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Abst r act
An Asynchronous Transfer Mde (ATM Pseudowire (PW is used to carry
ATM cel | s over an MPLS network. This enables service providers to
of fer "enul at ed" ATM services over existing MPLS networks. This
docunent specifies nmethods for the encapsulation of ATMcells within

a pseudowire. It also specifies the procedures for using a PWto
provi de an ATM servi ce.
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1. Introduction

Packet Switched Networks (PSNs) have the potential to reduce the
conplexity of a service provider’'s infrastructure by allow ng
virtually any existing digital service to be supported over a single
networking infrastructure. The benefit of this nodel to a service
provider is threefold:

-i. Leveraging of the existing systens and services to provide
i ncreased capacity from a packet-sw tched core.

-ii. Preserving existing network operational processes and
procedures used to nmmintain the | egacy services.

-iii. Using the commopn packet-sw tched network infrastructure to
support both the core capacity requirenments of existing
services and the requirenents of new services supported
natively over the packet-sw tched network.

Thi s docunent describes a method to carry ATM services over MPLS. It
lists ATM specific requirenents and provi des encapsul ati on formats
and semantics for connecting ATM edge networks through a packet -

swi tched network using MPLS.

Figure 1, below, displays the ATM services reference nodel. This
nodel is adapted from[RFC3985].

<----- Pseudowire ----- >

| <-- PSN Tunnel -->

ATM Service V V V V ATM Service
R p— R p—

Fom - -+ | | PE]_l ::::::::::::::::::l PE2| | Fom - -+
| [---------- [ PWL............. [---------- | |
| CE1| I I I I I I | CE2 |
| [---------- [ PV, ............ [---------- | |
oo+ | | | ::::::::::::::::::l | | oo+

A +----+ S | N

| Provi der Edge 1 Provi der Edge 2 |

I I

| <-----c--ee---- Emul ated Service ---------------- >
Cust oner Cust oner
Edge 1 Edge 2

Figure 1: ATM Servi ce Reference Mde
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2.

Speci fication of Requirenents

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 [RFC2119].

Applicability Statenent

The ATM over PWservice is not intended to perfectly emulate a
traditional ATM service, but it can be used for applications that
need an ATM transport service.

The following are notable differences between traditional ATM service
and the protocol described in this docunent:

- ATM cell ordering can be preserved using the OPTI ONAL sequence
field in the control word; however, inplenentations are not
required to support this feature. The use of this feature may
i mpact other ATM quality of service (QS) conmitnents.

- The QoS nodel for traditional ATM can be enul ated. However, the
detail ed specification of ATM QoS enul ation is outside the scope
of this docunent. The emrul ation nust be able to provide the
requi red ATM QoS commitnents for the end-user application.

- The ATM fl ow control nechani sns are transparent to the MPLS
network and cannot reflect the status of the MPLS network.

- Control plane support for ATM SVCs, SVPs, SPVCs, and SPVPs is
out side the scope of this docunent.

Note that the encapsul ations described in this specification are
identical to those described in [Y.1411] and [Y. 1412].

Ter m nol ogy

One-to-one node: specifies an encapsul ation nethod that maps one ATM
Virtual Channel Connection (VCC) (or one ATM Virtual Path Connection
(VPC)) to one pseudowi re.

N-to-one node (N >= 1): specifies an encapsul ati on nmethod that maps
one or nore ATM VCCs (or one or nore ATM VPCs) to one pseudow re.

Packet - Swi t ched Network (PSN): an IP or MPLS networKk.
Pseudowi re Emul ati on Edge to Edge (PWE3): a nechani smthat enul ates

the essential attributes of a service (such as a Tl | eased line or
Frame Rel ay) over a PSN.
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Custonmer Edge (CE): a device where one end of a service originates
and/or term nates. The CEis not aware that it is using an enul ated
service rather than a native service.

Provi der Edge (PE): a device that provides PW3 to a CE.

Pseudowire (PW: a connection between two PEs carried over a PSN.
The PE provides the adaptati on between the CE and the PW

Pseudowi re PDU:. a PDU sent on the PWthat contains all of the data
and control information necessary to provide the desired service.

PSN Tunnel: a tunnel inside which nultiple PW can be nested so that
they are transparent to core PSN devices.

PSN Bound: the traffic direction where information froma CE is
adapted to a PW and PWPDUs are sent into the PSN

CE Bound: the traffic direction where PWPDUs are recei ved on a PW
fromthe PSN, re-converted back in the enmul ated service, and sent out
to a CE

I ngress: the point where the ATM service is encapsulated into a
pseudowi re PDU (ATMto PSN direction).

Egress: the point where the ATM service is decapsul ated froma
pseudowi re PDU (PSN to ATM direction).

CTD: Cell Transfer Del ay.

MIU: Maxi mum Transmi ssion Unit.

SDU. Service Data Unit.

OAM Operations And Mai nt enance.

PVC. Permanent Virtual Connection. An ATM connection that is
provi sioned via a network nanagenment interface. The connection is

not signal ed.

VCC. Virtual Crcuit Connection. An ATM connection that is sw tched
based on the cell header’s VCl.

VPC: Virtual Path Connection. An ATM connection that is sw tched
based on the cell header’s VPI.

Addi tional term nology rel evant to pseudow res and Layer 2 Virtual
Private Networking (L2VPN) in general may be found in [ RFC4026].
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5.

5.

1.

CGeneral Encapsul ati on Met hod

This section describes the general encapsul ation format for ATM over
PSN pseudowi res.

0 1 2 3
01234567890123456789012345678901
s S S i I S R R e h T Tk e S S S o T S
| PSN Transport Header (As Required) |
B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S
| Pseudow r e Header |
B T s i I S e i S i i S S e S
| ATM Control Word |
s S S i I S R R e h T Tk e S S S o T S
| ATM Servi ce Payl oad |
B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S

Figure 2: General format for ATM encapsul ati on over PSNs

The PSN Transport Header depends on the particular tunneling
technology in use. This header is used to transport the encapsul ated
ATM i nformati on t hrough the packet-sw tched core.

The Pseudowi re Header identifies a particular ATM service on a
tunnel. 1In case of MPLS, the pseudowi re header is one or nore MPLS
| abel s at the bottom of the MPLS | abel stack.

The ATM Control Wird is inserted before the ATM service payl oad. It
may contain a |l ength and sequence nunber in addition to certain
control bhits needed to carry the service.

The Control Wrd

The Control Wrds defined in this section are based on the Generic PW
MPLS Control Word as defined in [RFC4385]. They provide the ability
to sequence individual franes on the PW avoi dance of equal - cost

mul ti pl e- path | oad-bal anci ng (ECMP) [ RFC2992], and OAM nechani sns

i ncl udi ng VCCV [ VCCV].

