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Abst r act

Thi s docunent defines a protocol for the unidirectional transfer of
| arge binary objects, typically Bundle Protocol version 7 bundles,
bet ween two nodes connected by a unidirectional, unreliable, frane-
based |ink-1layer protocol, w thout requiring |IP services.

The protocol does not require a return path for acknow edgenents, but
i nstead supports data repetition as a nechanismto protect against
data loss. It fully supports the disaggregation of flows of binary
objects of different priority, preventing head-of-1ine blocking

i mpacti ng performance.

The wire format of the protocol is designed to enable perfornmant

i npl ementation in hardware or software, with the ai mof enabling
protocol inplenmentations to run at the line-rate of the underlying
I'i nk-1ayer protocol

About Thi s Docunent
This note is to be renoved before publishing as an RFC
The latest revision of this draft can be found at
https://ricktaylor.github.io/btpu/draft-ietf-dtn-btpu.htm. Status
information for this docunent may be found at
https://datatracker.ietf.org/doc/draft-ietf-dtn-btpu/.
Di scussion of this document takes place on the Del ay/Disruption
Tol erant Networking Working Group mailing list (mailto:dtn@etf.org),
which is archived at https://mailarchive.ietf.org/arch/browse/dtn/.
Subscribe at https://ww.ietf.org/mailman/listinfo/dtn/.

Source for this draft and an issue tracker can be found at
https://github. con ricktayl or/btpu

Status of This Meno

This Internet-Draft is submtted in full confornmance with the
provi sions of BCP 78 and BCP 79.
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1. Introduction

Bundl e Protocol version 7 (BPv7) is defined in terns a | ayered

| ogi cal architecture, detailed in [RFCO9171], wherein the
responsibility for the storing and routing of bundles lies with the
Bundl e Processing Agent (BPA), and the BPA relies upon Convergence
Layer Protocols (CLAs) to provide bundl e transport between nodes.
CLAs provide a unified interface to the BPA, allowi ng BPAs to be
Iink-1ayer agnostic, but still use a diverse range of Convergence
Layer Protocols (CLPs) to transfer bundles between BPAs over
underlying link-Ilayer protocols.

In the real mof near- and deep-space conmunication there are a nunber
of standardi zed link-layer protocols, including [USLP], [TM, [AQCS],
[ DVB- S2X], that share a set of comon properties:

* They are unidirectional: data transfer occurs in one direction
only, there is no in-band return path for data.

* They are frame-based: the link-layer protocol w Il guarantee that
a frane of data is either delivered to a receiver inits entirety
or not at all. Franes may be of fixed or variable |ength.

* They provide a single |ogical channel: the comunication between a
sender and one or nore receivers of frames can be logically
separated from ot her communi cati on over the |link-layer by an
i npl ement ation, perhaps by the use of channel identifiers, circuit
identifiers, or tuples of source and destinati on address
i nformation.

These characteristics provide a commopn baseline that allows the
definition of a lightweight mechanismfor transferring BPv7 bundl es
nmeeting the requirenments of a BPv7 Convergence Layer Protocol, and
this docunment describes such a protocol: Bundle Transfer Protocol -
Uni directional (BTPU), suitable for inplementation over any Iink-
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| ayer protocol that shares these characteristics. The protocol is
applicable to other Iink-lIayer technol ogi es which share these
characteristics beyond those commonly used for space comunication,
for exanple 5G Unstructured PDUs [_5Q@, or Ethernet [IEEE. 802. 3],

wi thout requiring underlying I P services. Although designed for any
link-1ayer protocol that shares the characteristics above, additiona
specification or profiling nmay be required to map the constructs of
the link-1ayer protocol to the mechanisns defined in this

speci fication.

g +
| DTN Application |
o +
| BPv7 / BPv6 |
T +
| BTPU |
g +
| Link-layer Protocol |
o +

Figure 1: The location of BTPU in relation to the Bundl e Protoco
and a Link- layer protoco

