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Abst ract

I TU-T Reconmrendation G 709 [ Gr09-2012] introduced new Optical channel
Data Unit (ODU) containers (ODU0O, ODU4, ODU2e, and ODUfl ex) and
enhanced Optical Transport Network (OIN) flexibility.

Thi s docunent updates the ODU-rel ated portions of RFC 4328 to provide
extensions to GWLS signaling to control the full set of OIN
features, including ODUO, ODU4, ODU2e, and ODUf| ex.

Status of This Meno
This is an Internet Standards Track document.

Thi s docunent is a product of the Internet Engineering Task Force
(ITETF). It represents the consensus of the IETF community. It has
recei ved public review and has been approved for publication by the
Internet Engineering Steering Group (IESG. Further information on
Internet Standards is available in Section 2 of RFC 5741.

I nformati on about the current status of this docunent, any errata,

and how to provide feedback on it nmay be obtained at
http://ww. rfc-editor.org/info/rfc7139.
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1. Introduction

Wth the evolution and depl oynent of Optical Transport Network (OTN)
technol ogy, it is necessary that appropriate enhanced control
technol ogy support be provided for [Gr09-2012].

[ RFC7062] provides a franework to allow the devel opnent of protocol
ext ensions to support GWLS and Path Conputation El erent (PCE)
control of OTN as specified in [G709-2012]. Based on this framework,
[ RFC7096] eval uates the informati on needed by the routing and
signaling process in OINs to support GVPLS control of OIN

[ RFC4328] describes the control technology details that are specific
to the 2001 revision of the G 709 specification. This docunent
updates the ODU-rel ated portions of [RFC4328] to provide Resource
Reservation Protocol - Traffic Engineering (RSVP-TE) extensions to
support control for [Gr09-2012].

2. Term nol ogy

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

3. GWLS Extensions for the Evolving G 709 -- Overview
New features for the evolving OIN, for exanple, new ODUO, ODUZe,
ODU4, and ODUfl ex containers, are specified in [Gr09-2012]. The
correspondi ng new Signal Types are sumuari zed bel ow

- Optical channel Transport Unit (OTUWk):

o Orua
- Optical channel Data Unit (ODWK):
o ODW
o ODU2e
o ObU
o ODUfl ex

A new tributary slot granularity (i.e., 1.25 Gops) is al so described
in [Gr09-2012]. Thus, there are now two tributary slot (TS)
granularities for the foundation OTN ODUL, ODU2, and ODU3 cont ai ners.
The TS granularity at 2.5 CGops is used on the | egacy interfaces while
the new 1.25 CGbhps is used on the new interfaces.
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In addition to the support of ODUk mapping into OTWk (k =1, 2, 3,
4), [Gr09-2012] enconpasses the multiplexing of ODUj (j =0, 1, 2,
2e, 3, flex) into an ODWk (k > j), as described in Section 3.1.2 of

[ RFC7062] .

Virtual Concatenation (VCAT) of Optical channel Payl oad Unit-k (OPUK)
(OPWk-Xv, k =1/2/3, X =1...256) is also supported by [Gr09-2012].
Note that VCAT of OPUO / OPWRe / OPW / OPUflex is not supported per
[ Gr09-2012].

[ RFC4328] describes GQVWPLS signaling extensions to support the control
for the 2001 revision of the G 709 specification. However, [RFC7096]
does not provide the means to signal all the new Signal Types and

rel ated mapping and nultiplexing functionalities. Mreover, it
supports only the deprecated auto-MsSI (Miltiframe Structure
Identifier) node, which assunes that the Tributary Port Nunmber (TPN)
is automatically assigned in the transmt direction and not checked
in the receive direction.

Thi s docunment extends the G 709 Traffic Paranmeters described in

[ RFC4328] and presents a new fl exi ble and scal abl e OTN- TDM

General i zed Label format. (Here, TDMrefers to Tinme-Division

Mul tiplexing.) Additionally, procedures about Tributary Port Number
assi gnnent through the control plane are also provided in this
docunent .

4. CGeneralized Label Request

The GENERALI ZED LABEL_REQUEST obj ect, as described in [RFC3471],
carries the Label Switched Path (LSP) Encodi ng Type, the Switching
Type, and the Generalized Protocol ldentifier (GPID).

[ RFC4328] extends the GENERALI ZED LABEL_REQUEST obj ect, introducing
two new code-points for the LSP Encoding Type (i.e., G 709 ODUk
(Digital Path) and G 709 Optical Channel) and adding a list of GPID
val ues in order to accompdate the 2001 revision of the G 709

speci fication.

Thi s docunent follows these extensions and introduces a new Sw tching
Type to indicate the ODUK Switching Capability [Gr09-2012] in order
to support backward conmpatibility with [ RFC4328], as described in

[ RFC7062]. The new Switching Type (OTN-TDM Swi tchi ng Type) is
defined in [ RFC7138].
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Thi s docunent al so updates the G PID val ues defined in [ RFC4328]:

47 Type field updated from"G 709 ODUi" to "ODU-2.5G"' to
i ndi cate transport of Digital Paths (e.g., at 2.5, 10, and
40 Cbhps) via 2.5 Gops TS granularity.

56 Type field updated from "ESCON' to "SBCON ESCON' to align
with [ Gr09-2012] payl oad type Ox1A.

Not e: Val ue 47 includes mapping of Synchronous Digital Hierarchy
(SDH) .

