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1 INTRODUCTION / [ZU®IZ
1.1. PURPOSE / B

The purpose of this document is to specify a
communications protocol called “SpaceWire-R” that
provides onboard applications with reliable data
services SpaceWire (SpW) [Al]

transfer over

networks.

1.2. SCOPE // %GB

This document specifies SpaceWire-R in terms of the
interfaces between SpaceWire nodes. It does not
specify how these interfaces should be implemented
with hardware or software.

1.3. APPLICABILITY / ;@A %

This document applies to interfaces of subsystems and
instruments onboard spacecraft and their ground
support equipment all of which conform to

SpaceWire-R.

CDXE®DHMIL. SpaceWire (SpW) [Al]
networks ZrLIzEREME DS LNT —HE#E services
. BEREHT I3Vt HEETOr
3JL“SpaceWire-R” DEHREEDIETH D,

DX E(X. SpaceWire nodes BN A A TT—AD
BEH D SpaceWire-R ZEHD, NbDAUET
I—REN—ROTT7POYI Y7 CTUMMAIICEET
REMIEDHIEL,

CDXEIL, SpaceWire-R [ZHEWT S, BERHD
HBIORTLEKER, VI, ThoDH ERIgE
BODAVAIT—RIZERAT 5,
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This document is organized as follows:

a) Section 1 (this section) shows the purpose,
scope, and applicability of the document, and
lists the references, definitions, and notations
used throughout the document,

b) Section 2 presents an overview of SpaceWire-R,

c) Section 3 defines the services provided by the
protocol entity,

d) Section 4 specifies the protocol data units and
procedures both of which are employed by the

protocol entity,

e) Section 5 presents a standard method for
specifying the parameters of SpaceWire-R used
for a specific SpaceWire network,

f) Appendix A lists all acronyms used in this
document,

g) Appendix B shows some examples of exchanges
of protocol data units (SpaceWire-R Packets)
between a sender and a receiver, and

h) Appendix C shows an example of specifying the
parameters of SpaceWire-R used for a specific
SpaceWire network.

1.5. DOCUMENT STRUCTURE // XEOEE
AZIROBYERT 5,

a) | B (AR) . AE0EH. BERVERE
ERARDHERIC, AETAHVWIHEXE. E
&. RURELEETY,

b) 2 El&. SpaceWire-R Z#EH T %,

)3 BEF.JOrIILEREZNIRHRTS
services &Y Do

d) 4 ElE. TOFJLIERZEZRIES. protocol
data units & procedures ZE 85,

e) 5 ElX. BIRM% SpaceWire network [ZFLYS
SpaceWire-R D/NTA—R% FE O DIZEMIT A
EETY,

f) Appendix A [&. KETHWSEKEETY,

g) Appendix B X, ZEEHLZEEORE®D
protocol data units (SpaceWire-R Packets) M3
BMOBIEEOINTY

h) Appendix C &, BE{REI7ZE SpaceWire network
IZFALYS SpaceWire-R D/NTA—2%TE B4
=Y,



1.6. DEFINITIONS AND NOTATIONS / EERURDE

1.6.1.

TERMS DEFINED IN THE SPACEWIRE // SPACEWIRE WNE&E 9 2 HEE

This document adopts the following terms defined in A< & [& | “SpaceWire - Links, nodes, routers and

networks” [Al] MEERTHRDAEEERAT 5.

“SpaceWire - Links, nodes, routers and networks”

[A1]:
a)
b)
¢)
d)
€)
f)
g
h)
)
)
k)

cargo,

destination identifier,

end-of-packet marker,

(SpaceWire) link,

logical address,

logical addressing,

path addressing,

regional addressing,

(SpaceWire) network,
(SpaceWire) node, and

(SpaceWire) packet.

a)
b)
¢)
d)
e)
f)

2)
h)

)
k)

cargo

destination identifier

end-of-packet marker

(SpaceWire) link

logical address

logical addressing

path addressing

regional addressing

(SpaceWire) network
(SpaceWire) node

(SpaceWire) packet



1.6.2. TERMS DEFINED IN THE OSI BASIC REFERENCE MODEL
OSI BASIC RERFERNCE MODEL NE&H T HHE

This document adopts the following terms defined in
“Open Systems Interconnection — Basic Reference
Model: The Basic Model” [A2]:

a) (N)-entity (for brevity, this is called “entity” in
this document),

b) flow control,

¢) multiplexing,

d) protocol data unit,
e) reassemble,

f) segmenting,

g) service, and

h) service data unit.

AZE [, “Open Systems Interconnection — Basic
Reference Model: The Basic Model” [A2] MES

SDRORMEERAT S,
a) (N-EBRER (FRICTEEHIS.EAET

b)
¢)
d)
e)
f)

g
h)

(FTERESE EFES)

flow control (7B —Hil{E)

multiplexing (ZE1{t)

protocol data unit (FBrIJLT—5EL)
reassemble (#317T)

segmenting (4E|)

service (Y—ER)

service data unit (H—E R T—45E{L)



1.6.3. TERMS DEFINED IN THE OSI SERVICE DEFINITION CONVENTIONS
OSI SERVICE DEFINITION CONVENTIONS N E&E T A FHE

This document adopts the following terms defined in A& & “Information Technology — Open Systems
“Information  Technology — Open Systems Interconnection — Basic Reference Model -
Interconnection — Basic Reference Model — Conventions for the definition of OSI services” [A3]
Conventions for the definition of OSI services” [A3]: MERTHRDAFEEHEAT 5.

a) indication, a) indication
b) primitive, b) primitive
¢) procedure, and ¢) procedure
d) request. d) request



1.6.4. TERMS DEFINED IN THIS DOCUMENT // REMNEHE T IHE

The following definitions are used throughout this
document.

Packet (SpW-R Packet): A protocol data unit of
SpW-R.

receive: An action to receive a service data unit or
protocol data unit.

retransmit: An action to retransmit a protocol data

unit.

Receive TEP: The receiving end of a Transport
Channel (i.e. the TEP which receives forward

direction protocol data units). A node has zero or more
Receive TEPs.

send: An operation to send a service data unit.

transmit: An operation to transmit a protocol data unit
(n.b., “transmit” does not include “retransmit”).

Transmit TEP: The sending end of a Transport
Channel (i.e. the TEP which transmits forward
direction protocol data units). A node has zero or more
Transmit TEPs.

Transport Channel: A one-way logical data path

between two nodes. Zero or more Transport Channels
exist between any pair of nodes but only zero or one
Transport Channel exists between any pair of a
Transmit TEP and a Receive TEP at a certain timing.

Transport End Point (TEP): A point in a node that
sends or receives application data through a Transport

Channel over a SpaceWire network. A TEP is either a
Transmit TEP or a Receive TEP.

FEFRDEZEZRAND,

Packet (SpW-R Packet): SpW-R @ protocol data

unit,

2{ET % service data unit E£F=[& protocol data unit

=ZIETHE,
BEETS: protocol data unit ZEEIET Sk,

52{E TEP: Transport Channel D Z2{Eiwm (DFY. &
75 [l protocol data units 52489 % TEP) , Node I&.
EOEL LDZIE TEPs 8D,

#%: service data unit X5 E1E,

EfETS: protocol data unit ZEETHENE CE:
EETHIIMBEREIETDIZEFELL),

3%54{E TEP: Transport Channel D#EEiH (DFEY. IE
1Al protocol data units ZiE{E 95 TEP) , Node X,
TOEUEDIEE TEPs 282,

Transport Channel: Z2D® nodes D —A R
BT —4/3X, Nodes DIEEDRT7 OREIZIEEOE
LA E® Transport Channels DN FFET S A, £(E TEP
EZIE TEP OEBDORTORMIZE, HEKRIZE
WT., EOEI—DDHD Transport Channel HTE
9%,

Transport End Point (TEP): SpaceWire network
£ ® Transport Channel /A LTF7 IV r—3>07F
— A% EDFEIEFZIET S node ADRA b, TEP
(&, i£1E TEP HNZ1E TEP DA THD,




1.6.5. NOTATIONS / F&&d

The following notations are used throughout this
document.

A paragraph that begins with “[Example]” (or
“[Example n]”, where n is a positive integer) presents
an example that is aimed to help readers to understand
the specification and is not a part of the specification.

A paragraph that begins with “[Note]” (or “[Note n]”,
where 7 is a positive integer) is an informative note
that is aimed to help readers to understand the
specification and is not a part of the specification.

AREFRORLZALS,

W (FEFzE MBI A’ n (FEDEH) TIKHFED
BRI . REDHBRDERZ T 5-ODFITH
Y. EERO—ETIEALY,

TE (FfzlE “DE o]’ n (FIEDQEH) THKHFED
BORT. B DUBRDERZRIT 5= DHFN1E
HRELLIEZDDTHY .. EHERO—ETIEAEL,



1.6.6. CONVENTIONS // i8]

In accordance with the SpaceWire protocol, data fields
are grouped into a series of eight-bit ‘words’.
Throughout this document, the unit of an eight-bit
word is referred to as an ‘octet’.

In this document, the following conventions are used
to identify each octet in an N-octet field. The first octet
in the field to be transmitted (i.e., the leftmost part in
associated diagrams, if given) is defined as ‘octet 0°,
the next octet is defined as ‘octet 1, and so on up to
‘octet N-1". When a field is used to express a binary
value (such as a counter), the Most Significant (MS)
octet shall be the first transmitted octet of the field,
i.e., ‘octet 0’ (see Figure 1-1).

First Octet Transmited

!

SpaceWire ZRArIJLIZAIY, T—H2 T4 —IL K
F. SEYFI—FOEHZYZE—RYYELLT
">, RETIK. CO8EY NI—FDEfZE
‘octet’ EFT B,

ARETIE, N-octet T 1 —JL FDFK octet Z4FE
T 5. ROMAZRAWND, 714—ILEDHT
mET BmED octet (DFEY ., BRT H5HAE.
FOZRHLE[) Fooctet VEEERT D, UT. D
octet Z‘octet 1’& LYD&k [T octet N-1"E TESE
T, F4—ILEDNAFTUE (W3 %E) %
KOHTIHEE. LB (MS)octet (X7 4 —JIL FDO=
MRET B octet, DFE Y . ‘octet 0’ (Figure 1-1 &
B)THDHC &,

(M5)

N-Cctet Data Field

1

octet 0

1

octet N-1

Figure 1-1: Octet Numbering Convention

Octet HEHTHRA



In this document, the Most Significant Bit (MSB) is
shown at the leftmost part in an associated diagram, if
given. In accordance with the SpaceWire protocol, the
following conventions are used to identify each bit in
an Octet field. The MSB is defined as ‘bit 7°, the next
bit is defined as ‘bit 6°, and so on down to ‘bit 0’.

Most Significant Bit
}

AETEH., REMEY b (MSB) 2. KIRI %15
BIERGPORLEB/ICTRT ., Ff=. SpaceWire 7
BRaJLIZEIY ., Octet DT 4 —ILFDEE Y b %
BHET A=, ROFANZALS, MSB Zbit7°
EEET D, UT. ROEY bEDIL6EWLS &
SITDbit0ETEET Do

Least Significant Bit
}

1-Octet Data

Field

!
bit 7

!
bit O

Figure 1-2: Bit Numbering Convention

vy FESAHT A

[Note] The Least Significant bit is the first bit
transmitted in the SpaceWire protocol, which is
opposite to the convention of the Space Packet
protocol [R3].

10
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MDICEFESINDIEY FTHDH, Thlk. Space

Packet 7B k3L [R3] DIRAIELITHIETH S,



1.7. VERBAL FORMS // REE X

The following conventions apply throughout this
document.

a) the auxiliary verb ‘shall’ implies mandatory
conditions.

b) the auxiliary verb ‘should’ implies optional but
desirable conditions.

c) the auxiliary verbs ‘may’ implies optional
conditions.

d) the auxiliary verb ‘can’ implies capability or
ability to do something.

(3P} 13 bl

e) the words ‘is’, ‘are’, and ‘will’ imply

statements of fact.

The words ‘shall’, ‘should’, ‘may’ are highlighted
in red and bold font.

11

AETRHUTOREVIZHWGELRT S

a) [L.C&IT. B hIFEEED X, BER
&R,

b) [.RE . EETHLINHERINL L
¥&ETRY,

o) [.BULV..IE BFBRSNDHHRETYS

d) . TES..JE AIDESTEENTTRLESE
ERY,

e) D/ E—2 DRI, FRERTXTH
60

M..C&Il  BIrhEEsunr.,. R&E .. B
W IEESEEDOEHRDOERZOBITD=8. FE-
KFETEY,

[E] RETIK. BERFEEZETFMITRELLT
WESIZ, EXD ‘shall’ DRFELT. &%
FERALTWS, HIZ, shall’ DERELUSTIEIZ
EIFERET . TEBIZANTNS, £, EXD
‘may’ [CHIET HEREELT. TRV EWSHET
FEMEALTWNS, H(Z, ‘may’ DEREBLST
TR IEEALTLELY,

[A, B, RU CI1EVWSKREIFT. EXD ‘A, B, and
C IZXIEL. TA BU B R CITHAEEEHK
ERGR

TA, B, £l Cl1 EWVSREIE. EXD ‘A,
B,orC’ IZxiE L. TAFIEB FIXCl T
HEIEEERT S,



When a translation into Japanese is provided, the
original English version and its Japanese translation
are given in the left and right sides, respectively, in
principle, as in this paragraph. In some cases, e.g.,
titles of sections and captions of figures/tables, the
English and Japanese versions are put in a single line
separated by “ // 7 in this order (“English //
Japanese”) or in separate lines with no delimiter in
between (“English [Line-Break] Japanese”).

In most cases, the technical terms are not translated
into Japanese. The English words in alphabet remain
as they are in their Japanese translation. The forms
in alphabet in English, which distinguish the
singular and plural forms, remain as they are in the
Japanese translation to preserve the information of
the quantity, although the Japanese language does
not inherently distinguish the singular and plural
forms.

Technical terms are basically highlighted in green
and in some cases (names of states and those defined
in the other documents) in blue. The latter consists
of names of documents, protocols, widely used
technical terms, and those locally used in some
sections (e.g., field names). Note that the first letter
of an English word in a technical term is written in
the capital letter excluding that in a widely used
technical term.

A technical term is underlined as “Term” in each of

their first occurrences in chapters 1, 2, and 3
onwards.

12
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2. OVERVIEW /| BI&

This section provides an informative overview of ZARETI&. SpaceWire-R Z#EERT D, LR TIE AL
SpaceWire-R, which will help the readers to A, RFBICEHINALEHROFEEDEMRICEKRIL
understand the specification given in this document. =N

13



2.1.
EHHLETOMLVLT—FTIFY

SpaceWire-R is a protocol that provides onboard
applications with reliable data transfer services over
SpaceWire [A1] networks.

The overall protocol architecture for SpaceWire
networks in which SpaceWire-R is used is shown in
Figure 2-1. The SpaceWire protocol specified in [A1]
is used at the bottom of the protocol stack. Space Wire-
R is located in the layer above the SpaceWire protocol
and is used by applications in the upper layer.

OVERALL PROTOCOL ARCHITECTURE

SpaceWire-R |&. SpaceWire [A1] networks £ TDIE
HEHEOBWT —HEE services & BET T —
TavICRETHTArILTHS,

SpaceWire-R ZFLVSIFE D SpaceWire networks
OFARANT—FTIF v DEA%E Figure 2-1 [
Y. [Al] BNEHS SpaceWire FALIILIE, TR
FILRZYY DR TETHLS, SpaceWire-R [,
SpaceWire AL DEBD LERICEEL. LB
DT TVr—av b ANd,

‘ Applications |

‘ Space

Wire-R |

‘ SpaceWire |

Figure 2-1: Overall Protocol Architecture
JaraNF7—FTI/FrOLE
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2.2. PROTOCOL FEATURES // 7Ora)L#kE

2.2.1. GENERAL/ —#&

The primary function of SpaceWire-R (SpW-R) is to  SpaceWire-R ~ (SpW-R) @D F = % # 88 (& .
transfer data reliably from a sending node to a SpaceWire network £ T, 38 node MB5Z{E node
receiving node over a SpaceWire network. This ~NERICT—2ZEETHETHD. AJOraL

protocol specifies the following functions: FUTDHEELZED S,

a) Multiplexing, a) %E1t

b) Segmentation (Segmenting), b) Segmentation (Segmenting)
19) Data transfer with High Reliability, c) EEEOEVNT—4EE
d) Flow Control (optional), and d) Flow Control (A7 3>)
e) Heartbeat (optional). €) Heartbeat (A 7$a>)

Each of these functions is briefly explained in the "M DDHEEIL. L. LLTODIETHRICIHRAT
following subsections. %o

15



2.2.2. MULTIPLEXING // %E1t

SpW-R  provides a mechanism for multiplexing
mutually independent flows of data from a sending
node identified by a SpaceWire Logical Address
(SLA) to a receiving node identified by another SLA.
Each of these flows of data is referred to as a Transport
Channel.
independently and its parameters to control data flows

Each Transport Channel is controlled

might vary from a Transport Channel to another.

2.2.3. SEGMENTATION (SEGMENTING)

If the size of a data unit sent by the sending application
(a service data unit) does not conform to a protocol
data unit of SpW-R (referred to as a SpW-R Packet)
that can be transmitted with the SpaceWire protocol,
the service data unit is split into smaller pieces (i.e.
segmenting is performed) at the sending end (referred
to as the Transmit TEP) so that each piece can be
transmitted in a SpW-R Packet. At the receiving end
(referred to as the Receive TEP), the original service
data unit is reconstructed from a series of the received
SpW-R Packets (i.e. reassemble is performed) and is
delivered to the receiving application.

SpW-R (&, &% SpaceWire Logical Address (SLA)
2R THESINSIEE node N5, BID SLA 12X
STHEINSZIE node ~OHE(ZHILI=T—
AOO0—% L EILTHBEERHET S hoDT
—AR70—MN% ” % Transport Channel &Y 5,
% Transport Channel (I L THIEISH, T—27
A—%HlET 5=HD/NFA—42[F Transport
Channels CEICEGHENH S,

BEETIVG—arNEDT—RBAL (service
data unit) MKREZHY, SpaceWire FALILTEIE
TE S SpW-R O protocol data unit (SpW-R Packet &
W95 ITEELAGWMES . EEih GEETEPEM
9 %) T, segmenting ZEET 5, DFEY. service
data unit Z&Y/NSLBEFICHEITHET. EA
M—2D SpW-R Packet TIEETEDLIITT S, 2
S (218 TEP &9 %) TIL. reassemble &3
M. DFY., —EDZIE SpW-R Packets M5, JTtD
service data unit ZBIBEL. RIET7 TV r—ay
ICEET %o
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2.2.4. DATA TRANSFER WITH HIGH RELIABILITY / EfDE\TF—455

The function of “Data Transfer with High Reliability”

guarantees transfer of data from the sending
application to the receiving application without loss or
duplication while keeping the sequence identical to
that in which the sending application has sent. For this
purpose, in this protocol, data are retransmitted when
the report of the reception of the data is not obtained

from the receiver.

In SpW-R, a sliding window is used to control a
retransmission of Data Packets. The range of the
sliding window of SpW-R 1is slid so that the oldest
Data Packet (or the Data Ack Packet for the Data
Packet) among those whose Sequence Numbers are
contained in the sliding window is marked as not yet
received.

[Note] In convention, the sliding window refers to the
range of the Sequence Numbers of Packets for which
the information on whether the corresponding Ack
Packets have been received or not is held. The
corresponding Ack Packets are guaranteed to have
been received for all Packets whose Sequence
Numbers are not included within the sliding window.

The SpW-R protocol itself does not have an ability to
respond the occurrence of a failure in a Transport
Channel. If redundancy control is needed for a
Transport Channel, the redundancy control must be
executed by the application. This document also
describes what is needed for the redundancy control.

MEBEMOEWNT—2nE | OHEEE. FEETT)
r—2a3uhbRETI)r—av~aELT—
AzOE BERELCEEETIC.EETIV—
AVHREELEDER—DIEFZFRIFTHEERI
T35, ZOBEHDEHIZ, ATALILTIE, 215
ENLT—EADZEOHRENFEOALGEVIEE. T
DT—REFEEEIND,

SpW-R TI&L, Data Packets DB EFIENZ sliding
window ZFAULV%, SpW-R @ sliding window 0 &5
IX. sliding window [Z&FEM S Sequence Numbers
DB THRHED Data Packet (HBULVIXZF D Data
Packet [Z%f9 % Data Ack Packet) DEDMEKZE
EENEINBESICRTAREND,

[E] —#&AIIZ, sliding window &, ®F9 % Ack
Packets MZIESNHLEIDEREZREFTD
Packets @ Sequence Numbers DEFHZEIELIRT .
Sequence Numbers A9 sliding window [Z&FENTLY
TELNETO Packets [TxFL T, ¥ 59 % Ack Packets
NZESNTLEENRIIENS,

SpW-R FBbaJLIE, TN E & Transport Channel
ICEEDRLEICKIGT SHEEE =4, £ZT.
5 Transport Channel [ZR L TR RHENHE
BIHEE. TRRFIEETTIr—avhETT5
DBELNHD, AEICEIARRFHCHLELREIED
£,

17



2.2.5. FLOW CONTROL

SpW-R provides a mechanism of flow control,
referred to as Flow Control, with which the sending
entity of the protocol does not send data that would
exceed the receiving capability of the receiving entity.
In Flow Control, the receiving entity tells the sending
entity how many more data units it can receive. The
use of Flow Control is optional for each Transport
Channel.

2.2.6. HEARTBEAT

SpW-R provides a mechanism for the sending and
receiving entities of the protocol to check whether the
link and the other entity are still alive even when there
are no data to send or receive, respectively. The
mechanism is referred to as Heartbeat. The use of
Heartbeat is optional for each Transport Channel.

SpW-R &, TAMIILDEEEHERNZEER
ERDRERNEBRADT —IEELLENEIICT
5FEEHT 5. Flow Control EFFF S flow control
DHEEZFIRE T D, Flow Control TlX, Z1EHE K
EZNEEERERIC. HEEODOT—HEE
ZETELMNEEHT S, Flow Control DERAILE
Transport Channel [CDWTATLarTH b,

SpW-R [, AL DEERVZEBRER
2. FNEN, EREFEIIZIETEIT 2D LNE
ELEOHT. link BB DEHZRMNFLEEETU
EMESIINETETRT HT=6D . Heartbeat LT S
BERMBT D, Heartbeat DFERAIE, & Transport
Channel [2DWTA T3> THS,
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2.3. RELATIONSHIP WITH OTHER PROTOCOLS // s 7aka)L DRI R

This protocol is based on the protocol called the Joint
Architecture Standard (JAS) Reliable Data Delivery
Protocol (RDDP) [R1] developed by the Sandia
National Laboratories. The JAS RDDP is based on the
protocol called the GOES-R Reliable Data Delivery
Protocol (GRDDP) [R2] developed by the Goddard
Space Flight Center (GSFC) of NASA. The
differences between the JAS RDDP and the GRDDP
are described in [R1].

The technical differences between this protocol and
the JAS RDDP are as follows:

1) The capability of sending urgent messages is
removed because the function can be fulfilled
with another method.

2) The constraint requiring that the size of the
sliding window shall be a power of two is
removed in order to enhance the flexibility of the
protocol.

3) The Open/Reset Command is renamed the Open
Command in order to simplify the terminology.

4) Ack Packets for Control Packets have the
different values of Packet Types from those of
the Ack Packets for Data Packets in order to
differentiate the former from the latter even
when both of them have Sequence Number 0.

5) The way in which Open Commands, Close
Commands, and the Ack Packets for these
Commands are handled is specified in detail in
order to prevent potential disagreement between
the states of whether the Transport Channel is
open or close as recognized by the Transmit TEP
and Receive TEP. The major changes are:

5a) A Close Command can be transmitted only
when the Ack Packet for an Open Command has
been received; this constraint is set because a
Close Command is used solely to close an
opened Transport Channel.