[ RFC4385] states, "If a PWis sensitive to packet misordering and is
being carried over an MPLS PSN that uses the contents of the MPLS
payl oad to select the ECMP path, it MJST enpl oy a nmechani sm which
prevents packet msordering." This is necessary because ECWP

i mpl enentati ons may exam ne the first nibble after the MPLS | abel
stack to determ ne whether or not the | abelled packet is IP. Thus,
if the VPI of an ATM connection carried over the PWusing Nto-one
cell mpode encapsul ation, wi thout a control word present, begins with
0Ox4 or 0Ox6, it could be mstaken for an IPv4 or |1Pv6 packet. This
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coul d, depending on the configuration and topol ogy of the MPLS
network, lead to a situation where all packets for a given PWdo not
follow the sane path. This may increase out-of-order franes on a

gi ven PW or cause OAM packets to follow a different path than actua
traffic (see section 4.4.3 on Franme Ordering).

The features that the control word provides may not be needed for a
given ATM PW For exanple, ECMP may not be present or active on a

gi ven MPLS network, strict frane sequencing may not be required, etc.
If this is the case, and the control word is not REQU RED by the
encapsul ati on node for other functions (such as length or the
transport of ATM protocol specific information), the control word
provides little value and is therefore OPTIONAL. Early ATM PW

i mpl enent ati ons have been depl oyed that do not include a control word
or the ability to process one if present. To aid in backwards
conpatibility, future inplementati ons MIUST be able to send and
receive frames without a control word present.

In all cases, the egress PE MJST be aware of whether the ingress PE
will send a control word over a specific PW This may be achi eved by
configuration of the PEs, or by signaling, as defined in [ RFC4447].

If the pseudowire traverses a network link that requires a mni num
frane size (Ethernet is a practical exanple), with a mninmmfrane
size of 64 octets, then such links will apply padding to the
pseudowire PDU to reach its mnimumfrane size. |In this case, the
control word nust include a length field set to the PDU length. A
mechanismis required for the egress PE to detect and renove such
paddi ng.

5.1.1. The Generic Control Word
This control word is used in the foll owi ng encapsul ati on nodes:

- ATM One-to-one Cell Mbde
- AAL5 PDU Frane Mde

The PWE3 control word docunent [RFC4385] provides the follow ng
structure for the generic control word:

0 1 2 3
01234567890123456789012345678901
s S S o T i i S S i (i

|0 0 0 O] Speci fied by PW Encapsul ati on
R Rt i i i i e T I I S S S R i e S R e e i s o
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The detailed structure for the ATM One-to-one Cell Mde and for the
AAL5 PDU Frane Mbde is as fol |l ows:

0 1 2 3
01234567890123456789012345678901
B T s i I S e i S i i S S e S

|0 0 0 0] Resvd | Sequence Number | ATM Specific
s S S i I S R R e h T Tk e S S S o T S

In the above diagram the first 4 bits MJIST be set to 0 to indicate
PWdata. They MUST be ignored by the receiving PE

The next four bits are reserved and MJST be set to 0O upon
transm ssion and ignored upon reception

The next 16 bits provide a sequence nunber that can be used to
guar ant ee ordered packet delivery. The processing of the sequence
nunber field is OPTI ONAL

The sequence numnber space is a 16-bit, unsigned circular space. The
sequence nunber value 0 is used to indicate that the sequence nunber
check algorithmis not used.

The last 8 bits provide space for carrying ATMspecific flags. These
are defined in the protocol -specific details bel ow

There is no requirenent for a length field for the One-to-one Cel

and PDU Frame nodes because the PSN PDU is al ways greater than 64

bytes; therefore, no padding is applied in Ethernet links in the PSN
5.1.2. The Preferred Control Wrd

This control word is used in the foll owi ng encapsul ati on nodes:

- ATM N-to-one Cell Mode
- AAL5 SDU Frane Mde

It is defined as foll ows:

0 1 2 3
01234567890123456789012345678901
B T s i I S e i S i i S S e S

|0 0 0 0] Flags | Res| Length | Sequence Number
s S S i I S R R e h T Tk e S S S o T S

In the above diagram the first 4 bits MJIST be set to 0 to indicate
PWdata. They MUST be ignored by the receiving PE
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The next 4 bits provide space for carrying protocol -specific flags.
These are defined in the protocol -specific details bel ow

The next 6 bits provide a length field, which is used as follows: If
the packet’s length (defined as the length of the |ayer 2 payl oad
plus the length of the control word) is | ess than 64 bytes, the
length field MUST be set to the packet’s length. Oherw se, the
length field MUST be set to zero. The value of the length field, if
non-zero, can be used to renove any padding. Wen the packet reaches
the service provider’s egress router, it may be desirable to renove
the paddi ng before forwarding the packet. Note that the length field
is not used in the N-to-one nbde and MJUST be set to O.

The last 16 bits provide a sequence nunber that can be used to
guar ant ee ordered packet delivery. The processing of the sequence
nunber field is OPTI ONAL

The sequence nunber space is a 16-bit, unsigned circul ar space. The
sequence nunber value 0 is used to indicate that the sequence nunber
check algorithmis not used.

5.1.3. Setting the Sequence Number Field in the Control Wrd

This section applies to the sequence nunber field of both the Generic
and Preferred Control Wrds.

For a given enulated VC and a pair of routers PE1l and PE2, if PE1l
supports packet sequencing, then the sequenci ng procedures defined in
[ RFC4385] MUST be used.

Packets that are received out of order MAY be dropped or reordered at
the discretion of the receiver.

A sinmpl e extension of the processing algorithmin [ RFC4385] MAY be
used to detect |ost packets.

If a PE router negotiated not to use receive sequence nunber
processing, and it received a non-zero sequence nunber, then it
SHOULD send a PW status nmessage indicating a receive fault and
di sabl e the PW

5.2. MU Requirenents

The network MJST be configured with an MU that is sufficient to
transport the | argest encapsulation franes. |If MPLS is used as the
tunneling protocol, for example, this is likely to be 12 or nore
bytes greater than the |argest frame size. Qher tunneling protocols
may have | onger headers and require larger MIUs. |f the ingress
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router determ nes that an encapsul ated | ayer 2 PDU exceeds the MU of
the tunnel through which it nust be sent, the PDU MJUST be dropped.

If an egress router receives an encapsul ated | ayer 2 PDU whose

payl oad length (i.e., the length of the PDU itself wi thout any of the
encapsul ati on headers) exceeds the MIU of the destination |ayer 2
interface, the PDU MJUST be dropped.

5.3. MPLS Shim S Bit Val ue

The ingress | abel switching router (LSR), PE1, MJST set the S bit of
the PWlabel to a value of 1 to denote that the VC |label is at the
bottom of the stack. For nore information on setting the S Bit, see
[ RFC3032] .

5.4. MPLS Shim TTL Val ues

The setting of the TTL value in the PWIlabel is application
dependent. In any case, [RFC3032] TTL processing procedure,
i ncl udi ng handling of expired TTLs, MJST be foll owed.

6. Encapsul ation Mode Applicability

Thi s docunent defines two nmethods for encapsul ation of ATM cells,
nanel y, One-to-one node and N-to-one node.

The N-to-one node (N >= 1) specifies an encapsul ati on net hod t hat
maps one or nore ATM VCCs (or one or nore ATM VPCs) to one
pseudowire. This is the only REQU RED node. One format is used for
both the VCC or VPC mapping to the tunnel. The 4-octet ATM header is
unaltered in the encapsul ation; thus, the VPI/VCl is always present.
Cells fromone or nore VCCs (or one or nore VPCs) may be

concat enat ed.