The driving use-case of the protocol has been the transfer of BPv7
Bundl es, however it is equally capable of transferring any kind of
bi nary data, but includes no explicit discrimnator of the format of
a particular block of binary data. |If multiple different types of
binary data are to be transferred by a single inplenentation, this
specification considers the differentiation between different types
of binary data to be a matter for the inplenentation. For exanple,
bot h BPv6 Bundl es ([ RFC5050]) and BPv7 Bundl es can be nultipl exed

wi t hout issue, as the different formats can be di stingui shed by
simple exam nation of the initial octets of a received bundle by an
i mpl ementation. Additionally, the segnentation nechani sm enabl es the
use of this protocol with binary data fornmats that do not natively
support sonme form of fragnmentation

2. Conventions and Definitions

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunent are to be interpreted as described in
BCP 14 [RFC2119] [RFCB174] when, and only when, they appear in all
capital s, as shown here

Tayl or Expi res 21 Decenber 2025 [ Page 4]



Internet-Draft BTPU June 2025

2.1. Termi nol ogy

Wthin the scope of this docunent, the follow ng terns have specific
meani ng:

Bundl e: A higher-layer protocol data unit, typically a BPv7 Bundl e
as defined in [ RFCO171].

Li nk-1 ayer PDU. The protocol data unit, excluding any |ink-I|ayer
protocol specific headers or netadata, that makes up a conplete
transm ssion unit or frane, as defined by the link-layer protoco
speci fication.

Message: A single protocol data item see Section 7.

Segnent: In order to transfer a Bundle |larger than a Link-layer PDU
Bundl es may be subdivided into Segnents in order to fit within a
Li nk-1 ayer PDU, see Section 4.

Transfer: The context in which the transm ssion of the Segnents of a
singl e Bundl e occurs, see Section 4.

3. Protocol Overview

The purpose of the protocol is to transfer a series of Bundles

bet ween two nodes. Because a Bundle is of variable Iength, which is
unlikely to be exactly the same size as a Link-layer PDU, the
protocol defines a nmechanismto divide Bundles into Segnents as
required, such that each Link-layer PDU is efficiently filled with
data, and one or nore Bundles can be transferred in a mnimal nunber
of Link-layer PDUs, described in nore detail in Section 4.

This segnmentation is unrelated to BPv7 bundle fragnmentation as
defined in Section 5.8 of [RFC9171]. Although BPv7 bundl e
fragnmentation may be used to sub-divide oversized BPv7 bundles, the
required duplication of netadata bl ocks can result in inefficiencies
or fail to generate BPv7 bundle fragnment small enough to fit in a
singl e Link-I1ayer PDU

As a sender may prioritize the transfer of each Bundle differently,
the protocol allows for the multiplexing of Bundle transfers, so that
the transfer of higher priority Bundles may interrupt the transfer of
ot her Bundl es, avoiding "head of |ine blocking", see Section 4.1 for
more detail. The bundle transfers are expected to occur over the
same | ogi cal channel, rather than using a separate channel for each
bundl e or group of bundles that share priority. This does not
preclude using nultiple |ogical channels, but each channel is
expected to be an independent instance of the protocol
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3.1. Messages

The basic primtive of the protocol is the Message, a self-describing
unit of protocol control information of variable | ength. The sender
is responsible for conposing one or nore Messages as required, and
packing theminto a Link-layer PDU, such that a single PDUis
optimally filled. The receiving node parses the contai ned Messages
from each received Link-layer PDU, and then processes them as

i ndi vidual control signals. This sequence of Messages is the |ogica
control -plane used by the protocol. This docunent uses the verb
"emt" to describe to the witing of a new Message to a Link-|ayer
PDU ready for transmission, to differentiate fromthe the

transm ssion of the Link-layer PDU itself, as many Messages nay
emtted prior to the transm ssion of the containing PDU

See Section 7 for detail of each type of Message.
3.2. Padding

Because the size of a Bundle is not expected to exactly match the
size of a Link-layer PDU, an inplenmentation will likely need to add
padding to the PDU so that the Link-layer PDU size requirenents are
met. Two Messages are available for this purpose: The Definite
Paddi ng Message (Section 7.5) and the Indefinite Paddi ng Message
(Section 7.6). Padding Messages are valid at any point within a

Li nk-1 ayer PDU.

