

Slot Wdth: The slot width determ nes the "amount" of optica
spectrumregardl ess of its actual "position" in the frequency axis.
A slot width is constrained to be mx SWs (that is, mx 12.5 GHz),
where mis an integer greater than or equal to 1.

Frequency Slot 1 Frequency Slot 2

-3-2-1 0 1 2 3 4 5 6 7 8 91011
g o

N N
Central F = 193.1THz Central F = 193. 14375 THz
Slot width = 25 GHz Slot width = 37.5 Gtz

Fi gure 3: Exanple Frequency slots

o The synbol '+ represents the all owed nom nal central frequencies,
the '--' represents the nomi nal central frequency granularity, and
the "~ represents the slot nom nal central frequency. The nunber
on the top of the '+ synbol represents the 'n' in the frequency
calculation fornmula. The nonminal central frequency is 193.1 THz
when n equal s zero

Ef fective Frequency Slot: the effective frequency slot of a nedia
channel is the conmon part of the frequency slots along the nedia
channel through a particular path through the optical network. It is
a |l ogical construct derived fromthe (intersection of) frequency
slots allocated to each device in the path. The effective frequency
slot is an attribute of a nmedia channel and, being a frequency slot,
it is described by its nom nal central frequency and slot w dth,
according to the already described rules.
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4.

2.

2.

Frequency Slot 1

-3-2-1 0 1 2 3 4 5 6 7 8 910 11
[ P G S S S S S S S

Frequency Slot 2

| |
-3-2-1 0 1 2 3 4 5 6 7 8 910 11
[ P G S S S S S S S

Ef fective Frequency Sl ot

I I
-3-2-1 0 1 2 3 4 5 6 7 8 91011
R S i I S e it I R i e e e eI

Figure 4: Effective Frequency Sl ot
2. Media Channels

Medi a Channel: a medi a associ ation that represents both the topol ogy
(i.e., path through the nmedia) and the resource (frequency slot) that
it occupies. As a topological construct, it represents a (effective)
frequency slot supported by a concatenation of nedia elenents
(fibers, anplifiers, filters, switching matrices...). This termis
used to identify the end-to-end physical |ayer entity with its
correspondi ng (one or nore) frequency slots local at each link
filters.

Net work Media Channel: It is a nedia channel that transports an
Optical Tributary Signal [Editor’s note: this definition goes beyond
current G 870 definition, which is still tightened to a particul ar

case of OIS, the OCh-P]
3. Media Layer Elenents

Media Elenent: a nedia elenent only directs the optical signal or

af fects the properties of an optical signal, it does not nodify the
properties of the information that has been nodul ated to produce the
optical signal [G 870]. Examples of nedia elenments include fibers,

anplifiers, filters and switching matrices.

Medi a Channel Matrixes: the nedia channel matrix provides flexible
connectivity for the nedia channels. That is, it represents a point
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of flexibility where rel ationshi ps between the nmedia ports at the
edge of a media channel matrix may be created and broken. The
rel ati onship between these ports is called a matrix channel.
(Networ k) Media Channels are switched in a Media Channel Matrix.

4.2.4. Optical Tributary Signals

Optical Tributary Signal [G 959.1-2013]: The optical signal that is

pl aced within a network nmedi a channel for transport across the
optical network. This may consist of a single nodul ated optical
carrier or a group of nodulated optical carriers or subcarriers. One
particul ar exanple of Optical Tributary Signal is an Optical Channel
Payl oad (CCh-P) [G 872].

4.3. Flexi-grid | ayered network nodel

In the OIN | ayered network, the network media channel transports a
single Optical Tributary Signal (see Figure 5)

Optical Tributary Signal

I I
I I
| Channel Port Net wor k Medi a Channel Channel Port |
I I

Fom e e e - - + Fom e e e e - - + Fom e e e - - +

I \\(1) I I (1) I I (1) 1/ I

e + Li nk Channel R + Link Channel e +
Medi a Channel Medi a Channel Medi a Channel
Matri x Matri x Matri x

(1) - Matrix Channel
Figure 5: Sinplified Layered Network Model
A particul ar exanple of Optical Tributary Signal is the OCh-P.