AZOka/LlE, Sandia National Laboratories (&>
THE F SN f= Joint Architecture Standard (JAS)
Reliable Data Delivery Protocol (RDDP) [R1] &FE(E
NBHTORIILIZE DL, JAS RDDP (&, NASA @
Goddard Space Flight Center (GSFC) [Z&>TEH
St = GOES-R Reliable Data Delivery Protocol
(GRDDP) [R2] &FE[ENDTARIILIZEDS JAS
RDDP & GRDDP M:&LME [R1] IZiEEh 5,

AZFOraJLE JAS RDDP D ATHIZEZEWLIZLLT
DEBYTHS,

1) RBAVE—DZEDRENIL. TOHAEE
DHETERTES=HHEIFRLT=,

2) FOPILDOREEZESHDH=HIT, sliding
window DY AZXMN 2 DERTEHITNIEES
TEDEWSHIFIIEERYBRULM =,

3) AEZEBILT 57T, Open/Reset
Command [&. Open Command 2884 LTz,

4) Control Packets IZxt9% Ack Packets &, Data
Packets [2%19 % Ack Packets &I, BIE &E
ETEDWLWT B Sequence Number HY0 D
SETCTHLRATEDLSIZ, B4 % Packet
Types DEZEHFD,

5) Transport Channel MBALVTULNSHMEALTLVS
MESIM EIE TEP EZ1E TEP EARHT D
REDBEMLGER —BZEHS=HIZ, Open
Commands & Close Commands, dTMZ, 2t
50 Commands [Z¥9 % Ack Packets DKL
HEFHMICED-, TELGEERT:

5a) Close Command (&7 —7 > Lfz Transport
Channel ZFACLA-ODAIZFEHONDHLDTH
5F%EEL T, Close Command [& Open
Command [Zx49 % Ack Packet ZR{ELT=5H
BIZOAHEEFETEDHELSHKZEERITT=,
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5b) Ifthe Receive TEP has found that the Transport
Channel is inactive, it can close the Transport
Channel.

6) The mechanism of Flow Control, along with two
new types of Packets for it, “Flow Control
Packets” and “Flow Control Ack Packets”, are
introduced as options for the purpose of
enhancing the functionality of the protocol.

7) The mechanism of Heartbeat, along with two
new types of Packets for it, “Heartbeat Packets”
and “Heartbeat Ack Packets”, is introduced as
options for the purpose of enhancing the
functionality of the protocol.

If none of the above-described features, which are
unique to SpaceWire-R, is used, SpaceWire-R is
compatible with JAS RDDP except for one point: the
value of the Packet Type fields for Ack Packets for
Control Packets must be amended (see Table 4-2).

The style of the document has also been changed from
those of [R1] and [R2], and it is now compatible with
the style in which the ISO and CCSDS protocol
specifications are written except that the Japanese
translation is also written and that terms are
highlighted with color.

5b) 51E TEP [&. Transport Channel HIEF7 VT«
T THAHABEHRET HEL Transport Channel %
FALSEMNTES,

6) 7oL DBEEERIE T B DA T3>
EL T, Flow Control MEEN ., TDI=H D
=% ZFEF D Packets, “Flow Control Packets”
& “Flow Control Ack Packets”, &FIZEAX
nit-=.

7) FRbILO¥EEERIET BI2HDA T3y
EL T, Heartbeat DHERED . ZDT=HDF 1=
ITZFEFE D Packets, “Heartbeat Packets” &
“Heartbeat Ack Packets”, &H[TEA SN T=,

LEED SpaceWire-R IZEF D#EEEZ ALVEGLNVG
& . SpaceWire-R (& JAS RDDP EE#MENH B, 1=
T=L. Control Packets [Z%9 % Ack Packets 0 Packet
Type Z4—ILRDIEFEBIET ZHLEMNHSD (Table
42 1),

XEDRZAILE [R1] R [R2] DREZAILIND
TEIN-, BAREREZHELI-BLRAEICAEMT
#L1-E%ME. 1SO RU CCSDS dFAkajLitsk
MNEBEINBIREAILERBRMELHD,
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3. SERVICE DEFINITION // SERVICE DJE$&

3.1. GENERAL/ —}&

This section presents the definition of the SpW-R
services in the form of primitives, where the primitive
represents an abstract model of logical exchanges of
data and control information between the protocol
entity of SpaceWire-R and applications that use
SpaceWire-R.

The parameters of the primitive specify the information
available to applications. This document specifies the
meanings of the parameters in an abstract notation. The
way in which a specific implementation makes the
information available is not constrained by this
specification. In addition to the parameters specified in
this section, an implementation may provide other
parameters to applications (e.g., parameters for
controlling services, monitoring performance, and
making diagnosis).

3.2. CHANNEL CONTROL SERVICE

ARE(X, SpW-R D service EFEZ . primitives D
H TR, Primitive [&. SpaceWire-R DFALaIL
BHRESRLE SpaceWire-R #ZARWNST7TUr—i 3>
DD, T2 EHIEIFROFHE MY ERY D
HERETILETT,

Primitive @) parameters [&, 77U — 3> CER
ARELGEREEE TS . AEF. oD
parameters DBRZMRILIN-RETED S,
AERIE.BEOEENCDOFEREFEATEEICT
BAEEHMRLEL, REMNTEDHD parameters [
MR T, RERF. TV 7r—2avIThD /RS A—4
FZIRELTEERL (BIAIL, service DHEE., /874
—RUVADEBR. RUVZWT HHDINTA—
)

3.2.1. OVERVIEW OF CHANNEL CONTROL SERVICE
CHANNEL CONTROL SERVICE D#fE
The Channel Control Service provides each of

applications with the capability of controlling the state
machines of the Transmit and Receive TEPs of
Transport Channels (see Sections 4.4.3 and 4.5.2).
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EERUZIETEPs DRAT—FI U2l 588
NEETIVr—avIiRfT 5 @43 BRUY
452 HE]),




3.2.2. CHANNEL CONTROL SERVICE PARAMETERS

3.2.2.1. Channel Number

The parameter Channel Number (see Section 4.2.3.6)
describes the Transport Channel whose state machine is
controlled by an application.

3.2.2.2. Directive Type

The parameter Directive Type describes the type of the
directive that the application delivers to the Transmit or
Receive TEP through the ChannelControl.request
primitive. The possible values of this parameter are

Parameter Channel Number (4.2.3.6 IS H8) (L. 7
TVr—2arhHlld 2R EDRT—FII 0%
¥ Transport Channel Z329

Parameter Directive Type [&, 7T Ur—avnt
ChannelControl.request primitive Z 4t L TiEEE
F=IE52{E TEP [CERET HHERDERIZRLT .
@ parameter A8EYFHIEIL, Table 3-1 IZESH B,

specified in Table 3-1.

Table 3-1: Values for the Directive Type

Directive Type D{E

FEEFELIEZIE TEP ICHEELE
Transport Channel DA —T &R

Directive Type Description Note
Open (Transport Directs a Transmit or Receive TEP to | Used by the applications at the sending
Channel) open the specified Transport Channel. | and receiving ends of the Transport

Channel.
Transport Channel DIEERUZEH

£ {E TEP IZ$E F L f= Transport
Channel DY A—X%IETRT S

+3 DFTVr—avh AN,
Close (Transport Directs a Transmit TEP to close the | Used only by the application at the
Channel) specified Transport Channel. sending end of the Transport Channel.

Transport Channel MZEFIHD T T4
—:/390)59‘75{#“"%)0
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3.2.2.3. Notification Type

The parameter Notification Type describes the event Parameter Notification Type I&, 3518 F /=1L Z{E TEP
of which the Transmit or Receive TEP notifies the A% ChannelControl.indication primitive Z4rLTF 71
application through the ChannelControl.indication 7 —>3aVIZBHMT DA NUMEET . CD parameter
primitive. The possible values of this parameter are D&Y FSHIEIL. Table 3-2 [(CEDH B,

specified in Table 3-2.

Table 3-2: Values for the Notification Type

Notification Type MD{&
Notification Type Description
Enabled The Transmit or Receive TEP has transitioned into the ENABLED state.

Transmit 7= (& Receive TEP A%, ENABLED REE(ZFEITLT=,

Open The Transmit or Receive TEP has transitioned into the OPEN state.
Transmit F7= (& Receive TEP AS, OPEN JKREIZFE4TLT=,

Closing The Transmit or Receive TEP has transitioned into the CLOSING state.
Transmit E7z[& Receive TEP AY, CLOSING KEEIZFITLT=,

Closed The Transmit or Receive TEP has transitioned into the CLOSED state.
Transmit 7= (& Receive TEP AY, CLOSED JRREIZFE1TLT=,
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3.2.3. CHANNEL CONTROL SERVICE PRIMITIVES

3.2.3.1. General / —fi&

The service primitives associated with this service are

as follows:

1) ChannelControl.request, and

2) ChannelControl.indication.

The ChannelControl.request  primitive  passes

information from an application to a Transmit or
Receive TEP in order to request that the state of the
Transmit or Receive TEP, respectively, be transitioned.

The
information from the Transmit or Receive TEP to the

ChannelControl.indication primitive passes
application in order to notify that the state of the

Transmit or Receive TEP, respectively, has

transitioned.

3.2.3.2. ChannelControl.request

The ChannelControl.request primitive shall be used
by an application for requesting the Transmit or
Receive TEP of the specified Transport Channel to
change its state (see Sections 4.4.3 and 4.5.2).

The ChannelControl.request primitive shall take the
following parameters in the following form:

K service IZBA9 % service primitives [£. LTFD &
BYTHS,

1)
2)

ChannelControl.request
ChannelControl.indication

ChannelControl.request primitive (&, F{EE=IL5
1E TEP OIREBDOEBEERT HHIZ. 7T
—avhb, TNEN, EEFIEZE TEP TR
HWESIZET

ChannelControl.indication primitive &, ZE{EFE=(E
{5 TEP OREAEBBLI-FZRBMT H-0IZ.
INTNGEEEIEZIE TEP MTTVr—a
VICEHRZESIEET .

ChannelControl.request primitive (&, 7714 —33
UM HBET B Transport Channel MEEFE-(FZ
ETEP ICHLTEDIREDEEE, €D TEP [ZE
KTBE=OHICHAWNDZE (443 BRUY 452 IS
8.

ChannelControl.request primitive & . EL T D
parameters ZLA FD LR IT{FITHI &,

ChannelControl.request( Channel Number,

3.2.3.3. ChannelControl.indication

The ChannelControl.indication primitive shall be used
by a Transmit or Receive TEP for notifying the
application that a state transition has occurred.

The ChannelControl.indication primitive shall take
the following parameters in the following form:

Directive Type)

ChannelControl.indication primitive (&, #{EF /=&
E TEP DN IREBBROREEZ,. 7T)r—3>
IZEENT B1=HICANSZE,

ChannelControl.indication primitive [& . LL T @
parameters AT D KSR (F{FFHIE,

ChannelControl.indication( Channel Number,

Notification Type)
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3.3. DATA TRANSFER SERVICE // T—#445% SERVICE

3.3.1.

The Data Transfer each of

applications with transfer of sequences of service data

Service provides

units. One sequence of service data units of variable
length is transferred through one Transport Channel
over a SpaceWire network.The transfer of service data
units in a Transport Channel is unidirectional (one
way) and asynchronous.

OVERVIEW OF DATA TRANSFER SERVICE // T—%41{53% SERVICE D=

T —4A1{%1E Service (&, service data units DIETD
mE%E . &7 TIVr—av IR ET 5, SpaceWire
network £ @D —"2D® Transport Channel Z4rL T, &
E RO service data units DMUN—DRIEIND,
% Transport Channel T® Service data units D1n
ElE BEAR (—AR) NOFERTHS,
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3.3.2. DATA TRANSFER SERVICE PARAMETERS

F—4451% SERVICE PARAMETERS
3.3.2.1. Service Data Unit

The parameter Service Data Unit (SDU) describes a

variable-length, octet-aligned service data unit, the
format of which is unknown to the protocol entity. A
Service Data Unit is provided by a sending application
to a Transmit TEP and is delivered to the receiving
application by the Receive TEP. The service data unit
is carried from the Transmit TEP to the Receive TEP
in the Application Data field (see Section 4.2.4.3) of a
Data Packet (or a series of Data Packets).

The maximum length of a service data unit shall be
determined for each Transport Channel and shall be
specified in a project-specific document using the
table provided in Section 5.2 of this document.

332.2. SDUID

The parameter Service Data Unit Identifier (SDU ID)
describes the sequence number of the service data unit

that the sending application provides through the
DataTransfer.request primitive. This number is used in
the
primitive to identify the service data unit associated

subsequent DataTransferNotify.indication

with the primitive.

3.3.2.3. Channel Number

The parameter Channel Number (see Section 4.2.3.6)
specifies the Transport Channel in which the service
data unit is transferred.

26

Parameter Service Data Unit (SDU) &, AIZE&K®
octet BAI M service data unit Z58L. FAMIJLEERR
ZREFZFDORKXEBEIMLAEL, Service Data Unit
(. EETTVr—avhbiEE TEP ITREL. 2
1€ TEP BNRET TV r—2avIZEIET B, Service
data unit (&, Data Packet (Ffz X —FED Data
Packets) @) Application Data 74—JLF (4.2.43 I8
SH8) [CT.E1E TEP i 321{E TEP ITEIEN S,

Service data unit MERKE(E. Transport Channel #
[TRHBZE, F=. RES2EICHBH T HRZAL
T/ IMABDOXEICEDH DL,

Parameter Service Data Unit Identifier (SDU ID)
. ZET7 TV — 30 h DataTransfer.request
primitive Z9rLTIRHET S service data unit D—
TUOREBESERLT.COESIE., 51 FHL
DataTransferNotify.indication primitive T . & @
primitive 2B % service data unit Z4FE T 5=
[CAWLND,

Parameter Channel Number (4.2.3.6 IESH) (X,
service data unit Z4&iX9 % Transport Channel Z¥§
T %,



3.3.2.4. Notification Type

The parameter Notification Type describes the event
of which the Transmit TEP notifies the sending
application through the DataTransferNotify.indication
primitive. The possible values of this parameter are
specified in Table 3-3.

Parameter Notification Type I& . %X 1§ TEP A%
DataTransferNotify.indication primitive Z 4L TE(E
TI)Vr—2avI BT B5ARVERT . D
parameter AAEY1FSHIEIL. Table 3-3 IZEH S,

Table 3-3: Values for the Notification Type

Notification Type MD{&
Notification Type Description

Accept Transfer The Transmit TEP has accepted a transfer of the Service Data Unit.
1%{E TEP M Service Data Unit DIEEZEZELT-,

Reject Transfer The Transmit TEP has rejected a transfer of the Service Data Unit.
1%{E TEP M Service Data Unit DIGEZEIEELT=.

Transfer Confirmed A transfer of the Service Data Unit has been confirmed by the Receive TEP.
Service Data Unit DIRiEHY, Z1E TEP [CKYHERESNT=,

Transfer Failure A transfer of the Service Data Unit has not been confirmed by the Receive TEP.
Service Data Unit D{mEMDS, 215 TEP [CKYFER SN A ST,
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3.3.2.5. Reason

The parameter Reason describes the reason for the

event of which the Transmit TEP notifies the sending
application through the DataTransferNotify.indication
primitive when the Notification Type is “Reject
Transfer” (see Section 3.3.2.4). The possible values of
this parameter are specified in Table 3-4. When the
Notification Type is not “Reject Transfer”, the value
of this parameter is not defined.

Parameter Reason [&. Notification Type A% “Reject
Transfer” (3.3.2.4 IBSH) DIZEIT,EE TEP B
DataTransferNotify.indication primitive Z 4L TE(E
TV r—2avIZBMT ANV NDEHERT
O parameter NEYIFHIEIL, Table 3-4 IZEH B
Notification Type A% “Reject Transfer” THEULVMEH.
C D parameter DEIFTEELERLY,

Table 3-4: Values for the Reason
Reason E

Reason

Description

SDU too long
Unit (see Section 4.4.2).

),

3

The length of the Service Data Unit exceeds the maximum length of a Service Data

Service Data Unit MFREAY, Service Data Unit DR AREHBZT- (442 1S

Channel Not Open

The Transport Channel is not OPEN (see Section 4.4.3).
Transport Channel AY OPEN SN TULVELY (443 HESH),
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3.3.3. DATA TRANSFER SERVICE PRIMITIVES // T—#4{z#% SERVICE PRIMITIVES

3.3.3.1. General / —fi&

The service primitives associated with this service
are as follows.

1) DataTransfer.request

2) DataTransferNotify.indication

3) DataTransfer.indication

The  DataTransferrequest  primitive  passes

information from the sending application to the
Transmit TEP in order to request that a service data
unit be transferred to the receiving application
through the specified Transport Channel.

The DataTransferNotify.indication primitive passes
information from the Transmit TEP to the sending
application in order to notify the sending application
of the completion of the transfer of a service data
unit.

The
information from the Receive TEP to the receiving

DataTransfer.indication  primitive  passes
application in order to deliver a received service data

unit to the receiving application.

3.3.3.2. DataTransfer.request

The DataTransfer.request primitive shall be used by
the sending application for requesting the Transmit
TEP to send a service data unit through the specified
Transport Channel.

The DataTransfer.request primitive shall take the
following parameters in the following form:

A service IZBE9 % service primitives (&, A TDEH
YTHb,

1) DataTransfer.request

2) DataTransferNotify.indication

3) DataTransfer.indication

DataTransfer.request primitive (&, $§ L7z Transport
Channel Z9L T service data unit #Z2{E7 TV —
AVITEETBEIICERT OIS EETT IS
—3a A (E TEP ITERESIZET .

DataTransferNotify.indication primitive (& . & %
servicedata unit OIREDFE T E#EET TV r—ay
[SBENT HT=8DIC. £1E TEP HLEIET T r—23
VICEBESIEET

DataTransfer.indication primitive (&, 2{EL71= service
data unit #ZET TV —avITBIET B1=0HIC.
25 TEP ABRET TV r—avIlERESIEE
ER

DataTransfer.request primitive [&, $§ € L7z Transport
Channel T service data unit #%5 &3, EIET7 TV
F—av VAR TEP IZERTBEHICALSCE,

DataTransfer.request primitive I&, LLF0 parameters
EUTOEIICZITHFITEHIE,

DataTransfer.request( Service Data Unit,

SDU 1D,
Channel Number)
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3.3.3.3. DataTransferNotify.indication

The DataTransferNotify.indication primitive shall
be used by the Transmit TEP for notifying the
sending application of the event associated with the
transfer of the service data unit identified by the
specified SDU ID.

The DataTransferNotify.indication primitive shall
take the following parameters in the following form:

DataTransferNotify.indication primitive (&, ¥g%E L 7=
SDU ID IZ&>THESND service data unit DIRE
ICBEd B/ RUNE, £ TEP BEETIVr—a
VICBHRYAHITANSIE,

DataTransferNotify.indication primitive [&. LL T ®D
parameters ZLATFDEIIZRITHHITEHIE,

DataTransferNotify.indication( SDU ID,

3.3.3.4. DataTransfer.indication

The DataTransfer.indication primitive shall be used
by the Receive TEP for delivering a service data unit
received in the Transport Channel to the receiving
application.

The DataTransfer.indication primitive shall take the
following parameters in the following form:

Channel Number,
Notification Type,
Reason)

DataTransfer.indication primitive [& . Transport
Channel T8EL 7z service data unit %, 521§ TEP A%

RIETTVr—avICERIET H=HITANSTE,

DataTransfer.indication primitive [& . Bl T @
parameters Z LA T DKIIZZITFHTEHIE,

DataTransfer.indication(  Service Data Unit,

Transport Channel)
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4. PROTOCOL SPECIFICATION // ZabkajLit#k

4.1. GENERAL/ —}&

AEL LGB TOLILEREZOR TS

This section specifies SpaceWire-R (SpW-R) in terms
N3 protocol data units (4.2 IHESH) &, FThioDT

of the protocol data units exchanged between paired
protocol entities (see Section 4.2) and of the BFIJLIERZERMNEITT S procedures (4.3 IH,

procedures conducted by the protocol entities (see 4.4 H.4.5 IH, R 4.6 IHEH) OB AN
Sections 4.3, 4.4, 4.5, and 4.6). SpaceWire-R (SpW-R) ZEMH 5,
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4.2. SPW-R PACKETS

The protocol data unit (PDU) of SpaceWire-R is
referred to as the SpW-R Packet.

In the SpaceWire protocol, an address is used to
uniquely identify the delivery route and destination
node of a SpW packet. The address consists of
destination identifiers and an SpaceWire Logical
Address (SLA). The SpaceWire protocol uses a
variable-length address to accommodate the networks
that require multiple address octets, such as octets in
SpaceWire path addressing or regional addressing.

The values of the destination identifiers and SLA are
assigned according to the rules of the logical
addresses specified in [A1]. In the SpW-R protocol,
the address shall be within the constraint of the
maximum length of 16 octets.

[Note] In the case where only logical addressing is
used in a SpaceWire network, the destination
identifiers are absent in the SpaceWire network.

The destination identifiers and SLA of the Receive
TEP and Transmit TEP shall be determined for each
Transport Channel and shall be specified in a project-
specific document, using the table provided in Section
5.2 of this document.

SpaceWire-R @ protocol data unit (PDU) [&, SpW-R
Packet &9 5,

SpaceWire ZARIJLTIL, SpW packet DELISHERR
EBRIE S node Z—EITHRHET H71=8IZ address
LV%d, 2D address [&. destination identifiers &
SpaceWire Logical Address (SLA) M 5 7 %,
SpaceWire FHARIJLIE, SpaceWire path addressing
%5 regional addressing 12&% octets &, ¥ octets
D address ZWHELET B networks IZHIET A ER
D address #ALVD,

Destination identifiers & SLA D{EIX. [A1] HED
% logical addresses MFRAIICHE->TEIY A TS,
SpW-R AL TIZL, address &, K& 16 octets
DHEFDTIZHDZE,

[3¥] @5 SpaceWire network T logical addressing
DHZERAWNDIZE. T®D SpaceWire network TIE
destination identifiers [X7FFELZLY,

5212 TEP R UE(E TEP @ destination identifiers &
U'SLA [&. Transport Channel EIZIRO D&, F=.
AE 52 BNARBISIREFAVTIODVNEE
DXEICEDHDHZL,
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4.2.1.

There are five types of SpW-R Packets:

a) Data Packets,

b) Control Packets,

¢) Ack Packets,

d) Flow Control Packets, and

e) Heartbeat Packets.
4.2.1.1. Data Packets

Data Packets are used by the Transmit TEP of a
Transport Channel to send service data units to the
Receive TEP of the Transport Channel.

4.2.1.2. Control Packets

Control Packets are used by a Transmit TEP to send
Control Commands to the Receive TEP to control the
state machine of the Receive TEP (see Section 4.5.2).

There are two types of Control Commands:

a) Open Command: Open Commands are used to
change the state of the Receive TEP from the
ENABLED state to the OPEN state (see
Section 4.5.2.3), and

b) Close Command: Close Commands are used to
change the state of the Receive TEP from the
OPEN state to the CLOSING state (see Section
4.5.2.4).

