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Abst r act
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Optical Transport Networks (OIN); it also includes the so-called
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1. Introduction

CGeneralized Multi-Protocol Label Swtching (GWLS) [ RFC3945] extends
MPLS from supporting Packet Sw tching Capable (PSC) interfaces and
switching to include support of four new classes of interfaces and
swi tching: Layer-2 Switching (L2SC), Tine-Division Miltiplex (TDV,
Lanbda Switch (LSC), and Fiber-Switch (FSC) Capable. A functional
description of the extensions to MPLS signaling that are needed to
support these new cl asses of interfaces and switching is provided in
[ RFC3471]. [RFC3473] describes the RSVP-TE-specific formats and
nmechani sns needed to support all four classes of interfaces.

Thi s docunent presents the technol ogy details that are specific to
G 709 Optical Transport Networks (OIN) as specified in the ITUT
G 709 recomrendation [I TUT-Gr09] (and referenced docunents),

i ncl udi ng pre-OIN devel opnents. Per [RFC3471], G 709 technol ogy-
specific parameters are carried through the signaling protocol in
dedi cated traffic paraneter objects.

The G 709 traffic paraneters defined hereafter (see Section 3.2) MJST
be used when the |abel is encoded as defined in this docunent.

Mor eover, the | abel MJUST be encoded as defined in Section 4 when
these G 709 traffic paraneters are used.

In the context of this meno, by pre-OIN devel opnents, one refers to
Optical Channel, Digital Wapper and Forward Error Correction (FEC
solutions that are not fully G 709 conpliant. Details concerning
pre- OTN Synchronous Optical Network (SONET)/Synchronous Digita

Hi erarchy (SDH) based sol utions including Section/Regenerator Section
overhead (SOH RSCH) and Line/Miltiplex Section overhead (LOH MSCH)
transparency are covered in [ RFC3946].

Papadi mtriou St andards Track [ Page 2]



RFC 4328 GWLS Signaling Extensions for G 709 January 2006

*** Note on | TU-T G 709 Recomendati on ***

The views on the ITUT G 709 OTN Reconmendati on presented in this
docunent are intentionally restricted to the GVWPLS perspective within
the I ETF CCAMP WG context. Hence, the objective of this document is
not to replicate the content of the ITU T OIN recomrendati ons.
Therefore, readers interested in nore details concerning the
correspondi ng technol ogies are strongly invited to consult the
corresponding | TU-T docunments (al so referenced in this nmeno).

1.1. Conventions Used in This Docunent

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

In addition, the reader is assuned to be famliar with the
termnology used in ITU-T [ITUT-G/09], as well as [RFC3471] and
[ RFC3473]. Abbreviations used in this docunent are detailed in
Appendi x 1.

2. GQWLS Extensions for G 709 - Overview

[1 TUT-Gr09] defines several networking |ayers constituting the
optical transport hierarchy:

- with full functionality:
Optical Transm ssion Section (OTS)
Optical Miltiplex Section (QOVS)
Opti cal Channel (QCh)
- wWith reduced functionality:
Optical Physical Section (OPS)
Optical Channel with reduced functionality (OChr)

It also defines two |layers constituting the digital transport
hi er ar chy:

- Optical Channel Transport Unit (OTUk)
- Optical Channel Data Unit (ODUk)

However, only the OCh and the ODUK | ayers are defined as sw tching

| ayers. Both OCh (but not OChr) and ODUk | ayers include the overhead
for supervision and managenent. The OCh overhead is transported in a
non- associ ated manner (also referred to as the non-associ ated
overhead naCH) in the Optical Transport Mdule (OTM Overhead Signal
(O0s), together with the OTS and OMS non-associ ated overhead. The
OCS is transported via a dedicated wavel ength, referred to as the
Optical Supervisory Channel (GSC). It should be noticed that the
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naOH is only functionally specified and as such, it is open to
vendor-specific solutions. The ODUk overhead is transported in an
associ ated nmanner as part of the digital ODUk frane.

As described in [ITUT-Gr09], in addition to the support of ODUk
mapping into OTWk (k =1, 2, 3), G 709 supports ODUk mul ti pl exi ng.

It refers to the multiplexing of ODU (j =1, 2) into an ODUk (k > j)
signal, in particular:

- ODUL into ODU2 nultipl exing
- ODUL into ODU3 nultipl exing
- ODU2 into ODU3 nultiplexing
- ODUL and ODU2 into ODU3 mul tiplexing

Adapting GWLS to control G 709 OTN can be achi eved by creating:

- a Dgital Path | ayer, by extending the previously defined
"Digital Wapper" in [RFC3471] corresponding to the ODUk
(digital) path Iayer.

- an Optical Path |ayer, by extending the "Lanmbda" concept (defined
in [RFC3471]) to the OCh (optical) path |layer.

