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Abstract

ODUCn signal is recently introduced to OTN to support B100G feature.
This document provides the OSPF extensions to control the OTN B100G
Network.
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1. Introduction

G.709 edition 5 [G709-2016] introduces ODUCnh signal to support

beyond 100G data rate. ODUCnh signal, as a HO ODU, can carry OTN
signals such as ODUk and ODUflex. The tributary slot granularity of
ODUCnh is 5 Ghps. The OSPF-TE extensions defined in [RFC7138] cannot
support the OTN B100G features.

B100G framework document [I-D.merge-ccamp-otn-b100g-fwk] provides
the requirements of protocol extensions to support the GMPLS control

of OTN B100G. This document provides OSPF-TE extensions to support
the control of ODUCN.
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Note: This document considers routing information for OTN electrical
layer only. Routing information for OTN optical layer (i.e., OCh,
OTSIA, and FlexO interfaces) is beyond the scope of this document.

1.1. Requirements Language

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 RFC2119 [RFC2119].

2. Terminology
OPUCN: Optical Payload Unit-Cn
ODUCN: Optical Data Unit-Cn
OTUCnh: completely standardized Optical Transport Unit-Cn

OTUCnN-M: Optical Transport Unit-Cn with n OxUC overhead instances
and M 5G tributary slots

TS: Tributary Slot
TSG: Tributary Slot Granularity
3. Overview of OSPF-TE Extensions for Support ODUCn

As described in [I-D.merge-ccamp-otn-b100g-fwk], OSPF-TE should be
extended to advertise the 5G tributary slot granularity, the

multiplexing capabilities of ODUCn, and the available bandwidth
information of ODUCn.

The advertisement of ODUCh information is used to synchronize the

two end nodes of an ODUCH link. If the two ends have different
tributary slot granularities, this ODUCnN link should not be setup.

If the two ends have different multiplexing hierarchies for ODUCn,

the supported ODUk multiplexing should be the ODUk supported by both
ends. If the two ends mark different tributary slots as unavailable,

each end node should calculate the actual available TS (i.e., the
intersection of available TS from two ends), and convert the actual
available bandwidth to equivalent available ODUk bandwidth.

4. 1SCD Format Extensions
As defined in [RFC4203], ISCD is used to describe the switching
capability. Although ODUCH is not switchable, as discussed in

Section 3, we still need advertise some capabilities to the other
end of the ODUCNn link. We re-use the OTN-TDM switching capability
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defined in [RFC7138]. A new LSP encoding type is defined for ODUCn
in [I-D.merge-ccamp-b100g-signaling].

4.1. Switching Capability Specific Information

Besides ODUCHN signal, [G709-2016] also introduces ODUflex for FlexE-
aware signal and ODUflex with IMP. Three new signal type need to be
defined:

0 TBA1 - ODUCn
0 TBA2 - ODUflex (IMP)
0 TBA3 - ODUflex (FlexE-aware)

The Bandwidth sub-TLV defined in [RFC7138] contains two types. As
ODUCnh is a HO ODU, the multiplexing hierarchy is affected to have
more stages. Type 1 Bandwidth sub-TLV need to be modified, and a
new type Bandwidth sub-TLV is needed for ODUCn.

4.1.1. Modification of Type 1 Container

The multiplexing hierarchy is represented by stages in [RFC7138].

As ODUK can be multiplexed into ODUCn, one more multiplexing stage

can be introduced in both type 1 (fixed container) and type 2

(flexible container) Bandwidth sub-TLV. The extreme case for type 1

is that ODUO->ODU1->0DU2->0DU3->0DU4->0DUCn, which contains 5 stages.
The original one-row space for stage field could be insufficient.

Therefore, the Stage field needs to be modified to support

multiplexing to ODUCnh. The modified format of type 1 Bandwidth sub-

TLV is depicted in the following figure:

0 1 2 3
01234567890123456789012345678901
B S R s o S S S S e it R
| Type = 1 (Unres-fix) | Length |
s T T L s S T e T L s
| Signal Type | Num of stages |T|S| TSG | Res | Priority |
B e T e St N O ity ey SC
~ Stage#l | .. | Stage#N | Padding
B S R s o S S S S e it R
| Unreserved ODUk atPrio0O | ... |
s T T L s S T e T L s
| Unreserved ODUk at Prio 7 | Unreserved Padding |
B e T e St N O ity ey SC
Figure 1: Modified Bandwidth sub-TLV for Type 1 containers
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4.1.2. Type 3 Container for advertising Unreserved ODUCn

