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1. Introduction

Thi s docunent proposes an EVPN extension to allow several of its

mul ti-hom ng functions, fast convergence, and aliasing/backup path,
to be used in conjunction with inter-subnet forwarding. The
extension is limted to All-Active and Single-Active redundancy
nmodes. It re-uses the existing EVPN routes, the Ethernet A-D per ES
and the Ethernet A-D per EVI routes, which are used for these multi-
hom ng functions. |In particular, there are three use-cases that
could benefit fromthe use of these multi-hom ng functions:

a. Inter-subnet forwarding for host routes in symetric |RB
[ RFC9135] .
b. Inter-subnet forwarding for prefix routes in the interface-I|ess

| P- VRF-to- 1 P- VRF nodel [RFC9136].

c. Inter-subnet forwarding for prefix routes when the ESI is used
exclusively as an L3 construct [RFC9136].

1.1. Milti-Homing for MAC/I P Adverti senent Routes in Symmetric |RB
Consider a pair of multi-hom ng PEs, PEl and PE2, as illustrated in

Figure 1. Let there be a host HL attached to them Consider PE3 and
a host H3 attached to it.

e +
| EVPN |
S RS + |
| PEL | +---> |
Fommmm - + | RT-2 |
| | | 1PL ey
+---+ | ES1 +------ + ESI1 | PE3
H1+--+CEl1+--+ | | +- +H3
-+ | S RS + | |
| | PE2 | +o- -+
oo + | |
I I I
Fo-m - - - + |
I I
R +

Figure 1: Inter-subnet traffic between Miltihoning PEs and Renpote PE

Wth Asymretric | RB [RFC9135], if H3 sends inter-subnet traffic to
H1l, routing will happen at PE3. PE3 will be attached to the
destination IRB interface and will trigger ARP/ND requests if it does
not have an ARP/ ND adj acency to Hl. A subsequent routing | ookup wll
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resolve the destination MAC to Hl's MAC address. Furthernore, Hl's
MAC wi Il point to an ECMP EVPN destination on PE1l and PE2, either due
to host route advertisenent fromboth PE1l and PE2, or due to Ethernet
Segnent MAC Aliasing as detailed in [ RFC7432].

Wth Symmetric |RB [ RFC9135], if H3 sends inter-subnet traffic to Hi,
a routing | ookup will happen at PE3’s IP-VRF and this routing | ookup
will not yield the destination IRB interface and therefore MAC
Aliasing is not possible. To have per-flow |load balancing for H3' s
routed traffic to HL, an IP ECMP |ist (to PEl/PE2) needs to be
associated to Hl’s host route in the IP-VRF route-table. If HL is
locally | earned only at one of the nulti-hom ng PEs due to LAG
hashing, PE3 will not be able to build an IP ECMP list for the Hl
host route.

Wth the extension described in this docunent, PE3's |P-VRF becones
Et her net - Segnent -aware and builds an IP ECVWP |ist for Hl based on the
advertisenent of ES1 along with HL in a MAC/IP route and the

avai lability of ES1 on PE1l and PE2.

1.2. Milti-Homing for IP Prefix Routes in the Interface-less |IP-VRF-to-
| P- VRF Model

In the Interface-less | P-VRFto-1P-VRF nodel described in [ RFC9136]
there is no Overlay I ndex and hence no recursive resolution of the IP
Prefix route to either a MAC/I P Advertisenent or an Ethernet A-D per
ES/EVI route, which neans that the fast convergence and ali asing/
backup path functions are disabled. The recursive resolution of an
IP Prefix route to an Ethernet A-D per ES/EVI route is already
described in [ RFC9136] .

The scenario illustrated in Figure 2 will be used to explain the
pr ocedures.
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o a o +
| EVPN |
B + |
| PEL | +---> |
to-m--- + | RT-5 |
| | | 1PL/32 +--+---+
+---+ | ES1I +------ + ESI 1 | PE3 |
HL+- - +CE1+- - + | I *+-+H3
+---+ | [ S, + | |
| | PE2 | oo -+
e + | |
I I I
Fommm - + |
I I
o e +
Figure 2: Inter-subnet exanple with IP Prefix routes

Consi der

of the sanme tenant.

ND snoopi ng) on PELl only,

PE1 and PE2 are multi-homed to CE1 (in an All-Active
Et her net Segment ES1),

and PEl1, PE2 and PE3 are attached to an | P-VRF
Suppose Hl's host route is |learned (via ARP or
and PE1 advertises an EVPN I P Prefix route

for HI'’s host route. |f H3 sends inter-subnet traffic to Hl, a
routing | ookup on PE3 would normally yield a single next hop, i.e.,
PEL.

