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Abstract

This document provides GMPLS OSPF routing enhancements to support
signal compatibility constraints associated with WSON network
elements. These routing enhancements are required in common optical
or hybrid electro-optical networks where not all of the optical
signals in the network are compatible with all network elements
participating in the network.

This compatibility constraint model is applicable to common optical
or hybrid electro optical systems such as OEO switches, regenerators,
and wavelength converters since such systems can be limited to
processing only certain types of WSON signals.

Conventions used in this document

The key words "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT",
"SHOULD", "SHOULD NOT", "RECOMMENDED", "MAY", and "OPTIONAL" in this
document are to be interpreted as described in RFC-2119 [RFC2119].
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1. Introduction

The document [WSON-Compat] explains how to extend the wavelength
switched optical network (WSON) control plane to allow both multiple
WSON signal types and common hybrid electro optical systems. In WSON,
not all of the optical signals in the network are compatible with all
network elements participating in the network. Therefore, signal
compatibility is an important constraint in path computation in a
WSON.

This document provides GMPLS OSPF routing enhancements to support
signal compatibility constraints associated with WSON network
elements. These routing enhancements are required in common optical
or hybrid electro-optical networks where not all of the optical
signals in the network are compatible with all network elements
participating in the network.

This compatibility constraint model is applicable to common optical
or hybrid electro optical systems such as OEO switches, regenerators,
and wavelength converters since such systems can be limited to
processing only certain types of WSON signals.

2. WSON Network Element Compatibility Information Model

In [WSON-Compat] it was explained that a network element (NE) in a
WSON may or may not be compatible with a particular optical signal
based upon the following criteria:

1. Limited wavelength range -- Already modeled in GMPLS for WSON

2. Modulation type restriction (including forward error correction -
FEC- coding)

3. Bit rate range restriction (includes a particular rate)
4, Client signal dependence

In the following we furnish an information model for the above
properties. This model can be either applied to all ports of a
network element, i.e., NE wide, or to individual ports, i.e., on a
link level.
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2.1. Modulation Type List

Modulation type, also known as optical tributary signal class, comes
in two distinct flavors: (i) ITU-T standardized types; (ii) vendor
specific types. The permitted modulation type list can include any
mixture of standardized and vendor specific types.

<modulation-list>::= [<STANDARD_MODULATION>|<VENDOR_MODULATION>]...
Where the STANDARD_MODULATION object just represents one of the ITU-T
standardized optical tributary signal class and the VENDOR_MODULATION
object identifies one vendor specific modulation type.

2.2. FEC Type List

Some devices can handle more than one FEC type and hence a list is
needed.

<fec-1list>::= [<FEC>]

Where the FEC object represents one of the ITU-T standardized FEC
defined in [G.709] and [G.707] or vendor-specific FEC.

2.3. Bit Rate Range List

Some devices can handle more than one particular bit rate range and
hence a list is needed.

<rate-range-list>::= [<rate-range>]...
<rate-range>::=<START_RATE><END_RATE>

Where the START_RATE object represents the lower end of the range and
the END_RATE object represents the higher end of the range.

2.4. Acceptable Client Signal List
The 1list is simply:
<client-signal-list>::=[<GPID>]...
Where the Generalized Protocol Identifiers (GPID) object represents

one of the IETF standardized GPID values as defined in [RFC3471] and
[RFC4328].
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3. GMPLS OSPF Routing Protocol Enhancement to support Compatibility

This section describes GMPLS OSPF Routing protocol enhancement based
on network element compatibility information model defined in the
previous section. Note that the encoding defined in this section is
specific for OSPF extension, but similar encoding can be applied to
IS-IS and alternative methods distributing traffic engineering
information.

In [RFC4202], Routing extensions for GMPLS, the concept of an
Interface Switching Capability Descriptors is defined. In particular
a "Lambda-Switch Capable" (LSC) descriptor is listed. Reference
[REC4202] also states: "Depending on a particular Interface Switching
Capability, the Interface Switching Capability Descriptor may include
additional information, as specified below." However no mention is
made of the compatibility criteria discussed in [WSON-Compat], i.e.,
modulation type, FEC type, bit rate range, or client signal. The only
additional information currently defined is "reservable bandwidth per
priority".

In references [RFC4203] and [RFC5307] a variable length sub-TLV type
for Interface Switching Capability Descriptors (ISCD) is defined.
There is a section in the general ISCD sub-TLV called "Switching
Capability-specific information". They then state: "When the
Switching Capability field is LSC, there is no Switching Capability
specific information field present."

[It is an open question whether we can add new information to the
existing LSC ISCD. In either case the following suggests an encoding
that could be used within the switching capability specific
information field or as separate sub-TLVs.]

