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Status of This Menop
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Abstract
Thi s docunent defines extension to the Pseudow re Emul ati on Edge-t o-
Edge (PWE3) control protocol RFC 4447 and PWE3 | ANA al |l ocati ons RFC
4446 required for the setup of Tine-Division Miltiplexing (TDV
pseudowi res in MPLS networks.
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1. Introduction

Thi s docunent defines an extension to the PWE3 control protocol
[ RFC4447] and PWE3 | ANA al | ocations [ RFC4446] required for the setup
of TDM pseudowi res in MPLS networks.

Structure-agnosti c TDM pseudowi res have been specified in [ RFC4553],
and structure-aware ones have been specified in [ RFC5086] and
[ RFC5087] .

[ RFC4447] defines extensions to the Label Distribution Protocol (LDP)
[ RFC5036] that are required to exchange PWI abels for PW emnul ating
various Layer 2 services (Ethernet, Frane Relay (FR), Asynchronous
Transfer Mdde (ATM, Hi gh-Level Data Link Control (HDLC), etc.). The
setup of TDM PW requires both interpretation of the existing
information el ements of these extensions and exchange of additional

i nformati on.

The setup of TDM PW using L2TPv3 will be defined in a separate
docunent .

The status of attachment circuits of TDM PW can be exchanged between
the terninating Provider Edges (PEs) using the PW Status nmechani sm
defined in [ RFC4447] wi thout any changes. However, usage of this
mechani smis NOT RECOMVENDED for TDM PWs since the indication of the
status of the TDM attachnent circuits is carried in-band in the data
pl ane.

The key words "MJST", "MJST NOT", "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [ RFC2119].
2. PWFEC for Setup of TDM PWs

[ RFC4447] uses the LDP Label Mapping nmessage [ RFC5036] for
advertising the FEC-to-PW Label binding, and defines two types of PW
Forwar di ng Equi val ence C asses (FECs) that can be used for this
pur pose:
1. PWd FEC (FEC 128). This FEC contai ns:

a) PWtype

b) Control bit (indicates presence of the control word)

c) Goup ID

d) PWID
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e) Interface paranmeters Sub-TLV

2. Ceneralized PWFEC (FEC 129). This FEC contains only:
a) PWtype
b) Control bit

c) Attachment Goup Identifier (AG), Source Attachnent I ndividual
Identifier (SAIl), and Target Attachnent Individual ldentifier
(TAI'l) that replace the PWID

The Goup ID and the Interface Paraneters are contained in separate
TLVs, called the PWGouping TLV and the Interface Paranmeters TLV.

Ei t her of these types of PWFEC MAY be used for the setup of TDM PW
with the appropriate selection of PWtypes and interface paraneters.

The PWtypes for TDM PW are allocated in [RFC4446] as foll ows:

0x0011 Structure-agnostic E1 over Packet [RFC4553]
0x0012 Structure-agnostic T1 (DS1) over Packet [RFC4553]
0x0013 Structure-agnostic E3 over Packet [RFC4553]
0x0014 Structure-agnostic T3 (DS3) over Packet [RFC4553]
0x0015 CESoPSN basi c nmbde [ RFC5086]

0x0016 TDWol P AAL1 node [ RFC5087]

0x0017 CESoPSN TDM wi t h CAS [ RFC5086]

0x0018 TDMWol P AAL2 node [ RFC5087]

OO0OO0OO0OO0OO0OO0OO0

The two endpoints MJST agree on the PWtype, as both directions of
the PWare required to be of the same type.

The Control bit MJST al ways be set for TDM PW since all TDM PW
encapsul ati ons al ways use a control word.

PWtype 0x0012 MJUST al so be used for the setup of structure-agnostic
TDM PW between a pair of J1 attachment circuits (see [ RFC4805]).
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The interface paraneters that are relevant for the setup of the TDM

PW are |isted bel ow

| I nterface Paraneter

| Nunber

| Cells per Packet

| Fragnentation
| I'ndicator

of TDWbl P AAL1

Sub-TLV ID | Length | Descriptio
____________ TR
0x04 | 4 | Section 3.2
____________ O e —
0x07 | 6 | Section 3.3
____________ O e —
Ox0E | 4 | Section 3.4
| |
0x10 | 4 | Section 3.5
____________ O e —
Ox11 | 8 or | Section 3.6
| larger |
| see not e
____________ O e —
0x09 | | Section 3.7
| |
0x0B | 4, 8, |Section 3.8
| or 12 |

n |

If not explicitly indicated otherwise in the appropriate description,

the value of the interface paraneter

i nteger of the appropriate size (16 or 32 bits).