In the case of ODU nultiplexing, the Lower Order ODU (LO ODU) (i.e.,
the client signal) nmay be nultiplexed into a H gher Order ODU (HO
ODU) via 1.25G TS granularity, 2.5G TS granularity, or ODU any.

Since the GPID type "ODUk" defined in [RFC4328] is only used for 2.5
Gops TS granul arity, two new GPID types are defined as foll ows:

- ODU-1.25G Transport of Digital Paths at 1.25, 2.5, 10, 40, and
100 CGbps via 1.25 Gops TS granularity.

- ODU-any: Transport of Digital Paths at 1.25, 2.5, 10, 40, and
100 CGops via 1.25 or 2.5 CGops TS granularity (i.e.,
the fallback procedure is enabled and the default
val ue of 1.25 Gops TS granularity can fall back to 2.5
Gops i f needed).

The full list of payload types defined in [ G7/09-2012] and their
mapping to existing and new G PID types are as foll ows:
G 709
Payl oad
Type G PID Type/ Conmrent LSP Encodi ng
0x01 No standard val ue
0x02 49 CBRa G 709 ODUK
0x03 50 CBRb G 709 ODUK
0x04 32 ATM G 709 ODUK
0x05 59 Framed GFP G 709 ODUK
54 Et hernet MAC (framed GFP) G 709 ODWk
70 64B/ 66B GFP- F Et her net G 709 ODWk (k=2)
0x06 Not signal ed
0x07 55 Et her net PHY G 709 ODWk (k=0, 3, 4)
(transparent GFP)
0x08 58 Fi ber Channel G 709 ODWKk (k=2e)

Zhang, et al. St andards Track [ Page 5]



RFC 7139 GWLS Ext ensions for G 709 March 2014

0x09 59 Franmed G-P G 709 ODWk (k=2)
70 64B/ 66B GFP- F Et her net G 709 ODWk (k=2)

0x0A 60 STM 1 G 709 ODWk (k=0)

0x0B 61 STM 4 G 709 ODWk (k=0)

0x0C 58 Fi ber Channel G 709 ODWK (k=0)

0x0D 58 Fi ber Channel G 709 ODUk (k=1)

0x0E 58 Fi ber Channel G 709 ODUfl ex

OxOF 58 Fi ber Channel G 709 ODUf | ex

0x10 51 BSOT G 709 ODUKk

Ox11 52 BSNT G 709 ODUK

0x12 62 I nfi ni Band G 709 ODUf | ex

0x13 62 I nfi ni Band G 709 ODUf | ex

0x14 62 I nfi ni Band G 709 ODUfl ex

0x15 63 Serial Digital Interface G 709 ODUk (k=0)

0x16 64 SDI/ 1. 001 G 709 ODWUk (k=1)

0x17 63 Serial Digital Interface G 709 ODUk (k=1)

0x18 64 SDI/ 1. 001 G 709 ODUf | ex

0x19 63 Serial Digital Interface G 709 ODUf I ex

Ox1A 56 SBCOV ESCON G 709 ODWk (k=0)

0x1B 65 DVB_ASI G 709 ODWk (k=0)

0x1C 58 Fi ber Channel G 709 ODUWk

0x20 47 G 709 ODU- 2.5G G 709 ODWk (k=2, 3)
66 G 709 ODU 1. 25G G 709 ODWK (k=1)

0x21 66 G 709 ODU-1. 25G G 709 ODWk (k=2, 3, 4)
67 G 709 ODU any G 709 ODWk (k=2,3)

0x55 No standard val ue

0x66 No standard val ue

0x80- 0x8F No standard val ue

OxFD 68 Nul | Test G 709 ODUKk

OxFE 69 Random Test G 709 ODUKk

OxFF No standard val ue

Not e: Val ues 59 and 70 include mappi ng of SDH.

Note that the mapping types for ODU into OPUk are unanbi guously per
Tabl e 7-10 of [Gr09-2012], so there is no need to carry nmappi hg type
information in the signaling.

Note al so that additional information on G 709 client mapping can be
found in [ Gro41].
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5. Extensions for Traffic Paraneters for Evolving G 709 OINs

The Traffic Parameters for the OIN-TDM capabl e Switching Type are
carried in the O'N- TDM SENDER TSPEC object in the Path nessage and
the OTN- TDM FLOASPEC object in the Resv nessage. The objects have
the followi ng class and type:

- OTN TDM SENDER _TSPEC object: dass = 12, C Type =7
- OIN-TDM FLOABPEC object: Cass = 9, CType =7

The format of Traffic Paraneters in these two objects is defined as
fol | ows:

0 1 2 3

01234567890123456789012345678901
B T S i T s i i e e SEI S
| Signal Type | Reserved |
R i T I e T S S e S TR S T e i I S e S e e e e o o
| NVC | Mul tiplier (M) |
i T s i o S i i S R I S I S S S M
| Bit_Rate |
B T S i T s i i e e SEI S

Signal Type: 8 bits

As defined in Section 3.2.1 of [RFC4328], with the foll ow ng
addi ti onal val ues:

Val ue Type

4 oUW (i.e., 100 Gops)

9 OCh at 100 Gbps

10 oDWw (i.e., 1.25 Ghps)

11 ODU2e (i.e., 10 Gops for FC1200 and GE LAN)
12-19 Reserved (for future use)

20 ODUf | ex(CBR) (i.e., 1.25*N Gops)

21 ODUf | ex(GFP-F), resizable (i.e., 1.25*N Gbhps)

22 ODUf | ex(GFP-F), non-resizable (i.e., 1.25*N Gops)

23-255 Reserved (for future use)

Not e: Above, CBR stands for Constant Bit Rate, and GFP-F stands for
Generic Fram ng Procedure - Franed.