3.1. Modulation Type List sub-TLV

The modulation type list sub-TLV may consist of two different types
of fields: a standard modulation field or a vendor specific
modulation field. Both start with the same 32 bit header shown below.

0 1 2 3
012345678901 23456789012345678901
+ot-t-t-F-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+-+
[S|T| Modulation ID | Length |
+-t-F-F-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-F-F+-+-+-+
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Where S bit set to 1 indicates a standardized modulation format and S
bit set to 0 indicates a vendor specific modulation format. The
length is the length in bytes of the entire modulation type field.

Where I bit set to 1 indicates it is an input modulation constraint
and I bit set to O indicates it is an output modulation constraint.

Note that if an output modulation is not specified then it is implied
that it is the same as the input modulation. In such case, no
modulation conversion is performed.

The format for the standardized type for the input modulation is
given by:

(C] 1 2 3
©12345678901234567890123456789601
B e n e e T s b T S S Sy Sy S S
[1]1] Modulation ID | Length |
totod-tototot-tototot-t-totot-t-todtot-t-tot-t-t-tot-t-t-F-F-+-+-+
| Possible additional modulation parameters depending upon |
B b n e n e T e e b T ST S S Sy S S

the modulation ID
tototototototototototot-tototototototot-totot-totot-t-t-t-F-F-+-+

Modulation ID (S bit = 1); Input modulation (I bit = 1)

Takes on the following currently defined values:

0 Reserved

1 optical tributary signal class NRZ 1.25G
2 optical tributary signal class NRZ 2.5G
3 optical tributary signal class NRZ 10G

4 optical tributary signal class NRZ 406G

5 optical tributary signal class RZ 406G

Note that future modulation types may require additional parameters
in their characterization.
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The format for vendor specific modulation field (for input
constraint) is given by:

0 1 2 3
©1234567890123456789012345678901
B e e ok T e e e T e b e S S S e
|@|1] Vendor Modulation ID [ Length [
+ot-t-t-F-F-F-F-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+-+
| Enterprise Number |
B b b n e n o e T S R e kT TP S S S S S o

Any vendor specific additional modulation parameters
+ot-t-t-t-F-F-t-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+-+

Vendor Modulation ID
This is a vendor assigned identifier for the modulation type.
Enterprise Number

A unique identifier of an organization encoded as a 32-bit integer.
Enterprise Numbers are assigned by IANA and managed through an IANA
registry [REC2578].

Vendor Specific Additional parameters

There can be potentially additional parameters characterizing the
vendor specific modulation.

3.2. FEC Type List sub-TLV

The FEC type list sub-TLV may consist of two different types of
fields: a standard FEC field or a vendor specific FEC field. Both
start with the same 32 bit header shown below.

0 1 2 3
©1234567890123456789012345678901
+-t-F-F-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-F-F+-+-+-+
[S|I] FEC ID | Length |
+-t-F-t-t-F-F-F-t-F-t-F-F-F-F-F-F-F-t-F-F-F-t-+-F-F-F-+-F-F+-+-+-+
| Possible additional FEC parameters depending upon |
+-t-F-F-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-+-+-+

the FEC ID
+-t-F-F-+-F-F-F-+-F-F-F-+-F-F-+-F-F-F-F-F-F-F-+-F-F-F-+-F-F+-+-+-+
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Where S bit set to 1 indicates a standardized FEC format and S bit
set to 0 indicates a vendor specific FEC format. The length is the
length in bytes of the entire FEC type field.

Where I bit set to 1 indicates it is an input FEC constraint and I
bit set to 0 indicates it is an output FEC constraint.

Note that if an output FEC is not specified then it is implied that
it is the same as the input FEC. In such case, no FEC conversion is
performed.

The length is the length in bytes of the entire FEC type field.

The format for input standard FEC field is given by:

(C] 1 2 3
©12345678901234567890123456789601
B b n e n e T e e b T ST S S Sy S S
[1]1] FEC ID | Length |
totototototototototototototototototototototototototot-totot-F-+-+
[ Possible additional FEC parameters depending upon [
B b e e n e T e T e S S S s

the FEC ID
totot-totototototototot-totototototototototot-tototot-tot-t-F-+-+

Takes on the following currently defined values for the standard
FEC ID:

0 Reserved
1 G.709 RS FEC
2 G.709V compliant Ultra FEC

The format for input vendor-specific FEC field is given by:
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0] 1 2 3
012345678901 23456789012345678901
totot-t-t-tot-t-tot-t-t-tot-F-t-t-t-t-t-t-t-t-t-t-t-Ft-t-t-F-+-+-+
[O]1] Vendor FEC ID | Length |
ottt -ttt -ttt -ttt -ttt -t -F-F-F-F-+-+-+
| Enterprise Number |
totod-tototot-tototot-t-totot-t-todtot-t-tot-t-t-tot-t-t-F-F-+-+-+

Any vendor specific additional FEC parameters
B b n e n e T e e b T ST S S Sy S S

Vendor FEC ID
This is a vendor assigned identifier for the FEC type.
Enterprise Number

A unique identifier of an organization encoded as a 32-bit integer.
Enterprise Numbers are assigned by IANA and managed through an IANA
registry [REC2578].

