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Abstract

EVPN is used as a unified control plane for tenant intra and inter-
subnet - f orwar di ng. Wien tenant connectivity spans not only EVPN
domai ns but al so domai ns where | PVPN provi des inter-subnet-
forwarding, there is a need to specify the interworking aspects

bet ween both EVPN and | PVPN donai ns, so that the end to end tenant
connectivity can be acconplished. This docunent specifies how EVPN
should interwork with VPN-|IPv4/VPN-1Pv6 and | Pv4/ | Pv6 BGP famlies
for inter-subnet-forwarding.

Status of this Meno

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

Internet-Drafts are working docunents of the Internet Engineering
Task Force (I1ETF), its areas, and its working groups. Note that
other groups may al so distribute working docunents as Internet-
Drafts.

Internet-Drafts are draft docunents valid for a maxi num of six nonths
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and may be updated, replaced, or obsoleted 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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1. Introduction And Probl em St at enent

EVPN is used as a unified control plane for tenant intra and inter-
subnet - f orwar di ng. When tenant connectivity spans not only EVPN
domai ns but al so domai ns where | PVPN provi des inter-subnet-
forwarding, there is a need to specify the interworking aspects

bet ween both EVPN and | PVPN donmi ns, so that the end to end tenant
connectivity can be acconplished. This docunent specifies how EVPN
should interwork with VPN-1Pv4/VPN-I1Pv6 and | Pv4/1 Pv6 BGP famlies
for inter-subnet-forwarding.

EVPN supports the advertisement of ipv4 or ipvé prefixes in two
different route types:

0 Route Type 2 - MAC/IP route (only for /32 and /128 host routes), as
descri bed by [I| NTER- SUBNET] .

0 Route Type 5 - IP Prefix route, as described by [|P-PREFIX].

When interworking with other BGP address famlies (AFIs/SAFls) for

i nter-subnet-forwarding, the IP- Prefixes in those two EVPN route
types nust be propagated to other domains using different SAFls. Some
aspects of that propagation must be clarified. Exanples of these
aspects or procedures across BGP fam lies are: route selection, |oop
prevention or BGP Path attribute propagation. The | nterworking PE
concepts are defined in section 2, and the rest of the docunent
describes the interaction between Interworking PEs and other PEs for
end-to-end inter-subnet-forwarding.

2. Term nol ogy and | nterworking PE conponents

This section sumuari zes the ternminology related to the "I nterworking
PE" concept that will be used throughout the rest of the document.
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Figure 1 EVPN-1PVPN I nt erworking PE

| SF SAFI : Inter-Subnet-Forwarding (ISF) SAFl is a MP-BGP Sub-
Address Fanmily that advertises reachability for IP-Prefixes and can
be used for inter-subnet-forwarding within a given tenant Donmain.
The I SF SAFls are 1 (including IPv4 and |1 Pv6 AFls), 128 (i ncl uding
I Pv4 and | Pv6 AFls) and 70 (EVPN, including only AFl 25).

I P-VRF: an IP Virtual Routing and Forwarding table, as defined in
[RFC4364]. It is the instantiation of an IPVYPNin a PE. Route-

di stinghi sher and route-target(s) are required properties of an I P-
VRF.

MAC- VRF: a MAC Virtual Routing and Forwarding table, as defined in
[ RFC7432]. The instantiation of an EVI (EVPN Instance) in a PE

Rout e- di sti nghi sher and route-target(s) are required properties and
they are normally different than the ones defined in the associated
| P- VRF.

BT: a Bridge Table, as defined in [RFC7432]. A BT is the
instantiation of a Broadcast Domain in a PE. Wen there is a single
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Broadcast Dormain in a given EVI, the MAGC-VRF in each PE wll
contain a single BT. Wien there are multiple BTs within the same
MAC- VRF, each BT is associated to a different Ethernet Tag. The
EVPN routes specific to a BT, will indicate which Ethernet Tag the
route corresponds to.

Exanple: In Figure 1, MAC VRF1 has two BTs: BT1 and BT2. Ethernet
Tag x is defined in BTl and Ethernet Tag y in BT2.

0 AC. Attachment Circuit or logical interface associated to a given
BT or IP-VRF. To deternine the AC on which a packet arrived, the PE
wi Il exam ne the conbination of a physical port and VLAN tags
(where the VLAN tags can be individual c-tags, s-tags or ranges of
bot h) .

