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Abst ract

Segment Routing (SR) allows for a flexible definition of end-to-end
paths within | GP topol ogi es by encodi ng paths as sequences of
topol ogi cal sub-paths, called "segnents". These segnents are
advertised by the link-state routing protocols (IS 1S and OSPF).

This draft describes the necessary OSPFv3 extensions that need to be
i ntroduced for Segnent Routing.

Requi renents Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].

Status of This Meno

This Internet-Draft is submitted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunments of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute
wor ki ng docunments as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunents valid for a maxi num of six nonths
and nay be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”
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I ntroduction

Segnment Routing (SR) allows for a flexible definition of end-to-end
paths within | GP topol ogi es by encodi ng paths as sequences of
topol ogi cal sub-paths, called "segnents". These segnents are
advertised by the link-state routing protocols (IS 1S and OSPF).
Prefix segnents represent an ecnp-aware shortest-path to a prefix (or
a node), as per the state of the I GP topol ogy. Adjacency segnents
represent a hop over a specific adjacency between two nodes in the
IGP. A prefix segnent is typically a nulti-hop path while an

adj acency segnent, in nost of the cases, is a one-hop path. SR's
control -plane can be applied to both I Pv6 and MPLS dat a- pl anes, and
do not require any additional signaling (other than the regular |1GP)
For exanple, when used in MPLS networks, SR paths do not require any
LDP or RSVP-TE signaling. Still, SR can interoperate in the presence
of LSPs established with RSVP or LDP .

This draft describes the necessary OSPFv3 extensions that need to be
i ntroduced for Segnent Routing.

Segnment Routing architecture is described in
[I-D.filsfils-rtgwg-segnent-routing].

Segment Routing use cases are described in
[I-D.filsfils-rtgwg-segnent-routing-use-cases].

Segnent Routing ldentifiers

Segment Routing defines various types of Segment ldentifiers (SIDs):
Prefix-SI D, Adjacency-SID, LAN Adjacency SID and Bi nding SID.

1. SID Label sub-TLV
SI DY Label sub-TLV appears in multiple TLVs or Sub-TLVs defined |ater

in this docunent. It is used to advertise SID or |abel associ ated
with the prefix or adjacency. SID Label TLV has follow ng fornmnat:
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0 1 2 3
01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i
[ Type [ Length [
B i i S S i I e i S S R L e e e e
| SI DY Label (vari abl e) |
R R e R e s s e o S S e R e o o

wher e:
Type: TBD, suggested value 1
Length: variable, 3 or 4 bytes
SID/ Label: if length is set to 3, then the 20 rightnost bits
represent a label. |If length is set to 4 then the val ue

represents a 32 bit SID.

The receiving router MJST ignore SID/ Label sub-TLV if the length
is other then 3 or 4.

3. Segnent Routing Capabilities

Segnment Routing requires sone additional capabilities of the router
to be advertised to other routers in the area.

These SR capabilities are advertised in OSPFv3 Router Information
Opaque LSA (defined in [RFC4970]).

3.1. SR AggorithmTLV

SR-Algorithm  TLV is a TLV of Router Information Opaque LSA (defined
in [ RFC4970]).

Rout er may use various al gorithns when cal cul ating reachability to
other nodes in area or to prefixes attached to these nodes. Exanples
of these algorithns are nmetric based Shortest Path First (SPF),
various sorts of Constrained SPF, etc. SR AlgorithmTLV allows a
router to advertise algorithns that router is currently using to
other routers in an area. SR-Algorithm TLV has follow ng structure:
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0 1 2 3
01234567890123456789012345678901
B S S I T S S e e S S T S S S S i i S S

[ Type [ Length [
T T s i i e et o S SHI SRR SR
| Agorithml1l | Agorithm.. | Agorithmn | [
+- -+
I I
+ +
wher e:

Type: TBD, suggested val ue 8
Length: vari abl e

Al gorithm one octet identifying the algorithm The foll ow ng
val ue has been defi ned:

0: IGP netric based SPT.

RI LSA can be advertised at any of the defined fl ooding scopes (link,
area, or autononpus system (AS)). For the purpose of the SR-
Al gorithm TLV propagation area scope flooding is required.

3.2. SID Label Range TLV

The SI D/ Label Range TLV is a TLV of Router Infornmation Opaque LSA
(defined in [ RFC4970]).

S| DY Label Sub- TLV MAY appear multiple tinmes and has foll owing fornmat:

0 1 2 3
01234567890123456789012345678901
T o i I S i S S S I  h i e s
[ Type [ Lengt h |
T e T i it i i S S i e S
| Range Size | Reserved |
B i S S T s i S T st i S S S S S S S S i
[ Sub-TLVs (vari abl e)
—+-

+

+— +—

wher e:

Type: TBD, suggested value 9
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Length: variable
Range Size: 3 octets of SID/I|abel range

Currently the only supported Sub-TLV is the SID/ Label TLV as defined
in Section 2.1. SID/ Label advertised in SID/ Label TLV represents the
first SID Label fromthe advertised range.