It is RECOVWENDED that inplenentations use the Definite Padding
Message to add padding to a Link-layer PDU, except when |ess than
four octets of padding are required, as the mnimumlength of the
Definite Paddi ng Message is four octets.

When the |ink-l1ayer protocol provides variable |ength Link-Iayer

PDUs, inplenmentations SHOULD take into account the nechani snms used by
the link-1ayer protocol to support variable length Link-Iayer PDUs,
and emit Link-layer PDUs of a suitable size for the underlying
protocol. For exanple, if variable Iength Link-layer PDUs are

i mpl emented by the link-layer protocol using a sub-fram ng nechani sm
then emtting Link-layer PDUs of a single, or whole nunber of sub-
franmes may increase reliability.

The al gorithmused to pad and pack Messages efficiently into Link-
| ayer PDUs is an inplenmentation matter.
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4. Segmentation and Transfers

As described in the Protocol Overview (Section 3), in order to
transfer Bundles |arger than a single Link-layer PDU into nultiple
PDUs, Bundl es are be divided into a sequence of Segnents by the
sender and each Segment is enmitted in its owm a Message. However, if
a conplete Bundle can fit in the next Link-layer PDU, then the Bundle
SHOULD be transferred without segnentation, see the Bundl e Message
(Section 7.1).

Each Segnent is assigned a nonotonically decreasing integral Segnent
Index that indicates the relative position of the Segment within the
total sequence of Segnents, with zero (0) indicating the fina
segnment; i.e Segments are ordered Nto O, where Nis the Segnent
Index in the Transfer Start Message.

The start of a transfer of a sequence of Segnents MJUST be indicated
by emtting a Transfer Start Message (Section 7.2), including the

i ndex of the first Segnent and the identifier of the Transfer that is
now conpl ete. The remaining Segnments of a Bundle MJST be emtted by
the sender as a series of Transfer Segment Messages (Section 7.3)
carrying the same Transfer identifier.

In addition to a Segnent |ndex, every Segnent is associated with a
Transfer that provides context to the sequence of Segnents to enable
the correct reassenbly of the original Bundle. Each Transfer is
assigned a nunber as an identifier, with each identified Transfer
mapping to the segnmentation of a single Bundle.

Transfer nunbers are expressed as 32-bit unsigned integers. A
sendi ng i npl ementati on SHOULD choose a random val ue between 0 and
2732-1 for the first Transfer nunber, and each subsequent Transfer
MJST use the next numeric value in the sequence. To avoid placing a
limt on the total nunber of Transfers between peers, nunbers are
allowed to "roll-over" to zero and repeat, i.e. the next nunber in
the sequence is the previous nunmber increnented by one, nodulo 2732

A receiver reassenbles the transferred Bundl e by concatenating the
Segnments that share a common Transfer nunber in the descendi ng order
of their Segment Index. Once all the Segnments have been received and
concatenated, a receiver is expected to pass the reconbined Bundle to
an upper layer for further processing.
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4.1. Interleaving Transfers

In order to support the transm ssion of Bundles with different
priorities, Transfer Messages associated with different Transfers,
i.e. with different Transfer nunbers, MAY be interleaved. This
all ows senders to interrupt the em ssion of a sequence of Segnents
associ ated with one Transfer with one or nore Segments of another
Transfer, preventing a large lower priority Transfer blocking a

hi gher priority Transfers.