Exanple: In Figure 1, ACl is associated to BT1l, AC2 to BT2 and AC3
to | P-VRFL.

0 IRB: Integrated Routing and Bridging interface. It refers to the
| ogical interface that connects a BT to an IP-VRF and allows to
forward packets with destination in a different subnet.

o0 MPLS/NVO tnl: It refers to a tunnel that can be MPLS or NVO based
(Network Virtualization Overlays) and it is used by MAC VRFs and
| P-VRFs. Irrespective of the type, the tunnel may carry an Ethernet
or an | P payload. MAC-VRFs can only use tunnels w th Ethernet
payl oads (setup by EVPN), whereas |P-VRFs can use tunnels with
Et hernet (setup by EVPN) or |P payl oads (setup by EVPN or |PVPN).
| PVPN-only PEs have | P-VRFs but they cannot send or receive traffic
on tunnels with Ethernet payl oads.

Exanpl e: Figure 1 shows an MPLS/NVO tunnel that is used to
transport Ethernet frames to/from MAC-VRF1. The PE determ nes the
MAC- VRF and BT the packets belong to based on the EVPN | abel (MPLS
or VNI). Figure 1 also shows two MPLS/ NVO tunnels being used by | P-
VRF1, one carrying Ethernet frames and the other one carrying IP
packets.

0 RT-2: Route Type 2 or MAC/IP route, as per [RFC7432].
0 RT-5: Route Type 5 or IP-Prefix route, as per [|P-PREFIX].

o Interworking PE: a PE that may advertise a given prefix in both an
EVPN route (RT-2 or RT-5) and in a route of another |SF SAFI. An
I nterworking PE has one | P-VRF per tenant, and one or nmultiple MAC
VRFs per tenant. Each MAC-VRF nay contain one or nore BTs, where
each BT may be attached to that IP-VRF via | RB. There are two types
of Interworking PEs: Conposite PEs and Gateway PEs. Both PE
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functions can be independently inplenmented per tenant and they nmay
both be inplemented for the sane tenant.

Exanpl e: Figure 1 shows an Interworking PE, where |ISF SAFlIs 1, 128
and 70 are enabled. |IP-VRF1 and MAC-VRF1 are instantiated on the
PE, and together provide inter-subnet-forwarding for the tenant.

0 Conposite PE: an Interworking PE that advertises a given IP Prefix
multiple times to the same BGP peer, but using a different |ISF SAFI
each time, and being EVPN one of them

Exanpl e: Figure 2 shows an exanple where PEl1 is a Conposite PE
since PE1 has EVPN and another |SF SAFI enabled to the same route-
reflector, and PE1l advertises a given IP Prefix IPn/x tw ce, one
usi ng EVPN and anot her one using | SF SAFl 128. PE2 and PE3 are not
Conposi te PEs.

+-- -+
| PE2|
+---+
N
| EVPN
I W EVPN v
+---+ | PVPN ++-+ +--- 4+
| PE1] <----> |RR] <---> | PE3|
+---+ +--+ | PVPN +---+

Conposite

Figure 2 Interworking Conposite PE exanple

0 Gateway PE: an Interworking PE that advertises |IP Prefixes to
di fferent BGP peers, using EVPN to one BGP peer and another | SF
SAFI to another BGP peer

Exanpl e: Figure 3 illustrates an exanple where PE1 is a Gateway PE
since the EVPN and | PVPN SAFIs are enabl ed on different BGP peers,
and a given local IP Prefix IPn/x is sent to both BGP peers for the
sanme tenant.
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I W
+---+ EVWPN  +---+ |IPVPN +---+
| PE2] <----> | PEl|] <----> | PE3|
+---+ +---+ +---+
Gat eway

Figure 3 Interworking Gateway PE exanple

o Donmin: a set of IP-VRFs for the sane tenant that have been
configured with the sane Domain-ID. Two PEs are in the same Donain
if they are attached to the same tenant and the packets between
them do not require a data path IP lookup (in the tenant space) in
any internediate router. A Gateway PE is always configured with
mul ti pl e Domai n-1 Ds.