Not e:
8 bytes,
i's used,
Thus,

and when the optiona
there is one additional
if 1 trunk is being supported,

Channel

is interpreted as an unsi gned

The length of basic TDWbl P AAL2 Options interface paraneter is
ID (CI D mapping bases field
byte for each trunk transported.
this nmessage occupi es 9 bytes.

Since there can be no nore than 248 CIDs in a given PW this can
never exceed 256 (this when each channe

trunk).
case,
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3.

3.

2.

3.

no nmore than 17 bytes. A single PEis not required to support nore
than 10 AAL2 PW (i.e., up to 2480 individual channels, which is nore
than carried by a fully popul ated STML). Thus, the nenory required
to store all the AAL2 nmapping information is typically between 80 and
170 bytes per PE

CEP/ TDM Payl oad Byt es

This paraneter is used for the setup of all SAToP and CESoPSN PW
(i.e., PWtypes 0x0011, 0x0012, 0x0013, 0x0014, 0x0015, and 0x0017)
and enpl oys the follow ng semantics:

1. The two endpoints of a TDM PW MJST agree on the same value of this
paraneter for the PWto be set up successfully.

2. Presence of this paranmeter in the PWd FEC or in the Interface
Paraneters Field TLV is OPTIONAL. If this paraneter is omtted,
default payl oad size defined for the correspondi ng service (see
[ RFC4553], [ RFC5086]) MJST be assuned.

3. For structure-agnostic emulation, any value consistent with the
MIU of the underlying PSN MAY be specifi ed.

4. For CESoPSN PW:

a) The specified value P MJUST be an integer nultiple of N, where N
is the nunber of tinmeslots in the attachment circuit.

b) For trunk-specific NxDSO with CAS
i) (P/N) MJUST be an integer factor of the nunmber of frames per

corresponding trunk nmultiframe (i.e., 16 for an El trunk and
24 for a T1 or J1 trunk).

ii) The size of the signaling sub-structure is not accounted for
in the specified value P.

5. This paraneter MJST NOT be used for the setup of TDWbl P PW (i.e.,
PW with PWtypes 0x0016 and 0x0018).

CEP/ TDM Bi t - Rat e (0x07)
This interface paraneter represents the bit-rate of the TDM service

inmultiples of the "basic" 64 Kbit/s rate. Its usage for all types
of TDM PWs assunes the followi ng senantics:
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1. This interface paraneter MAY be omtted if the attachment circuit
bit-rate can be unanbi guously derived fromthe PWtype (i.e., for
structure-agnostic enulation of E1, E3, and T3 circuits). |If this
value is omitted for the structure-agnostic enulation of T1 PW
type, the basic enul ati on node MJST be assuned.

2. |If present, only the follow ng val ues MJST be specified for
structure-agnostic emul ation (see [ RFC4553]:

a) Structure-agnostic E1 ermulation - 32
b) Structure-agnostic Tl emnul ation:
i) MIUST be set to 24 in the basic enul ati on node
ii) MJIST be set to 25 for the "Cctet-aligned T1" enul ati on node
c) Structure-agnostic E3 ermulation - 535
d) Structure-agnostic T3 ermulation - 699
3. For all kinds of structure-aware enul ation, this paraneter MJST be
set to N, where Nis the nunber of DSO channels in the
correspondi ng attachnent circuit.
Not e: The val ue 24 does not represent the actual bit-rate of the T1
or J1 circuit (1,544 Mit/s) in units of 64 kbit/s. The val ues

menti oned above are used for conveni ence.

Note: A 4-byte space is reserved for this parameter for conpatibility
with [ RFC4842] .

3.4. Nunber of TDMbl P AAL1 Cells per Packet

Thi s paraneter MAY be present for TDWbl P AAL1 node PW (PWtype
0x0016) and specifies the nunber of 48-byte AAL1 PDUs per MPLS
packet. Any values consistent with the MU of the underlying PSN MAY
be specified. |If this paraneter is not specified, it defaults to 1
PDU per packet for low bit-rates (CEP/ TDM Bit-Rate | ess than or equal
to 32), and to 5 for high bit-rates (CEP/ TDM Bit-Rate of 535 or 699).
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3.

3.

5.

6.