4.2. Cancelling Transfers

A Transfer may be aborted by the sender while a Transfer is in
progress by the emtting of a Transfer Cancel Message (Section 7.4)
containing the identifier of the Transfer to cancel. A receiver of a
Transfer Cancel Message SHOULD di scard any segnments al ready received
and MJUST ignore any further Messages associated with the Transfer

5. Transfer W ndow

Because Messages may be lost in transm ssion due to the |oss of Link-
| ayer PDUs, and a sender may enmit duplicate Messages as a defense
agai nst | oss, see Section 6, a sender MJST naintain a sliding
Transfer Wndow that defines the maxi mum nunber of Transfers that can
be simultaneously in progress. As Transfers are identified by a
monot oni cal |y increasi ng nunmber, the size of the Transfer Wndow al so
strictly defines the range of identifiers of Transfers in progress.

The sender MUST maintain a reference to the greatest Transfer nunber
used in any emtted Message, and MUST NOT enmit any Message with a
Transfer nunber less than or equal to the latest minus the size of
the Transfer Wndow, taking into account the nodulo 2732 roll-over.

Each receiver MJUST maintain a reference to the greatest Transfer
nunber received in any Message. Wen a Transfer Message is received
with a Transfer nunber greater than the greatest previously received,
the new Transfer nunber is considered the greatest Transfer nunber,
and Transfers with nunmber |less than or equal to the latest minus the
size of the Transfer Wndow MJST be considered Section 4.2. Because
of Transfer nunber roll-over, half the nunber space of 2732 and

wi ndow size is used to determine if a nunber is older or newer than
the |l atest Transfer number. Pseudocode for the algorithmis given in
Fi gure 2.
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The size of the Transfer Wndow SHOULD be the sane at the sender and
all receivers, and MUST be configured via some out-of-band nmechani sm
The Transfer Wndow size MJST be at |east 4, MJIST be | ess than 27212,
and is RECOMMVENDED to be 16.

/1 16 is an arbitrary nunber, and needs discussing by the Wa

const WNDOW SIZE # Configured transfer w ndow size
var GREATEST = NIL # G eatest received transfer nunber, initially NL

# Function to check if a transfer is valid within the current w ndow
FUNCTI ON i sTransferVal i d(T):

# Ensure Transfer T is within the

# sliding wi ndow defined by W NDOW SI ZE

RETURN ( (GREATEST - T + 2732) MOD 2732) < W NDOW SI ZE

# Function to check if the transfer is considered a "new' transfer
FUNCTI ON i sNewTransfer (T):
| F GREATEST IS NIL THEN
# The first transfer is always consi dered new
RETURN TRUE
# Check if the transfer is within the valid w ndow range
# (half of the nunber space + wi ndow size)
RETURN ((T - GREATEST + 2732) MDD 2732) <
(2732 / 2) + (WNDOWSIZE / 2)

# Main function to process a transfer and nanage the sliding wi ndow
FUNCTI ON processTransfer(T):
I F i sNewTransfer(T) THEN
# New transfer, update the greatest received transfer nunber
GREATEST <« T
# Cancel transfers that are now outside the w ndow
CANCEL__OUTDATED_TRANSFERS()
ELSE I F isTransferVvalid(T) THEN
# Transfer is in progress, continue handling it
CONTI NUE_PROCESSI N T)
ELSE
# Transfer is invalid (outside the window), ignore it
| GNORE_MESSAGE( T)

Figure 2: A receiver’s algorithmfor determ ning Transfer nunber
validity and sliding w ndow
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6.

Handl i ng Link-1ayer PDU Loss

Due to the unreliable nature of the |ink-layer protocol, Link-I|ayer
PDUs may be lost in transmission, resulting in the |loss of the

cont ai ned Messages. Because the underlying link-layer is assuned to
be unidirectional, the protocol does not include a nechanismto
trigger the retransnission of |ost Messages; instead the protocol

all ows the sender to repeat the transm ssion of Messages.

