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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through 1SO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and

ational Electrotechnical Commission (IEC) on all matters of electrotechnical standardization
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STATEMENT OF INTENT

The Consultative Committee for Space Data Systems (CCSDS) is an organization officially
established by the management of its members. The Committee meets periodically to address
data systems problems that are common to all participants, and to formulate sound technical
solutions to these problems. Inasmuch as participation in the CCSDS is completely
voluntary, the results of Committee actions are termed Recommended Standards and are
not considered binding on any Agency.

This Recommended Standard is issued by, and represents the consensus of, the CCSDS
membgrs. Endorsement of this Recommendation is entirely voluntary. Endefsement,
howeVer, indicates the following understandings:

0 | Whenever a member establishes a CCSDS-related standard, this standard will bejin
accord with the relevant Recommended Standard. Establishing, such a standgrd
does not preclude other provisions which a member may develop-

o | Whenever a member establishes a CCSDS-related standard, that member will
provide other CCSDS members with the following information:

-- The standard itself.
-- The anticipated date of initial operationak'capability.
-- The anticipated duration of operatignal service.

0 | Specific service arrangements shall e made via memoranda of agreement. Neither
this Recommended Standard nor any ensuing standard is a substitute fon a
memorandum of agreement.

No later than three years from _its.date of issuance, this Recommended Standard will |be
reviewed by the CCSDS to determine whether it should: (1) remain in effect without change;
(2) bg changed to reflect~the impact of new technologies, new requirements, or new
directions; or (3) be retired or canceled.

In those instances-when a new version of a Recommended Standard is issued, existing
CCSDOS-related-member standards and implementations are not negated or deemed to |be
non-CICSDS.compatible. It is the responsibility of each member to determine when sych
standgrds<or-implementations are to be modified. Each member is, however, strongly
encoufaged to direct planning for its new standards and implementations towards the later
version of the Recommended Standard.
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FOREWORD

Attention is drawn to the possibility that some of the elements of this document may be the
subject of patent rights. CCSDS shall not be held responsible for identifying any or all such
patent rights.

Through the process of normal evolution, it is expected that expansion, deletion, or
modification of this document may occur. This Recommended Standard is therefore subject

to W@WW@de in
Ornganization and Processes for the Consultative Committee for Space Data“Systems

(CCSDS A02.1-Y-3). Current versions of CCSDS documents are maintained atthe GCSDS
WED site:

http://www.ccsds.org/

Questions relating to the contents or status of this document should be addressed |to the
CCSDS Secretariat at the address indicated on page i.
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DOCUMENT CONTROL

Document  Title Date Status
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alignment and
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Proximity-1 Blue
Books—and the addition
of an option for Low-
Density Parity-Chgck
(LDPC) codes.

NOTE - Changes from the previous issue are too numerous to permit markup.
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1 INTRODUCTION
1.1 PURPOSE

The purpose of this Recommended Standard is to specify the Data Link Layer used with the
Proximity-1 Data Link Coding and Synchronization Sublayer (reference [5]) and Physical
Layer (reference [6]). Proximity space links are defined to be short-range, bi-directional,
fixed or mobile radio links, generally used to communicate among probes, landers, rovers,
orhiting constellations,and orhiting relays. These links are characterized by short time

dejays, moderate (not weak) signals, and short, independent sessions.

1.2 SCOPE

THis Recommended Standard defines the Data Link Layer (Framing, Medium Access Cpntrol,
D4gta Services, and Input/Output [I/O] Sublayers). The specifications’for the protocql data
unfts, framing, media access control, expedited and sequenced-controlled data transfer,
timing service, 1/0 control, and the procedures for establishing and terminating a session
befween a caller and responder are defined in thisS document. The Coding and
Syinchronization Sublayer is defined in the separate CCSDS Recommended Standard entitled,
Prpximity-1 Space Link Protocol—Coding and Synchronization Sublayer (reference [5]). The
Physical Layer is defined in the separate CCSDS Recommended Standard entitled, Proximity-1
Sppce Link Protocol—Physical Layer (reference [6]).

THis Recommended Standard does not specify a) individual implementations or products, b)
implementation of service interfaces within real systems, c) the methods or technglogies
required to perform the procedures,.of d) the management activities required to configyre and
control the protocol.

1.3 APPLICABILITY

THis Recommended.Standard applies to the creation of Agency standards and to future data
communications-over space links between CCSDS Agencies in cross-support situatigns. It
applies also to~internal Agency links where no cross support is required. It includes
specification, of the services and protocols for inter-Agency cross support. It is nefther a
specification of, nor a design for, systems that may be implemented for existing or (future
missions.

The Recommended Standard specified in this document is to be invoked through the normal
standards programs of each CCSDS Agency and is applicable to those missions for which
cross support based on capabilities described in this Recommended Standard is anticipated.
Where mandatory capabilities are clearly indicated in sections of this Recommended
Standard, they must be implemented when this document is used as a basis for cross support.
Where options are allowed or implied, implementation of these options is subject to specific
bilateral cross-support agreements between the Agencies involved.

CCSDS 211.0-B-5 Page 1-1 December 2013
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1.4 RATIONALE

The CCSDS believes it is important to document the rationale underlying the
recommendations chosen, so that future evaluations of proposed changes or improvements
will not lose sight of previous decisions. Concepts and rationale behind the decisions that
formed the basis for Proximity-1 are documented in the CCSDS Proximity-1 Space Link
Green Book (reference [H9]).

15 [ONVENTIONS AND DEFINITIONS
15.1 | DEFINITIONS
1.5.1.1 Terms from the Open Systems Interconnection (OSI) Basic Reference Mode

This Recommended Standard makes use of a number of terms defined 'in reference [1]. [In
this Recommended Standard those terms are used in a generic senseyi’e., in the sense that
those terms are generally applicable to any of a variety of technolégies that provide for the
exchange of information between real systems. Those terms are-as follows:

a)| connection;

b)| Data Link Layer;

C)| entity;

d)| Physical Layer;

e) | protocol control information;
f) | protocol data unit;

g)| real system;

h)[ segmenting;

i) | service;

j) | service data unit.

1.5.1.2 ~Terms Defined in This Recommended Standard

For the purposes of this Recommended Standard, the following definitions also apply. Many
other terms that pertain to specific items are defined in the appropriate sections.

asynchronous data link: A data link consisting of a sequence of variable-length Proximity
Link Transmission Units (PLTUSs), which are not necessarily concatenated.

caller and responder: Initiator and receiver, respectively, in a Proximity space link session.
A caller transceiver is the initiator of the link establishment process and manager of

CCSDS 211.0-B-5 Page 1-2 December 2013
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negotiation (if required) of the session. A responder transceiver typically receives
link establishment parameters from the caller. The caller initiates communication
between itself and a responder on a prearranged communications channel with
predefined controlling parameters. As necessary, the caller and responder may
negotiate the controlling parameters for the session (at some level between fully
controlled and completely adaptive).

COP-P: Communication Operations Procedure for Proximity links (COP-P). The COP-P
includes bhaoth the EARM-P and EQP-P of the caller and mcpnnrlpr unit

)

enterprise: A project or undertaking, especially one of some scope, complexity, aqad ris

FARM-P: Frame Acceptance and Reporting Mechanism for Proximity links; for Sequence
Controlled service carried out within the receiver in the Proximity<Ltink.

FOP-P: Frame Operation Procedure for Proximity links, for ordering the output fraﬂ\es for
Sequence Controlled service carried out in the transmitterin‘the Proximity-1 link.

forward link: That portion of a Proximity space link in which the caller transmits and the
responder receives (typically a command link).

hdiling: The persistent activity used to establish a ®roximity link by a caller to a responder
in either full or half duplex. It does not apply to simplex operations.

hdiling channel: The forward and return frequency pairs that a caller and responder|use to
establish physical link communications.

mission phase: A mission period-during which specified communications characteristjcs are
fixed. The transition between two consecutive mission phases may cayse an
interruption of the communications services.

PCID: Physical Channel 1D, carried in transfer frames and in PLCWs. The PCID is infended
primarily for'@receiving system having two concurrently operating transceivef units
(primary_and backup, for example), where the PCID can be used to select |which
receivet/processes the received frame. It may identify either of two redundant
receivers at the receiving end.

0
1

frame:” A Version-3 Transfer Frame that contains only self-identified and self-delimited
supervisory protocol data units (compare U-frame).

physical channel: The Radio Frequency (RF) channel upon which the stream of symbols is
transferred over a space link in a single direction.

PLCW: Proximity Link Control Word, the protocol data unit for reporting Sequence
Controlled service status via the return link from the responder back to the caller.
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PLTU: Proximity Link Transmission Unit, the data unit composed of the Attached
Synchronization Marker (ASM), the Version-3 Transfer Frame, and the attached
Cyclic Redundancy Check (CRC)-32.

Port ID: Identifier of the logical or physical port that is the destination for a user’s service
data unit.

protocol object: Directives, PLCWs, or status reports contained within an SPDU.

Proximity link: A full-duplex, half-duplex, or simplex link for the transfer of data betwsgen
Proximity-1 nodes in a session.

pseudo packet ID: The temporary packet ID assigned by the protocol to a user’s packet
within the segmentation process.

reconpect: Process in which the caller attempts to rehail the responder:(because of lack|of
communication progress) during the data services phase withinthe ongoing session.
Upon entering this state, the FARM-P and FOP-P variables of the caller gnd
responder are not reset (in particular their frame sequen¢e)counters).

resyn¢hronization (COP-P): Process in which a sequengce,count anomaly is detected by the
caller and the caller forces the responder to readjust its Sequence Controlled frame
numbers via the SET V(R) activity.

return link: That portion of a Proximity space{ink in which the responder transmits and the
caller receives (typically a telemetryinak).

Routipg ID: Unique identifier of a user’s packet through the segmentation and reassemiply
process. It is an internal identifier used by the 1/0 Sublayer and it consists of a PCID,
Port ID, and pseudo packetiD.

Sent queue (Sent Frame gqueue): Temporarily stored Sequence Controlled frames that hgve
been sent but not‘yet acknowledged by the receiver.

sessiop: A dialog:between two or more communicating Proximity link transceivers. | A
session-censists of three distinct operational phases: session establishment, data
serviees”(which may include resynchronization and/or reconnect subphases), and
session termination. Session termination may be coordinated (through the excharjge
of no-more-data-to-send directives), or if communication is lost (inability [to
resynchronize or reconnect), the transceivers should eventually independently
conclude the dialog is over.

space link: A communications link between transmitting and receiving entities, at least one
of which is in space.
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SPDU: Supervisory Protocol Data Unit, used by the local transceiver either to control or to
report status to the remote partnered transceiver. Consists of one or more directives,
reports, or PLCWs.

synchronous channel: A data channel where the symbol data are continuously modulated
onto the channel at a fixed data rate. When no PLTU is available for transmission,
Idle data is transmitted to maintain the continuous symbol stream.

U-frame: A Version-3 Transfer Frame that contains user data information (compare P-
frame).

vehicle controller: The entity (e.g., spacecraft control computer) which- receives the
notifications defined in annex D and potentially acts upon them.

Varsion-3 Transfer Frame: A Proximity-1 transfer frame.

1.%.2 NOMENCLATURE
1.%.21 NORMATIVE TEXT

The following conventions apply for the normative"specifications in this Recommended
Standard:

a) the words ‘shall’ and ‘must’ imply a binding and verifiable specification;
b) the word ‘should’ implies an optional, but desirable, specification;

c) the word ‘may’ implies aneptional specification;

d) the words ‘is’, ‘are’, and.‘will” imply statements of fact.

NQTE — These conventions do not imply constraints on diction in text that is ¢learly
informative-in nature.

1.%.2.2 INFORMATIVE TEXT

In[the normative sections of this document, informative text is set off from the norpative
specifications either in notes or under one of the following subsection headings:

—  Overview;
— Background;
— Rationale;

— Discussion.
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1.5.3 CONVENTIONS

In this document, the following convention is used to identify each bit in an N-bit field. The
first bit in the field to be transmitted (i.e., the most left-justified when drawing a figure) is
defined to be *Bit 0°, the following bit is defined to be ‘Bit 1°, and so on up to ‘Bit N-1".
When the field is used to express a binary value (such as a counter), the Most Significant Bit
(MSB) is the first transmitted bit of the field, i.e., “‘Bit 0’, as shown in figure 1-1.

ITO BIT N-1

{

N-BIT DATA FIELD

n—P

IRST BIT TRANSMITTED = MSB

Figure 1-1: Bit Numbering Convention

In accprdance with standard data-communications practice, data fields are often grouped into
8-bit [words’ that conform to the above convention. Throughout this Recommended
Standard, such an 8-bit word is called an ‘octet’,

The npmbering for octets within a data structure begins with zero. Octet zero is the first
octet tp be transmitted.

By CQSDS convention, all ‘spare’ bits are permanently set to value ‘zero’.

Throuphout this Recommended-Standard, directive, parameter, variable, and signal names
are presented with all upper-Case characters; data-field and Management Information Base
(MIB)-parameter names‘are presented with initial capitalization; values and state names gre
presented with predominantly lower-case characters, and are italicized.

In Prgximity-1,data rate (Rq), coded symbol rate (Rcs), and channel symbol rate (Rens) @re
used tp denote-respectively:

— | the~data rate of the bitstream composed by PLTUs and Idle data measured at the
encoderinput;

— the coded symbol rate measured at the interface between the Coding and
Synchronization Sublayer and the Physical Layer; and

— the rate measured at the output of the transmitter.

The terms are used as shown in figure 1-2.
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BITSTREAM CODED CHANNEL
FOR ENCODING SYMBOLS SYMBOLS
ENCODER . RF POWER AMPLIFIER
(or Bypass) Bi-Phase-L »l vobuLATOR > & RF CHAIN
T T CHANNEL T
DATA RATE CODED SYMBOL RATE SYMBOL RATE

REFERENCE POINT REFERENCE POINT o g
(Rd) (Res)
(Rchs)

Figure 1-2: Proximity-1 Rate Terminology
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2 OVERVIEW
2.1 CONCEPT OF PROXIMITY-1

Proximity-1 is a bi-directional Space Link Layer protocol for use by space missions. It has
been designed to meet the requirements of space missions for efficient transfer of data over
various types and characteristics of Proximity space links.

2 1 LAVERLCD MODE
A g L™= g W g g ey =g g =g mm

THe Proximity-1 model consists of a Physical Layer (reference [6]) and a Data Link Layer.

Prpximity-1 activities are divided between a send side and a receive side.'The send pide is
copcerned with the transmitted physical channel, and also with the acquisition of the repeived
physical channel in order to establish a Proximity-1 link. The receive-side is concerned with
the reception of data on the received physical channel: the input bitstream and the protocol
dafa units it contains.

On the send side, the Data Link Layer is responsible for previding data to be transmitted by
the Physical Layer. The operation of the transmitter is state-driven.

On the receive side, the Data Link Layer accepts.the’serial data output from the receivier and
processes the protocol data units received. It accepts directives both from the local yehicle
controller and across the Proximity link to coatrol its operations. Once the receiver is turned
on}, its operation is modeless. It accepts and processes all valid local and remote dirgctives
and delivers received service data units to-the users.

THe interactions of the Proximity-1 layers and associated data and control flows are shown in
figqure 2-1.

2.1.2 PHYSICAL LAYER

On the send side, the'Physical Layer:
— acceptscontrol variables from the Data Link Layer for control of the transceivef;

— aecepts a PLTU from the Coding and Synchronization Sublayer for modulatiop onto
the radiated carrier;

£ +la H a £ Y - N +la + 1 ralal A la [ P
- }JCI TUTTTIS UIT ICU]UIICU \ao DPULIIICU U_y LT CUTTUUI VO.IIO.UIUD) Cliarircet quIIIg.
On the receive side, the Physical Layer:

— provides status signals (CARRIER_ACQUIRED and SYMBOL_INLOCK_STATUS)
to the Data Link Layer;

— outputs the serial coded symbol stream from the receiver’s Physical Layer to the
Coding and Synchronization Sublayer.
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2.1.3 DATALINK LAYER
2.1.3.1 Sublayers in the Data Link Layer

There are five component sublayers within the Data Link Layer:
— Coding and Synchronization (C&S) Sublayer;

— Frame Sublayer;

— Medium Access Control (MAC) Sublayer;
— Data Services Sublayer;

— 1/O Sublayer.

2.1.3.2 Coding and Synchronization Sublayer

THe C&S Sublayer is specified separately in reference [5]. ©n'the send side, the actions of
th¢ C&S Sublayer include:

— construction of PLTUs, where each PLTU (contains a Version-3 Transfer [Frame
received from the Frame Sublayer;

— provision of the coded symbol stream (including PLTU and Idle data) to the Physical
Layer for inclusion of Idle data, adding channel coding and modulation orfto the
radiated carrier.