Thi s docunent proposes the use of the ES
the recursive resolution to A-D per
so that Hl's host

and PE2,

in the IP Prefix route and
ES/ EVI routes advertised from PE1l
route in PE3 can be associated to an IP

ECVMP |ist (to PELl/PE2) for aliasing purposes.

1.3. Milti-Homing for

IP Prefix routes with Layer 3 Ethernet Segnents

Thi s docunent al so enabl es fast convergence and ali asi ng/ backup path

to be used even when the ES|
in an Interface-less | P-VRF-to-1P-VRF scenario [ RFC9136].

is used exclusively as an L3 construct,
There are

two use cases anal yzed and supported by this docunent:

* |P Aliasing for

* |P Aiasing in a

Bot h use cases are resolved by the sane procedures,
in Section 1.3.2 can be considered a speci al

Saj assi, et al

EVPN I P Prefix routes

Centralized Routing Mdel

and the scenario
case of Section 1.3.1.
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1.3.1. IP Aliasing for EVPN I P Prefix routes

As an exampl e, consider the scenario in Figure 3 in which PE1l and PE2
are nulti-homed to CE1l. However, and contrary to CE1l in Figure 2, in
this case the |inks between CEl and PEl/PE2 are used exclusively for
L3 protocols and L3 forwarding in different BDs, and a BGP session
est abl i shed between CEl' s | oopback address and PEl's | RB address.

Fom e e aoo - +
| EVPN |
PE1 | |
. + |
| | RB1 | |
+-- -+ [ S, + | ------- > |
S | BD1| ---| I PVRF1| | RT-5 |
eBGP | | +---+ | | | 10.1/24 | PE3
R ] >100.1 +------ +| ESI1 +------cmmmiaaoo +
| | . + +o-o - - + |
+----- +100. 2| | N | |1 PVRF1] +---+ |
| CELl |----- + ES1 | | | | | -1BD3| |
| ]----- + | S SRR +o-m - - + -+
R +113. 2| PE2 | +---] | |
| ol | I ] +----+ | I |---+
192.0.2.1 | | | RB2 | | | |
Prefi xes: | | +---+ e + | | | H4
10. 1/ 24 R | BD2| ---| I PVRF1| |<--+ |
10. 2/ 24 | +---+ | | ] |
| 113.1 +------ + | |
. + |
I I
Fom e e e e aaa - +

Not e: | P addresses expanded as foll ows:
"Prefixes" are expanded by addi ng Os.
E.g., 10.1 expands to 10.1.0.0
- CE-PE link | P addresses are expanded by prepending "193.51." or "203.0."
E.g., 100.2 expands to 192.51.100.2
E.g., 113.2 expands to 203.0.113.2

Figure 3: Layer-3 Miltihom ng PEs

In these use-cases, sonetines the CE supports a single BGP session to
one of the PEs (through which it advertises a nunber of |IP Prefixes
seating behind itself) and yet, it is desired that renote PEs can
build an P ECVWP list or backup IP list including all the PEs nulti-
honed to the sane CE. For exanple, in Figure 3, CEl1 has a single
eBGP nei ghbor, i.e., PElL. Load-balancing for traffic fromCEl to H4
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can be acconplished by a default route with next hops PEl and PE2,
however, | oad-balancing fromH4 to any of the prefixes attached to
CE1 woul d not be possible since only PEL would advertise EVPN I P
Prefix routes for CE1l's prefixes. This docunent provides a solution
so that PE3 considers PE2 as a next hop in the IP ECW list for CEl's
prefixes, even if PE2 did not advertise the IP Prefix routes for
those prefixes in the first place. The solution uses an ESI in the
IP Prefix routes advertised fromPEl1 so that, when inported by PE2,
PE2 installs the route as local, since PE2 is also attached to the

Et hernet Segnment identified by the ESI

Note that Figure 3 shows a scenario with only one BGP sessi on between
the CE and the PEs in the Layer-3 Ethernet Segment, so that the
description of the procedures can be sinplified. However, the
scenario is expected to be deployed with N BGP sessions between the
CE and MPEs in the Ethernet Segnent, with Mbeing greater than N
and N being at least 2. In that way, a failure on a PE term nating
one of the PE-CE BGP sessions is still protected and the packet |oss
kept to a m ni mum nunber.