Mul tiple occurrence of the SID/Label Range TLV MAY be advertised, in
order to advertise nultiple ranges. |In such case:

o The originating router MJST encode each range into a different
S| D/ Label Range TLV.

o0 The originating router decides in which order the set of SID Label
Range TLVs are advertised inside Router Information Opaque LSA
The originating router MJST ensure the order is sane after a
graceful restart (using checkpointing, non-volatile storage or any
ot her nechanisn) in order to guarantee the sane order before and
after graceful restart.

0 Receiving router nust adhere to the order in which the ranges are
advertised when calculating a SID/|abel fromthe SID index.

0 A router not supporting nultiple occurrences SID/ Label Range TLV
MJST take into consideration the first occurrence in the received
set.

Here foll ows an exanpl e of advertisenent of nultiple ranges:
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The originating router advertises follow ng ranges:
Range 1: [100, 199]
Range 2: [1000, 1099]
Range 3: [500, 599]

The receiving routers concatenate the ranges and build the SRGB
is as follows:

SRGB = [ 100, 199]
[ 1000, 1099]
[ 500, 599]
The i ndexes span mnultiple ranges:
i ndex=0 means | abel 100
iﬁdex 99 neans | abel 199
i ndex 100 nmeans | abel 1000
i ndex 199 neans | abel 1099
ihdex 200 neans | abel 500
RI LSA can be advertised at any of the defined fl ooding scopes (link
area, or autonompus system (AS)). For the purpose of the SR
Capabi lity TLV propagati on area scope flooding is required.
4. Prefix SID ldentifier
A new extended OSPFv3 LSAs as defined in
[I-D.ietf-ospf-ospfv3-1sa-extend] are used to advertise SID or |abe

val ues associated with the prefix in CSPFv3.

4.1. Prefix SID Sub-TLV

The Prefix SID Sub-TLV is a Sub-TLV of the follow ng OSPFv3 TLVs as
defined in [I-D.ietf-ospf-ospfv3-1sa-extend]:

Intra-Area Prefix TLV
Inter-Area Prefix TLV
External Prefix TLV

It MAY appear nore than once and has foll owing format:
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0 1 2 3
01234567890123456789012345678901
B S S I T S S e e S S T S S S S i i S S

[ Type [ Lengt h [
T T e s i i e e s i e S S N SR
[ FI ags | Algorithm | Range Size [

i T e o e i T S e e e R e o
| SI D/ I ndex/ Label (vari able) |
B i S S T s i S T st i S S S S S S S S i

wher e:
Type: TBD, suggested val ue 2
Length: vari abl e
Flags: 1 octet field. The following flags are defined:

0

01234567
e
INPIMEIVIL] |
B S T

wher e:

N-Fl ag: Node-SID flag. |If set, then the Prefix-SID refers to

the router identified by the prefix. Typically, the NNFlag is
set on Prefix-SIDs attached to a router |oopback address. The
N-Flag is set when the Prefix-SIDis a Node- SID as descri bed

in[I-Dfilsfils-rtgwyg-segment-routing].

P-Flag: no-PHP flag. |If set, then the penultinmate hop MJST NOT
pop the Prefix-SID before delivering the packet to the node
that advertised the Prefix-SID.

M Fl ag: Mapping Server Flag. |If set, the SIDis advertised
fromthe Segment Routing Mapping Server functionality as
described in [I-D.filsfils-rtgwy-segment-routing-use-cases].

E-Flag: Explicit-Null Flag. |f set, any upstream nei ghbor of
the Prefix-SID originator MIST replace the Prefix-SIDwith a
Prefix-SI D having an Explicit-NULL value (0 for |Pv4) before
forwardi ng the packet.

The V-Flag: Value/lndex Flag. |If set, then the Prefix-SID

carries an absolute value. |If not set, then the Prefix-SID
carries an index.
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The L-Flag: Local/d obal Flag. |If set, then the val ue/index
carried by the PrefixSID has |local significance. |If not set,
then the value/index carried by this subTLV has gl oba
significance

O her bits: MJST be zero when sent and ignored when received.

Al gorithm one octet identifying the algorithmthe Prefix-SIDis
associ ated with as defined in Section 3.1.

Range Size: this field provides the ability to specify a range of

addresses and their associated Prefix SIDs. It represents a
conmpression schenme to distribute a continuous Prefix and their
conti nuous, corresponding SID/ Label Block. |If a single SIDis

advertised then the Range Size field MIST be set to 1. For range
advertisenents > 1, Range Size represents the nunber of addresses
that need to be nmapped into a Prefix-SID.

SI DY | ndex/ Label : | abel or index val ue depending on the V-bit
setting.

Exanpl es:

A 32 bit global index defining the offset in the SID Labe
space advertised by this router - in this case the V and L
flags MJUST be unset.

A 24 bit local |abel where the 20 rightnost bits are used
for encoding the | abel value - in this case the V and L
flags MUST be set.