NVC (Number of Virtual Conponents): 16 bits

As defined in Section 3.2.3 of [RFC4328]. This field MJST be set
to 0 for ODU |l ex Signal Types.
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Multiplier (MI: 16 bits

As defined in Section 3.2.4 of [RFC4328]. This field MIST be set
to 1 for ODU |l ex Signal Types.

Bit_Rate: 32 bits

In the case of ODUfl ex, including ODUfl ex(CBR) and ODUf | ex( GFP)
Signal Types, this field indicates the nomnal bit rate of ODUfl ex
expressed in bytes per second, encoded as a 32-bit |EEE single-
preci sion floating-point nunber (referring to [ RFC4506] and
[IEEE]). For other Signal Types, this field MIST be set to zero
on transm ssion, MJST be ignhored on receipt, and SHOULD be passed
unnodi fied by transit nodes.

5.1. Usage of ODUfl ex(CBR) Traffic Paraneters

In the case of ODUfl ex(CBR), the Bit_Rate information carried in the
ODUf | ex Traffic Parameters MJUST be used to determi ne the actual
bandwi dth of ODUfl ex(CBR) (i.e., Bit_Rate * (1 +/- Tol erance)).
Therefore, the total number of tributary slots Nin the HO ODUk |ink
can be reserved correctly. Were:

N = Ceiling of

ODUf | ex(CBR) nominal bit rate * (1 + ODUfl ex(CBR) bit rate tol erance)

ODTWk.ts nominal bit rate * (1 - HO OPWk bit rate tol erance)

In this formula, the ODUfl ex(CBR) nominal bit rate is the bit rate of
the ODUfl ex(CBR) on the line side, i.e., the client signal bit rate
after applying the 239/238 factor (according to Clause 7.3, Table 7-2
of [Gr09-2012]) and the transcoding factor T (if needed) on the CBR
client. According to Clauses 17.7.3, 17.7.4, and 17.7.5 of

[ Gr09-2012] :

ODUf | ex(CBR) nominal bit rate = CBR client bit rate * (239/238) / T
The ODTWk.ts (Optical channel Data Tributary Unit k with ts tributary

slots) nomnal bit rate is the nomnal bit rate of the tributary sl ot
of ODUk, as shown in Table 1 (referring to Table 7-7 of [Gr09-2012]).
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ODU2.ts 1, 249, 384. 632 1, 249, 409. 620
ODU3. ts 1, 254, 678. 635 1, 254, 703. 729
ODUA. ts 1, 301, 683. 217 1, 301, 709. 251

1, 249, 434. 608
1, 254, 728. 823
1, 301, 735. 285

Table 1: Actual TS Bit Rate of ODUk (in Kbps)

Not e t hat:

M

Maxi mum bit rate of ODTWk.ts

nimumbit rate of ODUTk.ts =
ODTUk.ts nominal bit rate

*

*

ODTWK.ts nomnal bit rate

(1 - HO OPUk bit rate tol erance)

(1 + HO OPWk bit rate tol erance)

Where: HO OPWK bit rate tolerance = 20 ppm (parts per mllion)

Note that the bit rate tolerance is inplicit in Signal Type and the

CDUf | ex(CBR) bi't

as described in Table 7-2 of [Gr09-2012].

Theref ore,

rate tolerance is fixed and it

is equal to 100 ppm

a node receiving a Path nessage contai ning an ODUf | ex( CBR)

nonm nal bit rate can allocate a precise nunber of tributary slots and
set up the cross-connection for the ODUfl ex service.

Note that for different ODUk, the bit rates of the tributary slots
are different, so the total
for the ODUfl ex(CBR) may not be the same on different HO ODUK |i nks.

nunber of tributary slots to be reserved

An example is given belowto illustrate the usage of ODUf | ex( CBR)
Traffic Paraneters.

Zhang,

oo oo + oo +
| e + ----- + Fom e eeaaaaa + |
| —============+\ | obuU | | +=============+ |
| —=—=—=—=—==—=—===—==+/ | fl ex+- +=============+ |
| ------------- + | | \ +=============+ |
| + 4o I R + |
| | | | |
T | | | |
| A +---------m--- + B eI i + C |
+----- HO ODU4 R + HO ODU2 +----- +
=========! TSs occupi ed by ODUf | ex
————————— : available TSs
Figure 1: Exanple of ODUfl ex(CBR) Traffic Paraneters
et al. St andards Track [ Page 9]
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As shown in Figure 1, assune there is an ODUfl ex(CBR) service
requesting a bandwi dth of 2.5 Gbhps fromnode A to node C

In other words, the ODUfl ex Traffic Paranmeters indicate that Signal
Type is 20 (ODUfl ex(CBR)) and Bit _Rate is 2.5 Gops (note that the
tol erance is not signaled as expl ai ned above).