- a |l abel space structure, by considering a tree whose root is an
OTWk signal and |leaves the ODU signals (k >=j); enabling the
identification of the exact position of a particular ODU signa
in an ODUK mul tiplexing structure.

Thus, the GWPLS signaling extensions for G 709 need to cover the
CGeneral i zed Label Request, the Generalized Label as well as the
speci fic technol ogy dependent objects included in the so-called
traffic paraneters as specified in [ RFC3946] for SONET/ SDH net wor ks.
Mor eover, because nultiplexing in the digital domain (such as ODUk
mul ti pl exi ng) has been specified in the amended version of the G 709
| TU-T recomendati on (October 2001), this docunment al so proposes a

| abel space definition suitable for that purpose. Notice also that
one uses the G709 ODWK (i.e., Digital Path) and OCh (i.e., Optica
Path) layers directly in order to define the corresponding | abe
spaces.

3. Ceneralized Label Request

The Generalized Label Request, as defined in [ RFC3471], includes a
conmmon part (i.e., used for any swi tching technol ogy) and a
technol ogy dependent part (i.e., the traffic paraneters). 1In this
section, both parts are extended to accommbdate GWLS Signaling to
the G 709 transport plane recomrendation (see [|TUT-Gr09]).
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3.

3.

1. Common Part

As defined in [RFC3471], the LSP Encodi ng Type, the Switching Type
and the CGeneralized Protocol ldentifier (Generalized-PID) constitute
the common part of the Ceneralized Label Request. The encodi ng of
the RSVP-TE GENERALI ZED LABEL REQUEST object is specified in

[ RFC3473] Section 2.1.

As nentioned above, this docunent extends the LSP Encodi ng Type, the
Switching Type, and G PID (Ceneralized-PID) values to accommopdate
G 709 Recommendation [ITUT- G709].

1.1. LSP Encodi ng Type

Because G 709 Recommendati on defines two networking | ayers (ODUk

| ayers and OCh | ayer), the LSP Encodi ng Type code-points can reflect
these two |l ayers defined in [RFC3471] Section 3.1 as "Digita

W apper" and "Lanbda" code. The LSP Encoding Type is specified per
networ ki ng | ayer or, nore precisely, per group of functiona
networking | ayers: the ODUk | ayers and the OCh | ayer.

Therefore, an additional LSP Encodi ng Type code-point for the G 709
Digital Path layer is defined; it enlarges the existing "Digita

W apper" code-point defined in [RFC3471]. The forner MJST be
generated when the interface or tunnel on which the traffic will be
transmtted supports G 709 conpliant Digital Path |ayer encoding

The latter MJUST only be used for non-G 709 conpliant Digital Wapper
| ayer(s) encoding. A transit or an egress node (receiving a Path
message contai ni ng a GENERALI ZED LABEL_REQUEST obj ect) MJST generate
a PathErr message, with a "Routing probl enf Unsupported Encodi ng"
indication, if the requested LSP Encodi ng Type cannot be supported on
the correspondi ng i ncom ng interface.

In the same way, an additional LSP Encodi ng Type code-point for the
G 709 Optical Channel layer is defined; it enlarges the existing
"Lanbda" code-point defined in [RFC3471]. The former MJST be
generated when the interface or tunnel on which the traffic will be
transmtted supports G 709-conpliant Optical Channel |ayer encoding.
The latter MUST only be used for non-G 709 conpliant Lanbda |ayer(s)
encoding. A transit or an egress node (receiving a Path nessage that
contai ns a GENERALI ZED LABEL REQUEST obj ect) MJST generate a PathErr
nessage with a "Routing probl em Unsupported Encoding" indication, if
the requested LSP Encodi ng Type cannot be supported on the
correspondi ng inconing interface.
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Consequently, the follow ng additional code-points for the LSP
Encodi ng Type are defined:

Val ue Type

12 G 709 ODUk (Digital Path)

13 G 709 Optical Channel
Mor eover, the code-point for the G 709 Optical Channel (CCh) |ayer
will indicate the requested capability of an end-systemto use the
G 709 non-associ ated overhead (naCH), i.e., the OIM Overhead Signal

(O0S) multiplexed into the OTMn.minterface signal.
3.1.2. Switching Type

The Switching Type indicates the type of switching that should be
performed at the term nation of a particular |link (see [RFC4202]).

No additional Switching Type values are to be considered in order to
accommodate G 709 switching types, because an ODUk swi tching (and
thus LSPs) belongs to the TDM cl ass, while an OCh sw tching (and thus
LSPs) belong to the Lanbda class (i.e., LSC).

Internedi ate and egress nodes MJST verify that the value indicated in
the Switching Type field is supported on the correspondi ng i ncom ng
interface. |f the requested value can not be supported, the node
MUST generate a PathErr nessage with a "Routing problen Sw tching
Type" indication.