TDWbl P AAL1 Mbde

Thi s paraneter MAY be present for TDWbl P AAL1 node PW (PWtype
0x0016) and specifies the AALL node. |If this paraneter is not
present, the AAL1 node defaults to "structured". Wen specified, the
val ues have the foll ow ng significance:

O - unstructured AAL1
2 - structured AAL1
3 - structured AAL1 with CAS

The two endpoints MJST agree on the TDWbl P AAL1 node.
TDMVol P AAL2 Options

Thi s paraneter MJST be present for TDWol P AAL2 node PW (PWtype
0x0018) and has the follow ng format:

0 1 2 3
01234567890123456789012345678901
il s T T S S S S S i N T i ST S S S S S e e L T 2
| 0x11 | Lengt h | V| ENCODI NG |
il s T T S S S S S i N T i ST S S S S S e e L T 2
| Maxi mum Dur ati on |
il s T T S S S S S i N T i ST S S S S S e e L T 2
| Cl D mappi ng bases |
il s T T S S S S S i N T i ST S S S S S e e L T 2

The fields in this paraneter are defined as foll ows:

V defines the Voice Activity Detection (VAD) capabilities. |Its
val ues have the foll ow ng significance:

0 neans that activity is only indicated by signaling.

1 neans that voice activity detection is enpl oyed.

3 neans this channel is always active. In particular, this
channel nay be used for timng recovery.

Encodi ng specifies native signal processing performed on the payl oad.
When no native signal processing is performed (i.e., G 711 encoding),
this field MUST be zero. Qher specific values that can be used in
this field are beyond the scope of this specification, but the two
directions MJST natch for the PWsetup to succeed.
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3.

3.

7.

8.

Maxi mum Dur ati on specifies the maxinumtinme allowed for filling an
AAL2 PDU, in units of 125 nmicroseconds. For unencoded 64 kbps
channels, this nunerically equals the maxi num nunber of bytes per PDU
and MJST be less than 64. For other encoding paraneters, |arger

val ues nay be att ai ned.

Cl D mappi ng bases is an OPTI ONAL paraneter; its existence and | ength
are determned by the length field. |If the mapping of AAL2 CID
values to a physical interface and tine slot is statically
configured, or if AAL2 switching [Q 2630.1] is enployed, this
paranet er MUST NOT appear. Wen it is present, and the channels

bel ong to N physical interfaces (i.e., N Els or Tls), it MJST be N
bytes in length. Each byte represents a nunber to be subtracted from
the CID to get the tineslot nunber for each physical interface. For
exanple, if the CI D nappi ng bases paraneter consists of the bytes 20
and 60, this signifies that tinmeslot 1 of trunk 1 corresponds to CID
21, and tineslot 1 of trunk 2 is called 61

Fragnment ati on | ndi cat or

This interface paraneter is specified in [RFC4446], and its usage is
explained in [RFC4623]. It MJST be omtted in the FEC of all TDM PW
excludi ng trunk-specific NxDSO services with CAS using the CESoPSN
encapsul ation. In the case of these services, it MJST be present in
the PWFEC if the payl oad size specified value P differs from

Nx( nunmber of frames per trunk nultifrane).

TDM Opt i ons

This is a new interface paraneter. |Its Interface Paraneter |D (0x0B)
has been assigned by 1ANA, and its format is shown in Figure 1 bel ow

0 1 2 3
01234567890123456789012345678901
T o i T S o T s T S e e i S S i St S S S
| Parameter 1D | Lengt h | R D] F| X| SP | CAS| RSVD- 1 |
T o i T S o T s T S e e i S S i St S S S
| 0] PT |  RSVD-2 | FREQ |
T o i T S o T s T S e e i S S i St S S S
| SSRC |
+-

i i S I S I i S S S S il s ot i S
Figure 1. Format of the TDM Options Interface Paraneter Sub-TLV
The fields shown in this diagramare used as foll ows:

Paraneter ID Identifies the TDM PW Qptions interface
paraneter, OxO0B
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Lengt h 4, 8, or 12 (see bel ow).

R The RTP Header Usage bit: if set, indicates that
the PWendpoint distributing this FEC expects to
recei ve RTP header in the encapsulation. RTP

header will be used only if both endpoints expect
to receive it. If this bit is cleared, Length
MUST be set to 4; otherwise, it MJIST be either 8
or 12 (see below). |If the peer PW endpoint

cannot neet this requirenent, the Label Mapping
nmessage containing the FEC in question MJST be
rejected with the appropriate status code (see
Section 4 bel ow).

D The Differential tinmestanping Mdde bit: if set,
i ndi cates that the PWendpoint distributing this
FEC expects the peer to use Differential
ti mestanpi ng node in the packets sent to it. |If
the peer PWendpoint cannot neet this
requi renment, the Label Mapping nessage cont ai ning
the FEC in question MJST be rejected with the
appropriate status code (see Section 4 bel ow).

F, X Reserved for future extensions. MJST be cleared
when di stributed and MJUST be ignored upon
reception.