Exanple 1: Figure 4 depicts an exanple where TS1 and TS2 belong to
the sane tenant, and they are located in different Data Centers
that are connected by Gateway PEs. These Gateway PEs speak I PVPN in
the WAN. When TS1 sends traffic to TS2, the internediate routers
between PE1 and PE2 require a tenant |IP |lookup in their |IP-VRFs so
that the packets can be forwarded. In this exanple there are three
di fferent Donmains. The Gateway PEs connect the EVPN Donmain to the

| PVPN Donai n.
GM------------ GAB
[ + [ +
R | 1 P- VRF| [ 1P-VRF| ---------m--- +
PE1 Fo-m- - + +--mm - + PE2
to----- + DC1 | WAN | DC2 to----- +
TS1-| | P- VRF| EVPN | | PVPN | EVPN | I P- VRF| - TS2
[ + Gwe GwM Fom e -+
[ Homm - - - + Homm - - - + [
R | 1 P- VRF| [ 1P-VRF| ---------m--- +
S - + S - +
e +
DOVAI N 1 DOVAI N 2 DOVAI N 3
Commmmmm e D S Qe >

Figure 4 Multiple Domain DCI exanple

Exanple 2: Figure 5 illustrates a simlar exanple, but PElL and PE2
are now connected by a BGP-LU (BGP Label ed Unicast) tunnel, and
they have a BGP peer relationship for EVPN. Contrary to Exanple 1,
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there is no need for tenant | P | ookups on the internmediate routers
in order to forward packets between PE1 and PE2. Therefore, there
is only one Domain in the network and PE1l/PE2 belong to it.

EVPN
N e e .. >
BGP- LU
SN >
ASBR- - ---------- ASBR
S + S +
oREEEEEEEEEEE | | | | o +
PE1 Fommm o - + B PE2
+o---- - + DC1 | WAN | DC2 +o---- - +
TS1-| | P- VRF| EVPN | | EVPN | I P- VRF| - TS2
+o-- - - - + ASBR ASBR +---+- -+
| e + e + |
R | | | | o *
Fommm o - + Fommm o - +
Fom e e e e +
A DOVAI N-1-----------mmmm e - - >

Figure 5 Single Domain DCl exanpl e

The Donmain-1D is encoded in the Domain Path Attribute (D PATH), and
advertised along with EVPN and other | SF SAFlI routes. Section 3
describes the D PATH attri bute.

Domain Path Attribute (D PATH)

The BGP Dormain Path (D-PATH) attribute is an optional and transitive
BGP path attribute.

Simlar to AS PATH, D PATH is conposed of a length field foll owed by
a sequence of Domain segnents, where each Domai n segnent is
represented by <DOVAI N-1D: | SF_SAFI _TYPE>.

o The length field is a 1-octet field, containing the nunber of
Domai n segnents. Each Domain segnment value field contains one or
nmore Donmai n segnents, each encoded as a 7-octet length field.

o DOMAIN-ID is a 6-octet field that represents a Domain. It is
conposed of a 4-octet d obal Administrator sub-field and a 2-octet
Local Adninistrator sub-field. The G obal Adm nistrator sub-field
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MAY be filled with an Autononous System Nunmber (ASN), an | Pv4
address, or any val ue that guarantees the uni queness of the DOVAI N
I D when the tenant expands across nultiple Operators.

| SF_SAFI _TYPE is a 1-octet field that indicates the Inter-Subnet-
Forwar di ng SAFlI type of the DOVAIN. The follow ng types are valid
in this document:

Val ue Type

1 SAFI 1

70 EVPN

128 SAFI 128

About the BGP D-PATH attri bute:

a)

b)

Identifies the sequence of <DOMVAI N-1D: | SF_SAFI _TYPE> segnents
t hrough whi ch the update nmessage has passed.

- This attribute Iist nay contain zero, one or nore entries.

- The leftnost entry in the list is the <DOVAI N-1D: | SF_SAFI _TYPE>
that the Gateway PE added when sending the prefix into the |oca
DOVAI N. The rightnost entry in the list is the originating
<DOVAI N- 1 D: | SF_SAFI _TYPE> for the prefix, that was added by the
first Gateway PE propagating the update between Donains.
Internediate entries are transit <DOVAI N-|D: | SF_SAFI _TYPE> t hat
t he update has passed through on its way.

- As an exanple, an EVPN Prefix route received with D PATH
{<6500: 2: | PVPN>, <6500: 1: EVPN>} indicates that the Prefix was
originally advertised in EVPN within Donmain 6500:1, re-
advertised by a first Gateway PE using an | PVPN route in Donain
6500: 2 and re-advertised by a second Gateway PE into the | oca
Dorrai n.