Figure Figure 6 shows the exanple of the | ayered network nodel
particul ari zed for the OCH P case, as defined in G 805.
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CCh AP Trail (OCh) CCh AP

| |

--- OCh-P CCh-P ---
\ / source sink \ /

+ +

| OCh-P OCh- P Networ k Connection CCh- P |

| |

| Channel Port Net wor k Medi a Channel Channel Port |

I I
F + R + T +
| \ (1) | OCh-P LC | (1) | C©Ch-P LC | (1) 7]
R R R |- |- I
e + Li nk Channel R + Link Channel SRR +
Medi a Channel Medi a Channel Medi a Channel

Mat ri x Mat ri x Mat ri x

(1) - Matrix Channel
Figure 6: Layered Network Mdel according to G 805

By definition a network medi a channel only supports a single Optical
Tributary signal. How several Optical Tributary signals are bound
together is out of the scope of the present docunent and is a matter
of the signal |ayer.

4,.3.1. Hierarchy in the Media Layer

In summary, the concept of frequency slot is a logical abstraction
that represents a frequency range while the nedia | ayer represents
the underlying nmedia support. Media Channels are nedia associ ati ons,
characterized by their (effective) frequency slot, respectively; and
nmedi a channel s are switched in nedia channel matrixes. Fromthe
control and nmanagenent perspective, a nedia channel can be logically
splited in other nedia channels.

In Figure 7 , a Media Channel has been configured and di nensioned to
support two network medi a channels, each of them carrying one optical
tributary signal.
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Medi a Channel Frequency Sl ot

| | Opt Tributary Signal |
| o | | 0 I
| I I I I (.
-4 -3 -2 -1 0 1 2 3 4 5 6 7 8 9 10 11 12
B T ST S T T T T T St SR S,

<- Network Medi a Channel - > <- Network Medi a Channel - >
T Media Channel --------------momoon >
X - Frequency Slot Central Frequency

o - signal central frequency

Figure 7: Exanple of Media Channel / Network Media Channel s and
associ ated frequency slots

4.3.2. DADM flexi-grid enabled network el ement nodel s

Simlar to fixed grid networks, a flexible grid network is al so
constructed from subsystens that include Wavel ength Division
Multiplexing (WDM |inks, tunable transmitters and receivers, i.e
medi a el enents including nedia |ayer switching el enments (nedia
matrices), as well as electro-optical network el enents, all of them
with flexible grid characteristics.

As stated in [G694.1] the flexible DADM grid defined in C ause 7 has
a nonminal central frequency granularity of 6.25 GHz and a slot width
granularity of 12.5 GHz. However, devices or applications that nake
use of the flexible grid may not be capabl e of supporting every
possible slot width or position. |In other words, applications nmay be
defined where only a subset of the possible slot widths and positions
are required to be supported. For exanple, an application could be
defined where the nomnal central frequency granularity is 12.5 Gz
(by only requiring values of n that are even) and that only requires
slot widths as a multiple of 25 GHz (by only requiring values of m
that are even).
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5.

5.

5.

GVPLS appl i cability

The goal of this section is to provide an insight of the application
of GWPLS to control flexi-grid networks, while specific requirenents
are covered in the next section. The present framework is ained at
controlling the nmedia layer within the Optical Transport Network
(OTN) hierarchy and the required adaptations of the signal |ayer
Thi s docunent al so defines the term SSON (Spectrum Switched Optica
Network) to refer to a Flexi-grid enabled DADM network that is
controlled by a GWLS/ PCE control pl ane.

This section provides a mapping of the |TUT G 872 architectura
aspects to GWLS/ Control plane terns, and considers the relationship
between the architectural concept/construct of media channel and its
control plane representations (e.g. as a TE link).

1. General considerations

The GWPLS control of the nmedia |layer deals with the establishment of
medi a channel s, which are switched in nedia channel matrixes. GWLS
| abel s locally represent the media channel and its associ ated
frequency slot. Network nedia channels are considered a particul ar
case of nedia channels when the end points are transceivers (that is,
source and destination of an Optical Tributary Signal)

2. Considerations on TE Links

From a theoretical / abstract point of view, a fiber can be nbdel ed
has having a frequency slot that ranges from(-inf, +inf). This
representation hel ps understand the relationship between frequency
slots / ranges.

The frequency slot is a |ocal concept that applies locally to a
component / elenment. Wen applied to a nedia channel, we are
referring to its effective frequency slot as defined in [G 872].

