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Status of this Meno

Thi s docunent specifies an Internet standards track protocol for the
Internet community, and requests discussion and suggestions for

i nprovenents. Please refer to the current edition of the "Internet
Oficial Protocol Standards" (STD 1) for the standardization state
and status of this protocol. Distribution of this neno is unlimted.

Abstract

Thi s docunent proposes a nethod to nanage the dynam ¢ bandwi dth

al l ocation of inplenentations supporting the PPP nultilink protocol
[2]. This is done by defining the Bandwi dth Al |l ocation Protocol
(BAP), as well as its associated control protocol, the Bandwi dth

Al'l ocation Control Protocol (BACP). BAP can be used to manage the
nunber of links in a nmultilink bundle. BAP defines datagrans to co-
ordi nate addi ng and renoving individual links in a nmultilink bundle,
as well as specifying which peer is responsible for which decisions
regardi ng managi ng bandwi dth during a nultilink connection.
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1. Introduction

As PPP multilink inplenmentations becone increasingly comon, there is
a greater need for sonme confornmity in how to manage bandw dth over
such links. BACP and BAP provide a flexible yet robust way of
managi ng bandw dth between 2 peers. BAP does this by defining Call-
Control packets and a protocol that allows peers to co-ordinate the
actual bandwi dth allocation and de-allocation. Phone nunber deltas
may be passed in the Call-Control packets to mininize the end user’s
configuration.

1.1. Specification of Requirements

In this docunment, several words are used to signify the requirenents
of the specification. These words are often capitalized.

MUST This word, or the adjective "required", neans that the
definition is an absolute requirenment of the specification

MUST NOT This phrase neans that the definition is an absol ute
prohi bition of the specification

SHOULD This word, or the adjective "recomended”, neans that there
may exist valid reasons in particular circunstances to
ignore this item but the full inplications nust be
under st ood and carefully wei ghed before choosing a
di fferent course.
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MAY This word, or the adjective "optional", neans that this
itemis one of an allowed set of alternatives. An
i mpl ement ati on whi ch does not include this option MJST be
prepared to interoperate with another inplenentation which
does include the option.

1.2. Termi nol ogy
Thi s docunent frequently uses the follow ng terns:
peer The other end of the point-to-point |ink

silently discard
This means the inplenmentation discards the packet without
further processing. The inplenmentation SHOULD provide the
capability of logging the error, including the contents of the
silently discarded packet, and SHOULD record the event in a
statistics counter.

BOD (bandw dt h on demand)
BOD refers to the ability of a systemto allocate and renove
links in a multilink systemto change the bandwi dth of a
multilink bundle. This rmay be done in response to changing
line conditions and it also nay be done in response to changing

resource conditions. In either case, changing bandw dth
dynanmically during a multilink connection is referred to as
BOD.

2. New LCP Configuration Option

I mpl ement ati ons MUST i nplenment LCP as defined in [1]. LCP MJST be in
the Network-Layer Protocol phase before BACP can be negoti at ed.

2.1. Link Discrimnator
Descri ption

This LCP Configuration Option is used to declare a unique
discrimnator for the link that the option is sent over. This
option MJST be negotiated by LCP on every link. BAP uses the link
discrimnator to differentiate the various links in a nultilink
bundle. Each link in a nultilink bundle MJST have a uni que
discrimnator. The discrimnator is independent for each peer, so
each link may have 2 different LCP Link Discrimnnator val ues, one
for each peer. When the Link Discrimnator is sent in a BAP
packet, the transmtter sends the Link Discrimnator Option val ue
received fromits peer in the peer’'s LCP Configure Request packet.
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A summary of the Link Discrimnator LCP Option format is shown bel ow.
The fields are transnmitted fromleft to right.

0 1 2 3
01234567890123456789012345678901
i R L s e T e R h th s i S SR N S
| Type | Lengt h | Li nk Di scrim nator |
B i aT T e e o S o S S S I T et sl o ST S S S S S S

Type

23 for Link Discrimnator option
Lengt h

4
Li nk Di scrim nator

The Link Discrimnator field is 2 octets in Length, and it
contains a unique identifier used to indicate a particular link in
a multilink bundle. The Link Discrimnator for a |ink MJST be

uni que anong the Link Discrimnators assigned by this endpoint for
this bundle. The Link Discrimnator MAY be assigned in a
sequential, nonotonically increasing manner.

