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2 References

The following documents contain provisions which, through reference in this text, constitute provisions of the present
document.

* References are either specific (identified by date of publication, edition number, version number, etc.) or
non-specific.

» For aspecific reference, subsequent revisions do not apply.

« For anon-specific reference, the latest version applies. 1n the case of areference to a 3GPP document (including
a GSM document), a non-specific reference implicitly refersto the latest version of that document in the same
Release as the present document.

[1] ITU-T Recommendation 1.432.2 (8/96): "ISDN User-Network interfaces, Layer 1
Recommendations, 155 520 kbit/s and 622 080 kbit/s operation”.

[2] ITU-T Recommendation 1.432.3 (8/96): "I SDN User-Network interfaces, Layer 1
Recommendations, 1544 kbit/s and 2048 kbit/s operation™.

[3] ITU-T Recommendation G.703 (10/98): "Physical/electrical characteristics of hierarchical digital
interfaces".

[4] ITU-T Recommendation G.704 (10/98): " Synchronous frame structures used at 1544, 6312, 2048,
8448 and 44 736 kbit/s hierarchical levels'.

[5] ITU-T Recommendation G.957 (7/95): "Optical interfaces for equipments and systems relating to
the synchronous digital hierarchy"”.

[6] ITU-T Recommendation 1.432.1 (8/96): "I SDN User-Network interfaces, Layer 1
Recommendations, General characteristics'.

[N ITU-T Recommendation G.823 (3/93): "The control of jitter and wander within digital networks
which are based on the 2048 kbit/s hierarchy".

[8] ITU-T Recommendation G.824 (3/93): "The control of jitter and wander within digital networks
which are based on the 1544 kbit/s hierarchy".

[9] ITU-T Recommendation G.825 (3/93): "The control of jitter and wander within digital networks
which are based on the synchronous digital hierarchy (SDH)".

[10] ITU-T Recommendation G.826 (8/96): "Error performance parameters and objectives for
international, constant bit rate digital paths at or above the primary rate".

[17] ITU-T Recommendation 1.361 (11/95): "B-ISDN ATM layer specification”.

[12] ATM Forum AF-PHY-0016.000 (9/94): "DS1 Physical Layer Specification".

[13] ATM Forum AF-PHY -0064.000 (9/96): "E1 Physical Layer Interface Specification”.

[14] ATM Forum AF-PHY -0086.001 (2/99): "Inverse Multiplexing for ATM (IMA) Specification
Version 1.1".

[15] ITU-T Recommendation G.751 (11/88): "Digital multiplex equipments operating at the third order
bit rate of 34 368 kbit/s and the fourth order bit rate of 139 264 kbit/s and using positive
justification”.

[16] ITU-T Recommendation G.811 (2/97): "Timing Characteristics of Primary Reference Clocks'.

[17] 3GPP TR25.933 “IP Transport in UTRAN" (Rel-5)
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3 Abbreviations
For the purposes of the present document, the following abbreviations apply:
ATM Asynchronous Transfer Mode
BER Bit Error Rate
IMA Inverse Multiplexing on ATM
IP Internet Protocol
PDH Plesiochronous Digital Hierarchy
PMD Physical Media Dependent
PWE3 Pseudo Wire Emulation Egde to Edge
SDH Synchronous Digital Hierarchy
SDbu Service Data Unit
TC Transmission Convergence
4 |, Layer 1
4.1 Introduction

The main functions of Layer 1 are summarised in the following:
- Interface to physical medium,;
- [ATM-Cell delineation];
- Lineclock extraction capability;
- Layer 1 darms extraction and generation;
- In-sequence delivery;

- Transmission quality control.

4.2 Layer 1 Description

4.2.1 Layer 1 Synchronised
When the Layer 1 Synchronised option is used (i.e. PDH/SDH/SONET links), the following requirements shall be met:
Layer 1 reference configuration shall be according to ITU-T Recommendation 1.432.1 [6].
The physical layer isdivided into:
- Physical Media Dependent (PMD) sublayer;
- Transmission Convergence (TC) sublayer defined according to ITU-T Recommendation 1.432.1 [6].
The PMD shall comply with at least one of the following standards:
- ETSI STM-4 (622 Mb/s) interface according to 1.432.2 [1] with optical S-1.1 interface according to G.957 [5].
- SONET STS-12c¢ (622 Mb/s) interface according to ANSI, T1.105-1995 with optical multimode.
- SONET STS-3c (155 Mby/s) interface according to ANSI, T1.105-1995 with optical multimode.
- ETSI STM-1 (155 Mb/s) interface according to 1.432.2 [1] with electrical interface (CMI) to G.703 [3].

- ETSI STM-1 (155 Mb/s) interface according to 1.432.2 [1] with optical S-1.1 interface according to G.957 [5].

3GPP
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- ITU STS-1 (51 Mb/s) interface according to ANSI, T1.105-1995 with electrical interface.

- ITU STM-0 (51 Mb/s) interface according to ETSI/TTC with electrical interface.

ITU STM-0 (51 Mb/s) interface according to ETSI/TTC with optical S-1.1 interface according G.957 [5].
- J2, 6.3 Mb/sinterface according to Japanese standard JT-G.703 [3] and JT-G.704 [4] (75 Ohm).

NOTE: J2requiresthat the ATM cells be mapped into the physical layer according to HEC based mapping in
G.804.

- E2, 8Mb/saccording to ETSI/ITU G.703 [3] and G.704 [4] (75 Ohm).
- E3, 34 Mb/sinterface according to ETSI/ITU G.751 [15] (75 Ohm).
- T3, 45 Mb/sinterface according to ANSI/ITU G.703 [3] and G.704 [4] (75 Ohm).

- E1, 2Mb/sinterface balanced 120 Ohm symmetrical according to ETS 300 420, ITU-T G.704 [4] and TBR 013
(G.703) [3], and AF-PHY-0064.000 [13]

- E1, 2Mb/saccording to ETSI/ITU G.703 [3] and G.704 [4] (75 Ohm), and AF-PHY -0064.000 [13].

- J1, 1.5 Mb/sinterface according to Jt-431-a (100 Ohm).

- J1, 1.5 Mb/sinterface according to JT-G.703 [3] and JT-G.704 [4] (110 Ohm).

- T1, 1.5 Mb/sinterface according to AF-PHY -0016.000 [10] and ANSI/ITU G.703 [3] and G.704 [4] (100 Ohm).
Services provided to the upper layer shall be independent from the used underlying technology.

The support of intervening transport networks - like PDH or SDH terrestrial links, Point-to-point or Point-to-Multipoint
radio links - shall not be prevented.

When using E1, T1, or J1, it shall be possible to use inverse multiplexing of ATM (IMA) [14] within suitable subsets of
the physical ports on the respective Exchange Termination (ET).

Thejitter and wander performance requirements on the interface shall be in accordance with either Reference[7], [8] or
[9], whichever is applicable.

The synchronisation reference extracted from the |, may be used as UTRAN synchronisation reference. A general
recommendation is to supply a traceable synchronisation reference according to reference [16].

Transmission quality control shall be provided according to ITU-T Recommendation G.826 [10].

4.2.2 [IP — Layer 1 Unsynchronised]
When Layer 1 unsynchronised option is used, the following requirements shall be met:

The support of any suitable physical layer - like Ethernet L1 or other suitable point-to-point or point-to-multipoint
techniques shall not be prevented.

4.2.3 [IP=ATM Interworking — Layer 1 Emulation]

Pseudo Wire Emulation Edge to Edge (PWE3) [Annex A] may be used in an IP/ATM dual stack node for making the
ATM interface available in the | P transport network.

Neither AAL5 SDU Frame Mode nor AAL5 PDU Frame Mode shall be used.

Further guidelines on the application of PWE3 for IP-ATM interworking can be found in [17].

3GPP
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Annex A (normative)
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Expiration Date: June 2004 Cisco Systens, Inc.
Jereny Brayl ey Mat t hew Bocci
Laurel Networks, Inc. Al cat el
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Nortel NetworKks.

Decenmber 2003

Encapsul ati on Methods for Transport of ATM Over I P and MPLS Net wor ks

draft-ietf-pwe3-atnmencap-04.txt

Status of this Meno

This docunent is an Internet-Draft and is in full conformance with
all provisions of Section 10 of RFC2026.

Internet-Drafts are worki ng docunents of the Internet Engineering
Task Force (IETF), 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
and may be updated, replaced, or obsol eted by ot her docunents at any
tinme. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

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

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

Abstract

A framework for providing various Layer 1 and Layer 2 services over a
Packet Swi tched Network has been described in [3]. This draft

provi des encapsul ati on formats and guidelines for transporting a

vari ety of ATM services over a PSN.

Martini, et al. [ Page 1]
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1. Specification of Requirenents

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOVWENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119

2. Introduction

Packet Switched Networks (PSNs) have the potential to reduce the
complexity of a service providers infrastructure by all ow 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:
- Leveraging of the existing systens and services to provide
i ncreased capacity froma packet sw tched core.

3GPP
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- Preserving existing network operational processes and procedures
used to maintain the | egacy services.

- Using the comon packet switched network infrastructure to
support both the core capacity requirenents of existing services
and the requirenents of new services supported natively over the
packet sw tched networKk.

Thi s docunent describes a nethod to carry ATM services over L2TP
and MPLS. It lists ATM specific requirenents and provides
encapsul ati on fornmats and semantics for connecting ATM edge

net wor ks through a core packet network using L2TP or MPLS. The
techni ques described in this draft will allow ATM service
providers to take advantage of new technologies in the core in
order to provide ATM nulti-services.

Figure 1, below displays the ATM services reference nodel. This
nodel is adapted from[3]

Martini, et al. [ Page 3]
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<----- Pseudo Wre ---->

[ <-- PSN Tunnel --3]

ATM Service V V V V ATM Service
-+ +--- -+
RS PE1| | PE2 oo+
...................... PM.............|----------
CE1l | | | CE2
...................... PW. ... ...... ... |-
+--- -+ | | | +--- -+
N +----+ +- - -+ N
Provi der Edge 1 Provi der Edge 2
Semmmmm e Emul ated Service ---------------- >
Cust oner Cust oner
Edge 1 Edge 2

Figure 1: ATM Service Reference Mdel

QS related issues are not discussed in this draft. This draft
describes two nethods of ATM cell encapsul ati on, One-to-one node
and N-to-one node. This draft describes two nmethods of AALS
encapsul ati on, PDU node and SDU node.

3. Term nol ogy

3GPP



3GPP TS 25.411 V5.0.0 (2002-03) 9

One-to-one node: The One-to-one node specifies an encapsul ation
nmet hod whi ch maps one ATM VCC (or one ATM VPC) to one Pseudo Wre.

N-to-one node (N >= 1): The N-to-one node specifies an encapsul ation
net hod whi ch maps one or nore ATM VCCs (or one or nmore ATM VPCs) to
one Pseudo Wre.

Packet Switched Network - A Packet Switched Network (PSN) is an IP or
MPLS net wor K.

Pseudo Wre Enul ation Edge to Edge - Pseudo Wre Enul ati on Edge to
Edge (PWE3) is a nechanismthat enulates the essential attributes of
a service (such as a T1 leased line or Frane Relay) over a PSN.

Custoner Edge - A Custoner Edge (CE) is A device where one end of a
service originates and/or terminates. The CEis not aware that it is
usi ng an enul ated service rather than a native service.

Provi der Edge - A Provider Edge (PE) is a device that provides PWE3
to a CE

Martini, et al. [ Page 4]
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Pseudo Wre - A Pseudo Wre (PW is a connection between two PEs
carried over a PSN. The PE provides the adaptation between the CE and
t he PW

Pseudo Wre PDU - A Pseudo Wre PDU is a PDU sent on the PWthat
contains all of the data and control information necessary to provide
the desired service.