TYPES OF SPW-R PACKETS // SPW-R PACKETS DF&H

SpW-R Packets IZIFLA T D HEELH D,

a) Data Packets

b) Control Packets

¢) Ack Packets

d) Flow Control Packets
e) Heartbeat Packets

Data Packets [&. % Transport Channel M %1 TEP
HS. F®D Transport Channel MD3{E TEP [Z. service
data units Z3EAT=HIZAHLS,

Control Packets [&. %18 TEP A, &/ TEP DRAT—
FS oIS B1=HI2H|EHIOY U FE5{E TEP I
ELH=HIZAWNS 4.52 BSH),

“HEEOFHITURAH B,

a) Open Command:Open Commands I%, 51§ TEP
DiREEZ . ENABLED iREEMD OPEN JRKEEIC
EZ5=HIZANS (4523 BESME),

b) Close Command: Close Commands &, 51§ TEP
DIRREZE . OPEN DIREEM > CLOSING JREEIS
EZ5H=HIZANS (4524 IBS),
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4.2.1.3. Ack Packets

Ack Packets are used by a Receive TEP to notify the
Transmit TEP of receipt of Data, Control, and
Heartbeat Packets (and the MASN in some cases; see
the last paragraph in this section) and also by a
Transmit TEP to notify the Receive TEP of receipt of
Flow Control and Heartbeat Packets.

There are four types of Ack Packets:

a) Data Ack Packet: used to notify receipt of a
Data Packet,

b) Control Ack Packet: used to notify receipt of a
Control Packet,

c¢) Flow Control Ack Packet: used to notify receipt

of a Flow Control Packet, and

d) Heartbeat Ack Packet: used to notify receipt of
a Heartbeat Packet.

In the case where Flow Control is used, Data Ack and
Control Ack Packets are also used by a Receive TEP
to notify the Transmit TEP of the Maximum
Acceptable Sequence Number (MASN) (see Section
4.2.4.4).

4.2.1.4. Flow Control Packets

In the case where Flow Control is used, a Flow
Control Packet is used by a Receive TEP to notify
the Transmit TEP of the MASN (see Section 4.5.3.5)
when there is neither a Control Ack Packet nor Data
Ack Packet to be transmitted.

[Note] The MASN is also notified to the Transmit
TEP by using a Data Ack or Control Ack Packet (see
Section 4.2.1.3).

4.2.1.5. Heartbeat Packets

Heartbeat Packets are used by the Transmit TEP
and/or the Receive TEP of a Transport Channel to
solicit the counterpart Receive TEP and/or Transmit
TEP, respectively, for a response in order to confirm
that the link and the TEP at the other end are alive.

Ack Packets &, %1E TEP A%, Data, Control, U
Heartbeat Packets #2{EL-F %.(REOREK
FETHRARDIIIHEFH T TIE MASN &#(0) £
15 TEP ICEENT B1=DIHWLS, Ff=. #(E TEP Y
Flow Control & T Heartbeat Packets Z2{ELT-E%.
Z{E TEP [SBHT B=HIZHALD,

Ack Packets IZIZA T OMIEENH S,

a) Data Ack Packet: Data Packet D SZ2{Z D@ NI
(AY)

b) Control Ack Packet: Control Packet DZIEDE
FMIZAWS

¢) Flow Control Ack Packet: Flow Control Packet @
ZEDBRMIZANS

d) Heartbeat Ack Packet: Heartbeat Packet (D 521§D
BHIZALS

Flow Control ZMAUVA15E . Data Ack R U Control
Ack Packets [&. 31§ TEP A%, Maximum Acceptable
Sequence Number (MASN) (4.2.4.4 THSHR) %, %15
TEP [CBHMY 5=HIZHALS,

Flow Control Packet (&, Flow Control ZFW\5I15&I1Z
ST E{ET D Control Ack Packet ¥ Data Ack
Packet DEINBIZEFIZ, 515 TEP A MASN Zi%
£ TEP [CREIT 51=HICANS (4.53.5 BSE),

[3¥] MASN [&. Data Ack FE7=[& Control Ack Packet

RAWTYH, EE TEP ITEMESNS (4213 BES
1),

Y

Heartbeat Packets I&. % Transport Channel Mi£1E
TEP BU/E1IEZIE TEP A, link £EH5—F DIHD
TEP EDREZTVEINEIDNDHERDH. ThT
N WIST HFZIE TEP RWEITEE TEP M
EERODH-HIZAWNS,
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4.2.2.
422.1.

A SpW-R Packet shall be the cargo of a SpaceWire
packet (see Section 9.2.1 of [A1]).

According to Sections 9.2.1 and 9.2.2 of [Al], a
SpW-R Packet is preceded by a list of zero or more
destination identifiers. The destination identifiers of
a forward and reverse direction SpW-R Packet shall
be destination identifiers of the Receive TEP and
Transmit TEP (see Section 4.2), respectively.

According to Sections 9.2.1 and 9.2.3 of [Al], a
SpW-R Packet is followed by an end-of-packet

marker.

The structure of a SpW packet that carries a SpW-R
Packet is shown in Figure 4-1.

SpaceWire packet

STRUCTURE OF THE SPW-R PACKET // SPW-R PACKET &

SpW packet Structure // SpW packet #8i&

SpW-R Packet I&. SpaceWire packet D cargo ([A1]
D921 HESH) THH L,

[A1] @ 92.1 BRU 922 BIZH#->T. ¥AELL
@ destination identifiers M) AFAY SpW-R Packet 0D
ANZH D, IEAMBRUHAMED SpW-R Packet M
destination identifiers |, ZNE ., Z{E TEP R
151 TEP @ destination identifiers (4.2 IBSH8) TH
Ho&,

[A1] D 9.2.1 TR 9.2.3 IEIZHE ST, end-of-packet
marker [& SpW-R Packet D& (Z#E<,

SpW-R Packet Z&A SpW packet DIE&EZ Figure
4-1 1277,

0 or More ) .
L (Cargo) End-of-Packet
Destination o
. SpW-R Packet Marker
Identifiers

Figure 4-1: Structure of a SpW packet containing a SpW-R Packet
SpW-R Packet Z&¢> SpW packet D&
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422.2. SpW-R Packet Structure / SpW-R Packet #8i&

A SpW-R Packet shall consist of the following fields, SpW-R Packet (&, AT DIEF CTE#HEL TRES

placed contiguously in the following order: Nz LTFDIT4—ILEDBIEEHIE,
a) Header (10+N octets), a) Header (10 + N octets)
b) Payload (X octets), and b) Payload (X octets)
¢) Trailer (2 octets). ¢) Trailer (2 octets)

[Note] In the following, N is the Prefix field length and X [(E] AT TIE. N (X Prefix Z4—ILFRTHY.
is the Payload field length. X [& Payload Z4—ILFRTH S,

The structure of a SpW-R Packet is shown in Figure 4-2. SpW-R Packet D#&i&% Figure 4-2 IZRY,

Header
Packet Control
Destinati | Protocol | Protocol | Sec. Hdr. |Sequence| Packet | Payload | Channel

on SLA D Version Flag Flags Type Length | Number
2hits 1hit 2hits 3hits
1 octet 1 octet 1 octet 2 octets | 2 octets

Payload— » Trailer

Address Control Source Address

Secondar | Payload
Source |y Header| Body CRC
SLA  |(Optional) | (Optional)

Sequence|Reserved| Prefix
Number | Spare Length Prefix
4bits 4bits
1 octet 1 octet N octets | 1 octet X octets 2 octets

Figure 4-2: Structure of a SpW-R Packet
SpW-R Packet D&
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4.2.3. SPW-R PACKET HEADER
42.3.1. GENERAL// —#%

The Header of a SpW-R Packet shall consist of the SpW-R Packet @ Header |&. AT DIER TE#KL
following fields, placed contiguously in the following TEEEINTfz. L TFTDITs—ILEMBHEEIE,

order:
a) Destination SLA (1 octet), a) Destination SLA (1 octet)
b) Protocol ID (1 octet), b) Protocol ID (1 octet)
c¢) Packet Control (1 octet), ¢) Packet Control (1 octet)
d) Payload Length (2 octets), d) Payload Length (2 octets)
e) Channel Number (2 octets), e) Channel Number (2 octets)
f)  Sequence Number (1 octet), f)  Sequence Number (1 octet)
g) Address Control (1 octet), and g) Address Control (1 octet)
h) Source Address (N+1 octets). h) Source Address (N+1 octets)

For all types of Packets specified in Section 4.2.1, the 4.2.1 M EH S Packets DL THFEEMNEL
same Header shall be used. Header ZRALVD &,

The value in the Source Address field of Data, Data, Control, Flow Control,&f=zI& Heartbeat Packet
Control, Flow Control, or Heartbeat Packet shall be @ Source Address 74—JLEDEZ ., 5T 5 Ack
copied into the destination identifiers and the Packet @ destination identifiers BT Destination
Destination SLA field of the corresponding Ack SLA Z4—JLRICOE—95I&, ThITMA. H
Packet. In addition, the consistency of the values in K &FEFED Packet [TDULVT, Source Address Z4—
between the Source Address field and the Channel JLF®D{EE Channel Number 74— )LEDEE D
Number field may be verified for the Packet of any &MERIILTHELY,

type.
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4.2.3.2. Destination SLA

According to Section 5.2.1 of [A1], octet O (the first
octet) of the Header shall be the Destination SLA,
which is the SpaceWire Logical Address (SLA) that
identifies the node to which the Packet is delivered.

The Destination SLA of a forward and reverse
direction SpW-R Packet shall be SLA of the Receive
TEP and Transmit TEP (see Section 4.2), respectively.

4.2.3.3. Protocol ID

As specified in Section 5.2.2 of [Al], octet 1 (the
second octet) of the Header shall be the Protocol ID of
this protocol, which is assigned by the European
Cooperation for Space Standardization (ECSS).

[Note] The Protocol ID of this protocol is 05h [A4].

[A1] @ 5.2.1 TEIZH#> T, Header O octet 0 (RFID
octet) &, Packet MEIE KD node ZRHET S
SpaceWire Logical Address (SLA) T#% Destination
SLA THAH &,

IEARBR UM ABD SpW-R Packet 0 Destination
SLA [, F#FNFh., Z1E TEP RUSE(E TEP @ SLA
42 BSE) THdH L,

[Al] @ 522 TENESHD LT, Header M octet |
(Z#& B D octet) [&. European Cooperation for
Space Standardization (ECSS) IZ&>TEIYHTHN
=D THAHARTORILD Protocol ID THAZ &,

[;£] XZ7Ok3JL® Protocol ID [ 05h THD
[A4].
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4.2.3.4. Packet Control
42.3.4.1. GENERAL/ —#%

Octet 2 of the Header shall be the Packet Control field.

The Packet Control field shall consist of the following
sub-fields, placed contiguously in the following order
(see Figure 4-3):

Header @ octet 2 I, Packet Control 74—JLKT&H
5T,

Packet Control Z4—JLKRIZ., L TDIERF TEHKL T
BRESN=.UTOYITIs—ILEMDERIE
(Figure 4-3 S8),

a) Protocol Version Number (2 bits), A) Protocol Version Number (2 E'Wh)
b) Secondary Header Flag (1 bit), b) Secondary Header Flag (1 Ewk)
¢) Sequence Flags (2 bits), and ¢) Sequence Flags (2 E*wk)
d) Packet Type (3 bits). d) Packet Type 3 Ewh)
MSB LSB
Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bit1 Bit0
Proti]cuorln\t;’:rrsion Hsee:do:'d;:rg Sequence Flags Packet Type

Figure 4-3: Structure of the Packet Control field
Packet Control 7 4 —/\ K DR

4.2.3.4.2. Protocol Version Number

Bits 6-7 of the Packet Control field shall be the
Protocol Version Number of the SpW-R protocol
specification with which the format of the Packet
complies. These bits shall be set to “01” for this version
of specification.

4.2.3.4.3. Secondary Header Flag

Bit 5 of the Packet Control field shall be the Secondary
Header Flag. Value “1” of the flag shall indicate the
presence of a variable-length Secondary Header (see
Section 4.2.4.2) in the Payload field of the Packet.
Value “0” shall indicate the absence of a Secondary
Header.
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Packet Control Z4—JLE® bits 6-7 &, Packet D7
F—IVEDEHT S SpW-R TALILEHD
Protocol Version Number THDZE, RE YR, &
N—=3 DT, <017 [TERET DL,

Packet Control Z4—JLF® bit 5 (&, Secondary
Header Flag THAHCE, RTZTTDE “17 [E.
Packet @ Payload Z4—JLFICAIERTH S
Secondary Header (4.2.42 IBSH) NFETHE%
TR EME <07 [&. Secondary Header MTETEL
BWEERTE,



4.2.3.4.4. Sequence Flags

Bits 3-4 of the Packet Control field shall be the
Sequence Flags.

The Sequence Flags field of a Data Packet shall
indicate whether the Data Packet contains a complete
service data unit or the first, intermediate, or final
segment generated from a service data unit. The

permitted values for the Sequence Flags field are shown
in Table 4-1.

The other types of Packets than Data Packets shall have
their Sequence Flags field set to “11”, indicating that
they are stand-alone Packets.

Packet Control Z4—JLFE® bits 3-4 &, Sequence
Flags THAHZ &,

Data Packet @ Sequence Flags Z4—JLRIX, £D
Data Packet A3, service data unit DKM, service
data unit MO EFEIN TR, T, FEHKRED
segment M, DAINEFL M ERT &, Sequence
Flags 74— JLRIZEFEN B EZ Table 4-1 TR Y,

Data Packets LLSYDFEFEED Packets TIX, B
Packets THAHEERT =8I, Sequence Flags T4
—ILR%E “11” ISRET DL,

Table 4-1: Permitted Values for the Sequence Flags field
Sequence Flags 74— ILFICEFESNSIE

Bit 4 Bit 3

Interpretation

Containing the first segment of a service data unit
Service data unit DERFID segment TEEL

Containing an intermediate segment of a service data unit
Service data unit D HfE segment &L

Containing the last segment of a service data unit
Service data unit D ERED segment ZEHL

Containing one complete service data unit (stand-alone Packet)

Service data unit D EAKEEFL (B Packet)
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4.2.3.4.5. Packet Type

Bits 0-2 of the Packet Control field shall be the Packet =~ Packet Control Z4—JLR® bits 0-2 &, & Packet
Type, which identifies the type of the Packet. BREHETDLDTHA Packet Type THAHZE,

The permitted values for the Packet Type are shown in  Packet Type [ZEFEN S {EZ% Table 4-2 IZRT,
Table 4-2.

Table 4-2: Permitted Values for the Packet Type

Packet Type [ZEF&h 3 {E

Value Packet Type
0 Data Packet
1 Data Ack Packet
2 Control Packet (Open Command)
3 Control Packet (Close Command)
4 Heartbeat Packet
5 Heartbeat Ack Packet
6 Flow Control Packet or Flow Control Ack Packet (see Note)
7 Control Ack Packet

[Note] The Packet of Packet Type 6 that is sent from [iF] Transport Channel M 5{E TEP AoiE{E TEP
the Receive TEP to the Transmit TEP of a Transport [Z3%% Packet Type AY 6 @ Packet (&, Flow Control
Channel is interpreted as a Flow Control Packet, and Packet ELTEERREN D, £, F£E TEP hHZ1(E
the Packet of Packet Type 6 that is sent from the TEP [Zi%5% Packet Type A% 6 @ Packet [, Flow
Transmit TEP to the Receive TEP is interpreted as a  Control Ack Packet EL TEEIREN S,

Flow Control Ack Packet.
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4.2.3.5. Payload Length

Octets 3-4 of the Header shall be the Payload Length,
which specifies the number of the octets in the
Payload field. The number counts any octets in
neither the Header nor Trailer but does those in the
Secondary Header if it is present (see Section 4.2.4.2).

4.2.3.6. Channel Number

Octets 5-6 of the Header shall be the Channel
Number, which specifies the Transport Channel to
which the Packet belongs.

Channel Numbers shall be uniquely assigned to
Transport Channels in a SpaceWire network and
shall be specified in a project-specific document
using the table provided in Section 5.2 of this
document.

Header @ octets 3-4 |&, Payload Z4—JLE® octets
BERTET HEDTHS Payload Length THDZ &,
Z® octets FIZ. Header &, Trailer DA D octets %
EHIELH, Secondary Header NEXET SHE
(4242 B SR) [T D octets TEZH D,

Header @ octets 5-6 (&, & Packet HNET % Transport
Channel Z¥8E 9 51D THSH Channel Number TH
&,

— D M SpaceWire network [Z 3§ LY T, Channel
Numbers [& Transport Channels [C—E[IZEIYH TS
NBZE, T . AE 52 BIBEHITIREZANTS
ACIVNEEDXEIZEDD L,
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4.2.3.7. Sequence Number

Octet 7 of the Header shall be the Sequence Number,
which identifies the location modulo 256 of the
Packet in a series of Packets transferred through a
Transport Channel.

For the Data Packet, the Sequence Number is
assigned according to the procedure specified in
Section 4.4.4.4.

For the Control Packet, the value of the Sequence
Number is 0 (see Section 4.4.4.4).

For the Flow Control Packet, the Sequence Number
is assigned according to the procedure specified in
Section 4.5.3.7.

For the Heartbeat Packet, the value of the Sequence
Number is 0 (see Sections 4.4.4.4 and 4.5.3.7).

For the Ack Packet, the Sequence Number is
assigned according to the procedure specified in
Section 4.5.3.4 (Data or Control Ack Packet),
Section 4.4.4.6 (Flow Control Ack Packet), Section
4.4.47 (Received Heartbeat Ack Packet), and
Section 4.5.3.6 (Transmit Heartbeat Ack Packet).
Note that the Sequence Number of a Data, Control,
Flow Control, or Heartbeat Packet is copied into that
of the Ack Packet for the Packet.

[Note] If a Packet is retransmitted, its Sequence
Number is the same as that in the first transmission
(see Sections 4.4.4.5 and 4.5.3.7).

Header @ octet 7 [&. % Transport Channel 47+ L T
{Z1X T BH—ED Packets [ZHULVT, & Packet DEE
%256 DEDAAICEYFET HELDTHS Sequence
Number TH5HZ &,

Data Packet Tl&. 4.4.4.4 BMEHS procedure [ZHE
T, Sequence Number ZE|Y KT,

Control Packet Tl&. Sequence Number D{EIL 0 TH
% (4444 BSR),

Flow Control Packet Tl&. Sequence Number I3 4.5.3.7
IEMNE S procedure IZHRESTEIYH TS,

Heartbeat Packet Tl&. Sequence Number MBI 0 T
Hd (4444 ERV453.71BSH),

Ack Packet TI&. Sequence Number [& 4.5.3.4 I8
(Data FE7=I& Control Ack Packet), 4.4.4.6 T (Flow
Control Ack Packet), 4.4.4.7 I8 (Received Heartbeat
Ack Packet) . BT 4.5.3.6 I8 (Transmit Heartbeat
Ack Packet) HMTESDHS procedure [THOTEIYHT
%, 2 Z T, Data, Control, Flow Control, & 7= &
Heartbeat Packet @ Sequence Number (&, @ Packet
2359 % Ack Packet @) Sequence Number [23E—
b,

[;¥] Packet ZB&E 9 BI5E . €D Packet O Sequence
Number [, EFLHDEEDEDEDERLTHDS
(4445 RV 4.53.7 BSHR),
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4.2.3.8. Address Control

4.2.3.8.1. GENERAL // —fi%

Octet 8 of the Header shall be the Address Control
field.

The Address Control field shall consist of the
following sub-fields, placed contiguously in the
following order (see Figure 4-4):

a) Reserved Spare (4 bits), and

b) Prefix Length (4 bits).

MSB

Bit7 Bit6 Bit5 Bit4

Header @ octet 8 I&. Address Control 74— ILKET&H
5T&,

Address Control Z4—JLKRI, L TDIERF TE#HRL T
BEINE-.ULTOYITIq—ILEISEEIE
(Figure 4-4 S88),

a) Reserved Spare (4 Ewh)

b) Prefix Length (4 Ewb)
LSB
Bit3 Bit2 Bit1 Bit0

Reserved Spare

Prefix Length

Figure 4-4: Structure of the Address Control field
Address Control 7 4 —)V FO#EE&E

4.2.3.8.2. Reserved Spare

Bits 4-7 of the Address Control field shall be the
Reserved Spare, which is reserved for potential
future use and shall be set to “0000”.

4.2.3.8.3. Prefix Length

Bits 0-3 of the Address Control field shall be the
Prefix Length (N), which specifies whether the
Prefix field (see Section 4.2.3.9.2) exists or not and
specifies the number of the octets that are contained
in the Prefix field if the Prefix field exists.

[Note] In the case where only logical addressing is
used in a SpaceWire network, the Prefix Length (V)
is set to zero in the SpaceWire network.

Address Control Z4—JLE® bits 4-7 |&, {FEDBHE
HMEFERADEHIZFHEINI-LDTHS Reserved
Spare THAHZE, Ff=, “0000” IZFRET A&,

Address Control 74— JLF® bits 0-3 [&. Prefix Length
(N) THBHZE, Ihld, Prefix T4—ILF (42392
HSR) DEETINED ., Ef: Prefix T4—ILED
HFHET BIHE Prefix T4—ILEDEL octets DEEIE
EIHLDTHSD,

[;¥] %% SpaceWire network T logical addressing @
HEFWNDIGEE . £D SpaceWire network Tl Prefix
Length (N) [E¥RIZEHET S,
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4.2.39. Source Address

4.2.39.1. GENERAL // —fi%

The N+1 octets beginning with octet 9 of the Header
shall be the Source Address field.

The Source Address field of the Packet specifies a
full variable-length source address, that identifies
the node from which the Packet is transmitted.

The Source Address field shall consist of the
following sub-fields, placed contiguously in the
following order:

a) Prefix (N octets), and
b) Source SLA (1 octet).

The number of the octets (N) of the Prefix field is
specified in the Prefix Length field in the Address
Control field (see Section 4.2.3.8.3).

[Note] In the case where only logical addressing is
used in a SpaceWire network, the Prefix field is
absent in the SpaceWire network.

Header @ octet 9 MBIRESD N+1 octets (&, Source
Address 74— LR THB &,

Packet @ Source Address 74—JLFI&. £® Packet M
EETDnodeFHEETHEDTHAAERDEET
TELRAZKEIBEET S,

Source Address 74— JLKRI, L TDIEF TE#HELT
BREsNnf=. L TOHY I Ir—ILEMSEETE,

a) Prefix (N octets)
b) Source SLA (1 octet)

Prefix 74— JLRE® octets DE (V) (L. Address
Control 74—JLFE® Prefix Length 74— LR CIEET
% (423.83 IBSMH),

[;¥] &% SpaceWire network T logical addressing @
AHEFLSIGEE . £D SpaceWire network Tl Prefix
7’(_}[/':'iﬁ7£[/t;l'\o
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4.2.39.2. Prefix

If N is greater than zero, the first N octets of the
Source Address field shall be the Prefix field, which
consist of destination identifiers. If not, the Prefix
field shall be absent.

The Source SLA of a forward and reverse direction
SpW-R Packet shall be destination identifiers of the
Transmit TEP and Receive TEP (see Section 4.2),
respectively.

4.2.39.3. Source SLA

The last octet of the Source Address field shall be
the Source SLA field, which specifies the Source
SpaceWire Logical Address (SLA).

The Source SLA of a forward and reverse direction
SpW-R Packet shall be SLA of the Transmit TEP
and Receive TEP (see Section 4.2), respectively

NAEAKYKELMES. Source Address 74— ILED
B#D N octets (&, destination identifiers M3 E
DTHS Prefix T4—ILRTHDZE, SEEITHIR,
Prefix 74— IJLRIXFEELEWN E,

IEA R BEUFEABD SpW-R Packet @ Source SLA
. ENZEh. EE TEP RUSE TEP @ destination
identifiers (4.2 IHS ) THHZE,

Source Address 74— JLRDEE®D octet (&, Source
SpaceWire Logical Address (SLA) Z¥EE T HHLDT
3B Source SLA Z4—ILFTHBZE,

BB R B U#HEAFMD SpW-R Packet M Source SLA
. ZhZh.EE TEP RUS{E TEP O SLA (4.2
IHEH®) THHIL,
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4.2.4. SPW-R PACKET PAYLOAD

42.4.1. GENERAL/ —#%

The Payload field of a SpW-R Packet shall consist
of the following sub-fields, placed contiguously, in
the following order:

a) Secondary Header (optional), and

b) Payload Body (optional).