It is added/nodified by a Gateway PE when propagating an update to
a different Domain:

- A Gateway PE' s |P-VRF, that connects two Donmins, belongs to two
DOVAI N- I Ds, e.g. 6500:1 for EVPN and 6500:2 for |PVPN

- Whenever a Prefix arrives at a Gateway PE in a particular |ISF
SAFI route, if the Gateway PE needs to export that Prefix to a
BGP peer using a different | SF SAFlI, the Gateway PE will prepend
a <DOVAI N-1D: | SF_SAFI _TYPE> segnent to the list of segments in

Rabadan- Saj assi et al. Expires April 28, 2018 [ Page 9]



Internet-Draft EVPN and | PVPN | nt er wor ki ng Cct ober 25, 2017

the recei ved D PATH.

- For instance, in an I P-VRF configured with DOVAI N-1Ds 6500:1 for
EVPN and 6500:2 for IPVPN, if an EVPN route for Prefix P is
received and Pinstalled in the IP-VRF, the IPVPNroute for P
that is exported to an | PVPN peer will prepend the segnent
<6500: 1: EVPN> to the previously received D PATH attri bute.

Li kewi se, | P-VRF prefixes that are received fromIP-VPN, will be
exported to EVPN peers with the additional segnent
<6500: 2: | PVPN>.

- In the above exanple, if the EVPN route is received w thout D
PATH, the Gateway PE will add the D-PATH attribute with segnent
<6500: 1: EVPN> when re-advertising to Domain 6500: 2.

- Wthin the originating Domain, the update does not contain a D
PATH attri bute because the update has not passed through a
Gat eway PE yet.

c) The Gateway PE MJUST NOT add the D PATH attribute to routes
generated for I P-VRF Prefixes that are not |earned via any |ISF
SAFI, for instance, |ocal prefixes.

d) Aroute received with a D-PATH that contains at |east one of the
locally configured Domains for the | P-VRF MIST be flagged as a
| ooped updat e.

e) The nunber of <DOMAI N-1D:|SF _SAFI _TYPE> segnents in the D PATH
list reflects the nunber of Gateway PEs the update has gone
t hrough, irrespective of the actual nunber of BGP speakers al ong
t he way.

4. Route sel ection process between EVPN and ot her | SF SAFls

A PE may receive an I P Prefix sinmultaneously from EVPN and anot her

| SF SAFI, e.g. SAFlI 128 or 1, fromthe same or different BGP

nei ghbor. In addition, a router may receive the same | P Prefix (host
route) simultaneously froman EVPN RT-5 and a RT-2. A route selection
al gorithm across EVPN and other |ISF SAFls is needed so that:

o Different Gateway and Conposite PEs have a consistent and
deterministic view on how to reach a given Prefix.

0 Prefixes advertised in EVPN and other |ISF SAFls can be conpared

based on path attributes comonly used by operators across
net wor ks.
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0o Equal Cost Multi-Path (ECMP) is all owed across EVPN and ot her |SF
SAFI routes.

For a given prefix advertised in one or nore non-EVPN | SF SAFls, the
BGP best path selection procedure will produce a set of "non-EVPN
best paths". For a given prefix advertised in the EVPN | SF SAFI, the
BGP best path selection procedure will produce a set of "EVPN best
pat hs". To support |IP/EVPN interworking, it is then necessary to run
a tie-breaking selection algorithmon the union of these two sets.
This tie-breaking algorithmbegins by considering all EVPN and ot her
| SF SAFI routes, equally preferable routes to the sane destination
and then selects routes to be renoved from consi deration. The process
term nates as soon as only one route remains in consideration

The route selection algorithmnust renobve from consideration the
routes following the rules and the order defined in [ RFC4271], with
the follow ng exceptions and in the foll ow ng order:

1- I'mediately after renoving fromconsideration all routes that are
not tied for having the highest Local Preference, any routes that
do not have the shortest D-PATH are al so renpoved from
consi deration. Routes with no D-PATH are considered to have a
zero-1l ength D PATH.

2- Then regul ar [RFC4271] selection criteria is foll owed.

3- At the end of the selection algorithm if at |east one route stil
under consideration is an RT-2 route, renpve from consi deration
any RT-5 routes.

4- Steps 1-3 could possibly | eave Equal Cost Milti-Path (ECVWP)
between I P and EVPN paths. By default, the EVPN path is considered
(and the IP path renoved from consi deration). However, if ECWP
across | SF SAFls is enabled by policy, and an "IP path" and an
"EVPN path" remain at the end of step 3, both path types will be
used.