A sender MAY emt any Message nmultiple tinmes in different Link-Ilayer
PDUs. Although every Link-layer PDU transnitted nmay contain

di fferent Messages, any repeated Message MJST be an exact copy of an
al ready enmitted Message. When segnenting bundles, not all Messages
in a Transfer need be repeated the same nunber of times, and
different Transfers may repeat Messages differently.

Al though it is RECOWENDED that Transfer Segment Messages

(Section 7.3) are enmitted in descending order of Segment |ndex; once
emtted, any Message MAY be repeated any nunber of tines, in any
order. The nunber of repetitions of a particular Message is an

i npl ementation matter that can be influenced by many factors,

i ncl udi ng:

* O fline anal ysis of the deployed environnent nay require a certain
anount of Message repetition to reach sone required certainty of
transfer.

* A higher 'reliability’ factor associated with a particular Bundle
may result in nore copies of each associated Transfer Message
bei ng enmitted.

* Signalling fromthe link-layer protocol, or some other out-of-band
mechani sm rmay trigger increased repetition of a subset Messages,
to protect against sone tenporary spike in Link-layer PDU | oss
rate.

Message replication is logically separate fromany facilities the
underlying link-layer protocol may have to protect against

informati on | oss through redundancy and/or erasure coding, and nmay be
used as required by a deploynent. [If a link-layer protocol receives
a duplicate Link-layer PDU, it SHOULD be delivered to this protocol
only once.
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7.

7.

7.

Message Definitions

Al'l protocol Messages except the Indefinite Paddi ng Message
(Section 7.6) follow the combpn "Type-Length-Value" formatting
pattern, with each Message being identified by a four octet header
that encodes the type of the Message, and the | ength of the content
of the Message.

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

| Type | Length (24-bit unsigned integer) |
I i i S i I M Sk i SR N SR S
| ... Content ... :

i T S S S T S S S S it S S SE S S S

Type: The type of the Message, allocated fromI|ANA "BTPU Message
Types" registry, see Section 10, encoded as a 8-bit unsigned
i nteger in network byte order.

Length: The length of the Message in octets, excluding the 4 octets
of the header itself, encoded as a 24-bit unsigned integer in
net wor k byte order.

Content: A sequence of octets of data of variable Iength determ ned
by the corresponding Length field val ue, encoded according to the
type of the Message.

1. Bundl e Message

The Bundl e Message is used to encapsul ate an entire Bundle, and
SHOULD be used by an inplementation when a Bundle will fit inits
entirety in a single Link-layer PDU to avoid the overhead of
segnentation, and reducing the risk of the total loss of a Bundle if
one or nore unnecessary segnents of a Bundle is |ost.

A Bundl e Message has a type of 2. The Message Content MUST be a
val id Bundl e.

Emitting a Bundl e Message with a Length field value of zero (0), i.e
no Bundl e content, only adds control -pl ane overhead and SHOULD NOT be
used as an alternative form of padding.

2. Transfer Start Message

The Transfer Start Message is used to indicate the begi nning of a new
mul ti-segnment Bundle Transfer, and encapsul ate the first segnent.
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A Transfer Start Message has a type of 3. The Message Content field
is formatted as foll ows:

0 1 2 3
01234567890123456789012345678901

T S i o I R S S i it et EIE S R R S S e i i e e s
| Transfer Nunber |
R i i T i e e T ol EIE TRIE TR TR S S S S S e e o o i i T N R
| Segnent | ndex |
R o o e e i i e S S S s T S S S S e e ik i e R
| Segnent Data ...

+++++++++++++++++++++++++++++++++

Transfer Nunber: The nuneric identifier of the in-progress
(Section 5) Transfer that is beginning, encoded as a 32-bit
unsi gned integer in network byte order.

Segnment | ndex: The non-zero Segnment | ndex of the first Segnent,
encoded as a 32-bit unsigned integer in network byte order.

Segnment Data: The octets of the first Segment of the Transfer, with
the length calcul ated as the Message content |ength excluding the
eight (8) octets of the Transfer Nunber and Segnent | ndex.

