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Status of this Memo

   This Internet-Draft is submitted to IETF in full conformance with the
   provisions of BCP 78 and BCP 79.

   Internet-Drafts are working documents of the Internet Engineering
   Task Force (IETF), its areas, and its working groups.  Note that
   other groups may also distribute working documents as Internet-
   Drafts.

   Internet-Drafts are draft documents valid for a maximum of six months
   and may be updated, replaced, or obsoleted by other documents at any
   time.  It is inappropriate to use Internet-Drafts as reference
   material or to cite them other than as "work in progress."

   The list of current Internet-Drafts can be accessed at
http://www.ietf.org/ietf/1id-abstracts.txt.

   The list of Internet-Draft Shadow Directories can be accessed at
http://www.ietf.org/shadow.html.

   This Internet-Draft will expire on January, 2011.

Abstract

   This document provides a solution to extend LDP signaling to set up
   and maintain Point-to-Multipoint MultiSegment Pseudowire (P2MP MS-
   PW). The P2MP PW described in this draft is constructed by multiple
   unidirectional PW segments. Such an extension of existing point to
   point Pseudowire is made necessary by new applications. The document
   only deals with the leaf-initiated P2MP PW setup and maintenance. The
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   processing for setting up a P2MP MS-PW is based on the same as MLDP
   for P2MP LSP setup.

Conventions used in this document

The key words "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT",
"SHOULD", "SHOULD NOT", "RECOMMENDED", "MAY", and "OPTIONAL" in this
document are to be interpreted as described in [RFC2119].
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1. Terminology

   This document uses acronyms and terminologies defined in [RFC5036],
   [RFC3985], [P2MP PW REQ] and [RFC5254].

2. Preliminary Notes

   The current version of the document does not cover:

   - The mechanism for the leaves to discover the P2MP PW FEC
   identifying the P2MP MS-PW, out of the scope of this document.

   - The P2MP PW Upstream Label Assignment required when the underlying
   layer is a P2MP LSP. This document describes LDP extensions for
   setting up P2MP MS-PW where the PW segments are supported over P2P
   PSN tunnels.

3. Introduction

   [P2MP PW REQ] describes a set of requirements for setting up a P2MP
   PW setup. In the MS-PW architecture, the underlying layer which
   supports a PW segment belonging to the PW tree may be either a
   unidirectional P2P or a P2MP PSN tunnel.

   Note that a P2MP PW is optionally bidirectional [P2MP PW REQ]. This
   version of the document does dot cover the return path from leaf to
   root, this point will be addressed in a next version.

   This document describes LDP extensions for setting up P2MP MS-PW
   where the PW segments are supported over P2P PSN tunnels.

   For that purpose the P2MP PW FEC element is reused from [ROOT INIT
   P2MP PW] to encode MS-PW parameters. The procedures for setting up a
   P2MP MS-PW are very similar with LDP mechanisms for setting P2MP LSP
   [MLDP], where hops are here S-PEs and T-PEs. Therefore a leaf can
   join the tree by sending a Label Map associated to this FEC towards
   the root.

4. P2MP MS-PW Reference Model

   Figure 1 describes the P2MP MS-PW reference model which is derived
   from [P2MP PW REQ] to support P2MP emulated services.

https://datatracker.ietf.org/doc/html/rfc5036
https://datatracker.ietf.org/doc/html/rfc3985
https://datatracker.ietf.org/doc/html/rfc5254
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                  |<-----------P2MP MS-PW------------>|
          Native  |       P2P             P2P         |  Native
         Service  |    |<-PSN1-->|     |<-PSN2-->|    |  Service
          (AC)    V    V tunnels V     V tunnels V    V   (AC)
            |     +----+         +-----+         +----+     |
            |     |T-PE|         |S-PE1|=========|T-PE|     |     +----+
            |     |  1 |         |  .......PW3......2.|-----------|CE2 |
            |     |    |=========|  .  |=========|    |     |     +----+
            |     | .......PW1.......  |         +----+     |
            |     | .  |=========|  .  |         +----+     |
            |     | .  |         |  .  |=========|T-PE|     |     +----+
            |     | .  |         |  .......PW4......3.|-----------|CE3 |
   +----+   |     | .  |         |     |=========|    |     |     +----+
   |CE1 |---------|..  |         +-----+         +----+     |
   +----+   |     | .  |         +-----+         +----+     |
            |     | .  |         |S-PE2|=========|T-PE|     |     +----+
            |     | .  |         |  .......PW5......4.|-----------|CE4 |
            |     | .  |         |  .  |=========|    |     |     +----+
            |     | .  |=========|  .  |         +----+     |
            |     | .......PW2.......            +----+     |
            |     |    |=========|  .  |=========|T-PE|     |     +----+
            |     |    |         |  .......PW6......5.|-----------|CE5 |
            |     |    |         |     |=========|    |     |     +----+
            |     +----+         +-----+         +----+     |

         Figure 1 P2MP MS-PW over P2P PSN tunnels Reference Model

   Figure 1 describes the P2MP MS-PW reference model which is derived
   from [P2MP PW REQ] where the PW segments are supported over
   individual P2P PSN tunnels. Here in a P2MP MS-PW configuration the S-
   PE is responsible for switching a MS-PW from one input unidirectional
   P2P segment to one or several output unidirectional P2P segments at
   PW layer level.