Additionally, Figure 3 shows how CEl can connect to PE1l and PE2 using
Layer-3 links via IRB interfaces and their associated BDs. However,
the procedures described here are also applicable if CE s Layer-3
links are connected to non-IRB Layer-3 interfaces within the PEs’ |P-
VRF. In other words, CE1’ s Layer-3 links may directly connect to
non-|1 RB Layer-3 interfaces in PEl/PE2 I P-VRFs. Using IRB interfaces
and BDs on the PEs allows multiple CE links to be aggregated into a
single BD, enabling a single Layer-3 interface on the |IP-VRF instead
of requiring individual Layer-3 interfaces for each CE

1.3.2. IP Aliasing in a Centralized Routing Mdel

Figure 4 illustrates a nodel in which multiple CEs establish an eBGP
PE- CE session with a Centralized PE
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e L T +
| PE1 EVPN |
S + |
+o-m - - + |
| 11P-VRA| |
100. 1 -------mmmmmma oo + |
I R | | eBGP |
| CEL|----|BD ----- +| | PE- CE |
| [-+ |+--+ | | 10. 1/ 24 | PE3
A T I R + | NH 100. 1 A +
Prefixes:| | | e + |
10. 1/ 24 | | | [ |1 P-VRF| |
10.2/24 | | PE2 | oo >| +--+
| Ao + [ | +----1BD |
|| e + | | ot |
| [1PvRA | | R e +
[ | [ ||
|+ ' | |RT-5 ||
+--||BD|----- +| | | 10. 1/ 24 | H4
| +- -+ | | | ESI 1 |
S + | | NH PEC |
I | I
| 100. 2| | PEC |
I +o- Voo - I
I | +------ + I
AEEEEEEE R [[IP-VRF[[------------ +
| +------ +|
S SRR +

Note: | P addresses expanded as fol |l ows:
"Prefixes" are expanded by addi ng Os.
E.g., 10.1 expands to 10.1.0.0
- CE-PE link I P addresses are expanded by prepending "193.51." or "203.0."
E.g., 100.2 expands to 192.51.100.2

Figure 4: Centralized Routing Mde

The CEs in this case are usually VNFs (Virtual Network Function
entities) or CNFs (Containerized Network Function entities) and by
provi sioning the sanme network paranmeters on all of them the
operation gets significantly sinplified. The configuration on the
PEs al so gets sinplified, since the PE-CE eBGP sessions to the CEs
are only configured on a centralized PE. |In the diagram CE1 is one
of these VNF/CNFs that sets up a multi-hop eBGP session to the
centralized PEC. As an exanple, CEl advertises prefix 10.1.0.0/24
with Next Hop 192.51.100.1 (to PEC) via the multi-hop eBGP session
PEC then exports the prefix into a RT-5 route, follow ng the
Interface-less | P-VRF-to-1|P-VRF nodel [RFC9136], with Next Hop PEC
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When H4 sends traffic to an | P address of the subnet 10.1.0.0/24, the
traffic will be forwarded to PEC first, and PEC will then forward to
PE1 (or PE2). In other words, this nodel sinplifies the
configuration and operation of the CEs, however, it introduces an
inefficiency since traffic needs to go through the Centralized PE
(PEC) instead of going directly to the PE(s) attached to the
destination CE. The IP Aliasing solution specified in this docunent
overcones this inefficiency and allows traffic fromPE3 to be
forwarded directly to PEL or PE2, without going through PEC

Simlar to what the | ast paragraph of Section 1.3.1 states, the
scenario in this section is sinplified for an easy reading. This
scenario is expected to be deployed with redundancy of the BGP PE-CE
session. That is, CEl is expected to peer (at least) two redundant
Centralized PEs, as opposed to only one as shown in Figure 4. The
procedures specified in this docunent do not change though

1.4. Terminol ogy and Conventions

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

* All-Active Redundancy Mode: When all PEs attached to an Ethernet
segnment are allowed to forward known unicast traffic to/fromthat
Et hernet segnment for a given VLAN, then the Ethernet segment is
defined to be operating in All-Active redundancy node.

* BD: Broadcast Domain. An EVI may be conprised of one BD (VLAN
based or VLAN Bundl e services) or multiple BDs (VLAN-aware Bundl e
services).

* PBridge Table: An instantiation of a broadcast domain on a MAC VRF.

* CE Customer Edge device, e.g., a host, router, or switch

* Ethernet Segment (ES): Wien a custoner site (device or network) is
connected to one or nore PEs via a set of Ethernet |inks, then
that set of links is referred to as an "Ethernet segnent".

* Ethernet Segnent Identifier (ESI): A unique non-zero identifier
that identifies an Ethernet segment is called an "Ethernet Segnent
ldentifier".