The association of a filter, a fiber and a filter is a nmedia channel
inits nost basic form which fromthe control plane perspective may
nmodel ed as a (physical) TE-link with a contiguous optical spectrum at
start of day. A neans to represent this is that the portion of
spectrum available at tine t0 depends on which filters are placed at
the ends of the fiber and how they have been configured. Once
filters are placed we have the one hop nmedia channel. |In practica
terns, associating a fiber with the termnating filters deterni nes
the usabl e optical spectrum
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| | Fi ber | | | --\ /--
---o | | o--|  \/

I I I (. I\
---0| o--| --/ \--

| Filter | | Filter | |

I I I I

e + e +

Figure 8: (Basic) Media channel and TE link

Addi tionally, when a cross-connect for a specific frequency slot is
consi dered, the underlying nedia support is still a media channel
augrmented, so to speak, with a bigger association of nedia elenents
and a resulting effective slot. Wen this nedia channel is the
result of the association of basic nedia channels and nedia | ayer
matri X cross-connects, this architectural construct can be
represented as / corresponds to a Label Switched Path (LSP) froma
control plane perspective. 1In other words, It is possible to
"concat enate" several nedia channels (e.g. Patch on internediate
nodes) to create a single nmedia channel
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R Medi a Channel --------------
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R RERETEEEE | |-
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Figure 9: Extended Medi a Channe
Additionally, if appropriate, it can also be represented as

or Forwardi ng Adj acency (FA), augnenting the control plane
nodel .
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Fi gure 10: Extended Medi a Channel

5. 3.

The flexi-grid LSP is seen as a control

Consi derations on Label ed Switched Path (LSP) i

/| TE Link / FA

n Flexi-grid

pl ane representation of a

an

Gonzal ez de Di os,

nmedi a channel. Since network media channels are nedi a channel s,
LSP may al so be the control plane representation of a network nmedia
channel, in a particular context. Froma control plane perspective,
the main difference (regardless of the actual effective frequency
sl ot which may be di nensioned arbitrarily) is that the LSP that
represents a network medi a channel also includes the endpoints
(transceivers) , including the cross-connects at the ingress / egress
nodes. The ports towards the client can still be represented as
interfaces fromthe control plane perspective.

Figure 11 describes an LSP routed al ong 3 nodes. The LSP is

term nated before the optical matrix of the ingress and egress nodes
and can represent a Media Channel. This case does NOT (and cannot)

represent a network media channel as it does not include (and cannot
i nclude) the transceivers.
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---------- + e e e e e et o
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Figure 11: Flex-grid LSP representing a nedia channel that starts at
the filter of the outgoing interface of the ingress LSR and ends at
the filter of the incom ng interface of the egress LSR

In Figure 12 a Network Media Channel is represented as terninated at

the DWDM si de of the transponder, this is comonly naned as OCh-trail
connecti on.
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Fi gure 12: LSP representing a network nedi a channel (OCh-Trail)

In a third case, a Network Media Channel termnated on the Filter
ports of the Ingress and Egress nodes. This is nanmed in G 872 as
OCh-NC (we need to discuss the inplications, if any, once nodel ed at
the control plane level of nodels B and C).
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Figure 13: LSP representing a network nedi a channel (OCh-P NC)

[Note: not clear the difference, froma control plane perspective, of
figs Figure 12 and Figure 13.]

Applying the notion of hierarchy at the nedia | ayer, by using the LSP
as a FA, the nedia channel created can support multiple (sub) nedia
channels. [Editot note : a specific behavior related to Hierarchies
will be verified at a later point in tine].

Gonzal ez de Dios, et al. Expires August 18, 2014 [ Page 17]



Internet-Draft GWPLS Fl exi-grid Franework February 2014

o e + o e +
| OCh- P | TE | OCh- P | Virtual TE
i nk | | i nk
[ Mat ri X |o- - - - - - - - - - 0 Mat ri X |o- - - - - -
oo + oo +
I Hoo--ooo- + I
| | Media | |
| o----] Channel |----- o|
| |
| Matrix |
Fommm oo +