   Referring to Figure 1, T-PE1 is the Ingress T-PE and T-PE2, T-PE3, T-
   PE4 and T-PE5 are the Egress T-PEs. The S-PE S-PE1 and S-PE2 play the
   role of branch S-PE since they are in charge of switching the input
   unidirectional P2P PW1 and the unidirectional P2P PW2 segment to
   respectively the output unidirectional P2P PW3,4 and the output
   unidirectional P2P PW5,6 segments. For example, packets received from
   unidirectional P2P PW1 will replicate to unidirectional P2P PW3 and
   PW4 at PW layer level.

   Note that a P2MP MS-PW may obviously transit through more than one S-
   PE along its path.
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5. MPLS-PW to MPLS-PW Replication

   Referencing Figure 1, PDUs are replicated to the Pseudowire segments
   at the PW label level. Hence the data plane does not need any special
   knowledge of the specific PW type. A simple standard MPLS label swap
   operation is sufficient to connect the PW segments. However when
   pushing a new PSN label the TTL SHOULD be set to 255, or some other
   locally configured fixed value. This process can be repeated as many
   times as necessary, the only limitation to the number of S-PEs
   traversed is imposed by the TTL field of the PW MPLS Label. The
   setting of the TTL of the PW MPLS label is a matter of local policy
   on the originating PE, but SHOULD be set to 255 except OAM packet.

6. Overview of the P2MP MS-PW Setup

   The P2MP MS-PW setup relies on the use of the P2MP PW FEC Element
   defined also in [ROOT INIT P2MP PW]. The solution aims at setting up
   a unidirectional P2MP MS-PW.

   The principle proposed here relies on a leaf-initiated P2MP MS-PW
   setup. In the proposed approach the leaf is assumed to know the P2MP
   PW FEC which contains the source AII address and the VPN ID (AGI).
   The procedure used for the P2MP PW FEC discovery by the leaves is out
   of scope of this document.

   The document describes the solution to setup the P2MP MS-PW in the
   case the PW segments are supported individually over a P2P PSN
   tunnel. After a negotiation procedure between Ingress T-PE/S-PE and
   S-PE/Egress T-PEs to verify their P2MP PW FEC capability, the Egress
   T-PE sends a Label Map to its upstream PE selected to reach the SAII
   specified in the P2MP PW FEC. At turn the S-PE carries on the
   signalling procedure by sending if required a new Label Map towards
   its next hop to reach the source SAII. In the MS-PW architecture, the
   hop consists either in a branch S-PE or the Ingress T-PE. Each PE
   receiving the P2MP FEC installs a forwarding state to map traffic
   into the P2MP MS-PW.

   The definition of PW Type, C bit, PW Info Length, AGI, SAII, and
   Optional Parameters are same as defined in [ROOT INIT P2MP PW].

7. LDP S-PE TLV

   The S-PE TLV defined in [SEGMENT MS-PW] can also be applied for P2MP
   MS-PW. PW loop detection will be performed by S-PE which is same as
   [SEGMENT MS-PW], by using Sub-TLV of Local IP address of S-PE. When
   egress PE sends notification to ingress PE to indicate PW status,
   each S-PE on the path to ingress PE SHOULD append S-PE TLV with local



   IP address to LDP notification message, which allows the Root T-PE to
   build the P2MP MS-PW topology.
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8. Configuration

   After configuring on each T-PE the attached AIIs, it is assumed that
   all the PEs (Ingress/Egress T-PEs and all S-PEs) maintain an AII PW
   routing table which gives for each AII as entry the "next hop" to
   reach that AII. This AII routing table can be filled manually or
   updated dynamically by means of some extended routing protocol like
   proposed in [DYN MS-PW]. The construction of the table is out of
   scope of the present document.

   Each PE relies on its AII PW routing table to select the next hop PE
   (S-PE or T-PE) to reach a given AII.

   The target-LDP session between T-PE and S-PE, or two S-PEs should be
   configured automatically or manually. The P2MP MS-PW signaling
   message should be transmitted over this target-LDP session.

9. Capability Negotiation Procedure

   For the dynamic LDP protocol, the capability negotiation the solution
   MUST follow the PW Status Capability advertisement mechanism
   described in [ROOT INIT P2MP PW].

   The PEs belonging to a given P2MP MS-PW MUST support the P2MP PW FEC
   Element used by LDP to setup the P2MP MS-PW.

10. Signaling for P2MP MS-PW with dynamic S-PE routing

   The following defines the rules for the processing and propagation of
   the P2MP FEC Element for the Leaf-initiated P2MP MS-PW setup. The
   following notation is derived from [MLDP] and is used in the
   processing rules:

   1.  P2MP PW FEC Element <X, Y>: a FEC Element with SAII X, AGI Y.

   2.  P2MP PW Label Map <X, Y, L>: a Label Map message with a FEC TLV
   with a single P2MP PW FEC Element <X, Y> and Label TLV with label L.