Exanple 1 - PE1l receives the following routes for 1P1/32, that are
candidate to be inported in | P-VRF-1:

{ SAFI =EVPN, RT-2, Local - Pref=100, AS-Path=(100, 200)}
{SAFI =EVPN, RT-5, Local -Pref=100, AS-Path=(100, 200)}
{ SAFI =128, Local - Pref=100, AS-Pat h=(100, 200)}

Sel ected route: {SAFI=EVPN, RT-2, Local-Pref=100, AS-Path=100, 200]
(due to step 3, and no ECWP)
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Exanple 2 - PE1l receives the following routes for 1 P2/24, that are
candidate to be inported in |IP-VRF-1:

{ SAFI =EVPN, RT-5, D- PATH=(6500: 3: 1 PVPN), AS- Path=(100, 200),
MED=10}
{ SAFI =128, D- PATH=(6500: 1: EVPN, 6500: 2: | PVPN), AS- Pat h=(200),
MED=200}

Sel ected route: {SAFI=EVPN, RT-5, D PATH=(6500: 3:1PVPN), AS-
Pat h=( 100, 200), MeED=10} (due to step 1)

5. Loop Prevention

The D-PATH attribute (see section 3) is used to prevent loops in
i nterworki ng PE networks. For instance, in the exanple of Figure 4,
Gateway GM receives TS1 Prefix in two different updates:

o In an EVPN RT-5 with next-hop PE1l and no D PATH attri bute.

0 In a SAFlI 128 route with next-hop GA2 and D- PATH = (6500: 1: EVPN),
assuning that DOVAIN-ID for Domain 1 is 6500: 1.

Gateway GM flags the SAFI 128 route as a | oop, and does not re-
advertise it to the EVPN nei ghbors since the route includes the GAL' s
| ocal Dormai n.

In general, any Interworking PE that inports a Prefix route MIUST fl ag
the route as "looped"” if its D PATH contai ns a <DOVAI N

| D: | SF_SAFI _TYPE> segnent, where DOVAIN-ID matches a | ocal DOVAIN-1D
in the tenant |P-VRF.

6. BGP Path Attribute Propagation Across |ISF SAFIs
The followi ng nodes of operation are defined on the Gateway PEs.
6. 1. No-Propagati on- Mbde

This is the default node of operation. In this node, the Gateway PE
will sinply re-initialize the Path Attributes when re-advertising a
route to a different SAFlI, as though it would for direct or |ocal |P-
Prefixes. This nodel nay be enough in those use-cases where the EVPN
Domain is considered an "abstracted" CE and renote |PVPN I P PEs don’t
need to consider the original EVPN Attributes for path cal cul ations.

However, since this node of operation does not propagate the D PATH

attribute either, redundant Gateway PEs are exposed to routing | oops.
Those | oops nmay be resol ved by policies and the use of other
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attributes, such as the Route Origin extended community [ RFC4360],
however not all the |oop situations may be sol ved.

6. 2. Uniform Propagati on- Mbde

In this node, the Gateway PE sinply keeps accunul ati ng or mappi ng
certain key commonly used Path Attributes when re-advertising routes
to a different 1 SF SAFI. This node is typically used in networks
where EVPN and | PVPN SAFls are used seam essly to distribute IP
Prefixes.

The follow ng rules MIST be observed by the Gateway PE when
propagating Path Attri butes:

0 The Gateway PE inports the routes in the I P-VRF and stores the
original Path Attributes. The followi ng set of Path Attributes
SHOULD be propagated by the Gateway PE to other |SF SAFls (other
Path Attributes SHOULD NOT be propagated):

- AS_PATH

- D PATH

- IBGP-only Path Attributes: LOCAL_PREF, ORI G NATOR ID, CLUSTER ID

- MED

- AIGP

- Conmunities, (non-EVPN) Extended Comrunities and Large
Communi ti es

o0 When re-advertising a route to a different | SF SAFl and | BGP peer
the Gateway PE SHOULD copy the AS_PATH of the originating famly
and add it to the destination fanily without any nodification. Wen
re-advertising to a different | SF SAFI and EBGP peer, the Gateway
PE SHOULD copy the AS PATH of the originating famly and prepend
the IP-VRF s AS before sending the route.

o When re-advertising a route to | BGP peers, the Gateway PE SHOULD
copy the IBGP-only Path Attributes fromthe originating SAFl to the
re-advertised route.

o0 Conmunities, non-EVPN Extended Conmmunities and Large Communities
SHOULD be copied by the Gateway PE fromthe originating SAFl route.