3.1.3. Generalized-PID (G PID)

The GPID (16 bits field), as defined in [RFC3471], identifies the
payl oad carried by an LSP, i.e., an identifier of the client |ayer of
that LSP. This identifier is used by the endpoints of the G 709 LSP.

The G PID can take one of the foll owi ng val ues when the client
payl oad is transported over the Digital Path layer, in addition to
the payload identifiers defined in [ RFC3471]:

- CBRa: asynchronous Constant Bit Rate (i.e., mapping of STM 16/ OC
48, STM 64/ OC-192 and STM 256/ OC- 768)

- CBRb: bit synchronous Constant Bit Rate (i.e., mapping of STM
16/ OC- 48, STM 64/ 0C-192 and STM 256/ OC- 768)

- ATM mappi ng at 2.5, 10 and 40 Gbps

- BSOT: non-specific client Bit Streamwith Cctet Tinming (i.e.,
Mappi ng of 2.5, 10 and 40 Gbps Bit Stream

- BSNT: non-specific client Bit Streamw thout Cctet Timng (i.e.,
Mappi ng of 2.5, 10 and 40 Gbps Bit Stream
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- ODWk: transport of Digital Paths at 2.5, 10 and 40 Ghps
- ESCON: Enterprise Systens Connection
- FI CON: Fi ber Connection

The G PID can take one of the foll owi ng val ues when the client
payl oad is transported over the Optical Channel layer, in addition to
the payload identifiers defined in [ RFC3471]:

- CBR Constant Bit Rate (i.e., mapping of STM 16/ CC-48, STM 64/ CC-
192 and STM 256/ OC- 768)
- OIWk/ OTWkV: transport of Digital Section at 2.5, 10 and 40 Gbps

Al so, when client payl oads such as Ethernet MAC/ PHY and | P/ PPP are
encapsul ated through the Generic Frami ng Procedure (GFP), as
described in ITUT G 7041, dedicated G PID val ues are defined.

In order to include pre-OIN devel opments, the GPID field can take
one of the values (currently defined in [RFC3471]) when the foll ow ng
client payloads are transported over a so-called | anbda LSP:

- Ethernet PHY (1 Gops and 10 Gbhps)
- Fi ber Channel

The following table sunmarizes the GPID with respect to the LSP
Encodi ng Type:

Val ue G PI D Type LSP Encodi ng Type
47 G 709 ODY G 709 ODUk (with k > j)
48 G 709 OTWk(V) G 709 OCh

ODUk mapped into OTUK(V)
49 CBR/ CBRa G 709 ODWk, G 709 OCh
50 CBRb G 709 ODWk
51 BSOT G 709 ODUk
52 BSNT G 709 ODUk
53 | P/ PPP ( GFP) G 709 ODUk (and SDH)
54 Et hernet MAC (framed GFP) G 709 ODUK (and SDH)
55 Et hernet PHY (transparent G-P) G 709 ODUK (and SDH)
56 ESCON G 709 ODWk, Lanbda, Fi ber
57 FI CON G 709 ODWk, Lambda, Fiber
58 Fi ber Channel G 709 ODWKk, Lanbda, Fiber

Not e: Val ues 49 and 50 include nappi ng of SDH.
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The foll owing table sunmarizes the update of the G PID val ues defined

in [ RFC3471]:
Val ue G PI D Type LSP Encodi ng Type
32 ATM Mappi ng SDH, G 709 ODUk
33 Et her net PHY SDH, G 709 OCh, Lanbda, Fiber
34 Sonet / SDH G 709 CCh, Lanbda, Fiber
35 Reserved ( SONET Dep.) G 709 CCh, Lamnbda, Fiber

3.2. G709 Traffic Paraneters

Wen G 709 Digital Path Layer or G 709 Optical Channel Layer is
specified in the LSP Encoding Type field, the information referred to
as technol ogy dependent (or sinply traffic parameters) is carried
additionally to the one included in the CGeneralized Label Request.

The G 709 traffic paraneters are defined as foll ows:

0 1 2 3
012345678901234567890123456789¢01
B I i o SIS I I Y Y Y S T T T T N i S N S S il o S S I S
| Signal Type | Reser ved | NMC |
B ol it I R S T et S i e e s s s sl o it SRR I TR Sl e T S I SR g
| NvVC | Mul tiplier (M) |
B ik o T e S S T ks e i S R T I e e S S e el ST S TR S e
| Reser ved |
B I i o SIS I I Y Y Y S T T T T N i S N S S il o S S I S

In this frane, NMC stands for Nunber of Miltiplexed Conponents, NVC
for Nunmber of Virtual Conponents, and MI for Multiplier. Each of
these fields is tailored to support G 709 LSP requests.

The RSVP-TE encoding of the G 709 traffic-parameters is detailed in
Section 6.