Figure 14: MRN MLN topology viewwith TE link / FA

Note that there is only one nedia | ayer switch matrix (one
implementation is FlexGid ROADM in SSON, while "signal layer LSP is
mai nly for the purpose of managenment and control of individua

optical signal". Signal layer LSPs (OChs) with the same attributions
(such as source and destination) could be grouped into one nedi a-

| ayer LSP (nedi a channel), which has advantages in spectra

efficiency (reduce guard band between adjacent OChs in one FSC) and
LSP nmanagenent. However, assuning sone network el enents indeed
perform signal layer switch in SSON, there nust be enough guard band

bet ween adj acent OChs in one nmedia channel, in order to conpensate
filter concatenation effect and other effects caused by signal |ayer
switching elenments. |In such condition, the separation of signa

| ayer fromnedia | ayer cannot bring any benefit in spectra
efficiency and in other aspects, but make the network switch and
control nore conplex. |If two OChs must switch to different ports, it
is better to carry themby diferent FSCs and the nedia | ayer switch

i s enough in this scenario.

5.4. Control Plane nodeling of Network el enents

Optical transnmitters/receivers may have different tunability
constraints, and medi a channel matrixes may have switching
restrictions. Additionally, a key feature of their inplenentation is
their highly asymretric switching capability which is described in

[ RFC6163] in detail. Media matrices include line side ports which
are connected to DWDM | i nks and tributary side input/output ports

whi ch can be connected to transmitters/receivers.

A set of conmmon constraints can be defined:

o The m ni nrum and maxi num sl ot wi dt h.
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0 Ganularity: the optical hardware may not be able to sel ect
paraneters with the | owest granularity (e.g. 6.25 GHz for nom na
central frequencies or 12.5 GHz for slot width granularity).

0 Avail able frequency ranges: the set or union of frequency ranges
that are not allocated (i.e. available). The relative grouping
and distribution of available frequency ranges in a fiber is
usually referred to as '’ fragmentation’’.

0 Available slot width ranges: the set or union of slot w dth ranges
supported by nedia matrices. It includes the follow ng
i nformation.

* Slot width threshold: the m ni mum and maxi num Sl ot Wdth
supported by the nedia matrix. For exanple, the slot width can
be from50CGHz to 200GHz.

* Step granularity: the mninumstep by which the optical filter
bandwi dth of the nmedia matrix can be increased or decreased.
This paranmeter is typically equal to slot width granularity
(i.e. 12.5GHz) or integer multiples of 12.5GHz.

[Editor’s note: different configurations such as G COYCDC will be
added later. This section should state specifics to nedia channe
mat ri ces, ROADM nodel s need to be noved to an appendi x].

5.5. Media Layer Resource Allocation considerations

A nedi a channel has an associated effective frequency slot. Fromthe
perspective of network control and managenent, this effective slot is
seen as the "usable" frequency slot end to end. The establishment of
an LSP related the establishnment of the media channel and effective
frequency slot.

In this context, when used unqualified, the frequency slot is a |loca
term which applies at each hop. An effective frequency slot applies
at the media chall (LSP) |evel

A "service" request is characterized as a mnimum by its required
effective slot width. This does not preclude that the request nmay
add additional constraints such as inposing also the nominal centra
frequency. A given frequency slot is requested for the nedia channe
say, with the Path nessage. Regardless of the actual encoding, the
Pat h nessage sender descriptor sender_tspec shall specify a m ni mum
frequency slot width that needs to be fulfilled.

In order to allocate a proper effective frequency slot for a LSP, the
signaling should specify its required slot w dth.
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An effective frequency slot nust equally be described in terns of a
central nomi nal frequency and its slot width (in ternms of usable
spectrum of the effective frequency slot). That is, one nust be able
to obtain an end-to-end equivalent n and mparaneters. W refer to
this as the "effective frequency slot of the nedia channel/LSP nust
be valid".

In GWLS the requested effective frequency slot is represented to the
TSpec and the effective frequency slot is mapped to the Fl owSpec.

The switched el enent corresponds in GWLS to the "label’. As in
flexi-grid the switched el enent is a frequency slot, the |abe
represents a frequency slot. Consequently, the label in flexi-grid
must convey the necessary information to obtain the frequency sl ot
characteristics (i.e, center and width, the n and m paraneters). The
frequency slot is locally identified by the |abel

The | ocal frequency slot may change at each hop, typically given
hardware constraints (e.g. a given node cannot support the finest
granularity). Locally n and mnmay change. As long as a given
downstream node al | ocates enough optical spectrum mcan be different
along the path. This covers the issue where concrete nedia nmatrices
can have different slot width granularities. Such "local" mwill
appear in the allocated |abel that encodes the frequency slot as wel
as the flow descriptor flowspec.