If multiple Prefix-SIDs are advertised for the sanme prefix, the
receiving router MIST use the first encoded SID and MAY use the
subsequent ones.

When propagating Prefix-SIDs between areas, if nultiple prefix-SlDs
are advertised for a prefix, an inplenmentati on SHOULD preserve the
original ordering, when advertising prefix-SIDs to other areas. This
all ows inplenentations that only use single Prefix-SID to have a
consi stent view across areas.

When cal cul ating the outgoing | abel for the prefix, the router MJST
take into account E and P flags advertised by the next-hop router, if
next - hop router advertised the SID for the prefix. This MJST be done
regardl ess of next-hop router contributing to the best path to the
prefix or not.
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P-Fl ag (no-PHP) MUST be set on the Prefix-SIDs allocated to inter-
area prefixes that are originated by the ABR based on intra-area or
inter-area reachability between areas. |In case the inter-area prefix
is generated based on the prefix which is directly attached to the
ABR, P-Flag SHOULD NOT be set

P-Fl ag (no-PHP) MJUST NOT be set on the Prefix-SIDs allocated to
redistributed prefixes, unless the redistributed prefix is directly
attached to ASBR, in which case the P-Flag SHOULD NOT be set.

If the P-flag is not set then any upstream nei ghbor of the Prefix-SID
originator MJUST pop the Prefix-SID. This is equivalent to the

penul ti mate hop poppi ng mechani smused in the MPLS dataplane. In
such case MPLS EXP bits of the Prefix-SID are not preserved to the
ultimte hop (the Prefix-SID being renoved). |If the P-flag is unset

the received E-flag is ignored.
If the P-flag is set then:

If the E-flag is not set then any upstream nei ghbor of the Prefix-
SID originator MIUST keep the Prefix-SID on top of the stack. This
is useful when the originator of the Prefix-SID nmust stitch the

i ncom ng packet into a continuing MPLS LSP to the fina
destination. This could occur at an inter-area border router
(prefix propagation fromone area to another) or at an inter-
domai n border router (prefix propagation fromone domain to

anot her).

If the E-flag is set then any upstream nei ghbor of the Prefix-SID
originator MJST replace the PrefixSID with a Prefix-SID having an
Explicit-NULL value. This is useful, e.g., when the originator of
the Prefix-SIDis the final destination for the related prefix and
the originator wi shes to receive the packet with the original EXP
bits.

Wen MFlag is set, P-flag MUST be set and E-bit MJUST NOT be set.

Exanple 1: if the followi ng router addresses (| oopback addresses)
need to be mapped into the corresponding Prefix SID indexes:

Router-A: 192::1/128, Prefix-SID: |ndex
Router-B: 192::2/128, Prefix-SID: |ndex
Router-C. 192::3/128, Prefix-SID: |ndex
Router-D. 192::4/128, Prefix-SID: |ndex

A WN P

then the Address Prefix field in Intra-Area Prefix TLV, Inter-Area
Prefix TLV or External Prefix TLV is set to 192::1, Prefix Length in
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these TLVs woul d be set to 128, Range Size in Prefix SID sub-TLV
woul d be set to 4 and | ndex val ue would be set to 1.

Exanple 2: If the followi ng prefixes need to be mapped into the
correspondi ng Prefix-SID indexes:

10: 1:1::0/ 120, Prefix-SID: | ndex 51
10:1:1::100/ 120, Prefix-SID: |Index 52
10: 1: 1:: 200/ 120, Prefix-SID:. |Index 53
10: 1:1:: 300/ 120, Prefix-SID: |Index 54
10: 1:1::400/ 120, Prefix-SID: |Index 55
10: 1: 1::500/ 120, Prefix-SID: |Index 56
10: 1: 1: : 600/ 120, Prefix-SID: | ndex 57

then the Address Prefix field in Intra-Area Prefix TLV, Inter-Area
Prefix TLV or External Prefix TLV is set to 10:1:1::0, Prefix Length
in these TLVs would be set to 120, Range Size in Prefix SID sub-TLV
woul d be set to 7 and | ndex val ue would be set to 51.

4.2. Sl D Label Binding sub-TLV

SI DY Label Binding sub-TLV is used to advertise SID/ Label mapping for
a path to the prefix.

The SI D/ Label Binding TLV MAY be originated by any router in an
OSPFv3 donmain. The router may advertise a Sl D/ Label binding to a FEC
along with at | east a single 'nexthop style anchor. The protocol
supports nore than one 'nexthop style’ anchor to be attached to a

SI DY Label binding, which results into a sinple path description

| anguage. In analogy to RSVP the ternminology for this is called an
"Explicit Route hject’ (ERO). Since ERO style path notation allows
to anchor SID/Iabel bindings to both |ink and node | P addresses any

| abel switched path, can be described. Furthernore also Sl D Label

Bi ndi ngs from external protocols can get easily re-adverti sed.