- On the HO ODU 1ink between node A and B:
The maxi mum bit rate of the ODUfl ex(CBR) equals 2.5 Gops * (1 +
100 ppm), and the mnimumbit rate of the tributary slot of ODW
equal s 1, 301, 683. 217 Kbps, so the total nunber of tributary slots
N1 to be reserved on this link is:
N1 = ceiling (2.5 Gops * (1 + 100 ppm) / 1,301, 683.217 Kbps) = 2
- On the HO ODWU2 |ink between node B and C
The maxi mum bit rate of the ODUfl ex equals 2.5 Gops * (1 + 100
ppnm), and the minimumbit rate of the tributary slot of CDU2
equal s 1, 249, 384. 632 Kbps, so the total nunber of tributary slots
N2 to be reserved on this link is:
N2 = ceiling (2.5 Gops * (1 + 100 ppn) / 1,249, 384.632 Kbps) = 3
5.2. Usage of ODUfl ex(G-P) Traffic Paraneters
[ G7r09-2012] recomrends that the ODUfl ex(GFP) fill an integral numnber
of tributary slots of the snallest HO ODUk path over which the
ODUf | ex(GFP) may be carried, as shown in Table 2.
ODU Type | Nominal Bit Rate | Tol erance
ODUf | ex(GFP) of n TSs, 1<=n<=8 | n * | +/-100 ppm
ODUf | ex(GFP) of n TSs, 9<=n<=32 | n* ODU3.ts | +/-100 ppm
ODUf | ex(GFP) of n TSs, 33<=n<=80 | n * | +/-100 ppm
Tabl e 2: Recommended ODUf I ex(GFP) Bit Rates and Tol erance

According to this table, the Bit _Rate field for ODU | ex(G-FP) MJST be
equal to one of the 80 values |isted bel ow

1* ObU2.ts; 2 * ODU2.ts; ...; 8 * ODU2.ts;
9 * ODU3.ts; 10 * ODU3.ts, ...; 32 * ODU3.ts;
33 * ODW.ts; 34 * CDU4.ts; ...; 80 * ODWU4.ts.
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In this way, the nunmber of required tributary slots for the
ODUf | ex(GFP) (i.e., the value of "n" in Table 2) can be deduced from
the Bit _Rate field.

5.3. Notification on Errors of OIN-TDM Traffic Paramneters

There is no Adspec associated with the OTN- TDM SENDER_TSPEC obj ect .
Either the Adspec is onmitted or an Int-serv Adspec with the Default
General Characterization Parameters and Cuaranteed Service fragnent
is used (see [RFC2210]).

For a particular sender in a session, the contents of the O'N-TDM
FLOMSPEC obj ect received in a Resv nessage SHOULD be identical to the
contents of the OTN TDM SENDER TSPEC obj ect received in the
correspondi ng Path nessage. |If the objects do not match, a ResvErr
message with a "Traffic Control Error/Bad Fl owspec val ue" error MJST
be generat 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, NVC, and Bit_Rate values. |If the requested
val ue(s) cannot be supported, the receiver node MIST generate a

Pat hErr nessage with a "Traffic Control Error/ Service unsupported”

i ndi cation (see [RFC2205]).

In addition, if the MI field is received with a zero val ue, the node
MJST generate a PathErr message with a "Traffic Control Error/Bad
Tspec val ue" indication (see [ RFC2205]).

Further, if the Signal Type is not ODUl, ODU2, or ODU3, and the NVC

field is not 0, the node MJST generate a PathErr nmessage with a
"Traffic Control Error/Bad Tspec val ue" indication (see [ RFC2205]).
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6. GCeneralized Label

Th
6. 1.

Th
us

+

+

+

Th

is section defines the format of the OIN-TDM General i zed Label .
OTN- TDM Swi t chi ng Type General i zed Label

e following is the GENERALI ZED LABEL object format that MJST be
ed with the OTN-TDM Swi t chi ng Type:

0 1 2 3
01234567890123456789012345678901
B S i ks e S S i i i S S S S e e e e
TPN | Reser ved | Lengt h |
T T e S S T S S T st S S R S S T ol ST S YN S S
Bit Map ... ~
...... | Padding Bits ~
B S S i i i i T T a ik S S S S S

e OTN- TDM GENERALI ZED LABEL object is used to indicate how the LO

oDy signal is nultiplexed into the HO ODWk Iink. Note that the LO
QUDy Signal Type is indicated by Traffic Paranmeters, while the type

of
th

HO ODWk link is identified by the selected interface carried in
e | F_I D RSVP_HOP obj ect .

TPN: 12 bits

Zhang

I ndicates the TPN for the assigned tributary slot(s).

- In the case of an LO ODUj nmultiplexed into an HO
ODU1/ ODU2/ ODU3, only the lower 6 bits of the TPN field are
significant; the other bits of the TPN field MJST be set to O.

- In the case of an LO ODUj mnultiplexed into an HO CDU4, only the
lower 7 bits of the TPN field are significant; the other bits
of the TPN field MJUST be set to O.

- In the case of ODU mapped into OTUk (j=k), the TPN is not
needed, and this field MJST be set to O.

Per [ Gr09-2012], the TPN is used to allow for correct
demultiplexing in the data plane. Wen an LO ODUj is nultiplexed
into an HO ODUK occupying one or nore TSs, a new TPN value is
configured at the two ends of the HO ODUk link and is put into the
related MSI byte(s) in the OPUk overhead at the (traffic) ingress
end of the link, so that the other end of the Iink can | earn which
TS(s) is/are used by the LOODY in the data pl ane.
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RFC 7139 GWLS Ext ensions for G 709 March 2014

According to [Gr09-2012], the TPN field MJST be set according to
the follow ng tabl es:

AR, AR, o e s o o e e e e e e e e e e e e e e e e e e oo oo +
| HO ODUK| LO ODUj | TPN | TPN Assi gnnent Rul es |
Fomm o - Fomm o - o m et e e e e e e e e e e e e e e e e e e eeeomoon +
| ODU2 | ODUL |1-4 |Fixed, = TS# occupi ed by ODUlL |
N N o m e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e em e oo +
| | ODUL |1-16|Fi xed, = TS# occupi ed by ODUlL |
| ODU3 +------- o e s o o e e e e e e e e e e e e e e e e e e oo oo +
| | ODU2 |1-4 |Flexible, !'= other existing LO ODU2s’ TPNs |
Fomm o - Fomm o - o m et e e e e e e e e e e e e e e e e e e eeeomoon +