3.2.1. Signal Type (ST)

This field (8 bits) indicates the type of G 709 El enentary Si gnal
that conprises the requested LSP. The permtted val ues are:

Val ue Type
0 Not significant
1 obul (i.e., 2.5 Gops)
2 obu2 (i.e., 10 CGops)
3 obu3 (i.e., 40 Cops)
4 Reserved (for future use)
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3.

2

Reserved (for future use)
OCh at 2.5 CGbps
OCh at 10 Cbps
OCh at 40 Cbps
- 255 Reserved (for future use)

©00~NO O

The val ue of the Signal Type field depends on LSP Encodi ng Type val ue
defined in Section 3.1.1 and [ RFC3471]:

if the LSP Encoding Type value is the G709 Digital Path |ayer,
then the valid values are the ODUk signals (k =1, 2 or 3).

if the LSP Encoding Type value is the G 709 Optical Channe

| ayer, then the valid values are the OCh at 2.5, 10, or 40 Cbps.
if the LSP Encoding Type is "Lanbda" (which includes the pre-QOIN
Optical Channel layer) then the valid value is irrelevant (Signa
Type = 0).

if the LSP Encoding Type is "Digital Wapper", then the valid
value is irrelevant (Signal Type = 0).

Several transfornms can be sequentially applied on the El enentary
Signal to build the Final Signal that is actually requested for the
LSP. Each transform application is optional and nust be ignored if
zero; this does not include the Multiplier (M), which cannot be zero
and nust be ignored if equal to one. Transforns nust be applied
strictly in the follow ng order

- First, virtual concatenation (by using the NVC field) can be
optionally applied directly on the Elenentary Signal to forma
Conposed Si gha

- Second, a multiplication (by using the Miultiplier field) can be
optionally applied, either directly on the El enentary Signal, or
on the virtually concatenated signal obtained fromthe first
phase. The resulting signal is referred to as Final Signal

. 2. Number of Miltiplexed Conponents (NNVO)

The NMC field (16 bits) indicates the nunber of ODU tributary slots
used by an ODUy when multiplexed into an ODUk (k > j) for the
requested LSP. This field is not applicable when an ODUk i s mapped
into an OTWk and irrelevant at the Optical Channel layer. In both
cases, it MJIST be set to zero (NMC = 0) when sent and should be

i gnored when received.

When applied at the Digital Path layer, in particular for ODU2
connections multiplexed into one ODU3 payl oad, the NMC field
specifies the number of individual tributary slots (NMC = 4) that
constitute the requested connection. These conponents are stil
processed within the context of a single connection entity. For al
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other currently defined multiplexing cases (see Section 2), the NMC
field is set to 1.

3.2.3. Nunber of Virtual Conponents (NVC)

The NVC field (16 bits) is dedicated to ODUk virtual concatenation
(i.e., ODWKk Inverse Multiplexing) purposes. It indicates the nunber
of ODUl, ODU2, or ODU3 Elenmentary Signals that are requested to be
virtually concatenated to forman ODUk-Xv signal. By definition
these signals MJUST be of the sane type.

This field is set to 0 (default value) to indicate that no virtua
concatenation i s requested.

Note that the current usage of this field only applies for G 709 ODUk
LSPs, i.e., values greater than zero, are only acceptable for ODUk
Signal Types. Therefore, it MJST be set to zero (NVC = 0), and
shoul d be i gnored when received, when a G 709 OCh LSP is requested.

3.2.4. Miltiplier (M)

The Multiplier field (16 bits) indicates the nunber of identica

El ementary Signals or Conposed Signals that are requested for the
LSP, i.e., that formthe Final Signal. A Conposed Signal is the
resulting signal fromthe application of the NMC and NVC fields to an
el ementary Signal Type. GWLS signaling currently inplies that al
the Conposed Signals nust be part of the same LSP.

This field is set to one (default value) to indicate that exactly one
i nstance of a signal is being requested. Internediate and egress
nodes MJST verify that the node itself and the interfaces on which
the LSP will be established can support the requested nmultiplier
value. |If the requested val ues cannot be supported, the receiver
node MJUST generate a Pat hErr message (see Section 6).

Zero is an invalid value for the Mr field. |If received, the node
MUST generate a Pat hErr nmessage (see Section 6).

3.2.5. Reserved Fields
The reserved fields (8 bits inrow 1l and 32 bits in row 3) are
dedicated for future use. Reserved bits SHOULD be set to zero when
sent and MUST be ignhored when received.

4. Generalized Labe

This section describes the Generalized Label value space for Digita
Pat hs and Optical Channels. The Generalized Label is defined in
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[ RFC3471]. The format of the correspondi ng RSVP- TE GENERALI ZED LABEL
object is specified in [ RFC3473] Section 2.3.

The I abel distribution rules detailed in Section 4.2 follow (when
applicable) the ones defined in [ RFC3946] .