The Secondary Header is present in the Payload field
if Secondary Headers are used by the project.
Otherwise, no Secondary Header is present (see
Section 4.2.4.2).

The Payload Body field is as follows, depending on
the type of the Packet specified in Section 4.2.1.

a) For a Data Packet, the Payload Body field
consists of only the Application Data (see
Section 4.2.4.3).

b) For a Flow Control Packet, as well as for
Data Ack or Control Ack Packet if Flow
Control is used in the Transport Channel, the
Payload Body field consists of only the
Maximum Acceptable Sequence Number

(MASN) field (see Section 4.2.4.4).

c¢) For the other types of Packet (i.e., Control,
Heartbeat, Flow Control Ack, or Heartbeat
Ack Packet as well as for Data Ack or Control
Ack Packet if Flow Control is not used in the
Transport Channel), no Payload Body field is

present.

SpW-R Packet @ Payload Z4—JLRI[E. LTFDIEFT
EFLTRESNTZ. UTOYITT—ILEMBREET
&

7

a) Secondary Header (7 7>3Y)

b) Payload Body (7 3>)

B x4+ T Secondary Headers A WND G &

Payload 74— JLRIZ. Secondary Header [(XFHET D,
SHAEITIL, Secondary Header [ETEELELN4.2.4.2
HB]).

Payload Body Z4—JLRI&,42.1.INESHS Packet
DIEFEICIGLTUTDOKIIZT B,
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a) Data Packet Tl Payload Body Z4—JLFIX,
Application Data DHMBEEH (4243 HS
1),

Y

Flow Control Packet [Z& LT, it I,
Transport Channel [Z Flow Control ZRAULNSHF
I& Data Ack Ff=Id Control Ack Packet [Z§5LY
T. Payload Body 74— JLFI&. Maximum
Acceptable Sequence Number (MASN) 14—
IWEDHMLIES (4.2.44 THEHR),

b)

c) ZFDh Packet TIX (DFEY. Control, Heartbeat,
Flow Control Ack,F =13 Heartbeat Ack Packet
IZH LT, I, Transport Channel [Z Flow
Control Z A WA ULVEE (X Data Ack 7= (%
Control Ack Packet IZgLVT) | Payload Body 7

1—ILRIE FELEL,



4.2.42. Secondary Header

If Secondary Headers are used by the project, the
Payload field shall contain a field referred to as a
Secondary Header. The Secondary Header, if
present, shall begin with octet 0 (the first octet) of
the Payload.

The contents, length, and format of the Secondary
Header shall be determined by each project and
shall be documented in a project-specific document.

The presence of the Secondary Header is indicated
by the Secondary Header Flag in the Packet Control
field (see Section 4.2.3.4.3).

[Note] The Secondary Header can be used either for

exchanging project-specific management
information between the Transmit and Receive
TEPs and/or for sending project-specific special

data provided by the application.

4.2.4.3. Application Data

The Payload field of a Data Packet shall contain a
field referred to as an Application Data filed. In
terms of the position in a Packet, the Application
Data filed shall follow the Secondary Header if it is
present or else shall follow the Header.

The Application Data filed shall consist of a
segment of a service data unit or a complete service
data unit.

The maximum length of the Application Data field
shall be determined for each Transport Channel and
shall be specified in a project-specific document,
using the table provided in Section 5.2 of this
document.

7Y T Secondary Headers ZAWNSIHA.
Payload Z4—JLFI&, Secondary Header &¥FY %74
—ILRZEEL T, Secondary Header |&, BT 515
& . Payload @ octet 0 (FRFID octet) MBIRFED &,

Secondary Header D&, K&, RUKBR X, £70
CIOMNRDBE F-. TACIIVNEEOXE
ITXEETHIE,

Secondary Header M FFFE (&, Packet Control Z4—JLK
@ Secondary Header Flag IZ&2>TiREN S (4.2.3.4.3
HESR),

[3¥] Secondary Header [&. 1§ R U315 TEPs DE
TR I MEREDEBRBERERBRT 50N 7
Tr—av B350/ EROERE
T—REESHMN, DN —HEHNAMEH
TE%,

Data Packet @ Payload Z1—JLF I, Application Data
EMRT BT74—ILEEEL T &, Packet ADELIEELT
[X. Application Data Z4—JLKIE. Secondary Header
MNEET SEEIL Secondary Header (2T &, &%
I, Header (28K &S

Application Data 74— JLFIL. service data unit 0
segment A service data unit 2EMMNBHEEHE,

Application Data 74— JLF D iR K& (&, Transport
Channel BIZRDHBHCE, T AF 52 EIRMT
AZREAVTIACIVNEFEDOXEICEDH DL,
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4.2.4.4. Maximum Acceptable Sequence Number (MASN)

The maximum value of the Sequence Number that
the Receive TEP can accept at a certain timing is
referred to as the Maximum Acceptable Sequence

Z{E TEP BHAFF R TRETESD Sequence Number
NDEKR{EZ . Maximum Acceptable Sequence Number
(MASN) E#FY B, MASN 74— JLKR[E. MASN D1E

Number (MASN). A MASN field shall take the
value of the MASN.

The Payload field of a Flow Control Packet shall
contain a MASN filed. If Flow Control is used in the
Transport Channel, the Payload field of a Data Ack
or Control Ack Packet also shall contain a MASN
filed. In terms of the position in a Packet, the MASN
filed shall follow the Secondary Header if it is
present or else shall follow the Header. The length
of the MASN field shall be one octet.

=MD,

Flow Control Packet @ Payload Z4—JLFI&, MASN
T4—ILREELH L, £F=. Transport Channel [Z Flow
Control ZFULVSI5E Data Ack F7=[& Control Ack
Packet 0 Payload Z4—JLEE MASN 74— ILRZE
L&, Packet ADMLEELTIE, MASN T14—ILF
[£. Secondary Header MEFET HHZIE L Secondary
Header [2#E<C&, BTN, Header 1THELZE,
MASN 74— LR DREIF 1 octet THHZE,
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4.2.5. SPW-R PACKET TRAILER
The Trailer shall be a 16-bit CCITT CRC. Trailer [&. 16 Exwk@® CCITT CRC THBDZ &,

The CRC shall be computed with regard to the CRC [&. Packet A& L Destination SLA AVD Payload
octets from the Destination SLA to the last octet of DEEED octet EFTD octets ICEALTEHET DL,
the Payload contained in the Packet.

The CRC bits shall be computed according to the CRC EwhkE. UTOZERICHS>THET DL,
following polynomial:

x16+x12+x5+1. x16+x12+x5+1

All the initial values for the computation shall be set & Packet @ CRC ZETETHHIZ. FFEDETOH)
to 1 before computing the CRC of each Packet. HfEZ | ITERTET S &,
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4.3. STRUCTURE OF PROCEDURES // PROCEDURES DEE

The procedures conducted by the protocol entities

are classified into the following three categories:
Transmit TEP Procedures,

a)

b) Receive TEP Procedures, and

Node Procedures.

¢)

Figure 4-5 shows the structure of the procedures
used to implement SpaceWire-R at a SpaceWire
node.

7
X LFO=20ATIVIZHEEINS,

=5 4=

ArILBRERICES>TEITEINS procedures

i

o

{€ TEP Procedures

a)

b) {8 TEP Procedures
¢) Node Procedures

Figure 4-5 [X. SpaceWire node T SpaceWire-R 3%k
FB1=IZFALS procedures DIEEFTT

' Applications

T F

X |

! !

SpaceWire-R

! |

An instance of
the Transmit
TEP procedures

procedures

TEP procedur

An instance of
the Transmit

An instance of
the Receive
TEP procedures

An instance of
the Receive

es | | TEP procedures

| |

| |

‘ An instance of the Node Procedures ‘

i

!

S

paceWire

Figure 4-5: Structure of the Procedures at a Node
Node @ Procedures D&

An instance of the set of Transmit TEP Procedures
(specified in Section 4.4) shall exist for each of the
Transmit TEPs that exist on the node. An instance of
the set of Receive TEP Procedures (specified in
Section 4.5) shall exist for each of the Receive TEPs
that exists on the node. An instance of the set of Node
Procedures (specified in Section 4.6) shall exist at
each node.
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%% node IZHFHET BiE(E TEPs DR RIZ, (44 18
MEDHD) #E{E TEP Procedures —T D instance HY
BEHTDH L, D Node IEHETHZIE TEPs D
BRIZ, (45 BMNESDD) 312 TEP Procedures —
R D instance MFET D&, & node [T, (4.6 BN
E &) Node Procedures —T 0D instance MTETET
b,
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4.4.

4.4.1. GENERAL/ —#&

This section specifies the procedures to be conducted
by the Transmit TEP.

[Note] The procedures specified in this subsection
are presented in an abstract sense and do not describe
any specific ways of implementation of a protocol
entity.

The Transmit TEP conducts the following three

procedures:
a) Segmentation (Segmenting),

b) Transmission Control, and

Channel Control.

¢)

These procedures and the logical relationship among
them are shown in Figure 4-6.

The Transmission Control procedure has sub-
Section 4.4.4). Table 4-3
summarizes which (sub-)procedures are responsible

procedures  (see

for each processing step of each type of Packet.

TRANSMIT TEP PROCEDURES // %£{E

TEP PROCEDURES

ARIE(F, E1E TEP AAESTT B procedures EEH D,

[E] RIEBMNEDHS procedures (., IMEMLER TR
RENTHY, TOrOLEREZDEKRNLERER
EEERITEDTIEAL,

E{E TEP (X, L FD =DM procedures RT3 %,

a) Segmentation (Segmenting)
b) XS HI{EH
¢) Channel i

CM® procedures &, TNLDEDREEFREE
Figure 4-6 [ZRY

ESHIE procedure (X, ¥7 procedure D (4.4.4
BB M), Ff=., Table4-3 2, ZIFFD Packet DEL
BRTyTEMND (B D) procedures HMBSHhEFL
1=,

Applications
An instance
of the | Segmentation |
Transmit l Channel
TEP Control
Procedures | Transmission Control

Figure 4-6: Transmit TEP Procedures

E(E

Packets
processed only if Flow Control is used. Heartbeat

In what follows, Flow Control are

Packets are processed only if Heartbeat is used.

TEP Procedures

LA Tl&. Flow Control Packets [X. Flow Control Z FH
WBBESIZOHWNIET 5, Heartbeat Packets &
Heartbeat # ALV\DIGE IO H MBS 5,

Table 4-3: Summary of the Transmit TEP Procedures and Receive TEP Procedures
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1%{E TEP Procedures &34 TEP Procedures M)4<1)

Forward Direction

Reverse Direction

Step (receive) Flow
Data Control (transmit) Heartbeat Control
Packet Packet Heartbeat Packet Packet Packet
Service 4.4.3 Channel Control NA NA NA
442 4.44.7() 4.5.3.6 (2) 4535
generate Segmentation (transmit) (receive) Flow
Heartbeat Heartbeat Control
&,
2 44438 4.5.3.8
z generate
k=) Generation and Processing and
2 2ndary
g Processing of Generation of Secondary
Z Header
s Secondary Header Header
F
transmit"! 4.4.4.4 Non-ACK Packet Transmission 4.53.7
Non-ACK Packet
retransmit 4.4.4.5 Non-ACK Packet Retransmission Iransmissionand
Retransmission
) 4532 4442
receive .
Packet Reception Packet Reception
4.5.3.8 4448
process
Processing and Generation and
2ndary
@ Generation of Processing of
& Header
n Secondary Header Secondary Header
g
5y . 4534 4.53.6(1) 4.44.7(2) 4446
3 transmit"!
~ Data and Control (transmit) (receive) Flow
Ack Packet
Packet Acceptance Heartbeat Heartbeat Control
process 454 4.5.2 Channel
Reconstruction Control NA NA
Service NA

*1: Includes the setting of the Sequence Number // Sequence Number D EZ =L
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4.4.2. SEGMENTATION (SEGMENTING)

While the Transmit TEP is in the OPEN state, it
conducts the procedure specified in this section (see
Section 4.4.3.4).

The Transmit TEP segments, according to this
procedure, service data units that are provided by the
sending application and are to be transmitted to the
the
TransferData.request primitive (see Section 3.3.3.2).

receiving application through

One instance of this procedure shall exist for each
Transport Channel.

If the length of a service data unit exceeds the
maximum length of a service data unit (see Section
3.3.2.1), the TEP shall the
transmission of the service data unit and shall notify
the it through the
TransferDataNotify primitive with the Notification

Transmit reject

sending application about

Type “Reject Transfer” and the Reason “SDU too
long” (see Section 3.3.3.3). If not, the Transmit TEP
shall accept the transmission of the service data unit,
shall notify the sending application about it through
the TransferDataNotify primitive with the Notification
Type “Accept Transfer” (see Section 3.3.3.3), and
shall execute the following procedure.

If the length of a service data unit exceeds the
maximum length of the Application Data field” (see
Section 4.2.4.3), the Transmit TEP shall divide the
service data unit into segments each of which can fit
in the Application Data field. Then, the Transmit TEP
shall generate Data Packets, the total number of which
is the same as that of the segments, and shall insert the
segments into the Application Data fields of the Data
Packets, setting an appropriate value to the Sequence
Flags field (see Section 4.2.3.4.4) of each Data Packet.

If not, the Transmit TEP shall generate a Data Packet
and shall insert the service data unit into the
Application Data field of the Data Packet, setting an
appropriate value to the Sequence Flags field.

In a Transport Channel, the Data Packets containing
the segments that have been generated from a single
service data unit shall be transmitted consecutively
without being interlaced with any other Data Packets
that carry (a segment of) another service data unit.
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i£{E TEP [&.OPEN RKREEIZHDME. KIENEDHD
procedure ZEITT S (4434 HSH),

REIET7 TV — 32 M TransferData.request
primitive (3.3.3.2 IHSH) 2N LTRETIVI—
IVITEFETHIDITRHE LT service data units
%, %1 TEP X, & procedure IZRE>THEIT 5,

jill

ZK procedure @ instance [&. Transport Channel 12
_oﬁﬁ—d-%):&o

Service data unit M|EIAHY, service data unit DEwRK
£ (3321 IBBW) 2825158, %18 TEP (&,
Z D service data unit DEEFEZEBL. TDEZ.
Notification Type A% “Reject Transfer” HVD Reason
HY “SDU too long” 0 TransferDataNotify primitive
(3333 IESR) #NLTREET7TIr—avIcE
MTBL, SEBRITNIE, EE TEP X, ZFOD
service data unit DEFEZZEL. TDEZ.
Notification Type A% “Accept Transfer” @
TransferDataNotify primitive (3.3.3.3 IS H8) /L
TEET7TIVr—avIT@HML, LLT® procedure
EEITTHE,

Service data unit M{IAY, Application Data T4—
IWEDRRE 4243BSR) #lBALHE. %E
TEP I&. #® service data unit ., T D& LK MN
Application Data Z4—JLRIZIRE S segments [Z5
B|F B &, RIZ, EE TEP X, £ @ segments EfF]
D Data Packets ZHERL. TN oD Data Packets
@ Application Data 74— JLRIZF D segments ZH
AL. % Data Packet @ Sequence Flags Z4—JLF
(42344 IHB]) [SEYREERET D&,

SHAITNIL, E1E TEP (X, Data Packet ZH L.
%Z M service data unit & % () Data Packet D
Application Data 74— JLFIZ$H AL . Sequence
Flags 24— )LRICEUIGEZERE T H &,

&% Transport Channel T, —2® service data unit
MBERLTZ segments ZEE Data Packets [, ft
? service data unit (0D segment) ZES D Data
Packets YR EDHBLC ERLTERFEINST
&
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4.4.3. CHANNEL CONTROL // CHANNEL il

44.3.1. GENERAL// —#%

The Transmit TEP controls its state machine according
to this procedure.

One instance of this procedure shall exist for each
Transport Channel.

Each Transmit TEP shall be allowed to have the
following four states:

a) CLOSED,
b) ENABLED,
¢) OPEN, and
d) CLOSING.

Upon the occurrence of a state transition, the Transmit
TEP shall notify the sending application, through the
ChannelControl.indication primitive (see Section
3.2.3.3), of the occurrence of the state transition.

A summary of the state machine is shown in Figure
4-7.

Ack Packet for Close
Command is received

Retry'count

CLOSING

CLOSED

7K procedure [ZHEDT, i£(E TEP [ EDAT—h
TLUEHET 5,

K procedure @ instance [&. Transport Channel 12
—DFHETHIE,

FEE TEP (X L TOHDDIREEZFHEO>EMNTE
b2é,

a) CLOSED
b) ENABLED
c) OPEN

d) CLOSING

KREEBBONFEELS, £(E TEP X KEERD
F 4 % . ChannelControl.indication primitive (3.2.3.3
BSE) Z2NLTEETIVr—avIc@BHT S
<&

AT—rT LU DBEZ Figure 4-7 ITRT,

Directed by
pplication to open

ENABLED

*1}

Directed

Ack Packet for

by application to

Open Command is
received

OPEN

close

*1) Directed by application to close and Ack Packet for Open Command is received

Figure 4-7: State Machine at the Transmit TEP
Transmit TEP QRATF—kILY
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443.2. CLOSED

This section specifies the procedure which is
conducted by the Transmit TEP in the CLOSED state.

Upon initialization, the Transmit TEP shall be in the
CLOSED state.

The Transmit TEP in this state shall not generate any
Packets and shall not respond to any received Packets.

Once the Transmit TEP in this state has received a
directive from the sending application through the
ChannelControl.request primitive, if the Directive
Type is “Open” (see Section 3.2.3.2), the Transmit
TEP shall transition into the ENABLED state, and if
not, the Transmit TEP shall simply discard the
directive.

If the Transmit TEP in this state has received a request
to transmit a service data unit from the sending
application through the TransferData.request primitive
(see Section 3.3.3.2), the Transmit TEP shall reject the
request and shall notify the sending application about
the rejection through the TransferData.indication
primitive with the Notification Type “Reject Transfer”
and the Reason “Channel Not Open” (see Section
3.3.3.3).
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AIEIE. CLOSED REEIZHDHE(E TEP BNRITS S
procedure ZEH B,

1£1E TEP [&., #)8bD#% . CLOSED JREEIZH B
&

CDIREEIZH DIEIE TEP (&, Packets ZHERLALY
&, F=. Z{ELT: Packets [TIRBLELNZ &,

COIRBEICHDEE TEP (K EETTVr—ay
M5 ChannelControl.request primitive 24 L TR
#32(11=5. F® Directive Type H¥ “Open” (3.2.3.2
BESB)ThHNIE ENABLED JREEIZHITT ST
& SVLRINITRICZEDIRREHRET H L,

CDAREEIZH S E(E TEP (&, service data unit ZxE
{E9 HE K% TransferData.request primitive (3.3.3.2
HEH) #NLTEET IV r—avh bRzt
BE.TOEREZHEBL.EBICONT,
Notification Type A% “Reject Transfer” HVD Reason
A% “Channel Not Open” @ TransferData.indication
primitive (3.3.3.3 IESH) #NLTEET7T IV —
LavITBRIT AL,



4.4.3.3. ENABLED

This section specifies the procedure which is
conducted by the Transmit TEP in the ENABLED
state.

Upon transitioning into this state, the Transmit TEP
shall generate an Open Command. Then, the
Transmit TEP transmits the Open Command and
waits for a Control Ack Packet for the transmitted
Open Command according to the Transmission
Control procedure (see Section 4.4.4). Once the
Transmit TEP has received the Ack Packet for the
Open Command, the Transmit TEP shall transition
into the OPEN state. Alternatively, if the retry count
for retransmissions of the Open Command is
exhausted, the Transmit TEP transitions into the
CLOSED state (see Section 4.4.4.5).

The Transmit TEP in this state shall not generate any
other Packets and shall not respond to any other
received Packets.

Upon the reception of a request from the sending
the
primitive (see Section 3.3.3.2) to transmit a service

application  through TransferData.request
data unit, the Transmit TEP in this state shall reject
the request and shall notify the sending application
the through the
TransferData.indication with  the
Notification Type “Reject Transfer” and the Reason

“Channel Not Open” (see Section 3.3.3.3).

about rejection

primitive

Once the Transmit TEP in this state has received a
directive from the sending application through the
ChannelControl.request primitive, if the Directive
Type is “Close” (see Section 3.2.3.2), the Transmit
TEP waits until it receives the Ack Packet for the
transmitted Open Command (see Section 4.4.4.5) and
then shall transition into the CLOSING state, and if
not, the Transmit TEP shall simply discard the
directive.

AIH(X. ENABLED JREEIZ#HDE(E TEP NETT

% procedure ZEH D,

EE TEP [X. COKRREAFEITEHIZ, Open Command
FHEMTHE, ZL T, EEFIE procedure 125>
T. Open Command ZEET HEHKITEELT= Open
Command 2349 % Control Ack Packet #1FD (4.4.4
55 HR), 1518 TEP I&. Open Command [ZX9 % Ack
Packet ZZ{ELT=5, OPEN KREEICHEITT H L. H
BULME, Open Command DEIEEDBERITERIEA
RE1-15& . %12 TEP & CLOSED IKREIZH4TT S
(4445 ESER),

CDIREEIZHBH1E(E TEP (L. fhdD Packets ZHERLL
NC &, F=. ZIELT=MD Packets (TS B LS
&

CDIRREIZEH H1E1E TEP [X, service data unit &S
9 B E KR % ., TransferData.request primitive (3.3.3.2
BESHE) #NLTEET7TIVr—avh b2tz
b, ENDEKRZIEEL., EBIZDLT, Notification
Type A% “Reject Transfer” /D Reason A% “Channel
Not Open” @ TransferData.indication primitive
(3333 HBH) #NLTEETIIV7r—avItE
My BHE,

COIREEIZHBIEE TEP (X EETTVy—T a3y
M5 ChannelControl.request primitive 4t L T RE
Z(F1=5. F® Directive Type HY “Close” (3.2.3.2 &
SH) THhNITEIELTz Open Command [ZxF S
Ack Packet ZR{ETHETHE 44451881 L
ThHB., CLOSING REITHITT S L, SHAMTN
FEIZZDIEREBETH &,
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4434. OPEN

This section specifies the procedure which is conducted
by the Transmit TEP in the OPEN state.

Upon the reception of a request from the sending
application through the TransferData.request primitive
(see Section 3.3.3.2) to transmit a service data unit, the
Transmit TEP in this state shall conduct, first, the
Segmentation procedure (see Section 4.4.2). In the
procedure the Transmit TEP generates Data Packets.
Then, the Transmit TEP transmits the generated Data
Packets and waits for the corresponding Data Ack
Packets, both according to the Transmission Control
procedure (see Section 4.4.4). If tFlow Control and/or
Heartbeat are used in the Transport Channel, the
Transmit TEP shall also conduct Flow Control and/or
Heartbeat, respectively, according to the Transmission
Control procedure (see Sections 4.4.4.6 and/or 4.4.4.7,
respectively).

If the retry count for retransmissions of a Data or
Heartbeat Packet is exhausted, the Transmit TEP
transitions into the CLOSED state (see Section 4.4.4.5).