* EVI: An EVPN instance spanning the Provider Edge (PE) devices
participating in that EVPN
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* EVPN IP route: An EVPN I P Prefix route or an EVPN MAC/ | P
Adverti sement route.

* |P-VRF: A VPN Routing and Forwarding table for IP routes on an
NVE/ PE. The I P routes could be popul ated by any routing protocol,
E.g., EVPN, IP-VPN and BGP PE-CE | P address families. An |IP-VRF
is also an instantiation of a Layer-3 VPN in an NVE/ PE

* |RB: Integrated Routing and Bridgi ng

* |RB Interface: Integrated Bridging and Routing Interface. A
virtual interface that connects the Bridge Table and the | P-VRF on
an NVE.

* LACP: Link Aggregation Control Protocol

* MAC-VRF: A Virtual Routing and Forwarding table for Media Access
Control (MAC) addresses on a PE

* PE: Provider Edge device

* RT-2: EVPN MAC/ I P Advertisenent route, as specified in [ RFC7432].
* RT-4: EVPN Ethernet Segnent route, as specified in [ RFC7432].

* RT-5: EVPN IP Prefix route, as specified in [ RFC9136].

* Single-Active Redundancy Mdde: Wen only a single PE, anong al
the PEs attached to an Ethernet segnment, is allowed to forward
traffic to/fromthat Ethernet segnent for a given VLAN, then the
Et hernet segment is defined to be operating in Single-Active
redundancy node.

2. Ethernet Segnents for L3 Aliasing/Backup Path and Fast Convergence

The first two use cases described in Section 1 do not require any
extensions to the Ethernet Segnent definition and both cases support
Et hernet Segnments as a set of Ethernet |inks and specified in

[ RFC7432], or virtual Ethernet Segnents as a set of |ogical |inks
specified in [ RFC9784] .

The third use case in Section 1 requires an extension to the way
Et hernet Segnments are defined and associated. In this case, the
Et hernet Segment is a Layer-3 construct characterized as foll ows:

1. The ESis defined as a set of Layer-3 links to the nulti-homed CE

and its state MUST be linked to the layer-3 reachability from
each nmulti-honmed PE to the CE's | P address via a non-EVPN route
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inthe PEs IP-VRF. A non-EVPN route in this context refers to a
route in the IP-VRF s route table that is |learned via a Layer-3
routing protocol and not froman EVPN IP Prefix route or an EVPN
MAC/ | P Advertisenent route.

2. The ESI SHOULD be of type 4 [RFC7432] and set to the router |ID of
the multi-homed CE

3. All-active or single-active nulti-hom ng redundancy nodes are
supported, however, the redundancy node only affects the
procedures in Section 3.

4. PEs attached to the sanme Layer-3 ES di scover each other through
the exchange of RT-4 routes (Ethernet Segment routes). DF
El ecti on procedures [ RFC8584] MAY be used for single-active
mul ti - hom ng node

5. The routes advertised fromthe multi-homed CE's and installed in
the PEs IP-VRF table with the CE's I P address as the next hop
MJST be re-advertised by the PEin EVPN IP Prefix routes with the
ESI of the CE. The rest of the EVPN IP Prefix route fields are
set as per the Interface-less nodel in [RFC9136]. Note that the
PE- CE routes advertised by the multi-honed CE with its |IP address
as Next Hop, are installed in the I P-VRF irrespective of the Next
Hop being resolved to an EVPN or a non-EVPN route, and they are
exported as an EVPN I P Prefix route with the ESI associated with
the CE's I P address. Although the exanples in this document use
eBGP as the PE-CE routing protocol used by the CE to advertise IP
Prefixes, iBGP or an IGP (Interior Gateway Protocol) routing
protocol MAY be used.

In the exanple depicted in Figure 3, ES1 is defined as the set of

| ayer-3 links that connects PE1 and PE2 to CE1. 1Its ESI, e.g., ESI-
1, is derived as a type 4 ESI using the CE's router ID. ES-1 will be
operationally active in the PE as long as a route to CE1 is installed
inthe PEEs IP-VRF and | earned via any routing protocol except for an
EVPN route. E.g., an active static route to 192.0.2.1 via next hop
192.51.100.2 woul d make the ES operationally active in PEl, and the
eBGP routes received from CEL with next hop 192.0.2.1 will be re-
advertised as RT-5 routes with ESI-1. This exanpl e suggests the use
of a static route to resolve the CE's | P address, but any other non-
EVPN route can be used to resolve the CE's | P address (even E.g., a
directly connected route if CEl uses single hop BGP to advertise the
prefixes to PE1l).