SP Encodes support for the CESoPSN signaling packets

(see [ RFC5086]):

o '00 for PW that do not use signaling packets

0o '01' for CESoPSN PW carrying TDM data packets
and expecting Customer Edge (CE) application
signaling packets in a separate PW

o '10° for a PWcarrying CE application
signaling packets with the data packets in a
separate PW

o '11' for CESoPSN PW carrying TDM data and CE
application signaling on the sane PW
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RSVD-1 and RSVD- 2

PT

FREQ

SSRC

Not es:
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MJUST be cleared for all types of TDM PW

excl udi ng trunk-specific NxDSO services with CAS
For these services, it encodes the trunk fram ng
like the follow ng:

o '01" - an E1 trunk

o 10 a T1/ ESF trunk

o '11'" - a T1 SF trunk

Reserved bits, which MJUST be set to 0 by the PW
endpoint distributing this FEC and MJST be
i gnored by the receiver.

I ndi cates the val ue of Payload Type in the RTP

header expected by the PWendpoint distributing
this FEC. A value of 0 neans that the PT val ue
check will not be used for detecting nalforned

packet s.

Frequency of tinmestanping clock in units of 8
kHz.

I ndi cates the val ue of the Synchroni zati on source
ID (SSRC ID) in the RTP header expected by the PW
endpoint distributing this FEC. A value of 0O
nmeans that the SSRC I D value check will not be
used for detecting m sconnections.

Alternatively, Length can be set to 8 in this
case.

1. This interface paraneter MAY be omtted in the foll ow ng cases:

a) SAToP PW that do not use RTP header [RFC4553].

b) Basi c CESoPSN NxDSO services wi thout CE application signaling

[ RFC5086] .

c) TDWbl P AAL1 node O or 2 PW that do not use RTP .

d) TDWbl P AAL2 PW that do not relay CAS signaling and do not use

RTP.

Vai nshtein & Stein
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2. This interface parameter MJST be present in the follow ng cases:
a) All TDM PW that use RTP headers.

b) CESoPSN PWs that carry basic NxDSO services and use CESoPSN
signaling packets to carry CE application signaling. This case
is discussed in detail in Section 4 bel ow

c) CESoPSN PWs that carry trunk-specific NxDSO services with CAS.
d) TDWbl P AAL1 node 1 PWs.
e) TDWbl P AAL2 PWs that relay CAS signaling.

3. If RTP header and possibly the Differential tinmestanping node are
used, the value of the Length field MIUST be set to 8 or 12 in
order to accommpdate the Ti nestanpi ng C ock Frequency and SSRC
fields.

4. Usage or non-usage of the RTP header MJST match for the two
directions nmaking up the TDM PW However, it is possible to use
the Differential tinmestanping node in just one direction.

4. Extendi ng CESoPSN Basic NxDSO Services with CE Application Signaling

[ RFC5086] states that basic NxDSO services can be extended to carry

CE application signaling (e.g., CAS) in special signaling packets
carried in a separate PW

The following rules define the setup of matching pairs of CESoPSN PW
using the PWID FEC and the extensions defined above:

1. The two PW MUST:
a) Have the sanme PWtype.

b) Use the same setup nmethod (i.e., either both use the PWd FEC,
or both use the Ceneralized PWFEC).

c) Have the sane values of all the Interface Paranmeters listed in
Section 3.1 above with the exception of the code point in the
SP field of the TDM Opti ons paraneter:

i) For the PWcarrying TDM data packets, the SP bits MJST be
set to '01'.

ii) For the PWcarrying the signaling packets, the SP bits MJST
set to '10'.
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2. If the PWd FEC has been used:

a) The value of PWID for the CESoPSN PW carryi ng TDM data packets
MUST be even.

b) The value of PWID for the CESoPSN PW carrying CE application
signali ng MJST be the next (odd) value after the (even) PWID
of the CESoPSN PW carryi ng TDM dat a packets.

When using the CGeneralized PWFEC for the setup of the two PW, no
specific rules for matching the two FECs are defi ned.

| npl emrent at i on- speci fi c nechani sns MAY be enpl oyed to verify the
proper matching of the TDM data PWwith its associated CE signaling
PW

If one of the two associ ated PWs has been established and t he ot her
failed to be established, or for any reason fails after having been
establi shed, the established PWMJST be torn down.

