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Abst r act

Thi s docunents propose to introduce the BGP Link-State (BGP-LS)
extensions for Traffic Engineering(TE) to the BGP-LS- SPF SAFI.

Status of This Meno

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

Internet-Drafts are working docunments of the Internet Engineering
Task Force (I ETF). Note that other groups may also distribute

wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at https://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft documents valid for a maxi num of six nonths
and may 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.”

This Internet-Draft will expire on 8 January 2026.
Copyright Notice
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docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Legal
Provisions Relating to | ETF Documents (https://trustee.ietf.org/
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and restrictions with respect to this docunent. Code Conponents
extracted fromthis docunment nust include Revised BSD License text as
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1. Introduction

[I-D.ietf-lsvr-bgp-spf] extends BGP for Link-State (LS) distribution
and the Shortest Path First (SPF) algorithm based cal cul ation. BGP-
LS- SPF | everages the nechani snms of both BGP protocol [RFC4271] and
BGP- LS protocol extensions [RFCO552], with the extensions to BGP-LS
attribute and new NLRI selection rules.

BGP- LS- SPF may be applied to network scenari os beyond data
center(Such as WAN). In some network scenarios, traffic engineering
is necessary to inprove the resource utilization rate and | oad

bal ancing. This document proposes to introduce the BGP Link-State
(BGP-LS) extensions for Traffic Engineering(TE) to the BGP-LS- SPF
SAFl, and di scusses which TE extensions can be applied to BGP-LS SPF
SAFI .
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1.1. Requirenents Language

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "NOT RECOMMENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [ RFC2119] [RFC8174] when, and only when, they appear in all
capitals, as shown here

2. Link Attribute TLVs for TE Metric Extensions

Section 5.3.2 of [RFC9552] defines the Link Attributes TLV for BGP-
LS, which includes the basic TE attributes TLV. Futhernore,

[ RFC8571] extends the link attribute TLVs for TE, and newly defines 7
TE link attribute TLVs. The TE link attribute TLVs that can be
applied to BGP-LS-SPF are shown as foll ows:

Zhang & Dong Expi res 8 January 2026 [ Page 3]



I nternet-Draft BGP- SPF TE July 2025

| Type | Description | Reference

[ ettty e —p—(—(—(————————(————(—_—————————— Ll pp—p—r U
| 1088 | Administrative group(color) | RFC 9552 |
S O S +
| 1089 | Maximum |ink bandw dth | RFC 9552

oo T T S IR +
| 1090 | Max.reservable |ink bandw dth | RFC 9552

R o e e e e e e e e e e e e e e R +
| 1091 | Unreserved bandwi dth | RFC 9552 |
S O S +
| 1092 | TE Default Metric | RFC 9552 |
oo T T S IR +
| 1093 | Link Protection Type | RFC 9552

R o e e e e e e e e e e e e e e R +
| 1096 | Shared Ri sk Link G oup | RFC 9552 |
S O S +
| 1114 | Unidirectional Link Del ay | RFC 9552 |
oo T > S IR +
| 1115 | M n/Max Unidirectional Link Delay | RFC 9552 |
R o e e e e e e e e e e e e e e R +
| 1116 | Unidirectional Delay Variation | RFC 9552

S O S +
| 1117 | Unidirectional Link Loss | RFC 9552 |
oo T T S IR +
| 1118 | Unidirectional Residual Bandwidth | RFC 9552 |
R o e e e e e e e e e e e e e e R +
| 1119 | Unidirectional Available Bandwi dth | RFC 9552 |
S O S +
| 1120 | Unidirectional Utilized Bandwidth | RFC 9552

oo T T S IR +

Table 1: BG-LS link attribute TLVs for TE netric
ext ensi ons

2.1. Adnministrative group(color)
The adm nistrative group sub-TLV contains a 4-octet bit nmask assigned
by the network adm nistrator. The format of adm nistrative group TLV

of BGP-LS-SPF is consistent with that in BG&-LS. The format of it is
shown as foll ow
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type=1088 | Lengt h |
R e s T o T S R El ok i R e e S S e o o s
| Bit mask |
R e o T T e S S T ol S i T S s ik i I S I S S R S R

Figure 1: Format of administrative group TLV
wher e:

Bit mask: 32-bit length, each set bit corresponds to one

adm ni strative group assigned to the interface. The |east
significant bit is referred to as "group 0’',and the nost significant
bit is referred to as 'group 31'.

2.2. Maxi mum Li nk Bandwi dt h

The maxi mum | i nk bandw dth TLV descri bes the maxi num bandw dt h t hat
can be used on this link in this direction This is useful for traffic
engi neering. The format of maxi mumlink bandwi dth TLV of BGP-LS- SPF
is consistent with that in BG-LS. The format of it is shown as

foll ow

0 1 2 3
01234567890123456789012345678901
B T S i T s i i e e SEI S
| Type=1089 | Length |
T S T
| Maxi mum | i nk bandwi dt h |
B i aT T e e o S o S S S I T et sl o ST S S S S S S

Figure 2: Format of maxi mum|link bandw dth TLV
wher e:

Maxi mum | i nk bandwi dth: 32-bit length, it is encoded in 32 bits in
| EEE fl oating point format. The units are bytes per second.