In the exanple illustrated in Figure 4, ES1 is a set of layer-3 links

connecting PE1, PE2 and PEC to CEl. ESI-1 is derived as a type 4 ES
using the CE's router ID, as in the previous exanple. CEl s |oopback
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route (which is associated to ES1) is installed in PEl and PE2 via
non- EVPN route, hence ES1 is operationally active in PE1l and PE2. (n
PE- C t hough, CEl1’s | oopback is installed via EVPN IP Prefix route,
therefore, as per point 1 in the current section, ESl1 is
operationally inactive in PEC. As per point 5 this does not prevent
PEC from exporting CEl's prefixes into RT-5 routes with ESI-1
However, since ES-1 is operationally inactive in PEC, no | P A-D per
EVI routes (Section 3) and no |IP A-D per ES routes Section 4 for
ESI-1 will be advertised from PEC, preventing PEC fromattracting
traffic destined to CEIL.

The foll owi ng sections describe the procedures for IP Aliasing and
Backup Path in the Ethernet Segnents of the three use cases of
Section 1. Unless a use case is explicitly mentioned, the rest of
the docunent applies to all the three use cases.

3. 1P Aliasing and Backup Path

In order to address the use-cases described in Section 1, above, this
docunent proposes that:

1. APEthat is attached to a given ES will advertise a set of one
or nore Ethernet A-D per ES routes for that ES. Each is terned
an "I P A-D per ES" route and is tagged with the route targets
(RTs) for one or nore of the |IP-VRFs defined on it for that ES;
the conplete set of IP A-D per ES routes contains the RTs for all
of the IP-VRFs defined on it for that ES

A renpte PE inports an |P A-D per ES route into the | P-VRFs
corresponding to the RTs with which the route is tagged. When
the conplete set of |P A-D per ES routes has been processed, a
renote PE will have inmported an |P A-D per ES route into each of
the IP-VRFs defined on it for that ES; this enabl es fast
convergence for each of these |P-VRFs.

2. A PE advertises, for this ES, an Ethernet A-D per EVI route for
each of the IP-VRFs defined on it. Each is termed an "IP A-D per
EVI" route and is tagged with the RT for a given |IP-VRF, and
conveys a |label that identifies that IP-VRF. A label in this
context refers to an MPLS |l abel, a VNI (VXLAN Network Identifier)
or a Segrment Routing |Pv6 SID, depending on the transport being
used.

A rempte PE inports an |P A-D per EVI route into the |IP-VRF
corresponding to the RT with which the route is tagged. The

| abel contained in the route enabl es aliasing/backup path for the
routes in that |P-VRF.
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To address the third use-case described in Section 1, where the |inks
between a CE and its multi-homed PEs are used exclusively for L3
protocols and L3 forwarding, a PE uses the procedures described in 1)
and 2), above.

The processing of the IP A-D per ES and the IP A-D per EVI routes is
as defined in [ RFC7432] and [ RFC8365] except that the fast
convergence and aliasing/backup path functions apply to the routes
contained in an IP-VRF. In particular, a renote PE that receives an
EVPN MAC/ | P Advertisement route or an |P Prefix route with a non-
reserved ESI and the RT of a particular |P-VRF SHOULD consider it
reachabl e by every PE that has advertised an IP A-D per ES and IP A-D
per EVI route for that ESI and | P-VRF.

Note that this document nodifies [RFC9136] section 4.4.1 (Interface-
| ess I P-VRF-to-1P-VRF Mbdel) by allowing a non-zero Ethernet Segnent
Identifier value on EVPN I P Prefix routes and the recursive
resolution of the ESI to EVPN A-D per EVI routes.

3.1. Constructing the IP A-D per EVI Route

The construction of the IP A-D per EVI route is the sane as that of
the Ethernet A-D per EVI route, as described in [RFC7432], with the
foll owi ng excepti ons:

* The Route-Distinguisher is for the corresponding | P-VRF. The
Rout e- Di sti ngui sher allocated for the |IP-VRF MIJST be unique in the
PE.

*  The Ethernet Tag SHOULD be set to O.

* The route MUST carry all export Route Targets of the corresponding
| P- VRF.

* The route MJUST carry the MPLS | abel, VNI (VXLAN or Virtual Network
Identifier as in [ RFC8365]) or Segnent Routing |IPv6 SID (Segnent
Identifier [RFC9252]) that identifies the corresponding |P-VRF.