On the receive side, the C&S Sublayer’actions include:

— delimiting each PLTU ‘eontained in the data output from the receiver in the Physical
Layer;

— validation of the PLTUSs, including channel decoding;

— for each vahd'PLTU, delivering the delimited transfer frame to the Frame Sublgyer.

On both the Send and receive sides, the C&S Sublayer provides time-tagged data on request
to supportthe Proximity-1 timing services.

2 129 Cramoe Crihilavaye
e TR T Tarric uuu'u_yc'

Subsection 4.1 specifies the functions of the Frame Sublayer. On the send side, the Frame
Sublayer:

— creates Version-3 Transfer Frames, carrying user data or protocol data (directives and
reports) in the frame data field;

— completes the fields in the frame header of a transfer frame;
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— determines the order of frame transmission;
— delivers frames to the C&S Sublayer.
On the receive side, the Frame Sublayer:

— receives frames from the C&S Sublayer;

— completes the frame validation by checking fields in the header of a transfer frame;

— [delivers a valid frame to the Data Services Sublayer or to the MAC Sublayer.

2.1.3.4 Medium Access Control Sublayer

Subsegtion 4.2 specifies the functions of the MAC Sublayer. The MAC Sublayer:

— | controls the establishment, maintenance, and termination of communications sessigns
for point-to-point communications between Proximity entities;

— | accepts Proximity-1 directives both from the local vehicle controller and across the
Proximity link to control its operations;

— | controls the modification of characteristics, such-as data rate changes;

— | controls the operational state of the Data\Link and Physical Layers, using state
control variables (MODE, TRANSMIT, DUPLEX);

— | stores and distributes the MIB parameters.

2.1.3.% Data Services Sublayer

Subsegtion 4.3 specifies thefunctions of the Data Services Sublayer. The Data Serviges
Sublayer includes the COP-P. COP-P provides two qualities of service (Sequerjce
Contrglled and Expedited) that determine how reliably data from the sending user are
delivefed to the receiving user (see 2.2.3).

Section 7 specifies COP-P. On the send side, COP-P defines the FOP-P. On the recelve
side, COP-P-defines the FARM-P.

2.1.3.6—ImputOutput Subtayer

Subsection 4.4 specifies the functions of the 1/0 Sublayer. The 1/0 Sublayer provides the
user interface between the Proximity-1 protocol and the onboard data systems and
applications that use the protocol. On the send side, it accepts user data consisting of Service
Data Units (SDUs) and associated routing information. On the receive side it delivers SDUs
to the users via frame designated Port IDs.
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2.14 PROTOCOL-UNIQUE FEATURES
2141 General

The Proximity-1 protocol controls and manages data interchange across the communications
link. This Data Link Layer protocol provides the capability to send user data, control
reports, and control directives between the transceiver units. The directives are used for
selection of communications frequencies, data rates, modulation, coding, and link
directionality (full duplex, half duplex, and simplex). The Data Link Layer provides for the
trgnsfer of both packets and user-defined data units. All of these units can be trangferred
usjng either an Expedited or a Sequence Controlled (reliable) service supportive of
applications involving remote space vehicles.

State tables and diagrams describe the actions the protocol takes when responding to |events
during full-duplex, half-duplex, and simplex operations. (See seetion 6, Data Sgrvices
Operations, and section 7, Communication Operations Procedure for Proximity Links.)

The terms ‘transfer frame’ and ‘frame’ in this document refer to the Version-3 Transfer
Frame, specified in section 3. Each transfer frame cofitains a header, which prpvides
information for handling and processing the frame, including its Transfer Frame Datq field.
THhis data field contains either SDUs or Supervisory Proetocol Data Units (SPDUSs).

2.1.4.2 Service Data Units

SDUs carry user data from applications<in the sending node to applications in the regeiving
node. A frame with SDU data in its-data field is called a user frame (U-frame). The data
figld of a U-frame can contain an integer number of unsegmented packets, a single packet
segment, or a collection of user-provided octets.

2.1.4.3 Supervisory Protocol Data Units

SHDUs carry Proximity-1 protocol directives and reports. A frame with SPDUs in ifs data
figld is called aprotocol frame (P-frame).

Prptocol directives are used for configuring and controlling the protocol processor |at the
regeiving-node; for the establishment, maintenance, and termination of a communigations
segsion; and for the transfer of time-correlation and synchronization data. Protocol feports
are used for reporting the configuration and Status of the transmitting node.

2.15 PROXIMITY LINK TRANSMISSION UNIT

The PLTU is the data structure used by the C&S Sublayer. It is flexibly sized to fit its data
content, i.e., a variable-length frame containing variable-length packets. The relationship of
the frame to the PLTU is shown in figure 3-1.
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The PLTU is intended for use on links characterized by short time delays, moderate (not
weak) signals, and short, independent sessions. These link characteristics determine the type
of Attached Synchronization Marker (ASM) (24-bit), with its associated bit error tolerance
for synchronization. A PLTU includes a 32-bit Cyclic Redundancy Check (CRC) for
detection of transmission errors. The specification of the PLTU is in reference [5].

Symbol synchronization is maintained in the data channel by the insertion of an idle
sequence between PLTUs, and these variable-length PLTUs are only inserted into the data
link when_a Inhycir‘nl connection has bheen achieved

2.1.6 | ADDRESSING

A triap of addressing capabilities is incorporated for specific functionality cwithin the link.
The Ypacecraft Identifier (SCID) identifies the source or destination -of itransfer frames
transpprted in the link connection based upon the Source-or-Destinatien Identifier. Tlhe
Physigal Channel Identifier (PCID) may identify either of two redundant receivers at the
receivijng end, capable of supporting both the Sequence Controlled-and Expedited servicgs.
The Port ID provides the means to route user data internally (at the transceiver’s output
interfdce) to specific logical ports, such as applications or transport processes, or to physigal
ports, | such as onboard buses or physical connections> (including hardware command
decodegrs).

2.1.7 | PROTOCOL DESCRIPTION

The Proximity-1 protocol is described in terms of:
a) | the services provided to the users (transfer of SDUSs);
b)| the Protocol Data Units(BDUs);
c) | the protocol directives and reports (SPDUs described in 3.2.4);

d)| the procedures‘performed by the protocol as described in the state tables.

This protocol spégification also defines the requirements for the underlying services provided
by the|lower layers.

22 WNWER\AAE\A/ O CED\/IlcC
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2.21 COMMON FEATURES OF SERVICES

Proximity-1 provides users with data transfer services known as Space Data Link
Proximity-1 services. When a user, such as the spacecraft vehicle controller, supplies an
SDU for transfer, the user also specifies:

— the PCID;

CCSDS 211.0-B-5 Page 2-6 December 2013
© 1SO 2015 — All rights reserved


https://standardsiso.com/api/?name=10d31a9f4aa36666fae2f05c1561f4a0

ISO 22663:2015(E)
CCSDS RECOMMENDED STANDARD FOR PROXIMITY-1 SPACE DATA LINK PROTOCOL

— the service quality (Sequence Controlled service or Expedited service);

— the Port ID of the destination port.

2.2.2 SERVICE TYPES

2.2.21 General

i Sjasy datatrs v A Re-Serrees—Hrereare two
daja transfer services: the first accepts and delivers packets, while the second accepts and
ivers user-defined data. The timing service provides time tagging upon ingress/egtess of
ected PLTUs and the transfer of time from sender to receiver. (See 5.1 for-details jon the
Prpximity-1 timing service.)

2.2.2.2 CCSDS Packet Delivery Service

THe packet delivery service provides for the transfer of packets across the Proximity| space
Iir]k. The packets have a Packet Version Number (PVN) authorized by CCSD$ (see
reference [H8]). These include CCSDS Space Packets and Encapsulation Packets.

If p packet is greater than the maximum frame data’field size it is segmented before| being
ingerted into multiple transfer frames: the packet is reassembled for delivery to the regeiving
user. When packets are smaller than the maximum frame data field size allowed in the link,
then one or more packets can be placed in-asingle frame.

In|this service the delivery process.makes use of the Port ID to identify the specific physical
or|logical port through which the packet is to be routed.

=

2.2.2.3 User Defined Data Delivery Service

THe user-defined data-delivery service provides for the transfer of a single user’s collection
of [octets across the-Proximity space link. The SDU is an octet-aligned data unit, the format
of|which is uhknown to the service. The service does not use any information frgm the
coptents of:the SDU.

The SDU is placed in one or more frames as required based upon the size of the SDU.| If the
SO WUlis transferred in multiple frames, the service delivers the octets from each framg when
the frame is received. Unlike the packet delivery service, the user-defined data delivery
service does not reassemble the SDU.

In this service the delivery process makes use of the Port ID to identify the specific physical
or logical port through which the octets are to be routed.
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2.2.2.4 Timing Services

The Proximity-1 protocol specifies two timing services for both time tagging transfer frames
in support of time correlation as well as transferring time to a remote asset. (See section 5.)
2.2.3 SERVICE QUALITIES

2.2.3.1 General

The Proximity-1 data services protocol provides two qualities of service (Sequence Controlled
and Expedited) that determine how reliably SDUs supplied by the sending user are delivered| to
the regeiving user. The controlling procedure is called COP-P and consists of a[FFOP-P, uged
on the|sending side of the service, and a FARM-P, used on the receiving sideefthe service.

Each glata transfer with one of the data transfer services has a service quality associated \xlith
it. Pagketized data units that are larger then the maximum frame size in.asynchronous franes
can b¢ transferred only by using the segmentation process, utilizing either the Sequerjce
Controglled service or the Expedited service.

2.2.3.2 Sequence Controlled Service

The Sequence Controlled service ensures that data‘are reliably transferred across the spgce
link and delivered in order, without gaps;~@rrors, or duplications within a single
commpnication session without COP-P resynchronization during the session (see 4.3.p).
This service is based on a ‘go-back-n’ type.of Automatic Repeat Queuing (ARQ) procedure
that ufilizes sequence-control mechanisms of both sending and receiving ends and a standard
report|(PLCW) returned from the receiving end to the sending end.

SDUs|supplied by a sending user for transfer with the Sequence Controlled quality of servjce
are ingerted into transfer frames as required and transmitted on a physical channel in the orgler
in whigh they are presented.~SDUs are passed to the receiving user via the identified port. The
retrangmission mecharism ensures with a high probability of success that:

a)| no SDU is,lost;
b)[ no SPY is duplicated,

c)| ho SDU is delivered out of sequence.

2.2.3.3 Expedited Service

The Expedited service is nominally used with upper-layer protocols that provide their own
retransmission features, or in exceptional operational circumstances such as during
spacecraft recovery operations.
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Expedited SDUs supplied by the sending user are transmitted without ARQ. At the sending
end, Expedited SDUs are transmitted on specified physical channels independently of the
Sequence Controlled SDUs waiting to be transmitted on the same physical channel. At the
receiving end, the SDUs are passed to the receiving user via the identified port. It should be
noted that Expedited SDUs may be sent once or multiple times, but they are not sent again as
a result of a request for retransmission. If such a request occurs it is performed outside the
purview of the protocol.

There is na guarantee that all Expedited SDUSs will he delivered ta the receiving user  If the
papket delivery service is used to transfer packets using segmentation in the Expedited
sefvice, then the service delivers only complete packets to the user.

NOTE - In Expedited service the capability is provided to deliver portions of user-defined
data units that are greater than the maximum frame size allowed for the link.
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3 PROTOCOL DATA UNITS
3.1 OVERVIEW—CONTEXT OF THE VERSION-3 TRANSFER FRAME

Figure 3-1 is the Proximity-1 protocol data unit context diagram.

A
Y

PLTU
ASM Version-3 Transfer Frame CRC
3 octets| variable length up to 2048 octets 4)Qctats

| A

Frame

Header Data Field
5 octets variable length up to 2043 octets

A

' options for the Data Field contents: !

one or more complete packet SDUs

segment with data from one packet SDU

reserved for CCSDBS use

User Defined Data

Figure3-1: Proximity-1 Protocol Data Unit Context Diagram

Annex J contains more a detailed decomposition of the Proximity-1 data formats.

3.2 VERSION-3 TRANSFER FRAME

3.2.20 VERSION-3 TRANSFER FRAME STRUCTURE

A Version-3 Transfer Frame shall encompass the following fields, positioned contiguously, in
the following sequence:

a) Transfer Frame Header (5 octets, mandatory);

b) Transfer Frame Data field (up to 2043 octets).
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NOTES

1 The Version-3 Transfer Frame is the PDU transmitted from the send side of the Frame
Sublayer at one end of a link to the receive side of the Frame Sublayer at the other
end of the link.

2 The maximum transfer frame length allowed by a particular spacecraft or ground
implementation on a particular physical channel may be less than the maximum
specified here.

3 The composition of the Version-3 Transfer Frame is shown in figure 3-2.
< VERSION-3 TRANSFER FRAME )
TRANSFER
FRAME TRANSFER FRAME
HEADER DATA FIELD
¢ 5 OCtetS »<¢ Up to 2043 OCtetS ..................................................... »

Figure 3-2: Version-3-Fransfer Frame

3.2.2 | TRANSFER FRAME HEADER
3.2.2.1 Summary of Header Fields

The Transfer Frame Header.\is mandatory and shall consist of ten mandatory fielfs,
positigned contiguously, inthe-following sequence:

a) | Transfer Frame-Version Number (2 bits);

b)[ Quality of Service (QoS) Indicator (1 bit);

c)| PDU_Type ID (1 bit);

d)| Data Field Construction Identifier (DFC ID) (2 bits);

e) Spacecraft Identifier (SCID) (see reference [3]) (10 bits);
f) Physical Channel Identifier (PCID) (1 bit);

g) Port ID (3 bits);

h) Source-or-Destination Identifier (1 bit);

i) Frame Length (11 bits);
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J) Frame Sequence Number (interpretation is QoS dependent) (8 bits).

NOTE - The format of the Transfer Frame Header is shown in figure 3-3.

e Transfer Frame Header (5 octets) ---------ocoooocoooioe »
c o
o — o)
[«b) — TN (D] —_
o 5|8 B 0 = 0| _ |5 S
eg|2 | O |25 E SOl 8 |5 = Z
) — PTS N LL D — N0 - — l@))
t2|(25| & /55| =22 (6% B (88| § o
$c|25| F |9 = E0 52| 5 |[@E — =
S| 2| o =8 S | SE Qg ® =3
T s | = - T = = ZE| £ |3 = &
& 5 | O |+ = Q > O o o - @ &
£33 o L5 8 Es| @ |5 T <
o S5 o o = o) S
c - w [¥)) (S
O C
2 bits | 1 bit | 1 bit 2 bits 10 bits | 1 bit | 3 bits | 1 bit 11 bits 8 bits
2 octets 2 octets 1 optet

Figure 3-3: Transfer Frame Header

3.2.2.2 Transfer Frame Version Number

3.2.2.2.1 Bits 0-1 of the Transfer Frame.Keader shall contain the Transfer Frame \Mersion
Number.

3.2.2.2.2 The Transfer Frame Version Number field shall contain the binary value 10°.

NOTE - This Recommended Standard defines the Version-3 Transfer Frame. Foif other
transfer frames ‘defined by CCSDS for use with other protocols (see refdrences
[H6] and [H7])-

3.2.2.3 Quality.of Service Indicator

3.2.2.3.1 <Bit 2 of the Transfer Frame Header shall contain the QoS Indicator.

3.2.2.3:2 The QoS Indicator shall indicate the transfer service:

a) The QoS Indicator is set to ‘0’ for a frame on the Sequence Controlled service.

b) The QoS Indicator is set to ‘1’ for a frame on the Expedited service.

NOTE - At the receiving end, the COP-P procedures check the frame sequence number of
frames on the Sequence Controlled service. Frames on the Expedited service
bypass the sequence number check.
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3.2.24 PDU Type ID
3.2.2.4.1 Bit 3 of the Transfer Frame Header shall contain the PDU Type ID.

3.2.2.4.2 The PDU Type ID shall specify whether the Transfer Frame Data field is
conveying protocol supervisory data or user data information.

a) The PDU Type ID is set to ‘0’ when the Transfer Frame Data field contains user data.

b) ThoDPDLL Tyvna lD ic cnt t
e T = L

ccon yvhon tha Trancf
DO Ty pPT To—5C T T

1 ar Cram
T—vvricTr e T TartoreTr— 1

O
J

NOTHS

1 When the PDU Type ID is ‘0’, the Data Field Construction ID-iadicates the
arrangement of user data in the Transfer Frame Data field.

2 The SPDUs are specified in 3.2.4.
3 A frame with PDU Type ID ‘0’ is called a U-frame, and.a frame with PDU Type (ID
‘1’ is called a P-frame.

3.2.2.% Data Field Construction ID

3.2.2.9.1 Bits 4-5 of the Transfer Frame Header_shall contain the DFC ID.

3.2.2.%.2 InaP-frame, the DFC ID is not used and shall be set to the binary value ‘00’.
3.2.2.%.3 In a U-Frame, the DFC ID-shall indicate the contents of the Transfer Frame Data

field as defined in table 3-1.