3. BACP (Operation

BACP uses the sanme packet exchange nechani smas the Link Contro
Protocol defined in [1]. BACP packets MJUST NOT be exchanged unti
PPP has reached the Network-Layer Protocol phase. BACP packets
recei ved before this phase is reached should be silently discarded.

BACP is negotiated once per nmultilink bundle. |If BACP is negoti ated
on any of the links in a nultilink bundle, it is opened for all of
the links in the bundle.

The Bandwi dth Al location Control Protocol is exactly the sane as the
Li nk Control Protocol [1] with the follow ng exceptions:

Data Link Layer Protocol Field
Exactly one BACP packet is encapsulated in the Information
field of PPP Data Link Layer franes where the Protocol field

i ndi cates Type hex c02b (Bandw dth All ocati on Contr ol
Pr ot ocol ).
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Code field

Only Codes 1 through 7 (Configure-Request, Configure-Ack,
Confi gure- Nak, Configure-Reject, Tern nate-Request, Ternmni nate-
Ack and Code-Reject) are used. Qher Codes should be treated
as unrecogni zed and should result in Code-Rejects.

Configuration Option Types

BACP has a distinct set of Configuration Options, which are
defined in the next section.

4. BACP Configuration Options

BACP Configuration Options allow negotiation of desirable BACP
paraneters. These options are used in Config-Request, Config-Ack,
Confi g-Nak, and Confi g- Rej ect packets. BACP uses the sane
Configuration Option format defined for LCP [1], with a seperate set
of Options.

Current val ues of BACP Configuration Options are assigned as foll ows:

1 Favor ed- Peer
4.1. Favored- Peer

Descri ption
This Configuration Option is used to determ ne which peer is
favored in the event of a race condition in which 2 peers
simul taneously transmt the sane BAP request. Each peer
negotiates a 4 octet mmgi ¢ nunmber, which is successfully
negoti ated when the 2 Magi c-Nunbers are different. The favored
peer is the peer that transmits the | owest Mgic-Nunber inits
Favor ed- Peer Configuration QOption.

The Favored- Peer Configuration Option MJST be inpl enent ed.
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BACP wi Il usually be negotiated after only one link of a nmultilink
bundl e has reached the Network-Layer Protocol phase. In this
situation, it is acceptable for the peer that initiated the
connection to use a Magi c-Nunber of 1, and the peer that responded
to the connection to use a Magi c- Nunber of OxFFFFFFFF. |f a

mul tilink bundl e has been established with links that were
originated by each peer, or if it is not clear which peer has
initiated a link (on a |l eased line, for exanple), then a random
nunber MJST be used for the Magic-Nunber. Refer to the
description of the LCP Magi c- Nunber Configuration Option in [1]
for an explanation of howto create a useful random nunber.

When a Configure-Request is received with a Favored- Peer
Configuration Option, the received Magi c- Number is conpared with
the Magi c- Number of the |ast Configure-Request sent to the peer.
If the two Magi c-Nunbers are different, then the Favored- Peer
negoti ati on has been successful, and the Favored-Peer Option
SHOULD be acknow edged. If the two Magi c-Nunbers are equal, a
Confi gure-Nak MJUST be sent specifying a different Magi c- Nunmber
val ue. A new Configure-Request SHOULD NOT be sent to the peer
until normal processing would cause it to be sent (that is, until
a Configure-Nak is received or the Restart timer runs out).

A summary of the Favored-Peer Option format is shown below. The
fields are transmitted fromleft to right.

0 1 2 3

01234567890123456789012345678901

i s T S i i T S A b e ok

| Type | Length | Magi c- Nunber

i e e R i e T L et e S T e e s
Magi c- Nunber (cont) |

B il s S S S S I S i

Type
1 for Favored- Peer
Length
6
Magi c- Nunber
The Magi c-Nunber field is four octets, and indicates a number

which is very likely to be unique to one end of the link. A
Magi c- Nunber of zero is illegal and MUST al ways be Nak’d.