AR, AR, o e s o o e e e e e e e e e e e e e e e e e e oo oo +
| HO ODUK| LO ODUj | TPN | TPN Assi gnnent Rul es |
Fomm o - Fomm o - o m et e e e e e e e e e e e e e e e e e e eeeomoon +
| ObUL | ODUO |1-2 | Fixed, = TS# occupi ed by ODUO |
N N o m e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e em e oo +
| | ODUL |1-4 |Flexible, !'= other existing LO CDUls’ TPNs |
| ODU2 +------- o e s o o e e e e e e e e e e e e e e e e e e oo oo +
| | ODUO & | 1-8 | Flexible, !'= other existing LO ODWs and |
| | ODUF I ex| | ODUf I exes’ TPNs |
S S o m e e e e e e e e e e e e e e e e e e e mee— oo - +
| | ODUL |1-16|Flexible, !'= other existing LO OCDUls’ TPNs |
| S oo s e o e o e e e e e e e e e e e e e e e e e e e e e e e e e oo +
| | ODU2 |1-4 |Flexible, !'= other existing LO ODU2s’ TPNs |
| ODU3 +------- SIS +
| | ODUW0 & | | Fl exi ble, !'= other existing LO ODUWs and |
| | ODU2e &| 1- 32| ODU2s and ODUfl exes’ TPNs |
| | ODUF | ex| | |
R, R, o e e e e e e e e e e e e e e e e e e e e e e e me o +
| ODU4 | Any ODU| 1- 80| Fl exible, !'= ANY other existing LO ODUs’ |
I I I | TPNs I
Fomm o - Fomm o - o m et e e e e e e e e e e e e e e e e e e eeeomoon +

Table 4: TPN Assignnent Rules (1.25 Gops TS Granul arity)

Note that in the case of "Flexible", the value of TPN MAY not
correspond to the TS nunber as per [Gr09-2012].

Length: 12 bits
I ndi cates the nunber of bits of the Bit Map field, i.e., the total

nunber of TSs in the HO ODWK link. The TS granularity, 1.25 Gbhps
or 2.5 Gops, may be derived by dividing the HO ODUk |ink's rate by
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the value of the Length field. |In the context of [Gr09-2012], the
values of 4 and 16 indicate a TS granularity of 2.5 CGbps, and the
values 2, 8, 32, and 80 indicate a TS granularity of 1.25 Ghps.

In the case of an ODUk napped into OTWUk, there is no need to
i ndicate which tributary slots will be used, so the Length field
MUST be set to O.

Bit Map: variable

I ndicates which tributary slots in the HO ODUk that the LO ODU
will be nmultiplexed into. The sequence of the Bit Map is
consistent with the sequence of the tributary slots in the HO
ODUk. Each bit in the bit map represents the correspondi ng
tributary slot in the HO ODUk with a value of 1 or O indicating
whet her the tributary slot will be used by the LO ODUj or not.

Padding Bits

Are added after the Bit Map to make the whole |l abel a multiple of
four bytes if necessary. Padding bits MIST be set to 0 and MJST
be ignored on receipt.

6.2. Procedures

The ingress node MIST generate a Path nessage and specify the OIN TDM
Swi t ching Type and corresponding GPID in the
GENERALI ZED LABEL REQUEST obj ect, which MJUST be processed as defined
in [ RFC3473].

The ingress node of an LSP MAY include a Label ERO (Explicit Route
hj ect) subobject to indicate the | abel in each hop al ong the path.
Note that the TPN in the Label ERO subobject need not be assigned by
the ingress node. Wen the TPN is assigned by a node, the node MJST
assign a valid TPN val ue and then put this value into the TPN field
of the GENERALI ZED LABEL object when receiving a Path nessage.

In order to create bidirectional LSP, the ingress node and upstream
node MJST generate an UPSTREAM LABEL object on the outgoing interface
to indicate the reserved TSs of ODUk and the assigned TPN value in
the upstreamdirection. This UPSTREAM LABEL object is sent to the
downstream node via a Path nassage for upstreamresource reservation

The ingress node or upstream node MAY generate a LABEL SET object to
i ndi cate which | abels on the outgoing interface in the downstream
direction are acceptable. The downstreamnode will restrict its
choice of labels, i.e., TS resource and TPN value, to one that is in
t he LABEL_SET obj ect.
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The ingress node or upstream node MAY al so generate a SUGGESTED LABEL
object to indicate the preference of TS resource and TPN val ue on the
outgoing interface in the downstreamdirection. The downstream node
is not required to use the suggested |labels; it may use anot her | abel
based on | ocal decision and send it to the upstream node, as
described in [ RFC3473].

When an upstream node receives a Resv message containing a
GENERALI ZED LABEL object with an OTN-TDM | abel , it MUST first
identify which ODU Signal Type is nultiplexed or mapped into which
ODU Signal Type according to the Traffic Paranmeters and the IF_ID
RSVP_HOP obj ect in the recei ved nessage.