Table 3-1:-U-Frame Data Field Construction Rules

DFC ID Frame Data Field Content Subsection

00” Packets (integer number of 3.2.3.2
unsegmented packets)

‘01’ Segment Data (a complete or 3.2.33
segmented packet)

‘10’ Reserved for future CCSDS definition 3.2.34

‘11 User Defined Data 3.2.35
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3.2.2.6 Spacecraft Identifier
3.2.2.6.1 Bits 6-15 of the Transfer Frame Header shall contain the SCID.

3.2.2.6.2 The 10-bit SCID shall provide the identification of the spacecraft that is either the
source or the destination of the data contained in the transfer frame.

NOTES

1 The Source-or-Destination Identifier specified in 3.2.2.9 indicates whether the| SCID
identifies the source or destination spacecraft.

2 The procedures for the assignment of SCID values for use in Proximity-1 tfansfer
frames are specified in reference [3].

3.2.2.7 Physical Channel Identifier

3.2.2.7.1 Bit 16 of the Transfer Frame Header shall contain-the PCID.
NOTES

1 The PCID is intended primarily for a receiving system having two concufrently
operating transceiver units (primary anch backup, for example), where the PCID can
be used to select which receiver processes the received frame.

2 An implementation could treat, the PCID as a ‘don’t care’ value and receivg both
PCID 0 and PCID 1, using-the same set of MIB parameters and all state maghines,
including COP-P, for frames with either value.

3 For simplification of operations, if the receiving spacecraft has only one transponder
powered at a time,-the PCID should not be used for selection of the transponder,

3.2.2.7.2 If an implementation distinguishes between the two PCID values, each|PCID
physical channel shall have a completely separate set of MIB parameters and al| state
machines, ineluding COP-P.

3.2.2:8. " Port Identifier

3.2.2.8.1 Bits 17-19 of the Transfer Frame Header shall contain the Port ID.
3.2.2.8.2 In a P-frame, the Port ID is not used and shall be set to the value “0’.

3.2.2.8.3 In a U-frame, the Port ID shall identify the output port to which the 1/0 Sublayer
delivers the SDUs contained in the frame.
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NOTES

1 The Port ID can be used to address different physical or logical connection ports to
which user data are routed. For example, a Port ID could designate a physical data
port, such as a port to a spacecraft bus, or it could designate a process within the
connected command and data handling system.

2 There are eight ports, with Port ID values 0 through 7. CCSDS reserved Port 1D
values are specified in reference [H8].

3 The ports are independent of the physical channel assignment. Therefore, alh SDUs
that are addressed to the same Port ID are delivered to the same port, even ifithey are
transferred with different PCIDs.

3.2.2.9 Source-or-Destination Identifier

3.2.2.9.1 Bit 20 of the Transfer Frame Header shall contain the Source-or-Destination
ldentifier.

3.2.2.9.2 The sending node shall set the Source-or-Destination ldentifier to indicate the
conterjts of the SCID field as shown in table 3-2.

Tabje 3-2: Setting the SCID Field and Soure¢e-or-Destination Identifier When the
Frame Is Created

Sourde-or-Destination
Id¢ntifier Value SCIDField Contents Transmitted SCID
0 (= source) SCID_of spacecraft that is sending | MIB parameter
theframe over this link Local Spacecraft ID
1 (= destination) SCID of spacecraft that is intended | MIB parameter
to receive the frame over this link | Remote Spacecraft ID
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3.2.2.9.3 The behavior of a receiving node with respect to the SCID field and Source-or-
Destination Identifier shall be as shown in table 3-3.

Table 3-3: SCID Field and Source-or-Destination Identifier When the Frame Is

Received
Source-or- Subsection(s)
Destination Test_Source That Specify
Identifier Value Value SCID Used to Validate Behayior
0 (= source) true MIB parameter 6.24:2; 6.7.2 ¢)
Remote Spacecraft ID

0 (= source) false No test is performed 6.2.4.2;6.7.2 C)
1 (= destination) | true or false MIB Parameter Local Spacecraft 4D | 6.7.2 b)

NOTE - Assignment procedures for SCIDs in Proximity-1 transfer frames are controlled
by reference [3].

3.2.2.10 Frame Length

3.2.2.10.1 Bits 21-31 of the Transfer Frame Headet<shall contain the Frame Length.

3.2.2.10.2 This 11-bit field shall contain a length count C, which equals one fewer than the
totial number of octets in the transfer frame.

a) The count shall be measured from the first octet of the Transfer Frame Header{to the
last octet of the Transfer Frame Data field.

b) The length count C is expressed as: C = (total number of octets in the transfer frame) — 1.
NOQTE - The size of.the-Frame Length field limits the maximum length of a transfer|frame
to 2048 actets (C = 2047). The minimum length is 5 octets (C = 4).
3.2.2.11 Frame Sequence Number (Sequence Controlled or Expedited)

3.2.2.11.1.Bits 32-39 of the Transfer Frame Header shall contain the Frame Sequence
Number'(FSN).

3.2.2.11.2 The FSN shall increment monotonically and independently for the set of frames
assigned to a PCID that are associated with the Sequence Controlled service (QoS Indicator set
to ‘0’). In this case, the FSN is called the Sequence_Controlled_FSN (SEQ_CTRL_FSN).

3.2.2.11.3 The FSN shall increment monotonically for the set of frames assigned to a PCID
that are associated with the Expedited service (QoS Indicator set to “1’). In this case, the
FSN is called the Expedited FSN (EXP_FSN).
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NOTES

1 The FSN (controlled within the Data Services Sublayer) for each service is initialized
to ‘0’ by the SET INITIALIZE MODE directive (see 6.3.3.1.1.2).

2 The SEQ_CTRL_FSN enables the Sequence Controlled process to number
sequentially and then check the sequence of incoming Sequence Controlled transfer
frames.

3 The EXP_FSN is not used in the frame validation process but is required- for
correlations associated with timing services.

4 The FSN is PCID-dependent for both the Sequence Controlled and, -Expedited
services.

3.2.3 | TRANSFER FRAME DATA FIELD

3.2.3.1 General

The Tfansfer Frame Data field shall:
a) | follow, without gap, the Transfer Frame Header;
b)[ be of variable length;

c)| contain from zero octets up to the lesser of

-
~

1) 2043 octets (maximum frame‘length of 2048 less 5 octets for the frame heade
or

2) the MIB parameter Maximum_Frame_Length less 5 octets;

d)| contain either an integér number of octets of data corresponding to one or more SDUs
(U-frame), or an.integer number of octets of protocol information (P-frame).

NOTE - InaU-frame, the Transfer Frame Data field contains SDU data and other data
fietds based upon the DFC ID. (See figure 3-4.)
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Proximity-1 Transfer Frame
Fixed Length Header Variable Length (asynchronous)
Transfer Frame Header ]
Frame Data Field
- -] - |orc -
‘00’ Integer Number of Complete Packets
Segment Header
‘o1 Seg. | Pseudo Segment
Flags| Packet ID
10’ Reserved for CCSDS Use
‘w User Defined Data (Octets)

Figure 3-4: Proximity-1 Transfer Frame Data Field-Contents of a U-Frame

3.2.3.2 Packets in a U-frame

3.2.3.2.1 When the DFC ID field of a U-frame‘contains the binary value ‘00’, the [Frame
Data field shall consist of an integer number of:packets each designated to the same Hort ID
anfd PCID (see figure 3-4).

3.2.3.2.2 The first bit of the Frame Data field shall be the first bit of a packet header.

3.2.3.3 Segment Data Units'in a U-frame

3.2.3.3.1 When the DFCD field of a U-frame contains the binary value ‘01’, the [Frame
Data field shall contain-a segment data unit consisting of an 8-bit segment header followed
byla segment of a packet (see figure 3-4).

3.2.3.3.2 The‘contents of the segment header and segment data field shall be as follows:

a) bits*0 and 1 of the segment header compose the sequence flags, which ident{fy the
position of the segment relative to the packet of which the segment is a part as
specified in table 3-4;

b) the remaining 6 bits of the segment header compose an identifier field, the pseudo
packet identifier, which is adaptively used to associate all the segments of a packet
data unit;

c) segments are placed into the data link in the following order:

1) segments of the same packet shall be sent in frames of the same PCID and Port ID,

CCSDS 211.0-B-5 Page 3-9 December 2013
© 1SO 2015 — All rights reserved


https://standardsiso.com/api/?name=10d31a9f4aa36666fae2f05c1561f4a0

ISO 22663:2015(E)
CCSDS RECOMMENDED STANDARD FOR PROXIMITY-1 SPACE DATA LINK PROTOCOL

2) segments from another packet may be interspersed but only in frames containing
a different PCID or Port ID.

Table 3-4: Segment Header Sequence Flags

Sequence Flags Interpretation
‘01’ first segment
‘00’ continuing segment
‘10’ last segment
‘11’ no segmentation (i.e., contains the entire packet)

3.2.3.3.3 Prior to delivery to the user, the Data Link Layer shall re‘assemble all the
segments using the same Routing ID, i.e., using the same PCID, Port ID,.and pseudo packet
ID, info a packet.

NOTH - Subsection 1.5.1.2 should be consulted for the defifitions of Routing ID and
pseudo packet ID.

3.2.3.3.4 Only complete packets shall be delivered to the user.

3.2.3.3.5 The accumulated packet shall be discarded and this event shall be logged into the
session accountability report whenever any of thefollowing errors occur:

a)| the packet length field does not, agree with the number of bytes received and
aggregated from the segments;

b)| the first segment received for a Routing ID is not the start segment of the data unit;

c) | the last segment for aReuting ID is not received before the starting segment of a ngw
packet is received.
3.2.3.4 CCSDS Reserved Value (U-frame)

In a Uframe,-the binary value 10’ for the DFC ID field is reserved by CCSDS and shall not
be used.

3.2.3.5 User-Defined Data in a U-frame

When the DFC ID field of a U-frame contains the binary value “11’, the Frame Data field
shall consist of user-defined data (see figure 3-4).

NOTE - The user can choose to transmit only Transfer Frame Headers with the Frame
Data field consisting of zero octets.
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3.2.3.6 Transfer Frame Data Field Contents in a P-frame
In a P-frame, the Transfer Frame Data field shall consist of Supervisory PDUs (SPDUs).

NOTE - SPDUs are specified in 3.2.4.

3.24 SUPERVISORY PDU

3.741T Overview

THe protocol data units discussed below are used by the local transceiver either for local
coptrol within the transceiver, or for reporting status to and controlling* the femote
transceiver.

SHDUs are of either fixed or variable length based upon the value of the SPDU format ID.
Cyrrently there is only one fixed-length SPDU defined, i.e., PLCW.,~Variable-length PDUs
provide the capability for concatenating and multiplexing protocol objects, i.e., dirgctives
anf status reports. Each SPDU Type is further described in tables 3-5 and 3-6.

SHDUs can be transmitted using only the Expedited QoSy(QoS = “17).

SHDUs are all self-identifying and self-delimiting: Only variable-length SPDUs further
defompose into specific types of supervisory directives or reports. (See annex B for the
defailed specification of variable-length SPDUS.)

3.2.4.2 General

3.2.4.2.1 Fixed-length SPDUs shall consist of the following fields positioned contigiously
in the following sequence:

a) SPDU Header (2its) consisting of:
1) SPDU Format ID (1 bit),
2) SRDU Type Identifier (1 bit);

b) SPDU Data field (14 bits) consisting of either the data field of a fixed-length PLCW
or the data field of a CCSDS-reserved SPDU.

3.2.4.2.2 Variable-length SPDUs shall consist of the following fields positioned
contiguously in the following sequence:

a) SPDU Header (1 octet) consisting of:
1) SPDU Format ID (1 bit),
2) SPDU Type Identifier (3 bits),
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3) Data Field Length (4 bits) (this represents the actual number of octets in the data
field of the SPDU);

NOTE - Data Field Length is not a ‘length minus one’ field.

b) Supervisory Data field (variable length, i.e., 0 to 15 octets) consisting of one or more
supervisory directives or status reports of the same SPDU type.

3.2.4.3—Fixed-termgtrSPDU
3.24.3.1 General

A ‘1’ in the SPDU Format ID field shall identify a 16-bit fixed-length SPDU;~This format
provides for only two fixed SPDUs (see table 3-5), which shall be differentiated by the
SPDU Type ldentifier field:

a)| a ‘0’ in the SPDU Type ldentifier field identifies the SPDU asa PLCW,;
b)[ a “1” in the SPDU Type Identifier field is reserved for future CCSDS specification.

Table 3-5: Fixed-Length Supervisory,Protocol Data Unit

Fixed-Length SPDU
(16 bits) SPDU Header (2.bits) SPDU Data (14 bits)
SPDU SPDU (Contains 1 protocol object, i.e.,
Format Type directive or report or PLCW)
ID Identifier

(Bit0) (Bit 1) (Bits 2 through 15)

Type F1 ‘v ‘0’ Fixed Length PLCW

(see 3.2.4.3.2)
Type F2 ‘r ‘v Reserved for CCSDS Use

3.2.4.3.2 Type F1 SPDU: Proximity Link Control Word

3.24.3.21 General

3.24.3.21.1 The PLCW shall consist of seven fields positioned contiguously in the
following sequence (described from least significant bit, Bit 15, to most significant bit, Bit 0—
see figure 3-5):

a) Report Value (8 bits);
b) Expedited Frame Counter (3 bits);
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c) Reserved Spare (1 bit);
d) PCID (1 bit);
e) Retransmit Flag (1 bit);
f) SPDU Type Identifier (1 bit);

g) SPDU Format ID (1 bit).

3.2

N(

Bit O

.4.3.2.1.2 The PLCW shall be transmitted using the Expedited QoS (see 3.2.2.3).

DTE — The structural components of the PLCW are shown in figure 3-5. (See F4

NASA Mars Surveyor Project 2001 Odyssey PLCW definition.)

Bit

1.3 for

15

SPDU Header

SPDU Data Field

SPDU SPDU | Retrans- | PCID Reserved ExXpedited Report Value
Format Type mit Spare Frame (FSN)
ID Identifier Flag Counter 8 bits
1 bit 1 bit 1 bit 1 bit 1 hit 3 bits

Figure 3-5: Proximity.kink Control Word Fields

3.2.4.3.2.2 Report Value

3.2.4.3.2.2.1 Bits 8-15 of the PLLCW shall contain the Report Value.
3.2.4.3.2.2.2 The Report Value field shall contain the value of V(R) (see 7.3.2).
3.2.4.3.2.2.3 Separate Report Values shall be reported for each physical channel
inglependent of the 1/O port.

3.2.4.3.2.3.Expedited Frame Counter

3.2.4:3.2.3.1 Bits 5-7 of the PLCW shall contain the EXPEDITED_FRAME_COUNTER.

3.24.3.2.3.2 The EXPEDITED_FRAME_COUNTER shall provide a modulo-8 counter
indicating that Expedited frames have been received.

3.2.4.3.2.4 Reserved Spare

3.2.4.3.2.4.1 Bit4 of the PLCW shall contain a Reserved Spare bit.
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3.2.4.3.2.4.2 The Reserved Spare bit field shall be set to ‘0.

3.2.4.3.2.5 Physical Channel Identification
3.2.4.3.25.1 Bit 3 of the PLCW shall contain the PCID field.

3.24.3.25.2 The 1-bit PCID field shall contain the PCID of the physical channel with
which this report is associated. (See 6.2.3.10, ‘RECEIVING_PCID_BUFFER’.)

NOTH - Each PCID in use has its own PLCW reporting activated.

3.24.3.2.6 PLCW Retransmit Flag
3.24.3.2.6.1 Bit 2 of the PLCW shall contain the PLCW Retransmit Flag:

3.2.4.3.2.6.2 A setting of ‘0’ in the PLCW Retransmit Flag shall ifydicate that there are |no
outstapding frame rejections in the sequence received so far, and‘thus retransmissions are not
requirgd.

3.24.3.2.6.3 A setting of ‘1’ in the PLCW Retransmit‘Flag shall indicate that a receiVed
frame [left a frame sequence number gap and that a retransmission of the expected framg is
requirgd.

3.2.4.4 Variable-Length SPDU

3.24.4.1 General

A ‘0’ |n the SPDU Format ID /field shall identify a variable-length SPDU data field, which
may cpntain from 0 to 15 octéts of supervisory data.