4.1. ODUk Label Space

At the Digital Path |layer (i.e., ODUk |layers), G 709 defines three
different client payload bit rates. An Optical Data Unit (ODU) frane
has been defined for each of these bit rates. ODUk refers to the
frane at bit rate k, where k = 1 (for 2.5 Gops), 2 (for 10 Gops), or
3 (for 40 Gops).

In addition to the support of ODUk mapping into OTuk, the G 709

| abel space supports the sub-levels of ODUk nultiplexing. ODUk
multiplexing refers to nultiplexing of ODUj (j =1, 2) into an ODWk
(k >j), in particular:

- ODU1 into ODU2 mul tipl exing
- ODU1 into ODU3 multipl exing
- ODU2 into ODU3 nultipl exing
- ODUL and ODU2 into ODU3 mul tiplexing

More precisely, ODU into ODUk nultiplexing (k > j) is defined when
an ODUj is nultiplexed into an ODUK Tributary Unit Goup (i.e., an
ODTUG constituted by ODU tributary slots) that is mapped into an
OPUk. The resulting OPUk is mapped into an ODUk, and the ODUK is
mapped i nto an OTUK.

Therefore, the | abel space structure is a tree whose root is an OTWk
signal and whose | eaves are the ODUj signhals (k >=j) that can be
transported via the tributary slots and sw tched between these slots.
A G709 Digital Path | ayer |abel identifies the exact position of a
particular ODU signal in an ODUk nultiplexing structure.

The G 709 Digital Path Layer |abel or ODUk | abel has the follow ng
format:

0 1 2 3
01234567890123456789012345678901
B T s i I S e i S i i S S e S
| Reserved | t3 | t2 |t1]
s S S i I S R R e h T Tk e S S S o T S

Reserved bits MJST be set to zero when sent and SHOULD be ignored
when received.
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The specification of the fields t1, t2, and t3 self-consistently
characterizes the ODUk | abel space. The value space for the t1, t2,
and t3 fields is defined as foll ows:

1. t1 (1-bit):
- t1=1 indicates an ODUL si gnal
- tl1 is not significant for the other ODUk signal types (i.e.
t1l value MJST be set to 0 and ignored).

2. t2 (3-bit):
- t2=1 indicates an ODU2 signal that is not further sub-
di vi ded.
- t2=[2..5] indicates the tributary slot (t2th-2) used by the
ODUL in an ODTUX napped into an ODU2 (via OPW2).
- t2 is not significant for an ODU3 (i.e., t2 value MJST be
set to O and ignored).

3. t3 (6-bit):
- t3=1 indicates an ODU3 signal that is not further sub-
di vi ded.
- t3=[2..17] indicates the tributary slot (t3th-1) used by the
ODUl1 in an ODTUG3 mapped into an ODU3 (via OPU3).
- t3=[18..33] indicates the tributary slot (t3th-17) used by
the ODU2 in an ODTUG3 mapped into an ODU3 (via OPU3).

Note: in case of ODU2 into ODU3 multiplexing, 4 |labels are required
to identify the 4 tributary slots used by the ODU2; these tributary
time slots have to be allocated in ascendi ng order

If the |l abel sub-field value t[i]=1 (i, j =1, 2 or 3) and t[j]=0 (]
> i), the corresponding ODUk signal ODUi] is directly mapped into
the corresponding OTUk signal (k=i). This is referred to as the
mappi ng of an ODUk signal into an OTUk of the same order. Therefore,
the nunbering starts at 1; zero is used to indicate a non-significant
field. A label field equal to zero is an invalid val ue.

Exanpl es:

- t3=0, t2=0, t1=1 indicates an ODUl mapped into an OTUl

- t3=0, t2=1, t1=0 indicates an ODU2 mapped into an OTU2

- t3=1, t2=0, t1=0 indicates an ODU3 mapped into an OTU3

- t3=0, t2=3, t1=0 indicates the ODUlL in the second tributary sl ot
of the ODTUXR mapped into an ODU2 (via OPU2) mapped into an OTU2

- t3=5, t2=0, t1=0 indicates the ODUlL in the fourth tributary sl ot
of the ODTUG3 mapped into an ODU3 (via OPU3) mapped into an OTU3
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4.2. Label Distribution Rules

In case of ODUk in OTWk nmapping, only one | abel can appear in the
CGeneral i zed Label. The unique |abel is encoded as a single 32-bit
| abel value (as defined in Section 4.1) of the GENERALI ZED LABEL
object (O ass-Num = 16, C Type = 2).

In case of ODUY in ODUk (k > j) nultiplexing, the explicit ordered
list of the labels in the nultiplex is given (this list can be
restricted to only one | abel when NMC = 1). Each | abel indicates a
conponent (ODUj tributary slot) of the multiplexed signal. The order
of the labels nmust reflect the order of the ODU into the multiplex
(not the physical order of tributary slots). This ordered |ist of

| abel s is encoded as a sequence of 32-bit |abel values (as defined in
Section 4.1) of the GENERALI ZED LABEL object (d ass-Num = 16, C- Type

= 2).