Ri chards & Smith St andards Track [ Page 6]



RFC 2125 PPP BACP March 1997

5. BAP Operation
5.1. Link Managenent

BAP defi nes packets, paraneters and negotiation procedures to allow
two endpoints to negotiate gracefully adding and dropping |inks from
a nultilink bundle. An inplenmentation can:

0 Request permission to add a Link to a bundle (Call-Request)

0 Request that the peer add a link to a bundle via a call back
(Cal | back- Request)

0 Negotiate with the peer to drop a link froma bundle (this
inplies that the peer can refuse) (Link-Drop-Query-Request)

After BACP reaches the opened state, either peer MAY request that
anot her link be added to the bundle by sending a BAP Call- or

Cal | back- Request packet. A Call-Request packet is sent if the

i mpl ementation wi shes to originate the call for the new link, and a
Cal | back- Request packet is sent if the inplementation wishes its peer
to originate the call for the new link. The inplenentation receiving
a Call- or Callback-Request MJST respond with a Call- or Call back-
Response with a valid Response Code.

After BACP reaches the opened state, either peer MAY request that a
l'ink be dropped fromthe bundle. A BAP Link-Drop-Qery-Request
packet is sent to the peer to negotiate dropping a link. The peer
MUST respond with a Link-Drop-Query-Response. If the peer is
agreeable to dropping the link the inplenentation MJST i ssue an LCP
Termi nat e- Request to initiate dropping the Iink.

If an inplementation wishes to force dropping a |link w thout
negotiation, it should sinply send an LCP Term nat e- Request packet on
the link (without sending any BAP Li nk-Drop- Query-Request).

After an LCP Term nate-Request is sent an inplenentation SHOULD st op
transmtting data packets on that link, but still continue to receive
and process data packets normally until receipt of a Term nate-Ack
fromthe peer. The receiver of an LCP Term nat e- Request SHOULD st op
transmtting packets before issuing the Term nate-Ack. This
procedure will insure that no data is lost in either direction.
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5.2. Bandw dt h Managenent

BAP all ows two peer inplenentations to nanage the bandw dth avail abl e
to the protocols using the nmultilink bundl e by negotiating when to
add and drop links (See Link Managenent). Use of the negotiation
features of BAP nakes it unnecessary to require a 'conmon’ al gorithm
for determ ning when to add and renove links in a nmultilink bundle.

BOD deci sions can be based on link utilization. A BAP inplenentation
may nonitor its transmt traffic, both transmt and receive traffic,
or choose not to nonitor traffic in either direction. |If a server
system i npl enents bi-directional nmonitoring, it will allow BOD
operation with a client that does not nmonitor traffic in either
direction, which will mnimze the end-user’s configuration. Wen an
i npl ementation decides that it is time to renmove a |link due to
traffic nonitoring, it MJUST transmt a Link-Drop-Query-Request to
inquire if the peer agrees to drop a link fromthe current multilink
bundl e. When an inplenentation receives a Link-Drop-Query-Request,

it SHOULD base its response on the traffic it is nobnitoring. It MJST
NOT base its response solely on its receive data heuristics.

The operation of the Link-Drop-Qery-Request and - Response dat agrans
causes a link in a multilink bundle to be left up as long as either

i npl ementation that is nonitoring link utilization determ nes that it
i s necessary.

BOD deci sions can al so be based on the resources (e.g., physica

port, B-channel, etc.) available to an inplenmentation. For exanple,
an inplenmentation mght renove a link froma nultilink bundle to
answer an incomng voice call, or mght add a Iink when a |ine
becones free due to the termination of a separate PPP call on another
port. An inplenentati on MUST use an LCP Term nat e- Request to renove
a link due to a resource condition.

5.3. BAP Packets

Al'l of the BAP Request and Indication packets require a Response
packet in response before taking any action.

An i npl enentati on MJST set a tinmer when sending a Request or

I ndi cati on packet. The value of this tiner SHOULD depend on the type
and speed of the link or links in use. Upon expiration of this
timer, the inplementation MUST retransnit the request or indication,

with an identical identification nunber. This procedure will insure
that the peer receives the proper request or indication even if a
packet is lost during transmission. |If a response packet is |lost the

peer will realize that this is not a new request or indication
packet .
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5

5.

If the nunber of retransm ssions exceeds the nunber supported by the
i mpl ementation for this packet, the inplenentati on MAY take
appropriate recovery action. For example, if no response to a Link-
Dr op- Query- Request is received after 2 retransm ssions, an

i mpl ementation MAY initiate dropping the |ink by sending an LCP
Term nat e- Request for that |ink

Si nce BAP packets hel p deternine the anount of bandw dth available to
an inplenmentati on, PPP SHOULD give thempriority over other data
packets when transmtting. This will help insure the pronpt addition
and renoval of links in a multilink bundle. This is especially

i nportant when adding links to a bundl e due to bandwi dth constraints.