PSN Tunnel - A PSN Tunnel is a tunnel inside which nmultiple PW can
be nested so that they are transparent to core PSN devi ces.

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 received on a PW
fromthe PSN, re-converted back in the enul ated service, and sent out
to a CE

Ingress - The point where the ATM service is encapsulated into a

Pseudo Wre PDU (ATMto PSN direction.)

Egress - The point where the ATM service is decapsul ated froma

Pseudo Wre PDU (PSN to ATM direction.)

CID - Cell Transfer Del ay

MIU -  Maxi mrum Transm ssion Unit

OAM - Operations And Maintenance.

PVC - Permanent Virtual Connection. An ATM connection that is

provi sioned via a network nmanagenent interface. The connection is

not si gnal ed.

VCC Virtual Circuit Connection. An ATM connection that is sw tched

based on the cell header's VCl.

3GPP
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VPC - Virtual Path Connection. An ATM connection that is sw tched
based on the cell header's VPI.

Martini, et al. [ Page 5]
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4. Ceneral encapsul ation net hod

This section describes the general encapsul ation format for ATM over
PSN pseudo wires.

0 1 2 3
01234567890123456789012345678901
B =
[ PSN Transport Header (As Required) [
B
[ Pseudo Wre Header [
B
| ATM Control Word [
B
| ATM Servi ce Payl oad [
B

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

The PSN Transport Header depends on the particular tunneling
technology in use (L2TP or MPLS). This header is used to transport
the encapsul ated ATMinformation through the packet swi tched core.

The Pseudo Wre Header identifies a particular ATM service on a
tunnel. In case of MPLS the Pseudo Wre Header is the MPLS | abel at
the bottomof the MPLS | abel stack. In the Case of L2TP the Pseudo
Wre Header is the L2TP header

The ATM Control Wrd is inserted before the ATM service payload. It
may contain a length and sequence nunber in addition to certain
control bits needed to carry the service.

4.1. MPLS ShimS Bit Val ue

The ingress LSR, PE1l, 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

4.2. MPLS Shim TTL Val ues

The setting of the TTL value in the PWIlabel is application
dependent, however in a strict point to point application the TTL
SHOULD be appropriately set to 2.

3GPP
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4.3. The Control Word

There are four requirenents that nmay need to be satisfied when
transporting layer 2 protocols over an I P or MPLS backbone [8]:

-i. Sequentiality may need to be preserved.

-ii. Small packets may need to be padded in order to be
transmtted on a nediumwhere the mininumtransport unit is
| arger than the actual packet size

-iii. Control bits carried in the header of the layer 2 frane may
need to be transported.

-iv. To allow accurate packet inspection in an MPLS PSN, and/or
to operate correctly over MPLS PSNs that have depl oyed
equal -cost multiple-path | oad-bal anci ng, a PW packet MJST
NOT alias an | P packet.

The PWE3 architecture docunent describes a generic control word and a
preferred control word. This docunent nakes use of both of these
control words depending on the encapsul ati on node. Both of these
control words addresses all of the above requirenents.

For some encapsul ati on nodes, the control word is REQUI RED, and for
ot hers OPTIONAL. Where the control word is OPTIONAL inpl ementations
MUST support sending no control word, and MAY support sending a
control word

In all cases the egress router nust be aware of whether the ingress
router will send a control word over a specific pseudo wire. This nay
be achi eved by configuration of the routers, or by signaling, for
exanpl e as defined in [1].

If the Pseudo Wre traverses a network link that requires a mni num
frame size such as Ethernet as a practical exanple, with a mni num
frame size of 64 octets, then such links will apply padding to the
Pseudo Wre PDU to reach its mninumfrane size. In this case the
control word nust include a length field set to the PDU length. A
nechanismis required for the egress PE to detect and renpve such
paddi ng.

4.3.1. The Generic Control Wrd

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

- ATM1 to 1 Cell Mode

Martini, et al. [ Page 7]
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- AAL5 PDU Frane Mbde

The PWE3 architecture docunent [8] provides the followi ng structure
for the generic control word:

0 1 2 3
01234567890123456789012345678901
B =
[0 0 0 Q] Speci fied by PW Encapsul ation [
B

The detailed structure for the ATM1 to 1 Cell Mde and for the AAL5
PDU Frane Mbde is as foll ows:

0 1 2 3
01234567890123456789012345678901
B =

[0 O 0 O] Resvd | Sequence Nunber | ATM Specific
B

In the above diagramthe first 4 bits MJST be set to 0 when
transmtting in order to satisfy the IP aliasing requirenent (iv) in
Section 4.1. They MJST be ignored by the receiving PE

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

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

The sequence nunber space is a 16 bit, unsigned circul ar space. The
sequence nunber value O is used to indicate that the sequence nunber
check al ghorithmis not used.

The last 8 bits provide space for carrying ATM specific 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 Frane nodes because the PSN PDU is always greater than 64
bytes and so no padding is applied in Ethernet links in the PSN

Martini, et al. [ Page 8]
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4.3.2. The Preferred Control Wrd

This control word is used in the follow ng encapsul ati on nodes:
- ATMNto 1 Cell Mode
- AAL5 SDU Frane Mde

It is defined as follows:
0 1 2 3
01234567890123456789012345678901

3GPP
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B e R R r e e i o e e e e e
|0 0 0 0] Flags | Res| Length | Sequence Nunber
B

In the above diagram fromleft to right, the first 4 bits MIJST be
set to O when transnitting in order to satisfy the IP aliasing
requirenent (iv) in Section 4.1. They MJST be ignored by the
receiving PE.

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 layer 2 payl oad
plus the length of the control word) is less than 64 bytes, the
length field MIUST be set to the packet's length. G herwi se the | ength

field MUST be set to zero. The value of the length field, if non-
zero, can be used to renmpve any paddi ng. When 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 Nto-1 node , and MJST 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 O is used to indicate that the sequence nunber
check al ghorithmis not used.

4.3.3. Setting the sequence nunber field in the control word

This section applies to the sequence nunber field of both the Generic

and Preferred Control Wbrds.

For a given enulated VC, and a pair of routers PE1l and PE2, if PEl
supports packet sequencing then the follow ng procedures should be
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used:

- the initial packet transmitted on the enulated VC MJST use
sequence nunber 1

- subsequent packets MJST increnment the sequence nunber by one for
each packet

- when the transmit sequence nunber reaches the nmaxi num 16 bit
val ue (65535) the sequence nunber MJST wap to 1

If the transnmitting router PEl does not support sequence nunber
processing, then the sequence nunber field in the control word MJST
be set to O.

4.3.4. Processing the sequence nunber field in the control word

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

If a router PE2 supports receive sequence nunber processing, then the

foll owi ng procedures should be used:

When an enulated VCis initially set up, the "expected sequence
nunber" associated with it MJST be initialized to 1.

When a packet is received on that enulated VC, the sequence nunber
shoul d be processed as foll ows:

- if the sequence nunber on the packet is 0, then the packet passes

t he sequence nunber check

- otherwise if the packet sequence nunber >= the expected sequence
nunber and the packet sequence nunber - the expected sequence
nunber < 32768, then the packet is in order

- otherwise if the packet sequence nunmber < the expected sequence
nunber and the expected sequence nunber - the packet sequence
nunber >= 32768, then the packet is in order

- otherw se the packet is out of order.

If a packet is in order then, it can be delivered imediately. If the
packet is in order, then the expected sequence nunber MJST be set
using the algorithm
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expect ed_sequence_nunber := packet sequence nunber + 1 nod 2**16

i f (expected sequence nunber = 0) then expected sequence nunber:= 1;

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

A sinmpl e extension of the above processing algorithmcan be used to
detect | ost packets.

If a router PE2 does not support receive sequence nunber processing,
then the sequence nunber field MAY be ignored.

4. 4. MIU Requirenents

The network MJST be configured with an MIU that is sufficient to
transport the largest encapsulation franmes. If MPLS is used as the
tunneling protocol, for exanple, this is likely to be 12 or nore
bytes greater than the largest frame size. Qher tunneling protocols
may have | onger headers and require larger MIUs. If the ingress
router determ nes that an encapsul ated | ayer 2 PDU exceeds the MIU of
the tunnel through which it nust be sent, the PDU MUST be dropped. If
an egress router receives an encapsul ated layer 2 PDU whose payl oad
length (i.e., the length of the PDU itself without any of the
encapsul ati on headers), exceeds the MIU of the destination |ayer 2
interface, the PDU MJST be dropped.
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5. Applicability

This Draft defines two nmethods for encapsul ation of ATM cells,
nanely, 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 Pseudo-
Wre. 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 encapsulation, thus the VPI/VC is always present. Cells from
one or nore VCCs (or one or nore VPCs) nmay be concat enat ed.

The One-to-one node specifies an encapsul ati on nethod that nmaps one
ATM VCC or one ATM VPC to one Pseudo-Wre. For VCCs, the VPI/VC is
not included. For VPCs, the VPl is not included. Cells fromone VCC
or one VPC may be concatenated. This node is OPTI ONAL.

Furthernore different OPTI ONAL encapsul ati ons are supported for ATM
AALS5 transport: one for ATM AAL5 SDUs, and another for ATM AAL5 PDUs.
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Three depl oynent nodel s 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 tiservice ATM and L2VPN service over a PSN for all AAL
types.

-ii. Multiple ATM Connections: A PWcarries the cells of multiple
ATM VCCs and / or VPCs . This also supports both the
transport of nultiservice ATM and L2VPN service over a PSN
for all AAL type.

-iii. AALS: PWcarries the AALS5 franes of only one ATM VCC. A
large proportion of the data carried on ATM networks is
frane based and therefore uses AALS. The AAL5 mappi ng takes
advant age of the delineation of higher layer franmes 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 [5] or the ATMtransfer
capability [6] should be preserved.

There are currently no OAM nechani sns defined for the PSN |ike those
defined for ATM Therefore the nethods for the detection/consequent-
actions of failures in the PSN are not specified. This also neans
that QoS/availability netrics cannot be specified for the PSN.

5.1. ATMNto 1 Cell Mbode

Thi s encapsul ati on supports both the Single and Miultiple ATM
Connection depl oynent nodels. This encapsul ation i s REQU RED.

The encapsul ation allows multiple VCCs/VPCs to be carried within a
single pseudo wire. However, a service provider may wish to provision
a single VCCto a pseudo wire in order to satisfy QoS or restoration
requirenents.

The encapsul ation al so supports the binding of multiple VCCs/VPCs to
a single Pseudo Wre. This capability is useful in order to nake
nore efficient use of the PWdenultiplexing header space as well as
to ease provisioning of the VCC VPC services.
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In the sinplest case, this encapsul ation 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 nmay optionally be
encapsulated in a single PSN PDU. This process is called cel

concat enati on.

The encapsul ation has the follow ng attributes:
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-i. Supports all ATM Adaptation Layers Types.

-ii. Non-termnating OAM Adnmin cells are transported anong the
user cells in the sane order as they are received. This
requi renent enables the use of various performnce
managenment and security applications.

-iii. In order to gain transport efficiency on the PSN, multiple
cells may be encapsulated in a single PWPDU. This process
is called cell concatenation. How nmany cells to insert or
how long to wait for cell arrival before sending a PWPDU is
an i nplenmentation decision. Cell concatenation adds |atency
and delay variation to a cell relay service.

-iv. The CLP bit fromeach cell may be mapped to a correspondi ng
mar ki ng on the PWPDU. This allows the drop precedence to be
preserved across the PSN.