6. 3. Aggregation of Host Routes and Path Attribute Propagation

This section will be addressed in future revisions of the docunent.
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7. Conposite PE Procedures

As described in Section 2, a Conposite PE is def

Cct ober 25, 2017

ined as an

Interworking PE where the sane IP Prefix is advertised nultiple tines

to the sanme BGP peer,

but using EVPN and anot her

| SF SAFI .

Conposite

PEs are typically used in tenant networks where EVPN and | PVPN are
both used to provide inter-subnet-forwarding within the sanme tenant

Donai n.

Figure 6 depicts an exanple of a tenant Donain.

As defined in section

2, two PEs are in the sane Domain if they are attached to the sane

tenant and the traffic forwardi ng between them does not
data path I P lookup (in the tenant space)

require any

in any internediate router.

PE1/ PE2/ PE4A are Conposite PEs (they support EVPN and | PVPN | SFs on

their peering to the Route Reflector), and PE3 is a regul ar | PVPN PE.
The four PEs belong to the sane Donain.
o m e e +
I I
| MPLS | PVPN PE3
[ Net wor k Fome - + | P3/ 24
| IPVPN [ +------ + +---+
| +emmm - > | I P-VRF| ------ | CE3
Conposite PE1 | | +------ + Feo ¥
B + | S +
| Fommm - + | EVPN % |
[ [IP-VRF| | IPVPN  +--+ |
| -] | ] o<---e- > | R |
-+ || R + | +- -+ Conposi te PE4
| CE2| - - - - | MAC- VRF| | AL oo + | P4/ 24
+---+ | o m oo - + | EVPN | | EVPN |+ ------ +---+
R I + IPVPN| | IPVYWPN ||IP-VRF|----- | CE4
[ [ B L e S| +------ + | +---+
| P1/24 | | % e +
+---+ | T + |
| CE1] --+ +----] R e, E S SR +
+- -+ | [ I P-VRF| |
| |-l |
| ] e + |
T | MAC- VRF| [
| e ]
oo +
Composi te PE2
Figure 6 Conposite PE exanple
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In a Domain with Conposite and regul ar PEs:

0 The Conposite PEs advertise the same |IP Prefixes in each | SF SAFI
to the RR For exanple, the prefix IP1/24 is advertised by PEl and
PE2 to the RRin tw separate NLRI's, one for AFI/SAFI 1/128 and
anot her one for EVPN

0 The RR does not forward EVPN routes to PE3 (since the RR does not
have the EVPN SAFl enabled on its BGP session to PE3), whereas the
I PVPN routes are forwarded to all the PEs.

0 PE3 receives only the IPVPN route for |P1/24 and resol ves the BGP
next-hop to an MPLS tunnel (with |IP payload) to PE1 and/or PE2

0 Conposite PE4 receives |P1l/24 encoded in EVPN and anot her | SF SAFI
route (EVPN RT-5 and I PVPN). The route selection follows the
procedures in section 4. Assunming an EVPN route is selected, PE4
resol ves the BGP next-hop to an MPLS tunnel (with Ethernet or IP
payl oad) to PE1 and/or PE2. As described in section 2, two EVPN PEs
may use tunnels with Ethernet or |IP payloads to connect their |P-
VRFs, depending on the [|IP-PREFI X] nodel inplemented. If some
attributes are nodified so that the route sel ection process
(section 4) results in PE4 selecting the | PVPN path instead of the
EVPN pat h, the operator should be aware that the EVPN advanced
forwarding features, e.g. recursive resolution to overlay indexes,
will be lost for PE4.