The One-to-one nmode specifies an encapsul ati on nmethod that nmaps one
ATM VCC or one ATM VPC to one pseudowire. For VCCs, the VPI/VCl is
not included. For VPCs, the VPI is not included. Cells fromone VCC
or one VPC may be concatenated. This nbde is OPTI ONAL.

Furthernore, different OPTI ONAL encapsul ations are supported for ATM
AAL5 transport: one for ATM AAL5 SDUs, and another for ATM AAL5 PDUs.

Three depl oyment nodels are supported by the encapsul ati ons descri bed
in this docunent:

-i. Single ATM Connection: A PWcarries the cells of only one
ATM VCC or VPC. This supports both the transport of
mul ti service ATM and L2VPN service over a PSN for all AAL
types.
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-ii. Multiple ATM Connections: A PWcarries the cells of nultiple
ATM VCCs and/or VPCs. This also supports both the transport
of multiservice ATM and L2VPN service over a PSN for all AAL

types.

-iii. AALS: A PWcarries the AALS frames of only one ATM VCC. A
| arge proportion of the data carried on ATM networks is
frane based and therefore uses AALS5. The AAL5 mappi ng takes
advant age of the delineation of higher-layer frames in the
ATM | ayer to provide increased bandw dth efficiency conpared
with the basic cell mapping. The nature of the service, as
defined by the ATM service category [ TMA. 0] or the ATM
transfer capability [I.371], should be preserved.

6.1. ATM N-to-One Cell Mode

Thi s encapsul ati on supports both the Single and Miltiple ATM
Connection depl oynent nodels. This encapsulation is REQU RED

The encapsul ation allows multiple VCCs/VPCs to be carried within a
singl e pseudowi re. However, a service provider nay wi sh to provision
a single VCCto a pseudowire in order to satisfy QoS or restoration
requi renents.

The encapsul ation al so supports the binding of multiple VCCs/VPCs to
a single pseudowire. This capability is useful in order to make nore
efficient use of the PWdemnultipl exi ng header space as well as to
ease provisioning of the VCCO VPC services.

In the sinplest case, this encapsulation can be used to transnit a
single ATM cell per PSN PDU. However, in order to provide better PSN
bandwi dt h efficiency, several ATMcells may optionally be

encapsul ated in a single PSN PDU. This process is called cel

concat enati on.

The encapsul ation has the follow ng attributes:
-i. Supports all ATM Adaptation Layer Types.
-ii. Non-term nating OQAM Admi n cells are transported anong the
user cells in the sane order as they are received. This

requi renent enabl es the use of various performance
nmanagenent and security applications.
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In order to gain transport efficiency on the PSN, nultiple
cells may be encapsulated in a single PWPDU. This process
is called cell concatenation. How many cells to insert or
how long to wait for cell arrival before sending a PWPDU is
an inplementation decision. Cell concatenation adds | atency
and delay variation to a cell relay service.

The CLP bit fromeach cell nay be mapped to a corresponding
marki ng on the PWPDU. This allows the drop precedence to
be preserved across the PSN

If the Single ATM connecti on depl oynment nodel is used, then
it is sinpler to provide an ATM | ayer service. The nature
of the service, as defined by the ATM servi ce category
[TMA. 0] or ATMtransfer capability [I.371], should be
preserved.

The Iimtations of the ATM N-to-one cell encapsul ation are:

-Vi .

-vii.

- Vi

Martini,

There is no currently defined nethod to translate the
forward congestion indication (EFCI) to a correspondi ng
function in the PSN. Nor is there a way to translate PSN
congestion to the EFCI upon transm ssion by the egress PE.

The ATM cell header checksum can detect a 2-bit error or
detect and correct a single-bit error in the cell header.
Anal ogous functionality does not exist in nbst PSNs. A
single bit error in a PWPDU will nost |ikely cause the
packet to be dropped due to an L2 Frame Check Sequence (FCS)
failure.

Cells can be concatenated frommultiple VCCs or VPCs

bel onging to different service categories and QoS
requirenents. In this case, the PSN packet nust receive
treatment by the PSN to support the highest QoS of the ATM
VCCs/ VPCs carri ed.

Cel | encapsul ation only supports point-to-point Label
Swi tched Paths (LSPs). Miltipoint-to-point and point-to-
mul ti-point are for further study (FFS).

The nunber of concatenated ATMcells is limted by the MU
size and the cell transfer delay (CTD) and cell delay
variation (CDV) objectives of multiple ATM connecti ons t hat
are multiplexed into a single PW
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6.

6.

2.

3.

ATM One-to-One Cell Encapsul ation

Thi s OPTI ONAL encapsul ati on supports the Single ATM Connecti on
depl oyrment nodel .

Li ke the N-to-one cell encapsul ati on node, the One-to-one node
supports cell concatenation. The advantage of this encapsulation is
that it utilizes |ess bandwi dth that the N-to-one encapsul ation, for
a given nunber of concatenated cells. Since only one ATM VCC or VPC
is carried on a PW the VCI and/or VPl of the ATM VCC or VPC can be
derived fromthe context of the PWusing the PWIlabel. These fields
therefore do not need to be encapsulated for a VCC, and only the VC
needs to be encapsul ated for a VPC. This encapsulation thus all ows
service providers to achieve a higher bandw dth efficiency on PSN
links than the N-to-one encapsul ation for a given nunber of

concat enated cel | s.

The Iimtations vi, vii, ix, and x of N-to-one node apply.
AAL5 SDU Frame Encapsul ation

Thi s OPTI ONAL encapsul ati on supports the AAL5 model. This node
allows the transport of ATM AAL5 CSPS-SDUs traveling on a particul ar
ATM PVC across the network to another ATM PVC. This encapsulation is
used by a PWof type 0x0002 "ATM AAL5 SDU VCC transport" as all ocated
i n [ RFC4446] .

The AAL5 SDU encapsul ation is nore efficient for small AAL5 SDUs t han
the VCC cell encapsulations. 1In turn, it presents a nore efficient
alternative to the cell relay service when carrying [ RFC2684] -
encapsul ated | P PDUs across a PSN

The AAL5- SDU encapsul ati on requires Segmentation and Reassenbly (SAR)
on the PE-CE ATMinterface. This SAR function is provided by conmon
of f-the-shel f hardware conponents. Once reassenbled, the AAL5-SDU is
carried via a pseudowire to the egress PE. Herein |ies another
advant age of the AAL5-SDU encapsul ati on.

The Iimtations of the AAL5 SDU encapsul ati on are:

-i. If an ATM QAMcel |l is received at the ingress PE, it is sent
before the cells of the surrounding AAL5 frane. Therefore,
OAM cel | reordering nay occur, which may cause certain ATM
OAM per formance nonitoring and ATM security applications to
operate incorrectly.
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If the ALL5 PDU is scranbl ed using ATM security standards, a
PE will not be able to extract the ALL5 SDU, and therefore
the whole PDU will be dropped.

The AAL5 PDU CRC is not transported across the PSN. The CRC
nust therefore be regenerated at the egress PE since the CRC
has end-to-end significance in ATM security. This neans
that the AAL5 CRC may not be used to accurately check for
errors on the end-to-end ATM VCC.