4, Race Conditions

In order to resolve race conditions, an inplenmentati on MIUST i npl enent
t he BACP Favored-Peer Configuration Option.

A race condition can occur if both inplenmentations send a Call -
Request, Call back- Request or Link-Drop-Qery-Request at the sane
time. These race conditions should be solved as foll ows:

If each inplenentation sends a Call-Request or Call back-Request at
the sane tine, the inplenentation with the | owest BACP Favored-
Peer Magi c- Nunber val ue SHOULD be favor ed.

If each inplenentati on sends a Link-Drop-Query-Request at the sane
time, the sanme schene SHOULD be used as for Call-Requests.

5. BAP Dat agr am For nat
Descri ption

Bef ore any BAP packets may be communi cated, PPP MJST reach the
Net wor k- Layer Protocol phase, and BACP MJST reach the opened
state.

Exactly one BAP packet is encapsulated in the Information field of
PPP Data Link Layer franes where the Protocol field indicates type
hex c02d (Bandw dth All ocati on Protocol).

Because | SDN Term nal Adapters sonetinmes are used to do multilink
with a non-nultilink aware client, BAP datagranms MJST NOT be
compressed or encrypted. Oherw se, the | SDN TA may not be able
to properly intercept BAP datagrans needed to control the
multilink connection. This refers to conpression of the whole
dat agram Addr ess-and- Control - Fi el d- Conpressi on and Protocol -

Fi el d-Conpression are allowed if properly negoti at ed.
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The maxi mum | ength of a BAP packet transmitted over a PPP link is
the sane as the nmaxi mum |l ength of the Information field of a PPP
data link |layer frane.

Bandwi dth Al l ocation Protocol datagrans can be catagorized as

ei ther Request, Indication or Response packets. Every Request and
I ndi cati on dat agram has a correspondi ng Response packet. Request
and I ndication datagrans have a slightly different format from
Response dat agrans, as the Response datagrans include a Response
Code octet.

Al of the BAP datagranms MJST be supported by an inpl enentation.
However, that does not mean an inplenentation nust support all BAP
dat agram actions. An inplenentation MAY send a Request-Rej to a
Request that it does not inplenent.

A summary of the Bandwi dth All ocation Protocol datagram Request and
I ndi cati on packet format is shown below. The fields are transnitted
fromleft to right.

0 1 2 3
01234567890123456789012345678901
T I T S S i T T S AR

| Type | Ildentifier | Length |
I T S s I S e o S N SRR SRR S
| Data ...

S i

A sunmary of the Bandwi dth Al |l ocation Protocol datagram Response
packet format is shown below. The fields are transmtted fromleft
to right.

0 1 2 3

01234567890123456789012345678901
i I S T S S i I S A SHE N SR
| Type | Ildentifier | Length |
I T S s I S e o S N SRR SRR S
| Response Code | Data ...
T i i P I Y S S T S S S

Type
The Type field is one octet and identifies the type of BAP

dat agram packet. Datagramtypes are defined as follows. This
field is coded in binary coded hexadeci nmal .
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01 Cal | - Request
02 Cal | - Response
03 Cal | back- Request
04 Cal | back- Response
05 Li nk- Dr op- Quer y- Request
06 Li nk- Dr op- Query- Response
07 Cal | - St at us-1 ndi cati on
08 Cal | - St at us- Response
The various types of BAP datagrans are explained in the follow ng
secti ons.
Identifier
The ldentifier field is one octet and is binary coded. It aids in

mat chi ng Requests and Indications with Responses. Call-Status-

I ndi cati on packets MJST use the sane ldentifier as was used by the
original Call-Request or Callback-Request that was used to
initiate the call. Al other Request or Indication packets MJST
use a unique ldentifier for each new Request or Indication. Al
Response packets MJST use the same ldentifier as the ldentifier in
the Request or Indication packet being responded to. Wen re-
transmtting a request or indication, the Identifier MJST be the
sanme as the ldentifier used on the previous transmni ssion of the
request or indication

Length

The Length field is two octets and indicates the length of the
packet including the Type, ldentifier, Length and Options fields.
It is binary encoded. COctets outside the range of the Length field
shoul d be treated as Data Link Layer paddi ng and shoul d be ignored
on reception.