-v. If the Single ATM connection depl oynent nodel is used, then
it is sinpler to provide an ATM | ayer service. The nature of
the service, as defined by the ATM service category [5] or
ATM transfer capability [6], should be preserved.

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

-Vi. 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 transmi ssion by the egress PE

-vii. 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 nbpst PSNs. A

single bit error in a PWPDU will nost likely cause the

packet to be dropped due to a L2 FCS failure.

-viii. Cells can be concatenated fromnultiple VCCs or VPCs

belonging to different service cathegories and gos

requirenents. In this case the PSN packet nust receive

treatment by the PSN to support the highest QS of the ATM

VCCs/ VPCs carri ed

-ix. Cell encapsul ation only supports point-to-point LSPs.

Mul ti point-to-point and point-to-multi-point are for further

study (FFS)

-X. The nunber of concatenated ATMcells is linited by the MIU

size and the cell transfer delay (CID) and cell delay

variation (CDV) objectives of nultiple ATM connecti ons that

are multiplexed into a single PW
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5.2. ATM One-to-One Cell Encapsul ation

Thi s OPTI ONAL encapsul ation supports the Single ATM Connection
depl oynent nodel .

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

The linmtations vi,vii,ix,x of Nto one node apply.

5.3. AAL5 SDU Frane Encapsul ati on

This OPTI ONAL encapsul ation supports the AAL5 nodel .

The AAL5 SDU encapsul ation is nore efficient for snmall AAL5 SDUs than
the VCC cell encapsulations. In turn it presents a nore efficient
alternative to the cell relay service when carrying RFC 2684

encapsul ated | P PDUs across a PSN

The AAL5- SDU encapsul ation requires Segnentation and Reassenbly on
the PE-CE ATMinterface. This SAR function is provided by comopn

of f-the-shel f hardware conponents. Once reassenbl ed, the AAL5-SDU is
carried via a Pseudo Wre to the egress PE. Herein |lies another
advant age of the AAL5-SDU encapsul ati on.

The linitations of the AAL5 SDU encapsul ati on are:
-i. If an ATM OAM cell is received at the ingress PE, it is sent
before the cells of the surrounding AAL5 frane. Therefore,
OAM cel | reordering may occur, which may cause certain ATM
OAM performance nonitoring and ATM security applications to
operate incorrectly.

-ii. If the ALL5 PDU is scrambled using ATM security standards, a
PE will not be able to exctract the ALL5 SDU and therefore
the whole PDU wi |l be dropped.

-iii. The AAL5 PDU CRC is not transported across the PSN. The CRC
nmust therefore be regenerated at the egress PE. Since the
CRC has end-to-end significance in ATM security. This neans
that the AALS5 CRC may not be used to accurately check for
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errors on the end-to-end ATM VCC.

-iv. The Length of AAL5 frame nmy exceed the MIU of the PSN. This

3GPP



3GPP TS 25.411 V5.0.0 (2002-03) 18

requires fragnentation, which may not be available to al
nodes at the PW endpoint.

-v. This npde does not preserve the value of the CLP bit for
every ATM cell within an AAL5 PDU. Therefore, transparency
of the CLP setting may be violated. Additionally, tagging of

sonme cells may occur when tagging is not allowed by the
conformance definition [5].

-vi. This node does not preserve the EFCl state for every ATM
cell within an AAL5 PDU. Therefore, transparency of the EFC

state may be viol ated

5.4. AAL5 PDU Franme Encapsul ation

This OPTI ONAL encapsul ation supports the AAL5 nodel .

The primary application supported by AAL5 PDU frane encapsul ation
over PSN is the transparent carriage of ATM I ayer services that use
AALS5 to carry higher layer frames. The main advantage of this AALS
node is that it is transparent to ATM OAM and ATM security
applications.

One inportant consideration is to allow OAMinformation to be treated
as in the original network. This encapsul ation node allows this
transparency while performng AALS franme encapsulation. This node
supports fragnentation, which nay be perforned in order to maintain
the position of the OAM cells with respect to the user cells.

Fragnentation may al so be perforned to naintain the size of the
packet carrying the AAL5 PDU within the MIU of the |ink

Fragnentation 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
neans that the PE has control on the delay and jitter provided to the
ATM cel | s.

The whol e AAL5-PDU is encapsulated. In this case all necessary
paraneters such as CPCS-UU (CPCS User-to-User indicator), CPl (Common
Part Indicator), Length (Length of the CPCS-SDU) and CRC (Cyclic
Redundancy Check) are transported as part of the payload. Note that
carrying of the full PDU also allows the sinplification of the
fragmentation operation since it is perforned 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.
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The linmtations v and vi of the AAL5 SDU node apply to this node as
wel | .

6. ATM OAM Cel | Support

6.1. VCC Case

In general when configured for ATM VCC service, both PEs SHOULD act
as a VC switch, in accordance with the OAM procedures defined in [7].

The PEs SHOULD be able to pass the following OAM cells transparently:
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- F5 AI'S (segnment and end-to-end)

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

- F5 Il oopback (segnment and end-t o-end)
- Resource Managenent

- Performance Managenent

- Continuity Check

- Security

F4 OAM cells are inserted or extracted at the VP link term nati on.
These OAM cel |l s are not seen at the VC link term nation and are
therefore not sent across the PSN.

6.2. 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

[7].

The PEs SHOULD be able to process and pass the following OAM cel | s
transparently according to [7]:

- F4 AIS (segnent and end-to-end)

- F4 RDI (segnent and end-to-end)

- F4 | oopback (segnment and end-t o-end)

F5 OAM are not inserted or extracted here. The PEs MJST be able to
pass the following OAM cells transparently: F5 AI'S (segnent and
end-t o- end)

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

- F5 Il oopback (segnment and end-t o-end)

- Resource Managenent

- Performance Managenent

- Continuity Check
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- Security

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

6. 3. Defect Handling

Figure 3 illustrates four possible |ocations for defects on the PWE3
service:

- (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

+----4 +----+
FRSpEp—_— PE1| | PE2 oo+
---a------ b..c........ PWL d.... ... . ]----------

CEl | [ CE2
...................... PW. ... ... ... . ]
+----+ | | +----+
N +----+ +- - -+ A
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Provi der Edge 1 Provi der Edge 2

Sememmmmea- Enul ated Service ---------------- >

Fi gure 3: Defect Locations

For failures at (a) or (b) in the VPC case the ingress PE MJUST be
able to generate an F4 AI'S upon reception of a |ower |ayer defect
(such as LOS). In the VCC case, the ingress PE SHOULD be able to
generate an F5 AI'S upon reception of a corresponding F4 AI'S or | ower
| ayer defect (such as LOS). These nmessages 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 Al 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 LOS on the PSN port).

If the ingress PE cannot support the generation of OAMcells, it MAY
notify the egress PE using a Pseudo Wre specific maintenance
nechani sm such as the PWstatus nessage defined in [1].
Al'ternatively, for exanple, the ingress PE MAY wthdraw t he Pseudo
Wre (VC label) associated with the service. Upon receiving such a
notification, the egress PE SHOULD generate the appropriate F4 Al'S
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(for VPQ or F5 AIS (for VCO.

If the ingress PE cannot support the generation of OAMcells, it MAY
notify the egress PE using a Pseudo Wre specific maintenance
nechani sm such as the PWstatus nessage defined in [1].
Al'ternatively, for exanple, the ingress PE MAY withdraw t he Pseudo
Wre (VC label) associated with the service. Upon receiving such a
notification, the egress PE SHOULD generate the appropriate F5 Al S

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

7. ATM N-to-one Cell Nbde

The N-to-one node (N >= 1) described in this Draft allows a service
provider to offer an ATM PVC or SVC based service across a network.
The encapsul ation allows nmultiple 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.

7.1. ATM N-to-one Service Encapsul ation

This section describes the general encapsul ation format for ATM over
PSN pseudo wires.

0 1 2 3
01234567890123456789012345678901
e
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| PSN Transport Header (As Required) |
B
[ Pseudo Wre Header [
B
|0 0 0 0] Flags | Res| Length | Sequence Nunber [
B
| ATM Servi ce Payl oad [
B

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

The PSN Transport Header depends on the particular tunneling
technology in use (L2TP or MPLS). This header is used to transport
the encapsul ated ATMinformation through the packet swi tched core.

The Pseudo Wre Header identifies a particular ATM service on a
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tunnel. Non-ATM services may al so be carried on the PSN tunnel

The ATM Control Wrd is inserted before the ATM service payload. It
may contain a length and sequence nunber in addition to certain
control bits needed to carry the service.

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

In this encapsul ation node ATM cells 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 ATMcell in

a PSN frane i s OPTI ONAL.

The ATM cell encapsul ation consists of an OPTIONAL control word, and
one or nore ATM cells - each consisting of a 4 byte ATM cel | header
and the 48 byte ATM cell payload. This ATM cell header is defined as
in the FAST encapsulation [4] section 3.1.1, but without the trailer
byte. The length of each frane, w thout the encapsul ation headers, is

a multiple of 52 bytes | ong. The nmaxi mum nunber of ATM cells that can

be fitted in a frame, in this fashion, is limted only by the network

MIU and by the ability of the egress router to process them The

i ngress router MJST NOT send nore cells than the egress 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
may be signal ed, for exanple using the nmethods described in [1]. The
nunber of cells encapsulated 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, and MJST be set to 0 when transnitting, and MJST be ignored
upon receipt.

The EFCl and CLP bits are carried across the network in the ATM cel
header. The edge routers that inplenent this docunment 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 the CLP bit from zero
to one to reflect marking fromedge policing of the ATM Sust ai ned
Cell Rate. The EFCI and CLP bits SHOULD NOT be changed fromone to
zero.

This diagramillustrates an encapsul ation of two ATMcells
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0 1 2 3

01234567890123456789012345678901
T T S i o e
[ Control word ( Optional ) |
B S TH R
[ VPI | VCl | PTI | C
B T S I T e
ATM Payl oad ( 48 bytes )

B
VPI | el [ PTI [ Q
B
ATM Payl oad ( 48 bytes )

RS

Figure 5: Miultiple Cell ATM Encapsul ation

* When nmultiple VCCs or VPCs are transported in one pseudo-wre
VPI /VCl val ues MJUST be uni que. When the nultiple VCCs or VPCs,
are fromdifferent a physical transnission path it may be
necessary to assign unique VPI/VCI values to the ATM connecti ons.

If they are fromthe sanme physical transm ssion path, the VPI/VC

val ues are uni que.

* VPI

The ingress router MJST copy the VPI field fromthe inconming cell

into this field. For particular enulated VCs, the egress router
MAY generate a new VPl and ignore the VPI contained in this
field.

* VC

The ingress router MUST copy the VC field fromthe inconing ATM
cell header into this field. For particular enulated VCs, the
egress router MAY generate a new VCl.

* PTI & CLP ( C bit )

The PTlI and CLP fields are the PTI and CLP fields of the inconing

ATM cells. The cell headers of the cells within the packet are
the ATM headers (without HEC) of the incoming cell.
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8. ATM One-to-one Cell Nbde

The One-to-one node described in this Draft allows a service provider
to offer an ATM PVC or SVC based service across a network. The
encapsul ation allows one ATMVCC or VPC to be carried within a single
Pseudo- Wr e.

8.1. ATM One-to-one Service Encapsul ation

This section describes the general encapsul ation format for ATM over

PSN pseudo wires, such as IP, L2TP, or MPLS. The specifics pertaining

to each packet technology are covered in later sections. Figure 6

provides a general format for encapsul ation of ATMcells into

packets.