The Length of AAL5 frane may exceed the MIU of the PSN
This requires fragnentation, which nay not be available to
all nodes at the PWendpoint.

Thi s node does not preserve the value of the CLP bit for
every ATMcell within an AAL5 PDU. Therefore, transparency
of the CLP setting may be violated. Additionally, tagging
of some cells may occur when tagging is not allowed by the
conformance definition [ TMA. O].

Thi s node does not preserve the EFClI state for every ATM
cell within an AAL5 PDU. Therefore, transparency of the
EFCI state may be viol at ed.

6.4. AAL5 PDU Frame Encapsul ation

Thi s OPTI ONAL encapsul ati on supports the AAL5 nodel .

The primary application supported by AAL5 PDU frame encapsul ation
over PSN is the transparent carriage of ATM | ayer services that use
AAL5 to carry higher-layer frames. The nmain advantage of this AALS
node is that it is transparent to ATM OAM and ATM security
applications.

One inmportant consideration is to allow CQAMinformation to be treated
as in the original network. This encapsul ation node allows this
transparency while performng AALS franme encapsul ation. This node
supports fragnmentation, which nmay be perfornmed in order to nmaintain
the position of the OAMcells with respect to the user cells.

Fragmentation may al so be performed to maintain the size of the
packet carrying the AAL5 PDU within the MIU of the link

Fragmentation provides a neans for the PE to set the size of the PW
packet to a different value than that of the original AAL5 PDU. This
nmeans that the PE has control on the delay and jitter provided to the
ATM cel | s.

Martini, et al. St andards Track [ Page 14]



RFC 4717 Encapsul ati on for ATM over MPLS December 2006

7.

7.

The whol e AAL5-PDU is encapsulated. In this case, all necessary
paraneters, such as CPCS-UU (CPCS User-to-User indicator), CPI
(Common Part Indicator), Length (Length of the CPCS-SDU) and CRC
(Cyclic Redundancy Check), are transported as part of the payl oad.
Note that carrying of the full PDU also allows the sinplification of
the fragnentation operation since it is performed at cell boundaries
and the CRCin the trailer of the AAL5 PDU can be used to check the
integrity of the PDU.

Reassenbly is not required at the egress PE for the PSN-to- ATM
direction.

The Iimtations v and vi of the AAL5 SDU node apply to this npde as
wel | .

ATM OAM Cel | Support
1. VCC Case

I n general, when configured for ATM VCC service, both PEs SHOULD act
as a VC switch, in accordance with the OAM procedures defined in
[1.610].

The PEs SHOULD be able to pass the following OAM cells transparently:

- F5 AlarmIndication Signhal (A'S) (segnent and end-to-end)
- F5 Renote Defect Indicator (RDI) (segment and end-to-end)
- F5 | oopback (segment and end-t o-end)

- Resource Managenent

- Performance Managenent

- Continuity Check

- Security

However, if configured to be an adninistrative segnment boundary, the
PE SHOULD terni nate and process F5 segnment OAM cel | s.

FA4 OAM cells are inserted or extracted at the VP |link term nation.
These OAM cells are not seen at the VC link term nation and are
therefore not sent across the PSN.

VWen the PE is operating in AALS5 CPCS-SDU transport node if it does
not support transport of ATMcells, the PE MJST discard i ncom ng MPLS
frames on an ATM PWthat contain a PWIlabel with the T bit set.

Martini, et al. St andards Track [ Page 15]



RFC 4717 Encapsul ati on for ATM over MPLS December 2006

7.2. VPC Case

When configured for a VPC cell relay service, both PEs SHOULD act as
a VP cross-connect in accordance with the OAM procedures defined in
[1.610].

The PEs SHOULD be able to process and pass the following OQAM cel | s
transparently according to [|.610]:

- F4 AIS (segnment and end-t o-end)
- F4 RDI (segment and end-t o-end)
- F4 | oopback (segnment and end-to-end)

However, if configured to be an adninistrative segnment boundary, the
PE SHOULD terni nate and process F4 segnent QOAM cel | s.

F5 OAM are not inserted or extracted here. The PEs MJST be able to
pass the following OAMcells transparently:

- F5 AI'S (segnment and end-to-end)

- F5 RDI (segnent and end-to-end)

- F5 | oopback (segment and end-t o-end)
- Resource Managenent

- Performance Managenent

- Continuity Check

- Security

The OAM cell MAY be encapsul ated together with other user data cells
if multiple cell encapsulation is used.

7.3. SDU PDU OAM Cel | Emul ati on Mde

A PE operating in ATM SDU or PDU transport node that does not support
transport of OAM cells across a PW MAY provi de OAM support on ATM
PVCs using the foll ow ng procedures:

- Loopback cells response

If an F5 end-to-end OQAM cell is received froman ATM VC, by
either PE that is transporting this ATM VC, with a | oopback

i ndi cation value of 1, and the PE has a | abel mapping for the ATM
VC, then the PE MUST decrenent the | oopback indication value and

| oop back the cell on the ATMVC. Oherw se, the | oopback cel
MJST be di scarded by the PE
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Al'S al arm

If an ingress PE, PEl, receives an AIS F4/F5 OAMcel |, it MJST
notify the renote PE of the failure. The renote PE, PE2, MJST in
turn send F5 OAM AIS cells on the respective PVCs. Note that if
the PE supports forwarding of OAM cells, then the received OAM
AlS alarmcells MJUST be forwarded al ong the PWas wel | .

Interface failure

If the PE detects a physical interface failure, or the interface
is adm nistratively disabled, the PE MJST notify the renote PE
for all VCs associated with the failure.

PSN PW fai l ure detection

If the PE detects a failure in the PW by receiving a | abel
withdraw for a specific PWID, or the targeted Label Distribution
Protocol (LDP) session fails, or a PWstatus TLV notification is
received, then a proper AIS F5 OAM cell MJST be generated for all
the affected ATM PVCs. The AIS OAM alarmwi || be generated on
the ATM out put port of the PE that detected the failure.

7.4. Defect Handling
Figure 3 illustrates four possible |ocations for defects on the PWE3
servi ce:
- (a) On the ATM connection from CE to PE
- (b) On the ATM side of the PW
- (c) On the PSN side of the PE
- (d) In the PSN
F--- -+ F--- -+
-+ | PE]_l ::::::::::::::::::l PE2| -+
| |---a------ |b..c........ PWL d......... [---------- |
| CE1] | | | | | CE2 |
| [---------- [ PW2............. [---------- | |
F-- -+ | | ::::::::::::::::::l | F-- -+
N +----+ oo+ S
| Provi der Edge 1 Provi der Edge 2 |
| |
| <----mmmmeea - Emul ated Service ---------------- >|
Cust oner Cust oner
Edge 1 Edge 2

Figure 3: Defect Locations
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For failures at (a) or (b), in the VPC case, the ingress PE MJST be
able to generate an F4 AI'S upon reception of a | ower-|ayer defect
(such as LOS). 1In the VCC case, the ingress PE SHOULD be able to
generate an F5 Al S upon reception of a corresponding F4 Al'S or

| ower -1 ayer defect (such as LOS). These nessages are sent across the
PSN.