Response Code

The Response Code is only present in Response datagrans. It is
bi nary coded and can have the foll ow ng val ues:

00000000 Request - Ack
00000001 Request - Nak
00000010 Request - Rej
00000011 Request - Ful | - Nak

The Request-Ack Response Code is sent to indicate that the Request
or Indication command is valid and was successfully received by an
i npl ementation. The Request-Nak Response Code is sent to indicate
that the Request conmand was received, but an inplenmentation does
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5

5

not want the requested action perforned at this tinme. |If a
Response cont ai ni ng a Request-Nak Response Code is received, the
ori gi nal Request MAY be retried after an inplementation detern nes
that sufficient tine has el apsed. The Request-Re]j Response Code
is sent to indicate that the Request conmand received by an

i npl ementation is not inplenented (i.e., if reception of a
particul ar request type is not supported by the peer.) The
Request - Ful | - Nak Response Code is sent to indicate that the
Request command was received, but an inplenmentation does not want
the requested action performed. The Request-Full-Nak is used to
indicate that an inplenentation has reached the maxi nrum (for a
Call - or Call back-Request) or the mninum (for a Link-Drop-Qery-
Request) bandwi dth configured or available for this nmultilink
bundle. |[|f a Response containing a Request-Full-Nak Response Code
is received, the original Request SHOULD NOT be retried until the
total bandwi dth of the multilink bundl e has changed.

Dat a

The Data field is variable in length, and will usually contain the
list of zero or nore BAP Options that the sender desires to
transmt. The format of BAP Options is described in a later

chapt er.

5.1. Call-Request

Before originating a call to add another link to a rmultilink bundle,
an inplenmentation MJUST transmt a Call-Request packet. This will
informthe receiver of the request to add another link to the bundle
and give the receiver a chance to informthe inplenentation of the
phone number of a free port that can be called.

The options field MIST include the Link-Type option. The options
field MAY include the No-Phone-Nunber and/or the Reason options.

Upon reception of a Call-Request, a Call-Response datagram MJST be
transmtted.

5.2. Call-Response

An inplenentation MIST transnit a Call-Response datagramin response
to a received Call-Request datagram |If the Call-Request is
acceptabl e, the Call-Response MJUST have a Response Code of Request-
Ack. The Phone-Delta option MJST be included in a Call-Response
packet with a Response Code of Request-Ack unless the Call-Request

i ncl uded t he No-Phone-Nunber option. The options field MAY incl ude
the Reason and/or Link-Type options.
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5.5.3. Call back- Request

An inmplenentation that wants its peer to originate another link to
add to the nmultilink bundle MJUST transmt a Call back- Request packet
toits peer. This will informthe receiver of the request to add
another link to the bundle along with the nunber to be call ed.

The options field MJST include the Link-Type and Phone-Delta options.
The Reason option MAY al so be incl uded.

Upon reception of a Call back-Request, a Call back- Response dat agram
MUST be transnitted.

5.5.4. Cal |l back- Response

An inplenentation MJST transmt a Call back- Response datagramin
response to a received Cal |l back- Request datagram |If the Call back-
Request is acceptable, the Call back-Response MJUST have a Response
Code of Request-Ack. A Callback-Response packet MAY include the

Li nk- Type opti on.

5.5.5. Link-Drop-Query-Request

An inplementation that determines that a link is no | onger needed and
wi shes to negotiate dropping it (e.g., based on a throughput BCD
decision), MJIST transmt a Link-Drop-Qery-Request packet. The
options field MJST include the Link-Discrimnator option (containing
the receiver’s Link-Discrimnator), and MAY include the Reason

opti on.

Upon reception of a Link-Drop-Query-Request, an inplenmentation MJST
transmt a Link-Drop-Query-Response datagram The Response- Code wil |
be Request-Ack if it agrees to drop the link; if it does not agree to
drop the link the Response-Code will be Request-Nak or Request-Full -
Nak. After the receipt of a Link-Drop-Qery-Response with a Response
Code of Request-Ack, the transmitter of the Link-Drop-Qery-Request
MUST initiate tear down of the indicated |ink by sending an LCP

Ter mi nat e- Request packet on the designated I|ink.

5.5.6. Link-Drop-Query-Response

An inplenentation transmits a Link-Drop-Query-Response datagramin
response to a received Link-Drop-Qery-Request datagram |f the

i npl ement ation agrees (e.g., based on its throughput BOD al gorithm
to reduce the bandwi dth of the multilink bundle, then the Response
Code MUST be set to Request - Ack.