Once the Transmit TEP in this state has received a
directive from the sending application through the
ChannelControl.request primitive, if the Directive Type
is “Close” (see Section 3.2.3.2), the Transmit TEP shall
transition into the CLOSING state, and if not, the
Transmit TEP shall simply discard the directive.
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AIHIL. OPEN KEEITHDEE
procedure ZEH 5,

TEP METT S

ZDIREEIZEH B1E1E TEP [, service data unit Zi%
1§ 9 % E 3k % . TransferData.request primitive
(3332 IEBME) #NLTEETTIFr—avh
55115, £ Segmentation procedure (4.4.2 %
SHR) #E1TISHE&, R procedure TIlE, E(E
TEP [&. Data Packets HE KT S, RULNT, £ EH
{Hl procedure (4.4.4 THSH) [T>TERINT-
Data Packets 25218 TEP [Z321EL . X}/ 9 % Data
Ack Packets ZfFD, £f=. Transport Channel [Z
Flow Control BRU/EF=IX Heartbeat ZFAL 515
& E1E TEP (&, E{EHIE procedure [ZHEST.
ZHE N, Flow Control BRU/ET=IE Heartbeat &
RITTHCE (ENEN. 4446 BRV/FEIE
4447 BEE]),

Data F71=[& Heartbeat Packet DB ZEIEDHBRIT
B#MAREIHEE. -1 TEP [& CLOSED $KREIZ
B1795 (4445 BBSMHE),

CORBEIZHDEE TEP (FEETTU—23
> HMi5 ChannelControl.request primitive Z 47+ L THg
REZIT=5, F® Directive Type H “Close”
(3232188 M) ThNIL CLOSING KREEIZFEIT
THE, SHETNITRICTDIRRERET S
&



443.5. CLOSING

This section specifies the procedure which is
conducted by the Transmit TEP in the CLOSING
state.

Upon transitioning into this state, the Transmit TEP
shall generate a Close Command. Then, the
Transmit TEP transmits the Close Command and
waits for a Control Ack Packet for the transmitted
Close Command according to the Transmission
Control procedure (see Section 4.4.4). Once the
Transmit TEP has received the Ack Packet for the
Close Command, the Transmit TEP shall transition
into the CLOSED state. Alternatively, if the retry
count for retransmissions of the Close Command is
exhausted, the Transmit TEP transitions into the
CLOSED state (see Section 4.4.4.5).

The Transmit TEP in this state shall not generate any
other Packets and shall not respond to any other
received Packets.

If the Transmit TEP in this state receives a request
the the
TransferData.request primitive (see Section 3.3.3.2)

from sending application through
to transmit a service data unit, the Transmit TEP
shall reject the request and shall notify the sending
the through the
TransferData.indication with  the
Notification Type “Reject Transfer” and the Reason

“Channel Not Open” (see Section 3.3.3.3).

application about rejection,

primitive

If the Transmit TEP in this state receives a directive
the the
ChannelControl.request primitive, the Transmit TEP

from sending application through

shall discard the directive.

AIRIE. CLOSING RKEITHHEE
procedure ZEH B,

TEP METT S

EAE TEP X CDREADBITHEIZ, Close
Command #H T 5 &, £ L T & (5 &l
procedure [ZH€>T. 515 TEP IZ Close Command %
EIETHERITHEIELT Close Command [2XT B
Control Ack Packet 2§D (444 IBSH), i£1E TEP
[&. Close Command [Zx¥9 % Ack Packet #521E9F %
&. CLOSED JREEIZHITT S &, HBHULE, Close
Command DEEEFEDQBRITEMNRELEZE. =
{E TEP |& CLOSED IKEEBIC#1T9 5 (4.4.45 18D
8.

3

ZDIRREIZH D 1E(E TEP I&., D Packets THER LA
WI &, Ff=. ZELMD Packets IZIEELAEWNC
&Eo

CDIREEIZH B 15 TEP (X, service data unit Z&E{E
9 BHE K%, TransferData.request primitive (3.3.3.2 I8
SHB) #NLTEETITITr—avhoitizig
B.EDERZESL, EEFIZDULVT, Notification
Type h¥ “Reject Transfer” HVD Reason A% “Channel
Not Open” @ TransferData.indication primitive
(33331EZH) ZNLTEBET IV r—LavIT@E
B

COREEIZHDEE TEP (X, EIET TV —avhn
15 ChannelControl.request primitive ZfrL CTHERE
(Tr-1mE. TDERERET S L,
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4.4.4. TRANSMISSION CONTROL // iE{E§I#

444.1. General/ —#%

The Transmit TEP performs the following according
to this procedure.

(1) The Transmit TEP receives Packets (see Section
4.4.42).

(2) The Transmit TEP transmits the generated Data,
Control, and (transmit) Heartbeat Packets to the
Receive TEP and waits for the reception of the
Ack Packets for the transmitted Packets (see
Section 4.4.4.4). The Transmit TEP retransmits
Data, Control, and (transmit) Heartbeat Packets
if it has received no Ack Packets for the Packets

(see Section 4.4.4.5).

The Transmit TEP transmits the Ack Packets for
the Flow Control and (receive) Heartbeat

3)

Packets received from the Receive TEP (see
Sections 4.4.4.6 and 4.4.4.7).

(4) The Transmit TEP uses a sliding window (see
Section 4.4.4.3) to manage the transmitting

Data Packets.

(5) Optionally, the Transmit TEP conducts Flow
Control (see Section 4.4.4.6), Heartbeat (see
Section 4.4.4.7) and/or Redundancy Control
(see Section 4.4.4.9), in which the
Transmit TEP processes the received Flow
Packets

Heartbeat Packets.

Support

Control and generates (transmit)

[Note] Data Packets are generated according to the
Segmentation procedure (see Section 4.4.2). Control
Packets are generated according to the Channel
Control procedure (see Section 4.4.3).

One instance of this procedure shall exist for each
Transport Channel.

#E{E TEP [, & procedure [ZH>T. UTEETT
%,

(1) =15
#)o

TEP [&. Packets #3219 D (4.442 IBS

E{E TEP I&, &Ntz Data, Control, U (£
{€) Heartbeat Packets &, 5215 TEP IZiX{ET H &
HIZINSDIEIE Packets [ZXF S Ack Packets
DZEEHD (4444 HBW|E), =, £(E TEP
(&, Data, Control, & U(3%#{E) Heartbeat Packets
IZx9 D Ack Packets ZRIELTLVEWNESE. C
N5D Packets ZH/EET D (4.4.4.5 HSR),

2

#E{E TEP [&. Z{E TEP ABR{ELT Flow
Control K UF (318) Heartbeat Packets [ZX9 %

Ack Packets #5159 5(4.4.4.6 THRU 4.44.718
S,

3

1%£1E TEP (&, ZEEHR D Data Packets T BT S
=812, sliding window (4.4.4.3 IBSHR) ALY
b,

“

1S TEP [, 723> T, Flow Control (4.4.4.6
85 08), Heartbeat (4.4.4.7 IBSHR), RU/ET=IE
TERHEHOYR—F (4449 IHBR) 2E{T
T5H, ThilzkY, i£(E TEP (&, Z4EL7T= Flow
Control Packets Z4LIEBL ., Ffz. E{§) Heartbeat
Packets KT %,

&)

[;¥] Data Packets |&. Segmentation procedure [ZfE->
THERENS (442 IBSHR), Control Packets (&,

Channel il procedure (2> TEMRSIND (44318
£1).

Z i

A procedure @ instance [&. Transport Channel #IZ—
DHEHETHE,
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4.4.4.2. Packet Reception // Packet 521§

Incoming Packets are delivered to the Transmit TEP
according to the Channel Demultiplexing procedure
(see Section 4.6.3). The Transmit TEP determines
whether it receives the incoming Packets or not
according to this procedure.

The Transmit TEP shall examine each incoming
Packet against a CRC error.

The Transmit TEP shall examine all the fields of the
Header (see Figure 4-2) of all incoming Packets.

If a CRC error is detected for a Packet or if a Packet
contains an unexpected value in any of the fields of
the Header of a Packet, the Transmit TEP shall not
receive the Packet. If not, the Transmit TEP shall
receive the Packet.

If the Transmit TEP decides to receive the Packets,
the received Packets are processed according to the
procedures described in Section 4.4.4.6 (Flow
Control Packets), Section 4.4.4.7 (2) (Heartbeat
Packets), and Section 4.4.4.5 (Data Ack, Control
Ack, and Heartbeat Ack Packets).

A 71 Packets I&, FyrILi# L E1L procedure [ZHE>
TEIE TEP ICERESN S (4.6.3 THBHR), #£/5 TEP
[&. AH Packets [IZ¥ LT, & procedure [CST, &
NEZETINMERTINERET S

3£{E TEP I&. & A A Packet IZTDULVT, CRC T5—ICZ
NI HBEET D&,

%E1{E TEP &, £T®O A A Packets D Header DETH
J4—ILK (Figure 4-2 SR) ZREIT 5L,

5 Packet IZ CRC IS5—HABRHINBE. HDHL
l%. 3% Packet A Header DRINNDIT4—ILKIZF
HLGIMEZETIHE . 518 TEP [, £® Packet [&
ZELGWIE, Z5TELRY., £ Packet &RIET
b,

HLLEIE TEP BZ D Packets #IETHERELT-5
& . [ Packets [£. 4.4.4.6 I8 (Flow Control Packets),
4447 (2) T (Heartbeat Packets), B 4.44.5 I8
(Data Ack, Control Ack, KT\ Heartbeat Ack Packets)
MEET procedures [ZHE->THESIN S,
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4.44.3. Sliding Window

A sliding window shall consist of k& consecutive
Sequence Numbers (modulo 256). Data Packets
with Sequence Numbers within a sliding window
might be “outstanding” (that is, they have been
transmitted but the corresponding Ack Packets have
not yet been received).

The size k of a sliding window shall be less than or
equal to 128. It shall be determined for each
Transport Channel and shall be specified in a
project-specific document, using the table provided
in Section 5.2 of this document.

Upon transitioning into the OPEN state (see Section
4.4.3.4), the Transmit TEP shall set the range of the
Sequence Numbers within the sliding window to
from 1 to k inclusive.

Let the range of the Sequence Numbers in the
current sliding window be from # to n+k-1. Once the
Transmit TEP has received the Ack Packet for a Data
Packet with Sequence Number 7, the Transmit TEP
shall conduct either of the following processes; (1)
if it has not received the Ack Packet for the Data
Packet with Sequence Number n+1, the range of the
Sequence Numbers within the sliding window shall
be “slid” (aka shifted) by +1, i.e., from n+1 to n+k
inclusive, (2) if not, it means that the Transmit TEP
has received by then the Ack Packets for the Data
Packets with consecutive Sequence Numbers n+1,
..., ntp, for a certain positive integer p. In the latter
case, the range of the Sequence Numbers within the
sliding window shall be slid by p+1, i.e., from
ntp+1 to ntp+tk inclusive.

Sliding window [&. K fEDE#HE 9 % Sequence Numbers
(E2a2\ 256) MhibkEdI &, Sliding window KD
Sequence Numbers Z D Data Packets (&, [TH&RHE
RITHAITREELHD (Thbhb, EELLA. X
&9 % Ack Packets ZEIEZ{ELTULVELY) .,

Sliding window DH¥AX (k) 1&. 128 LT THHZ
&Eo ZDHYAXIE, Transport Channel BIZRODZE,
Fr . AES2ENRBEIHIREZANTIADIVME
BEOXEIZEDHDIE,

i£{S TEP [&. OPEN JREE (4434 HBHR) ~D%
1THFIZ. sliding window AVR9™ Sequence Numbers 0D
#EZE | LLE A UATICRETHE

iE1E TEP [, sliding window D&MD n M5 ntk-1
FTDEE(IZ Sequence Number AY 1 0 Data Packet [Z
®9 % Ack Packet ZZIELT=H. L TOfIMM DL
BEETT D&, (1) Sequence Number A% n+l @
Data Packet [Z¥9 % Ack Packet ZEZ{ELTLVE
WM& sliding window AYRY Sequence Numbers 0
EEZE+] “RIAREED (DFY.THF). ThD
B ntl Ho ntk FTHEFEET HIE, (2) SHEITH
[X. Sequence Numbers D&HHIEDNDEL p IZXLT
n+l, ..., ntp EEEE T B Data Packets [ZRHST D Ack
Packet Zi£{E TEP N Y TIZREL TV EEEEKRT
%, COBEBDOIZS. sliding window H7R3™ Sequence
Numbers D&% p +1 RSARSE B, THHDE
ntp+tl Do ntptk FTODEEET SH &,
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4.4.4.4. Non-ACK Packet Transmission / JE ACK Packet 2%{E

The Transmit TEP transmits and (when required and
appropriate) retransmits Data and Control Packets, as
well as Heartbeat Packets if Transmit Heartbeat is
used, according to this procedure and the Non-ACK
Packet Retransmission procedure (see Section
4.4.4.5), which are executed in the OPEN state for
Data and Heartbeat Packets (see Section 4.4.3.4) and
in the ENABLED and CLOSING states for Control
Packets 4433 and 4435,
respectively).

(see  Sections

The Transmit TEP shall transmit Data Packets
generated by the Segmentation procedure (see Section
4.4.2), which contain a complete service data unit or
its segments.

After the Transmit TEP transitions into the OPEN
state, the Transmit TEP shall set the Sequence Number
of the first Data Packet to 1.

Let m be the Sequence Number of the last transmitted
Data Packet. The next Data Packet to be transmitted
shall have Sequence Number m+1. If m+1 is within
the range of the current sliding window, the Data
Packet shall be transmitted immediately. If not, its
transmission shall be deferred until m increases to the
point at which m+1 satisfies the above-described
condition. Note that if Flow Control is used, the fourth
paragraph in Section 4.4.4.6 is applied instead of this
paragraph.

Once the Transmit TEP has generated a Control Packet
(see Section 4.4.3), the Transmit TEP shall transmit it
immediately. The Sequence Number of the Control
Packet shall be set to 0. After the Transmit TEP has
transmitted the Control Packet, it shall transmit and
retransmit no other Packets and shall not receive any
incoming Packets (except for the Ack Packet for the
transmitted Control Packet) until it receives the Ack
Packet for the transmitted Control Packet.

Once the Transmit TEP has generated a Heartbeat
Packet (see Section 4.4.4.7), the Transmit TEP shall
transmit it immediately. The Sequence Number of the
Heartbeat Packet shall be set to 0.
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%12 TEP 1%, & procedure &IF ACK Packet FEi%{E
procedure (4.4.4.5 JBEH) [T > T, Data B U
Control Packets Z, FfzHLi£(E Heartbeat ZFHLVS
B & 1& Heartbeat Packets 3, EE. ZFLTRHEIZIG
CTEEBEEYT S, chunld, OPEN JKEET Data
K Uf Heartbeat Packets IZ®LT (4.4.3.4 IBSHR),
ENABLED KRR U CLOSING KT Control
Packets IZRLT (ENEN. 4433 HRUY 4435
EHSHR) E75n b,

%{E TEP [&. Segmentation procedure AYHERKLT=
Data Packets (4.4.2 THSH) #XETHE. b
@ Data Packets [ZIX, service data unit DEKH, £
D segments MNEEND,

(S TEP (&, OPEN REICHITR. XHD Data
Packet M Sequence Number & 1 IZERET D&,

m Z—DHNIEE LTz Data Packet @ Sequence
Number &9 &, RIZEET D Data Packet D
Sequence Number [& m+1 THDZ &, m+1 BNRFED
sliding window D#EBENTHAHZE . T D Data
Packet [FEBITEETHIE, SELITNIE. £D
Data Packet MEE &, m+1 A+ ML TLEE
DEHZE/-IETEH IS LEH. Flow
Control ZRAWSIEE. COERZEDRDHYIZ 44.4.6
HDE 4 BEEZERY 5,

%12 TEP (X, Control Packet #ERLT=5 (4.43 18
S, TD Packet TEBITEEFETHIE, Fi=.
Control Packet 0 Sequence Number [, 0 [ZERE T
H&, %1 TEP (&, Control Packet X {ELT=#.
fthdd Packets ZEFEBFEEFELLGNIE, Ff-iE
{EL 7= Control Packet [Z%9 % Ack Packet Z521ET
BHFETIL. B Ack Packet ZBrWVF=HoP B AN
Packets ZRIELELNC &,

1512 TEP X, Heartbeat Packet ZH B LT=5 (4.4.4.7
HSM). €D Packet ZELITEET D& Fh=,
Heartbeat Packet 0D Sequence Number I&. 0 [ZEZ3E
THIL,



4.445.

Once the Transmit TEP has transmitted a Data,
Control, or Heartbeat Packet according to the Non-
ACK Packet Transmission procedure (see Section
4.4.4.4), the Transmit TEP shall generate and start a
Transmit timer at the time when the last octet of the
Packet is transmitted.

An independent Transmit timer shall be maintained
for each outstanding Packet.

The initial value for the Transmit timers shall be
determined for each Transport Channel and shall be
specified in a project-specific document, using the
table provided in Section 5.2 of this document.

Upon the reception of the Ack Packet for an
outstanding Packet, the Transmit TEP shall discard
the Transmit timer for the outstanding Packet.

Upon the reception of the Ack Packets for all the
Data Packets associated with a service data unit, the
Transmit TEP shall notify the sending application,
through the DataTransferNotify.indication primitive
with the Notification Type “Transfer Confirmed”
(see Section 3.3.3.3), of the success of the transfer of
the service data unit.

If the Transmit TEP has received no Ack Packet for
a Packet within the period allowed by the Transmit
timer for the Packet and if the retry count for the
retransmission is less than or equal to the maximum
retry count, the Transmit TEP shall retransmit the
Packet with the original Sequence Number and shall
restart the Transmit timer for the Packet.

The maximum retry count shall be determined for
each Transport Channel and shall be specified in a
project-specific document, using the table provided
in Section 5.2 of this document.

Non-ACK Packet Retransmission // JE ACK Packet FHi£{S

%15 TEP (&, JE ACK Packet 3%1E procedure (4.4.4.4
IBSHE) ICHiE> T, Data, Control, FE7=[d& Heartbeat
Packet ZE{ELT=5. Packet MERED octet HAEES
NF=BAZU T THEIE timer FERL. BIRTHE,

B RFEZRD Packet EIZ, JMIZLI=EE
B9biE,

timer ZH

E{E timers DFNEAEIL. Transport Channel FIZIRED
B Fl  AES2EMNMRETHIRERNTIAD
IVMERDOXEICEDHD L,

%12 TEP (X, IGERMEFE®D Packet I2%F 5 Ack
Packet ZRIELT=H. RILERMEE Packet DiE(E
timer ZHET D&,

1518 TEP &, $% service data unit IZB95ETD
Data Packets [Z%f9 % Ack Packets Z2{EL1=b. %
@ service data unit DIRIED BLIN%E | Notification Type
n )
DataTransferNotify.indication primitive (3.3.3.3 IHS
BB) 2NMLTEETTIr—avIc@BMT 5L,

“Transfer Confirmed”

1%£{E TEP M. $5 Packet 1Zx49F % Ack Packet &5
ELARWEEZ D Packet MiE(E timer AFFREIYINIZ
BY. D BEEOBERITEH N ZRABRITEE
UTThHNIX, #E1E TEP [XFFD Packet T D
Sequence Number THIEE T HERIZED Packet D
E{E timer ZHIRENT &,

RABRITESIEZ., Transport Channel EIZROHZZ
L F AES2ENMRETEIREANT,. TADT
IFNERDOXEICEDDCE,
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If the retry count for the retransmissions of a Packet
exceeds the maximum retry count, the Transmit TEP
shall declare the Transport Channel to be “inactive”,
shall transition into the CLOSED state, and shall
the the
ChannelControl.indication primitive (see Section
3.2.3.3), of the fact that the Transport Channel has
been closed. If the failed Packet is a Data Packet, the
Transmit TEP shall notify the sending application,

notify sending application, through

through the DataTransferNotify.indication primitive
with the Notification Type “Transfer Failure” (see
Section 3.3.3.3), of the failure of the transfer of the
service data unit from which the Packet has been
generated.

If the Transmit TEP receives an Ack Packet for a
non-outstanding Packet (i.e., a Packet for which no
Transmit timer is running), the Transmit TEP shall
ignore it.

H5 Packet DEEEOBRATEHARKERITE
MZEBAMZEE., £1E TEP &, £® Transport
Channel [FTE7 T4 1THHEES L. CLOSED
RREIZHEIT T D EEIZED Transport Channel ZEALC
f= % % . ChannelControl.indication primitive (3.2.3.3
BESE) 2N LT EET7IVr—avIic@ad b
&, Tz, KBLT= Packet A Data Packet DIFE | &
{§ TEP &, £ ® Packet MERITELES service data
unit DIEED KL%, Notification Type H¥“Transfer
Failure” @ DataTransferNotify.indication primitive
(3333 HB®) &N LT . EET7IVr—2avIt@
MIBHE

EE TEP [, IGEHERFD Packet (DFEY. HE1E
timer MEITIA TULVEL Packet) O Ack Packet 5%
EL-EE. EDREZTERIT L,
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4.4.4.6. Flow Control

Whether or not Flow Control is used shall be
determined for each Transport Channel and shall be
specified in a project-specific document, using the
table provided in Section 5.2 of this document.

While the Transmit TEP is in the OPEN state, it
conducts the procedure specified in this section (see
Section 4.4.3.4).

If Flow Control is used, the next paragraph shall
substitute for the fourth paragraph in Section 4.4.4 4.

Let m be the Sequence Number of the last
transmitted Data Packet. The next Data Packet to be
transmitted shall have Sequence Number m+1. If
m+1 is within the range of the current sliding
window and is less than or equal to the MASN

Flow Control Z ALY ME ML, Transport Channel &
[ITRDBZE £z AE 52 ENRETIHIREAL
TIFOPzIVMEEDXEICEDHD L,

E{E TEP X, OPEN JREEICH DM . REHAEDH D
procedure ZE1T9 5 (4.4.3.4 IESH),

Flow Control ZFALV\SEE . 4444 THDFE 4 % EL
TROE%EE=BRT S,

m Z—DHEITZEE LTz Data Packet @ Sequence
Number &9 &, RIZHEIET S Data Packet D
Sequence Number [& m+1 THAHZE, m+1 HIRED
sliding window QDEFERNTHY . HhD. EiLD Ack F
f=I& Flow Control Packet BA&E MASN_ LUTF D5

contained in the most recent Ack or Flow Control
Packet, the Data Packet shall be transmitted
immediately. If not, its transmission shall be
deferred until m increases to the point at which m+1
satisfies the above-described condition.

Upon the reception of a Data Ack, Control Ack, or
Flow Control Packet, the Transmit TEP shall record
the MASN contained in the Packet.

Upon the reception of a Flow Control Packet, the
Transmit TEP shall generate a Flow Control Ack
Packet having the same Sequence Number as that of
the received Flow Control Packet, and shall transmit
the Flow Control Ack Packet. Note that the
Transmit TEP transmits no Flow Control Ack Packet
if the incoming Flow Control Packet has an error
because the Flow Control Packet is not received by
the Transmit TEP (see Section 4.4.4.2).

& . FD Data Packet [(REBITEIETHE, SHLIT
NIX, F®d Data Packet DX &, m+1 HA+512H#E 0
LTLEEEDOEEFHE-TETCEHT L L,

i£{& TEP [&. Data Ack, Control Ack, F7=[F Flow
Control Packet Z=ZIELT=5. F D Packet NE
MASN ZERT &,

118 TEP [X. Flow Control Packet #2{EL1=5. 21§
L7z Flow Control Packet &L Sequence Number &
2 Flow Control Ack Packet Z&ERKL. Z® Flow
Control Ack Packet ZiE{ET D&, HH. AH Flow
Control Packet IZTZ—MWHSHZEE . #£1E TEP (. £
@ Flow Control Packet ZZ{EL%LY (4442 IBSHR)
T=8 . Flow Control Ack Packet Z1E{ELALY,
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4.4.4.7. Heartbeat

Heartbeat can be used (1) for the Transmit TEP to
check whether the link and the counterpart Receive
TEP are still alive even when there are no data to
transmit (Transmit Heartbeat), and (2) for the Receive
TEP to check whether the link and the counterpart
Transmit TEP are still alive even when there are no

data to receive (Receive Heartbeat). It is possible to

use both Transmit Heartbeat and Receive Heartbeat
simultaneously on a Transport Channel. Whether or
not Transmit Heartbeat is used and whether or not
Receive Heartbeat is used shall be determined for each
Transport Channel and shall be specified in a project-
specific document, using the table provided in Section
5.2 of this document.