The format of the Bandwidth sub-TLV for ODUCn is depicted in the
following figure:

0 1 2 3
01234567890123456789012345678901
e A S L e K e T o T TR S S
| Type =3 (Unres-ODUCn) | Length |
B e e  n ol S S S S S S
| Signal Type | n |Res| TSG |P|Res| Priority |
s e L s s T O
| Unreserved ODUCn atPrio0 | ... |
L e e L s e o s s O SR
| Unreserved ODUCnh atPrio 7 | Unreserved Padding |
B e e  n ol S S S S S S
Bit Map for Unavailable TS | Padding ~
s e R L s s s S S S
Figure 2: Extended Bandwidth sub-TLV for Type 3 containers

o Signal Type (8 bits): Same as the definition in [RFC7138]. The
value can only be ODUCH signal.

0 n (8 bits): Indicates the number of ODUC instance in an ODUCn
signal.

o Flags (8 bits):

* P Flag (bit 22): Indicates whether the advertised ODUCn link is
mapped to sub-rate OTUCn-M, which means some TS in this link are
marked as unavailable. When ODUCn contains unavailable TS, P MUST
be set, while when ODUCnh does not contain unavailable TS, P MUST
be cleard.

0 TSG (3 bits): Inherits the definition in [RFC7138] by adding a new
value indicating the 5 Gbps TSG:

* 4 -5 Gbhps only
Priority (8 bits): Same as the definition in [RFC7138].

Unreserved ODUCN (16 bits): Indicates the Unreserved Bandwidth at a
particular priority level. This field MUST be set to the number of

the specific ODUCN, which is identified by the Signal Type field,

the n field, and the Bit Map for Unavailable TS field, for a

particular priority level. One field MUST be present for each bit

set in the Priority field, and the fields are ordered to match the
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Priority field. Fields MUST NOT be present for priority levels that
are not indicated in the Priority field.

Unreserved Padding (16 bits): Same as the definition in [RFC7138].

Bit Map for Unavailable TS (variable): Indicates which tributary

slots are marked as unavailable due to the bandwidth limitation from
lower layer connection, which is different from occupied/allocated
TS. The total number of unavailable TS can be calculated by summing
this field. The length of this field is derived from the n field

(the length is 20 x n). The sequence of this field follows the joint
sequence of the tributary slots in the ODUCnh and the order of ODUC
instances. The first 20 bits are respectively for ODUC#1, the second
20 bits are respectively for ODUC#2, and so on. Each bit in the bit
map represents the corresponding tributary slot in the ODUCn with a
value of 1 or 0 indicating whether the tributary slot is marked as
unavailable or not. When P bit is cleared, the Bit Map field is not
required and MUST NOT be included.

Padding (variable): Are added after the Bit Map field to make the
whole label a multiple of four bytes if necessary. Padding bits MUST
be set to 0 and MUST be ignored on receipt.

5. Examples

The examples in the following pages are not normative and are not
intended to imply or mandate any specific implementation.

5.1. Multiplexing ODUk over ODUCn

This example shows the advertisement of the ISCD for ODUCn. An OTUC2
link is considered with supported priorities 0,3 and multiplexing
hierarchy ODU4->0DUC2.

The format of the advertised ISCD is depicted by the following
figure:

0 1 2 3
01234567890123456789012345678901
B e e  n ol S S S S S S
| SwWCap=OTN_TDM | Encoding=ODUCn| Reserved (all zeros) |
T T I T T T et S R I
| Max LSP Bandwidth at priority 0 = 200 Gbps |

s T T L L e e L aan T S L e T S
| Max LSP Bandwidth at priority 1 =0 |

B e e  n ol S S S S S S
| Max LSP Bandwidth at priority 2 =0 |

T T I T T T et S R I
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| Max LSP Bandwidth at priority 3 = 200 Gbps |
L e e Lt s s O SR
| Max LSP Bandwidth at priority 4 = 0 |
B e e  n ol S S S S S S
| Max LSP Bandwidth at priority 5=0 |
s e e L e it SR S
| Max LSP Bandwidth at priority 6 = 0 |
L e e L s o s o O SR
| Max LSP Bandwidth at priority 7 =0 |
B e e  n ol S S S S S S
| Type =1 (Unres-fix) | Length =12 |
st e e L s S SO S
| SigType=0ODU4 | #stages=1 |X|X] 3 ]1000[20010000Q|
e e o S L s e o s S O ST
| Stage#1=0DUCn | Padding (all zeros) |
B e e  n ol S S S S S S
| Unreserved ODU4 at Prio 0 = 2 | Unreserved ODU4 at Prio 3 =2 |
s e e L e e S I S
| Type =3 (Unres-ODUCn) | Length=8 |
L e e L s s o S SO S
| SigType=ODUCn| n=2 |00|] 4 |0j00j210010000|
B e e  n ol S S S S S S
| Unreserved ODUC2 at Prio 0 =1 | Unreserved ODUC2 at Prio 3 =1 |
s e e L e St S I
Figure 3: ISCD for ODU4 over OTUC2 link

The Max LSP Bandwidth is filled with the bandwidth of ODUC2 (i.e.,
200 Gbps).