0 1 2 3

01234567890123456789012345678901

B =

| PSN Transport Header (As Required) [

B

| Pseudo Wre Header

B T o o e e e i e i e e S P S S

[0 O 0 O] Resvd | Optional Sequence Nunber | ATM Specific

B o T i e S e o T T e
ATM Servi ce Payl oad

I
+
I
+

RS

Figure 6: General format for One-to-one node encapsul ati on over PSNs

The PSN Transport Header depends on the packet technology: IP, L2TP
or MPLS. This header is used to transport the encapsul ated ATM

i nformati on through the packet switched core. This header is always
present if the Pseudo Wre is MPLS.

The Pseudo Wre Header depends on the packet technology: IP, L2TP or
MPLS. It identifies a particular ATM service within the PSN tunnel.

The generic control word is inserted after the Pseudo Wre Header.
The presence of the control word i s MANDATORY.

The ATM Specific Header is inserted before the ATM servi ce payl oad.
The ATM Specific Header contains control bits needed to carry the
service. These are defined in the ATM service descriptions below. The
I ength of ATM specific header may not always be one octet. It depends
on the service type.

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

8. 2. Sequence Nunmber
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The sequence nunber is not required for all services.

Treatment of the sequence nunber is according to previous sections
"Setting the sequence nunber", and "Processing the sequence nunber".

8.3. ATM VCC Cell Transport Service

The VCC cell transport service is characterized by the napping of a
single ATM VCC (VPI/VCI) to a Pseudo Wre. This service is fully
transparent to the ATM Adaptation Layer. The VCC single cell
transport service is OPTIONAL. This service MIST use the follow ng
encapsul ati on fornat:

0 1 2 3
01234567890123456789012345678901
B =

| PSN Transport Header (As Required) [
B

| Pseudo Wre Header |
B
[0 00 O] Resvd | Optional Sequence Number [MVIRes| PTI | C
B

ATM Cel | Payl cad ( 48 bytes )

RS

Figure 7: Single ATM VCC Cell Encapsul ation

* M (transport node) bit

Bit (M of the control byte indicates whether the packet contains
an ATMcell or a franme payload. If set to 0, the packet contains
an ATMcell. If set to 1, the PDU contains an AAL5 payl oad.

* V (VA present) bit

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

The reserved bits should be set to 0 at the transmtter and
i gnored upon reception.

* PTI Bits

The 3-bit Payload Type ldentifier (PTI) incorporates ATM Layer
PTl 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|.

3GPP



3GPP TS 25.411 V5.0.0 (2002-03) 25

For increased transport efficiency, the ingress PE SHOULD be able to
encapsulate nmultiple ATMcells into a Pseudo Wre PDU. The ingress
and egress PE SHOULD agree to a maxi mum nunber of cells in a single
Pseudo Wre PDU. This agreenent nay be acconplished via a Pseudo
Wre specific signaling mechanismor via static configuration.

When multiple cells are encapsulated in the same PSN packet, the ATM
specific byte MIST be repeated for each cell. This neans that 49
bytes are used to encapsul ate each 53 byte ATMcell.

0 1 2 3

01234567890123456789012345678901
B =
[ PSN Transport Header (As Required) [
B
[ Pseudo Wre Header [
B
[0 0 0O O] Rsvd | Optional Sequence Nunber |MV|Res| PTI | C
B

ATM Cel | Payl cad ( 48 bytes )

RS
|MV|IRes| PTI |C
o Hm e Fm b o b o+

ATM Cel | Payl cad ( 48 bytes )

R B R R RE

o Hm b o b o b -+

Figure 8 Miltiple ATM VCC Cell Encapsul ation
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8.4. ATM VPC Services

The VPC service is defined by mapping a single VPC (VPI) to a Pseudo
Wre. As such it enulates as 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 solely upon the Pseudo Wre header. As a VPC
service, the egress PE MUST NOT change the VC field.

8.4.1. ATM VPC Cel |l Transport Services

The ATM VPC cell transport service is OPTI ONAL.

This service MIST use the follow ng cell node encapsul ati on:

0 1 2 3

01234567890123456789012345678901
B =
[ PSN Transport Header (As Required) [
B
[ Pseudo Wre Header [
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B e R R r e e i o e e e e e
|0 0 0O O] Rsvd | Optional Sequence Nunber |MV|Res| PTI | C
B
I va I

S R R RS

ATM Cel | Payl cad ( 48 bytes )

S SR R RS

S N R R RS

Figure 9: Single Cell VPC Encapsul ation

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

* VCl Bits

The 16-bit Virtual Circuit ldentifier (VC) incorporates ATM
Layer VCI value of the cell.

For increased transport efficiency, the ingress PE SHOULD be able to
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encapsulate nmultiple ATMcells into a Pseudo Wre PDU. The ingress
and egress PE SHOULD agree to a maxi mum nunber of cells in a single
Pseudo Wre PDU. This agreenent nmay be acconplished via a Pseudo
Wre specific signaling mechanismor via static configuration.

When multiple ATM cells are encapsulated in the sane PSN packet, the
ATM specific byte MIUST be repeated for each cell. This nmeans that 51

bytes are used to encapsul ate each 53 byte ATM cell.

0 1 2 3

01234567890123456789012345678901
B =
[ PSN Transport Header (As Required) [
B
[ Pseudo Wre Header

I
s

B e
[0 0 0O O] Rsvd | Optional Sequence Nunber |MV|Res| PTI | C
B
I va I

S R R RS

ATM Cel | Payl oad (48 bytes)

S SR R RS

[MV[Res| PTI_[( VG

B B B RS

+
| Vd I
o Hm b e b o b o+

ATM Cel | Payl oad (48 bytes)

R B R R RE

o Hm b o b o b -+

Figure 10: Miultiple Cell VPC Encapsul ation
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9. ATM AAL5 CPCS- SDU Mode

The AAL5 payl oad VCC service defines a mappi ng between the payl oad of
an AAL5 VCC and a single Pseudo Wre. The AAL5 payl oad VCC service
requires ATM segnentation and reassenbly support on the PE

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

Even the snall est TCP packet requires two ATM cells when sent over
AAL5 on a native ATM device. It is desirable to avoid this padding on
the Pseudo Wre. Therefore, once the ingress PE reassenbles the AALS
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CPCS- PDU, the PE discards the PAD and CPCS-PDU trailer then inserts
the resulting payload into a Pseudo Wre PDU.

The egress PE MJST regenerate the PAD and trailer before transmitting
the AAL5 frame on the egress ATM port.

This service does allow the transport of OAM and RM cells, but does
not attenpt to naintain the relative order of these cells with
respect to the cells that conprise the AAL5 CPCS-PDU. Al OAM cell s,
regardl ess of their type, that arrive during the reassenbly of a
singl e AAL5 CPCS-PDU are sent imediately on the Pseudo Wre using
N-to-one cell encapsul ation, followed by the AAL5 payl oad. Therefore,
the AAL5 payl oad VCC service will not be suitable for ATM
applications that require strict ordering of OAM cells (such as
performance nonitoring and security applications).

9.1. Transparent AAL5 SDU Franme Encapsul ation

The AAL5 CPCS-SDU i s prepended by the foll ow ng header:

0 1 2 3

01234567890123456789012345678901
B =
| Res |TIECURes| Length | Sequence Nunber (Optional) |
B

ATM cel | or AAL5 CPCS- SDU

RS

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 MIST be set to O upon
transm ssi on and i gnored upon reception.

* T (transport type) bit

Bit (T) of the control word indicates whether the packet contains
an ATM admin cell or an AAL5 payload. If T =1, the packet
contains an ATM adnmin cell, encapsul ated according to the VCC
cell relay encapsulation, figure 8. |If not set, the PDU contains
an AALS5 payload. The ability to transport an ATMcell in the AALS
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SDU node is intended to provide a nmeans of enabling
adm nistrative functionality over the AAL5 VCC (though it does
not endeavor to preserve user-cell and adm n-cell
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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 EFClI 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 EFCI
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. GOherwise this bit SHOUD 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

When FRF. 8.1 Frane Relay / ATM PVC Service |Interworking [3]
traffic is being transported, the CPCS-UU Least Significant Bit
(LSB) of the AAL5 CPCS-PDU nay contain the Frane Relay CR bit.
The ingress router, PEl, SHOULD copy this bit to the Ubit of the
control word. The egress router, PE2, SHOULD copy the Ubit to
the CPCS-UU Least Significant Bit (LSB) of the AAL5 CPCS PDU.

10. AAL5 PDU frane node

The AAL5 payl oad PDU service is OPTI ONAL.

10.1. Transparent AAL5 PDU Frane Encapsul ation

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

Thi s node MAY support fragnmentation in order to naintain OAM cell
sequenci 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
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AAL5 CPCS-PDU, including the PAD and trailer. Note that the AALS
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 cell 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 AALS conposite cells.

The AAL5 transparent VCC service is OPTI ONAL.

0 1 2 3
01234567890123456789012345678901
B =
[ PSN Transport Header (As Required) [
B
[ Pseudo Wre Header [
B
[0 0 0 O] Resvd | Opti onal Sequence Number [IMVI Res |UE(
B
AAL5 CPCS- PDU
(n * 48 bytes)

RS

Fi gure 12: AAL5 transparent service encapsul ation

The generic control word is inserted after the Pseudo Wre 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.

*UBIit

This field indicates whether this frane contains the last cell of
an AALS5 PDU and represents the value of the ATM User-to-User bit
for the last ATMcell of the PSN frame. Note: The ATM User-to-
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 ATMcells. The
EFCl state is indicated in the mddle bit of each ATMcell's PTI
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ATM t 0-PSN direction (ingress): The EFCI field of the control
byte is set to the EFClI state of the last cell of the AAL5 PDU or
AALS5 fragnent.

PSN-to- ATM direction (egress): The EFCl state of all constituent
cells of the AALS PDU or AAL5 fragnent is set to the value of the
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EFCl field in the control byte.

* C (CLP) bit

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

ATM t0-PSN direction (ingress): The CLP field of the contro
byte is set to 1 if any of the constituent cells of the AAL5 PDU
or AALS5 fragnment 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 AALS5 PDU or AAL5 fragnent is set to the value of the
CLP field in the control byte. The payload consists of the re-
assenbl ed AAL5 CPCS- PDU

i ncluding the AALS padding and trailer or the AAL5 fragnent.

10. 2. Fragnentation

The ingress PE nmay not always be able to reassenble a full AAL5
frame. This may be due to the AALS5 PDU exceeding the Pseudo Wre MIU
or when OAM cells arrive during reassenbly of the AAL5 PDU. In these
cases, the AAL5 PDU shall be fragnented. In addition, fragnentation
may be desirable to bound ATM cel |l del ay.

When fragnentation occurs, the procedures described in the follow ng
subsections shall be foll owed.

10.2.1. Procedures in the ATMto-PSN Direction

The followi ng procedures shall apply while fragnmenti ng AAL5 PDUs:
- Fragnentation shall always occur at cell boundaries within the

AALS5 PDU
Martini, et al. [ Page 29]
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- 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 earlier
in section 9.

- If the arriving cell is an OAMor an RMcell, send the current
PSN frame and then send the OAM or RM cell using One-to-one
single cell encapsul ation (VCQ.

10.2. 2. Procedures in the PSN-to- ATM Directi on

The followi ng procedures shall apply:
- The 3-bit PTI field of each ATM cell header is constructed as

fol |l ows:
-i. The nost significant bit is set to 0, indicating a user
data cell.
-ii. The middle bit is set to the E bit value of the
fragment.
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-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 PTI bit is set to 0 for all other

cells in the PSN frane.

- 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 fragnent is received, each constituent ATMcell is sent in

correct order.

11.