NOTH - This form of SPDU uses bits 1 through 3 of the SPDU header to identify one|of
eight possible SPDU types, summarized in table 3-6. Currently three of these
eight_types are defined in the following two subsections. The remainder are
reseryved for future CCSDS specification.
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Table 3-6: Variable-Length Supervisory Protocol Data Unit

Variable-Length SPDU Header SPDU Data Field
SPDU (1 octet, fixed) (0-15 octets)
Format ID SPDU Type | Lengthof | (Contains 1 or more protocol
Identifier SPDU Data objects, i.e., directives,
Field reports)
(Pit N (Pitc 1 92 2\ (Pitc AL & 7\
=LY (DTS 1,Z2,9) (DTS, J,UT7)
Type 1 ‘0 ‘000’ Length in | Directives/Reports(s¢e note)
Octets
Type 2 ‘0’ ‘001 " TIME DISFRIBUTION PDU
Type 3 ‘0’ ‘010’ Status Reports
Type 4 ‘0’ ‘011’ " Reserved for CCSDS|Use
Type 5 ‘0’ ‘100° " Reserved for CCSDS|Use
Type 6 ‘0’ ‘101’ " Reserved for CCSDS|Use
Type 7 ‘0’ ‘110° y Reserved for CCSDS|Use
Type 8 ‘0’ ‘111° " Reserved for CCSDS|Use
NOTE - Directives and Reports can be multiplexed within the SPDU Data Field.

3.2.4.42 Type1lSPDU: Directives/Reports

An SPDU Type Identifier equal ‘to *000” shall identify a Type 1 SPDU with a datg field
coptaining from zero to seven 16-bit concatenated and multiplexed protocol objects, i.e.,
directives or reports.

NQTE - Variable-length SPDU Types are shown in table 3-6. Formats of variable{length

SPDU\data fields are defined in annex B.

3.2.4.4.3<Type 2 SPDU: TIME DISTRIBUTION PDU

3.2.44.3.1 An SPDU Type ldentifier equal to ‘001’ shall identify a Type 2 SPDU with a

data field containing from 1 to 15 octets of TIME DISTRIBUTION supervisory data.

3.2.4.43.2 Octet 0 of the data field shall contain the TIME DISTRIBUTION directive type,
followed by the actual time field value (1 to 14 octets).

NOTE - Variable-length SPDU Types are shown in table 3-6. Formats of variable-length
SPDU data fields are defined in annex B.
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3.24.4.4 Type 3 SPDU: Status Reports

An SPDU Type ldentifier equal to ‘010’ shall identify a Type 3 SPDU with a data field
containing from 0 to 15 octets of Status Report information.

NOTES
1 The format of these reports is enterprise specific and is left up to the implementation.
2 Provision 1s made In the protocol to identify when a status report Is requifed

(NEED_STATUS_REPORT) and when a status report is requested (see Type 1.SPDDU
Report Request, B1.6).
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4

DATA LINK LAYER

41 FRAME SUBLAYER

411 FRAME SUBLAYER FUNCTIONS

4.1.1.1 At the sending end, the Frame Sublayer shall perform the following functions:

a) accept frames supplied by the Data Services and MAC Sublayers and modify field

4.1

4.

Th
da

1.1.2 At the receiving end, the Frame Sublayer shall perform the-following functions:

1.2.1 Overview

values as necessary;
b) formulate PLCWSs and status reports as needed and incorporate them into-a-P-frame;
c) determine the order of frame transmission;

d) transfer the frames to the C&S Sublayer.

«

a) receive a frame from the C&S Sublayer;
b) validate that the received frame is a Version-3 Transfer Frame;

c) validate that the frame should be accepted,by the local transceiver based pn the
Spacecraft ID field and the Source-or-Destination ID of the transfer frame;

d) if the frame is a valid U-frame, routeitto the Data Services Sublayer;

e) if the frame is a valid P-frame, route the contents of the frame (SPDUSs) to thel MAC
Sublayer;

f) if the frame is a valid P-frame and contains a PLCW, route the PLCW to the¢ Data
Services Sublayer.

2 FRAME SELECTION FOR OUTPUT PROCESSING AT THE SENDING END

e Frame Sublayer provides the control for formulating the frame headers and the [SPDU
la fortransmission. The frame is delivered to the C&S Sublayer to be assembled|into a

PL

TY prior to delivery to the Physical Layer.

4.1.2.2 Frame Multiplexing Process Control

4.1.2.2.1 Frames shall be generated and sent when the TRANSMIT parameter (6.2.2.3) is
set to on. When the PLTU contents are ready for transmission and while TRANSMIT is on,
the data shall be transferred to the C&S Sublayer for processing.

CCSDS 211.0-B-5 Page 4-1 December 2013
© 1SO 2015 — All rights reserved


https://standardsiso.com/api/?name=10d31a9f4aa36666fae2f05c1561f4a0

ISO 22663:2015(E)
CCSDS RECOMMENDED STANDARD FOR PROXIMITY-1 SPACE DATA LINK PROTOCOL

4.1.2.2.2 When either NEED_PLCW or NEED_STATUS_REPORT (6.2.3.6) is set to true, the
required status and/or PLCW data shall be generated and inserted into a P-frame for delivery.
4.1.2.3 Frame Selection

Each time a frame is to be dispatched to the C&S Sublayer, its selection from a series of
sources shall be based on the following priority scheme:

a) [firstpriority s giverrtoa frame fronT the MAC quete i the MAC-Subtayer;
b)| second priority is given to a PLCW or status report, if U-frame_last_sent is trug;

c)| third priority is given to an Expedited frame from the Expedited Frame(gueue in the
1/0 Sublayer;

d)| fourth priority is given to a Sequence Controlled frame, first from’the Sent queugq if
required, and then from the Sequence Controlled Frame queue in-the 1/0 Sublayer;

e) | fifth priority is given to a PLCW or status report, if U-frame_last_sent is false.

NOTES

1 U-frame_last_sent is set to true on session.iitialization.

2 U-frame_last_sent is set to false whenever a PLCW or Status_report is sent.
3 U-frame_last_sent is set to true for-all other frames sent.

4 When PERSISTENCE is true, only supervisory protocol frames from the MAC
queue are sent. (See 4.2,2.5.1.)

4.2 MEDIUM ACCESSCONTROL SUBLAYER
4.2.1 | OVERVIEW.

The MAC Sublayer is responsible for the establishment and termination of edch
commpnications session. It is also responsible for any operational changes in the Physical
Layer|configuration made during the data services phase.

Some of the operations performed by the MAC Subtayer Tequire a handshaking process
between the sending transceiver and the responding transceiver. This handshake is often
based upon interpretation of values of the Physical Layer control signals, i.e.,
CARRIER_ACQUIRED and SYMBOL_INLOCK_STATUS. Because of the potential for loss of
an inter-transceiver control message because of corruption across the space link, MAC
control activities require a ‘persistence’ process to ensure that the expected results of an
activity are verified before any other activity is started. This process is generically defined
as a persistent activity.
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422 MAC CONTROL MECHANISMS
4.2.2.1 Overview

The following mechanisms are used to coordinate and control operations between the MAC
and other sublayers.

4.2.2.2 PERSISTENCE

4.2.2.3 Discussion

A persistent activity is a process for ensuring reliable communication betweera calleff and a
regponder using the Expedited QoS while transmitting from the MAC quelie; ~Because|of the
potential for frame loss due to corruption across the space link, these MAC control activities
require a persistence process to ensure that supervisory protocol djrectives are receivgd and
acted upon correctly.

Persistence activities can be linked in series to accomplish-atask, but persistence applies to
onfy a single activity at a time. Each persistent activity is‘aamed and consists of one of more
actions (e.g., issuing selective directives), followed hy-a*WAITING_PERIOD during which a
specific RESPONSE is expected. The protocol defings three persistent activities: hailing, i.e.,
segsion establishment (see 6.2.4 and tables 6-8 and 6-11); COMM_CHANGE (see 6.2.4 and
tables 6-9 and 6-12); and resynchronization (se&7.2.3.2 and 7.2.3.3).

4.2.2.4 Persistence Activity Parameters

THe parameters associated with.a-persistent activity are described below; their values vary
baked on the activity to be performed, and are defined per activity in the MIB (see anngx C):

a) ACTIVITY: the name of the persistent activity;

b) WAITING_PERIOD: the amount of time specified for the RESPONSE to be regeived
before the-process declares that the activity is to be either repeated or aborted,;

Cc) RESPONSE: the acknowledgement by the responder that the persistent activity has
been-accepted;

d) "\NOTIFICATION: the message provided to the local vehicle controller, e.g., spagecraft

C Nkl hyv fhn eallor and racnandar tinan cirincsnce Ar fartliirn Af tha narcictant Aty /It .
COLLT T U_y e vurirer urru |\Jd|~JU| LA%AY2 | ur-lu" SJULULVLOO VT TUurrurev vr uiv rJ\J JIJtorit uotil y

e) LIFETIME: the time period during which the persistent activity will be repeated until
the expected RESPONSE is detected.

NOTE - The LIFETIME can be locally defined in terms of a duration or a maximum
number of times this activity will be repeated before the activity is aborted.
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4.2.2.5 Persistent Activity Process

4.2.2.5.1 Upon initiation of a persistent activity, the PERSISTENCE signal shall be set to
true.

4.2.2.5.2 While PERSISTENCE is true the Frame Sublayer shall select frames only from the
MAC queue for output.

4.2.2.5.3 The success or failure of the activity shall be determined by the detection of the
expecled RESPONSE within the activity’s LIFETIME.

4.2.2.%.4 If the RESPONSE is not detected within the activity’s LIFETIME, the activity shall
be degmed failed and aborted.

42255 NOTIFICATION of the activity’s success or failure shall be communicated back| to
the vehicle controller, at which time the PERSISTENCE signal shall be set-to false.
42.2.6 MAC _FRAME_PENDING

4.2.2.6.1 The MAC_FRAME_PENDING parameter shall:be provided from the MAC
Sublayer to the Frame Sublayer.

4.2.2.6.2 The MAC_FRAME_PENDING shall be:set to true when a complete frame|is

loaded into the MAC queue.

4.2.2.6.3 MAC_FRAME_PENDING shall be set to false when the last bit of the frame| is
extracted from the MAC queue.

4.2.3 | DIRECTIVE DECODER

Implementations of the RProximity-1 Space Link Protocol shall include a Directive Decodler
functipn for processing.Supervisory protocol directives defined in 3.2.4 and annex B.

NOTH - The Directive Decoder is a function that decodes supervisory protocol directiyes
received either from the local Proximity link controller or from the remote
vehicle controller. The directive decoder processes the received directives,

setting the configuration (state and parameters) of both the Physical and Data
Link Layers

424 MAC BUFFERS
4.2.4.1 SENT_TIME_BUFFER

The SENT_TIME_BUFFER shall store all of the egress clock times, associated frame
sequence numbers, and QoS Indicator when time tag data is collected.
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4242 RECEIVE_TIME_BUFFER

The RECEIVE_TIME_BUFFER shall store all of the ingress clock times, associated frame
sequence numbers, and QoS Indicator when time tag data is collected.

NOTE - Management of the MAC buffers is an implementation detail.

4.3 DATASERVICES SUBLAYER

4.3.1 OVERVIEW OF FUNCTIONALITY
4.3.1.1 Send Side Functionality

The send side:

a) runs the FOP-P process;

b) processes received PLCWs;

c) acknowledges delivery of complete SDUs to the 1/O Sublayer;
d) provides frame accountability to the 1/O Sublayer;

e) accepts either an Expedited or a Sequence‘Controlled frame from the 1/0 Sublayer.

4.3.1.2 Receive Side Functionality

The receive side:
a) runs the FARM-P process;

b) accepts U-frames from the Frame Sublayer.

4.3.2 GENERAL

.3.2.1 The\Data Services Sublayer shall control the order of transfer of the usqr data
(including:user-supplied directives) that are to be transmitted within the session.

4.3.2:2° The Data Services Sublayer shall provide the following two qualities of servige:

a) Expedited service shall ensure transmission without errors of Expedited frame data in
the order received;

b) Sequence Controlled service shall guarantee that data within a communication
session are delivered in order without errors, gaps, or duplications.

NOTES
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The guarantee of reliable data delivery by the Sequence Controlled service

is

constrained to a single communication session without COP-P resynchronization.
Sessions in which COP-P resynchronization occurs may result in duplicate or lost

data, because of factors outside the scope of the Proximity-1 protocol.

The mechanisms provided in this specification will not eliminate duplicate data
associated with the transition between the end of one session and the beginning of the

next. Elimination of this problem is left to the controlling data system.

4.3.3

The G
betwe

These services are provided by COP-P. The Data Services sending operations
described in 7.2, and the Data Services receiving operations are described in 7.3.

OVERVIEW OF THE COP-P PROTOCOL

en them. The sender delivers frames to the receiver. The receiver accepts all v

Expedited frames, and valid Sequence Controlled frames that arfive in sequence. T

receiv,
feedbs
never

Concd
and re

er provides feedback to the sender in the form of a RCCW. The sender uses t
ck to retransmit Sequence Controlled frames when necessary. Expedited frames
Fetransmitted by the COP-P protocol.

ceiver functionality as shown in figure 4-1, COP-P Process.

Communications

Channel )
Sender Node Receiver Node

Forward FOP:P ) FARM-P

Link V(S) V(R)
Return FARM-P FOP-P

LinkK V(R) <mm V(S)

~CNe
Notes: "

OP-P protocol is used with one Sender Node, one Receiver Nede; and a direct Ijnk

Are

lid
he
Nis
Are

rrent bi-directional data transfer is a capability:.In this case, each node has both sendler

1  The User data frames (U-frames) in the forward link contain the
frame sequence number N(S). The U-frames in the return link contain
the frame sequence number N(S)g.

2  The PLCW Supervisory protocol frames (P -frames) in the forward link
are reporting return link progress and contain the frame sequence
number N(R)g. The P-frames in the return link are reporting forward
link progress and contain the frame sequence number, N(R).

Figure 4-1: COP-P Process
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Both the Sender Node and the Receiver Node contain two types of procedures: the send side
procedures, i.e., the FOP-P; and the receive side procedures, i.e., the FARM-P.

The FOP-P drives the Expedited and Sequence Controlled services. It is responsible for
ordering and multiplexing the user-supplied data and maintaining synchronization with the
FARM-P. It initiates a retransmission when required. If a valid PLCW is not received in a
reasonable time period (defined by the MIB parameter, Synch_Timeout), the Sender Node’s
FOP-P notifies the local controller that it is not synchronized with the Receiver Node’s
FARM-P_ If the MIB parameter Resync | acal pqnnlq false it is the rpelnnnqihili'ry of the
logal controller to decide how synchronization will be re-established. Otherwise, thiex$ender
N@de’s FOP-P forces a resynchronization by executing the SET V(R) activity.

The FARM-P is data-driven, i.e., it simply reacts to what it receives fromcthe FOP1P and
provides appropriate feedback via the PLCW. The FARM-P utilizes the.services of thg C&S
Sublayer to verify that the frame was received error free. The FARM-P depends uppn the
Frame Sublayer to verify that the frame is a valid Version-3 Transfer Frame and [that it
shpuld be accepted for processing by the Data Services Sublayer.

The FOP-P and FARM-P procedures control both Expedited and Sequence Controlled
quglities of service.

4.3.4 DISCUSSION—INTERFACE TO HIGHER SUBLAYER
FQP-P provides frame level accounting, i.€.,; V(S) and VE(S) to the I/0 Sublayer for| every
Seguence Controlled and Expedited frame-it numbers.
4.4 INPUT/OUTPUT SUBLAYER

44.1 FUNCTIONS

44.1.1 Sending. The,t/O Sublayer shall

a) accept for transfer the data for which the user specifies:
1) 4he required QoS,
2)- the output Port ID,

2 DNt (icpr Aata L diraptininc)
ul LI "4 Y4 LyPC \UJCI uautaa T uIIC\;LIVCJI,

4) the frame data field construction rules to build a Version-3 Transfer Frame (see
3.2.2.5),

5) Remote_Spacecraft_ID,
6) PCID,

7) Source-or-Destination Identifier;
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b) using the wvalue of the MIB parameters Maximum_Packet Size and
Maximum_Frame_Length (see annex C), organize the received data (including
metadata) to form the Frame Data Unit and the Transfer Frame Header (frame
sequence number shall be set to null);

NOTE - This process determines how to integrate the received packets into the
frames. It includes segmenting packets (asynchronous data links) when their
size is too large to fit within the maximum allowed frame size.

c) [ notify the user when an Expedited SDU is radiated,

d)| notify the user when a Sequence Controlled SDU has been successfully transferted
across the communications channel.

4.4.1.2 Receiving. The I/O Sublayer shall
a) | receive U-frames accepted via the lower sublayers;
b)[ assemble received segments into packets and verify that each-packet is complete;

c)| deliver only complete packets to the user (length ofthe rebuilt packet must match
packet length field), and discard incomplete packets;

d)| deliver the packets/user-defined data via the sp&cified output Port ID in the U-framne
header.

442 | INTERFACE TO THE LOWER SUBLAYERS

4.4.2.1 For received U-frames the 1/O 'Sublayer shall provide two queues, Expedited qugue
and Spquence Controlled queue,«capable of supporting the maximum data rate expected
using the communications channelwith that transceiver.