For failures at (c) or (d), in the VCC case, the egress PE SHOULD be
able to generate an F5 AI'S based on a PSN failure (such as a PSN
tunnel failure or LOS on the PSN port). |In the VPC case, the egress
PE SHOULD be able to generate an F4 Al S based on a PSN failure (such
as a PSN tunnel failure or LGS on the PSN port).

If the ingress PE cannot support the generation of OAMcells, it MAY
notify the egress PE using a pseudow re-specific nmaintenance

mechani sm such as the PWstatus nmessage defined in [ RFC4447].

Al ternatively, for example, the ingress PE MAY wi t hdraw the
pseudowire (PW I abel) |abel associated with the service. Upon

recei ving such a notification, the egress PE SHOULD generate the
appropriate F4 AIS (for VPC) or F5 AIS (for VCC).

If the PWin one direction fails, then the conplete bidirectional
service is considered to have fail ed.

8. ATM N-to-One Cell Mode

The N-to-one node (N >= 1) described in this document allows a
service provider to offer an ATM PVC- or SVC-based service across a
network. The encapsul ation allows multiple ATM VCCs or VPCs to be
carried within a single PSN tunnel. A service provider may al so use
N-to-one node to provision either one VCC or one VPC on a tunnel.
This section defines the VCC and VPC cell relay services over a PSN
and their applicability.
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8.1. ATM N-to-One Service Encapsul ation

This section describes the general encapsul ation format for ATM over
PSN pseudowi res.

0 1 2 3
01234567890123456789012345678901
s S S i I S R R e h T Tk e S S S o T S
| PSN Transport Header (As Required) |
B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S
| pseudow r e Header |
B T s i I S e i S i i S S e S
|0 O 0 0] Flags | Res| Length | Sequence Number |
s S S i I S R R e h T Tk e S S S o T S
| ATM Servi ce Payl oad |
B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S

Figure 4. General format for ATM encapsul ati on over PSNs

The PSN Transport Header depends on the particular tunneling
technology in use. This header is used to transport the encapsul ated
ATM i nformati on t hrough the packet-sw tched core.

The Pseudowi re Header identifies a particular ATM service on a
tunnel . Non- ATM services nay al so be carried on the PSN tunnel.

As shown above, in Figure 4, the ATM Control Wrd is inserted before
the ATM service payload. It nmay contain a length field and a
sequence nunber field in addition to certain control bits needed to
carry the service.

The ATM Service Payload is specific to the service being offered via
the pseudowire. It is defined in the follow ng sections.

In this encapsul ation node, ATMcells are transported individually.
The encapsul ation of a single ATMcell is the only REQU RED
encapsul ati on for ATM The encapsul ation of nore than one ATM cell
in a PSN frame is OPTI ONAL.

The ATM cell encapsul ati on consists of an OPTI ONAL control word and
one or nore ATM cells, each consisting of a 4-byte ATM cell header
and the 48-byte ATM cell payload. This ATMcell header is defined as
in the FAST encapsul ation [ FBATM section 3.1.1, but wthout the
trailer byte. The Iength of each frane, w thout the encapsul ation
headers, is a multiple of 52 bytes. The maxi mum nunber of ATM cells
that can be fitted in a frame, in this fashion, is linted only by
the network MIU and by the ability of the egress router to process
them The ingress router MJUST NOT send nore cells than the egress
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router is willing to receive. The nunber of cells that the egress
router is willing to receive may either be configured in the ingress
router or be signaled, for exanple using the nmethods described | ater
in this document and in [RFC4447]. The nunber of cells encapsul at ed
in a particular frame can be inferred by the frame length. The
control word is OPTIONAL. |If the control word is used, then the flag
and length bits in the control word are not used. These bits MJST be
set to 0 when transmitting, and MJST be ignored upon receipt.

The EFCI and CLP bits are carried across the network in the ATM cel
header. The edge routers that inplenent this document MAY, when

ei ther adding or renoving the encapsul ati on descri bed herein, change
the EFCl bit fromzero to one in order to reflect congestion in the
network that is known to the edge router, and change the CLP bit from
zero to one in order to reflect marking from edge policing of the ATM
Sustained Cell Rate. The EFCI and CLP bits SHOULD NOT be changed
fromone to zero

This diagramillustrates an encapsul ation of two ATM cel | s:

0 1 2 3
01234567890123456789012345678901
B s i S i I i S S S i i
| Control word ( Optional )
i L S i A S i N S i SRR S
| VPI | VCl | PTI | C
T S i T T i S S S S S
ATM Payl oad ( 48 bytes )

+———— +

|

|

|

|

T oI T i I S s St S SRS S
| VPI | VC | PTI | C
I T i S S T S S i S Su SN St

|
|
|
|
+-

-+
ATM Payl oad ( 48 bytes )

. |
|
|

R o i e S S et T T S S e e il st st SR R T R R

Figure 5: Miltiple Cell ATM Encapsul ation

* When nmultiple VCCs or VPCs are transported in one pseudowi re,
VPI /VCl val ues MJUST be uni que. Wen the multiple VCCs or VPCs
are fromdifferent a physical transmi ssion path, it may be
necessary to assign unique VPI/VCl values to the ATM connecti ons.
If they are fromthe same physical transm ssion path, the VPI/VC
val ues are uni que.
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9.

9.

* VPI

The ingress router MUST copy the VPI field fromthe i ncom ng cell
into this field. For particular enulated VCs, the egress router
MAY generate a new VPl and ignore the VPl contained in this
field.

* VC

The ingress router MJUST copy the VCI field fromthe i ncom ng ATM
cell header into this field. For particular enulated VCs, the
egress router MAY generate a new VCl.

* PTI & CLP (C bit)

The PTI and CLP fields are the PTI and CLP fields of the incom ng
ATM cells. The cell headers of the cells within the packet are
the ATM headers (w t hout Header Error Check (HEC) field) of the

i ncom ng cell.

ATM One-to-One Cell Mode

The One-to-one node described in this docunent allows a service
provider to offer an ATM PVC- or SVC based service across a network.
The encapsul ation all ows one ATM VCC or VPC to be carried within a
singl e pseudowi re.

1. ATM One-to-One Service Encapsul ation

This section describes the general encapsulation format for ATM over
pseudowi res on an MPLS PSN. Figure 6 provides a general format for
encapsul ation of ATM cells into packets.

0 1 2 3

01234567890123456789012345678901
B T s i I S e i S i i S S e S
| PSN Transport Header (As Required) |
s S S i I S R R e h T Tk e S S S o T S
| Pseudow re Header |
B i aT T ST S O S it T ol STEE S U SR U S e O S S N S S
|0 0 0 O] Resvd | Opti onal Sequence Nunber | ATM Specific |
B T s i I S e i S i i S S e S
| ATM Servi ce Payl oad |
| |

A S S S e it e SEp S S S S S S S S

Figure 6: General format for One-to-one npde encapsul ati on over PSNs
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The MPLS PSN Transport Header depends on how the MPLS network is
configured. The Pseudowi re Header identifies a particular ATM
service within the PSN tunnel created by the PSN Transport Header.