Mappi ng of ATM and PSN C asses of Service

This section is informational

When ATM PWservice is configured over a PSN, the ATM service

category of a connection SHOULD be napped to a conpatible class of

service in the PSN network. A conpatible class of service naintains

the integrity of the service end to end. For exanple, the CBR service

category SHOULD be nmapped to a class of service with stringent |oss

and del ay objectives. If the PSN inplenents the P Dff-Serv

franmework, 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 [5]. Sone are CLP blind, e.g., CBR neaning

that the QoS objectives apply to the aggregate CLPO+1 conform ng cel

flow Sone are CLP significant, e.g., VBR 3, neaning that the QS

obj ectives apply to the CLPO conforming cell flow only.
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When the PSN is MPLS based, a nmappi ng between the CLP bit and the EXP

field can be perfornmed to provide visibility of the cell |oss

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 docunent.

Operators have the flexibility to design a specific mapping which

satisfies their own requirenents.

In both the ATMto-PSN and PSN-to- ATM directions, the nethod used to

transfer the CLP and EFCl information of the individual cells into

the ATM specific field, or flags, of the PWpacket is described in

details in sections 6 through 9 for each encapsul ati on node.

12.

Security Considerations

Thi s docunent specifies only encapsul ations, and not the protocols

used to carry the encapsul ated packets across the PSN. Each such

protocol may have its own set of security issues, but those issues

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 might be |ess

rigorous then a native ATM servi ce.

13.

Intellectual Property Disclainer
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Thi s docunent is being subnmitted for use in | ETF standards
di scussi ons.
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3 Abbreviations
For the purposes of the present document, the following abbreviations apply:
ATM Asynchronous Transfer Mode
BER Bit Error Rate
IMA Inverse Multiplexing on ATM
IP Internet Protocol
PDH Plesiochronous Digital Hierarchy
PMD Physical Media Dependent
PWE3 Pseudo Wire Emulation Egde to Edge
SDH Synchronous Digital Hierarchy
SDbu Service Data Unit
TC Transmission Convergence
4 |, Layer 1
4.1 Introduction

The main functions of Layer 1 are summarised in the following:

4.2

Interface to physical medium,;

[ATM-Cell delineation];

Line clock extraction capability;

Layer 1 alarms extraction and generation;
In-sequence delivery;

Transmission quality control.

Layer 1 Description

4.2.1 Layer 1 Synchronised

When the Layer 1 Synchronised option is used (i.e. PDH/SDH/SONET links), the following requirements shall be met:

Layer 1 reference configuration shall be according to ITU-T Recommendation 1.432.1 [6].

The physical layer is divided into:

Physical Media Dependent (PMD) sublayer;

Transmission Convergence (TC) sublayer defined according to ITU-T Recommendation 1.432.1 [6].

The PMD shall comply with at least one of the following standards:

ETSI STM-4 (622 Mb/s) interface according to 1.432.2 [1] with optical S-1.1 interface according to G.957 [5].
SONET STS-12c (622 Mb/s) interface according to ANSI, T1.105-1995 with optical multimode.

SONET STS-3c (155 Mb/s) interface according to ANSI, T1.105-1995 with optical multimode.

ETSI STM-1 (155 Mb/s) interface according to 1.432.2 [1] with electrical interface (CMI) to G.703 [3].

ETSI STM-1 (155 Mb/s) interface according to 1.432.2 [1] with optical S-1.1 interface according to G.957 [5].

ITU STS-1 (51 Mb/s) interface according to ANSI, T1.105-1995 with electrical interface.
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- ITU STM-0 (51 Mb/s) interface according to ETSI/TTC with electrical interface.
- ITU STM-0 (51 Mb/s) interface according to ETSI/TTC with optical S-1.1 interface according G.957 [5].
- J2, 6.3 Mb/sinterface according to Japanese standard JT-G.703 [3] and JT-G.704 [4] (75 Ohm).

NOTE: J2 reqguiresthat the ATM cells be mapped into the physical layer according to HEC based mapping in
G.804.

- E2,8Mb/saccordingto ETSI/ITU G.703 [3] and G.704 [4] (75 Ohm).
- E3, 34 Mb/sinterface according to ETSI/ITU G.751 [15] (75 Ohm).
- T3, 45 Mb/sinterface according to ANSI/ITU G.703 [3] and G.704 [4] (75 Ohm).

- E1, 2Mb/sinterface balanced 120 Ohm symmetrical according to ETS 300 420, ITU-T G.704 [4] and TBR 013
(G.703) [3], and AF-PHY -0064.000 [13]

- EL, 2Mb/s according to ETSI/ITU G.703 [3] and G.704 [4] (75 Ohm), and AF-PHY-0064.000 [13].

- J1, 1.5 Mb/sinterface according to Jt-431-a (100 Ohm).

- J1, 1.5 Mb/sinterface according to JT-G.703 [3] and JT-G.704 [4] (110 Ohm).

- T1, 1.5 Mb/sinterface according to AF-PHY -0016.000 [10] and ANSI/ITU G.703 [3] and G.704 [4] (100 Ohm).
Services provided to the upper layer shall be independent from the used underlying technology.

The support of intervening transport networks - like PDH or SDH terrestrial links, Point-to-point or Point-to-M ultipoint
radio links - shall not be prevented.

When using E1, T1, or J1, it shall be possible to use inverse multiplexing of ATM (IMA) [14] within suitable subsets of
the physical ports on the respective Exchange Termination (ET).

Thejitter and wander performance requirements on the interface shall be in accordance with either Reference [7], [8] or
[9], whichever is applicable.

The synchronisation reference extracted from the |, may be used as UTRAN synchronisation reference. A general
recommendation is to supply atraceable synchronisation reference according to reference [16].

Transmission quality control shall be provided according to ITU-T Recommendation G.826 [10].

4.2.2 [IP — Layer 1 Unsynchronised]
When Layer 1 unsynchronised option is used, the following requirements shall be met:

The support of any suitable physical layer - like Ethernet L1 or other suitable point-to-point or point-to-multipoint
techniques shall not be prevented.

4.2.3 [IP-ATM Interworking — Layer 1 Emulation]

Pseudo Wire Emulation Edge to Edge (PWE3) [Annex A] may be used in an IP/ATM dual stack node for making the
ATM interface available in the | P transport network.

Neither AAL5 SDU Frame Mode nor AAL5 PDU Frame Mode shall be used.

Further guidelines on the application of PWE3 for IP-ATM interworking can be found in [17].
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Status of this Meno

This docunent is an Internet-Draft and is in full conformance with
all provisions of Section 10 of RFC2026.

Internet-Drafts are worki ng docunents of the Internet Engineering
Task Force (IETF), 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
and may be updated, replaced, or obsol eted by ot her docunents at any
tinme. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress.”

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

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

Abstract

A framework for providing various Layer 1 and Layer 2 services over a
Packet Swi tched Network has been described in [3]. This draft

provi des encapsul ati on formats and guidelines for transporting a

vari ety of ATM services over a PSN.
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1. Specification of Requirenents

The key words "MJST", "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOVWENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119

2. Introduction

Packet Switched Networks (PSNs) have the potential to reduce the
complexity of a service providers infrastructure by all ow 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:
- Leveraging of the existing systens and services to provide
i ncreased capacity froma packet sw tched core.
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- Preserving existing network operational processes and procedures
used to maintain the | egacy services.

- Using the comon packet switched network infrastructure to
support both the core capacity requirenents of existing services
and the requirenents of new services supported natively over the
packet sw tched networKk.

Thi s docunent describes a nethod to carry ATM services over L2TP
and MPLS. It lists ATM specific requirenents and provides
encapsul ati on fornmats and semantics for connecting ATM edge

net wor ks through a core packet network using L2TP or MPLS. The
techni ques described in this draft will allow ATM service
providers to take advantage of new technologies in the core in
order to provide ATM nulti-services.

Figure 1, below displays the ATM services reference nodel. This
nodel is adapted from[3]

Martini, et al. [ Page 3]
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<----- Pseudo Wre ---->

[ <-- PSN Tunnel --3]

ATM Service V V V V ATM Service
-+ +--- -+
RS PE1| | PE2 oo+
...................... PM.............|----------
CE1l | | | CE2
...................... PW. ... ...... ... |-
+--- -+ | | | +--- -+
N +----+ +- - -+ N
Provi der Edge 1 Provi der Edge 2
Semmmmm e Emul ated Service ---------------- >
Cust oner Cust oner
Edge 1 Edge 2

Figure 1: ATM Service Reference Mdel

QS related issues are not discussed in this draft. This draft
describes two nethods of ATM cell encapsul ati on, One-to-one node
and N-to-one node. This draft describes two nmethods of AALS
encapsul ati on, PDU node and SDU node.

3. Term nol ogy
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One-to-one node: The One-to-one node specifies an encapsul ation
nmet hod whi ch maps one ATM VCC (or one ATM VPC) to one Pseudo Wre.

N-to-one node (N >= 1): The N-to-one node specifies an encapsul ation
net hod whi ch maps one or nore ATM VCCs (or one or nmore ATM VPCs) to
one Pseudo Wre.

Packet Switched Network - A Packet Switched Network (PSN) is an IP or
MPLS net wor K.

Pseudo Wre Enul ation Edge to Edge - Pseudo Wre Enul ati on Edge to
Edge (PWE3) is a nechanismthat enulates the essential attributes of
a service (such as a T1 leased line or Frane Relay) over a PSN.

Custoner Edge - A Custoner Edge (CE) is A device where one end of a
service originates and/or terminates. The CEis not aware that it is
usi ng an enul ated service rather than a native service.

Provi der Edge - A Provider Edge (PE) is a device that provides PWE3
to a CE

Martini, et al. [ Page 4]
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Pseudo Wre - A Pseudo Wre (PW is a connection between two PEs
carried over a PSN. The PE provides the adaptation between the CE and
t he PW

Pseudo Wre PDU - A Pseudo Wre PDU is a PDU sent on the PWthat
contains all of the data and control information necessary to provide
the desired service.

PSN Tunnel - A PSN Tunnel is a tunnel inside which nmultiple PW can
be nested so that they are transparent to core PSN devi ces.

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 received on a PW
fromthe PSN, re-converted back in the enul ated service, and sent out
to a CE

Ingress - The point where the ATM service is encapsulated into a

Pseudo Wre PDU (ATMto PSN direction.)

Egress - The point where the ATM service is decapsul ated froma

Pseudo Wre PDU (PSN to ATM direction.)

CID - Cell Transfer Del ay

MIU -  Maxi mrum Transm ssion Unit

OAM - Operations And Maintenance.

PVC - Permanent Virtual Connection. An ATM connection that is

provi sioned via a network nmanagenent interface. The connection is

not si gnal ed.

VCC Virtual Circuit Connection. An ATM connection that is sw tched

based on the cell header's VCl.
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VPC - Virtual Path Connection. An ATM connection that is sw tched
based on the cell header's VPI.

Martini, et al. [ Page 5]
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4. Ceneral encapsul ation net hod

This section describes the general encapsul ation format for ATM over
PSN pseudo wires.

0 1 2 3
01234567890123456789012345678901
B =
[ PSN Transport Header (As Required) [
B
[ Pseudo Wre Header [
B
| ATM Control Word [
B
| ATM Servi ce Payl oad [
B

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

The PSN Transport Header depends on the particular tunneling
technology in use (L2TP or MPLS). This header is used to transport
the encapsul ated ATMinformation through the packet swi tched core.

The Pseudo Wre Header identifies a particular ATM service on a
tunnel. In case of MPLS the Pseudo Wre Header is the MPLS | abel at
the bottomof the MPLS | abel stack. In the Case of L2TP the Pseudo
Wre Header is the L2TP header

The ATM Control Wrd is inserted before the ATM service payload. It
may contain a length and sequence nunber in addition to certain
control bits needed to carry the service.