The SI D/ Label Binding TLV may be used for advertising Sl D Label

Bi ndi ngs and their associated Primary and Backup paths. In one
single TLV either a primary ERO Path, a backup ERO Path or both are
advertised. |If a router wants to advertise nmultiple parallel paths

then it can generate several TLVs for the sane Prefix/FEC. Each
occurrence of a Binding TLV with respect with a given FEC Prefix has
accurul ati ng and not canceling senantics.

SI D/ Label Binding sub-TLV is a sub-TLV of the foll owing OSPFv3 TLVs,
as defined in [I-D.ietf-ospf-ospfv3-1sa-extend]:

Intra-Area Prefix TLV
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Inter-Area Prefix TLV
External Prefix TLV

Mul tiple SID Label Binding sub-TLVs can be present in above nentioned
TLVs. SID/ Label Binding sub-TLV has follow ng format:

0 1 2 3
01234567890123456789012345678901
B S T S S e T A i i i S S

| Type | Length |
B E e r e s i s i o T T s S S S S 2
[ FI ags [ Vi ght [ Range Size [

B T T i I T T o S S S e b S S S
| Sub- TLVs (vari abl e) |
+- -+

I
wher e:
Type: TBD, suggested value 5
Length: variabl e
Flags: 1 octet field of follow ng flags:
01234567
B i e S S S
M I
+o e e e e e e -+
wher e:
Mbit - When the bit is set the binding represents the
mrroring context as defined in

[1-D.mnto-rsvp-Isp-egress-fast-protection].

Wei ght: wei ght used for |oad-bal anci ng purposes. The use of the
weight is defined in [I-D.filsfils-rtgwg-segnment-routing].

Range Size: usage is the same as described in Section 4.1
S| D/ Label Binding sub-TLV currently supports followi ng Sub-TLVs:
SI DY Label sub-TLV as described in Section 2.1. This sub-TLV MJST

appear in the SID/ Label Binding Sub-TLV and it MJST only appear
once.
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ERO Metric sub-TLV as defined in Section 4.2.1.
ERO sub-TLVs as defined in Section 4.2.2.
4.2.1. ERO Metric sub-TLV
ERO Metric sub-TLV is a Sub-TLV of the SI D/ Label Binding TLV.

The ERO Metric sub-TLV carries the cost of an ERO path. It is used
to conpare the cost of a given source/destination path. A router
SHOULD advertise the ERO Metric sub-TLV. The cost of the ERO Metric
sub- TLV SHOULD be set to the cunmulative | GP or TE path cost of the
advertised ERO. Since manipulation of the Metric field may attract
or distract traffic fromand to the advertised segnent it MAY be
manual | y overri dden.

0 1 2 3
01234567890123456789012345678901
R R e R e s s e o S S e R e o o
| Type | Length |
B i S S T s i S T st i S S S S S S S S i
[ Metric (4 octets) [
B i i S S i I e i S S R L e e e e
ERO Metric sub-TLV for mat

wher e:

Type: TBD, suggested value 6

Length: 4 bytes

Metric: 4 bytes

4.2.2. ERO sub-TLVs

All "ERO information represents an ordered set which describes the
segments of a path. The last ERO sub-TLV describes the segnent
cl osest to the egress point, contrary the first ERO sub-TLV descri bes
the first segnent of a path. |If a router extends or stitches a path
it MJUST prepend the new segnents path information to the ERO |i st.
The above sinmilarly applies to backup ERGCs.
Al'l ERO Sub-TLVs mnust imediately follow the (SID)/Label Sub-TLV.

Al'l Backup ERO sub-TLVs nust inmmediately follow | ast ERO Sub- TLV.
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4.2.2.1. 1Pv4 ERO sub-TLV
| Pv4 ERO sub-TLV is a sub-TLV of the SID/ Label Binding sub-TLV.

The |1 Pv4 ERO sub-TLV descri bes a path segnent using | Pv4 Address
style of encoding. |Its semantics have been borrowed from [ RFC3209].

0 1 2 3
01234567890123456789012345678901
B T i S S i S T h T i S S S S e
| Type | Length |
T T e o i e s S e e it SN NI SR
[ FI ags [ Reserved [
B i s T T S T et S S T S I T s sl s ol ST S S S
| | Pv4 Address (4 octets) |
B T i S S i S T h T i S S S S e

| Pv4 ERO sub-TLV for mat

wher e:

Type: TBD, suggested value 7

Length: 8 bytes

Flags: 1 octet field of follow ng flags:
01234567
e e e
| L I
e e

wher e:

L-bit - If the L bit is set, then the value of the attribute is
"l oose.” Oherwise, the value of the attribute is 'strict.

| Pv4 Address - the address of the explicit route hop
4.2.2.2. |1Pv6 ERO sub-TLV
| Pv6 ERO sub-TLV is a sub-TLV of the S| D/ Label Binding sub-TLV.
The 1 Pv6 ERO sub-TLV (Type TBA) describes a path segment using | Pv6