0 The other Conposite PEs (PE1 and PE2) receive also the sane IP
Prefix via EVPN and | PVYPN SAFls and they also follow the route
sel ection in section 4.

o When a given route has been selected as the route for a particul ar
packet, the transm ssion of the packet is done according to the
rules for that route’s AFI/ SAFI

olt is inportant to note that in mxed networks, such as the one in
Figure 6, the EVPN advanced forwarding features will only be
avail abl e to Conmposite and EVPN PEs (assumi ng they select an RT-5
to forward packets for a given IP Prefix), and not to | PVPN PEs.
For exanple, assumng PEl sends I1P1/24 in an EVPN and an | PVPN
route and the EVPN route is the best one in the selection, the
recursive resolution of the EVPN RT-5s can only be used in PE2 and
PE4 (Conposite PEs), and not in PE3 (IPVPN PE). As a consequence of
this, the indirection provided by the RT5 s recursive resolution
and its benefits in a scaled network, will not be available in all
the PEs in the network.
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Gat eway PE Procedures

Section 2 defines a Gateway PE as an Interworking PE that advertises
IP Prefixes to different BGP peers, using EVPN to one BGP peer and
anot her | SF SAFlI to another BGP peer. Exanples of Gateway PEs are
Data Center Gateways connecting Donains that make use of EVPN and
other I SF SAFls for a given tenant. Figure 7 illustrates this use-
case, in which PE1 and PE2 (and PE3/PE4) are Gateway PEs

i nterconnecting Domains for the same tenant.

<----BEVPN----> S I PVPN- - ------- > <----BEVPN---->
6500: 1: EVPN 6500: 2: | PVPN 6500: 3: EVPN
<DOVAI N- | D: | SF_SAFI _TYPE>
e +
Gat eway PE1 Gat eway PE3
Fommme e aa - + Fommme e aa - +
Fo-mm-a oo - F------ + | MLStnls |[+------ N e +
| [ |1 P-VRF| | [ |1 P-VRF| | |
PE5 | +------ + | +------ + PEG6
------ + e e +o---- -+
[ 1P-VRF| NVO tnls | [ | | NVOtnls |IP-VRF
I I (. I I
------ + L L +----- -4
| P1/ 24--> | +------ + [ +------ + |
| | |1 P-VRF| | | |1 P-VRF| | |
S | +------ + | +------ N e +
Fomm oo + Fomm oo +
Gat eway PE2 t------ + Gat eway PE4
o - | 1P-VRF| --------- +
I I
Foemm - +
PE7

Figure 7 Gateway PE exanple
The Gateway PE procedures are described as foll ows:

0 A Gateway PE that inports an | SF SAFI-x route to prefix Pin an |IP-
VRF, MUST export P in |ISF SAFl-y if:

1. Pisinstalled in the I P-VRF (hence the SAFl-x route is the best
one for P) and

2. PE has a BGP peer for SAFI-y (enabled for the same | P-VRF) and

3. Either x or y is EVPN
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In the exanple of Figure 7, Gateway PE1 and PE2 receive an EVPN
RT-5 with IP1/24, install the prefix in the IP-VRF and re-
advertise it using SAFl 128.

0 | SF SAFI routes advertised by a Gateway PE MJUST include a D PATH
attribute, so that |oops can be detected in renote Gateway PEs.
When a Gateway PE re-advertises an IP Prefix between EVPN and
anot her | SF SAFI, it MJST prepend a <DOVAI N-1D: | SF_SAFI _TYPE> to
the received D-PATH attri bute. The DOMAIN-I1D and | SF_SAFI _TYPE
fields refer to the Domain over which the Gateway PE received the
IP Prefix. If the received IP Prefix route did not include any D
PATH attribute, the Gateway | P MUST add the D PATH when re-
advertising. The D-PATH in this case will have only one segnent on
the list, the <DOVAI N-1D: | SF_SAFI _TYPE> of the received route.

In the exanple of Figure 7, Gateway PE1l/PE2 receive the EVPN RT-5
with no D-PATH attribute since the route is originated at PE5.
Therefore PE1 and PE2 will add the D PATH attri bute including
<DOMAI N- | D: | SF_SAFI _TYPE> = <6500: 1: EVPN>. Gat eways PE3/PE4 wi | |
re-adverti se the route again, now prepending their <DOVAI N-

| D: | SF_SAFI _TYPE> = <6500: 2: | PVPN>. PE6 receives the EVPN RT-5
routes with D PATH = {<6500: 2: | PVPN>, <6500: 1: EVPN>} and can use
that information to nake BGP path deci sions.

0 The Gateway PE MAY use the route-distinguisher of the IP-VRF to re-
advertise IP Prefixes in EVPN or the other |SF SAFI.

0 The | abel allocation used by each Gateway PE is a | ocal
i mpl ementation natter. The | P-VRF advertising IP Prefixes for EVPN
and anot her | SF SAFlI may use a | abel per-VRF, per-prefix, etc.