   3.  P2MP PW Label Withdraw <X, Y,L>: a Label Withdraw message with a
   FEC TLV with a single P2MP PW FEC Element <X, Y> and Label TLV with
   label L.

   4.  P2MP MS-PW <X, Y> (or simply <X, Y>): a P2MP MS-PW with SAII X
   and AGI Y.



   5.  The notation L' -> {<I1, L1> <I2, L2> ..., <In, Ln>} on branch S-
   PE S means that on receiving a packet with label L', S makes n copies
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   of the packet.  For copy i of the packet, S swaps L' with Li and
   sends it out over interface Ii.

   The procedures below are organized by the role which the PE plays in
   the P2MP MS-PW. T-PE Z knows that it is an Egress T-PE by a discovery
   process which is outside the scope of this document. A T-PE is
   defined as an Egress T-PE if one or several leaf AIIs are configured.
   During the course of protocol operation, the Ingress T-PE recognizes
   its role because it owns the SAII of the PW tree.

10.1. Label Map

   The following lists procedures for generating and processing P2MP
   Label Map messages for PEs participating in a P2MP MS-PW.

   For the approach described here we use downstream assigned labels.

10.1.1. Determining one's 'upstream PE'

   For the case of P2MP MS-PW with dynamic S-PE routing, a a PE Z that
   is part of P2MP MS-PW <X, Y> determines the T-LDP peer U which lies
   on the best path from Z to the SAII. The path selection is achieved
   by means of looking up the AII PW routing table.  U is Z's "Upstream
   PE" for <X, Y>.

10.1.2. Egress T-PE Operation

   An Egress T-PE Z of P2MP MS-PW <X, Y> determines its upstream PE U
   for <X, Y>, allocates a label L, and sends a P2MP PW Label Map <X, Y,
   L> to U.

10.1.3. Branch S-PE Operation

   Suppose a branch S-PE Z receives a P2MP PW Label Map <X, Y, L> from
   LDP peer T. Z checks whether it already has state for <X, Y>.  If
   not, Z allocates a label L', and installs state to swap L' with L
   over interface I associated with peer T. Z also determines its
   upstream PE U for <X, Y> and sends a P2MP PW Label Map <X, Y, L'> to
   U.

   If Z already has state for <X, Y>, then Z does not send a Label Map
   message for P2MP MS-PW <X, Y>.  All that Z needs to do in this case
   is to update its forwarding state.  Assuming its old forwarding state
   was L'-> {<I1, L1> <I2, L2> ..., <In, Ln>}, its new forwarding state
   becomes L'-> {<I1, L1> <I2, L2> ..., <In, Ln>, <I, L>}.

10.1.4. Ingress T-PE Operation



   Suppose the Ingress T-PE Z receives a P2MP Label Map <X, Y, L> from
   peer T. Z checks whether it already has forwarding state for <X, Y>.
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   If not, Z creates forwarding state to push label L onto the traffic
   that Z wants to forward over the P2MP MS-PW.

   If Z already has forwarding state for <X, Y>, then Z adds "push label
   L, send over interface I" to the nexthop, where I is the interface
   associated with peer T.

10.2. Label Withdraw

   The following lists procedures for generating and processing P2MP PW
   Label Withdraw messages for PEs that participate in a P2MP MS-PW.

10.2.1. Egress T-PE Operation

   If an Egress T-PE Z discovers that it has no longer leaves AII
   belonging to the P2MP MS-PW, it SHOULD send a P2MP PW Label Withdraw
   <X, Y, L> to its upstream PE U for <X, Y>, where L is the label it
   had previously advertised to U for <X, Y>.

10.2.2. Branch S-PE Operation

   If a branch S-PE Z receives a P2MP PW Label Withdraw message <X, Y,
   L> from a node W, it deletes label L from its forwarding state, and
   sends a P2MP PW Label Release message with label L to W.

   If deleting L from Z's forwarding state for P2MP MS-PW <X, Y> results
   in no state remaining for <X, Y>, then Z propagates the P2MP PW Label
   Withdraw for <X, Y>, to its upstream T, by sending a P2MP PW Label
   Withdraw <X, Y, L1> where L1 is the label Z had previously advertised
   to T for <X, Y>.

10.2.3. Ingress T-PE Operation

   The procedure when the Ingress T-PE of a P2MP MS-PW receives a P2MP
   PW Label Withdraw message are the same as for branch S-PE, except
   that it would not propagate the P2MP PW Label Withdraw upstream (as
   it has no upstream).

10.2.4. Upstream PE Change

   If, for a given PE Z participating in a P2MP MS-PW <X, Y>, the
   upstream PE changes, say from U to U', then Z MUST update its
   forwarding state by deleting the state for label L, allocating a new
   label, L', for <X,Y>, and installing the forwarding state for L'. In
   addition Z MUST send a P2MP PW Label Map <X, Y, L'> to U' and send a
   P2MP PW Label Withdraw <X, Y, L> to U.



11. Security Considerations

   This section will be added in a future version.
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12. IANA Considerations

   This draft does not define any new protocol element, and hence does
   not require any IANA action.
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