In case of Segment Routing |Pv6 (SRv6), the Service SID (Segnent
Ildentifier) is enclosed in an SRv6 Service TLV of type L3 within
the BGP Prefix-SID attribute, where the SRv6 Endpoi nt Behavi or
SHOULD be one of these: End.DT46, End. DT4, End.DT6, End.DX4, or
End. DX6 [ RFC9252].

* The route MUST carry the Router’s MAC Extended Comunity if the
encapsul ati on used between the PEs for inter-subnet forwarding is
an Et hernet NVO tunnel [RFC9136]. Note that the BGP Encapsul ation
extended comunity is carried as specified for A-D per EVI routes
in [ RFC8365] .

Saj assi, et al. Expi res 3 Septenber 2026 [ Page 13]



I nternet-Draft I P Aliasing Support for EVPN March 2026

4.

* The route MUST carry the EVPN Layer 2 Attributes Extended
Conmunity [I-D.ietf-bess-rfc7432bis]. For all-active nulti-
hom ng, all PEs attached to the specified ES advertise P=1. For
backup path (that is, single-active node), the Primary PE
advertises P=1, B=0, the Backup PE advertises P=0, B=1, and the
rest of the multi-homed PEs advertise P=0, B=0. |In single-active
mul ti-homing, the following two statenments are both true for the
el ected Primary PE

- The Primary PE SHOULD be a PE with a routing adjacency to the
attached CE

- The Primary PE MAY be determ ned by policy or MAY be el ected by
a DF Election as in [RFC8584] as described in Section 2.

Fast Convergence for Routed Traffic

Host or Prefix reachability is |earned via the BGP-EVPN control plane
over the MPLS/ NVO network. EVPN IP routes for a given ES are
advertised by one or nore of the PEs attached to that ES. Wen one
of these PEs fails, a renmpte PE needs to quickly invalidate the EVPN
IP routes received fromit.

To acconplish this, EVPN defined the fast convergence function
specified in [RFC7432]. This docunment extends fast convergence to

i nter-subnet forwarding by having each PE advertise a set of one or
more IP A-D per ES routes for each locally attached Ethernet segnent
(refer to Section 4.1 below for details on how these routes are
constructed). A PE may need to advertise nore than one IP A-D per ES
route for a given ES because the ES may be in a multiplicity of IP-
VRFs and the Route Targets for all of these IP-VRFs may not fit into
a single route. Advertising a set of IP A-D per ES routes for the ES
all ows each route to contain a subset of the conplete set of Route
Targets. Each IP A-D per ES route is differentiated fromthe other
routes in the set by a different Route Distinguisher (RD).

Upon failure in connectivity to the attached ES, the PE wi thdraws the
corresponding set of IP A-D per ES routes. This triggers all PEs
that receive the withdrawal to update their next hop adjacencies for
all 1P addresses associated with the Ethernet Segment in question,
across |IP-VRFs. |If no other PE has advertised an IP A-D per ES route
for the same Ethernet Segnent, then the PE that received the
withdrawal sinply invalidates the IP entries for that segnent.

O herwi se, the PE updates its next hop adjacencies accordingly.

These routes should be processed with higher priority than EVPN I P
route withdrawal s upon failure. Similar priority processing is
needed even on the internedi ate Route Refl ectors.
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4.1. Constructing |IP A-D per Ethernet Segment Route

Thi s section describes the procedures used to construct the IP A-D
per ES route, which is used for fast convergence (as discussed in
Section 4). The usage/construction of this route remains sinmlar to
that described in section 8.2.1. of [RFC7432], including the ESI
Label extended comunity, and with a few notable exceptions as
explained in follow ng sections.

4.1.1. |P A-D per ES and Route Targets

Each IP A-D per ES route MJST carry one or nore Route Targets. The
set of IP A-D per ES routes MJST carry the entire set of |IP-VRF Route
Targets for all the I P-VRFs defined on that ES.

4.1.2. |P A-D per ES route and SRv6 Transport

When an SRv6 transport is used, each IP A-D per ES route MJST carry
an SRv6 L3 Service TLV within the BG? Prefix-SID attribute [ RFC9252],
to indicate the encapsul ation, as specified in [RFC9819]. The
Service SID MIUST be of value 0. The SRv6 Endpoi nt Behavi or SHOULD be
one of these End. DT46, End.DT4, End.DT6, End.DX4, or End. DX6.

4.1.3. |P A-D per ES route and ESI Label Extended Community

Each I P A-D per ES route MIST be sent with the ESI Label extended
community [I-D.ietf-bess-rfc7432bis] (the flags in the ESI Label
extended community are processed to determne if the Ethernet Segnent
works in all-active or single-active nulti-honing node). The ESI
Label field of the extended comunity SHOULD be set to zero when
sendi ng and MJST be ignored on reception.