Address style of encoding. Its semantics have been borrowed from
[ RFC3209] .
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0 1 2 3
01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i
[ Type [ Length [
B e i i e o e e S T S e e s i i TR S
| Fl ags | Reserved |
B e o i T o S e i T e e e S i s ot o S R TR S

I
+- -+
I I
+- | Pv6 Address -+
I I
+- -+
I I
B i S S T s i S T st i S S S S S S S S i
| Pv6 ERO sub-TLV for mat
wher e:
Type: TBD, suggested val ue 8
Length: 8 bytes
Flags: 1 octet field of follow ng flags:
01234567
B i e S S S
| L I
+o e e e e e e -+
wher e:
L-bit - If the L bit is set, then the value of the attribute is
"l oose.” Oherwise, the value of the attribute is "strict.

| Pv6 Address - the address of the explicit route hop
4.2.2.3. Unnunbered Interface | D ERO sub-TLV

Unnunbered Interface I D ERO sub-TLV is a sub-TLV of the SID Labe
Bi ndi ng sub- TLV.

The appearance and semantics of the 'Unnunbered Interface ID have
been borrowed from [ RFC3477].

The Unnunbered Interface-1D ERO sub-TLV describes a path segnent that
spans over an unnunbered interface. Unnunbered interfaces are
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referenced using the interface index. |Interface indices are assigned
local to the router and therefore not unique within a domain. All

el ements in an ERO path need to be unique within a domain and hence
need to be di sanbi guated using a domai n uni que Router-ID

0 1 2 3
01234567890123456789012345678901
B T T i I T T o S S S e b S S S
| Type | Length |
B e i s e S e e S e e S e e Rl il st sT o SRR I S S o
| Fl ags | Reserved |
B E e r e s i s i o T T s S S S S 2
| Router |D |
B T T i I T T o S S S e b S S S
| Interface ID |
B e i s e S e e S e e S e e Rl il st sT o SRR I S S o

wher e:
Unnunbered Interface I D ERO sub-TLV for mat
Type: TBD, suggested value 9
Length: 12 bytes
Flags: 1 octet field of follow ng flags:
01234567
B e SN S S
| LI I
B I S

wher e:

L-bit - If the L bit is set, then the value of the attribute is
"l oose.” Oherwise, the value of the attribute is 'strict.

Router-1D: Router-ID of the next-hop

Interface ID: is the identifier assigned to the Iink by the router
specified by the Router-I1D

4.2.2.4. 1Pv4 Backup ERO sub-TLV

| Pv4 Prefix Backup ERO sub-TLV is a sub-TLV of the SID/ Label Binding
sub- TLV.
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The | Pv4 Backup ERO sub-TLV describes a path segment using | Pv4

Address style of encoding. |Its semantics have been borrowed from
[ RFC3209] .
0 1 2 3

01234567890123456789012345678901
T S i i S S i i S S
| Type | Length |
B i S S T s i S T st i S S S S S S S S i
| Flags [ Reserved [
T i T i s i i S S S i 3
| | Pv4 Address (4 octets) |
T S T i S T iy S S S S S

| Pv4 Backup ERO sub-TLV for mat

wher e:

Type: TBD, suggested val ue 10

Length: 8 bytes

Flags: 1 octet field of follow ng flags:
01234567
+- - - - - - - -+
| LI |
B i e S S S

wher e:

L-bit - If the L bit is set, then the value of the attribute is
"l oose.” O herwise, the value of the attribute is "strict.

| Pv4 Address - the address of the explicit route hop
4.2.2.5. 1Pv6 Backup ERO sub-TLV
| Pv6 ERO sub-TLV is a sub-TLV of the SID/ Label Binding sub-TLV.
The |1 Pv6 Backup ERO sub-TLV descri bes a Backup path segnent using
| Pv6 Address style of encoding. |Its appearance and senmantics have
been borrowed from [ RFC3209] .
The 'L’ bit inthe Flags is a one-bit attribute. |If the L bit is

set, then the value of the attribute is 'loose.” Oherw se, the
value of the attribute is "strict.
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0 1 2 3
01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i
[ Type [ Length [
B e i i e o e e S T S e e s i i TR S
| Fl ags | Reserved |
B e o i T o S e i T e e e S i s ot o S R TR S

I
+- -+
I I
+- | Pv6 Address -+
I I
+- -+
I I
B i S S T s i S T st i S S S S S S S S i

| Pv6 Backup ERO sub-TLV for nmat

wher e:

Type: TBD, suggested value 11

Length: 8 bytes

Flags: 1 octet field of follow ng flags:
01234567
e R i s i ol =
| LI I
+o e e e e e e -+

wher e:

L-bit - If the L bit is set, then the value of the attribute is
"l oose.” Oherwise, the value of the attribute is "strict.

| Pv6 Address - the address of the explicit route hop
4.2.2.6. Unnunbered Interface | D Backup ERO sub-TLV

Unnunbered Interface I D Backup sub-TLV is a sub-TLV of the SID Labe
Bi ndi ng sub- TLV.

The appearance and semantics of the 'Unnunbered Interface ID have
been borrowed from [ RFC3477].