According to the multiplexing hierarchy, the advertised ODU4 has one
stage to ODUCN. The number of unreserved ODU4 is 2 in this example.

The advertised ODUC2 has signal type as ODUCn, n as 2, and P bit
cleared. The TSG value is 4, which means 5 Gbps granularity. The
number of unreserved ODUC?2 is 1 in this example.

5.2. Advertising Unavailable TS Information of ODUCn
This example shows the advertisement of unavailable TS information.
An OTUC2-30 link is considered with supported priorities 0,3 and
multiplexing hierarchy ODU4->0DUC2.

The format of the advertised ISCD is depicted by the following
figure:
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0 1 2 3

01234567890123456789012345678901

B s e o T I L e S e s i ot T S SR SR S e

| SwCap=OTN_TDM | Encoding=ODUCn| Reserved (all zeros) |

+-t-+-F-+-t-t-+-+-F-t-t-t-t -ttt -ttt bbb+

| Max LSP Bandwidth at priority 0 = 150 Gbps |

s T T L s S T e T L s

| Max LSP Bandwidth at priority 1 =0 |

B s e o T I L e S e s i ot T S SR SR S e

| Max LSP Bandwidth at priority 2 =0 |

+-t-+-F-+-t-t-+-+-F-t-t-t-t -ttt -ttt bbb+

| Max LSP Bandwidth at priority 3 = 150 Gbps |

s T T L s S T e T L s

| Max LSP Bandwidth at priority 4 =0 |

B s e o T I L e S e s i ot T S SR SR S e

| Max LSP Bandwidth at priority 5 =0 |

+-t-+-F-+-t-t-+-+-F-t-t-t-t -ttt -ttt bbb+

| Max LSP Bandwidth at priority 6 = 0 |

s T T L s S T e T L s

| Max LSP Bandwidth at priority 7 =0 |

B s e o T I L e S e s i ot T S SR SR S e

| Type = 1 (Unres-fix) | Length =12 |

+-t-+-F-+-t-t-+-+-F-t-t-t-t -ttt -ttt bbb+

| SigType=0ODU4 | #stages=1 |X|X|] 3 1000/20010000Q|

s T T L s S T e T L s

| Stage#1=0ODUCn | Padding (all zeros) |

B s e o T I L e S e s i ot T S SR SR S e

| Unreserved ODU4 at Prio 0 =1 | Unreserved ODU4 at Prio 3 =1 |

+-t-+-F-+-t-t-+-+-F-t-t-t-t -ttt -ttt bbb+

| Type =3 (Unres-ODUCnN) | Length = 16 |

s T T L s S T e T L s

| SigType=ODUCn| n=2 00| 4 |1/00/10010000|

B s e o T I L e S e s i ot T S SR SR S e

| Unreserved ODUC2 at Prio 0 =1 | Unreserved ODUC?2 at Prio 3 =1 |

+-t-+-F-+-t-t-+-+-F-t-t-t-t -ttt -ttt bbb+

[00010001000100010001000100010001

s T T L s S T e T L s

[000100017] Padding (all zeros) |

B s e o T I L e S e s i ot T S SR SR S e
Figure 4: ISCD for ODU4 over OTUC2-30 link

The Max LSP Bandwidth is filled with 150 Gbps, as ODUC2 has 10
unavailable tributary slots.

As the bandwidth of ODUC?2 is reduced, the number of unreserved ODU4
is 1 in this example.
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The advertised ODUC2 has signal type as ODUCn, n as 2, and P bit set.
The TSG value is 4, which means 5 Gbps granularity. The number of
unreserved ODUC2 is 1 in this example. The Bit Map field indicates
which tributary slot is marked as unavailable, where the marking
policy is vendor specific. In this example, bit-4, bit-8, bit-12,
bit-16, bit-20, bit-24, bit-28, bit-32, bit-36, and bit-40 are set,
which means the corresponding tributary slots are marked as
unavailable.

6. Security Considerations
TBD.

7. IANA considerations
TBD.
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