In case of ODUk virtual concatenation, the explicit ordered |ist of
all labels in the concatenation is given. Each |abel indicates a
conponent of the virtually concatenated signal. The order of the

I abel s nust reflect the order of the ODUk to concatenate (not the
physi cal order of time-slots). This representation limts virtua
concatenation to remain within a single (conponent) link. In case of
nmul tiplexed virtually concatenated signals, the first set of |abels

i ndi cates the components (ODUj tributary slots) of the first
virtual ly concatenated signal, the second set of labels indicates the
conponents (ODUj tributary slots) of the second virtually
concatenated signal, and so on. This ordered list of labels is
encoded as a sequence of 32-bit |abel values (as defined in Section
4.1) of the GENERALI ZED LABEL object (Class-Num = 16, C Type = 2).

In case of ODUk virtual concatenation, the nunber of |abel values is
determ ned by the NVC value. Miltiplexed ODUk virtual concatenation
additionally uses the NMC value to determ ne the nunber of |abels per
set (equal in size).

In case of nultiplication (i.e., when using the MI field), the

explicit ordered list of all labels taking part in the conposed
signal is given. The above representation limts nultiplication to
remain within a single (conponent) link. 1In case of multiplication

of multiplexed virtually concatenated signals, the first set of

| abel s indicates the conponents of the first multiplexed virtually
concat enated signal, the second set of |abels indicates components of
the second nultiplexed virtually concatenated signal, and so on

This ordered list of labels is encoded as a sequence of 32-bit |abe
val ues (as defined in Section 4.1) of the GENERALI ZED LABEL obj ect
(dass-Num = 16, C-Type = 2). 1In case of multiplication of (equal)
ODWk virtual concatenated signals, the nunber of |abel val ues per
signal is determ ned by the NVC value. Miltiplication of nmultiplexed
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(equal) ODUk virtual concatenation additionally uses the NMC value to
determ ne the number of |abels per set (equal in size).

4.3. Optical Channel Label Space

At the Optical Channel l|ayer, the | abel space nust be consistently
defined as a flat space whose val ues reflect the | ocal assignnent of
OCh identifiers that correspond to the OTM n. m sub-interface signals
(m=1, 2 or 3). Note that these identifiers do not cover CChr
because the correspondi ng Connecti on Function (OChr-CF) between OTM
nr.m OTMOr.mis not defined in [ITUT-G798].

The OCh | abel space values are defined by either absol ute val ues
(i.e., channel identifiers or Channel ID, also referred to as

wavel ength identifiers) or relative values (channel spacing, also
referred to as inter-wavel ength spacing). The latter is strictly
confined to a per-port |abel space, whereas the forner could be
defined as a |l ocal or a global (per node) |abel space. Such an OCh
| abel space is applicable to both OIN Optical Channel |ayer and pre-
OTN Optical Channel |ayer.

Optical Channel |abel encoding (and distribution) rules are defined
in [RFC3471]. They MJUST be used for the Upstream Label, the
Suggested Label, and the Generalized Label

5. Exanpl es

The foll owi ng exanples are given in order to illustrate the
processi ng described in the previous sections of this document.

1. ODWK in OTWk mapping: when one ODUL (ODU2 or ODU3) signal is
directly transported in an OTUlL (OTU2 or OTU3), the upstream node
requests results sinmply in an ODU1L (ODU2 or ODU3) signal request.

In such conditions, the downstream node has to return a unique

| abel because the ODUL (ODU2 or ODU3) is directly nmapped into the
corresponding OTUL (OTWU2 or OTU3). Because a single ODUK signa

is requested (Signal Type =1, 2 or 3), the downstream node has to
return a single ODUk | abel, which can be, for instance, one of the
foll owi ng when the Signal Type = 1:

- t3=0, t2=0, t1=1 indicating a single ODUl mapped into an OTUlL
- t3=0, t2=1, t1=0 indicating a single ODU2 mapped into an OTU2
- t3=1, t2=0, t1=0 indicating a single ODU3 mapped into an OTU3

2. ODUl into ODUk multiplexing (k > 1): when one ODUL is multipl exed

into the payload of a structured ODU2 (or ODU3), the upstream node
requests results sinply in an ODUl signal request.
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In such conditions, the downstream node has to return a unique

| abel because the ODUL is nultiplexed into one ODTUXR (or ODTUG3).
The latter is then mapped into the ODU2 (or ODU3) via OPU2 (or
OPU3) and then mapped into the corresponding OTU2 (or OTU3).
Because a single ODUL mul tipl exed signal is requested (Signal Type
= 1 and NMC = 1), the downstream node has to return a single ODUlL
| abel , which can take, for instance, one of the follow ng val ues:

- t3=0,t2=4,11=0 indicates the ODUlL in the third TS of the ODTURXR
- t3=2,t12=0,t11=0 indicates the ODUl in the first TS of the ODTUG
- t3=7,t12=0,t11=0 indicates the ODUl in the sixth TS of the ODTUG

3. ODU2 into ODU3 mul tiplexing: when one unstructured ODU2 is
nmul tiplexed into the payl oad of a structured ODU3, the upstream
node requests results sinply in an ODU2 signal request.