4.1. MPLS ShimS Bit Val ue

The ingress LSR, PE1l, 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

4.2. MPLS Shim TTL Val ues

The setting of the TTL value in the PWIlabel is application
dependent, however in a strict point to point application the TTL
SHOULD be appropriately set to 2.
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4.3. The Control Word

There are four requirenents that nmay need to be satisfied when
transporting layer 2 protocols over an I P or MPLS backbone [8]:

-i. Sequentiality may need to be preserved.

-ii. Small packets may need to be padded in order to be
transmtted on a nediumwhere the mininumtransport unit is
| arger than the actual packet size

-iii. Control bits carried in the header of the layer 2 frane may
need to be transported.

-iv. To allow accurate packet inspection in an MPLS PSN, and/or
to operate correctly over MPLS PSNs that have depl oyed
equal -cost multiple-path | oad-bal anci ng, a PW packet MJST
NOT alias an | P packet.

The PWE3 architecture docunent describes a generic control word and a
preferred control word. This docunent nakes use of both of these
control words depending on the encapsul ati on node. Both of these
control words addresses all of the above requirenents.

For some encapsul ati on nodes, the control word is REQUI RED, and for
ot hers OPTIONAL. Where the control word is OPTIONAL inpl ementations
MUST support sending no control word, and MAY support sending a
control word

In all cases the egress router nust be aware of whether the ingress
router will send a control word over a specific pseudo wire. This nay
be achi eved by configuration of the routers, or by signaling, for
exanpl e as defined in [1].

If the Pseudo Wre traverses a network link that requires a mni num
frame size such as Ethernet as a practical exanple, with a mni num
frame size of 64 octets, then such links will apply padding to the
Pseudo Wre PDU to reach its mninumfrane size. In this case the
control word nust include a length field set to the PDU length. A
nechanismis required for the egress PE to detect and renpve such
paddi ng.

4.3.1. The Generic Control Wrd

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

- ATM1 to 1 Cell Mode

Martini, et al. [ Page 7]
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- AAL5 PDU Frane Mbde

The PWE3 architecture docunent [8] provides the followi ng structure
for the generic control word:

0 1 2 3
01234567890123456789012345678901
B =
[0 0 0 Q] Speci fied by PW Encapsul ation [
B

The detailed structure for the ATM1 to 1 Cell Mde and for the AAL5
PDU Frane Mbde is as foll ows:

0 1 2 3
01234567890123456789012345678901
B =

[0 O 0 O] Resvd | Sequence Nunber | ATM Specific
B

In the above diagramthe first 4 bits MJST be set to 0 when
transmtting in order to satisfy the IP aliasing requirenent (iv) in
Section 4.1. They MJST be ignored by the receiving PE

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

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

The sequence nunber space is a 16 bit, unsigned circul ar space. The
sequence nunber value O is used to indicate that the sequence nunber
check al ghorithmis not used.

The last 8 bits provide space for carrying ATM specific 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 Frane nodes because the PSN PDU is always greater than 64
bytes and so no padding is applied in Ethernet links in the PSN

Martini, et al. [ Page 8]
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4.3.2. The Preferred Control Wrd

This control word is used in the follow ng encapsul ati on nodes:
- ATMNto 1 Cell Mode
- AAL5 SDU Frane Mde

It is defined as follows:
0 1 2 3
01234567890123456789012345678901

3GPP
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B e R R r e e i o e e e e e
|0 0 0 0] Flags | Res| Length | Sequence Nunber
B

In the above diagram fromleft to right, the first 4 bits MIJST be
set to O when transnitting in order to satisfy the IP aliasing
requirenent (iv) in Section 4.1. They MJST be ignored by the
receiving PE.

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 layer 2 payl oad
plus the length of the control word) is less than 64 bytes, the
length field MIUST be set to the packet's length. G herwi se the | ength

field MUST be set to zero. The value of the length field, if non-
zero, can be used to renmpve any paddi ng. When 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 Nto-1 node , and MJST 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 O is used to indicate that the sequence nunber
check al ghorithmis not used.

4.3.3. Setting the sequence nunber field in the control word

This section applies to the sequence nunber field of both the Generic

and Preferred Control Wbrds.

For a given enulated VC, and a pair of routers PE1l and PE2, if PEl
supports packet sequencing then the follow ng procedures should be

Martini, et al. [ Page 9]
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used:

- the initial packet transmitted on the enulated VC MJST use
sequence nunber 1

- subsequent packets MJST increnment the sequence nunber by one for
each packet

- when the transmit sequence nunber reaches the nmaxi num 16 bit
val ue (65535) the sequence nunber MJST wap to 1

If the transnmitting router PEl does not support sequence nunber
processing, then the sequence nunber field in the control word MJST
be set to O.

4.3.4. Processing the sequence nunber field in the control word

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

If a router PE2 supports receive sequence nunber processing, then the

foll owi ng procedures should be used:

When an enulated VCis initially set up, the "expected sequence
nunber" associated with it MJST be initialized to 1.

When a packet is received on that enulated VC, the sequence nunber
shoul d be processed as foll ows:

- if the sequence nunber on the packet is 0, then the packet passes

t he sequence nunber check

- otherwise if the packet sequence nunber >= the expected sequence
nunber and the packet sequence nunber - the expected sequence
nunber < 32768, then the packet is in order

- otherwise if the packet sequence nunmber < the expected sequence
nunber and the expected sequence nunber - the packet sequence
nunber >= 32768, then the packet is in order

- otherw se the packet is out of order.

If a packet is in order then, it can be delivered imediately. If the
packet is in order, then the expected sequence nunber MJST be set
using the algorithm

Martini, et al. [ Page 10]
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expect ed_sequence_nunber := packet sequence nunber + 1 nod 2**16

i f (expected sequence nunber = 0) then expected sequence nunber:= 1;

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

A sinmpl e extension of the above processing algorithmcan be used to
detect | ost packets.

If a router PE2 does not support receive sequence nunber processing,
then the sequence nunber field MAY be ignored.

4. 4. MIU Requirenents

The network MJST be configured with an MIU that is sufficient to
transport the largest encapsulation franmes. If MPLS is used as the
tunneling protocol, for exanple, this is likely to be 12 or nore
bytes greater than the largest frame size. Qher tunneling protocols
may have | onger headers and require larger MIUs. If the ingress
router determ nes that an encapsul ated | ayer 2 PDU exceeds the MIU of
the tunnel through which it nust be sent, the PDU MUST be dropped. If
an egress router receives an encapsul ated layer 2 PDU whose payl oad
length (i.e., the length of the PDU itself without any of the
encapsul ati on headers), exceeds the MIU of the destination |ayer 2
interface, the PDU MJST be dropped.
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5. Applicability

This Draft defines two nmethods for encapsul ation of ATM cells,
nanely, 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 Pseudo-
Wre. 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 encapsulation, thus the VPI/VC is always present. Cells from
one or nore VCCs (or one or nore VPCs) nmay be concat enat ed.

The One-to-one node specifies an encapsul ati on nethod that nmaps one
ATM VCC or one ATM VPC to one Pseudo-Wre. For VCCs, the VPI/VC is
not included. For VPCs, the VPl is not included. Cells fromone VCC
or one VPC may be concatenated. This node is OPTI ONAL.

Furthernore different OPTI ONAL encapsul ati ons are supported for ATM
AALS5 transport: one for ATM AAL5 SDUs, and another for ATM AAL5 PDUs.

Martini, et al. [ Page 11]
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Three depl oynent nodel s 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 tiservice ATM and L2VPN service over a PSN for all AAL
types.

-ii. Multiple ATM Connections: A PWcarries the cells of multiple
ATM VCCs and / or VPCs . This also supports both the
transport of nultiservice ATM and L2VPN service over a PSN
for all AAL type.

-iii. AALS: PWcarries the AALS5 franes of only one ATM VCC. A
large proportion of the data carried on ATM networks is
frane based and therefore uses AALS. The AAL5 mappi ng takes
advant age of the delineation of higher layer franmes 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 [5] or the ATMtransfer
capability [6] should be preserved.

There are currently no OAM nechani sns defined for the PSN |ike those
defined for ATM Therefore the nethods for the detection/consequent-
actions of failures in the PSN are not specified. This also neans
that QoS/availability netrics cannot be specified for the PSN.

5.1. ATMNto 1 Cell Mbode

Thi s encapsul ati on supports both the Single and Miultiple ATM
Connection depl oynent nodels. This encapsul ation i s REQU RED.

The encapsul ation allows multiple VCCs/VPCs to be carried within a
single pseudo wire. However, a service provider may wish to provision
a single VCCto a pseudo wire in order to satisfy QoS or restoration
requirenents.

The encapsul ation al so supports the binding of multiple VCCs/VPCs to
a single Pseudo Wre. This capability is useful in order to nake
nore efficient use of the PWdenultiplexing header space as well as
to ease provisioning of the VCC VPC services.
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In the sinplest case, this encapsul ation 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 nmay optionally be
encapsulated in a single PSN PDU. This process is called cel

concat enati on.

The encapsul ation has the follow ng attributes:
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-i. Supports all ATM Adaptation Layers Types.

-ii. Non-termnating OAM Adnmin cells are transported anong the
user cells in the sane order as they are received. This
requi renent enables the use of various performnce
managenment and security applications.

-iii. In order to gain transport efficiency on the PSN, multiple
cells may be encapsulated in a single PWPDU. This process
is called cell concatenation. How nmany cells to insert or
how long to wait for cell arrival before sending a PWPDU is
an i nplenmentation decision. Cell concatenation adds |atency
and delay variation to a cell relay service.

-iv. The CLP bit fromeach cell may be mapped to a correspondi ng
mar ki ng on the PWPDU. This allows the drop precedence to be
preserved across the PSN.

-v. If the Single ATM connection depl oynent nodel is used, then
it is sinpler to provide an ATM | ayer service. The nature of
the service, as defined by the ATM service category [5] or
ATM transfer capability [6], should be preserved.

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

-Vi. 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 transmi ssion by the egress PE

-vii. 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 nbpst PSNs. A

single bit error in a PWPDU will nost likely cause the

packet to be dropped due to a L2 FCS failure.

-viii. Cells can be concatenated fromnultiple VCCs or VPCs

belonging to different service cathegories and gos

requirenents. In this case the PSN packet nust receive

treatment by the PSN to support the highest QS of the ATM

VCCs/ VPCs carri ed

-ix. Cell encapsul ation only supports point-to-point LSPs.

Mul ti point-to-point and point-to-multi-point are for further

study (FFS)

-X. The nunber of concatenated ATMcells is linited by the MIU

size and the cell transfer delay (CID) and cell delay

variation (CDV) objectives of nultiple ATM connecti ons that

are multiplexed into a single PW

3GPP



3GPP TS 25.411 V6.0.0 (2003-12) 17

Martini, et al. [ Page 13]

Internet Draft draft-ietf-pwe3-atmencap-04.txt Decenber 2003

5.2. ATM One-to-One Cell Encapsul ation

Thi s OPTI ONAL encapsul ation supports the Single ATM Connection
depl oynent nodel .

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

The linmtations vi,vii,ix,x of Nto one node apply.

5.3. AAL5 SDU Frane Encapsul ati on

This OPTI ONAL encapsul ation supports the AAL5 nodel .