0 The Gateway PE MUST be able to use the sane or different set of
route-targets per |ISF SAFl on the sane IP-VRF. In particular, if
different Domains use different set of route-targets for the sane
tenant, the Gateway PE MJUST be able to inport and export routes
with the different sets.

0o Even though Figure 7 only shows two Domai ns per Gateway PE, the
Gat eway PEs may be connected to nore than two Domai ns.

0 There is no limtation of Gateway PEs that a given IP Prefix can
pass through until it reaches a given PE

olt is worth noting that an I P-Prefix that was originated in an EVPN
Domain but traversed a different |SF SAFI Domain, will |ose EVPN-
specific attributes that are used in advanced EVPN procedures. For
exanple, even if PEl advertises |P1/24 along with a given non-zero
ESI (for recursive resolution to that ESI), when PE6 receives the
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|P-Prefix in an EVPN route, the ESI value will be zero. This is
because the route traverses an | SF SAFl Donmin that is different
t han EVPN.

9. Interworking Use-Cases

Wil e Interwrking PE networks may well be simlar to the exanpl es
described in sections 7 and 8, in some cases a conbination of both
functions may be required. Figure 8 illustrates an exanple where the
Gat eway PEs are al so Conposite PEs, since not only they need to re-
advertise | P Prefixes fromEVPN routes to another |SF SAFI routes,
but they also need to interwork with IPVYPN-only PEs in a Domain with
a m x of Conposite and | PVPN-only PEs.

e +
I I
[ MPLS | PVPN PE3
| Net wor k e +
| | PVPN | +------ +
| e - >/ | I P-VRF| ---TS3
(GW-Conposi te) PEL | | +------ +
T + | S Ry +
[ R + | EVPN v [
| [T P+VRF| | [TPVPN  +-++ |
|-l | ] o< > | RR |
e | ] +o----- + | +--+ Composi te PE4
[ | | MAGHVRF| [ non Fomemmm- - +
| | +------- + | EVPN | | EVPN | +------ + |
+---- R + IPVPN | | IPVPN ||IP-VRF|---TS4
TS1-| NVEL| | e R SRR T >l 4------ + |
+--- -+ | Vv Fomm - oo - - +
[ EVPN DC [ LR + [
| NVO tnls  +----]| R R e +
| | | I P+VRF| |
| | -] ||
| | ] ke +
| ot | | MAC+VRF| |
oo NVE2| - oo | e o
-t T +

(GW-Conposi te) PE2

Figure 8 Gateway and Conposite conbined functions - exanple

In the exanpl e above, PE1 and PE2 MJST foll ow the procedures
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10.

11.

12.

described in sections 7 and 8. Conpared to section 8 PEl and PE2 now
need to al so re-advertise prefixes fromEVPN to EVPN, in addition to
re-advertising prefixes fromEVPN to | PVPN.

Concl usi on

Thi s docunment describes the procedures required in PEs that use EVPN
and anot her Inter-Subnet-Forwarding SAFI to inport and export IP
Prefixes for a given tenant. In particular, this docunment defines

0 Aroute selection algorithmso that a PE can deternine what path to
choose between EVPN paths and ot her | SF SAFI pat hs.

0 A new BGP Path attribute called D PATH t hat provides | oop
protection and visibility on the Donmains a particul ar route has
traversed

0 The way Path attributes should be propagated between EVPN and
anot her | SF SAFI .

0 The procedures that nust be followed on I nterworking PEs that
behave as Conposite PEs, Gateway PEs or a conbination of both.

The above procedures provide an operator with the required tools to
build large tenant networks that nay span multiple domains, use
different 1SF SAFIs to handle IP Prefixes, in a determ nistic way and
with routing | oop protection.

Conventions used in this docunent

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].

In this docurment, these words will appear with that interpretation
only when in ALL CAPS. Lower case uses of these words are not to be
interpreted as carrying RFC- 2119 significance.

In this docunent, the characters ">>" preceding an indented |ine(s)
i ndi cates a conpliance requirenent statenment using the key words
|listed above. This convention aids reviewers in quickly identifying

or finding the explicit conpliance requirenments of this RFC
Security Considerations

This section will be added in future versions.
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13.

14.

14.

14.

15.

16.

| ANA Consi der ati ons

Thi s docunment defines a new BGP path attribute known as the BGP
Domain Path (D-PATH) attribute and requests | ANA to assign a new
attribute code type fromthe BGP Path Attributes registry.
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