4.4.2.2 The I/O Sublayershall

a)| pass SDUs thatrequire the Sequence Controlled service via the Sequence Controlled
queue;

b)[ pass SDUs that require the Expedited service via the Expedited queue.

4.4.2.3 ~For Sequence Controlled service, the 1/O Sublayer shall

a) maintain an association between each SDU provided to the Data Services Sublayer
and the frame sequence number of the frame which contains the last octet of that
SDU;

b) evaluate NN(R) (see 7.2.2) to validate that a complete SDU was received from the
Data Services Sublayer;

c) notify the user when acknowledged transfer of the SDU has been accomplished.

CCSDS 211.0-B-5 Page 4-8 December 2013
© 1SO 2015 — All rights reserved


https://standardsiso.com/api/?name=10d31a9f4aa36666fae2f05c1561f4a0

ISO 22663:2015(E)
CCSDS RECOMMENDED STANDARD FOR PROXIMITY-1 SPACE DATA LINK PROTOCOL

443 1/0 SUBLAYER QUEUES AND ASSOCIATED CONTROL SIGNALS

4.4.3.1 While any data units are stored within the Sequence Controlled Frame queue,
SEQUENCE_CONTROLLED _FRAME_AVAILABLE shall be true; otherwise, it shall be false.

NOTE - The Sequence Controlled Frame queue contains Sequence Controlled frames that
are ready for transmission but have not yet been sent. This name is abbreviated
to ‘SEQ queue’ in FOP-P State Table Events (7.2.3).

4432 While any data units are stored within the Expedited Frame(- fueue,
EXPEDITED_FRAME_AVAILABLE shall be true; otherwise, it shall be false.

NQTE - The Expedited Frame queue contains Expedited frames that-are reagly for
transmission but have not yet been sent. This name is abbreviated to| ‘EXP
queue’ in FOP-P State Table Events (7.2.3).

4.4.3.3 When the Data Services Sublayer extracts a frame from either queue, that frame is
pefmanently removed from the queue, and the appropriate framé available parameter is re-
evpluated.

NOQTE — The local directive, CLEAR QUEUE (Queue Type) allows for the clearing of
frames based upon the queue type specified in the directive.
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5 PROXIMITY-1 TIMING SERVICES
5.1 OVERVIEW

The Proximity-1 protocol specifies two timing services for both time tagging transfer frames as
well as transferring time to a remote asset. These two timing services can support a time
correlation function that is outside the scope of this specification. They are specified here solely
in an abstract sense and specify the information made available to the user in order to execute
this_functionality.  The way in which a specific implementation makes this information
avpilable is not constrained by this specification. In addition to the parameters specifiéd)pelow,
an| implementation can provide other parameters to the service user (e.g., parametérs for
controlling the service, monitoring performance, facilitating diagnosis, and so on),

5.2 TIME TAG RECORDING

NOTE - The following method specifies the time tagging of Rroximity-1 transfer frames
exchanged between two Proximity-1 transceivers” (initiator/responder)| upon
ingress to and egress from a Proximity transceiver (two-way) depicfed in
figure 5-1, Proximity Time Tag Recording.

5.2.1 When time tagging is active, a Proximity-X’transceiver shall record the time |of the
trgiling edge of the last bit of the ASM of every~incoming and every outgoing Proximity-1
transfer frame of any type when available as required in reference [5].

5.2.2 The egress/ingress captured time:tags shall correspond to when the trailing efige of
last bit of the ASM of the outgoing/received PLTU crosses the clock capture point
(defined by the implementation) within the transceiver.

5.2.3 All recorded time tags-shall be correlatable to when the trailing edge of the last bit of
the¢ ASM of the outgoing/received PLTU crossed the time reference point.

5.2.4 The referencepoint for all timing calculations shall be defined by the enterprise}

5.2.5 Timinglservices require the transceiver’s MODE to be active and operating |in the
D4ta ServigesiSublayer.

NOTE ‘- Timing services can occur in full, half-duplex, or simplex operations. Timing
services can occur concurrently with other data transfer activities.

5.2.6 To perform time tag capture, the vehicle controller shall instruct the initiating
transceiver (initiator) to build and send a SET CONTROL PARAMETERS directive to the
responder to capture its time tag measurements.

5.2.7 After processing this instruction/directive, the MAC Sublayer of both transceivers
shall capture the local time reference and associated frame sequence numbers over the
commanded interval (i.e., for the number of frames defined within the Time Sample Field of
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the directive) as depicted in figure 5-1 and package the collection of time tags and metadata
(time + sequence number + direction + QoS Indicator) for transfer to the time correlation
process.

NOTES
1 MAC buffer requirements for ingress and egress clock times are specified in 4.2.4.

2 The way in which these two data sets are built and possibly transferred and correlated
is outside the scope of this specification (though some comments on time correlation
follow below).

INITIATOR Package the collection of

tags (time +sequence numbep) for

StartlTlme Tag transfer to time Correlation” Process
Colleftion Process
IIn /I\

dommand

11 12 13
IE1 IE2 IE3 En Initiator’s clock time

SET
CONTROL
ARAMETERS
directive
RE4 .
RE1 ), RE3 REn Remote’s clock time
RIL Ri2

RI3 RIn

Key:
| = Ipitiator R = Responder
= fgress | =Ingress

n = frame Sequence,(i@\?

\Z
Package the collection of
tags (time +sequence number) for

R ESPON D E R transfer to time Correlation Process

Figure 5-1: Proximity Time Tag Recording

5.3 TIME CORRELATION PROCESS

NOTE - When time correlation data sets can be transferred, the time correlation process
can be performed. The actual implementation details of this process are outside
the scope of this specification.

The time correlation process shall have access to the following information:
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a) both initiator and responder’s data sets (time tags, sequence counts, direction, QoS
Indicator);

b) the relationship of one of the transceiver’s clocks to UTC;

c) all applicable path losses and delays associated with the end-to-end time tagging
process;

NOTES

1 It is up to the spacecraft implementer to measure and evaluate impact of ah path
losses and delays between the antenna and the radio antenna port.

2 It is up to the radio implementer to measure and evaluate impact-of all path|losses
and delays internal to the radio.

3 The internal radio path delays are a function of the @pplied encoding ¢ption,
symbol rate, modulation/demodulation mode, etc., and possibly implementation
dependent elements (e.g., hardware type and configuration).

d) time code formats per transceiver (reference [4]):

NOTES
1 Time tag direction is labeled as eitheregress or ingress.
2 Simultaneous collection of timie tag data in both directions provides accuracy.

5.4 TRANSFERRING TIME TO A REMOTE ASSET

5.4.1 A Proximity-1 transceiver shall provide the capability of distributing time to a femote
asget.

NOTES

1 Indepenidently from the capabilities of implementing the time correlation process,
Praximity-1 systems have the possibility of coordinating their time reference.

2 In order to transfer accurate time to a remote asset (i.e., the responder), the initiator

neads ta maintain a2 carralation to the mactar clack for the antarnrice and it |0ca|
ReeastoMathta—a—-GoHetatiohtotheMaSterGlock—teltRe—enterpHseaha—Hs

Proximity clock.

5.4.2 The method for transferring time to a remote asset shall consist of the following steps
(see figure 5-2):

5.4.2.1 Optionally,
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a) prior to the desired transfer of enterprise time to a remote node, the initiator’s vehicle
controller, based upon the mission’s accuracy requirements, shall acquire/determine
the one-way light time between itself and the remote node for the instant that the
transfer is initiated;

b) the vehicle controller shall add that amount of time to the enterprise time for when
the transfer is initiated;

c) this computed time shall be formatted as a CCSDS Unsegmented Time Code
(reference [4])-

5.4.2.2 At the desired time the vehicle controller shall command its transceiver |to
formulate a TIME DISTRIBUTION directive including the predetermined enterprise time, the
interngl sender path delay, and (if used) One Way Light Time (OWLT) propagation delay
that is|to be transmitted over the Proximity link.

5.4.2.3 The initiator shall then transmit the TIME DISTRIBUTION diregtive.

5.4.2.4 Upon receipt of the TIME DISTRIBUTION directive, thexesponder shall set its cldck
to thg transmitted enterprise time and optionally determine”based upon the missiop’s
accurgcy requirements, whether it needs to add the sender:-path delay, OWLT, and its oyn
path delay to the transmitted enterprise time before applying it.

NOTH - To distribute time more accurately t0. a remote asset, the above-mentioned
method requires that the following infermation be known:

a) the initiator’s time accuracy, €rror;

b) the maximum delay fromrthe time of the vehicle controller’s request until the
TIME DISTRIBUTIQN directive is transmitted;

c) the accuracy of-the OWLT computation;

d) the delay from the time of receipt of the TIME DISTRIBUTION directive until
it is loaded into the remote system master clock.
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INITIATOR

Compute enterprise  Instruct transceiver to send a
time that is to be TIME DISTRIBUTION directive
sent to responder to the responder containing
the enterprise time for the
remote asset
v
Initiator’s clock time

TIME \
DISTRIBUTION
directive

;\I, . Remote’s clock timd

Extract the enterprise time from
the TIME DISTRIBUTION directive
providing it to the responder’s
master clock

RESPONDER

Figure 5-2: Transferring Time to a Remote Asset
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6 DATA SERVICES OPERATIONS
6.1 OVERVIEW

Section 6 consists of a comprehensive set of state tables, state variable descriptions, and state
diagrams for Proximity-1 data services operations. Table 6-1 provides a roadmap to help
navigate through this section.

Table 6-1: Proximity-1 Data Services Operations Roadmap

Applicable Proximity-1 Applicable State Applicable State
Operations State Tables Transition Tables Transition Diagram
Full Duplex Tables 6-2, 6-3 Session Establishment | Full,Duplex
and Data Services: Operations: figuye 6-1
table 6-7

COMM_CHANGE:
table 6-8

Session Termination:

table-6-9

Half Duplex Tables 6-2, 6-4 Session Establishment | Half Duplex
and Data Services: Operations: figure 6-2
table 6-10

COMM_CHANGE:
table 6-11

Session Termination:

table 6-12

Simplex Tables 6-2, 6-5 Simplex State Simplex Operatigns:
Transition Table: table | figure 6-3
6-13

6.2 PROXIMITY-1STATE TABLES

6.2.04+ OVERVIEW

The operating states for the Proximity-1 protocol are shown in tables 6-2 through 6-5. These
states are dependent on four state-controlling variables: MODE, DUPLEX, TRANSMIT (T),
and SUB-STATE (SS). The Receive and Send State Descriptions consist of the values off, on,
synchronous (channel), and asynchronous (channel). Currently, Proximity-1 is solely
defined for asynchronous data links. (See 1.5.1.2 for these definitions.)
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Table 6-2: States Independent of the DUPLEX Variable

G-9-0'TT¢ SASID

Name

State State
Description

Réceive
State
Desc.

Send
State
Desc.

MODE

SS

Descr

ption

S1 Inactive

off

off

inactive

off

The only actions that are pe
in response to local directi
Services operational varia|
values can be modified and

mitted in state S1 are those
es. In this state the Data
bles and MIB parameter
their status read via local

directives from the local controller. When the protocol

enters this state the variable
initialized. ~ The Local
directive forces entry to this

5 identified in table 6-6 are
BET INITIALIZE MODE
btate.

Z-9 abed

S2 | Waiting for Hai

on

off

connecting-L

off

In this state, receiving operalions are enabled. FARM-P

operations are enabled but o
supervisory directives; i.e., t
TYPE ID = “1". It should be
operations are enabled so tha
permitted.

ly for processing received
ansfer frame header PDU

noted that only receiving

t transmission is not

S80 | Reconnect

on

off

active

off

In/this state, the caller attemy
Prox-1'session by reconnecti
follows:the,caller’s transmit
Drop_Carrier.Duration) to f
carrier lock and‘transition inf
Hail. The FARM-P ‘and FOP
and responder are not-reset.

ts to maintain the current
ng with the responder as
er is turned off (for

brce the responder to drop
0 State S2: Waiting for
-P variables of the caller

£T0Z Jaquwiaeq
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Table 6-3: States When DUPLEX = Full

ISO 22663:2015(E)

Receive Send
State State State
Name | State Description Desc. Desc. MODE T SS Descrption
S31 | Start Hail Actio on async | connecting-T on 1 | Inthis state the Hail activity ftarts with the radiation of
the carrier signal.
S32 | Send Hail on async | connecting-T on 2 | In this state the idle pattern i$ radiated to achieve symbol
Acquisition lock with the hailed remote ynit.
S33 | Send Hail on async ““zconnecting-T on 3 | Inthis state the HAIL directiyes: (if present) SET_PL
Directives EXTENSIONS,
SET_TRANSMITTER_PARAMETERS (if present),
SET PL EXTENSIONS,
SET_RECEIVER_PARAMETERYS) in that order are
radiated in one Proximity-1 transfer frame to initiate a
session with the hailed remote unit, i.e., the responder.
S34 | Send Hail Tail on async | connecting-T on 4 | In this state the idle pattern i$ radiated to allow the
HAIL directives to be received and processed through
the decoding chain of the responder.
S35 | Wait for Hail on async | connecting-T off 5 1 In this state the transmitter ig/turned off and the receiver
Response awaits a response from the hgiled remote unit.
S41 | Radiate Carrier on sync active on 1 | Inthisstate the receiver is or) and ready to process all
Only received data-while the transmission process is started
with carrier radjation only.
S42 | Radiate on sync active on 2 | Inthis state the receiver is or) and processing all

Acquisition Idle

received data while the'trans
achieve bit lock with a poten

mission process is trying to
ial partnered transceiver,

i.e., the caller transceiver.
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Receive Send
State State State
Name | State Description Desc. Desc. MODE T SS Descr{ption
S40 | Data services on sync active on 0 In this state data transfer seryices controlled by the
COP-P protocol are conducted with a partnered
transceiver.
S48 | COMM CHANGH on sync active on 6 This state is involved with the protocol actions required
B to perform a data rate or freguency change with a
partnered transceiver. This gtate contains numerous
sub-states whose transitions @re described in table 6-8.
S45 | Terminating Tall on sync active on 4 | In this state the receiver is or) and processing all
received data while the transmission process is
terminating. (See table 6-9.)
Table 6-4: States When"DUPLEX = Half
Receive Send
State State State
Name | State Descriptipn Desc. Desc. MODE T SS Descr{ption
S11 | Start Hail Actiop off async | connecting-T on 1 | In'this.state the Hail activity starts with the radiation of
the catrier signal.
S12 | Send Hail off async | connecting-T on 2 | In this state.the.idle pattern i$ radiated to achieve symbol
Acquisition lock with the hailed remote Unit.
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O
% Receive Send
7 State State State
E Name | State Descriptipn Desc. Desc. MODE T SS Descr{ption
o . .
W S13 | Send Hail off async | connecting-T on 3 | Inthis state the HAIL directiyes: (if present) SET_PL
o Directives EXTENSIONS (transmit),
SET_TRANSMITTER_PARAMETERS (if present),
SET PL EXTENSIONS (rective),
SET_RECEIVER_PARAMETERS) in that order are
radiated in one Proximity-1 transfer frame to initiate a
session with the hailed remote unit, i.e., the responder.
S14 | Send Hail Tail off async | connecting-T on 4 | In this state the idle pattern i$ radiated to allow the
HAIL directives to be received and processed through
the decoding chain of the responder.
o
D g o -
Q S36 | Wait for Hail on off connecting-F off 5 | In this state the transceiver apvaits a response from the
2 Response called remote unit.
S51 | Radiate Carrier off sync active on 1 | In this state the transmission [process is started with
Only carrier radiation only.
S52 | Radiate off sync active on 2. | In this state the transmission [process is trying to achieve
Acquisition Idlg symbol lock with a potential [partnered transceiver.
S50 | Data Services off sync active on 0 | Inthis state the user data trarjsmission process functions.
(send)
S54 | Terminate Reply off sync active on 3 | Inthis state the transmission jprocess is sending the
g termination directive.
@D
3 S55 | Tail before Quit off sync active on 7 | In this state the transrission [process is sending the
< terminating tail sequence-Bits.
S
H
w
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@)
g Receive Send
7 State State State
§ Name | State Descriptipn Desc. Desc. MODE T SS Descr{ption
o .
W S56 | Token Pass or off sync active on 6 | In this state the transmission [process is sending either a
o COMM_CHANGE token or the COMM_CHAN[GE directive.
S58 | Tail before Swifch off sync active on 4 | In this state the transmission [process is sending the
terminating tail sequence bitg.
S60 | Data Services on off active off 0 | Inthis state the receiver is prpcessing received data.
(receive)
S61 | Awaiting First on off active off 1 | In this state the receiver is on, waiting receipt of the first
Frame frame for processing.
- S62 | Wait for Carrien on off active off 2 | Inthis state the receiver is or), waiting for the
<§ CARRIER_ACQUIRED Physical Layer signal to
o) transition to true.
[ep}
Table 6-5: States When DUPLEX = Simpfex (Receive or Transmit)
Receive Send
State State State
Name | State Description Desc. Desc. MODE T | SS Descrjption
S71 | Simplex Transniit off on active on 0 In this state_only th_e .transm|35|.on opera_tlor.15_are
enabledwhile receiving opefations are inhibited.
. Simplex Receive on off active off 0 In t_hIS state o.nl)./ the recelylr g ope_ratl_or?s are enabled
o S7 while transmisSion, operatiorjs are inhibited.
3
3
o
@
N
o
H
w
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6.2.2 STATE CONTROL VARIABLES

NOTE - These variables are contained within the Proximity-1 State Tables: MODE,
DUPLEX, TRANSMIT, and SUB-STATE.