While the Transmit TEP is in the OPEN state, it
conducts the procedure specified in this section (see
Section 4.4.3.4).

(1) Transmit Heartbeat

If Transmit Heartbeat is used, a Transmit Heartbeat

timer shall be employed by the Transmit TEP for each
Transport Channel as follows.

The initial value of the Transmit Heartbeat timer shall
be determined for each Transport Channel and shall be
specified in a project-specific document, using the
table provided in Section 5.2 of this document.

Upon transitioning into the OPEN state, the Transmit
TEP shall
Whenever the Transmit TEP transmits a Packet (a
Control, Data, or Ack Packet), the Transmit TEP shall
restart the Transmit Heartbeat timer.

start the Transmit Heartbeat timer.

Once the Transmit Heartbeat timer has ended, the
Transmit TEP shall generate a Heartbeat Packet and
shall restart the Transmit Heartbeat timer. Then, the
TEP transmits the Heartbeat Packet
according to the Non-ACK Packet Transmission

Transmit

procedure (see Section 4.4.4.4).

69

Heartbeat [&. (1) E{E TEP M, EETHT—2H
BUMEEIZH. link EXIET 555 TEP EMNFEIZE
ETCVEANEINEHERTAHHIC (EE
Heartbeat), &1z (2) 15 TEP M\, RIETHT—4
MEWEEIZH, link EXFIGT H1E1E TEP EMES
HEZETVEINEINEHERTSH-HIC (ZE
Heartbeat), fEFATE %, % Transport Channel T,

1515 Heartbeat &35 Heartbeat D WA ZEEFIZfE
FATE%, 118 Heartbeat ZALVAHED . I,

5 {E Heartbeat Z# FALND M & H (L. Transport
Channel BITIRODZE, £, AES2IBEMNRET
BREAVTIOCIVNEEDOXEICEDHDE,

£{E TEP (&, OPEN KREEIZH DM . KRENEDHS
procedure #3179 5 (4.4.3.4 IESHE),

(1) 1%£1§ Heartbeat

1515 Heartbeat ZFULV535 &, & Transport Channel
ME{E TEP &, %15 Heartbeat timer . L FD KD
[CAHWSCIE,

%15 Heartbeat timer D FNHAE(L. Transport Channel
BIZRODIE F-. XE 52 BENRBIHRE
AWTTaCIMEREDOXEICEDH L,

#£{E TEP [&. OPEN KEABITLAEL. HEE
Heartbeat timer ZBA89 5 &, 1515 TEP [, Packet
(Control, Data, Ef=z[d& Ack Packet) DEFEDFV
[Z. #£{E Heartbeat timer ZEBIRENT &,

1£{E Heartbeat timer AABFREYINICA D & £ 1E TEP
[&. Heartbeat Packet Z4 AL . 351§ Heartbeat timer
ERIRENIT AL, ZLTEIE TEP (X, JF ACK
Packet 3£ {E procedure [ZfiE > TZ M Heartbeat Packet
EEETD 4444 BSHE),



(2) Receive Heartbeat

If Receive Heartbeat is used, once the Transmit TEP
has received a Heartbeat Packet from the Receive TEP,
the Transmit TEP shall generate a Heartbeat Ack
Packet that has the same Sequence Number as that of
the received Heartbeat Packet, and shall transmit the
Heartbeat Ack Packet. Note that the Transmit TEP
transmits no Heartbeat Ack Packet if the incoming
Heartbeat Packet has an error, because the Heartbeat
Packet is not received by the Transmit TEP (see
Section 4.4.4.2).
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(2) %1E Heartbeat

12 Heartbeat ZAWDIGE . E£(E TEP (X Z1E
TEP M Heartbeat Packet Z2{EL1=5., ZIELT-
Heartbeat Packet &R Sequence Number Z3#FD
Heartbeat Ack Packet Z4H L. £ M Heartbeat Ack
Packet Z1X{ET D&, H . AJI Heartbeat Packet
IZIS—HHDEHEE. £(E TEP (X, £D Heartbeat
Packet ZR{ELALY (4442 HS]) 126,
Heartbeat Ack Packet Z1X{E LAY,



4448.

If the Secondary Header (see Section 4.2.4.2) is
present, its contents shall be processed according to
a procedure determined by each project, which shall
be documented in a project-specific document.

4.4.409.

[Notel] Once a Transmit TEP has declared the
current Transport Channel to be “inactive” (see
Section 4.4.4.5), the Transmit TEP notifies the
the
ChannelControl.indication primitive (see Section
3.2.3.3), of the fact that the Transport Channel has
been closed. In this case, the sending application

sending application, through

might choose to open an alternative Transport
Channel, using a separate route (in the same
SpaceWire network or in another SpaceWire
network) to the receiving node, and might retransmit
all the outstanding Data Packets through the

Transport Channel.

[Note2] When a Transmit TEP declares the currenet
Transport Channel to be “inactive”, the cause of the
“inactive” mark might be that the delivery of the Ack
Packets for Data Packets has failed although the Data
Packets have been received correctly by the Receive
TEP. In this case, the sending application is not
informed of the fact that the Data Packets have been
actually received by the Receive TEP and therefore
will possibly retransmit the same Data Packets
through a new Transport Channel. The receiving
application must handle this type of duplicated
retransmissions.

Generation and Processing of Secondary Header // Secondary Header (4 & 0LER

Secondary Header (4.2.4.2 IBSHR) ANEET D5
B.ZTOHHIF. FTAT IR D = procedure IZ
HH-oTUEBTBHL, £, TONEE, O Ik
BADODXEIIXELTSHE,

Redundancy Control Support / JTTRZRFIEH®D HRK—F

[ 1] #1E TEP [X, TRFEE D Transport Channel ZlJE
TOT47ITHBEEEL=D (4445 BHSR). £
@ Transport Channel % B C =z T # .
ChannelControl.indication primitive (3.2.3.3 IBZHg)
ENLTEET7TITIVr—2avIEBMT 5, OGS,
EET7TVr—3aviE, Z1E node ~DRDIL—k
(BLC SpaceWire network RIET=ILBID SpaceWire
network ) ZFHWLTHRE Transport Channel ZFA<E
#&IRL . £ Transport Channel ZNN L TETDILE
RFEFRD Data Packets ZHEETIHELHD,

[ 2] &1 TEP A, TRFED Transport Channel Z 1 JE
TOT47 1 CTHAEESLIEBICIE TET7IT47 )
BEEDERELT, 15 TEP [ Data Packets ZIELL
ZIELT=H, FN5D Data Packets IZ¥F 2 Ack
Packets MEMEICKBLIZGENHS. CDIFBE. 1
E7T)4r—3v(&, 312 TEP A Data Packets &%
BRICZELIZEVSBREZMOINLGLT, HOTHL
LN Transport Channel Z47TLTRILC Data Packets 25
EIET LA DD, RIETTVr—avik
DEODEFEL-BEEZLETILENDHD,
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4.5.

4.5.1. GENERAL/ —#&

This section specifies the procedures to be conducted
by the Receive TEP.

[Note] The procedures specified in this subsection
are presented in an abstract sense and do not describe
any specific ways of implementation of a protocol
entity.

The Receive TEP conducts the following three
procedures:

a)

Channel Control,

b) Reception Control, and

¢)

Reconstruction (Reassemble).

These procedures and the logical relationship among
them are shown in Figure 4-8.

The Reception Control has sub-

procedures (see Section 4.4.4). Table 4-3 (see

procedure

Section 4.4.1) summarizes which (sub-)procedures
are responsible for each processing step of each type
of Packet.

RECEIVE TEP PROCEDURES // 54§ TEP PROCEDURES

AL, 318 TEP NEITT % procedures ZEDH D,

[E] RIEBMNEDHS procedures (. IMEHHLER TR
RENTHEY., TOraLERZEZOBAKNEEES
EERTEDOTIHAELY,

b1

£ TEP [&. L FD =DM procedures #4179 5,

a) Channel il
b) RASHI{EH
¢) Reconstruction (Reassemble)

CNBD procedures &, TNLDE D FHIBILEE R E
% Figure 4-8 IZR9,

ZAEH 1 procedure I&, 7 procedure D (4.4.4
IBSHR), F1-. Table 4-3 (4.4.1 ES]E) (2, X718
@D Packet DEWEBRTFTyvTE2Mh D (Y
J) procedures HMESIMEFEEDT =,

Applications
An instance
of the | Reconstruction ]
Receive Channel
TEP Control
Procedures | Reception Control }-—-

.........................................

Figure 4-8: Receive TEP Procedures

Z{E TEP

In what follows, Flow Control Packets are processed
only if Flow Control is used. Heartbeat Packets are
processed only if Heartbeat is used.

Procedures

LU Tl&. Flow Control Packets [&. Flow Control &
AWBIEEIZOHNIET B, Heartbeat Packets (.
Heartbeat # ALNDIEE D HUNIET 5,
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4.5.2. CHANNEL CONTROL // CHANNEL il

4.52.1. GENERAL// —#%

The Receive TEP controls its state machine
according to this procedure.

One instance of this procedure shall exist for each
Transport Channel.

Each Receive TEP shall be allowed to have the
following four states.

a) CLOSED,
b) ENABLED,
¢) OPEN, and
d) CLOSING.

Upon the occurrence of a state transition, the
Receive TEP shall notify the receiving application,
through the ChannelControl.indication primitive
(see Section 3.2.3.3), of the occurrence of the state
transition.

A summary of the state machine is shown in Figure
4-9.

A procedure [ZHED T, Z{E TEP (X, EDAT—FT
DUERIET B,

K procedure @ instance [, Transport Channel #IZ—
DHEETH L,

BZIETEP L. U TOEDODIREEFFEDENTES
&,

a) CLOSED
b) ENABLED
c) OPEN

d) CLOSING

KEEBBRNRLELL, Z{E TEP X KEEBORE
4% . ChannelControl.indication primitive (3.2.3.3 I&
SRENLTCRETIIr—avITBMTHIE,

AT—hTL U DBEZE Figure 4-9 [TRT

Close timer is

CLOSED

Directed by

expired

Retry count is exhausted,

Invalid Sequégnce Number

CLOSING is recevied, or Open ENABLED
Command s received

after Datp Packets

plication to open

Close Comimgnd

is received

OPEN

pen Command
is received

Figure 4-9: State Machine at the Receive TEP
Receive TEP QA T—bFTIY
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4.5.22. CLOSED

This section specifies the procedure which is
conducted by the Receive TEP in the CLOSED state.

Upon initialization, the Receive TEP shall be in the
CLOSED state.

The Receive TEP in this state shall not generate any
Packets and shall not respond to any received
Packets.

Once the Receive TEP in this state has received a
directive from the receiving application through the
ChannelControl.request primitive, if the Directive
Type is “Open” (see Section 3.2.3.2), the Receive
TEP shall transition into the ENABLED state, and if
not, the Receive TEP shall simply discard the
directive.

AIEIE, CLOSED KEITHHZIE
procedure ZEH B,

{

o

TEP METT3

W
illl

TEP [&. #1811 D% . CLOSED JREEIZH B

n-

CDIREEIZIH B Z(E TEP (&, Packets FERMLELC
& T, FELT= Packets IZIHBLEWN &,

COREBIZHDZIETEP (X, RIEFTTUr—avh
5 ChannelControl.request primitive Z4r L T8 RE=
[+7=5. Z® Directive Type Y “Open” (3.2.3.2 IS
HB) THNIEENABLEDIKEEIZRITT B &, 1%
FHRIERICZDIRTREHET HL,
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4.5.2.3. ENABLED

This section specifies the procedure which is
conducted by the Receive TEP in the ENABLED
state.

The Receive TEP in this state waits for an Open
Command and once the Receive TEP has received an
Open Command with Sequence Number 0, the
Receive TEP transmits the Control Ack Packet for the
Open Command, according to the Reception Control
procedure (see Section 4.5.3.4 (2) a)). Then, the
Receive TEP shall transition into the OPEN state.

If the Receive TEP in this state receives a Control
Packet whose Sequence Number is not 0, the Receive
TEP, according to the Reception Control procedure
(see Section 4.5.3.4 (2) d)), (1) does not accept the
Packet, (2) does not transmit the Ack Packet for the
Packet, (3) declares the Transport Channel to be
“inactive”, and (4) transitions into the CLOSED
state.

The Receive TEP in this state shall not generate any
other Packets and shall not respond to any other
received Packets.

If the Receive TEP in this state receives a directive
the the
ChannelControl.request primitive, the Receive TEP

from receiving application through

shall discard the directive.

AIE(E, ENABLED JREEIZH D FIE TEP NEITT

% procedure ZEH D,

CDIREEICHDFIE TEP (L. Open Command %F
5. Sequence Number A 0 @ Open Command Z52{E
Li=5. Z{EHIEH procedure (4.5.3.4 (2) a)IlBSHR) (2
> T. Rl Open Command [Zxf9 % Control Ack
Packet Z3618F %, TDR. 215 TEP L. OPEN K
RBIZRITIHTLE,

CODIREEIZH A5 TEP L. Sequence Number A% 0
T#ELY Control Packet ZR{ELT=GE . ZE I
procedure (4.5.3.4 (2) HIESHE) [TH-T. (1) D
Packet #ZBEH T, (2) TN Packet IZxF S Ack
Packet ZFEFE LT, Ff=. 3) €D Transport
Channel (XTETIT4TITHBHEEEL. @)
CLOSED KEEIC#1TT %,

CDIREEIZH D ZE TEP (. D Packets FHERLL
W&, T ZIELTI=D Packets [TIHELELNS
&

COREBIZHDZIETEP (X, RIE7TTU—avh
15 ChannelControl.request primitive Z4rL CT{ERE5
(Tr-1mE . TDERIETBET HIE,
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4.524. OPEN

This section specifies the procedure which is
conducted by the Receive TEP in the OPEN state.

The Receive TEP in this state waits for Data Packets,
and once the Receive TEP has received Data Packets,
the Receive TEP transmits the Data Ack Packets for
the Data Packets according to the Reception Control
procedure (see Section 4.5.3.4 (1)). If Flow Control
and/or Heartbeat are used in the Transport Channel,
the Receive TEP shall also conduct Flow Control
and/or Heartbeat, respectively, according to the
Reception Control procedure (see Sections 4.5.3.5
and/or 4.5.3.6, respectively).

Upon the reception of an Open Command, the
Receive TEP in this state conducts either of the
following procedures according to the Reception
Control procedure (see Section 4.5.3.4 (2) b) c) d)).
If the Receive TEP has received any Data Packets
since it transitioned into the OPEN state or if the
Sequence Number of the received Data Packet is not
0, the Receive TEP does not accept the Open
Command, declares the Transport Channel to be
“Inactive”, and transitions into the CLOSED state. If
not, the Receive TEP does not reaccept the Open
Command and transmits the Control Ack Packet for
the Open Command.

Ifthe Receive TEP in this state receives a Data Packet
with an invalid Sequence Number, the Receive TEP
declares the Transport Channel to be “inactive” and
transitions into the CLOSED state (see Section
4.5.3.4 (1) d)).

If the retry count for retransmissions of a Flow
Control or Heartbeat Packet is exhausted, the
Receive TEP declares the Transport Channel to be
“inactive” and transitions into the CLOSED state
(see Section 4.5.3.7).

ARIA(L. OPEN KREIZHDZIE
procedure ZEMH B,

TEP MEITT 3

CDIREEIZHBHZ(E TEP I&. Data Packets #FbH.
Data Packets ZZ{ELT=5. Z{EH procedure [ZHE
STENBD Data Packets [Z3xF9 % Data Ack Packets
EEIETD (4534 (1) BSB). £.H5
Transport Channel [Z Flow Control B U/ FE 1= (&
Heartbeat ZRAWDIGE ., Z1E TEP [, Z{EFI{H
procedure [ZH>T. ENE . Flow Control RU/E
f=I& Heartbeat #E{TTHE (TNEN. 453518
RWERIE 453.6 ESHR),

CDIRREIZH S5 TEP I, Open Command #3215
Lt=5. ZEH|HE procedure (4.5.3.4 (2) b) ¢) d)IES
) [>T UTDRINHDD procedure ZEIET
%5, LLBE M OPENIKEEICHBITLTHLENETD
fElIZ Data Packets #R{ELTLVIHZE. BLIER(E
L7z Data Packet @ Sequence Number A% 0 THEL VS
A, Z® Open Command [EZEHEF | £D Transport
Channel [ZTIET7HT4T1THAHEEFL. CLOSED
KREIZFEITT B, SEAITNIL, £D Open Command
[TEZEE I, Open Command [Z%F9 B Control Ack
Packet [E3E1ET D,

COKRREIZHDZIE TEP (K. EMA Sequence
Number @ Data Packet ZZ{ELBZBE.ZTD
Transport Channel [XIIE7 O T471THAHAEEEL.
CLOSED KEEICFE1TT 5 (4.5.3.4(1) D)IESHR),

Flow Control &7=I& Heartbeat Packet D EEEDE
HITEMMNREGHE . Z/E TEP (K. £ Transport
Channel [&TIET7H 747 1THAHEEE L. CLOSED
KEICBTTD 4537 HBR),
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The Receive TEP in this state also waits for a Close
Command. And once the Receive TEP has received a
Close Command with Sequence Number 0, the
Receive TEP transmits the Control Ack Packet for the
Close Command, according to the Reception Control
procedure (see Section 4.5.3.4 (2) a)). Then, the
Receive TEP shall transition into the CLOSING
state.

If the Receive TEP in this state receives a Close
Command whose Sequence Number is not 0, the
Receive TEP, according to the Reception Control
procedure (see Section 4.5.3.4 (2) d)), (1) does not
accept the Packet, (2) does not transmit the Ack
Packet for the Packet, (3) declares the Transport
Channel to be “inactive”, and (4) transitions into the
CLOSED state.

If the Receive TEP in this state receives a directive
the the
ChannelControl.request primitive, the Receive TEP

from receiving application through

shall discard the directive.

CDIREEIZH B {E TEP &, Close Command D5
{E%#F5. Sequence Number A0 @ Close Command
#Z{ELT=5. 2157 procedure (4.5.3.4 (2) 2)IES
HB) IZfE>TE®D Close Command (2% % Control
Ack Packet ZEET S, TD&. Z1E TEP .
CLOSING HREEIZERTH L,

CDIRREIZH B2 1E TEP L. Sequence Number A% 0
TN Close Command Z2{ELTHE . Z{E T
procedure (4.5.3.4 (2) H)IESHE) [TH-T. (1) D
Packet ZZEBHT ., (2) TD Packet IZ¥F B Ack
Packet ZEFE LA, £, 3) £ D Transport
Channel [ETIET IV T4TITHDEEEL. @)
CLOSED JREEIZF81TY 5.

CORBICHDHZETEP X RIEET TV r—avh
5 ChannelControl.request primitive Z4t L THRE =
(F1=35HE. TDIERERET 52L&
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4.5.2.5. CLOSING

This section specifies the procedure which is AIEIE. CLOSING REEIZHHFE TEP HEITT D
conducted by the Receive TEP in the CLOSING procedure ZE 8%,
state.

Upon transitioning into this state, the Receive TEP 5218 TEP [&, COKRBEADFEITHIZ, Close timer &
shall start a Close timer. Then, once the Close timer BA#ES ST &, €L T, Close timer NEFEYINIZIES
has ended, the Receive TEP shall transition into the &, 51 TEP I£ CLOSED JRREIZHEITT 52 &,
CLOSED state.
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The initial value for the Close timer shall be
determined for each Transport Channel as the
the Close
Command, which is greater than the product of the

maximum time for retransmitting
initial value of the Transmit timer and the maximum
retry count for the retransmission (both see Section
4.4.4.5), and shall be specified in a project-specific
document, using the table provided in Section 5.2 of

this document.

Once the Receive TEP in this state has received a
the
Receive TEP does not reaccept the Close Command

Close Command with Sequence Number O,

and transmits the Ack Packet for the Close Command
according to the Reception Control procedure (see
Section 4.5.3.4 (2) b)).

If the Receive TEP in this state receives a Control
Packet whose Sequence Number is not 0, the Receive
TEP, according to the Reception Control procedure
(see Section 4.5.3.4 (2) d)), (1) does not accept the
Packet, (2) does not transmit the Ack Packet for the
Packet, (3) declares the Transport Channel to be
“inactive”, and (4) transitions into the CLOSED
state.

The Receive TEP in this state shall not generate any
other Packets and shall not respond to any other
received Packets.

If the Receive TEP in this state receives a directive
the the
ChannelControl.request primitive, the Receive TEP

from receiving application through

shall discard the directive.

Close timer DFNEEIL. E1E timers DFHAEELHFE
EORKBEATES (FIC 4445 BHSB) ORL
URELETHS [Close Command DEEITHH D
I AHEE ] &L T Transport Channel BIZR OB &,
F- . ARE 52 ENREIHIREANTIOD VL
BEEOXEIZESHD L,

CODIREEIZH A5 TEP L. Sequence Number A% 0
@ Close Command ZZ{EL=H. FD Close
Command [T BZEH T, ZEHE procedure
(4.53.4(2)b)IESHE) IZHiE>T Close Command 23t
95 Ack Packet Z1X1ET 5.

ZDIREEIZH B ZE TEP L. Sequence Number A% 0
T#ELY Control Packet ZR{ELT=GE . ZE I
procedure (4.5.3.4 (2) HIESHE) [TH-T. (1) D
Packet ZZEBHET ., (2) TN Packet [ZxF B Ack
Packet ZFEFELIELN, Ff=. 3) €D Transport
Channel (XTETIVT4TITHBHEEEL. ¥
CLOSED JREEICH1TY %,

CDIREEIZHDFIE TEP L. D Packets THRLL
T &, T ZELIMOD Packets ITIHRZELENC
&

COREBIZHDZIETEP (X, RIETTU—avh
5 ChannelControl.request primitive Z4t L THRE =
(11-15mE&. TDHERIIHEET H L,
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4.5.3. RECEPTION CONTROL // 2{E&I#

453.1. General /| —§%&

The Receive TEP performs the following according % procedure 22T, 31E TEP I, L TFERITY

to this procedure. %o

(1) The Receive TEP receives Packets (see Section (1) 5{E TEP [&, Packets #2159 4 (4.53.2 S
4532). 1),

(2) The Receive TEP transmits the Ack Packets for (2) 18 TEP [, %18 TEP Mo R{EL T Data,

the Data, Control, and (transmit) Heartbeat
Packets received from the Transmit TEP (see
Sections 4.5.3.4 and 4.5.3.6).

(3) The Receive TEP transmits the generated Flow
Control and (receive) Heartbeat Packets to the
Transmit TEP and waits for the reception of the
Ack Packets for the transmitted Packets (see
Section 4.5.3.7). The Receive TEP retransmits
the Flow Control and (receive) Heartbeat
Packets if it has received no Ack Packets for the

Packets (see Section 4.5.3.7).

(4) The Receive TEP uses a sliding window (see
Section 4.5.3.3) to manage the receiving Data
Packets. The Receive TEP accepts the received

Data and Control Packets (see Section 4.5.3.4).

(5) Optionally, the Receive TEP conducts Flow
Control (see Section 4.5.3.5), Heartbeat (see
Section 4.5.3.6), and/or Redundancy Control
Support (see Section 4.5.3.9) , in which the
Receive TEP generates Flow Control Packets

and (receive) Heartbeat Packets.