Vendor Specific Additional FEC parameters

There can be potentially additional parameters characterizing the
vendor specific FEC.

3.3. Bit Rate Range List sub-TLV

The bit rate range list sub-TLV makes use of the following bit rate
range field:

0 1 2 3
0123456789061 234567890612345678901
+ot-t-t-F-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+-+
[ Starting Bit Rate [
+-t-F-F-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F+-+-+-+
| Ending Bit Rate |
+-t-F-t-t-F-F-F-t-F-t-F-F-F-F-F-F-F-F-F-F-F-t-+-F-F-F-+-F-F+-+-+-+

The starting and ending bit rates are given as 32 bit IEEE floating
point numbers in bits per second. Note that the starting bit rate is
less than or equal to the ending bit rate.
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The bit rate range list sub-TLV is then given by:

0] 1 2 3
012345678901 234567890123456789601
Sy Y L Sy Sy Sy

+-+-+-+-+-+-+-+-+-+-+-+-+ Bit Range Field #1 +-+-+-+-+-+-+-+-+-+
Dt ek T i i S s T S S T e i S e h bk ok T S S e A
R T Ll T R R e e ol Tl T kel R L T T S P S S e L e S

+-+-+-+-+-+-+-+-+-+-+-+-+ Bit Range Field #M +-+-+-+-+-+-+-+-+-+

B e n e e T s b T S S Sy Sy S S
3.4. Processing Capability List sub-TLV

The processing capability list sub-TLV is a list of WSON network
element (NE) that can perform signal processing functions including:

1. Regeneration capability
2. Fault and performance monitoring
3. Vendor Specific capability

Note that the code points for Fault and performance monitoring and
vendor specific capability are subject to further study.

The processing capability list sub-TLV is then given by:
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0 1 2 3
©1234567890123456789012345678901
+ot-F-t-F-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+-+
| Processing Cap ID | Length |
+-+-F-F-+-F-F-F-+-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-F-F-F-+-F-F+-+-+-+
| Possible additional capability parameters depending upon |
+ot-F-t-F-t-t-F-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+-+

the processing ID
+-+-F-F-+-+-F-F-+-F-F-F-+-F-F-F-F-F-F-+-F-F-+-+-F-F-F-+-F-F+-+-+-+

When the processing Cap ID is '"regeneration capability", the
following additional capability parameters are provided in the sub-
TLV:
0 1 2 3

©1234567890123456789012345678901

B b ek o e e e e S e e b b b b ek sk sk T P S TP S S S S S S

| T | C | Reserved |

+ot-t-t-t-F-F-t-t-t-t-t-t-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-F-+-+-+-+
Where T bit indicates the type of regenerator:

T=0: Reserved

T=1: 1R Regenerator

T=2: 2R Regenerator

T=3: 3R Regenerator
Where C bit indicates the capability of regenerator:

C=0: Reserved

C=1: Fixed Regeneration Point

C=2: Selective Regeneration Pools
Note that when the capability of regenerator is indicated to be
Selective Regeneration Pools, regeneration pool properties such as

ingress and egress restrictions and availability need to be
specified. This encoding is to be determined in the later revision.
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3.5. Client Signal List sub-TLV

The acceptable client signal list sub-TLV is a list of Generalized
Protocol Identifiers (GPIDs). GPIDs are assigned by IANA and many are
defined in [RFC3471] and [RFC4328].

0] 1 2 3
©1234567890123456789012345678901
ottt -ttt -t -ttt -ttt bttt -F-F-+-+-+-+
| Number of GPIDs | GPID #1 |
Fot-t-t-t-F-t-tot-t-t-t-t-F-t-F-F-F-F-F-F-t-t-t-t-t-F-F-F-+-+-+-+
: | :
B e n e e T s b T S S Sy Sy S S

GPID #N |
+ot-t-t-Ft-F-t-t-t-t-t-t-t-F-F-F-F-F-F-F-F-t-t-t-F-F-F-F-F-+-+-+-+

Where the number of GPIDs is an integer greater than or equal to one.

4. Security Considerations

This document does not introduce any further security issues other
than those discussed in [RFC 3630], [RFC 4203].

5. IANA Considerations
TBD.
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