Transfer Start Messages SHOULD NOT have zero octets of Segment Data,
i.e. the total length of the Message SHOULD be greater than 12
octets. Such Messages only add control -pl ane overhead and SHOULD NOT
be used as an alternative form of padding.

7.3. Transfer Segnent Message

The Transfer Segment Message is used to encapsul ate a segnent of a
mul ti-segnment Bundl e Transfer.

A Transfer Segnent Message has a type of 4. The Message Content
field is formatted as foll ows:

0 1 2 3

01234567890123456789012345678901
e i i e e i e it i e S e ok ol ok it ST U S i R SR
ansfer Nunber |
R T I e T i i s i R S T e e e i i I S S e
gnent | ndex |
e i I T e e e S il It S SRR R e e e s dt I SR TR S S SR T

Segnent Data ...
I R et i s S e e S S S  le it S e S e S e

+- +
| Tr
+- +-
| Se
+- +-
|
+

Transfer Nunber: The nunmeric identifier of the Transfer that this
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Segnment is part of, encoded as a 32-bit unsigned integer in
networ k byte order.

Segnent | ndex: The position of the Segnment within the sequence of
all Segments of a Transfer, encoded as a 32-bit unsigned integer
in network byte order.

Segnment Data: The octets of a Segment of the Transfer, with the
I ength cal cul ated as the Message content |ength excluding the
eight (8) octets of the Transfer Nunber and Segnent | ndex.

Transfer Segnent Messages SHOULD NOT have zero octets of Segnent
Data, i.e. the total length of the Message SHOULD be greater than 12
octets. Such Messages only add control -pl ane overhead and SHOULD NOT
be used as an alternative form of padding.

7.4. Transfer Cancel Message

The Transfer Cancel Message is used to indicate that the indicated
Transfer is being aborted, and any prior or later received Segments
associated with the Transfer MJST be di scarded by a receiver.

A Transfer Cancel Message has a type of 5. The Message Content field
is formatted as foll ows:

0 1 2 3

01234567890123456789012345678901
B T S i T s i i e e SEI S
| Transfer Number |
R i T I e T S S e S TR S T e i I S e S e e e e o o

Transfer Nunber: The nuneric identifier of the in-progress
(Section 5) Transfer that is cancelled, encoded as a 32-bit
unsi gned integer in network byte order.

The Transfer Cancel Message has no content, and hence has a fixed
I ength of 4 octets.

A peer that receives a Transfer Cancel Message with a Transfer Nunber
field value that does not match the nunmeric identifier of an
i n-progress (Section 5) Transfer MJST ignore the Message.

7.5. Definite Paddi ng Message

The Definite Padding Message is used to add padding to a Link-Iayer
PDU.
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A Definite Paddi ng Message has a type of 1. Any content it contains
has no semantic neani ng, and a sender SHOULD set the content to a
sequence of zero (0) octets. Receivers MJST ignore any Message
content.

It is valid for this Message to have no content, i.e. a Length field
val ue of zero (0), adding a total of four (4) octets of padding to
the Link-1ayer PDU

7.6. Indefinite Paddi ng Message

An I ndefinite Paddi ng Message has a type of zero (0), and in order to
support padding with a mninumtotal |ength of one octet, the Message
does not include an explicit Length or Content field, and hence has
the follow ng | ayout:

01234567
R i I e 5
| Type I

i S e T o
Type: The type of the Message: zero (0).

The I ndefinite Paddi ng Message type field is foll owed by a sequence
of zero or nore zero (0) octets, ending at the first non-zero octet,
or the end of the fixed-length Link-1ayer PDU. The content of the
Message has no neani ng, and MJST be ignored by a receiver

Not e: When a I ndefinite Padding Message termnates with a non-zero
octet, the non-zero octet is the first octet of the subsequent
Message.