- In the case of ODU-to-ODUk multiplexing, the node MIST retrieve
the reserved tributary slots in the ODUk by its downstream
nei ghbor node according to the position of the bits that are set
tolinthe Bit Map field. The node determ nes the TS granularity
(according to the total TS nunmber of the ODUk or pre-configured TS
granularity), so that the node can nultiplex the ODUJ into the
ODUk based on the TS granularity. The node MJST also retrieve the
TPN val ue assigned by its downstream nei ghbor node fromthe | abel
and fill the TPN into the related MSI byte(s) in the OPUk overhead
in the data plane, so that the downstream nei ghbor node can check
whet her the TPN received fromthe data plane is consistent with
the Expected Msl (ExMSI) and determ ne whether there is any
m smat ch def ect .

- In the case of ODUk-to-OTUk nmapping, the size of the Bit Map field
MUST be 0, and no additional procedure is needed.

When a downstream node or egress node receives a Path nessage
contai ni ng a GENERALI ZED LABEL REQUEST object for setting up an ODyj
LSP fromits upstream nei ghbor node, the node MJST generate an OIN
TDM | abel according to the Signal Type of the requested LSP and the
avail abl e resources (i.e., available tributary slots of ODUK) that
will be reserved for the LSP and send the |abel to its upstream

nei ghbor node.

- In the case of ODU -to-ODUk multiplexing, the node MJIST first
determne the size of the Bit Map field according to the Signal
Type and the tributary slot type of ODUk and then set the bits to
1inthe Bit Map field corresponding to the reserved tributary
slots. The node MJST al so assign a valid TPN, whi ch MJUST NOT
collide with other TPN val ues used by existing LO ODU connecti ons
in the selected HO ODU | ink, and configure the Expected NS
(ExMSI) using this TPN. Then, the assigned TPN MJUST be filled
into the |abel.
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- In the case of ODUk-to-OTUk mapping, the TPN field MJUST be set to
0. Bit Map information is not required and MJUST NOT be incl uded,
so the Length field MIST be set to 0 as well.

6.2.1. Notification on Label Error

When an upstream node receives a Resv message containing a
GENERALI ZED LABEL object with an OTN-TDM | abel , the node MJST verify
if the |abel is acceptable. |If the label is not acceptable, the node
MUST generate a ResvErr nmessage with a "Routing probl em Unacceptabl e
| abel value" indication. Per [RFC3473], the generated ResvErr
message MAY include an ACCEPTABLE LABEL_SET object. Wth the
exception of |abel semantics, a downstream node processing a received
ResvErr nessage and ACCEPTABLE LABEL_SET object is not nodified by
this docunent.

Simlarly, when a downstream node receives a Path nessage contai ni ng
an UPSTREAM LABEL object with an OTN-TDM | abel , the node MJST verify
if the label is acceptable. |If the label is not acceptable, the node
MJST generate a PathErr message with a "Routing probl em Unaccept abl e
| abel value" indication. Per [RFC3473], the generated PathErr
message MAY include an ACCEPTABLE LABEL SET object. Wth the
exception of |abel semantics, the upstream nodes processing a

recei ved Pat hErr nessage and ACCEPTABLE LABEL SET object are not
nmodi fi ed by this docunent.

A received | abel SHALL be consi dered unacceptabl e when one of the
foll owi ng cases occurs:

- The received | abel doesn't conformto |ocal policy;

- An invalid value appears in the Length field;

- The selected link only supports 2.5 Gops TS granularity while the
Length field in the label along with ODUk Signal Type indicates
the 1.25 Gops TS granul arity;

- The label includes an invalid TPN val ue that breaks the TPN
assi gnnent rul es; and

- The indicated resources (i.e., the nunber of "1"s in the Bit Mp
field) are inconsistent with the Traffic Paraneters.
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6.3. Supporting Virtual Concatenation and Miltiplication

Per [ RFC6344], the Virtual Concatenation G oups (VCGs) can be created
usi ng the One LSP approach or the Multiple LSPs approach

In the case of the One LSP approach, the explicit ordered Iist of al

| abel s MUST reflect the order of VCG nmenbers, which is simlar to

[ RFC4328]. In the case of multiplexed virtually concatenated signals
(NVC > 1), the first |abel MJIST indicate the components of the first
virtually concatenated signal; the second | abel MJST indicate the
conmponents of the second virtually concatenated signal; and so on

In the case of nultiplication of multiplexed virtually concatenated
signals (MIF > 1), the first |abel MJUST indicate the conponents of the
first multiplexed virtually concatenated signal; the second | abe

MUST i ndi cate conmponents of the second nultiplexed virtually

concat enat ed signal; and so on

Support for Virtual Concatenation of ODUl, ODU2, and ODU3 Si gnha
Types, as defined by [RFC6344], is not nodified by this docunent.
Virtual Concatenation of other Signal Types is not supported by

[ Gr09-2012].

Multiplier (MI) usage is as defined in [ RFC6344] and [ RFC4328].
6.4. Exanples

The foll owi ng exanples are given in order to illustrate the |abe
format described in Section 6.1 of this docunent.

(1) ODUk-to-OTUk Mappi ng:

In this scenario, the downstream node along an LSP returns a | abe
indicating that the ODUk (k=1, 2, 3, 4) is directly mapped into the
correspondi ng OTUk. The foll owi ng exanpl e | abel indicates an ODUlL
mapped into OTUL.