4.2. Avoidi ng convergence issues by synchronizing |IP prefixes

Consider a pair of multi-hom ng PEs, PEl and PE2. Let there be a
host Hl attached to them Consider PE3 and a host H3 attached to it.

If the host HL is |earned on both the PEs, the ECMP path list is
formed on PE3 pointing to (PEL/PE2). Traffic fromH3 to HL is not

i npacted even if one of the PEs fails as the path list gets corrected
upon receiving the withdrawal of the fast convergence route(s) (IP
A-D per ES routes).

In a case where Hl is locally learned only on PE1 due to LAG hashing
or a single routing protocol adjacency to PEl, at PE3, Hl has ECWP
path list (PELl/PE2) using Aliasing as described in this docunent.
Traffic fromH3 can reach Hl via either PE1 or PE2.

Saj assi, et al. Expi res 3 Septenber 2026 [ Page 15]



I nternet-Draft I P Aliasing Support for EVPN March 2026

PE2 should install local forwarding state for EVPN | P routes
advertised by other PEs attached to the same ES (i.e., PE1l) but not
advertise themas |l ocal routes. Wen the traffic from H3 reaches
PE2, PE2 will be able forward the traffic to HL w thout any
convergence del ay (caused by triggering ARP/ND to HL or to the next
hop to reach Hl). The synchronization of the EVPN I P routes across
all PEs of the sane Ethernet Segnent is inportant to solve
convergence issues.

4.3. Handling Silent Hosts for IP Aliasing

Consi der the exanple of Figure 1 for IP aliasing (or Figure 2 for
that matter). |If PE1 fails, PE3 will receive the withdrawal of the
fast convergence route(s) and update the ECMP list for Hl to be just
PE2. Wen the EVPN IP route for Hl is also wi thdrawn, neither PE2
nor PE3 will have a route to Hl, and traffic fromH3 to Hl is dropped
until PE2 learns HlL and advertises an EVPN IP route for it.

Thi s packet |oss can be nuch worse if the Hl behaves like a silent
host. |P address of HL will not be re-learned on PE2 till HlL ARP/ ND
messages or sone traffic triggers ARP/ND for HIL.

PE2 can detect the failure of PEl’s reachability in different ways:

a. Wen PE1 fails, the next hop tracking to PE1 in the underlay
routing protocols can help detect the failure.

b. Upon the failure of its link to CE1l, PE1 will withdrawits IP A-D
route(s) and PE2 can use this as a trigger to detect failure.

Thus, to avoid packet |oss, when PE2 detects |oss of reachability to
PE1, it should trigger ARP/ND requests for all renote Ethernet
Segnment | P prefixes received fromPELl across all affected | P-VRFs.
This will force host HL to reply to the solicited ARP/ ND nessages
fromPE2 and refresh both MAC and IP for HL in its tables.

Even in core failure scenario on PE1l, PEl1 nust bring down all its

| ocal layer-2 connectivity, as Layer-2 traffic should not be received
by PEL. So, when ARP/ND is triggered fromPE2 the replies from host
H1 can only be received by PE2. Thus, HL will be | earned as | ocal
route and al so advertised from PE2.

It is recomended to have a staggered or del ayed del etion of the EVPN

IP routes fromPEL, so that ARP/ND refresh can happen on PE2 before
t he del eti on.
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4.4. NMAC Aging
In the same exanple as in Section 4.3, PE1 would do ARP/ND refresh
for HL before it ages out. During this process, HlL can age out
genuinely or due to the ARP/ND reply landing on PE2. PEl nust
withdraw the local entry fromBGP when Hl entry ages out. PEl
deletes the entry fromthe local forwarding only when there are no
renote synced entries.

5. Determning Reachability to Unicast |P Destinations

5.1. Local Learning

The procedures for |ocal |earning do not change from [ RFC7432] or
[ RFC9136] .

5.2. Constructing the EVPN I P Routes

The procedures for constructing MAC/I P Address or | P Prefix
Advertisements do not change from [ RFC7432] or [ RFC9136].

5.3. Route Resol ution

If the ESI field is set to reserved values of 0 or MAX-ESI, the EVPN

|P route resolution MUST be based on the EVPN | P route al one.