The Unnunbered Interface-1D ERO sub-TLV describes a path segnent that
spans over an unnunbered interface. Unnunbered interfaces are
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referenced using the interface index. |Interface indices are assigned
local to the router and therefore not unique within a domain. All

el ements in an ERO path need to be unique within a domain and hence
need to be di sanbi guated using a domai n uni que Router-ID.

0 1 2 3

01234567890123456789012345678901
B T T i I T T o S S S e b S S S
| Type | Length |
B e i s e S e e S e e S e e Rl il st sT o SRR I S S o
| Fl ags | Reserved |
B E e r e s i s i o T T s S S S S 2
| Router |D |
B T T i I T T o S S S e b S S S
| Interface ID |
B e i s e S e e S e e S e e Rl il st sT o SRR I S S o

Unnunbered Interface | D Backup ERO sub-TLV for mat

wher e:

Type: TBD, suggested value 12

Length: 12 bytes

Flags: 1 octet field of follow ng flags:
01234567
B e SN S S
| LI I
B I S

wher e:

L-bit - If the L bit is set, then the value of the attribute is
"l oose.” Oherwise, the value of the attribute is '"strict.’

Router-1D: Router-ID of the next-hop.

Interface ID: is the identifier assigned to the Iink by the router
specified by the Router-ID.

5. Adj acency Segnent Identifier (Adj-SID)
An Adj acency Segnent Identifier (Adj-SID) represents a router
adj acency in Segnment Routing. At the current stage of Segnent

Routing architecture it is assuned that the Adj-SID val ue has | ocal
significance (to the router).
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5.1. Adj-SID sub-TLV

A new extended OSPFv3 LSAs, as defined in
[I-D.ietf-ospf-ospfv3-1sa-extend], are used to advertise prefix SID
in OSPFv3

Adj - SI D sub-TLV is an optional sub-TLV of the Router-Link TLV as
defined in [I-D.ietf-ospf-ospfv3-Isa-extend]. It MAY appear nultiple
times in Router-Link TLV. Exanples where nore than one Adj-SID may
be used per nei ghbor are described in
[I-D.filsfils-rtgwg-segnent-routing-use-cases]. The structure of the
Adj-SID Sub-TLV is as foll ows:

0 1 2 3
01234567890123456789012345678901
B S T S S e T A i i i S S

[ Type [ Lengt h [
B E e r e s i s i o T T s S S S S 2
| Fl ags [ Vi ght [ Reserved [

B i s T T S T et S S T S I T s sl s ol ST S S S
| SI DY Label / 1 ndex (vari abl e) |
wher e:

Type: TBD, suggested val ue 10.

Lengt h: vari abl e.

Flags. 1 octet field of follow ng flags:

B e i it I TR SR
| Bl VI L| S| I
e e e
wher e

B- Fl ag: Backup-flag: set if the Adj-SID refer to an adjacency
being protected (e.g.: using |PFRR or MPLS-FRR) as described in
[I-D.filsfils-rtgwg-segnent-routing-use-cases].

The V-Flag: Value/lndex Flag. |If set, then the Prefix-SID
carries an absolute value. |f not set, then the Prefix-SID
carries an index.

The L-Flag: Local/dobal Flag. |If set, then the val ue/i ndex
carried by the PrefixSID has |ocal significance. 1f not set,
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then the value/index carried by this subTLV has gl oba
si gni ficance

The S-Flag. Set Flag. Wen set, the S-Flag indicates that the
Adj-SID refers to a set of adjacencies (and therefore MAY be
assigned to other adjacencies as well).

O her bits: MJST be zero when originated and i gnored when
recei ved.

Wei ght: wei ght used for |oad-bal anci ng purposes. The use of the
weight is defined in [I-D.filsfils-rtgwy-segment-routing].

SI D/ I ndex/ Label : | abel or index val ue depending on the V-bit
setting.

Exanpl es:

A 32 bit global index defining the offset in the SID Labe
space advertised by this router - in this case the V and L
flags MJUST be unset.

A 24 bit | ocal |abel where the 20 rightnost bits are used
for encoding the | abel value - in this case the V and L
flags MJST be set.

16 octet I Pv6 address - in this case the V-flag MJST be set.
The L-flag MUST be set for link-local |IPv6 address and MJUST
be unset for |IPv6 global unicast address.

A SR capabl e router MAY allocate an Adj-SID for each of its

adj acenci es and set the B-Flag when the adjacency is protected by a
FRR mechani sm (I P or MPLS) as described in
[I-D.filsfils-rtgwg-segnent-routing-use-cases].