This header is used to transport the encapsul ated ATM i nformati on
t hrough the packet-sw tched core.

The generic control word is inserted after the Pseudow re Header.
The presence of the control word i s REQUI RED.

The ATM Specific Header is inserted before the ATM service payl oad.
The ATM Specific Header contains control bits needed to carry the

service. These are defined in the ATM service descriptions bel ow.

The length of ATM Specific Header nmay not al ways be one octet. It
depends on the service type.

The ATM payl oad octet group is the payload of the service that is
bei ng encapsul at ed.

9.2. Sequence Nunber

The sequence number is not required for all services.

Treat ment of the sequence nunber is according to section 5.1.3.
9.3. ATMVCC Cell Transport Service

The VCC cell transport service is characterized by the mapping of a
single ATM VCC (VPI/VCl) to a pseudowire. This service is fully
transparent to the ATM Adaptati on Layer. The VCC single cell
transport service is OPTIONAL. This service MJST use the follow ng
encapsul ati on fornat:

0 1 2 3

01234567890123456789012345678901
B ol it I R S T et S i e e s s s sl o it SRR I TR Sl e T S I SR g
| PSN Transport Header (As Required) |
s S S i I S R R e h T Tk e S S S o T S
| Pseudow re Header |
B I i o SIS I I Y Y Y S T T T T N i S N S S il o S S I S
|0 O 0 O] Resvd | Optional Sequence Number | M V| Res| PTI |C
I i i it I I RIS R S I T R I R o i et it S I R R e e S R ik I

+
| |
ATM Cel | Payl oad ( 48 bytes ) |

|
+

I S T S S S s i S e i R i e i i

Figure 7: Single ATM VCC Cell Encapsul ation
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* M (transport node) bit

Bit (M of the control byte indicates whether the packet contains
an ATMcell or a frane payload. If set to O, the packet contains
an ATMcell. If set to 1, the PDU contains an AAL5 payl oad.

* V (VCl present) bit

Bit (V) of the control byte indicates whether the VCl fieldis
present in the packet. |If set to 1, the VO field is present for
the cell. If set to 0, no VCl field is present. 1In the case of
a VCC, the VCl field is not required. For VPC, the VC field is
required and is transnitted with each cell.

* Reserved bits

The reserved bits should be set to O at the transmtter and
i gnored upon reception.

* PTI Bits

The 3-bit Payl oad Type ldentifier (PTlI) incorporates ATM Layer
PTI coding of the cell. These bits are set to the value of the
PTI of the encapsul ated ATM cel | .

* C (CLP) Bit

The Cell Loss Priority (CLP) field indicates CLP value of the
encapsul ated cel I.

For increased transport efficiency, the ingress PE SHOULD be able to
encapsulate nultiple ATMcells into a pseudowire PDU.  The ingress
and egress PE MJUST agree to a maxi mum nunber of cells in a single
pseudowi re PDU. This agreenment may be acconplished via a

pseudow re-speci fic signaling mechanismor via static configuration.

When nmultiple cells are encapsulated in the same PSN packet, the

ATM speci fic byte MIUST be repeated for each cell. This neans that 49
bytes are used to encapsul ate each 53 byte ATMcel |.
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0 1 2 3

01234567890123456789012345678901
T T R i e e e e o S e SRR R
| PSN Transport Header (As Required) |
B s i S i I i S S S i i
| Pseudowi re Header |
e i S i e S e b ok S R SR e S
|0 O 0 0] Resvd | Optional Sequence Number | M V| Res| PTI |C
T e L o i i i o S R e e

+
| |
| ATM Cel | Payl oad ( 48 bytes ) |
| |
R T S S S T S T S T S
| M V| Res| PTI |C |
i S S e |
| ATM Cel | Payl oad ( 48 bytes ) |

| |

| s S T i T o g
I

+-

e T
Figure 8 Miltiple ATM VCC Cell Encapsul ation
9.4. ATM VPC Servi ces

The VPC service is defined by nmapping a single VPC (VPI) to a
pseudowi re. As such, it enulates a Virtual Path cross-connect across
the PSN. Al VCCs belonging to the VPC are carried transparently by
the VPC servi ce.

The egress PE nmay choose to apply a different VPl other than the one
that arrived at the ingress PE. The egress PE MJST choose the

out goi ng VPl based sol ely upon the pseudowi re header. As a VPC
service, the egress PE MJUST NOT change the VClI field.
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9.4.1. ATM VPC Cell Transport Services
The ATM VPC cel |l transport service is OPTI ONAL.
This service MJST use the follow ng cell node encapsul ati on:

0 1 2 3
01234567890123456789012345678901
T T R i e e e e o S e SRR R
| PSN Transport Header (As Required) |
B s i S i I i S S S i i
| Pseudowi re Header |
e i S i e S e b ok S R SR e S
|0 0 0 Of] Resvd | Optional Sequence Number | M V| Res| PTI |C
T e L o i i i o S R e e
| VCl |

e Ik T e s i oI N

+
|
|
ATM Cel | Payl oad ( 48 bytes ) |
|
+

|

|

|

| T S S e T S el NS S S
| |

T

Figure 9: Single Cell VPC Encapsul ation

The ATM control byte contains the same information as in the VCC
encapsul ati on except for the VC field.

* VCl Bits

The 16-bit Virtual Crcuit ldentifier (VCl) incorporates ATM
Layer VCl val ue of the cell.

For increased transport efficiency, the ingress PE SHOULD be able to
encapsulate multiple ATMcells into a pseudowire PDU. The ingress
and egress PE MJUST agree to a nmaxi mum nunber of cells in a single
pseudowi re PDU. This agreenent nmay be acconplished via a

pseudow re-speci fic signaling mechanismor via static configuration.

If the Egress PE supports cell concatenation, the ingress PE MJST
only concatenate cells up to the "Maxi mum Nunber of concatenated ATM
cells in a frame" interface paraneter sub-TLV as received as part of
the control protocol [RFC4447].

VWhen multiple ATM cells are encapsul ated in the sane PSN packet, the

ATM speci fic byte MIST be repeated for each cell. This nmeans that 51
bytes are used to encapsul ate each 53-byte ATMcell.
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0 1 2 3
01234567890123456789012345678901
T T R i e e e e o S e SRR R
| PSN Transport Header (As Required) |
B s i S i I i S S S i i
| Pseudowi re Header |
e i S i e S e b ok S R SR e S
|0 0 0 Of] Resvd | Optional Sequence Number | M V| Res| PTI |C
T e L o i i i o S R e e
| VCl |

e Ik T e s i oI N

| M V| Res| PTI |(C \VCl
T T S S i
\VCl |

|

|

|

| T T Sy i T o S S
|

+- -+
|

S S S

|

|

|

|

+-

+
I
|
ATM Cel | Payl oad (48 bytes) |
I
I
|
ATM Cel | Payl oad (48 bytes) |

I

S T ST S T wi o o S S S S S

R ok o NI N R
Figure 10: Miultiple Cell VPC Encapsul ation
10. ATM AAL5 CPCS- SDU Mbde

The AAL5 payl oad VCC service defines a mappi ng between the payl oad of
an AAL5 VCC and a single pseudowire. The AAL5 payl oad VCC service
requi res ATM segnentation and reassenbly support on the PE

The AAL5 payl oad CPCS-SDU service is OPTI ONAL.