0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| TPN = 0 | Reserved | Length = 0 |
R e s T o T S R El ok i R e e S S e o o s

(2) ODUj-to-0ODUk Multiplexing
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In this scenario, this label indicates that an ODUj is nultiplexed
into several tributary slots of OPUk and then napped into OTUk. Sone
i nstances are shown as foll ows:

- ODUO-to-ODU2 Miltipl exing:
0 1 2 3

01234567890123456789012345678901
i S S T i S S e e i S S S S

| TPN = 2 | Reserved | Length = 8 |
i i i T i I S i e s o o i i
|01 000O0O0 Q] Padding Bits (0) |

R et e s i o e s i i
The | abel above indicates an ODUO nultipl exed into the second
tributary slot of ODU2, wherein there are 8 TSs in ODU2 (i.e., the
type of the tributary slot is 1.25 Gops), and the TPN value is 2.
- ODUL-to-ODU2 Multiplexing with 1.25 Gops TS G anularity:

0 1 2 3
01234567890123456789012345678901

i i i T i I S i e s o o i i
| TPN = 1 | Reserved | Length = 8 |
R et e s i o e s i i
|01 010000 Paddi ng Bits (0) |

e o I e e ol i I T T T S S e e e e i i ol it T R R
The | abel above indicates an ODUL multiplexed into the 2nd and the
4th tributary slots of ODU2, wherein there are 8 TSs in ODU2 (i.e.,
the type of the tributary slot is 1.25 Gops), and the TPN value is 1.
- ODU2 into ODU3 Multiplexing with 2.5 Gops TS Ganularity:

0 1 2 3
012345678901234567890123456789¢01

T e L o o o e i i s it NN R SR S B S
| TPN = 1 | Reserved | Length = 16 |
B i s T T i i o S o T Ji I
|[011010100000000 Q0| Paddi ng Bits (0) |

T T S T S S e

The | abel above indicates an ODU2 multiplexed into the 2nd, 3rd, 5th,
and 7th tributary slots of ODU3, wherein there are 16 TSs in ODU3
(i.e., the type of the tributary slot is 2.5 Gops), and the TPN val ue
is 1.
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7.

Supporting Hitless Adjustnent of ODUfl ex(G-P)

[ Gr044] describes the procedure of ODUf I ex(GFP) hitless resizing
usi ng the Link Connection Resize (LCR) and Bandw dth Resize (BWR)
protocols in the OTN data pl ane.

For the control plane, signaling nessages are REQU RED to initiate
the adjustment procedure. Sections 2.5 and 4.6.4 of [RFC3209]

descri be how the Shared Explicit (SE) style is used in the Traffic
Engi neering (TE) network for bandw dth increasing and decreasi ng,
which is still applicable for triggering the ODUf | ex(G-P) adj ust nent
procedure in the data pl ane.

Note that the SE style MJUST be used at the begi nning when creating a
resi zabl e ODUfl ex connection (Signal Type = 21). Oherw se an error
with Error Code "Conflicting reservation style" MJST be generated
when perfornm ng bandw dt h adj ust nent.

- Bandwi dth I ncreasing

For the ingress node, in order to increase the bandw dth of an
ODUf | ex(GFP) connection, a Path nessage with SE style (keeping
Tunnel 1D unchanged and assigning a new LSP I D) MJUST be sent al ong
the path.

The ingress node will trigger the BWR protocol when successful
compl etion of LCR protocols on every hop after the Resv nessage is
processed. On success of BWR, the ingress node SHOULD send a

Pat hTear nessage to delete the old control state (i.e., the
control state of the ODUfl ex(GFP) before resizing) on the control
pl ane.

A downstream node receiving a Path nmessage with SE style comnpares
the old Traffic Paraneters (stored locally) with the new one
carried in the Path nmessage to deternine the nunber of TSs to be
added. After choosing and reserving new avail able TS(s), the
downstream node MJUST send back a Resv nessage carrying both the
ol d and new GENERALI ZED LABEL objects in the SE fl ow descriptor.

An upstream nei ghbor receiving a Resv nessage with an SE fl ow
descriptor MJST determ ne which TS(s) is/are added and trigger the
LCR protocol between itself and its downstream nei ghbor node.

- Bandwi dt h Decreasi ng

For the ingress node, a Path nessage with SE style SHOULD al so be
sent for decreasing the ODUfl ex bandw dt h.
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The ingress node will trigger the BWR protocol when successful
compl eti on of LCR handshake on every hop after Resv nessage is
processed. On success of BWR the second step of LCR i.e., link
connecti on decrease procedure will be started on every hop of the
connection. After decreasing the bandw dth, the ingress node
SHOULD send a ResvErr nessage to tear down the old control state.

A downstream node receiving a Path nessage with SE style comnpares
the old Traffic Parameters with the new one carried in the Path
message to determine the nunber of TSs to be decreased. After
choosing TSs to be decreased, the downstream node MJST send back a
Resv nessage carrying both the ol d and new GENERALI ZED LABEL
objects in the SE fl ow descriptor.

An upstream nei ghbor receiving a Resv message with an SE fl ow
descriptor MJST determ ne which TS(s) is/are decreased and trigger
the first step of the LCR protocol (i.e., LCR handshake) between
itself and its downstream nei ghbor node.

8. Operations, Administration, and M ntenance (QAM Consi derations

OTN OAM configuration could be done through either Network Managenent
Systens (NVSs) or the GVWPLS control plane as defined in [ TDM CAM .

[ RFC4783] SHOULD be used for communication of alarminformation in
GWPLS- based OTN.

Management | nformati on Bases (M Bs) may need be extended to read new
information (e.g., OTN-TDM Generalized Label and OIN- TDM

SENDER TSPEC / FLOANSPEC) fromthe OIN devices. This is outside the
scope of this docunent.