8. Security Considerations

Thi s protocol does not define any neasures to protect Messages or
their content. There may be |ink-layer mechanisns to protect the
transm ssion of frames agai nst over-hearing and interference, and
upper |ayer nechani sns, such as BPSec defined in [ RFC9172], can be
used to provide integrity and protection at a higher |ayer.

Therefore transport-layer security is considered out of scope for the
protocol, and | ower and/or upper |ayer mechani sns MJST be used to
provi de security.

9. Depl oynent Considerations

The foll owi ng caveats shoul d be consi dered before depl oying i nstances
of this protocol
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10.

1. It is unreliable. Although there may be a |ink-layer protoco
mechani smfor a receiver to be notified that a frame has been
lost in transm ssion, due to the unidirectional nature of the
link-layer there is no in-band return path suitable for higher-
| ayer acknow edgenent of transfer success. Any acknow edgenent
system designed to provide reliability MUST use a logically
separate path fromreceiver back to sender

2. It does not provide congestion control or signalling. The
underlying link-layer is expected to provide an uncontested
channel between sender and receivers, and hence such nmechani sns
are considered to be out of scope. The protocol MJST NOT be
depl oyed in environnents where congestion may occur, such as the
public Internet, when the underlying |ink-1ayer does not provide
sui tabl e congestion control

3. It requires an out-of-band nechanismfor configuration. This can
either be via pre-placed static configuration, a parallel dynanic
control - pl ane protocol, or some other nechani sm beyond the scope
of this specification

| ANA Consi der ati ons

I ANA is requested to create a new registry entitled "BTPU Message
Types", in the existing "Bundle Protocol" registry group. The
regi stration procedures for this registry, using terns defined in
[ RFC8126], is:

[ el el
| Val ues | Registration Procedure |
| 0..0x6F | Standards Action |
R o e e e e e e e e e e aa o - +
| 0x70..0x7F | Private Use |
Fom ek o m e e e e e e e aaao o +
| 0x80..0xFF | Reserved for future expansion |
T o m e e e e e e aaa oo +

Table 1: BTPU Message Types registration
policies

The initial values for the registry are:
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| Type | Message | Reference |
[ ety S —p————————————_——_————_——————————— Ll —_———————
| O | I'ndefinite Paddi ng Message (Section 7.6) | This docunment |
S Fe e e ieeiiiiiiaeciciassasicsaasaaaan S I +
| 1 | Definite Paddi ng Message (Section 7.5) | This docunent |
oo T MY I IRy +
| 2 | Bundl e Message (Section 7.1) | This document |
R T T +
| 3 | Transfer Start Message (Section 7.2) | This docunent |
S Fe e e ieeiiiiiieecieiaasacicsaaaaaaan S I +
| 4 | Transfer Segnment Message (Section 7.3) | This docunent |
oo T MY I IRy +
| 5 | Transfer Cancel Message (Section 7.4) | This document |
R T T +

Tabl e 2: BTPU Message Types initial val ues
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Appendi x A,  Exanpl es

The foll owi ng sections has exanples of an inplenmentation emtting
Bundl es into Link-layer PDUs. Although the exanpl es denpbnstrate the
core principles, for exanple Bundle Segnmentation with priority, the
al gorithmused to pack Messages into Link-layer PDUs is just for
exanpl e purposes. An inplenentation may use an alternate al gorithm
that neets this specification but suits its overall architecture, and
where this is applicable is noted in each exanple.