Even the snmall est TCP packet requires two ATM cell s when sent over
AAL5 on a native ATM device. It is desirable to avoid this padding
on the pseudowire. Therefore, once the ingress PE reassenbles the
AAL5 CPCS-PDU, the PE discards the PAD and CPCS-PDU trailer, and then
the ingress PE inserts the resulting payload into a pseudow re PDU.

The egress PE MUST regenerate the PAD and trailer before transmtting
the AALS5 franme on the egress ATM port.

This service does allow the transport of OAM and RMcells, but it
does not attenpt to maintain the relative order of these cells with
respect to the cells that conprise the AAL5 CPCS-PDU. All QOAM cells,
regardl ess of their type, that arrive during the reassenbly of a
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10.

single AAL5 CPCS-PDU are sent imediately on the pseudow re using
N-to-one cell encapsul ation, foll owed by the AAL5 payl oad.

Therefore, the AAL5 payl oad VCC service will not be suitable for ATM
applications that require strict ordering of OQAM cells (such as
performance nmonitoring and security applications).

1. Transparent AAL5 SDU Frane Encapsul ation
The AAL5 CPCS-SDU is prepended by the foll owi ng header

0 1 2 3
01234567890123456789012345678901
s S S o T i i S S i (i

| Res |TIE CU Res| Length | Sequence Number (Optional)

R Rt i i i i e T I I S S S R i e S R e e i s o
| |
| |
| |
+- +

ATM cel | or AAL5 CPCS- SDU
B s o T o e S el ok i S i S e s st B T
Fi gure 11: AAL5 CPCS- SDU Encapsul ati on

The AAL5 payl oad service encapsul ation requires the ATM control word.
The Flag bits are described bel ow.

* Res (Reserved)

These bits are reserved and MJST be set to O upon transm ssion
and i gnored upon reception

* T (transport type) bit

Bit (T) of the control word indicates whether the packet contains
an ATM adm n cell or an AALS5 payload. |If T = 1, the packet
contains an ATM adm n cell, encapsul ated according to the N-to-
one cell relay encapsulation, Figure 4. If not set, the PDU
contai ns an AAL5 payload. The ability to transport an ATM cel

in the AAL5 SDU node is intended to provide a nmeans of enabling
adnmi ni strative functionality over the AAL5 VCC (though it does
not endeavor to preserve user-cell and adm n-cel

arrival/transport ordering).

* E (EFCl) Bit

The ingress router, PEl, SHOULD set this bit to 1 if the EFCl bit
of the final cell of those that transported the AAL5 CPCS-SDU i s
set to 1, or if the EFCl bit of the single ATMcell to be
transported in the packet is set to 1. Qherwise, this bit
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11.

11.

SHOULD be set to 0. The egress router, PE2, SHOULD set the EFC
bit of all cells that transport the AAL5 CPCS-SDU to the val ue
contained in this field.

* C (CLP) Bit

The ingress router, PEL, SHOULD set this bit to 1 if the CLP bit
of any of the ATMcells that transported the AAL5 CPCS-SDU is set
to 1, or if the CLP bit of the single ATMcell to be transported
in the packet is set to 1. Oherwise this bit SHOULD be set to

0. The egress router, PE2, SHOULD set the CLP bit of all cells

that transport the AAL5 CPCS-SDU to the value contained in this

field.

* U (Command/ Response Field) Bit

VWen FRF. 8.1 Frane Rel ay/ ATM PVC Servi ce | nterworking [ RFC3916]
traffic is being transported, the CPCS-UU Least Significant Bit
(LSB) of the AAL5 CPCS-PDU may contain the Frane Relay C/R bit.
The ingress router, PELl, SHOULD copy this bit to the Ubit of the
control word. The egress router, PE2, SHOULD copy the U bit to
the CPCS-UWU Least Significant Bit (LSB) of the AAL5 CPCS PDU.

AALS5 PDU Franme Mode
The AAL5 payl oad PDU service is OPTI ONAL.
1. Transparent AAL5 PDU Frane Encapsul ation

In this node, the ingress PE encapsul ates the entire CPCS-PDU
i ncluding the PAD and trailer.

Thi s node MAY support fragmentation procedures described in the
"Fragmentation" section below, in order to maintain OAM cel |
seqguenci ng.

Li ke the ATM AAL5 payl oad VCC service, the AAL5 transparent VCC
service is intended to be nore efficient than the VCC cell transport
service. However, the AAL5 transparent VCC service carries the
entire AAL5 CPCS-PDU, including the PAD and trailer. Note that the
AAL5 CPCS-PDU is not processed, i.e., an AALS5 frame with an invalid
CRC or length field will be transported. One reason for this is that
there may be a security agent that has scranbled the ATM cel |

payl oads that formthe AAL5 CPCS- PDU.

This service supports all OAMcell flows by using a fragnentation
procedure that ensures that OAM cells are not repositioned in respect
to AAL5 conposite cells.
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The AAL5 transparent VCC service is OPTI ONAL.

0 1 2 3
01234567890123456789012345678901
B s i S i I i S S S i i
| PSN Transport Header (As Required) |
I L S i I S it M DR S R i Sl M i
| Pseudow r e Header |
I s s i i i it S S S S it S
|0 0 0 0] Resvd | Opti onal Sequence Nunber IMV|] Res |U E C
B s i S i I i S S S i i
| " |
AAL5 CPCS- PDU |
(n * 48 bytes) |
\

T S T ik i S S i S S i s
Figure 12: AAL5 transparent service encapsul ation

The generic control word is inserted after the Pseudow re Header.
The presence of the control word i s MANDATORY.

The M V, Res, and C bits are as defined earlier for VCC One-to-one
cel | node.

* UBit

This field indicates whether this frame contains the |ast cell of
an AAL5 PDU and represents the value of the ATM User-to-User bit
for the last ATMcell of the PSN frane. Note: The ATM User-t o-
User bit is the least significant bit of the PTI field in the ATM
header. This field is used to support the fragnentation
functionality described later in this section.

* E (EFCl) bit

This field is used to convey the EFCI state of the ATM cells.
The EFClI state is indicated in the mddle bit of each ATMcell’s
PTI field.

ATMt 0o-PSN direction (ingress): The EFCI field of the control
byte is set to the EFCl state of the last cell of the AAL5 PDU or
AAL5 fragment.

PSN-t o- ATM direction (egress): The EFCl state of all constituent

cells of the AAL5 PDU or AAL5 fragment is set to the value of the
EFCl field in the control byte.
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* C (CLP) bit

This field is used to convey the cell loss priority of the ATM
cells.

ATMto-PSN direction (ingress): The CLP field of the control byte
is set to 1 if any of the constituent cells of the AAL5 PDU or
AALS5 fragment has its CLP bit set to 1; otherwise, this field is
set to O.

PSN-to- ATM direction (egress): The CLP bit of all constituent
cells for an AAL5 PDU or AAL5 fragnent is set to the value of the
CLP field in the control byte. The payl oad consists of the
re-assenbl ed AAL5 CPCS-PDU, including the AAL5 paddi ng and
trailer or the AAL5 fragnent.