6.2.2.1 MODE

The MODE parameter provides control information for operations within the Data Link
Layer, and control operations within the Physical Layer. The following states of MODE (set
vig the local SET MODE directive) shall be allowed:

a) inactive: In the Inactive state the transceiver’s transmitter and receiver arg¢ both
turned off.

b) connecting-T: In the Physical Layer, the connecting-transmitystate in full guplex
dictates that the receiver (sequentially in half duplex) and tragSmitter are powered on
and enabled to process received frames, and that the transmitter is enabled for
asynchronous channel operations. (In half duplex, only-the transmitter is pgwered
on.) The Hail activity is conducted while MODE is cannecting-T.

c) connecting-L: In the connecting-listen state, the.receiver is powered on and epabled
to process received frames while the transmitter-is turned off.

d) active: In the Active state when DUPLEX is “full’ the receiver is powered ¢n and
enabled to process received frames;::the transmitter is enabled for synchronous
channel operations responding to the‘control of the TRANSMIT parameter.

NOTE - The local SET INITIALIZE'MODE directive puts MODE into the inactive stgte and
initializes the COP-P variables described in 6.3.3.1.1.2, SET INITIALIZE MPDE.

6.2.2.2 DUPLEX

ThHe DUPLEX parameter identifies the physical channel communications characteristics so
that the protocol can perform within the transceiver’s operational constraints. The following
vajues of DUPLEX (set via the local SET DUPLEX directive) shall be allowed:

a) full: _Both the receiver and transmitter are simultaneously enabled.

b)y<.half: Operation switches between receiving and transmitting within a communigations
session, with only the receiver or the transmitter enabled at one time

c) simplex transmit: The transmitter is enabled but not the receiver.

d) simplex receive: The receiver is enabled but not the transmitter.

CCSDS 211.0-B-5 Page 6-7 December 2013
© 1SO 2015 — All rights reserved


https://standardsiso.com/api/?name=10d31a9f4aa36666fae2f05c1561f4a0

ISO 22663:2015(E)
CCSDS RECOMMENDED STANDARD FOR PROXIMITY-1 SPACE DATA LINK PROTOCOL

6.2.2.3 TRANSMIT

The TRANSMIT parameter is used to control Physical Layer operations when MODE is not
equal to inactive. The following two states for TRANSMIT shall be allowed:

a) off: The Physical Layer is signaled to transition the transmitter to off.

b) on: The Physical Layer is signaled to transition the transmitter to on.

6.2.2.4 SS(SUB-STATE)

The S§ variable shall be used

a) | to keep track of sequencing through Proximity-1 states in response to-events in ordler
to uniquely identify these states;

b)| to determine what data to load into the output FIFO (see table 6<14).

6.2.3 | OPERATIONAL CONTROL VARIABLES
6.2.3.1 X (Session Termination)

X (Sepsion Termination) shall be used to track the“sub-states of the full and half duplex
session termination process. In half duplex,..it;is shared between receive and transmit
functipnality. The values and definitions of the states of X are as follows:

a)[ X=0: Bi-directional data passingdmnprogress. Neither transceiver has declared that it
is out of data to send. Used infull and half duplex.

b)[ X=1: Local transceiver«informed that there is locally no more data to send, ile.,
LOCAL_NO_MORE_DATA (LNMD). Used in half duplex only.

c)| X=2: Local transceiver has received the LNMD local directive and is sending the
REMOTE_NO ¢MORE_DATA (RNMD) directive to the remote transceiver. When |an
RNMD directiye is received in this state, session termination begins. Used in full gnd
half duplex.

d)| X=3:~Local transceiver has data to send and it has received an RNMD directive from
the.remote transceiver. Used in half duplex only.

e) X=4: Local transceiver has received the RNMD directive. When there is locally no
more data to send, an RNMD directive is sent to the remote transceiver. Used in full
and half duplex.

f) X=5: Both local and remote transceivers have no more data to send. Once the RNMD
directive is sent, the session is terminated and X is reset to 0. Used in full and half
duplex.
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6.2.3.2 Y (COMM_CHANGE)

Y (COMM_CHANGE) shall be used to track the sub-states during the commanding of a Physical
Layer communications change. In half duple, it is set on the transmit side and reset on the
receive side. The values and the states of Y are as follows:

a) Y=0: No COMM_CHANGE in progress.

b) Y=1:. Local directive received to initiate the COMM_CHANGE.

C) Y=2: COMM_CHANGE directive being sent across the Proximity link.

d) Y=3. COMM_CHANGE directive sent, and now waiting for the COMM_CHANGE
acknowledgement.

e) Y=4: Receive the Remote COMM_CHANGE Directive (RCCD),"Used only n full
duplex.

f) Y=5: Act upon the received RCCD. Used only in full duplex.

6.2.3.3 Z (SYMBOL_INLOCK_STATUS)

Z |((SYMBOL_INLOCK_STATUS) shall be used during a Physical Layer communigations
chinge to track nondeterministic events within State 48 (COMM_CHANGE in Data Seryices),
as|follows:

a) Z=0: SYMBOL_INLOCK_STATWS)has not transitioned to false;

b) Z=1: SYMBOL_INLOCK_STAFPUS has transitioned to false.

6.2.3.4 MODULATION

MODULATION is an.linterface variable with the Physical Layer which shall contiol the
maodulation of the-transmitted carrier. When MODULATION=0n, the coded symbols are
mIdulated onto<the radiated carrier; when MODULATION=0ff, the radiated output |is not
maodulated (i-e.5.Carrier only).

6.2.3:5 ' PERSISTENCE

NOTE - Persistence is specified in 4.2.2.2.

6.2.3.6 NEED_PLCW and NEED_STATUS_REPORT

6.2.3.6.1 NEED_PLCW and NEED_STATUS_REPORT shall be used in the data selection
for output process to determine if a PLCW or status report should be sent. Where applicable
these variables shall be set to true:
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a) atinitialization;

b) by events in the state transition processes;
c) by PLCW TIMER; and

d) by actions within the COP-P.

6.2.3.6.2 NEED _PLCW shall be set to false when a PLCW is selected for output.
NEED_STATUS REPORT shall be set to false when a status report is selected for output

6.2.3.] REMOTE_SCID BUFFER
REMQTE_SCID_BUFFER holds the value of the spacecraft ID that shall be usedin testing jall
frame$ whose Source-or-Destination ID is set to destination.
6.2.3.3 COMMUNICATION VALUE BUFFER
COMNIUNICATION_VALUE_BUFFER shall be used to hold{the communication values for
the HAIL and COMM_CHANGE directives and operations.
6.2.3.9 RECEIVING_SCID BUFFER

RECE|VING_SCID_BUFFER shall be used inthe frame validation process to comparg a
received spacecraft ID value with that held within this buffer. This buffer may be loaded oy
a directive from the local vehicle conttoller, or it may be loaded with the spacecraft ID
contaiped in the first valid received frame.

6.2.3.10 RECEIVING_PCID.BUFFER

RECE|VING_PCID_BUFEER shall be used in the frame reception process. This buffer shall
be loafled with the PCID contained in the first valid received frame.

6.2.4 | MIBPARAMETERS

6.2.4.1 ““L ocal_Spacecraft_ID

Local_Spacecraft_ID shall contain the value of the spacecraft ID for this local spacecraft.

6.2.4.2 Test Source

The Test_Source parameter shall be used to determine whether the SCID field in received
frames whose Source-or-Destination IDs are set to source is to be validated:
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a) Test Source=false: no test shall be performed;
b) Test _Source=true:

1) if the RECEIVING_SCID_BUFFER is non-zero, i.e., contains a valid SCID, a test
shall be performed,;

2) if the RECEIVING_SCID _BUFFER is zero, the value of the SCID field in the
header of the first received frame whose Source-or-Destination ID is source shall

e _loaged- 1o R A DB . na_tnere a Sea-_I0 aHgation for

6.2.4.3 Carrier_Only_Duration
Carrier_Only Duration represents the time that shall be used to radiate an unmodulated
cafrier at the beginning of a transmission.
6.2.4.4 Acquisition_Ildle_Duration

Agquisition_ldle_Duration represents the time that shal~be used to radiate the idle sequence
paftern after carrier only to enable the receiving transceiver to achieve symbol
synchronization and decoder lock.

6.2.4.5 Tail Idle Duration

Tail_Idle_Duration represents the time that shall be used to radiate the idle sequence pattern
at the end of a transmission to enable the receiving transceiver to process the last trangmitted
frgme (i.e., push the data through the decoders).

NQTE - The time value‘for the Tail_Idle_Duration parameter can be calculated from the
number of-idle bits that need to be sent.

6.2.4.6 Cargier_Loss_Timer_Duration

baped “upon the conditions defined in 6.3.1.3 (CARRIER_LOSS_TIMER and Assqciated

1S
Everis):

C1:rier_Loss_Timer_Duration shall contain the value loaded into the CARRIER_LOSS_TIMER

6.2.4.7 Comm_Change_Waiting_Period

Comm_Change_Waiting_Period represents the time that the caller shall wait for the
Comm_Change_Response to the COMM_CHANGE directive.
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6.2.4.8 Comm_Change Response

Comm_Change_Response shall be used by the responder to acknowledge that the persistent
activity has been accepted. (For the full-duplex Comm_Change_Response see table 6-8,
Events E17 and E20. For the Half Duplex Comm_Change_Response, see table 6-11, Event
E68.)

6.2.4.9 Comm Change Notification

Comm_Change_Notification shall be provided to the local vehicle controller, e.g., spacecraft
C&DH, by the caller and/or responder upon success or failure of the COMM _.CHANGE
activity. (See annex D, Notifications to Vehicle Controller.)

6.2.4.10 Comm_Change_L.ifetime

6.2.4.10.1 Comm_Change_Lifetime shall represent the time peniod during which the
COMNI_CHANGE activity shall be repeated until the MAC Sublayer detects the expected
Comm_Change_Response.

6.2.4.10.2 The Comm_Change_Lifetime may be locally defined in terms of a duration of a
maximum number of times this activity is to be repeated before the activity is aborted.
6.2.4.11 Hail_Wait_Duration

Hail_\Vait_Duration shall represent the:time that the initiating transceiver (caller) waits for a
resporjse to the Hail.
6.2.4.12 Hail_Response

Hail_Response shall be*used by the responder to acknowledge that the persistent activity has
been |accepted.  lnythis case, either a valid transfer frame has been received |or
SYMBOL_INLOCKCSTATUS (Physical Layer) = true (implementation option). (For full
duplex, see table)6-7, Event 9; for half duplex, see table 6-10, Event 37.)

6.2.4.137Hail Notification

Hail_Notification shall be provided to the local vehicle controller, e.g., spacecraft C&DH, by
the caller and/or responder upon success or failure of the persistent activity. (See also annex
D, Notifications to Vehicle Controller).
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6.2.4.14 Hail_Lifetime

6.2.4.14.1 Hail_Lifetime represents the time period during which the persistent activity shall
be repeated until the MAC detects the expected Hail_Response.

6.2.4.14.2 The Hail_Lifetime may be locally defined in terms of a duration or a maximum
number of times this activity is to be repeated before the activity is aborted.

6.2.4.15 Discussion—Hailing_Channel

THe hailing channel is enterprise specific. The default configuration of the Physical|Layer
pafameters (established by the enterprise) defines the hailing channel frequencies that gnable
twp transceivers to initially communicate (via a demand or negotiation process) so that they
cap establish a configuration for the data services portion of the sessian. Hailing channel
assignments are defined in the Physical Layer.

6.2.4.16 Hailing_Data_Rate

Hailing_Data_Rate shall represent the data rate assigned-during the Hail activity.

NOTE - Proximity data rates are defined in the-Physical Layer.

6.2.4.17 Send_Duration
Send_Duration represents the maximum time that the half-duplex transmitter shall transmit
data before it relinquishes the tokén)(transfers to receive).
6.2.4.18 Receive Duration

Rdceive_Duration represents the maximum time that the half-duplex receiver is anticipating

that the sending side’shall be transmitting.

6.2.4.19 PI-CW _Repeat_Interval

6.2.4:19.1 PLCW _Repeat_Interval shall represent the maximum transmission time bgtween
successive PLCWs, even 1t PLCWSs are not required Tor Sequence Control operations.

6.2.4.19.2 A zero value shall represent an infinite time period.
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6.3 ELEMENTS AND EVENTS THAT AFFECT STATE STATUS
6.3.1 TIMERS

6.3.1.1 General

6.3.1.1.1 All timers shall use the MIB parameter Interval_Clock.

NOTE - Interval_Clock is a frequency (e.g., 100 Hz) that is used for interval timing.

6.3.1.1.2 The following behavior applies to all timers:
— | the timer shall count down when it is not equal to ‘zero’;
— | when the timer equals “1’, the event associated with the timer shall ocCur;
— | when the timer equals ‘zero’ it shall be in an inactive state;

— | the timer may be reset to ‘zero’ by specific actions identified in the state transition
tables.

6.3.1.2 Wait Timer (WT) and Its Associated Events

The vplues loaded into the timer shall represent a deSired time value consistent with the
Interval Clock frequency. The timer shall be loaded with the required MIB parameter value
(see state tables), and shall be counted down wSing the Interval_Clock. The value in the
timer ghall be counted down until underflow.

6.3.1.3 CARRIER_LOSS TIMER and Associated Events

6.3.1.3.1 The CARRIER_LOSSFIMER contains the duration during which the session shall
be ma|ntained even though the carrier is no longer present.

NOTH - This mechanism is intended to reduce complexities from momentary (short termn)
carrier loss“due to multipath or obstacles in the communications path. WHen
CARRIER_LOSS_TIMER counts down to 1, signaling that either the spacecraft is
nodonger in view or the RF null was larger than expected, the vehicle controlfler
(see annex D) is notified and decides whether to terminate or continue the session
via the reconnect process (see 1.5.1.2).

6.3.1.3.2 The CARRIER_LOSS TIMER shall be loaded with the value contained in the MIB
parameter Carrier_Loss_Timer_Duration and down counting shall be enabled when the
following conditions are simultaneously satisfied:

a) the CARRIER_ACQUIRED (Physical Layer) signal is false;
b) the CARRIER_LOSS TIMER value is ‘0’;

c) MODE = active;
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d) either [DUPLEX = full or (DUPLEX = half . AND. TRANSMIT = off)].
6.3.1.3.3 The CARRIER_LOSS TIMER shall be reset to ‘zero> when the
CARRIER_ACQUIRED (Physical Layer) signal is true.
6.3.1.4 PLCW Timer and Associated Events

6.3.1.4.1 The PLCW TIMER shall be used periodically to request the issuance of a PLCW.

6.3.1.4.2 When the PLCW TIMER="1", the NEED_PLCW variable shall be set true'

6.3.1.4.3 The timer shall be loaded with the value in the MIB parameter
PUCW_Repeat_Interval whenever a PLCW is transmitted (see the COP<P state tables in
segtion 7 for when the NEED_PLCW variable is set to true).

NOTE - The PLCW TIMER does not appear in the state transition-tables.

6.3.2 OUTPUT FIFO
6.3.2.1 Overview

THe Output FIFO is a FIFO cache for the storage-of bits that are serially output to the¢ C&S
Sublayer for encoding. The channel coding-options of the C&S Sublayer (e.g., convolditional
cofing) are applied to the data from the-output FIFO before transmission by the Physical
Layer.

6.3.2.2 General

THe FIFO shall be filled (with data per the specification defined in table 6-14. The ‘Qutput
FIFO = empty’ signals(that no data are contained within the FIFO, and more data needs to be
input to the FIFO to"keep the output bit stream synchronous.

6.3.2.3 NoFrames_Pending

The NoFrames_Pending event shall occur when the Output FIFO becomes empty and there
ar¢ ho frames selectable for output.

=

6.3.3 DIRECTIVES
6.3.3.1 Local Directives

NOTE - Local directives are sent internally, i.e., not across the Proximity link.
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6.3.3.1.1 SET MODE

6.3.3.1.1.1 SET MODE shall assign values to the MODE parameter (6.2.2.1) as follows:
a) connecting-L;
b) connecting-T;
c) active;

d)[ inactive (see 6.3.3.1.1.2).