5. LDP Status Codes
In addition to the status codes defined in Sections 5.1 and 7.2 of
[ RFC4447], the follow ng status codes defined in [ RFC4446] MJUST be
used to indicate the reason of failure to establish a TDM PW
1. Inconpatible bit-rate:

a) In the case of a msmatch of Tl encapsul ati on nodes (basic vs.
octet-aligned).

b) In the case of a mismatch in the nunmber of tinmeslots for NxDSO
basi c services or trunk-specific NxDSO services with CAS

2. CEP/ TDM m sconfi guration
a) In the case of a msmatch in the desired usage of RTP header

b) In the case of a m smatch of the desired Tinestanpi ng O ock
Frequency.

c) In the case of a m smatch of expected signaling packets
behavi or for basic CESoPSN NxDSO services extended to carry CE
application signaling in separate signaling packets.

d) In the case of trunk-specific NxDSO services with CAS if the
fram ng types of the trunks are different.
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e) In the case of TDWoIP AAL1 PW with different AAL1 nodes
speci fied by the endpoints.

3. The generic msconfiguration error MAY be used to indicate any
setup failure not covered above.

In cases 2a, 2b, 2c, and 2e above, the user MAY reconfigure the
endpoints and attenpt to set up the PWonce again.

In the case of 2d, the failure is fatal.

Note that setting of the Control bit (see Section 2 above) to zero
MUST result in an LDP status of "lllegal CBit".

6. Using the PWStatus TLV

The TDM PWcontrol word carries status indications for both
attachment circuits (L and Mfields) and the PSN (R field) indication
(see [ RFC4553], [RFC5086], and [ RFC5087]). Simlar functionality is
avail able via use of the PWStatus TLV (see Section 5.4.2 of

[ RFC4447]). If the latter nechanismis enpl oyed, the signaling PE
sends its peer a PWStatus TLV for this PW setting the appropriate
bits (see Section 3.5 of [RFC4446]):

Pseudowi re Not Forwardi ng

Local Attachment Circuit (ingress) Receive Fault
Local Attachment Circuit (egress) Transmit Fault
Local PSN-facing PW (ingress) Receive Fault

Local PSN-facing PW (egress) Transnit Fault

O O0OO0OO0Oo

As long as the TDM PWinterworking function is operational, usage of
the Status TLV is NOT RECOVMENDED in order to avoid contention

bet ween status indications reported by the data and control pl ane.
However, if the TDM PWinterworking function (IW) itself fails while
the PWE3 control plane remains operational, a Status TLV with all of
t he above bits set SHOULD be sent.

7. | ANA Consi derati ons

Most of the | ANA assignnents required by this docunment are already
listed in [RFC4446]. Additional assignments have been made for four
Interface Parameter Sub-TLV types (see Section 3.1):

TDM Opti ons (0x0B)

Nurmber of TDWbl P AAL1 cells per packet (OxOE)
TDMVbl P AAL1 node (0x10)

TDWol P AAL2 Options (0x11)

(e} elNelNe]
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8.

10.

10.

10.

Security Considerations

Thi s docunent does not have any additional inpact on the security of
PW above that of basic LDP-based setup of PW specified in
[ RFCA447] .
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Ful I Copyright Statenent
Copyright (C) The I ETF Trust (2008).

This docunent is subject to the rights, licenses and restrictions
contained in BCP 78, and except as set forth therein, the authors
retain all their rights.

Thi s docunent and the information contained herein are provided on an
"AS | S" basis and THE CONTRI BUTOR, THE ORGANI ZATI ON HE/ SHE REPRESENTS
OR IS SPONSORED BY (IF ANY), THE I NTERNET SOCI ETY, THE | ETF TRUST AND
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WARRANTI ES OF MERCHANTABI LI TY OR FI TNESS FOR A PARTI CULAR PURPCSE.

Intell ectual Property

The | ETF takes no position regarding the validity or scope of any
Intell ectual Property Rights or other rights that m ght be clained to
pertain to the inplenentation or use of the technol ogy described in
this docunent or the extent to which any |icense under such rights

m ght or might not be available; nor does it represent that it has
made any independent effort to identify any such rights. |Information
on the procedures with respect to rights in RFC docunents can be
found in BCP 78 and BCP 79.

Copi es of IPR disclosures nmade to the | ETF Secretariat and any
assurances of licenses to be nmade available, or the result of an
attenpt nmade to obtain a general |icense or permission for the use of
such proprietary rights by inplenmenters or users of this

speci fication can be obtained fromthe | ETF on-line |IPR repository at
http://ww.ietf.org/ipr.

The IETF invites any interested party to bring to its attention any
copyrights, patents or patent applications, or other proprietary
rights that nmay cover technol ogy that nay be required to inplenment
this standard. Please address the information to the |IETF at
ietf-ipr@etf.org.
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