Different nodes are considered: RSA with explicit |abel control, and
for R+DSA, the GWPLS signaling procedure is simlar to the one
described in section 4.1.3 of [ RFC6163] except that the | abel set
shoul d specify the available noninal central frequencies that neet
the slot width requirement of the LSP. The internedi ate nodes can
coll ect the acceptable central frequencies that neet the slot wdth
requi renent hop by hop. The tail-end node al so needs to know the
slot width of a LSP to assign the proper frequency resource.
Conpared with [ RFC6163], except identifying the resource (i.e., fixed
wavel ength for WSON and frequency resource for flexible grids), the
other signaling requirenments (e.g., unidirectional or bidirectional
with or without converters) are the same as WSON described in the
section 6.1 of [RFC6163].

Regardi ng how a GWLS control plane can assign n and m different
cases can apply:

a) n and mcan both change. It is the effective slot what

matters. Sone entity needs to make sure the effective frequency
sl ot remains valid.
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b) mcan change; n needs to be the sanme along the path. This
ensures that the nom nal central frequency stays the sane.

c) n and mneed to be the sane.
d)n can change, mneeds to be the sane.

I n consequence, an entity such as a PCE can nake sure that the n and
m stay the same along the path. Any constraint (including frequency
slot and width granularities) is taken into account during path
conputation. alternatively, A PCE (or a source node) can conpute a
path and the actual frequency slot assignnent is done, for exanple,
with a distributed (signaling) procedure:

Each downstream node ensures that mis >= requested_m

Since a downstream node cannot foresee what an upstream node will
allocate in turn, a way we can ensure that the effective frequency
slot is valid is then by ensuring that the sane "n" is allocated.
By forcing the same n, we avoid cases where the effective
frequency slot of the nmedia channel is invalid (that is, the
resulting frequency slot cannot be described by its n and m

par anet ers).

Maybe this is a too hard restriction, since a node (or even a
centralized/ conbi ned RSA entity) can make sure that the resulting
end to end (effective) frequency slot is valid, evenif nis
different locally. That neans, the effective (end to end)
frequency slot that characterizes the nedia channel is one and
determined by its n and m but are logical, in the sense that they
are the result of the intersection of local (filters) freq slots
whi ch may have different freq. slots

For Figure Figure 15 the effective slot is valid by ensuring that the
mninummis greater than the requested m The effective slot
(intersection) is the |l owest m (bottl eneck).

For Figure Figure 16 the effective slot is valid by ensuring that it

is valid at each hop in the upstreamdirection. The intersection
needs to be conputed. Invalid slots could result otherw se.
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Figure 15: Distributed allocation with different mand sane n
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Figure 16: Distributed allocation with different mand different n

Not e, when a nmedia channel is bound to one OCh-P (i.e is a Network
medi a channel ), the EFS nust be the one of the Och-P. The nedi a
channel setup by the LSP may contains the EFS of the network nedia
channel EFS. This is an endpoint property, the egress and ingress
SHOULD constrain the EFS to Cch-P EFS .

Gonzal ez de Dios, et al. Expires August 18, 2014 [ Page 22]



Internet-Draft GWPLS Fl exi-grid Franework February 2014

5.

5.

6

7

Nei ghbor Di scovery and Link Property Correl ation

Pot enti al interworking probl ens between fixed-grid DADM and fl exi bl e-
grid DWDM nodes, nay appear. Additionally, even two flexible-grid
optical nodes may have different grid properties, leading to |ink
property conflict.

Devi ces or applications that nmake use of the flexible-grid may not be
abl e to support every possible slot width. |In other words,
applications nmay be defined where different grid granularity can be
supported. Taking node F as an exanple, an application could be

defi ned where the nominal central frequency granularity is 12.5 Gz
requiring slot widths being nultiple of 25 GHz. Therefore the link
between two optical nodes with different grid granularity nust be
configured to align with the larger of both granularities. Besides,
di fferent nodes may have different slot wi dth tuning ranges.