In such conditions, the downstream node has to return four |abels
since the ODU2 is multiplexed into one ODTUG3. The latter is
mapped into an ODU3 (via OPU3) and then mapped into an OTU3.
Since an ODU2 mul tipl exed signal is requested (Signal Type = 2,
and NMC = 4), the downstream node has to return four ODU | abels
whi ch can take for instance the follow ng val ues:

- t3=18, t2=0, t1=0 (first part of ODU2 in first TS of ODTUR)
- t3=22, t2=0, t1=0 (second part of ODU2 in fifth TS of ODTUG3)
- t3=23, t2=0, t1=0 (third part of ODU2 in sixth TS of ODTUR3)
- t3=26, t2=0, t1=0 (fourth part of ODU2 in ninth TS of ODTUG3)

4. \Wen a single OCh signal of 40 Cbps is requested (Signal Type =
8), the downstream node must return a single wavel ength | abel as
specified in [ RFC3471] .

5. Wen requesting nultiple ODUk LSP (i.e., with a nultiplier (M)
value > 1), an explicit list of labels is returned to the
request or node.

When t he downstream node receives a request for a 4 x ODUL signal
(Signal Type =1, NMC =1 and MI = 4) nultiplexed into an ODU3, it
returns an ordered list of four |abels to the upstream node: the
first ODUL | abel corresponds to the first signal of the LSP, the
second ODU1 | abel corresponds to the second signal of the LSP,
etc. For instance, the corresponding | abels can take the

fol |l owi ng val ues:

- First ODUL: t3=2, t2=0, t1=0 (in first TS of ODTUR3)
- Second ODUl: t3=10, t2=0, t1=0 (in ninth TS of ODTUG3)
- Third ODUL: t3=7, t2=0, t1=0 (in sixth TS of ODTUG3)
- Fourth ODULl: t3=6, t2=0, t1=0 (in fifth TS of ODTUG3)
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6.

RSVP- TE Si gnal i ng Protocol Extensions

This section specifies the [ RFC3473] protocol extensions needed to
accommodate G 709 traffic paraneters.

The G 709 traffic paraneters are carried in the G 709 SENDER TSPEC
and FLOWSPEC objects. The sane format is used both for SENDER TSPEC
obj ect and FLOMSPEC obj ects. The content of the objects is defined
above in Section 3.2. The objects have the followi ng class and type
for G 709:

- G 709 SENDER TSPEC (hject: Cass = 12, CType = 5
- G709 FLOMSPEC Ohject: Cass =9, CType =5

There is no Adspec associated with the G 709 SENDER TSPEC. Either
the Adspec is omtted or an Int-serv Adspec with the Default Genera
Characterization Parameters and Guaranteed Service fragnment is used,
see [ RFC2210].

For a particular sender in a session, the contents of the FLOASPEC
object received in a Resv message SHOULD be identical to the contents
of the SENDER TSPEC obj ect received in the correspondi ng Path
message. |If the objects do not match, a ResvErr nessage with a
"Traffic Control Error/Bad Fl owspec val ue" error SHOULD be gener at ed.

I nternedi ate and egress nodes MJST verify that the node itself, and

the interfaces on which the LSP will be established, can support the
requested Signal Type, NMC, and NVC val ues (as defined in Section
3.2). If the requested val ue(s) cannot be supported, the receiver

node MUST generate a PathErr nmessage with a "Traffic Contro
Error/ Servi ce unsupported" indication (see [ RFC2205]).

In addition, if the MI field is received with a zero value, the node
MJST generate a Pat hErr message with a "Traffic Control Error/Bad
Tspec val ue” indication (see [ RFC2205]).
Security Considerations
Thi s docunent introduces no new security considerations to [ RFC3473].
| ANA Consi derations
Two val ues have been defined by | ANA for this docunent:

Two RSVP C-Types in registry:

http: //wwv. i ana. or g/ assi gnnent s/ r svp- par aneters
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- A G 709 SENDER TSPEC object: Class = 12, CType =5 - see
Section 6.

- A G709 FLONSPEC object: Cass =9, CType =5 - see
Section 6.