2.3. Max.reservable |link bandw dth

The max.reservabl e |ink bandwi dth TLV descri bes the nmaxi num anount of
bandwi dth that can be reserved in this direction on this |ink. For
oversubscription purposes, this can be greater than the bandw dth of
the link. The fornmat of max.reservable |ink bandwi dth TLV of BGP-LS-
SPF is consistent with that in BG&-LS. The format of it is shown as
foll ow
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0 1 2 3

01234567890123456789012345678901
T S T I Al ol ST SN S S S S S S S S S i S SIS SN S O Y
| Type=1090 | Lengt h |
R e e T e i s i e o S R N
| Maxi mum r eservabl e | i nk bandw dt h |
e e T i i T i e e e o N

Figure 3: Format of Max.reservable |ink bandw dth TLV
wher e:

Maxi mum reservabl e 1ink bandwi dth: 32-bit length, it is encoded in 32
bits in |EEE floating point format. The units are bytes per second.

2.4. Unreserved bandwi dth

The unreserved bandw dth TLV descri bes the ampbunt of bandw dth
reservable in this direction on this link. For oversubscription
pur poses, this can be greater than the bandwi dth of the link. The
format of unreserved bandwi dth TLV of BGP-LS-SPF is consistent with
that in BG-LS. The format of it is shown as follow

0 1 2 3

01234567890123456789012345678901
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Type=1091 | Length |
B T S i T s i i e e SEI S
| Unr eserved bandwi dt h(0) |
I S i o T s S S S e s s T
| Unr eserved bandwi dt h(1) |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Unr eserved bandwi dt h(2) |
B T S i T s i i e e SEI S
| Unreserved bandwi dt h(3) |
I S i o T s S S S e s s T
| Unr eserved bandwi dt h(4) |
B i aT T e e o S o S S S I T et sl o ST S S S S S S

| Unr eserved bandwi dt h(5) |
B T S i T s i i e e SEI S
| Unr eserved bandwi dt h(6) |
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
| Unr eserved bandwi dt h(7) |
i T s i o S i i S R I S I S S S M

Figure 4: Format of unreserved bandw dth TLV

wher e:
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Unreserved bandwi dth(0-8): 32-bit length for each, each is encoded in
32 bits in |EEE floating point format. The units are bytes per
second. The values correspond to the bandw dth that can be reserved
with a setup priority of 0 through 7, arranged in increasing order
with priority 0 occurring at thestart of the TLV, and priority 7 at
the end of the TLV.

For stability reasons, rapid changes in the values in this TLV SHOULD
NOT cause rapid generation of BGP update nessages.

2.5. TE Default Mtric

The TE Default Metric TLV describes the Traffic Engi neering metric
for this link. This netric is admnistratively assigned and can be
used to present a differently weighted topology to traffic

engi neering SPF cal culations. The format of TE Default Metric TLV of
BGP-LS-SPF is consistent with that in BG-LS. The format of it is
shown as foll ow

0 1 2 3
01234567890123456789012345678901
B T S i T s i i e e SEI S
| Type=1091 | Length |
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
| TE default metric |
i T s i o S i i S R I S I S S S M

Figure 5: Format of TE Default Metric TLV
wher e:
TE default nmetric: 32-bit length netric val ue.
2.6. Link Protection Type

The link protection type TLV describes the protection capabilities of
the 1ink.

The format of Link Protection Type TLV of BGP-LS-SPF is consistent
with that in BG>-LS. The format of it is shown as foll ow

0 1 2 3
01234567890123456789012345678901
B T I e R i i i T S S e e I e ik oI I S S e S S
| Type=1093 | Length |
el i I e i it T e e e e i i T o S e e S e T R R
| Protection Cap |
R e s i T
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Figure 6: Format of Link Protection Type TLV
wher e:

Protection Cap: 8-bit length, indicates the protection capabilities
of the link, for the detailed description, see Section 1.2 of
[ RFC5307] .

2.7. Shared Ri sk Link G oup

The Shared Risk Link Group (SRLG TLV carries the Shared Ri sk Link
Goup information. The format of Shared Ri sk Link G oup TLV of BGP-
LS-SPF is consistent with that in BGP-LS. The format of it is shown
as foll ow

0 1 2 3
01234567890123456789012345678901
I S i o T s S S S e s s T
| Type=1096 | Length |
B I i st ST S I S S S S S S S S e S S S S ik o S N S S S
| Shared Ri sk Link G oup Val ue |
el i I e i it T e e e e i i T o S e e S e T R R
e 11
I S i o T s S S S e s s T
| Shared Ri sk Link G oup Val ue |
B I i st ST S I S S S S S S S S e S S S S ik o S N S S S