If the ESI field is set to a non-reserved ESI, the EVPN IP route
resol uti on MJUST happen only when both the EVPN I P route and the
associ ated set of IP A-D per ES routes have been received. To
illustrate this with an exanple, consider a pair of multi-honmed PEs,
PE1 and PE2, connected to an all-active Ethernet Segnent. A given
host with IP address Hl is |earned by PE1 but not by PE2. \When the
EVPN IP route fromPEL and a set of IP A-D per ES and IP A-D per EV
routes fromPE1L and PE2 are received, then (1) PE3 can forward
traffic destined to HL to both PElL and PE2.

If after (1) PE1L withdraws the IP A-D per ES route, then PE3 will
forward the traffic to PE2 only.

If after (1) PE2 withdraws the IP A-D per ES route, then PE3 wll
forward the traffic to PEL only.

If after (1) PEL withdraws the EVPN I P route, then PE3 will do
del ayed del etion of Hl, as described in Section 4. 3.

If after (1) PE2 advertised the EVPN IP route, but PE1 withdraws it,
PE3 will continue forwarding to both PEL and PE2 as long as it has
the P A-D per ES and the IP A-D per EVI route from bot h.
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6. Forwardi ng Uni cast Packets

Once a successful 1P | ookup is done for a received unicast packet, it
is forwarded as per Section 5 in [ RFC9135], in case of the symetric
| RB nodel, or as per Section 4.4.1 in [RFC9136], in case of the
Interface-less | P-VRF-to-I|P-VRF nodel

7. Load Bal anci ng of Unicast Packets

The | oad bal anci ng of unicast |P packets fromrenote PEs to PEs
attached to the sane Ethernet Segnent is done in the sanme way as it
is done for unicast Ethernet frames fromrenote PEs in [RFC7432]. In
this docunent we refer to IP Aliasing as the | oad bal ancing function
for unicast |IP packets, whereas MAC Aliasing or sinply Aliasing is
the termused to refer to the | oad bal anci ng of unicast Ethernet
franmes fromrenote PEs to PEs in an Ethernet Segnent in [ RFC7432].

7.1. |IP Aliasing and Unequal ECWP for IP Prefix Routes

[1-D.ietf-bess-evpn-unequal -1b] specifies the use of the EVPN Link
bandw dt h extended community to achi eve wei ghted | oad bal ancing to an
ES or Virtual ES for unicast traffic. The procedures in
[1-D.ietf-bess-evpn-unequal -1 b] MAY be used al ong with the procedures
described in this docunent for any of the three cases described in
Section 1, with the foll ow ng considerations:

* The ES weight is signaled by the multi-homed PEs in the I P A-D per
ES routes.

* The renote ingress PE learning an EVPN | P Route to prefix/host P
that is associated to a weighted [oad balancing ES, will follow
the procedures in [I-D.ietf-bess-evpn-unequal -1b] to influence the
| oad bal ancing for traffic to P

* [1-D.ietf-bess-evpn-unequal -1b] also allows the use of the EVPN
Li nk Bandwi dt h Ext ended Conmmunity along with IP Prefix routes. |If
the ingress PE learns a prefix P via a non-reserved ESI RT-5 route
with a weight (for which IP A-D per ES routes also signal a
wei ght) and a zero ESI RT-5 that includes a weight, the ingress PE
will consider all the PEs attached to the ES as a single PE when
nornal i zi ng wei ghts.

As an exampl e, consider PE1l and PE2 are attached to ES-1 and PEl
advertises an RT-5 for prefix Pwith ESI-1 (and EVPN Link

Bandwi dth of 1). Consider PE3 advertises an RT-5 for P with ESI=0
and EVPN Link Bandwi dth of 2. |If PEl and PE2 advertise an EVPN

Li nk Bandwi dth of 1 and 2, respectively, in the IP A-D per ES
routes for ES-1, an ingress PE4 SHOULD assign a nornalized wei ght
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8.

10.

11.

12.

12.

of 1 to ES-1 (which is further weighted-bal anced based on the

wei ghts on the EVPN AD per ES routes) and a nornalized wei ght of 2
to PE3. Wen PE4 sprays the flows to P, it will send tw ce as
many flows to PE3. For the flows sent to ES-1, the individual PE
EVPN Li nk Bandw dths advertised in the IP A-D per ES routes wll
be consi der ed.

Security Consi derations

The nmechanisns in this docunent use EVPN control plane as defined in
[ RFC7432]. Security considerations described in [ RFC7432] are
equal Iy applicable. This docunent uses MPLS and | P-based tunne
technol ogi es to support data plane transport. Security
consi derations described in [RFC7432], [RFC8365] and [ RFC9252] are
equal Iy applicable.

I ANA Consi derations
Thi s docunent does not require any actions from | ANA
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