Ri chards & Smith St andards Track [ Page 13]



RFC 2125 PPP BACP March 1997

The Reason option MAY be included in the Link-Drop-Query-Response
packet .

The Li nk-Drop- Query- Request dat agram MUST be supported, as well as
the underlying inplenentation to respond to it. This neans that a

Li nk- Dr op- Query- Response with a Response Code of Request-Rej MJST NOT
be transmitted in response to a Link-Drop-Query-Request.

5.5.7. Call-Status-Indication

After an inplementation attenpts to add a link to a bundle as the
result of a Call-Request or a Call back-Request, it MJST send a Call -
Status-Indication packet to its peer to indicate if the attenpt to
add the link succeeded or failed. One Indication MIST be sent for
each attenpt nmade. For each Call-Status-Indication packet transmitted
with the Call-Status Option Action octet set to Retry, a subsequent
Cal | - Status-Indication packet MJUST be sent to indicate the success or
failure of the retry. The Call-Status option MJST be included to
informthe receiver of the status of the attenpt to add a link and
the action the inplenmentation will take in case of failure. The
reason option MAY al so be included in the Call-Status-Indication
packet .

Upon reception of a Call-Status-Indication packet which indicates a
failure, an inplementation may log the failure and reason code. Upon
reception of any Call-Status-1ndication packet, a Call-Status-
Response dat agram MJUST be transm tted.

5.5.8. Call-Status-Response

An inplenentation transmits a Call-Status-Response datagramin
response to a received Call-Status-Indication datagram The Response
Code field MIST be set to Request-Ack in this packet. The Reason
option MAY be included in this packet.

6. BAP Datagram Options

BAP Dat agram Options are used in various BAP packets. Their use in
various packets is as defined below. The format of these options

| oosely follows the formatting conventions of LCP Configuration
Options. Wen there are nultiple BAP Options in one BAP packet, the
options MAY be transnitted in any order.
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A summary of the BAP Option format is shown below The fields are
transmtted fromleft to right.

0 1
0123456789012345672829
T S S T A S S A B
| Type | Lengt h | Data ...
i i S e i T e e o S e i =

Type

The type field is one octet, and indicates the type of the BAP
Dat agram Option. This field is binary coded Hexadecimal. The
followi ng options are currently defined:

01 Li nk- Type

02 Phone-Del t a

03 No- Phone- Nurber - Needed
04 Reason

05 Li nk- Di scri m nat or

06 Cal | - St at us

Lengt h

The Length field is one octet, and indicates the length of this
BAP Option including the Type, Length, and Data fields.

Dat a

The Data field is zero or nore octets, and contains information
specific to the BAP Option. The format and |l ength of the Data
field is determ ned by the Type and Length fields.

6.1. Link-Type
Descri ption

This option indicates the general type of link indicated for the
operation being perforned. This option does not indicate a
specific link type, rather it gives sone general characteristics
of the desired link type. This option MAY be used along with

ot her know edge (i.e., the type of the other link(s) in the bundle
or user configuration) to determne the type of link desired to be
used in the operation. It MJST be included in a Call- or

Cal | back- Request, and MAY be included in a Call- or Call back-
Response.
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A summary of the Link-Type BAP Option format is shown bel ow. The
fields are transmitted fromleft to right.

0 1 2 3
01234567890123456789012345678901
T T S S e T o S U S SUp S SEp S SR S i

| Type | Length | Li nk Speed (kbps) |
B i aT T e e o S o S S S I T et sl o ST S S S S S S
| Link Type |

R e s i i e
Type

01 for Link-Type.
Length

The Length field is one octet, and indicates the length of this
BAP Option including the Type, Length and Link Type fields.

Li nk Speed
The Link Speed field is 2 octets, and indicates the requested
speed of the desired link in kilobits per second. This fieldis
coded as 2 binary coded hexadeci mal octets, with the nost
significant octet sent first.

Li nk Type

The Link Type field is a bit mask. It is 1 octet in length. Bit
0 of the Link Type field corresponds to bit 39 of the Link-Type

BAP Option as described above. |If a bit is set, it indicates
support of the corresponding link type. If the link indicated is
different than the supported link types, no bit will be set.

O herwi se, at least one bit MJST be set. |f an inplenentation

supports nore than one link type, nore than one bit MAY be set.