IANA will also track the code-point spaces extended and/or updated by
this docunment. For this purpose, the follow ng new registry entries
have been added in the newWy requested registry entry:

http://wwv. i ana. or g/ assi gnnent s/ gnpl s-si g- paraneters

- LSP Encodi ng Type:
Nane: LSP Encodi ng Type
Format: 8-bit nunber

Val ues:
[1..11] defined in [ RFC3471]
12 defined in Section 3.1.1
13 defined in Section 3.1.1
Al l ocation Policy:
[0..239] Assigned by | ANA via | ETF Standards Track RFC
Act i on.
[ 240. . 255] Assigned tenporarily for Experinental Usage.

These will not be registered with | ANA

- Switching Type:
Nane: Switching Type
Format: 8-bit nunber
Val ues: defined in [ RFC3471]
Al l ocation Policy:
[0..255] Assigned by I ANA via | ETF Standards Track RFC
Acti on.

- Ceneralized PID (GPID):

Narme: G PID
Format: 16-bit nunber
Val ues:
[0..31] defined in [ RFC3471]
[32..35] defined in [RFC3471] and updated by Section
3.1.3
[ 36..46] defined in [ RFC3471]
[47..58] defined in Section 3.1.3
Al l ocation Policy:
[0..31743] Assigned by I ANA via | ETF Standards Track RFC
Acti on.

[31744..32767] Assigned tenporarily for Experinmental Usage
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[32768..65535] Not assigned. Before any assignments can be
made in this range, there MJUST be a Standards
Track RFC that specifies | ANA Considerations
that covers the range being assigned.

Not e: per [RFC3471], Section 3.1.1, standard Ethertype val ues are
used as G PIDs for packet and Ethernet LSPs.
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Appendi x A.

BSNT
BSOT
CBR
ESCON
FC
FEC

FI CON
FSC
GCC
G-P
LSC
LSP
VS
naOH
NMC
NVC

OTWkV
PPP
PSC
RES
RS

TTI
TDM
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Abbr evi ati ons

Bit Streamw thout Cctet Timng
Bit Streamwith Octet Timng
Constant Bit Rate

Enterpri se Systens Connection

Fi ber Channel

Forward Error Correction

Fi ber Connecti on

Fi ber Switch Capabl e

General Conmuni cati on Channel
Generic Fram ng Procedure
Lanbda Switch Capabl e

Label Switched Path

Mul tiplex Section

non- associ at ed Over head

Nunber of Milti pl exed Components
Nunber of Virtual Conponents
Optical Channel Carrier

Optical Carrier Group

Optical Channel (with full functionality)
Optical Channel (with reduced functionality)
Optical Date Tributary Unit G oup
Optical Channel Data Unit

Over head

Optical Multiplex Section
Optical Multiplex Unit

OTM Over head Si gnal

Optical Physical Section

Opti cal Channel Payl oad Unit
Optical Supervisory Channel
Optical Transport Hierarchy
Optical Transport Modul e
Optical Transport Network
Optical Transm ssion Section
Opti cal Channel Transport Unit
Functional | y Standardi zed OTUk
Point to Point Protocol

Packet Switch Capabl e

Reser ved

Regener at or Section

Trail Trace ldentifier

Time Division Miltiplex
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Appendi x B. G 709 | ndexes

Edi

- Index k: The index "k" is used to represent a supported bit rate
and the different versions of OPUk, ODUk and OTWk. k=1 represents an
approximate bit rate of 2.5 Ghit/s, k=2 represents an approximte bit
rate of 10 Goit/s, k = 3 an approximate bit rate of 40 Goit/s and k =
4 an approximate bit rate of 160 Goit/s (under definition). The
exact bit-rate values are in kbits/s:

OPU. k=1: 2 488 320.000, k=2: 9 995 276.962, k=3: 40 150 519. 322
ODU: k=1: 2 498 775.126, k=2: 10 037 273.924, k=3: 40 319 218.983
OryU. k=1: 2 666 057.143, k=2: 10 709 225.316, k=3: 43 018 413.559

- Index m The index "m' is used to represent the bit rate or set of
bit rates supported on the interface. This is a one or nore digit
"k", where each "k" represents a particular bit rate. The valid

val ues for mare (1, 2, 3, 12, 23, 123).

- Index n: The index "n" is used to represent the order of the OTM
Ors, Ovs, OPS, OCG and OMUJ.  This index represents the maxi num numnber
of wavel engths that can be supported at the | owest bit rate supported
on the wavelength. It is possible that a reduced nunber of higher
bit rate wavel engths are supported. The case n=0 represents a single
channel wi thout a specific wavel ength assigned to the channel

- Index r: The index "r", if present, is used to indicate a reduced
functionality OTM OCG OCC and OCh (non-associ ated overhead is not
supported). Note that for n=0 the index r is not required as it

i mplies always reduced functionality.
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Intell ectual Property
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on the procedures with respect to rights in RFC docunents can be
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assurances of licenses to be nmade available, or the result of an
attenpt nade to obtain a general |icense or permission for the use of
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