The AAL5 SDU encapsul ation is nore efficient for snmall AAL5 SDUs than
the VCC cell encapsulations. In turn it presents a nore efficient
alternative to the cell relay service when carrying RFC 2684

encapsul ated | P PDUs across a PSN

The AAL5- SDU encapsul ation requires Segnentation and Reassenbly on
the PE-CE ATMinterface. This SAR function is provided by comopn

of f-the-shel f hardware conponents. Once reassenbl ed, the AAL5-SDU is
carried via a Pseudo Wre to the egress PE. Herein |lies another
advant age of the AAL5-SDU encapsul ati on.

The linitations of the AAL5 SDU encapsul ati on are:
-i. If an ATM OAM cell is received at the ingress PE, it is sent
before the cells of the surrounding AAL5 frane. Therefore,
OAM cel | reordering may occur, which may cause certain ATM
OAM performance nonitoring and ATM security applications to
operate incorrectly.

-ii. If the ALL5 PDU is scrambled using ATM security standards, a
PE will not be able to exctract the ALL5 SDU and therefore
the whole PDU wi |l be dropped.

-iii. The AAL5 PDU CRC is not transported across the PSN. The CRC
nmust therefore be regenerated at the egress PE. Since the
CRC has end-to-end significance in ATM security. This neans
that the AALS5 CRC may not be used to accurately check for
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errors on the end-to-end ATM VCC.

-iv. The Length of AAL5 frame nmy exceed the MIU of the PSN. This
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requires fragnentation, which may not be available to al
nodes at the PW endpoint.

-v. This npde does not preserve the value of the CLP bit for
every ATM cell within an AAL5 PDU. Therefore, transparency
of the CLP setting may be violated. Additionally, tagging of

sonme cells may occur when tagging is not allowed by the
conformance definition [5].

-vi. This node does not preserve the EFCl state for every ATM
cell within an AAL5 PDU. Therefore, transparency of the EFC

state may be viol ated

5.4. AAL5 PDU Franme Encapsul ation

This OPTI ONAL encapsul ation supports the AAL5 nodel .

The primary application supported by AAL5 PDU frane encapsul ation
over PSN is the transparent carriage of ATM I ayer services that use
AALS5 to carry higher layer frames. The main advantage of this AALS
node is that it is transparent to ATM OAM and ATM security
applications.

One inportant consideration is to allow OAMinformation to be treated
as in the original network. This encapsul ation node allows this
transparency while performng AALS franme encapsulation. This node
supports fragnentation, which nay be perforned in order to maintain
the position of the OAM cells with respect to the user cells.

Fragnentation may al so be perforned to naintain the size of the
packet carrying the AAL5 PDU within the MIU of the |ink

Fragnentation 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
neans that the PE has control on the delay and jitter provided to the
ATM cel | s.

The whol e AAL5-PDU is encapsulated. In this case all necessary
paraneters such as CPCS-UU (CPCS User-to-User indicator), CPl (Common
Part Indicator), Length (Length of the CPCS-SDU) and CRC (Cyclic
Redundancy Check) are transported as part of the payload. Note that
carrying of the full PDU also allows the sinplification of the
fragmentation operation since it is perforned 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.
Martini, et al. [ Page 15]
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The linmtations v and vi of the AAL5 SDU node apply to this node as
wel | .

6. ATM OAM Cel | Support

6.1. VCC Case

In general when configured for ATM VCC service, both PEs SHOULD act
as a VC switch, in accordance with the OAM procedures defined in [7].

The PEs SHOULD be able to pass the following OAM cells transparently:
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- F5 AI'S (segnment and end-to-end)

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

- F5 Il oopback (segnment and end-t o-end)
- Resource Managenent

- Performance Managenent

- Continuity Check

- Security

F4 OAM cells are inserted or extracted at the VP link term nati on.
These OAM cel |l s are not seen at the VC link term nation and are
therefore not sent across the PSN.

6.2. 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

[7].

The PEs SHOULD be able to process and pass the following OAM cel | s
transparently according to [7]:

- F4 AIS (segnent and end-to-end)

- F4 RDI (segnent and end-to-end)

- F4 | oopback (segnment and end-t o-end)

F5 OAM are not inserted or extracted here. The PEs MJST be able to
pass the following OAM cells transparently: F5 AI'S (segnent and
end-t o- end)

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

- F5 Il oopback (segnment and end-t o-end)

- Resource Managenent

- Performance Managenent

- Continuity Check
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- Security

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

6. 3. Defect Handling

Figure 3 illustrates four possible |ocations for defects on the PWE3
service:

- (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

+----4 +----+
FRSpEp—_— PE1| | PE2 oo+
---a------ b..c........ PWL d.... ... . ]----------

CEl | [ CE2
...................... PW. ... ... ... . ]
+----+ | | +----+
N +----+ +- - -+ A
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Provi der Edge 1 Provi der Edge 2

Sememmmmea- Enul ated Service ---------------- >

Fi gure 3: Defect Locations

For failures at (a) or (b) in the VPC case the ingress PE MJUST be
able to generate an F4 AI'S upon reception of a |ower |ayer defect
(such as LOS). In the VCC case, the ingress PE SHOULD be able to
generate an F5 AI'S upon reception of a corresponding F4 AI'S or | ower
| ayer defect (such as LOS). These nmessages 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 Al 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 LOS on the PSN port).

If the ingress PE cannot support the generation of OAMcells, it MAY
notify the egress PE using a Pseudo Wre specific maintenance
nechani sm such as the PWstatus nessage defined in [1].
Al'ternatively, for exanple, the ingress PE MAY wthdraw t he Pseudo
Wre (VC label) associated with the service. Upon receiving such a
notification, the egress PE SHOULD generate the appropriate F4 Al'S
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(for VPQ or F5 AIS (for VCO.

If the ingress PE cannot support the generation of OAMcells, it MAY
notify the egress PE using a Pseudo Wre specific maintenance
nechani sm such as the PWstatus nessage defined in [1].
Al'ternatively, for exanple, the ingress PE MAY withdraw t he Pseudo
Wre (VC label) associated with the service. Upon receiving such a
notification, the egress PE SHOULD generate the appropriate F5 Al S

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

7. ATM N-to-one Cell Nbde

The N-to-one node (N >= 1) described in this Draft allows a service
provider to offer an ATM PVC or SVC based service across a network.
The encapsul ation allows nmultiple 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.

7.1. ATM N-to-one Service Encapsul ation

This section describes the general encapsul ation format for ATM over
PSN pseudo wires.

0 1 2 3
01234567890123456789012345678901
e
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| PSN Transport Header (As Required) |
B
[ Pseudo Wre Header [
B
|0 0 0 0] Flags | Res| Length | Sequence Nunber [
B
| ATM Servi ce Payl oad [
B

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

The PSN Transport Header depends on the particular tunneling
technology in use (L2TP or MPLS). This header is used to transport
the encapsul ated ATMinformation through the packet swi tched core.

The Pseudo Wre Header identifies a particular ATM service on a
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tunnel. Non-ATM services may al so be carried on the PSN tunnel

The ATM Control Wrd is inserted before the ATM service payload. It
may contain a length and sequence nunber in addition to certain
control bits needed to carry the service.

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

In this encapsul ation node ATM cells 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 ATMcell in

a PSN frane i s OPTI ONAL.

The ATM cell encapsul ation consists of an OPTIONAL control word, and
one or nore ATM cells - each consisting of a 4 byte ATM cel | header
and the 48 byte ATM cell payload. This ATM cell header is defined as
in the FAST encapsulation [4] section 3.1.1, but without the trailer
byte. The length of each frane, w thout the encapsul ation headers, is

a multiple of 52 bytes | ong. The nmaxi mum nunber of ATM cells that can

be fitted in a frame, in this fashion, is limted only by the network

MIU and by the ability of the egress router to process them The

i ngress router MJST NOT send nore cells than the egress 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
may be signal ed, for exanple using the nmethods described in [1]. The
nunber of cells encapsulated 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, and MJST be set to 0 when transnitting, and MJST be ignored
upon receipt.

The EFCl and CLP bits are carried across the network in the ATM cel
header. The edge routers that inplenent this docunment 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 the CLP bit from zero
to one to reflect marking fromedge policing of the ATM Sust ai ned
Cell Rate. The EFCI and CLP bits SHOULD NOT be changed fromone to
zero.

This diagramillustrates an encapsul ation of two ATMcells
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0 1 2 3

01234567890123456789012345678901
T T S i o e
[ Control word ( Optional ) |
B S TH R
[ VPI | VCl | PTI | C
B T S I T e
ATM Payl oad ( 48 bytes )

B
VPI | el [ PTI [ Q
B
ATM Payl oad ( 48 bytes )

RS

Figure 5: Miultiple Cell ATM Encapsul ation

* When nmultiple VCCs or VPCs are transported in one pseudo-wre
VPI /VCl val ues MJUST be uni que. When the nultiple VCCs or VPCs,
are fromdifferent a physical transnission path it may be
necessary to assign unique VPI/VCI values to the ATM connecti ons.

If they are fromthe sanme physical transm ssion path, the VPI/VC

val ues are uni que.

* VPI

The ingress router MJST copy the VPI field fromthe inconming cell

into this field. For particular enulated VCs, the egress router
MAY generate a new VPl and ignore the VPI contained in this
field.

* VC

The ingress router MUST copy the VC field fromthe inconing ATM
cell header into this field. For particular enulated VCs, the
egress router MAY generate a new VCl.

* PTI & CLP ( C bit )

The PTlI and CLP fields are the PTI and CLP fields of the inconing

ATM cells. The cell headers of the cells within the packet are
the ATM headers (without HEC) of the incoming cell.
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8. ATM One-to-one Cell Nbde

The One-to-one node described in this Draft allows a service provider
to offer an ATM PVC or SVC based service across a network. The
encapsul ation allows one ATMVCC or VPC to be carried within a single
Pseudo- Wr e.

8.1. ATM One-to-one Service Encapsul ation

This section describes the general encapsul ation format for ATM over

PSN pseudo wires, such as IP, L2TP, or MPLS. The specifics pertaining

to each packet technology are covered in later sections. Figure 6

provides a general format for encapsul ation of ATMcells into

packets.

0 1 2 3

01234567890123456789012345678901

B =

| PSN Transport Header (As Required) [

B

| Pseudo Wre Header

B T o o e e e i e i e e S P S S

[0 O 0 O] Resvd | Optional Sequence Nunber | ATM Specific

B o T i e S e o T T e
ATM Servi ce Payl oad

I
+
I
+

RS

Figure 6: General format for One-to-one node encapsul ati on over PSNs

The PSN Transport Header depends on the packet technology: IP, L2TP
or MPLS. This header is used to transport the encapsul ated ATM

i nformati on through the packet switched core. This header is always
present if the Pseudo Wre is MPLS.

The Pseudo Wre Header depends on the packet technology: IP, L2TP or
MPLS. It identifies a particular ATM service within the PSN tunnel.

The generic control word is inserted after the Pseudo Wre Header.
The presence of the control word i s MANDATORY.

The ATM Specific Header is inserted before the ATM servi ce payl oad.
The ATM Specific Header contains control bits needed to carry the
service. These are defined in the ATM service descriptions below. The
I ength of ATM specific header may not always be one octet. It depends
on the service type.

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

8. 2. Sequence Nunmber
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The sequence nunber is not required for all services.

Treatment of the sequence nunber is according to previous sections
"Setting the sequence nunber", and "Processing the sequence nunber".