Bit Li nk type
| SDN
X. 25
anal og
swi tched digital (non-1SDN)
| SDN dat a over voice
-7 reserved

abrwWNEFLO

If the Length field contains nore bits than are defined by this
specification, then any bits that are not defined should be
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ignored. In order to allow for future expansion of this field, it
is inportant to properly support receiving a Link Type field

| onger than what is defined by this specification. |If the Length
field is shorter than the nunber of bits defined, then the

i npl ementation should set all bits not received to O.

6.2. Phone-Delta
Descri ption

The BAP Phone-Delta Option is used by an inplenmentation to give
its peer the information needed to nake a call. Due to the
difficulty of determ ning which dialing prefixes (if any) are
necessary to dial a given phone nunber/national destination

code/ country code conbi nati on, the phone nunber to be dialed wll
be based on a previously known nunber. This MAY be the origina
nunmber used to establish the first Iink of the nultilink bundle, a
nunber configured by the user, the phone nunber used to make a
cal I back connection, or a nunber determined in some other way.
The Phone-Delta Option will consist of a Subscriber-Nunber Sub-
Option along with a Unique-Digits Sub-Option that indicates how
many of the digits of the Subscriber-Nunber are uni que anong the
ports in use, previously used, and to be used in the multilink
bundle. There is also an optional Phone- Nunber - Sub- Addr ess Sub-

Opt i on.

An i nmpl enentati on MAY include nmore than one Phone-Delta option in
a response. This indicates that there is nore than one phone
nunber that can be used for the requested operation. The Phone-
Delta option MJUST appear in a Call back-Request. It also MJST
appear in a Call-Response with a Response Code set to Request-Ack
if the Call-Request did not contain the No-Phone-Nunber option.

It MAY be included in the Call-Status-1ndication packet.

A sunmmary of the Phone-Delta BAP Option format is shown below. The
fields are transnmitted fromleft to right.

0 1 2 3
01234567890123456789012345678901
e i S T S S T T S i S S S S

| Type | Length | Sub- Opti on Type| Sub-Option Len
I S i o T s S S S e s s T
| Sub-Option...

T e

Type
02 for Phone-Delt a.
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6

Ri chards & Smith

2

Lengt h

The Length field is one octet, and indicates the length of this
BAP Option including the Type, Length, and Sub-Option fields.

Sub- Opti on Type

The foll owi ng Sub-Option Types are defined for the Phone-Delta
opti on.

01 Uni que-Digits
02 Subscri ber - Nunber
03 Phone- Nunber - Sub- Addr ess

Sub- Option Length

1.

The Sub-Option Length field is one octet, and indicates the length
of this BAP Sub-Option including the Sub-Option Type, Sub-Option
Length, and Sub-Option fields.

Phone-Del ta Sub- Opti ons
que-Digits

The Unique-Digits Sub-Option field consists of one octet that is a
count of the number of rightnmost digits of the Subscriber-Nunber
that are different fromthe set of phone nunmbers of the ports used
inthis multilink connection. (For exanple, if the first port of
a multilink bundl e has a phone nunber of 123456789, and an

i mpl ementation wanted its peer to call a port with a phone nunber
of 123456888, the Unique-Digits octet would be 3.) If the Phone-
Nunber - Sub- Address Sub-Option is present, the Unique-Digits Sub-
Option MUST NOT include any of the Sub Address digits in its count
of different rightnost digits.

This field is required.

Subscri ber - Nunber

This field is the phone nunber of the port that should be called
by the peer. Any digits that precede the rightnost unique digits
of the Subscriber-Nunber are provided for informational purposes
only, and do not need to be included in this field. This field is
an ASCI| string and MJST contain only ASCII characters indicating
valid phone nunmber digits. This field is required.
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Phone- Nunber - Sub- Addr ess

This field is the sub address of the port to be called by the
peer. This sub-option SHOULD only be used for an ISDN call. This
field is an ASCII string and only contains valid phone nunber
digits. This field is optional

6. 3. No- Phone- Number - Needed
Descri ption

The No- Phone- Nunber option indicates that the calling

i npl ementation is already configured with the phone nunber of its
multilink peer and the answering inplenentati on MIUST NOT i ncl ude
the Phone Number option in the response. This may be for security
reasons, for configuration reasons, or for any other reason.

This option MAY be used in a Call-Request packet.

A summary of the No-Phone- Number BAP Option format is shown bel ow.
The fields are transmtted fromleft to right.