More information about the managenent aspects for GWLS-based OTN,
refer to Section 5.7 of [RFC7062].

9. Control-Plane Backward- Conpati bility Considerations
As described in [ RFC7062], since [RFC4328] has been deployed in the
network for the nodes that support the 2001 revision of the G 709
speci fication, control-plane backward conpatibility SHOULD be taken
into consideration. More specifically:
o0 Nodes supporting this document SHOULD support [RFC7138].
0 Nodes supporting this document MAY support [RFC4328] signaling.
0 A node supporting both sets of procedures (i.e., [RFC4328] and

this docunment) is not required to signal an LSP using both
procedures, i.e., to act as a signaling version translator.
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0 |Ingress nodes that support both sets of procedures MAY sel ect
whi ch set of procedures to foll ow based on routing information or
| ocal policy.

0 Per [RFC3473], nodes that do not support this docunent will
generate a PathErr message, with a "Routing probl em Swtching
Type" indication.

10. Security Considerations

This docunent is a nodification to [ RFC3473] and [RFC4328]; it only
differs in specific informati on conmunicated. As such, this docunent
i ntroduces no new security considerations to the existing GWLS
signaling protocols. Refer to [RFC3473] and [ RFC4328] for further
details of the specific security neasures. Additionally, [RFC5920]
provi des an overvi ew of security vulnerabilities and protection
mechani sns for the GWLS control plane.

11. | ANA Consi derations

| ANA has nmade the follow ng assignnents in the "C ass Types or C
Types - 9 FLOAMSPEC' and "Cl ass Types or C- Types - 12 SENDER TSPEC'
section of the "Resource Reservation Protocol (RSVP) Paraneters"
registry located at <http://wwv. iana. org/assi gnments/

r svp- par anet er s>.

Val ue Descri ption Ref er ence
7 OTN- TDM [ RFC7139]

I ANA mai ntains the "Generalized Milti-Protocol Label Switching
(GQWPLS) Signaling Paraneters" registry (see
<http://ww.iana. or g/ assi gnment s/ gnpl s-si g- paranmeters>). The
"CGeneralized PIDs (GPID" subregistry is included in this registry,
whi ch is extended and updated by this docunent as detail ed bel ow
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Val ue Type Technol ogy Ref erence
47 G 709 ODU 2.5G G 709 ODWk [ RFC4328]

(I ANA updat ed the Type field) [ RFC7139]
56 SBCON ESCON G 709 ODWK, [ RFCA328]

(I ANA updat ed the Type field) Lanbda, Fi ber [ RFC7139]
59 Framed GFP G 709 ODUWk [ RFC7139]
60 STM 1 G 709 ODWk [ RFC7139]
61 STM 4 G 709 ODWk [ RFC7139]
62 I nfini Band G 709 ODUf | ex [ RFC7139]
63 SDI (Serial Digital Interface) G 709 ODUk [ RFC7139]
64 SDi/1.001 G 709 ODWk [ RFC7139]
65 DVB_ASI G 709 ODUWk [ RFC7139]
66 G 709 ODU 1. 25G G 709 ODWk [ RFC7139]
67 G 709 ODU- any G 709 ODWk [ RFC7139]
68 Nul | Test G 709 ODWk [ RFC7139]
69 Random Test G 709 ODWk [ RFC7139]
70 64B/ 66B GFP- F Et her net G 709 ODWk [ RFC7139]

The new G PIDs are shown in the TC M B nmanaged by | ANA at
<https://wwv. i ana. or g/ assi gnnent s/ i anagnpl stc-m b> as fol | ows:

g709Fr amedGFP( 59) ,
g709STML( 60) ,
g709STMA( 61),

g709I nf i ni Band(62),
g709SDI (63),

g709SDI 1poi nt 001( 64),
g709DVBASI ( 65) ,
g7090DUlLpoi nt 25F 66) ,
g7090DUANY( 67) ,
g709Nul | Test (68),
g709Randontest ( 69),
g709G-PFEt her net ( 70)

Note that | ANA has not changed the names of the objects in this MB
nmodul e with the values 47 and 56.
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| ANA has defined an "OIN Signal Type" subregistry to the "Generalized
Mul ti-Protocol Label Swtching (GWLS) Signaling Paraneters”
registry:

Val ue Si gnal Type Ref erence
0 Not si gnifi cant [ RFC4328]
1 ObUL (i.e., 2.5 Gops) [ RFC4328]
2 obu2 (i.e., 10 Gops) [ RFC4328]
3 obuU3 (i.e., 40 Gops) [ RFC4328]
4 DU (i.e., 100 Gops) [ RFC7139]
5 Unassi gned [ RFC4328]
6 Cch at 2.5 CGhps [ RFC4328]
7 OCh at 10 Ghps [ RFC4328]
8 OCh at 40 Ghps [ RFC4328]
9 OCh at 100 Ghps [ RFC7139]
10 bW (i.e., 1.25 Ghps) [ RFC7139]
11 ODU2e (i.e., 10 Gops for FC1200 [ RFC7139]
and GE LAN)
12-19 Unassi gned [ RFC7139]
20 ODUf | ex(CBR) (i.e., 1.25*N Gops) [ RFC7139]
21 ODUf | ex(GFP-F), resizable [ RFC7139]
(i.e., 1.25*N Ghps)
22 ODUf | ex(GFP-F), non-resizabl e [ RFC7139]
(i.e., 1.25*N Gbhps)
23-255 Unassi gned [ RFC7139]

New val ues are to be assigned via Standards Action as defined in
[ RFC5226] .
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