5.2. LAN Adj-SID Sub-TLV
LAN Adj-SID is an optional sub-TLV of the Router-Link TLV. It MAY

appear multiple times in Router-Link TLV. It is used to advertise
SI DY Label for adjacency to non-DR node on broadcast or NBMA networKk.
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0 1 2 3

01234567890123456789012345678901
B i S S T s i S T st i S S S S S S S S i
[ Type [ Length [
B e i i e o e e S T S e e s i i TR S
| Fl ags | Wei ght | Reserved |
B e o i T o S e i T e e e S i s ot o S R TR S
| Nei ghbor 1D [
B i S S T s i S T st i S S S S S S S S i
[ S| D/ Label / I ndex (vari abl e) [

wher e:
Type: TBD, suggested val ue 11.
Length: vari abl e.

Flags. 1 octet field of follow ng flags:

01234567

B i e S S S
| Bl VI L| S| I
T S S
wher e:

B- Fl ag: Backup-flag: set if the LANNAdj-SID refer to an
adj acency being protected (e.g.: using | PFRR or MPLS-FRR) as
described in [I-D.filsfils-rtgwg-segnent-routing-use-cases].

The V-Flag: Value/lndex Flag. |If set, then the Prefix-SID
carries an absolute value. |f not set, then the Prefix-SID
carries an index.

The L-Flag: Local/d obal Flag. |If set, then the val ue/index
carried by the PrefixSID has |ocal significance. |f not set,
then the value/index carried by this subTLV has gl obal

si gni fi cance.

The S-Flag. Set Flag. Wen set, the S-Flag indicates that the
Adj-SID refers to a set of adjacencies (and therefore MAY be
assigned to other adjacencies as well).

O her bits: MJST be zero when originated and ignored when
received.
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Wei ght: wei ght used for |oad-bal anci ng purposes. The use of the
weight is defined in [I-D.filsfils-rtgwg-segment-routing].

SI DY I ndex/ Label : | abel or index val ue depending on the V-bit
setting.

Exanpl es:

A 32 bit global index defining the offset in the SID Labe
space advertised by this router - in this case the V and L
flags MUST be unset.

A 24 bit local |abel where the 20 rightnost bits are used
for encoding the | abel value - in this case the V and L
flags MJST be set.

16 octet I Pv6 address - in this case the V-flag MJST be set.
The L-flag MJUST be set for link-local |Pv6 address and MJST
be unset for |1Pv6 global unicast address.

6. Elenents of Procedure
6.1. Intra-area Segnent routing in OSPFv3

The OSPFv3 node that supports segment routing MAY advertise Prefix-
SIDs for any prefix that it is advertising reachability for (e.g.
| oopback | P address) as described in Section 4.1

If multiple routers advertise Prefix-SID for the sane prefix, then
the Prefix-SID MUST be the sane. This is required in order to allow
traffic | oad-balancing if nultiple equal cost paths to the
destination exist in the network.

Prefix-SID can al so be advertised by the SR Mappi ng Servers (as
described in [I-D.filsfils-rtgwg-segnment-routing-use-cases]). The
Mappi ng Server advertises Prefix-SID for renote prefixes that exist
in the network. Miltiple Mapping Servers can advertise Prefix-SID
for the sanme prefix, in which case the same Prefix-SI D MIST be
advertised by all of them SR Mapping Server could use either area
scope or autononpus system fl oodi ng scope when advertising Prefix SID
for prefixes, based on the configuration of the SR Mapping Server
Dependi ng on the flooding scope used, SR Mapping Server chooses the
LSA that will be used. |If the area flooding scope is needed, E-
Intra-Area-Prefix-LSA ([I-D.ietf-ospf-ospfv3-Isa-extend]) is used.

I f autononous system fl oodi ng scope i s needed, E-AS-External-LSA
([I1-D.ietf-ospf-ospfv3-lIsa-extend]) is used.
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When Prefix-SIDis advertised by the Mapping Server, which is

i ndicated by the Mflag in the Prefix-SID sub-TLV (Section 4.1),
route-type as indicated by the LSA type which is being used for
flooding is ignored. Prefix SIDis bound to a prefix, in which case
rout e-type becones uni nportant.

Advertisenent of the Prefix-SID by the Mapping Server using Inter-
Area Prefix TLV, External Prefix TLV or Intra-Area-Prefix TLV
([I-D.ietf-ospf-ospfv3-Isa-extend]) does not itself contribute to the
prefix reachability. NU-bit MJST be set in the PrefixOptions field
of the LSA which is used by the Mapping Server to advertise SID or
SI D range, which prevents such advertisenent to contribute to the
prefix reachability.

6.2. Inter-area Segnent routing in OSPFv3

In order to support SRin a nmulti-area environnment, OSPFv3 nust
propagate Prefix-SID information between areas. The foll ow ng
procedure is used in order to propagate Prefix SIDs between areas.

Wien an OSPFv3 ABR advertises a Inter-Area-Prefix-LSA froman intra-
area prefix to all its connected areas, it will also include Prefix-
SID sub-TLV, as described in Section 4.1. The Prefix-SID value wll
be set as foll ows:

The ABR will look at its best path to the prefix in the source
area and find out the advertising router associated with its best
path to that prefix

If no Prefix-SID was advertised for the prefix in the source area
by the router that contributes to the best path to the prefix,
then the ABR will use the Prefix-SID advertised by any ot her
router (e.g.: a Prefix-SID comng froman SR Mapping Server as
defined in [I-D.filsfils-rtgwg-segnent-routing-use-cases]) when
propagating Prefix-SID for the prefix to other areas.