0 1
0123456789012345
T S e

| Type | Lengt h |
B il s S S S S I S i

Type
03 for No- Phone- Nunber.
Length

2
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6.4. Reason
Descri ption
This option is used to indicate a reason for the Request or
Response. It is meant to be used for informational purposes only.
Thi s option MAY be used in any BAP packet.

A summary of the Reason BAP Option format is shown below The fields
are transnmitted fromleft to right.

0 1 2 3
01234567890123456789012345678901
T T T o T i S S i oI S SEp S S S

| Type | Length | Reason String. ..
el i I e i it T e e e e i i T o S e e S e T R R

Type
04 for Reason.
Length

The Length field is one octet, and indicates the length of this
BAP Option including the Type, Length and Reason String fields.

Reason String
This is an ASCI| string. The content of the field is

i npl ement ati on dependent. An inplenentation MAY ignore the Reason
String field.
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6.

6.

5.

6.

Li nk- Di scri m nat or
Descri ption

The Link-Di scrimnator option MJUST be used in a Link-Drop-Qery-
Request datagram This option is used to informthe receiver of a
Li nk- Dr op- Query- Request of which link will be dropped.

A summary of the Link-Discrimnator BAP Option format is shown bel ow.
The fields are transmtted fromleft to right.

0 1 2 3
01234567890123456789012345678901
T T T o T i S S i oI S SEp S S S

| Type | Length | Li nk Di scri m nat or |
el i I e i it T e e e e i i T o S e e S e T R R

Type
05 for Link-Discrimnator
Length
4
Li nk Di scrim nat or
The Link Discrimnator field is 2 octets in length. It contains
the Link Discrinmnator that was contained in the LCP Link-
Di scrimnator Configuration Option sent by the receiver of the
packet containing the Link Discrimnator.
Cal | - St atus
Description
The Call-Status option MJIST be used in a Call-Status-Indication
datagram This option is used to informthe receiver of the
Cal | - Status-Indication datagram of the status of the conpleted

call attenpt, as well as a possible action that will be taken (if
the call failed).
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A summary of the Call-Status BAP Option format is shown below. The
fields are transmitted fromleft to right.

0 1 2 3
01234567890123456789012345678901
I S i o T s S S S e s s T
| Type | Length | St at us | Acti on |
B i aT T e e o S o S S S I T et sl o ST S S S S S S

Type
06 for Call-Status.

Lengt h
4

St at us
The Status field is 1 octet in length. |If the call was
successful, the value MJST be set to 0. A non-zero val ue
indicates a call failure. A value of 255 indicates a non-specific
failure, and a nore specific call status MAY be indicated by using

the same nunber as the Q 931 cause value (i.e., 1 is unassigned
nunber, 17 is user busy, etc.)

Acti on

The Action octet indicates what action the calling inplenentation is
taking after a failed call. |If the call was sucessful, the Action
octet MUST be set to O.

The Action octet can have the foll owi ng val ues:

O- Noretry
1 - Retry
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Appendi x

Li st of BAP datagrams and associ ated fi el ds.

dat agram mandatory fi el ds al | oned options
Cal | - Request Li nk- Type No- Phone- Numnber
Cal | - Response Phone-Del t a

Li nk- Type
Cal | back- Request Li nk- Type

Phone-Del t a

Cal | back- Response Li nk- Type
Li nk- Dr op- Quer y- Request Li nk- Di scri m nat or
Li nk- Dr op- Quer y- Response
Cal | - Status-Indication Cal | - St atus Phone-Del t a

Cal | - St at us- Response
The Reason option is allowed to be included with any BAP datagram
Hi story of BACP

The first version of BACP was witten by Craig R chards of Shiva
Corporation. This version was enhanced and i nproved by the MPCP
Working Group, a collaborative effort of 3Com Ascend, Bay Networks,
Cisco, Mcrosoft, Shiva, US Robotics and Xyl ogi cs.

Acknowl edgenent s

Kevin Smith of Ascend for his contributions based on his work on the
MP+ Specification. Gerry Meyer and Robert Myhill of Shiva for their
early comments and i nprovenents. Andy N chol son of Mcrosoft for his
i mprovenents to the bandw dth managenent schenme. Dana Blair and Andy
Val enci a of Ci sco, Cheng Chen and Dan Brennan of 3Com for their good
i deas as part of the MPCP Working G oup. Al of the nenbers of the
MPCP working group for their ability to work with their conpetitors
with enthusiasmto produce a better protocol for the industry.

Security Consi derations

Security issues are not discussed in this neno.
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