6.3.3.1.1.2 SET MODE inactive shall initialize the variables in table 6-6 to the-valdes

indicated.
Table 6-6: Proximity-1 Control Variable Initialization Table
Variables Value

[TRANSMIT, MODULATION, PERSISTENCE off, off, false
SS, X, Y and Z 0
WAIT TIMER (WT), CARRIER_LOSS_TIMER, PLCW.TIMER 0
SEQUENCE CONTROLLED (SEQ_CTRL_FSN)*AND 0
EXPEDITED FRAME SEQUENCE COUNTERS'(EXP_FSN)

6.3.3.1.2 SET INITIALIZE MODE

SET INITIALIZE MODE shall use SET-MODE inactive to place MODE into the inactive state
and trigger the COP-P events SE@-and REO described in the state tables in 7.2.3.3 and 7.3.1.

6.3.3.1.3 LOCAL COMM-CHANGE (LCCD)

Local |[COMM_CHANGE shall use SET TRANSMITTER PARAMETERS and SET RECEIVER
PARAMETERS (and possibly SET PL EXTENSIONS for transmit and receive) to initiat¢ a
changg in one-er’more communications channel parameters.

NOTH ,~* The Remote COMM_CHANGE Directive (RCCD) uses the SET TRANSMITTER

DARAMETERG and T NeE~ACEN/EN DARAMETERGC Aivractining fanAd nacoihivg he
FANNAAIVIE TLETINOD Uliu JL'1 INILOULT VLTIV T AANAAIAVIE TN UIrcuututivoeo \L{IIU PUOOIUI)’

SET PL EXTENSIONS directives for transmit and receive) and is sent across the
Proximity link.
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6.3.3.1.4 LOAD COMMUNICATIONS VALUE BUFFER

LOAD COMMUNICATIONS VALUE BUFFER shall load the values for the remote transmitter
and receiver associated with either the Hail, COMM_CHANGE, or half-duplex
receiver/transmitter switching activities.

6.3.3.1.5 LOCAL_NO_MORE_DATA (LNMD)

LOCAL_NO_MORE_DATA shall inform the transcelver that the local data source has-ng more
data to send.

NQTE - This directive initiates the session termination process.

6.3.3.1.6 SET DUPLEX

SHT DUPLEX shall configure the local transmitter and/or receiver,for either full-duplex, half-
duplex, or simplex operations.

6.3.3.1.7 SET RECEIVING SCID BUFFER

SHT RECEIVING SCID BUFFER shall be used by the vehicle controller to load the
RECEIVING_SCID BUFFER.

6.3.3.1.8 READ STATUS

RHAD STATUS shall selectively read the local status registers and buffers (including fiming
sefvices) within the transcejver:

6.3.3.2 Remote Directives
6.3.3.2.1 Overview

Rdgmote directives are sent over the Proximity link from the local transceiver to the femote
transceiver. SET TRANSMITTER PARAMETERS, SET RECEIVER PARAMETERS, arld SET
PL| EXTENSIONS (as described below) can be used for both the HAIL directive and for
Physical Cayer communication changes. SET CONTROL PARAMETERS 1S USed 10 I) swap
receive/transmit functionality in half-duplex, 2) terminate the session, 3) change duplex, and
4) set up the timing service.
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6.3.3.2.2 SET TRANSMITTER PARAMETERS

6.3.3.2.3 SET TRANSMITTER PARAMETERS shall be used to set the transmission
parameters that control the data rate, encoding, modulation, and frequency in the transceiver
receiving the directive.

6.3.3.2.4 Upon receipt, the transceiver shall use the local directive SET MODE active to put
the receiver’s MODE parameter into the active state.

NOTH - This directive is formulated using the values contained in the sender’s
COMMUNICATION VALUE BUFFER. (See annex B for a complete definition.
6.3.3.2.5 SET RECEIVER PARAMETERS

6.3.3.2.5.1 SET RECEIVER PARAMETERS shall be used to set the recéeiver parameters that
contrgl the data rate, decoding, modulation, and frequency in the transceiver receiving the
directive.

6.3.3.2.5.2 Upon receipt, the transceiver shall use the localdirective SET MODE active|to
put th¢ receiver’s MODE parameter into the active state.

NOTH - This directive is formulated using the“values contained in the sendef’s
COMMUNICATION VALUE BUFFER. -(See annex B for a complete definition.
6.3.3.2.6 SET PL EXTENSIONS

SET PL EXTENSIONS directive shall be’used to enable or disable additional parameters.

NOTH - This directive is provided for compatibility between transceivers with Physital
Layer and C&S"“Sublayer extensions in addition to those discussed in this
Proximity-1 Recommended Standard.

6.3.3.2.7 SET CONTROL PARAMETERS

1
-

NOTH - This directive provides the capability of changing zero or more Proximity
control parameters at a time. (See annex B for a complete definition.)

SET CONTROL PARAMETERS shall be used to transmit operational control information
during a session. It includes the following fields:

a) Token Field: When this field is non-zero, it shall notify the recipient that the sender
is relinquishing the half-duplex ‘Send Token’ and is switching to receive.

b) Remote_No_More_Data Field (RNMD): When this field is non-zero, it shall notify
the recipient that the sending spacecraft has no more data to send, and that the session
may be terminated when the recipient also has no more data to send.
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c) Duplex Field: When this field is non-zero, it shall notify the recipient to change
communication directionality (full, half, simplex-transmit, simplex-receive).

d) Time Sample Field: When this field is non-zero it shall notify the recipient to
capture the time, sequence number, direction, and QoS Indicator for the next n frames
received and transmitted (where ‘n’ is the value, i.e., number of frames contained
within the Time Sample Field).

6.4 STATE TRANSITTON TABLES AND DIAGRAMS
6.4.1 OVERVIEW

The following subsections contain State Transition Tables and State Transition Diggrams
which should be read in conjunction with one another for completeness.

THhe State Transition Diagrams are intended to illustrate transitions.from one state to afother,
and the events that trigger them. States are shown in boxes, E&vents that cause trangitions
frgm one state to a resultant state are given in italic text-beside arrows that indicate the
trgnsition between states.

States, which have a descriptive title, are assigned, the letter S and a number in thgq State
Transition Tables. These tables are organized by-event number in column 1. Colpmn 2
depcribes the event that causes the state to transition from the starting state (column 3)|to the
regulting state (column 4). Column 5 contaifis any additional actions (in addition to what is
depcribed in tables 6-2 through 6-5) that,take place as a result of entering that state.

The diagrams do not show all possible states for reasons of simplicity and clarity, For
completeness, the State Transition-Tables and accompanying text contain a descriptior) of all
stgtes and events not included.in the diagrams.
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6.4.2 FULL DUPLEX OPERATIONS

Hail Sequence
E26: Tail Idle Duration (S31 through S35)
Timeout ]
ﬁ[ S1 - Inactive | $31-Start Hail Action | ¢
J E2: Set Mode
Connecting-T E4: Carrier Only
Duration Timeout
N
[ 45 — Terminating Tail $32 — Send Hail Acquisitior
A E2b: No Frames lf)s: A;wa’f,nmo n /dl{e QD
Pehding E1: Set Mode uration fimeou ;\
CO""C’CU'"Q'L\ , $33 - Send Hail Directives ’(1/
(9 g .
$2 — Waiting for Hail “Hail lEG: Output FiF
L. Respom;:‘ (Responder State Only) Radiated” \vequal s ty
Cprrier Loss  Hail S34 — Send Hzi%'l‘a}/
T|mer Expires E‘?’ Hq/
Directives =7- Tail ldle
Received }, E9: Valid Transfer uration Timeout
[ s41 - Radiate Carrier Onl )P Frame Received S35 - or Hai
- Radiate Carrier Onl
YJ‘ ,\\} Response
A T “Modify Transmitter Values <>~ E8: “qd-Wa/ t
E10: Carrier Only Set Persistence = off” \\ ?;;:ZZZ?
Duration Timeout N
E20: Tail Idl : i
v “Modify Transmitter - 0. ﬁa/ dle | E17: Yal(;d Frame
$42 - Radiate Acquisition | Receiver operating values”| o " Receive
Idle $ Timeout
®
E11: Acquisition
Idle Duration \b\o
Timeout \\C) £16: Symbol
Q E19: Output  [ock = False
FIFO = empty E15: Comm
Change Sent
Modify Receiver
F13: Remote Operating Values
Comm Change @ ~ E18| F14: No Frames |
Pers.lst?nce Pending
Remote Comm Wait Time
Change Request Timeout
E12: Local Comm Change
“Set Persistence = on” Local Comm
Change Reques
é $48 — Comm Changes in Data Services
E80: Caller Carrier Loss Timer expires
> $80 - Reconnect

Key: Caller Only States have square corners

E81: Reconnect Wait
Caller and Responder States have rounded corners

Duration Timeout

Figure 6-1: Full Duplex State Transition Diagram
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Table 6-7: Full Duplex Session Establishment/Data Services State Transition Table

Starting | Resulting Action(s) in Addition to
Event Event Causing the Transition State State Tables 6-2, 6-3 and
No. (Description) (from) (to) Comments
El Local Directive - SET MODE S1 S2
connecting-L
E2 Local Directive - SET MODE S1 S31 - WT=Carrier_Only_Duration
connecting-T - Set PERSISTENCE=true
- Form and load HAIL- directives
into Comm Value Buffgr
g3 HAIL Directives Received S2 S41 - WT=Carrier .Only_Duration
Receive (if t) SET PL EXTENSIONS - Set TRANQAHT = on
TX), SET ('II'RE);\el\SleSnI\/)IITTER PARAMETERS - Set NERROPLCW=true
(TX), SET_ - ' - Set Réceiver and Transmitter
(if present) SET PL EXTENSIONS (RX), pafameters per HAIL dijrectives
SET_RECEIVER_PARAMETERS Directives ~Send Hail_Notification|to
C&DH
B4 | WT=1 Carrier_Only_Duration S31 S32 -
Timeout WT=Acquisition_Idle_
Duration
- Set MODULATION=0N
g5 WT=1 Acquisition_ldle_Duration S32 S33 - Radiate Hail
Timeout .
Transmit (if present) SET Pl
EXTENSIONS (TX),
SET_TRANSMITTER_PARAME
TERS,
(if present) SET PL EXTENSIQNS (RX),
SET_RECEIVER_PARAMETERS
Directives
H6 | Output FIFO=empty S33 S34 Hail Radiated
- WT=Tail_Idle_Duratiop
H7 | WT=1 Tail_Idle. Duration Timeout S34 S35 - WT=Hail_Wait_Duratipn (see
6.2.4.11)
- Set TRANSMIT = off
B8 WT=1.Hail_Wait_Duration Timeout S35 S31 - WT=Carrier_Only_Durnation
- Set MODULATION=off
- Set TRANSMIT = on
- If CARRIER ONLY RECEIVED,
send carrier received
notification 10 C&DH
E9 Valid Transfer Frame Received S35 S41 - Set Transmitter values from
(or Comm Value Buffer
_ - WT=Carrier_Only_Duration
0L NLOCK STATUS- e S USDULATION o
- : - Set TRANSMIT =o0n
Hail_Response MIB parameter.) - Set PERSISTENCE=false
- Send Hail_Notification to
C&DH
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Event
No.

Event Causing the Transition
(Description)

Starting
State
(from)

Resulting
State

(to)

Action(s) in Addition to
Tables 6-2, 6-3 and
Comments

E10

WT=1 Carrier_Only_Duration
Timeout

S41

S42

WT=Acquisition_Idle_

Duration
- Set MODULATION=0n

Ell

WT=1 Acquisition_ldle_Duration
Timeout

S42

S40

Data Service begins

E80

Caller’s CARRIER_LOSS_TIMER
expires

S40

S80

- WT=Reconnect_Wait_Dur3
- Set TRANSMIT = off

- Reconfigure caller’s
Transceiver back to+nitial H3

settings as detailed’in the SET

TRANSMIETER and SET
RECEIVER PARAMETERS
directives(and SET PL
EXTENSIONS if present)

- WJtilize (do not reset) existin
FARM-P and FOP-P variablg
values

tion

E81

WT=1 Reconnect_Wait_Duration
Timeout

S80

S31

- Set TRANSMIT =on
WT=Carrier_Only_Duration
- Set PERSISTENCE=true

- Form and load HAIL directi
into Comm Value Buffer

ves

- Implementations may consigler

alternative values for:
Carrier_Only_Duration,
Acquisition_ldle_Duration,
Tail_ldle_Duration,
Hail_Wait_Duration for
reconnections.

E82

Responder’s CARRIER_ILOSS _TIMER
expires

S40

S2

- Set TRANSMIT = off
- Reconfigure responder’s
transceiver back to initial Hai

settings as detailed in the SET

TRANSMITTER and SET
RECEIVER PARAMETERS
directives (and SET PL
EXTENSIONS if present)

- Utilize (do not reset) existin
FARM-P and FOP-P variable

vatues

NOTE

— FOP-P Data operations (7.2) occur within State 40. FARM-P operations (7.3) occur in States 40,
41, 42 and 48 whenever MODE is active and the receiver is on. Comm Value Buffer is the local
MAC buffer used for staging the transmit and receive parameters in support of the hailing and
COMM_CHANGE directives. Values can be sent in locally or remotely.
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Table 6-8: Full Duplex Communication Change State Table

Starting | Resulting Action(s) in Addition to
Event Event Causing the Transition State State Tables 6-2, 6-3 and
No. (Description) (from) (to) Comments
E12 | Local COMM_CHANGE Request S40(Y=0) | S48(Y=1) | -SetY=1

- Set PERSISTENCE=true

E13 | Remote COMM_CHANGE Request S40(Y=0) | S48(Y=4) | -SetY=4

E[l4 | No Frames Pending S48(Y=1) | S48(Y=2) | - Form and Send Remote
COMM_CHANGEDirgctive
(RCCD)

- Set Y=2

EL5 | Output FIFO=empty S48(Y=2) | S48(Y=3) | - WT=Peysistence_Wait_[ime
(COMM_CHANGE sent) - Set.Y=3
EL6 | Symbol Lock = false S48(Y=1 | S48(Z=1) |=SetZ=1

or2or 3) - SET_RECEIVER_PARAMETERS
from Comm Value Buffer

EL7 | Valid Frame Received and Z=1 S48(Z=1) S§41 - Set Y=0

- Set PERSISTENCE=false,

- Set Z=0

- SET TRANSMITTER
PARAMETERS from Cofnm
Value Buffer

- WT=Carrier_Only_Duration

- Set MODULATION=0f

EL8 | WT=1 Persistence_Wait_Time S48(Y=3) | S48(Y=1) | -SetY=1
Timeout No Response to RGCD
received yet
EL9 | Output FIFO = empty. S48(Y=4) | S48(Y=5) | - WT=Tail_ldle_Duration
-Set Y=5
EPO | WT=1 Tail_ddle_Duration Timeout S48(Y=5) S41 - Set Y=0

- Set PERSISTENCE=fal$e

- SET TRANSMITTER
PARAMETERS &
SET_RECEIVER_PARAMETERS
into Comm Value Buffef

- Set NEED_PLCW-=true

AVW.Win Yol H Oal I 1
=—vv =Cafftetr—Othy— Dt tion,

Set MODULATION=off

NOTE - X, Y, Z are sub-state variables used in the process of session termination (X) and
COMM_CHANGE (Y, 2).
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Table 6-9: Full Duplex Session Termination State Table

Starting | Resulting Action(s) in Addition to
Event Event Causing the Transition State State Tables 6-2, 6-3 and
No. (Description) (from) (to) Comments
E21 | Receive LNMD (X=0) S40(X=0) | S40(X=2) | - Form and Load RNMD
directive into the MAC queue
- Set X=2
- Send RNMD
E22 | Receive RNMD (X=0) S40(X=0) | S40(X=4) | - Set X=4
E23 | Receive RNMD (X=2) S40(X=2) | S40(X=5) | - Set X=5
Begin Termination Process
E24 | Receive LNMD (X=4) S40(X=4) | S40(X=5) | - Form and Load"RNMD
directive inte MAC queue
- Set %X=5
- Send. RNMD
E25 | No_Frames_Pending (X=5) S40(X=5) S45 > WT=Tail_Idle_Duration
E26 | WT=1 Tail_ldle_Duration Timeout S45 S1 - Local directive SET MODE
inactive
- Notify vehicle controller: End
of Session(# octets receivedT
E28 | Receive a Local SET MODE= Inactive | Any state S1 SET MODE inactive
Directive or o - Notify vehicle controller: End
NOTES
1 Not Shown on full-duplex
transition diagram.
2 E28 initializes Prox-1
control variables. (Seq
table 6-6.)
NOTE| - LNMD =LOCAL-NO_MORE_DATA Directive received from the local controller; RNMD ig the