When an OSPFv3 ABR advertises Inter-Area-Prefix-LSA LSAs from an

inter-area route to all its connected areas it wll also include
Prefi x-SI D sub-TLV, as described in Section 4.1. The Prefix-SID
value will be set as foll ows:

The ABR will look at its best path to the prefix in the source

area and find out the advertising router associated with its best
path to that prefix

The ABR will then |look if such router advertised a Prefix-SID for

the prefix and use it when advertising the Prefix-SID to other
connect ed areas.
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6.

6.

6.

6.

3.

4.

4.

4.

If no Prefix-SID was advertised for the prefix in the source area
by the ABR that contributes to the best path to the prefix, the
originating ABR will use the Prefix-SID adverti sed by any ot her
router (e.g.: a Prefix-SID comng froman SR Mapping Server as
defined in [I-D.filsfils-rtgwg-segnent-routing-use-cases]) when
propagating Prefix-SID for the prefix to other areas.

SID for External Prefixes

AS- External -LSAs are fl ooded donmain wide. Wen an ASBR, which
supports SR, generates AS-External -LSA, it should al so include
Prefix-SID sub-TLV, as described in Section 4.1 Prefix-SID value wll
be set to the SID that has been reserved for that prefix.

When a NSSA ASBR transl ates NSSA-LSA into AS-External -LSA, it should
al so advertise the Prefix-SID for the prefix. The NSSA ABR
deternmines its best path to the prefix advertised in the translated
NSSA- LSA and finds the advertising router associated with such path.

I f such advertising router has advertised a Prefix-SID for the
prefix, then the NSSA ASBR uses it when advertising the Prefix-SID in
AS- External -LSA. O herwi se the Prefix-SID advertised by any ot her
router will be used (e.g.: a Prefix-SID com ng froman SR Mappi ng
Server as defined in [I-D.filsfils-rtgwg-segnent-routing-use-cases]).

Advertisenment of Adj-SID

The Adjacency Segment Routing ldentifier (Adj-SID) is advertised
using the Adj-SID Sub-TLV as described in Section 5.

1. Advertisenent of Adj-SID on Point-to-Point Links

Adj - SI D MAY be advertised for any adjacency on p2p link that is in a
state 2-Way or higher. [If the adjacency on a p2p link transitions
fromthe FULL state, then the Adj-SID for that adjacency MAY be
renoved fromthe area. |f the adjacency transitions to a state | ower

then 2-Way, then the Adj-SID MIST be renoved fromthe area.
2. Adjacency SID on Broadcast or NBMA Interfaces

Br oadcast or NBMA networks in OSPFv3 are represented by a star

t opol ogy where the Designated Router (DR) is the central point all
other routers on the broadcast or NBMA network connect to. As a
result, routers on the broadcast or NBVMA network advertise only their
adj acency to DR and BDR  Routers that are neither DR nor BDR do not
formand do not advertise adjacenci es between them They, however,
mai ntain a 2-Way adj acency state between t hem
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7

7

7

1.

2

When Segnent Routing is used, each router on the broadcast or NBMVA
networ k MAY advertise the Adj-SID for its adjacency to DR using Adj-
SI D Sub-TLV as described in Section 5.1.
SR capabl e router MAY al so advertise Adj-SID for other neighbors
(e.g. BDR, DR OTHER) on broadcast or NBMA network using the LAN ADJ-
SI D Sub-TLV as described in section 5.1.1.2. Section 5. 2.
I ANA Consi derati ons
This specification updates two existing OSPF registries.
OSPF Router Information (RI) TLVs Registry
0 suggested value 8 - SR-Algorithm TLV
0 suggested value 9 - SID/ Label Range TLV
OSPFv3 Extend- LSA sub-TLV registry
0 suggested value 1 - SID/ Label sub-TLV
0 suggested value 2 - Prefix SID sub-TLV
0 suggested value 3 - Adj-SID sub-TLV
0 suggested value 4 - LAN Adj-SID sub-TLV
0 suggested value 5 - SID/ Label Binding sub-TLV
0 suggested value 6 - ERO Metric sub-TLV
0 suggested value 7 - |1Pv4d ERO sub-TLV
0 suggested value 8 - | Pv6 ERO sub-TLV
0 suggested value 9 - Unnunbered Interface | D ERO sub-TLV
0 suggested value 10 - |Pv4 Backup ERO sub-TLV
0 suggested value 11 - | Pv6 Backup ERO sub-TLV

0 suggested value 12 - Unnunbered Interface | D Backup ERO sub-TLV
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8.

10.

11.

11.

11.

Security Considerations

| mpl enent ati ons nust assure that mal forned pernutations of the newy
defined sub-TLvs do not result in errors which cause hard OSPFv3
failures.
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