[Note] The accepted Data Packets are processed
according to the Reconstruction procedure (see
Section 4.5.4) and the accepted Control Packets are
the Channel
procedure (see Section 4.5.2).

processed according to Control

One instance of this procedure shall exist for each
Transport Channel.

3)

4)

)

Control, 2T} (3%{8) Heartbeat Packets (2395
Ack Packets 2381595 (4534 BRU 453.6
IESH),

Fiz. ZE TEP &, SN Tz Flow Control &
U (321{8) Heartbeat Packets % 1515 TEP (23S
FTAHERICTINLDELE Packets [TxF S Ack
Packets DZEZERHFD (4.53.7 BSR), F£1=.
% {E TEP I&. Flow Control U (%1{E)
Heartbeat Packets [Z%49 % Ack Packets Z52{gL
TWEWMEE.,. CNS5D Packets ZHEET S
4.53.7 BB®),

Z{E TEP (. Z{EH D Data Packets T BT S
F=8IZ. sliding window (4.5.3.3 IESHE) ZRL\
b, %15 TEP (X, Z{EL¥- Data RU Control
Packets #2295 (4534 BHSH]).

Fi=. 215 TEP &, AT L3> T, Flow Control
(4.5.3.5 IS M), Heartbeat (4.5.3.6 IBSMR), &
WEEREAEZRGFEHOYR—F (4539 IBES
) #1795, cnbITkY, Z1E TEP (&,
Flow Control Packets U (5 1{§) Heartbeat
Packets #HERT B,

[3¥] ZE It 1= Data Packets I&, Reconstruction
procedure IZR>THRIEEIND (454 TESR), F1=
Z B &N f- Control Packets [& . Channel i &
procedure [ZS>THEEIND (4.52 IBSHR),

&K procedure @ instance [&. Transport Channel IZ
—DFETHIE,
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4.5.3.2. Packet Reception // Packet 521§

Incoming Packets are delivered to the Receive TEP
according to the Channel Demultiplexing procedure
(see Section 4.6.3). The Receive TEP determines
whether it receives the incoming Packets or not
according to this procedure.

The Receive TEP shall examine each incoming
Packet against a CRC error.

The Receive TEP shall examine all the fields of the
Header (see Figure 4-2) of all incoming Packets.

If a CRC error is detected for a Packet or if a Packet
contains an unexpected value in any of the fields of
the Header of a Packet, the Receive TEP shall not
receive the Packet. If not, the Receive TEP shall
receive the Packet.

If the Receive TEP decides to receive the Packets, the
received Packets are processed according to the
procedures described in Section 4.5.3.4 (1) (Data
Packets), Section 4.5.3.4 (2) (Control Packets),
Section 4.5.3.6 (1) (Heartbeat Packets), and Section
4.5.3.7 (Flow Control Ack and Heartbeat Ack
Packets).

AR Packets (&, Fv 3 )L# £ E 1L procedure [ZHE>
T35 TEP ICEMESN D (4.6.3 IHSHR), =2 TEP
[&. AH Packets [T LT, & procedure IZH- T, %
NEZETINMERTINERET S

4= TEP I%. & A A Packet [ZIZDULVT, CRC T5—
12T HBEETHIE,

Z1E TEP &, 2T® A A Packets M Header DET
DT74—ILE (Figure 4-2 BHB) ZRETHL,

% Packet [ CRC IT5—hMRHSNIZHE. HDHL
[&. $5 Packet A Header DI HDIT4—ILRIZF
HLEMEZETIHEE . 315 TEP X, £ 0 Packet [
ZIELBWLIE, Z3THULRY., 20 Packet 515
THE,

HLFZIE TEP AZ D Packets ERIETHERELS -
H&. [B Packets 1&.4.5.3.4 (1) I# (Data Packets),
4534 (2) I8 (Control Packets), 4.53.6 (1) 18
(Heartbeat Packets), BT 4.5.3.7 I& (Flow Control
Ack B 1) Heartbeat Ack Packets) ASEEF™ procedures
[CRE>THREEND,
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4.5.3.3. Sliding Window

A sliding window shall consist of & consecutive
Sequence Numbers (modulo 256). The Receive TEP
accepts Data Packets with Sequence Numbers within
a sliding window (see Section 4.5.3.4).

The size k of a sliding window shall be the same as
the size of the sliding window used at the counterpart
Transmit TEP of the Transport Channel (see Section
4.4423).

Upon transitioning into the OPEN state (see Section
4.5.2.4), the Receive TEP shall set the range of the
Sequence Numbers within the sliding window to
from 1 to & inclusive.

Let the range of the Sequence Numbers in the current
sliding window be from n to n+k-1. Once the Receive
TEP has received a Data Packet with Sequence
Number n, the Receive TEP shall conduct either of
the following processes; (1) if it has not received the
Data Packet with Sequence Number n+1, the range
of the Sequence Numbers within the sliding window
shall be “slid” (aka shifted) by +1, i.e., from n+1 to
n+k inclusive, (2) if not, it means that the Receive
TEP has received by then the Data Packets with
consecutive Sequence Numbers n+1, ..., ntp, for a
certain positive integer p. In the latter case, the range
of the Sequence Numbers within the sliding window
shall be slid by p+1, ie., from ntp+l to ntp+k
inclusive.

Sliding window & . k @ ® #E# 9 % Sequence
Numbers (£ 2R 256) hbhEdlE, 215 TEP (&,
sliding window PA@ Sequence Numbers Z$ D Data
Packets R4 5 (4.5.3.4 IBSH),

Sliding window D44 X (k) I, F® Transport
Channel D xtIs9 %:1%{E TEP THAWS sliding
window DY AXEFLTHAHE (4443 TBSR),

Z{Z TEP |X.OPEN IKEE (4524 IESR) ~D¥
1TBE(Z. sliding window AR Sequence Numbers 0D
EBR%E 1 LLE K UTICERET B

{Z TEP (X, sliding window DEEEAY n DS n+k-1
ETDEEIZ Sequence Number A n M Data Packet &
ZELELO.UTOAAIDULEEZRTTEHLE,
(1) Sequence Number A¥ n+1 @ Data Packet ZF 252
ELTULVELME A, sliding window AS7RY Sequence
Numbers DEFHZE+1 “RTAK” €5 (OFY. §
59). TEHE ntl HE ntk FTHDEFEET HE,
(2) SBEMFNIL. Sequence Numbers 3B IEDEE
B p ITRLTntl, ..., ntp EEHRT D Data Packets &
{5 TEP DI TIZTRIELTWSEZEKRT 5, 2D
% B DIHZE . sliding window A RT Sequence
Numbers DEFEZ p +1 RSARSES. THHE
ntptl o ntptk ETCOEHBELT HIE,
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4.53.4. Data or Control Packet Acceptance // Data F7=[& Control Packet 2H

Upon the successful reception (i.e., without an error)
of a Control or Data Packet (see Section 4.5.3.2), the
Receive TEP shall conduct either of the following
two procedures.

(1) The Receive TEP shall process the reception of a
Data Packet as follows, the procedure of which
depends on the Sequence Number of the Packet.
Here, it is assumed that the Sequence Numbers
within the current sliding window range from » to
n+k-1. Note that if Flow Control is used in the
Transport Channel, the two paragraphs at the end of
Section 4.5.3.5 is applied instead of this paragraph
and following itemized paragraphs a) and b).

a) If the Sequence Number is in the current range
of the Sequence Numbers within the sliding
window and if the Receive TEP is in the OPEN
state and has not accepted the Packet yet, the
Receive TEP shall accept the Packet, shall
generate the Ack Packet for the Packet, and
shall transmit the Ack Packet.

b) If the Sequence Number is in the current range
of the Sequence Numbers within the sliding
window and if the Receive TEP is in the OPEN
state and has already accepted the Packet, the
Receive TEP shall not reaccept the Packet but
shall retransmit the Ack Packet for the Packet
(because none of the former deliveries of the
Ack Packet might have succeeded).

c) If the Sequence Number is in the range from n-
k to n-1 inclusive (i.e. if there is a possibility
that the Sequence Number is in the current
range of the sliding window of the Transmit
TEP) and if the Receive TEP is in the OPEN
state, the Receive TEP shall not reaccept the
Packet but shall retransmit the Ack Packet for
the Packet (because although the Packet has
already been accepted, none of the former
deliveries of the Ack Packet for the Packet
might have succeeded).

Z{E TEP I&. Control FE7=I& Data Packet T 5—
(4532 IBSHE) BLTRIETHE.UTOZDO2DS
BEORINDD procedures EEMET D&

(1) 318 TEP &, Data Packet D 2{E% . D Packet
® Sequence Number [ZF5CT= procedure T, LLTFD
FOICNESTHIE, CST.HRAED sliding window
MR Sequence Numbers DEE L n A5 ntk-1 T
HBHET B, 2. Transport Channel [Z Flow Control
ZRANSGE. COBRBRLEFESSINLUTOR
% a) RUb) DRDYIZ4535BOREN=DD
BREZERAY 5,
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a)

b)

¢)

Sequence Number A% sliding window HYR$
Sequence Numbers DIRFEEHERNTHY . N D.
%15 TEP A% OPEN KEIZHY.HD.ED
Packet ZFEEZELTLVEWEE., Z/E TEP
[E. £ D Packet 2L, £D Packet IZXT B
Ack Packet ZHERKL . D Ack Packet #3559
5T&,

Sequence Number A% sliding window HVRY
Sequence Numbers DIRFEEHERNTHY . N D,
Z{2 TEP A% OPEN REEIZHY. MDD ED
Packet 9 TIZRELTWSIHE., %18 TEP
[E. £ D Packet [FEZELGZLA, D Packet
IZ¥9 D Ack Packet [EBIEETSHE (FD
Ack Packet D ABIDEEIC—DHRIL TLVE
WATEEED B HT=8),

Sequence Number A n-k D5 n-1 ETOHEFH(Z
HY (DFY. Sequence Number HV3%E(E TEP M
sliding window A%R3" Sequence Numbers (IR
HEERNTHAAREMEHY) . ™MD ZE TEP
A% OPEN HREEIZHBHIHE . 215 TEP (X, D
Packet (B ZELAELVA, £ Packet [ZXF 5
Ack Packet (EBEET HIE (FD Packet &9
TIZRELTLVDAY, D Packet [T T B Ack
Packet M URTDEIEIZ—DHHINL TLVEL
ATREMED HBT=8),



d) If none of the above is the case, the Receive
TEP shall not accept the Packet and shall not
transmit the Ack Packet for the Packet (because
the Transmit TEP is not functioning correctly).
The Receive TEP shall declare the Transport
Channel to be “inactive” and shall transition
into the CLOSED state.

(2) The Receive TEP shall process the reception of a
Control Packet as follows.

a) If the Receive TEP is in the ENABLED state
and receives an Open Command with Sequence
Number 0 or if it is in the OPEN state and
receives a Close Command with Sequence
Number 0, the Receive TEP shall accept the
Command, shall generate the Ack Packet for
the Command, and shall transmit the Ack
Packet. The Receive TEP starts a state
transition according to the Channel Control
procedure (see Sections 4.5.2.3 and 4.5.2.4)

b) If the Receive TEP is in the OPEN state and
receives an Open Command with Sequence
Number 0 before receiving any Data Packets or
if the Receive TEP is in the CLOSING state and
receives a Close Command with Sequence
Number 0, the Receive TEP shall not reaccept
the Command but shall retransmit the Ack
Packet for the Command (because although the
Packet has already been accepted, none of the
former deliveries of the Ack Packet for the
Packet might have succeeded).

¢) If the Receive TEP is in the OPEN state and
receives an Open Command with Sequence
Number 0 after receiving one or more Data
Packets, the Receive TEP shall not accept the
Command and shall not transmit the Ack
Packet for the Command (because the Transmit
TEP is not functioning correctly). The Receive
TEP shall declare the Transport Channel to be
shall into the

“inactive” and transition

CLOSED state.

d)

FROEFHEOVTNEETIEESLBNEE. &
{ETEP &, F D Packet Z2EHT, £ Packet
IZX9 % Ack Packet ZEXELLGWNIE (E1(E
TEP MIELSHEREL TLVEL=8), T, D
Transport Channel [XIFET7VT4TITHAHLEE
EL.CLOSED JREIZBITS D&

(2) 318 TEP [&. Control Packet DZ{EF. LT D &
SITAESHIE,
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a)

b)

S TEP A% ENABLED %K EE T Sequence
Number A% 0 0 Open Command ZZ{ELT-15
A . Fz[E OPEN JKEET Sequence Number AHY
0 ® Close Command #2{ELT=15& . &5 TEP
[&. £®D Command #ZHEL ., £ Command IZ
®9 B Ack Packet ZHERL . FD Ack Packet &
EIETHIE, Z{E TEP &, Channel
procedure (4.5.2.3 IHRU 4524 THS]E) 124
STHKKEBERZRMIRT 5,

i"

{2 TEP A% OPEN 4KHET Data Packets &5
{£9 %H1IZ Sequence Number HY 0 0 Open
Command #Z{ELTHE. £=1& CLOSING
1K B8 T Sequence Number A% 0 @ Close
Command ZZ{ELI=HZE. Z1E TEP (. £D
Command [(EBZIEBLAZLVAY, £ Command [Z
®9 % Ack Packet [FHEFETHE (D
Packet £ TIZZEL=HY, ZD Packet ITHF
% Ack Packet DUUBTDEIEIZ—DHRTILT
WEWATEESED $HHT=8),

Z{2 TEP A% OPEN KEET—DLLE®D Data
Packets Z52{ELT=1&(Z Sequence Number A% 0
T#H% Open Command #RELEZEE. Z1E
TEP I£. % ® Command Z2EEF . ZFD
Command [Z%9 % Ack Packet ZE{ELRZLNE
& (A1 TEP A IELSHBEEL TLVEL=8). F
f=. F® Transport Channel I[&MFEF7HT4T 1T
HBHEEE L. CLOSED REEIZHEITT BT L,



d) If the Receive TEP is not in the CLOSED state
and receives a Control Packet with the
Sequence Number of not 0, the Receive TEP
shall not accept the Packet and shall not
transmit the Ack Packet for the Packet (because
the Transmit TEP is not functioning correctly),
shall declare the Transport Channel to be

shall into the

“inactive”, and transition

CLOSED state.

The Receive TEP shall copy the value of the
Sequence Number of the received Data or Control
Packet into the corresponding Data Ack or Control
Ack Packet.

[Note] The Receive TEP transmits no Ack Packet if
the incoming Packet has an error, because the Packet
is not received by the Receive TEP (see Section
4.53.2).

When the Receive TEP transitions into the CLOSED
state according to this procedure, the Receive TEP
shall notify the receiving application, through the
ChannelControl.indication primitive (see Section
3.2.3.3), of the fact that the Transport Channel has
been closed.

d) CLOSED JREEIZAZLNZ{E TEP A Sequence
Number A% 0 T#LY Control Packet Z#52{ELT=
BE. ZIETEP I, FD Packet Z2IBET . £
D Packet [Z%9 % Ack Packet ZiE{ELEWN &
(E1E TEP A IELKBEBEL TLVELV=8), F=.
Z® Transport Channel [XTIET7 V74T 1THS
EEEL.CLOSED SKREICHITT DL,

{5 TEP I&. {71z Data =7=1& Control Packet M
Sequence Number DfiEZ , 359 % Data Ack F7=(&
Control Ack Packet IZaAE—9 B &,

[GE] A7 Packet IZTS—MHDIHE. 215 TEP (X,
ZF @M Packet ZZELELY 4.532 IBESME) 1=0.
Ack Packet Zi2{ELALY,

{Z TEP [&. & procedure [ZH>T CLOSED %KEE
ZFB4TEEIZ, £ D Transport Channel #ELT-E%,
ChannelControl.indication primitive (3.2.3.3 IBSHR)
ENLTCRET IV r—2avIs@md 5L,
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4.5.3.5. Flow control

Whether or not Flow Control is used shall be
determined for each Transport Channel and shall be
specified in a project-specific document, using the
table provided in Section 5.2 of this document.

While the Receive TEP is in the OPEN state, it
conducts the procedure specified in this section (see
Section 4.5.2.4).

If Flow Control is used, a Flow Control, Data Ack, or
Control Ack Packet carries MASN (see Section
4.2.4.4).

[Note 1] When a Transport Channel is opened, the
initial value of the MASN is carried in the Control
Ack Packet for the received Open Command.

[Note 2] Carrying a value of a MASN in the Control
Ack Packet for a received Close Command would be
meaningless. Therefore, the Control Ack Packet for a
received Close Command may carry the default
value of the MASN.

The MASN shall be within the current sliding
window.

When the value of the MASN has changed and if
there is no Data Ack Packet to be transmitted, the
Receive TEP shall generate a Flow Control Packet
carrying the new value of the MASN. Then, the
Receive TEP transmits the Flow Control Packet
according to the Non-ACK Packet Transmission
procedure (see Section 4.5.3.7). After the Receive
TEP has transmitted the Flow Control Packet, the
Receive TEP might retransmit the Flow Control
Packet (see Section 4.5.3.7). The Receive TEP shall
generate no other Flow Control Packets until it
receives the Ack Packet for the transmitted Flow
Control Packet (see Section 4.5.3.7).

If Flow Control is used, the following paragraphs
shall substitute for the paragraphs in Section 4.5.3.4
(1) a) and b).

Flow Control ZRAWLNSME ML, Transport Channel
BITROAHZE, T AE 52 ENRMISIREH
WTTRPINEBEDXEIZEDH D L,

Z{Z TEP X, OPEN KEIZHDME . RIEEHAEDHSD
procedure #3E179 5 (4.5.2.4 IESE),

Flow Control ZALV515HE . Flow Control, Data Ack,
FE1=1& Control Ack Packet [, MASN Zi&.58 (4.2.4.4
ESR),

[(¥1] 8% Transport Channel ZBa<& ., 2{EL 1= Open
Command (2393 Control Ack Packet A%, MASN M
PVHEZES,

[3¥ 2] 21ELT= Close Command [Z3%9 % Control
Ack Packet T, MASN DEZFESEICIEEKRHIA
W, ZZT. ®{ELT= Close Command IZ% 94 %
Control Ack Packet [, MASN DT 74 /LMEZE S
EBRLY,

MASN [, BRED sliding window RIZHBDZ &,

{2 TEP (&, 21§95 Data Ack Packet HVELVEFIC
[F. MASN DIEZZEE T H&. Packet i£{5 procedure
(4.5.3.7 IEBR) IZH#>T MASN DFHLLMEZE S
Flow Control Packet Z4. 3 5&, LT, Z15
TEP 1%, JF ACK Packet 3%{Z procedure [ZH6>T%
® Flow Control Packet Z##{E9 5 (4.5.3.7BSH),
515 TEP [X. Flow Control Packet ZiX{ELT=%%&. %
@ Flow Control Packet ZH&EET HEEEIXH S
(4.5.3.718SHR), 315 TEP [&. 3#{EL 7= Flow Control
Packet [Z%t9 % Ack Packet & 21E9 HFE THD Flow
Control Packets [FHERLEWLNZ &,

Flow Control ZFUL\SIHEE . 4534 (1) D% a)
BUDb) ELTUTDERZREERTH L,
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a) If the Sequence Number is in the current range
of the Sequence Numbers within the sliding
window and is less than or equal to the MASN,
and if the Receive TEP is in the OPEN state and
has not accepted the Packet yet, the Receive
TEP shall accept the Packet, shall generate the
Ack Packet for the Packet, and shall transmit
the Ack Packet.

b) If the Sequence Number is in the current range
of the Sequence Numbers within the sliding
window and is less than or equal to the MASN,
and if the Receive TEP is in the OPEN state and
has already accepted the Packet , the Receive
TEP shall not reaccept the Packet but shall
retransmit the Ack Packet for the Packet
(because none of the former deliveries of the
Ack Packet might have succeeded).
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a)

b)

Sequence Number A% sliding window HY7R9
Sequence Numbers D IRFEE BN A D MASN LA
TTHY. MO, ZIE TEP A OPEN REEIZH
Y, MD,ED Packet ZFRLZEL TS
B.ZIE TEP (X, D Packet ZREL. D
Packet IZ®9 % Ack Packet ZHERIL, T D Ack
Packet #X1ET AL,

Sequence Number A% sliding window HYRY
Sequence Numbers DIRFEEBE R A D MASN LA
TTHY. MO, ZIE TEP A OPEN REEIZH
Y. MDD Packet 9 TICRELTILVSIH
B 25 TEP (X, D Packet (FBRELALY
MY FD Packet ITRT D Ack Packet [FFFEIE
T5H5ZE (D Ack Packet DUUBTIDEIEIZ—
DERTILTLEWNATEEED HDT=80),



4.5.3.6. Heartbeat

(See the first paragraph in Section 4.4.4.7)

While the Receive TEP is in the OPEN state, it
conducts the procedure specified in this section (see
Section 4.5.2.4).

(1) Transmit Heartbeat

If Transmit Heartbeat is used, once the Receive TEP
has received a Heartbeat Packet from the Transmit
TEP, the Receive TEP shall generate a Heartbeat Ack
Packet that has the same Sequence Number as that of
the received Heartbeat Packet, and shall transmit the
Heartbeat Ack Packet. Note that the Receive TEP
transmits no Heartbeat Ack Packet if the incoming
Heartbeat Packet has an error, because the Heartbeat
Packet is not received by the Receive TEP (see
Section 4.5.3.2).

(2) Receive Heartbeat

If Receive Heartbeat is used, a Receive Heartbeat

timer shall be employed by the Receive TEP for each
Transport Channel as follows.

The initial value of the Receive Heartbeat timer shall
be determined for each Transport Channel and shall
be specified in a project-specific document, using the
table provided in Section 5.2 of this document.

Upon transitioning into the OPEN state, the Receive
TEP shall start the Receive Heartbeat timer.
Whenever the Receive TEP transmits a Packet (an
Ack or Flow Control Packet), the Receive TEP shall
restart the Receive Heartbeat timer.

Once the Receive Heartbeat timer has ended, the
Receive TEP shall generate a Heartbeat Packet and
shall restart the Receive Heartbeat timer. Then, the
the Heartbeat Packet
according to the Non-ACK Packet Transmission

Receive TEP transmits

procedure (see Section 4.5.3.7).

(4447 1HDE 1 BEZSH)

Z{Z TEP X, OPEN KEIZHDME . RIEALEDHSD
procedure #3E179 5 (4.5.2.4 IESE),

(1) 1%£1E Heartbeat

E{E Heartbeat Z ALNVSIZH . 15 TEP &, £{E TEP
M5 Heartbeat Packet ZZ{EL=b. ZE LT
Heartbeat Packet &R Sequence Number Z# D
Heartbeat Ack Packet Z&H L., £ Heartbeat Ack
Packet #1XIET H &, H4H. A Heartbeat Packet
ICIS—HAHDHEE. Z1E TEP (X, £ D Heartbeat
Packet ZZIELAELY 4532 HSE) 126,
Heartbeat Ack Packet Z1X{E LAY,

(2) ={& Heartbeat

12 Heartbeat ZRALVDIZEE . & Transport Channel
D515 TEP |&., #1{8 Heartbeat timer &, L FTD LD
ICAWSCZE,

5{E Heartbeat timer M FEAMEIL. Transport Channel
BIZROHTE, T K 5.2 BN RBI HRER
WCTTBPzINEEDXEICEDHDE,

%15 TEP IX.OPEN KEABITLREL, ZE
Heartbeat timer B89 %o &, 5212 TEP IL. Packet
(Ack E7=[& Flow Control Packet) MEEDNT=TFIZ,
= Heartbeat timer ZHIRE1T 528,

5 {E Heartbeat timer DRFEYINICIESDE, Z1E TEP
[X. Heartbeat Packet Z4 L. 515 Heartbeat timer
EHRBTHIE, LT, 215 TEP [F.JF ACK
Packet %18 procedure IZH>TE D Heartbeat Packet
#XETH 4537 ESH),
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4.53.7.