8.3. ATM VCC Cell Transport Service

The VCC cell transport service is characterized by the napping of a
single ATM VCC (VPI/VCI) to a Pseudo Wre. This service is fully
transparent to the ATM Adaptation Layer. The VCC single cell
transport service is OPTIONAL. This service MIST use the follow ng
encapsul ati on fornat:

0 1 2 3
01234567890123456789012345678901
B =

| PSN Transport Header (As Required) [
B

| Pseudo Wre Header |
B
[0 00 O] Resvd | Optional Sequence Number [MVIRes| PTI | C
B

ATM Cel | Payl cad ( 48 bytes )

RS

Figure 7: Single ATM VCC Cell Encapsul ation

* M (transport node) bit

Bit (M of the control byte indicates whether the packet contains
an ATMcell or a franme payload. If set to 0, the packet contains
an ATMcell. If set to 1, the PDU contains an AAL5 payl oad.

* V (VA present) bit

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

Martini, et al. [ Page 22]

Internet Draft draft-ietf-pwe3-atmencap-04.txt Decenber 2003

* Reserved bits

The reserved bits should be set to 0 at the transmtter and
i gnored upon reception.

* PTI Bits

The 3-bit Payload Type ldentifier (PTI) incorporates ATM Layer
PTl 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|.
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For increased transport efficiency, the ingress PE SHOULD be able to
encapsulate nmultiple ATMcells into a Pseudo Wre PDU. The ingress
and egress PE SHOULD agree to a maxi mum nunber of cells in a single
Pseudo Wre PDU. This agreenent nay be acconplished via a Pseudo
Wre specific signaling mechanismor via static configuration.

When multiple cells are encapsulated in the same PSN packet, the ATM
specific byte MIST be repeated for each cell. This neans that 49
bytes are used to encapsul ate each 53 byte ATMcell.

0 1 2 3

01234567890123456789012345678901
B =
[ PSN Transport Header (As Required) [
B
[ Pseudo Wre Header [
B
[0 0 0O O] Rsvd | Optional Sequence Nunber |MV|Res| PTI | C
B

ATM Cel | Payl cad ( 48 bytes )

RS
|MV|IRes| PTI |C
o Hm e Fm b o b o+

ATM Cel | Payl cad ( 48 bytes )

R B R R RE

o Hm b o b o b -+

Figure 8 Miltiple ATM VCC Cell Encapsul ation
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8.4. ATM VPC Services

The VPC service is defined by mapping a single VPC (VPI) to a Pseudo
Wre. As such it enulates as 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 solely upon the Pseudo Wre header. As a VPC
service, the egress PE MUST NOT change the VC field.

8.4.1. ATM VPC Cel |l Transport Services

The ATM VPC cell transport service is OPTI ONAL.

This service MIST use the follow ng cell node encapsul ati on:

0 1 2 3

01234567890123456789012345678901
B =
[ PSN Transport Header (As Required) [
B
[ Pseudo Wre Header [

3GPP



3GPP TS 25.411 V6.0.0 (2003-12) 26

B e R R r e e i o e e e e e
|0 0 0O O] Rsvd | Optional Sequence Nunber |MV|Res| PTI | C
B
I va I

S R R RS

ATM Cel | Payl cad ( 48 bytes )

S SR R RS

S N R R RS

Figure 9: Single Cell VPC Encapsul ation

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

* VCl Bits

The 16-bit Virtual Circuit ldentifier (VC) incorporates ATM
Layer VCI value of the cell.

For increased transport efficiency, the ingress PE SHOULD be able to
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encapsulate nmultiple ATMcells into a Pseudo Wre PDU. The ingress
and egress PE SHOULD agree to a maxi mum nunber of cells in a single
Pseudo Wre PDU. This agreenent nmay be acconplished via a Pseudo
Wre specific signaling mechanismor via static configuration.

When multiple ATM cells are encapsulated in the sane PSN packet, the
ATM specific byte MIUST be repeated for each cell. This nmeans that 51

bytes are used to encapsul ate each 53 byte ATM cell.

0 1 2 3

01234567890123456789012345678901
B =
[ PSN Transport Header (As Required) [
B
[ Pseudo Wre Header

I
s

B e
[0 0 0O O] Rsvd | Optional Sequence Nunber |MV|Res| PTI | C
B
I va I

S R R RS

ATM Cel | Payl oad (48 bytes)

S SR R RS

[MV[Res| PTI_[( VG

B B B RS

+
| Vd I
o Hm b e b o b o+

ATM Cel | Payl oad (48 bytes)

R B R R RE

o Hm b o b o b -+

Figure 10: Miultiple Cell VPC Encapsul ation
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9. ATM AAL5 CPCS- SDU Mode

The AAL5 payl oad VCC service defines a mappi ng between the payl oad of
an AAL5 VCC and a single Pseudo Wre. The AAL5 payl oad VCC service
requires ATM segnentation and reassenbly support on the PE

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

Even the snall est TCP packet requires two ATM cells when sent over
AAL5 on a native ATM device. It is desirable to avoid this padding on
the Pseudo Wre. Therefore, once the ingress PE reassenbles the AALS
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CPCS- PDU, the PE discards the PAD and CPCS-PDU trailer then inserts
the resulting payload into a Pseudo Wre PDU.

The egress PE MJST regenerate the PAD and trailer before transmitting
the AAL5 frame on the egress ATM port.

This service does allow the transport of OAM and RM cells, but does
not attenpt to naintain the relative order of these cells with
respect to the cells that conprise the AAL5 CPCS-PDU. Al OAM cell s,
regardl ess of their type, that arrive during the reassenbly of a
singl e AAL5 CPCS-PDU are sent imediately on the Pseudo Wre using
N-to-one cell encapsul ation, followed by the AAL5 payl oad. Therefore,
the AAL5 payl oad VCC service will not be suitable for ATM
applications that require strict ordering of OAM cells (such as
performance nonitoring and security applications).

9.1. Transparent AAL5 SDU Franme Encapsul ation

The AAL5 CPCS-SDU i s prepended by the foll ow ng header:

0 1 2 3

01234567890123456789012345678901
B =
| Res |TIECURes| Length | Sequence Nunber (Optional) |
B

ATM cel | or AAL5 CPCS- SDU

RS

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 MIST be set to O upon
transm ssi on and i gnored upon reception.

* T (transport type) bit

Bit (T) of the control word indicates whether the packet contains
an ATM admin cell or an AAL5 payload. If T =1, the packet
contains an ATM adnmin cell, encapsul ated according to the VCC
cell relay encapsulation, figure 8. |If not set, the PDU contains
an AALS5 payload. The ability to transport an ATMcell in the AALS
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SDU node is intended to provide a nmeans of enabling
adm nistrative functionality over the AAL5 VCC (though it does
not endeavor to preserve user-cell and adm n-cell
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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 EFClI 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 EFCI
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. GOherwise this bit SHOUD 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

When FRF. 8.1 Frane Relay / ATM PVC Service |Interworking [3]
traffic is being transported, the CPCS-UU Least Significant Bit
(LSB) of the AAL5 CPCS-PDU nay contain the Frane Relay CR bit.
The ingress router, PEl, SHOULD copy this bit to the Ubit of the
control word. The egress router, PE2, SHOULD copy the Ubit to
the CPCS-UU Least Significant Bit (LSB) of the AAL5 CPCS PDU.

10. AAL5 PDU frane node

The AAL5 payl oad PDU service is OPTI ONAL.

10.1. Transparent AAL5 PDU Frane Encapsul ation

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

Thi s node MAY support fragnmentation in order to naintain OAM cell
sequenci 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
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AAL5 CPCS-PDU, including the PAD and trailer. Note that the AALS
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 cell 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 AALS conposite cells.

The AAL5 transparent VCC service is OPTI ONAL.

0 1 2 3
01234567890123456789012345678901
B =
[ PSN Transport Header (As Required) [
B
[ Pseudo Wre Header [
B
[0 0 0 O] Resvd | Opti onal Sequence Number [IMVI Res |UE(
B
AAL5 CPCS- PDU
(n * 48 bytes)

RS

Fi gure 12: AAL5 transparent service encapsul ation

The generic control word is inserted after the Pseudo Wre 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.

*UBIit

This field indicates whether this frane contains the last cell of
an AALS5 PDU and represents the value of the ATM User-to-User bit
for the last ATMcell of the PSN frame. Note: The ATM User-to-
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 ATMcells. The
EFCl state is indicated in the mddle bit of each ATMcell's PTI
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field.

ATM t 0-PSN direction (ingress): The EFCI field of the control
byte is set to the EFClI state of the last cell of the AAL5 PDU or
AALS5 fragnent.

PSN-to- ATM direction (egress): The EFCl state of all constituent
cells of the AALS PDU or AAL5 fragnent is set to the value of the
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EFCl field in the control byte.

* C (CLP) bit

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

ATM t0-PSN direction (ingress): The CLP field of the contro
byte is set to 1 if any of the constituent cells of the AAL5 PDU
or AALS5 fragnment 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 AALS5 PDU or AAL5 fragnent is set to the value of the
CLP field in the control byte. The payload consists of the re-
assenbl ed AAL5 CPCS- PDU

i ncluding the AALS padding and trailer or the AAL5 fragnent.

10. 2. Fragnentation

The ingress PE nmay not always be able to reassenble a full AAL5
frame. This may be due to the AALS5 PDU exceeding the Pseudo Wre MIU
or when OAM cells arrive during reassenbly of the AAL5 PDU. In these
cases, the AAL5 PDU shall be fragnented. In addition, fragnentation
may be desirable to bound ATM cel |l del ay.

When fragnentation occurs, the procedures described in the follow ng
subsections shall be foll owed.

10.2.1. Procedures in the ATMto-PSN Direction

The followi ng procedures shall apply while fragnmenti ng AAL5 PDUs:
- Fragnentation shall always occur at cell boundaries within the

AALS5 PDU
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- 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 earlier
in section 9.

- If the arriving cell is an OAMor an RMcell, send the current
PSN frame and then send the OAM or RM cell using One-to-one
single cell encapsul ation (VCQ.

10.2. 2. Procedures in the PSN-to- ATM Directi on

The followi ng procedures shall apply:
- The 3-bit PTI field of each ATM cell header is constructed as

fol |l ows:
-i. The nost significant bit is set to 0, indicating a user
data cell.
-ii. The middle bit is set to the E bit value of the
fragment.
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-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 PTI bit is set to 0 for all other

cells in the PSN frane.

- 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 fragnent is received, each constituent ATMcell is sent in

correct order.

11.

Mappi ng of ATM and PSN C asses of Service

This section is informational

When ATM PWservice is configured over a PSN, the ATM service

category of a connection SHOULD be napped to a conpatible class of

service in the PSN network. A conpatible class of service naintains

the integrity of the service end to end. For exanple, the CBR service

category SHOULD be nmapped to a class of service with stringent |oss

and del ay objectives. If the PSN inplenents the P Dff-Serv

franmework, 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 [5]. Sone are CLP blind, e.g., CBR neaning

that the QoS objectives apply to the aggregate CLPO+1 conform ng cel

flow Sone are CLP significant, e.g., VBR 3, neaning that the QS

obj ectives apply to the CLPO conforming cell flow only.
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When the PSN is MPLS based, a nmappi ng between the CLP bit and the EXP

field can be perfornmed to provide visibility of the cell |oss

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 docunent.

Operators have the flexibility to design a specific mapping which

satisfies their own requirenents.

In both the ATMto-PSN and PSN-to- ATM directions, the nethod used to

transfer the CLP and EFCl information of the individual cells into

the ATM specific field, or flags, of the PWpacket is described in

details in sections 6 through 9 for each encapsul ati on node.

12.

Security Considerations

Thi s docunent specifies only encapsul ations, and not the protocols

used to carry the encapsul ated packets across the PSN. Each such

protocol may have its own set of security issues, but those issues

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 might be |ess

rigorous then a native ATM servi ce.

13.

Intellectual Property Disclainer
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Thi s docunent is being subnmitted for use in | ETF standards
di scussi ons.
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