A. 1. Segmentation of a sequence of Bundles of equal priority

An exanpl e of the transm ssion of three Bundles of varying sizes and
equal priority in three Link-layer PDUs is shown in Figure 3.
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e S dememmememeeaaaas +

| Bundle A | Bundle B | Bundle C

o e e e e e R o e e e oo +

dom e mmemeeeemeaeeaaas I TR I TR S T +
| Transfer 1 | T1L | Conplete | T2 | Transfer 2 | Padding

| Segment O | S1 | Bundle B | SO | Segnent 1 | |
o e e e e e oo oo Fom e e e e oo Fom e e e e oo R +
o e e e e e e oo o e e e e e e oo o e e e e e e oo +
| Link-layer PDU N | Link-layer PDU N + 1 | Link-layer PDU N + 2 |
o e e e e e oo oo o e e e e e oo oo o e e e e e oo oo +

Figure 3. Segnentation of a sequence of Bundles of equal priority

Bundle Ais enmitted as two Segnents, included in the first and second
Li nk-1 ayer PDU, as Transfer 1. Bundle B fits conpletely in the
second Link-layer PDU, and is therefore emtted w thout segnmentation
Bundle Cis enitted as two Segnents split between the second and
third PDU, but padding is required to fill the third PDU.  An
alternative algorithmcould have selected to not segnment Bundle C

but to pad the second PDU and include Bundle C w thout segmentation
in the third PDU, w thout changing the semantics, as an

i mpl ement ati on preference

A. 2. Segnmentation of a sequence of Bundles of different priority

An exanpl e of the transm ssion of three Bundl es of varying sizes and
different priority in three Link-layer PDUs is shown in Figure 4.
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o m oo +
| Bundle C | High Priority
o e e e e e +
R o e e e e oo +
| Bundle A | Bundle B | Low Priority
oo Fom e +
Fom e oo - i oo oommo- +
| Conpl ete | T1 | Transfer 2 | T2 | T1 | Pad
| Bundle A | SO | Segnent O | S1 | s1 | |
S N o e e e e e e oo S Fom e e - - +
i i i +
| Link-1ayer PDU N | Link-layer PDU N + 1 | Link-layer PDU N + 2 |
o e e e e e e oo o e e e e e e oo o e e e e e e oo +

Figure 4: Interl eaved segnentation of a sequence of Bundl es of
different priority

Bundle A is enmtted without segnentation, and the Bundle B is
segnented to fill the first Link-layer PDU. During the preparation
of the next Link-layer PDU high priority Bundle Cis queued for

em ssion. Therefore the further em ssion of Bundle B is paused, and
Bundle Cis enitted as two Segnents, with the third Link-layer PDU
contai ning the second Segnents of both Bundle B and C, plus paddi ng.
The order of em ssion of the second Segnents of Bundle B and C nmakes
no semantic difference.

A. 3. Repetition of Bundle Segnents

An exampl e of the transmission of two Bundles of differing required
repetition in three Link-layer PDUs is shown in Figure 5.
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. +
| Bundle A 2x repetition required
o e e - +
e +
| Bundle B | No repetition required
T T TRy +
. S . S . S +
| Compl ete | T1 | Compl ete | T1 | Transfer 1 | Pad |
| Bundle A | SO | Bundle A | S1 | Segnent 2 | |
o e e - R, o e e - R, T R +
dom e mmemeeeemeaeeaaas dom e mmemeeeemeaeeaaas dom e mmemeeeemeaeeaaas +
| Link-layer PDU N | Link-layer PDU N + 1 | Link-layer PDU N + 2 |
T T T +

Figure 5: Repetition of sone Bundles within a sequence of Segnents

Bundle A is required by sone higher-layer |oss protection policy to
be repeated twice in tw separate Link-layer PDUs. Bundle A does not
require additional |oss protection, and can therefore be transnmitted
once. As Bundle Acan fit inits entirety in a single Link-Iayer
PDU, it is emitted as a Conpl ete Bundl e Message, with Bundle B
emtted as a Segnment Messages sized to fill the remai nder of each
PDU. The Conpl ete Bundl e Message of Bundle A is repeated in the
second Link-layer PDU, with the remai nder of the second PDU filled
with the next Segment of Bundle B. The third Link-1ayer PDU contains
the | ast Segnent of Bundle B and padding. An alternate

i mpl ementation could have segnented both Bundl es, and repeated the
Segnents of Bundle A whilst interleaving the Segnents of Bundle B
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