2. Fragmentation

The ingress PE may not al ways be able to reassenble a full AAL5
frane. This may be because the AAL5 PDU exceeds the pseudowi re MIuU
or because OAM cells arrive during reassenbly of the AAL5 PDU. In
these cases, the AAL5 PDU shall be fragnented. |In addition,
fragmentation may be desirable to bound ATM cel |l del ay.

When fragnmentation occurs, the procedures described in the follow ng
subsecti ons shall be foll owed.

2.1. Procedures in the ATMto-PSN Direction
The foll owi ng procedures shall apply while fragmenting AALS5 PDUs:

- Fragnmentation shall always occur at cell boundaries within the
AAL5 PDU

- Set the UU bit to the value of the ATM User-to-User bit in the
cell header of the nost recently received ATM cel |

- The E and C bits of the fragnent shall be set as defined in
section 9.

- If the arriving cell is an QAM or an RMcell, send the current
PSN frane and then send the OAM or RM cell using One-to-one
single cell encapsul ation (VCQ
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2.2. Procedures in the PSN-to-ATM Di recti on
The foll owi ng procedures shall apply:

- The 3-bit PTI field of each ATM cell header is constructed as
foll ows:

-i. The most significant bit is set to 0, indicating a user data
celI.

-ii. The mddle bit is set to the E bit value of the fragment.

-iii. The least significant bit for the last ATMcell in the PSN
frame is set to the value of the UU bit of Figure 12.

-iv. The least significant PTlI bit is set to O for all other
cells in the PSN frame.

- The CLP bit of each ATM cell header is set to the value of the C
bit of the control byte in Figure 12.

- When a fragment is received, each constituent ATMcell is sent in
correct order.

Mappi ng of ATM and PSN Cl asses of Service

This section is provided for informational purposes, and for guidance
only. This section should not be considered part of the standard
proposed in this docunent.

When ATM PWservice is configured over a PSN, the ATM service
category of a connection SHOULD be mapped to a conpatible class of
service in the PSN network. A compatible class of service maintains
the integrity of the service end to end. For exanple, the CBR
service category SHOULD be mapped to a class of service with
stringent |oss and delay objectives. |If the PSN inplements the IP
Diffserv framework, a class of service based on the EF PHB is a good
candi dat e

Furthernore, ATM service categories have support for multiple
conformance definitions [TM4.0]. Sone are CLP blind (e.g., CBR),
nmeani ng that the QoS objectives apply to the aggregate CLPO+1
conforming cell flow Sone are CLP significant (e.g., VBR 3),
neani ng that the QoS objectives apply to the CLPO conform ng cel
flow only.

VWen the PSN i s MPLS based, a mapping between the CLP bit and the EXP
field can be perfornmed to provide visibility of the cell |oss
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priority in the MPLS network. The actual value to be marked in the
EXP field depends on the ATM service category, the ATM conformance
definition, and the type of tunnel LSP used (E-LSP or L-LSP). The
details of this mapping are outside the scope of this documnent.
Operators have the flexibility to design a specific mapping that
satisfies their own requirenents.

In both the ATMto-PSN and PSN-to- ATM directions, the method used to
transfer the CLP and EFCI information of the individual cells into
the ATMspecific field, or flags, of the PWpacket is described in
detail in sections 6 through 9 for each encapsul ati on node.

I LM Support

An MPLS edge PE MAY provide an ATM I ntegrated Local Management
Interface (ILM) to the ATM edge switch. [If an ingress PE receives
an | LM nmessage indicating that the ATM edge switch has deleted a VC,
or if the physical interface goes down, it MJST send a PWstatus
notification nessage for all PW associated with the failure. Wen a
PW | abel mapping is withdrawn, or PWstatus notification nmessage is
recei ved, the egress PE MJST notify its client of this failure by
deleting the VC using ILM.

ATM Specific Interface Parameter Sub-TLVs

The Interface paranmeter TLV is defined in [ RFC4447], and the | ANA
registry with initial values for interface paranmeter sub-TLV types is
defined in [ RFC4446], but the ATM PWspecific interface parameter is
specified as foll ows:

- 0x02 Maxi mum Nunber of concatenated ATM cel | s.

A 2-octet value specifying the maxi rum nunber of concatenated ATM
cells that can be processed as a single PDU by the egress PE. An
ingress PE transmitting concatenated cells on this PWcan
concatenate a nunber of cells up to the value of this paraneter,
but MJUST NOT exceed it. This paraneter is applicable only to PW
types 3, 9, 0x0a, Oxc, [RFC4446], and Oxd and is REQU RED for
these PWC types. This paranmeter does not need to match in both
directions of a specific PW

Congestion Contr ol

As explained in [ RFC3985], the PSN carrying the PWnmay be subject to
congestion, with congestion characteristics depending on PSN type,
network architecture, configuration, and |oading. During congestion
the PSN may exhi bit packet loss that will inpact the service carried
by the ATM PW In addition, since ATM PW carry a variety of
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services across the PSN, including but not restricted to TCP/IP, they
may or may not behave in a TCP-friendly manner prescribed by

[ RFC2914]. In the presence of services that reduce transm ssion
rate, ATM PW may thus consune nore than their fair share and in that
case SHOULD be halt ed.

Whenever possible, ATM PW shoul d be run over traffic-engi neered PSNs
provi di ng bandwi dth all ocati on and admi ssion control mechani sns.

I nt Serv- enabl ed domai ns providing the Guaranteed Service (GS) or

Di ffserv-enabl ed domai ns using EF (expedited forwarding) are exanples
of traffic-engineered PSNs. Such PSNs will mnimze | oss and del ay
whi | e providi ng sonme degree of isolation of the ATM PWs effects from
nei ghbori ng streans.

It should be noted that when transporting ATM Diffserv-enabl ed
domai ns may use AF (Assured Forwarding) and/or DF (Default
Forwardi ng) instead of EF, in order to place | ess burden on the
network and gain additional statistical nultiplexing advantage. In
particular, Table 1 of Appendix "V' in [ATM MPLS] contains a detail ed
mappi ng between ATM cl asses and Di ffserv cl asses.

The PEs SHOULD monitor for congestion (by using explicit congestion
notification, [VCCV], or by neasuring packet |loss) in order to ensure
that the service using the ATM PWmay be nmi ntai ned. Wen a PE
detects significant congestion while receiving the PWPDUs, the PE
MAY use RM cells for ABR connections to notify the renmote PE

If the PWhas been set up using the protocol defined in [RFC4447],
then procedures specified in [ RFC4447] for status notification can be
used to disable packet transm ssion on the ingress PE fromthe egress
PE. The PWmay be restarted by manual intervention, or by autonmatic
neans after an appropriate waiting tine.

Security Considerations

Thi s docunent specifies only encapsul ations, not the protocols used
to carry the encapsul ated packets across the PSN. Each such protoco
may have its own set of security issues [RFC4447][ RFC3985], but those
i ssues are not affected by the encapsul ati ons specified herein. Note
that the security of the transported ATM service will only be as good
as the security of the PSN. This |level of security mght be |ess

ri gorous than a native ATM service.
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