Figure 7: Format of Shared Ri sk Link G oup TLV
wher e:
Shared Ri sk Link Goup Value: variable, consisting of a (variable)
list of SRLG val ues, where each elenent in the list has 4
oct et sl engt h.
2.8. Unidirectional Link Del ay
This TLV describes the average link delay between two directly
connect ed BGP-LS- SPF nei ghbors. The format of Unidirectional Link

Del ay TLV of BGP-LS-SPF is consistent with that in BG>-LS. The
format of it is shown as follow
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0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type=1114 | Lengt h |
R e s T o T S R El ok i R e e S S e o o s
| Al Reserved | Del ay |
R e o T T e S S T ol S i T S s ik i I S I S S R S R

Figure 8 Format of Unidirectional Link Delay TLV

wher e:

A bit: This field represents the Anomal ous (A) bit. For detail, see
Section 4.1 of [RFC8750].

Del ay: 24-bit field indicates the average |ink delay over a
configurable interval in mcroseconds, encoded as an integer val ue.

2.9. Mn/Max Unidirectional Link Delay

The M n/Max Unidirectional Link Delay TLV indicates the m nimum and
maxi mum del ay val ues between two directly connected BGP-LS- SPF

nei ghbors. The semantics and val ues of the fields in the TLV are the
sane as that described in [RFC8570] and [RFC7471].

0 1 2 3
01234567890123456789012345678901
el i I e i it T e e e e i i T o S e e S e T R R
| Type=1115 | Length |
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
| Al RESERVED | M n Del ay |
B T I e R i i i T S S e e I e ik oI I S S e S S
|  RESERVED | Max Del ay |
el i I e i it T e e e e i i T o S e e S e T R R

Figure 9: Format of M n/Max Unidirectional Link Delay TLV
2.10. Unidirectional Delay Variation
The Unidirectional Delay Variation describes the average |ink del ay
vari ation between two directly connected BGP-LS- SPF nei ghbors. The

semantics and values of the fields in the TLV are the sane as that
described in [RFC8570] and [ RFC7471].
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0 1 2 3

01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type=1116 | Lengt h |
S i S SR S i S g
| RESERVED | Del ay Vari ation |
i I i i I i i I S ih it SR

Figure 10: Format of Unidirectional Delay Variation TLV
2.11. Unidirectional Link Loss

This TLV describes the |1 oss (as a packet percentage) between two
directly connected BGP-LS- SPF nei ghbors. The senmantics and val ues of
the fields in the TLV are the sane as that described in [RFC8570] and
[ RFC7471] .

0 1 2 3
01234567890123456789012345678901
T T T o T i S S i oI S SEp S S S

| Type = 1117 | Length |
el i I e i it T e e e e i i T o S e e S e T R R
| Al RESERVED | Li nk Loss |

i e T i i T e i i i R T S &
Figure 11: Format of Unidirectional Link Loss TLV
2.12. Unidirectional Residual Bandw dth

This TLV advertises the residual bandw dth between two directly
connect ed BGP-LS- SPF nei ghbors. The semantics and val ues of the
fields in the TLV are the sanme as that described in [ RFC8570] and
[ RFC7471] .

0 1 2 3

01234567890123456789012345678901
T e L o o o e i i s it NN R SR S B S
| Type = 1118 | Lengt h |
B i s T T i i o S o T Ji I
| Resi dual Bandwi dt h |
e L o i e S  th o i R S

Figure 12: Format of Unidirectional Residual Bandw dth TLV
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2.13. Unidirectional Avail able Bandw dth

This TLV advertises the avail abl e bandwi dth between two directly
connect ed BGP-LS- SPF nei ghbors. The semantics and val ues of the
fields in the TLV are the sane as that described in [ RFC8570] and
[ RFC7471] .

0 1 2 3
012345678901234567890123456789¢01
B T S i T s i i e e SEI S
| Type = 1119 | Length |
I S i o T s S S S e s s T
| Avai | abl e Bandwi dt h |
B i aT T e e o S o S S S I T et sl o ST S S S S S S

Figure 13: Format of Unidirectional Residual Bandw dth TLV
2.14. Unidirectional Utilized Bandwi dth
This TLV advertises the bandwidth utilization between two directly
connect ed BGP-LS- SPF nei ghbors. The semantics and val ues of the
fields in the TLV are the sane as that described in [ RFC8570] and
[ RFC7471] .
0 1 2 3
01234567890123456789012345678901
B i s T T i i o S o T Ji I
| Type = 1120 | Lengt h |
e L o i T i T b St N R SR S
| Utilized Bandwi dth |
i e e R e o o e i ol S N B S
Figure 14: Format of Unidirectional Utilized Bandwi dth TLV
3. Security Considerations

Thi s docunent introduces no additional security vulnerabilities in
addition to the ones as described in [ RFC9552] and [ RFC8571].

4. | ANA Consi derations

Thi s document has no | ANA acti ons.
5. Acknow edgenent s
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