The Receive TEP transmits and (when required and
appropriate) retransmits Flow Control Packets (if
Flow Control is used in the Transport Channel) and/or
Heartbeat Packets (if Receive Heartbeat is used in the
Transport Channel) according to this procedure,
which is executed in the OPEN state (see Section
4.5.2.4).

Once the Receive TEP has generated a Flow Control
or Heartbeat Packet (see Sections 4.5.3.5 and 4.5.3.6,
respectively), the Receive TEP shall transmit it
immediately. The Sequence Number of the Flow
Control Packet shall be the same as that of the last
Packet transmitted from the Receive TEP. The
Sequence Number of a Heartbeat Packet shall be set
to 0.

Once the Receive TEP has transmitted a Flow Control
or Heartbeat Packet, the Receive TEP shall generate
and start a Transmit timer at the time when the last
octet of the Packet is transmitted.

An independent Transmit timer shall be maintained
for each outstanding Packet.

The initial value for the Transmit timer shall be the
same as that used by the Transmit TEP of the same
Transport Channel (see Section 4.4.4.5).

Upon the reception of the Ack Packet for an
outstanding Packet, the Receive TEP shall discard the
Transmit timer for that Packet.

If the Receive TEP has received no Ack Packet for a
Packet within the period allowed by the Transmit timer
for the Packet and if the retry count for the
retransmission is less than or equal to the maximum
retry count, the Receive TEP shall retransmit the
Packet with the original Sequence Number and shall
restart the Transmit timer for the Packet.

The maximum retry count shall be the same as that
used by the Transmit TEP of the same Transport
Channel (see Section 4.4.4.5).
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Non-ACK Packet Transmission and Retransmission / JE ACK Packet 158 R U EZ(E

{E TEP [X. & procedure IZfiE> T, Flow Control
Packets (Transport Channel [Z Flow Control ZFi(Y
B5E) RU/EfIE Heartbeat Packets (Transport
Channel |25 Heartbeat ZHVDIGR) FiE(E.
ZLTREICKLTEEBEET S, chnld,
OPEN IREETRITEND (4.524HE]),

5215 TEP H3. Flow Control E£7=I& Heartbeat Packet
EER (FNEFN. 4535 BRY 453.6 BSHE)
LTz, £D Packet ZEBLICEFTHIE, Flow
Control Packet @) Sequence Number [, BiEIZ515
TEP MBEIES M= Packet M Sequence Number &
B L T&H S &, Heartbeat Packet 0 Sequence
Number (X, 0 [CERET D&,

Z{E TEP [&. Flow Control 7= Heartbeat Packet
#EIELT=5. Packet MERED octet AEEEINT=
BAZIY TEIE timer ZHERL. FRIRT DI E,

B RFEERD Packet BT, JWIIL=E(E
HHETH2E,

timer %

E{E timers MFHAEIL. FLC Transport Channel @
%12 TEP THWAIE (4445 1BSHE) LRCTH
5T,

15 TEP |, [GEREZRD Packet IZHT D Ack
Packet ZZ2{ELT1=5. F® Packet ME(E timer ZFHY
ET5HIL,

{2 TEP AV, 5 Packet [IZ3x9 B Ack Packet &5
ELIELVEEZ D Packet MIEE timer HEETIN
IZHBY. D BEEOBHTRHSNAZRREBRIT
EIF U T THNIL, 315 TEP [EF D Packet ZTTD
Sequence Number THEIETHEHITED Packet
DEE timer ZHIRE TSI L,

RABHTEEIL. L Transport Channel ME(E
TEP THWAE$ (4445188) LRACTHAC
&



If the retry count for the retransmission of a Packet
exceeds the maximum retry count, the Receive TEP
shall declare the Transport Channel to be “inactive”,
shall transition into the CLOSED state, and. shall
the the
ChannelControl.indication primitive (see Section
3.2.3.3), of the fact that the Transport Channel has
been closed.

notify receiving application, through

If the Receive TEP receives an Ack Packet for a non-
outstanding Packet (i.e.,, a Packet for which no
Transmit timer is running), the Receive TEP shall
ignored it.
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H% Packet DBEXFEOBRITEBNEKRBHAT
BI#EEABZBE. Z1E TEP (&, £ ® Transport
Channel [FI3E77T47 1THAHEEEL. CLOSED
REEICFEIT T HEHIZED Transport Channel ZFf
C 7= & % . ChannelControl.indication primitive
(3233 EBR) ENLTRETIVr—avIc@
MyHE,

jill

2 TEP &, REHEZRED Packet (DFEY.EE
timer MEITIN TULVELY Packet) O Ack Packet &
REL-GE. TOREEZERTLHL,



4.53.8.

(the same as Section 4.4.4.8)

4.5309.

Once a Transmit TEP has declared the Transport
Channel to be “inactive” (see Section 4.4.4.5), the
sending application might choose to open an
alternative Transport Channel using a separate route
to the receiving node and retransmit all the
outstanding Data Packets through the new Transport
Channel (see Section 4.4.4.9). In the case where this
type mechanism is
implemented by the sending application, the Receive

of Redundancy Control

TEP shall use Receive Heartbeat (see Sections
4.4.4.7 and 4.5.3.6) in order to detect the failure of
the communication and to close inactive Transport

Channels.

Processing and Generation of Secondary Header // Secondary Header (ALERE 4 B

(4.4.4.8 BIZFEIL)

Redundancy Control Support // TTRZHEHDHHR—~

$B1%£1E TEP H Transport Channel ZIIEF7HT 17 |
THHLEEELL (4445 BSR). FET7TTVT
—2av(&. 215 node ~OFDIL—rERANTRE
Transport Channel ZFA<EZRIRL . FTLL Transport
Channel (4.4.4.9 HZH) ZNLTETOLERE
D Data Packets #HEETDHAIBEMENHDH, CD
BOTLERGEHOMENEXET T r—avItk
STERESNDGZE. Z1E TEP &, BIEDEETZEZRE
HU. JE7 9T 4T Transport Channel ZEL%71=8
[Z. %12 Heartbeat (4.4.4.7 HRUY 4.53.6 #5H)
ZRAWNSIE,
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4.5.4. RECONSTRUCTION (REASSEMBLE)

The Receive TEP reconstructs transmitted service
data units and delivers them to the receiving
application, both according to this procedure.

One instance of this procedure shall exist for each
Transport Channel.

The Receive TEP shall, according to this procedure,
extract service data units (or their segments) from the
Application Data fields (see Section 4.2.4.3) of
accepted Data Packets (see Section 4.5.3.4), shall
reconstruct the original service data units using the
values of the Sequence Flags (see Section 4.2.3.4.4)
of the Data Packets if necessary, and shall notify the
the
the

receiving application, through

DataTransfer.indication  primitive of

reconstructed service data units.

K procedure [ZfEST. Z1E TEP [F. EfFSh:-
service data units ZBHEEL. RIET7 IV r—aviIc
BfE9 %,

A procedure @ instance [&. Transport Channel #IZ
—DFETHIE,

7K procedure (22T, %15 TEP X, ZELT= Data
Packets (4.5.3.4I588) D Application Data Z4—)JL
K (4.2.43 IBSH8) M5 service data units (FfzIEF
D segments) ZHMHL. BEIZIELTEND Data
Packets @ Sequence Flags (4.2.3.4.4 IBSHR) D{E%
FULTITD service data units ZHHEEL . BEEL:
service data units % ., DataTransfer.indication primitive
(3333 IBZM) #NLTRETTIT—avIcE
MIBHE,
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4.6. NODE PROCEDURES

4.6.1. GENERAL/ —f&

This section specifies the procedures shared by all of
the Transmit TEPs and Receive TEPs that exist on a
node.

[Note] The procedures specified in this subsection
are presented in an abstract sense. This section does
not describe any specific ways of implementation of
a protocol entity.

The following two procedures shall be used at a
node:

Channel Multiplexing, and

a)

b) Channel Demultiplexing.

AKIA(L. node [THFHAET HEE TEPs £Z1E
2TH, £ B procedures ZEH D,

TEPs O

[F] RIEAEHD procedures [, MR HIEEKRT
RERSNATWS, AEFTOFLEREZDEK
HGREFZETLTED TG,

Node TlX, LTD Z DD procedures ZFALVSZE,

a) FyRILZEIE

b) FrRIDFELEL
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4.6.2. CHANNEL MULTIPLEXING // F¥RILSEL

A node shall, according to this procedure, multiplex
the transfers of Packets transmitted and retransmitted
by the Transmit TEP and Receive TEP of any of the
Transport Channels. The multiplexing yields a single
stream of Packets. The node shall transmit the stream
the
Transmit TEPs transmit and (when required and

on the outgoing SpaceWire link. Note that

appropriate) retransmit the Packets according to the
Transmission Control procedure (see Section 4.4.4)
and the Receive TEPs do according to the Reception
Control procedure (see Section 4.5.3).

One instance of this procedure shall exist at each node.

In the stream of Packets mentioned above, a Packet
shall be transmitted according to, firstly, the priority
level assigned to the Transport Channel (if it is
assigned), and secondly, the priority level assigned to
the type of the Packet. The priority level may be
assigned for each Transport Channel. The priority
level shall be, if it is chosen to be specified. specified
in a project-specific document, using the table
provided in Section 5.2 of this document.

The latter priority levels of the type of the Packets
shall be in the following order from the highest:

1)  Ack Packet,

2) Control Packet,

3) Data Packet,

4) Flow Control Packet, and
5) Heartbeat Packet.

This list implies, for example, that if an Ack Packet is
available for a transmission, the Ack Packet is
transmitted before the Packets of the other types
through the Transport Channel.
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A procedure [ZHED T, node (X, HBHW S Transport
Channels MiA{E TEP RUE{E TEP AAEERUE
EIET D Packets DIEEEZELRTEHE DS
F1blX. Packets DB — AR —LZEERT D,
fz. node (&, 2D RR)—LZEH F1 SpaceWire link T
EETDHEHE.EIE TEPs [E.2hbd
Packets %, £ {EHIfE procedure [THRE>TEERY
(WEICISLTEE) 8% 444 HSHE) L. =
{§ TEPs [X. M5 ® Packets & ., 5 {5 il 1]
procedure IZRS>TEERUVBEE (4.53 HSH)
EER

K procedure @ instance [&. node BIZT—DHFET D
&

EF®D Packets DARJ—LTIL, Packet [&, EB—
[Z Transport Channels IZEIY HTon-EBEELA
L (BIYETONSIES) . EIC Packets DIEFR
ICEY L TONEBEELANILIZEDEEESND
&L BEELAILIL, Transport Channel &EIZE|Y
LTTRLW.BEELRNIIE. EHDHIEEERL
IHE . ARE 52 EAREBIIREFANTIO T
IFEEDOXEIZEDHDIE,

®BED Packets DIEFEDOLANILDEBEIEEIE. 5
WEDHLUTDIETHDZ L,

1) Ack Packet

2) Control Packet

3) Data Packet

4) Flow Control Packet
5) Heartbeat Packet

CDYAME, FzEA X Ack Packet HNEIETRETH
515 & | Transport Channel 4 L. tHDELED
Packets IZ5E L2 TE®D Ack Packet HNEEESNBE
EERT B,



4.6.3. CHANNEL DEMULTIPLEXING // Fy¥RIIL B E1E

A node shall, according to this procedure, receive a
single stream of Packets on the incoming SpaceWire
link and shall demultiplex the stream by delivering
each of the Packets to the Transmit or Receive TEP
of the appropriate Transport Channels according to
the value of the Channel Number contained in the
SpW-R Packet Header (see Section 4.2.3.6). The
demultiplexing yields the incoming transfer of
Packets of all the Transport Channels. Note that the
Transmit TEPs receive the Packets according to the
Transmission Control procedure (see Section 4.4.4)
and the Receive TEPs do according to the Reception
Control procedure (see Section 4.5.3).

One instance of this procedure shall exist at each
node.

& procedure [ZHE2 T, node [, AF SpaceWire link
T Packets DE—RAMN)—LEZRIETHIE, F-. %
N5 @M Packets MK K% SpW-R Packet Header
(4.2.3.6 1) [ZEFEN S Channel Number DIEIZHE-
T#EYIAE Transport Channels M E{EET=ILZ{E TEP
ICEETHEICKY. CORMN)—LZHZELLT
BHTE,CDHZBEIIL, £TD Transport Channels
D Packets D ATMBEZERT D, LGB £(E TEPs
[F. Shod Packets &, X {EFEH procedure [ZHE>
TRIE (444 BHB]) L. =25 TEPs [, Shod
Packets &, 52/l & procedure IZHE->TR{E 4.5.3
BHZH®) 95,

K procedure @ instance (&, node BIC—DHFET S
<&

97



98



5. HOW TO SPECIFY PARAMETERS FOR EACH NETWORK
& NETWORK DINSA—AEEH DA

5.1. GENERAL/ —§&

This section presents the methods for specifying the AZE[&, & SpaceWire network THLYS SpaceWire-
parameters of SpaceWire-R (SpW-R) used in each R (SpW-R) D/INTA—ZDEHDHEEFHAT 5,
SpaceWire network.

The values of the parameters of SpW-R used in a SpaceWire network THLYS SpW-R D/XFA—2D
SpaceWire network shall be specified by filling the fEIF. L TFDIBEITTRENASRIZEBATSHEICEST
table shown in the following sub-sections. EHHE,

5.2. PARAMETERS USED FOR EACH SPACEWIRE NETWORK
& SPACEWIRE NETWORK IZRUNS/XS5A—A

The parameters used for each SpaceWire Network & SpaceWire Network [ZFULYS /3T A—4 [, Table
shall be specified by filling Table 5-1. 5-1IZEBALTEDDZE,

Table 5-1: Table for Specifying the Values of Parameters Used for Each SpaceWire Network
& SpaceWire Network ICRLNB/INTGA—REEDHHT-HDFE

Option Reference Value Unit or Options

Channel Numbers 423.6 Combinations
of an Integer
and the
purpose of
the Transport
Channel

5.3. PARAMETERS USED FOR EACH TRANSPORT CHANNEL
& TRANSPORT CHANNEL [ZRAWA/INTGA—4

The parameters used for each Transport Channel & Transport Channel [ZFUNS /8T A—4A(, Table 5-2
shall be specified by filling Table 5-2. ICEEALTEDHAHE,
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Table 5-2: Table for Specifying the Values of Parameters Used for Each Transport Channel
%& Transport Channel [CRAWVS/INTA—EEFEDHDI=HDFEK

Option Reference Value Unit or Options
SLA of Transmit TEP 4.2 N/A
Length of Destination Identifiers of Transmit TEP 4.2 Octet
Destination Identifiers of Transmit TEP 4.2 N/A
SLA of Receive TEP 4.2 N/A
Length of Destination Identifiers of Receive TEP 4.2 Octet
Destination Identifiers of Receive TEP 4.2 N/A
Maximum Length of Service Data Unit 3321 Octet
Maximum Length of Application Data Field 4.2.43 Octet
Sliding Window Size (k) 4443 Integer
Transmit Timer Initial Value 4445 Millisecond
Maximum Retry Count 4445 Integer
Flow Control 4.4.4.6 and Used or Not Used

4535

Transmit Heartbeat 4.4.4.7 Used or Not Used
Transmit Heartbeat Timer Initial Value 4447 Millisecond
Receive Heartbeat 4.5.3.6 Used or Not Used
Receive Heartbeat Timer Initial Value 4.53.6 Millisecond
Close Timer Initial Value 4525 Millisecond
Priority Level 4.6.1 Integer

[Example] An example of specifying the values of  [§ll] Transport Channel [ZFIULYS SpW-R D /35 A—5D

the parameters of SpW-R used for a Transport

Channel is shown in Appendix C.

BEEDHDHIEMNE C IR,
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APPENDIX A. ACRONYMS

This chapter lists acronyms used in this document.

AETIE. AZEAANRIRE—EE T,

CCSDS

CRC

ECSS

GRDDP

GSFC

ISO

JAS

MASN

NASA

PDU

RDDP

SDU

SpW

SLA

TEP

Consultative Committee for Space Data Systems
Cyclic Redundancy Check

European Cooperation for Space Standardization
GOES-R Reliable Data Delivery Protocol
Goddard Space Flight Center

International Organization for Standardization
Joint Architecture Standard

Maximum Acceptable Sequence Number
National Aeronautics and Space Administration
Protocol Data Unit

Reliable Data Delivery Protocol

Service Data Unit

SpaceWire

SpaceWire Logical Address

Transport End Point
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APPENDIX B. EXAMPLES OF PDU EXCHANGES // PDU 3 #20) 5l
B.l. GENERAL/ —#g

This appendix shows some examples of exchanges — D fFEk[&. Transport Channel M£{E TEP £Z1(F
of SpW-R Packets between the Transmit TEP and TEP DfE®D SpW-R Packets DD FI% 3 DH

Receive TEP of a Transport Channel. =Y,
This appendix is not a part of the specification. COFERITERRD—ETIEALY,

B.2. NORMAL CASE // BEDHy—X

An example of exchanges of SpW-R Packets I Z7—MFELELMEED SpW-R Packets D
during which no errors are raised is shown in D%l% Figure B-1 TR Y . IR D BIEMADEHF
Figure B-1, where the number quoted in each pair S I&. 28 SpW-R Packet M Sequence Number T
of parentheses is the Sequence Number of the %o

SpW-R Packet.

Transmit TEP Receive TEP
Control, Open (0)
—— )

Control Ack (0)

Data (1)
—

Data Ack (1)

Data (2)

Data Ack (2)

Data (3)
— )

Data Ack (3)

Figure B-1: Exchanges of SpW-R Packets during which no errors are raised T5—MF#EELEVES
@ SpW-R Packets D 3ZHE
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B.3. DATAERROR CASE // T—32IS5—NDiHE

An example of exchanges of SpW-R Packets Data Packet MEEICTS—AFEELGEED
during which an error occurs in a transmission of a  SpW-R Packets D XD % Figure B-2 IZRY,
Data Packet is shown in Figure B-2, where the BEIFDFIEMADEFS L. ik SpW-R Packet D
number quoted in each pair of parentheses is the ~Sequence Number TH 5o

Sequence Number of the SpW-R Packet.

Transmit TEP Receive TEP
Control, Open (0)

Control Ack (0)

Data (1)

—_—. W’fz,

Data (1)

Data Ack (1)

Data (2)

Data Ack (2)

Figure B-2: Exchanges of SpW-R Packets during which an error occurs in a transmission of a Data
Packet
Data Packet DIEEICTS—HFEELIZIBED SpW-R Packets DIk
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B4. ACKERROR CASE //ACK T5—45—X

An example of exchanges of SpW-R Packets Ack Packet DEEFETITI—MNHLELIZZED
during which an error occurs in a transmission of SpW-R Packets D XD % Figure B-3 IZRY,
an Ack Packet is shown in Figure B-3, where the BIFDEFIMADEFS X, 5% SpW-R Packet M
number quoted in each pair of parentheses is the ~Sequence Number TdH 5o

Sequence Number of the SpW-R Packet.

Transmit TEP Receive TEP
Control, Open (0)
Control Ack (0)
Data (1)

sl
[~ Error —
25/ Data Ack (1)

Data (1)
o Data Ack (1)
Data (2)

Data Ack (2)

Figure B-3: Exchanges of SpW-R Packets during which an error occurs during a transmission of an
Ack Packet
Ack Packet DEFETIS—MFELIZBED SpW-R Packets DI
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B.S.

An example of exchanges of SpW-R Packets in
which optional Flow Control is used is shown in
Figure B-4. In the figure, the number quoted in a
pair of the parentheses for each of the SpW-R
Packets sent from the Transmit TEP to the Receive
TEP (indicated with rightward-pointing arrows) is
the Sequence Number of the SpW-R Packet, and
the pair of the numbers quoted in a pair of the
parentheses for each of the SpW-R Packets sent
from the Receive TEP to the Transmit TEP
(indicated with leftward-pointing arrows) are the
Sequence Number and Maximum Acceptable
Sequence Number (MASN), in this order, of the
SpW-R Packet.

Transmit TEP

—

Control, Open (0)

FLOW CONTROL CASE // FLOW CONTROL DIf&

ZAT2a>® Flow Control Z ALVSIHZIED SpW-R
Packets DR D HI% Figure B-4 (TR, B,
E{E TEP MDZ{E TEP 12% 5 SpW-R Packets (B
MEXENTRIND) [THBN T, HIEMAITR
SINEHESIEL., H5& SpW-R Packet M Sequence
Number T#Hd, %15 TEP HBHiEE TEP IT#ES
SpW-R Packets (EREXHTREND) IZTHLT
F.ERENARNO—HDOEFES(E. B SpW-R
Packet @ Sequence Number & Maximum
Acceptable Sequence Number (MASN) &EMZ®D
IEF TREN TS,

Receive TEP

Control Ack (0, 6)

Data (1)

Data Ack (1, 6)

Data (2)

Data Ack (2, 6)

Flow Control (2, 8)

Flow Control Ack (2)

3

Figure B-4: Exchanges of SpW-R Packets where Flow Control is used
Flow Control ZHWSIZE D SpW-R Packets D3R

106



APPENDIX C. EXAMPLE OF PARAMETERS FOR A NETWORK //
NETWORK DT=8 D135 +¢—4545]

C.1. GENERAL /| —§&

This appendix shows an example of specifying the = @ F £ (& . SpaceWire network T A LV %
parameters of SpaceWire-R used in a SpaceWire SpaceWire-R D/NTA—REEHSHIERT o
network.

This appendix is not a part of the specification. O ERIFHERRD—ETIEALY,

C.2. PARAMETERS USED FOR A SPACEWIRE NETWORK
5D SPACEWIRE NETWORK [ZFHWN/\5A—4

Table C-1: Example of Specifying the Values of Parameters Used for a SpaceWire
Network
SpaceWire NetiZCH W% /37 X —Z DfEZ E WD T-H

Option Reference Value Unit or Options
Channel Numbers 4.2.3.6 1 (Mission
Data of
Camera A)
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C. 3. PARAMETERS USED FOR A TRANSPORT CHANNEL

5 TRANSPORT CHANNEL ICTHHWNB /NS A—4

An example of specifying the values of the
parameters of SpW-R used for a Transport Channel
is shown in Table C-1.

Transport Channel [ZFULYS SpW-R D/ATA—E2 D
{E%E 8 DHI% Table C-1 [Z3RT

Table C-1: Example of Specifying the Values of Parameters Used for a Transport
Channel
Transport ChannellZ W% /37 A — % OfE% E WD 7=

Option Reference Value Unit or Options
SLA of Transmit TEP 4.2 65 N/A
Length of Destination Identifiers of Transmit TEP 4.2 0 Octet
Destination Identifiers of Transmit TEP 4.2 N/A N/A
SLA of Receive TEP 4.2 66 N/A
Length of Destination Identifiers of Receive TEP 4.2 0 Octet
Destination Identifiers of Receive TEP 4.2 N/A N/A
Maximum Length of Service Data Unit 3321 2048 Octet
Maximum Length of Application Data Field 4.2.43 256 Octet
Sliding Window Size (k) 4443 8 Integer
Transmit Timer Initial Value 4445 500 Millisecond
Maximum Retry Count 4445 3 Integer
Flow Control 4.4.4.6 and Used Used or Not Used

4535

Transmit Heartbeat 4.4.4.7 Used Used or Not Used
Transmit Heartbeat Timer Initial Value 4447 2000 Millisecond
Receive Heartbeat 4.5.3.6 Used Used or Not Used
Receive Heartbeat Timer Initial Value 4.53.6 2000 Millisecond
Close Timer Initial Value 4525 1600 Millisecond
Priority Level 4.6.1 2 Integer
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