In sunmary, in a DWDM Li nk between two nodes, at |east the follow ng
properties should be negoti at ed:

Gid capability (channel spacing) - Between fixed-grid and
flexible-grid nodes.

Gid granularity - Between two flexible-grid nodes
Slot width tuning range - Between two flexible-grid nodes.
Pat h Conputation / Routing and Spectrum Assi gnnent (RSA)

Miuch like in WBON, in which if there is no (available) wavel ength
converters in an optical network, an LSP is subject to the

"’ wavel ength continuity constraint’’ (see section 4 of [RFC6163]), if
the capability of shifting or converting an allocated frequency slot,
the LSP is subject to the Optical '’ Spectrum Continuity Constraint’’.

Because of the linmted availability of wavel ength/spectrum converters
(sparse translucent optical network) the wavel engt h/ spectrum
continuity constraint should al ways be considered. Wen avail abl e,

i nformati on regardi ng spectrum conversion capabilities at the optica
nodes may be used by RSA (Routing and Spectrum Assi gnnent)

nmechani sns.

The RSA process determnes a route and frequency slot for a LSP
Hence, when a route is conputed the spectrum assi gnment process (SA)
shoul d deternine the central frequency and sl ot w dth based on the
slot width and avail able central frequencies information of the
transmitter and receiver, and the avail abl e frequency ranges
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i nformati on and avail able slot width ranges of the links that the
route traverses

5.7.1. Architectural Approaches to RSA

Simlar to RM for fixed grids, different ways of perfornming RSA in
conjunction with the control plane can be considered. The approaches
included in this docunment are provided for reference purposes only;
ot her possible options could al so be depl oyed.

5.7.1.1. Conbined RSA (R&SA)

In this case, a conputation entity performs both routing and
frequency slot assignnent. The conputation entity should have the
detailed network information, e.g. connectivity topol ogy constructed
by nodes/links information, available frequency ranges on each link
node capabilities, etc.

The conputation entity could reside either on a PCE or the ingress
node.

5.7.1.2. Separated RSA (R+SA)

In this case, routing conputation and frequency slot assignment are
performed by different entities. The first entity conputes the
routes and provides themto the second entity; the second entity
assigns the frequency slot.

The first entity should get the connectivity topology to conpute the
proper routes; the second entity should get the avail abl e frequency
ranges of the links and nodes’ capabilities information to assign the
spect rum

5.7.1.3. Routing and Distributed SA (R+DSA)

In this case, one entity conputes the route but the frequency sl ot
assignnent is performed hop-by-hop in a distributed way al ong the
route. The avail able central frequencies which neet the spectrum
continuity constraint should be collected hop by hop al ong the route.
This procedure can be inplenented by the GWLS signaling protocol

5.8. Routing / Topol ogy di ssem nation

In the case of conbined RSA architecture, the conputation entity
needs to get the detailed network information, i.e. connectivity
topol ogy, node capabilities and avail able frequency ranges of the
links. Route conputation is perfornmed based on the connectivity
topol ogy and node capabilities; spectrum assignnent is perforned
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based on the avail abl e frequency ranges of the links. The
computation entity may get the detail ed network information by the
GWPLS routing protocol. Conpared with [RFC6163], except wavel engt h-
specific availability information, the connectivity topol ogy and node
capabilities are the same as WSQN, which can be advertised by GWLS
routing protocol (refer to section 6.2 of [RFC6163]. This section
anal yses the necessary changes on link information brought by
flexible grids.

5.8.1. Availabl e Frequency Ranges/sl ots of DWM Li nks

In the case of flexible grids, channel central frequencies span from
193.1 THz towards both ends of the C band spectrumw th 6.25 GHz
granularity. Different LSPs could nake use of different slot w dths
on the sane link. Hence, the available frequency ranges should be
adverti sed.

5.8.2. Available Slot Wdth Ranges of DWM Li nks

The avail able slot width ranges needs to be advertised, in

combi nation with the Avail abl e frequency ranges, in order to verify
whether a LSP with a given slot width can be set up or not; this is
is constrained by the available slot width ranges of the nedia matrix
Depending on the availability of the slot width ranges, it is
possible to allocate nmore spectrumthan strictly needed by the LSP

5.8.3. Spectrum Managenent

[Editors’ note: the part on the hierarchy of the optical spectrum
coul d be confusing, we can discuss it]. The total available spectrum
on a fiber could be described as a resource that can be divided by a
medi a device into a set of Frequency Slots. |In terms of nanagi ng
spectrum it is necessary to be able to speak about different

granul arities of nanaged spectrum For exanple, a part of the
spectrum coul d be assigned to a third party to nanage. This need to
partition creates the inpression that spectrumis a hierarchy in view
of Managenment and Control Plane. The hierarchy is created within a
managenment system and it is an access right hierarchy only. It is a
managenent hi erarchy w thout any actual resource hierarchy within
fiber. The end of fiber is a link end and presents a fiber port

whi ch represents all of spectrumavailable on the fiber. Each
spectrum al | ocati on appears as Link Channel Port (i.e., frequency
slot port) within fiber
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5.8.4. Informati on Model

Fi xed DM grids can al so be described via suitable choices of slots in
a flexible DADM grid. However, devices or applications that nake use
of the flexible grid may not be capable of supporting every possible
slot width or central frequency position. Following is the
definition of information nodel, not intended to lint any IGP
encodi ng i nmpl enentation. For exanple, information required for
routing/path selection may be the set of available nomnal centra
frequencies fromwhich a frequency slot of the required width can be
al | ocated. A convenient encoding for this information (nay be as a
frequency slot or sets of contiguous slices) is further study in | GP
encodi ng docunent.

<Avail abl e Spectrumin Fiber for frequency slot> ::=
<Avai |l abl e Frequency Range- Li st>
<Avail abl e Central Frequency Granularity >
<Available Slot Wdth Granularity>
<M ni mal Sl ot Wdth>
<Maxi mal Sl ot Wdth>

<Avai |l abl e Frequency Range-List> ::=
<Avai |l abl e Frequency Range >[ < Avail abl e Frequency Range-Li st >]

<Avai | abl e Frequency Range >::=
<Start Spectrum Position><End Spectrum Position> |
<Sets of contiguous slices>

<Avail abl e Central Frequency Granularity> ::= n A&#151; 6.25GHz,
where n is positive integer, such as 6.25GHz, 12.5GHz, 25GHz, 50CHz
or 100GHz

<Avail able Slot Wdth G anularity> ::= m A&#151; 12.5CHz,

where mis positive integer

<M nimal Slot Wdth> ::=j x 12.5GHz,
j is a positive integer

<Maxi mal Slot Wdth> ::= k x 12. 5GHz,
k is a positive integer (k >=7j)

Figure 17: Routing Information nodel
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6. Control Plane Requirenents

The GWPLS based control plane of a flexi-grid networks provides
aditional requirenents to GWLS. 1|In this section the features to be
covered by GWPLS signaling for flexi-grid are identified. [Editor’'s
note: Only discussed requirenents are included at this stage.
Routing requirements will come in the next version]

6.1. Support for Media Channels

The control plane SHALL be able to support Medi a Channel s,
characterized by a single frequency slot. The representation of the
Medi a Channel in the GWLS Control plane is the so-called flexi-grid
LSP. Since network nmedia channel s are nedia channels, an LSP may

al so be the control plane representation of a network medi a channel
Consequently, the control plane SHALL be able to support Network
Medi a Channel s.

The signaling procedure SHALL be able to configure the nonina
central frequency (n) of a flexi-grid LSP

The control plane protocols SHALL allow flexible range of val ues for
the frequency slot width (nm) paraneter. Specifically, the contro

pl ane SHALL allow setting up a nedia channel w th frequency sl ot
width (m ranging froma mninumof nmrl (12.5CGHz) to a maxi num of the
entire Cband with a slot width granularity of 12.5G#

The signaling procedure of the GVWPLS control plane SHALL be able to
configure the mnimumwidth (m of a flexi-grid LSP. 1In adition, the
control plane SHALL be able to configure | ocal frecuency slots,

The control plane architecture SHOULD all ow for the support of L-band
and S-band

The signalling process of the control plane SHALL allow to collect
the | ocal frequency slot asigned at each link along the path

6.2. Support for Media Channel Resizing
The control plane SHALL allow resizing (grow or shrink) the frequency
slot width of a nmedia channel/network nedia channel. The resizing

MAY inply resizing the |ocal frequency slots along the path of the
flexi-grid LSP.
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