REMOTE_NONMORE_DATA Directive received over the Proximity link.
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6.4.3 HALF DUPLEX OPERATIONS

Half Duplex Receive Operations

© ISO 2015 — All rights reserved

[ S1 - Inactive
ﬁ E29
E31:Set
Mode [ $36 — Wait for Hail Response ] $2 - Waiting
Connect- for Hail
ing-T E35:Tail AN E37 AN
Idle
Duration E $62 — Wait for
Timeout | Carrier
y
E50 E47: Carrier N 8]
E60: Receive Lock = True Q b
RNMD S61 — Awaiting First t]/
Frame ('b b
E49 |E46 | E49: Firséa
E53: Send Frame
RNMD \ 4 Recei A\ 4
S60 - Data Servnces }?85
Receive
EF8: Receive E56: RNMD ‘\\
RjvmD send Q E59 or| E48: Receive Duration
Session Termination 4 E60 Timeout AND Carrier
@' \ 4 \/Lock equals False
See Table 6-12 E36:Hail § S51 — Radiate Carrier
Wait b\ Only _ E30: Ha
Duration D E40:Carrier R .
T'u QCJ lOnIy Duration ecelveq
imeout \ ;
y KN Timeout
£6}: LCCD 5 S11-Start Hail A@oﬂn‘ [ $52 -~ Radiate Acquisition
' T R) idle
£32: (@ier only E41.Acqw§lt70n
o¥on Timeout Idle Duration
%\L E38 V Timeout
S12 (’ﬁS)Ha" Acquisition [ S50 — Data Services Send  |=———
“. | E33:Acquisition Idle E65: |E39:  |E83:Token
_\4& Duration Timeout Comm |Token | Pass attempts
| S13 - Send Hail Directives Change Exceeded
E34: Output FIFO E55:9end
equals empty v v \VRNMD
“Hail Radiated” S56 — Token Pass S54 — Terminate
or Comm Change Reply
S$14 - Send Hail Tail =
E43  |E66 |E42:No E56: RNMD
@ Frames Sent
E18: Persistente E68: Receive Pending
it Ti Valid Frame
Wit Timeout vV v
Comm Change |__|S58 - Tail before] (555 - Tail before
{ Switch uit “Thi
See Table 6-11 wita - [2 £57:Tail
Duration
Timeout
E84: Reconnect Wait Duration Timeout
S80 — Reconnect
Half Duplex Transmit Operations
Figure 6-2: Half Duplex State Transition Diagram
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Table 6-10: Half Duplex Session Establishment and Data Services

Starting | Resulting Action(s) in Addition to
Event Event Causing the Transition State State Tables 6-2, 6-4 and
No. (Description) (from) (to) Comments
E29 | Local Directive - SET MODE S1 S2 - Set NEED_PLCW-=true
connecting-L
E30 | Hail Received S2 S51 - WT=Carrier_Only_Duration

Receive (if present) SET PL EXTENSIONS S S L
(), values per HAIL directiyes
SET_TRANSMITTER_PARAMETERS, - St TRANSMIT = of
(if present) SET PL EXTENSIONS (RX), - Send Hail_Notification to
SET RECEIVER_PARAMETERS C&DH
Directives
E31 | Local Directive— SET MODE S1 S11 - WT=Carrier_Only_Duration
connecting-T - Load-HAIL directives to Comm
Value Buffer
- Set PERSISTENCE = true
~ Set Receiver Values per HA|IL
directive
E32 | WT=1 Carrier_Only_Duration Timeout S11 S12 - WT=Acquisition_ldle_Durafion
- Set MODULATION =on
E33 | WT=1 Acquisition_ldle_Duration S12 S13 - Radiate Hail
Timeout .
Transmit (if present) SET PL
EXTENSIONS (TX),
SET_TRANSMITTER_PARAME
TERS,
(if present) SET PL EXTENSIONS
(RX),
SET_RECEIVER_PARAMETERS
Directives
E34 | Output FIFO=empty S13 S14 Hail Radiated
- WT=Tail_Idle_Duration
E35 | WT=1 Tail_ldle (tByration Timeout S14 S36 - WT=Hail_Wait_Duration (see
6.2.4.11)
- Set MODULATION =off
- Set TRANSMIT = off
E36 | WT=1-Hail Wait Duration Timeout S36 S11 - Set TRANSMIT =on

- WT=Carrier_Only_Duratio

- Set Load HAIL directives t
Comm Value Buffer

- If CARRIER ONLY RECEIVED,
send carrier received
notification to C&DH
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Starting | Resulting Action(s) in Addition to
Event Event Causing the Transition State State Tables 6-2, 6-4 and
No. (Description) (from) (to) Comments
E37 | Valid Transfer Frame Received (or S36 S60 - Set Transmitter values per
SYMBOL_INLOCK_STATUS = Comm Value Buffer
true)—implementation option. See - Set PERSISTENCE=false
Hail_Response MIB parameter.) (get ready for next transmit
contact)
- WT=Receive_Duration
=Send-Hait—Notificatiomto
C&DH
E38 | (Transmit Timer Event — End of Send S50 S50 - Set PERSISTENCE=trlie
Period) Y=0 | setting PERSISTENCH block
_ . . etting ocks
WT=1 Send_Duration Timeout the transmission of data from
data setvices. Now only send
from the MAC quepe.
Therefore, no frames pending
occurs.
E39 | No Frames Pending AND. Y=0 .AND. S50 S56 - Form and load the token via
NEED_PLCW is false Y=0 SET CONTROL
PARAMETERS Direct{ve into
the MAC queue
E40 | WT=1 Carrier_Only_Duration Timeout Sh1 S52 - WT=Acquisition_Idle_[puration
- Set MODULATION=0p
E41 (End of Acquire) S52 S50 - WT=Send_Duration
WT=1 Acquisition_Idle_Duration
Timeout
E42 | No Frames Pending (Y=0) S56, Y=0 S58 - WT=Tail_Idle_Duration
E43 | WT=1 Tail_Ildle_Puration Timeout S58 S62 - WT=Receive_Duration
AND. Y#2 Y£2 - Set PERSISTENCE=fa|se
- Set MODULATION =dff
- Switch transmit to receive
E44 | WT=1'Receive_Duration Timeout S60 S60 - WT=Receive_Duration
ANDY Carrier Lock=true - Notify vehicle controllgr:
Sender exceeded prescrjbed
transmission interval
E45 WT=I Receive_Duration Timeout S61 S61 - VWT=Receive_Duration
AND. Carrier Lock=true - Notify vehicle controller: No
data transferred during contact
period
E46 | Receive Valid frame .AND. Y#3 S61 S60
Y+#3
E47 | carrier Lock = true S62 S61
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Event
No.

Event Causing the Transition
(Description)

Starting
State
(from)

Resulting
State

(to)

Action(s) in Addition to
Tables 6-2, 6-4 and
Comments

E48

WT=1 Receive_Duration Timeout
AND. Carrier Lock = false

S60

S51

- WT=Carrier_Only_Duration
back-up action for missed

token
- Switch receive to transmit

E49

Receive Token - SET CONTROL

S60/S61

S51

- WT=Carrier_Only_Duration

—PARAMETERS Directive

—Switchrreceive totramsmit

ES0

WT=1 Receive_Duration Timeout
AND. Carrier Lock = false

S62/561

S51

- WT=Carrier_Only_Duration

- Notify vehicle controller: S§2:
No carrier receivedfor contact
period

S61: No data transferred during
contact-period

- Switchsreceive to transmit

E83

Token Pass attempts exceeded
(Maximum_Failed_Token_Passes)

S50

S80

WT=Reconnect_Wait_Duratipn
* Set TRANSMIT = off
- Reconfigure caller’s
Transceiver back to initial Hai
settings as detailed in the SET
TRANSMITTER and SET
RECEIVER PARAMETERS
directives

- Utilize (do not reset) existinp
FARM-P and FOP-P variable
values

E84

WT=1 Reconnect_Wait_Duration
Timeout

S80

Sl11

- Set TRANSMIT =on

WT=Carrier_Only Duration
- Set PERSISTENCE=true

- Form and load HAIL directives
into Comm Value Buffer

- Implementations may consiger
alternative values for:
Carrier_Only_Duration,
Acquisition_Idle_Duration,
Tail_ldle_Duration,
Hail_Wait_Duration for
reconnections.

E85

Responder’s

S60

S2

- Set TRANSMIT = off

Utilize (do-not reset) existin

—EARRIERTOSS—THMER expiTes

FARM-P and FOP-P variable
values

NOTE

— FOP-P Data operations occur within State 50 and are described in 7.2. FARM-P operations occur
within States 60 and 61 are described in 7.3.1.
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Table 6-11: Half Duplex Communication Change State Table

Starting | Resulting

Event Event Causing the Transition State State Additional Action(s) and
No. (Description) (from) (to) Comments
E62 | Receive Local COMM_CHANGE Any State No State | - Load SET TRANSMITTER/SET
Directive (LCCD) other than Change RECEIVER PARAMETERS
State S50 Y=1 Directives values into Comm
Y=0 Value Buffer
EF3 | Receive Local COMM_CHANGE S50 S50 - Set PERSISTENCE=trlje
Directive (LCCD) Y=2 - SET RECEIVER PARAMETERS
from Comm Value Buffer
EP4 | Transition to State 50 Y=1.0R. S50 - Set Y=2,Set
Y=3 Y=2 PERSISTENCE=true

- SET.RECEIVER PARAMETERS
fron/Comm Value Buffer

EPS | No Frames Pending .AND. Y=2 S50 S56 - Form and load into the Comm
Y=2 Value Buffer the
COMM_ CHANGE Dirgctives
EB6 | No Frames Pending S56 S58 - WT=Tail_Idle_Duration
Y=2 Y=2 COMM_CHANGE $ent
Ep7 | WT=1 S58 S62 -WT=Receive_Duration
Tail_ldle_Duration Timeout .AND. Y=2 Y=3 - Switch transmit to receive
Y=2
Ef#7 | Carrier Lock = true S62 S61 Same event - provided for clarity
Ep8 | Receive Valid Frame S61 S60 - SET TRANSMITTER
Y=3 Y=0 PARAMETERS from Cgmm
Value Buffer
-Set Y=0
- PERSISTENCE=false
EF9 | Receive COMM_CHANGE S60/S61 S51 - Set Transmitter and Regeiver
(Not Shown in-State Transition Parameters into Comm Value
Diagram) Buffer

- Set NEED_PLCW-=true

Table 6-12: Half Duplex Session Termination State Table

Starting | Resufting
Event Event Causing the Transition State State Additional Action(s) and
No. (Description) (from) (to) Comments
E51 | Receive LNMD (can be received at any X=0 X=1 - Set X=1
time)
E52 | Receive LNMD (can be received at any X=3 X=4 - Set X=4
time)
E53 | No Frames Pending .AND. X=1 S50 S50 - Form and Load RNMD into the
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Starting | Resulting

Event Event Causing the Transition State State Additional Action(s) and
No. (Description) (from) (to) Comments
X=1 X=2 MAC queue,
- Set X=2
- Send RNMD
E55 | No Frames Pending .AND. X=4 S50 S54 - Form and Load RNMD into the
X=4 X=5 MAC queue,
- Set X=5; Send RNMD
E56 || No Frames Pending .AND. X=5 S54 S55 - WT=Tail_Idle_Duration
X=5 X=0 - Set X=0
Transmission 6f*\RNMD
complete
E57 || WT=1 Tail_Duration Timeout S55 S1 - SET MODE Tnactive

- Notifylvehicle controller: Epd
of SeSsion(# octets received

E58 || Receive RNMD .AND. X=2 S60/S61 S1 - SET MODE Inactive
X=2 X=0 - Set X=0
Both nodes have no mote
data to send; Notify vehigle
controller: End of Session(#
octets received)

E59 || Receive RNMD .AND. X=0 S60/S61 S51 - Set X=3
X=0 X=3 WT = Carrier_Duration_Ojnly
E60 || Receive RNMD .AND. X=1 $60/S61 S51 - Set X=4
X=1 X=4 WT = Carrier_Duration_Ojnly
E61 || Receive a Local SET MODE Inactive any S1 - SET MODE Inactive
directive - Notify vehicle controller: Epd
of Session(# octets received
Not shown on half duplgx
state transition diagram
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6.44 SIMPLEX OPERATIONS

' S71 - Simplex-T i
E73: Receive Set Mode implex-Transmit

(inactive) M

Or Set Initialize Mode E71: Directive

Directive Transmit Simplex
\VZ

S1 — Inactive

A
E73: Receive Set Mode :
(inactive) E72. plrec.t ve
Of Set Initialize Mode Receive Simplex
Directive {

S72 — simplex-Receive

Figure 6-3: Simplex Operations

Table 6-13: Simplex State Transition Table

Starting | Resulting

Event State State Event Causingsthe Transition Action(s) in addition to
No (from) (to) (Description) Tables 6-2, 6-5
Ef1 S1 S71 Receive Direetive - Transmit Simplex - Set DUPLEX = Simplex|transmit

- Set TRANSMIT =on
- Local Directive SET
MODE=active

Ef2 S1 S72 Receive Directive - Receive Simplex - Set DUPLEX= Simplex feceive
- Set TRANSMIT=off
- Local Directive SET

MODE-=active
Ef3 S71 or S1 Receive a Local SET MODE=Inactive - Notify vehicle controllgr: End
S72 Directive of Session(# octets recejived)

6.5 ' INTERFACES WITH THE PHYSICAL LAYER (VIA CODING AND
SYNCHRONIZATION SUBLAYER)

6.5.1 OUTPUT INTERFACES

6.5.1.1 The TRANSMIT parameter (6.2.2.3) shall be set to on to signal the transceiver to
turn its transmitter ‘on’.

6.5.1.2 The Frame Sublayer shall output frames via the C&S Sublayer
Channel Access.request service primative.
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6.5.1.3 The MODULATION parameter (6.2.3.4) shall be set to on to signal the transceiver to
modulate the carrier with the coded symbols provided on the Output coded symbol stream
(see 6.6.3).

6.5.2 INPUT INTERFACES

The Physical Layer provides information about carrier and symbol lock status via the
CARRIER ACQUIRED (see 6.3.1.3) and SYMBOL INLOCK STATUS (see 6.2.3.3)
paramgters, respectively. The values of these parameters shall be interpreted as follows:

a)| CARRIER_ACQUIRED = true indicates that the receiver has acquired a carrien signal;

b)| SYMBOL_INLOCK_STATUS = true indicates that symbol synchronization has bgen
acquired.

NOTH - The C&S layer receives a coded symbol stream from the-Physical Layer and
delivers frames to the Frame Sublayer.
6.6 BENDING OPERATIONS

6.6.1 | SESSION ESTABLISHMENT

6.6.1.1 Local SET TRANSMITTER PARAMETERS and Local SET RECEIVER
PARAMETERS directives (and, if needed, Locah SET PL EXTENSIONS directives) shall |be
used tp set the local transceiver to the desired:-physical configuration.

6.6.1.2 If required for the session, the Test_Source MIB parameter shall be loaded.

6.6.1.3 A Local SET MODE (cannecting-T) directive shall initiate the Hail activity and start
the session establishment process (see 6.4.2 for full-duplex operation and 6.4.3 for hglf-
duplex operation).

6.6.2 | DISCUSSION

Once @ framesready for output, at the C&S Sublayer, an ASM is prepended, and a CR{ is
computed. and appended to the frame. The output coded symbol stream is formulated for
radiation-in accordance with table 6-14.

An idle pattern generated by an Idle Pattern Generator (described in reference [5]) is used for
acquisition periods, i.e., periods when no frames are available for transmission, as well as for
providing a tail stream (which provides the added bits required to push the data through the
receiving and decoding processes at the remote terminus of the link).
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6.6.3 OUTPUT CODED SYMBOL STREAM FORMULATION

Table 6-14: Data Source Selection for Output Coded Symbol Stream with
TRANSMIT =on and MODULATION =on

Based Upon the Values Below,
Take the Following Action Action
SS SPDU PERSISTENCE NEED__ SDU Data t0 be loaded into ouip
(SUB- Pending PLCW Pending | FIFO when output FIRQ"-if
STATE) or empty
Status
2,4,0r7 X X X X IDLE (Acquisitionor Tail)
0, 3,or 6 true X X X ASM+P-frame(SPDU)+CRC
0,3,or6 false true X X IDLE
0,3,6 false false true X ASM+PLCW/Status +CRC
0, 3,0r6 false false false true ASM+U-frame(SDU) +CRC
0, 3,0r 6 false false false false IDLE
NOTES
1 X means do not care what the value is.
2 SPDU Pending is true if there is a supervisory protocol data unit available to send.
3 SDU Pending is true if there is a service data unit (user data) available to send.
4 When NEED_PLCW is true,, NEED STATUS REPORT can optionally be set tp

true, enabling the generation and transmission of a status report as well.
5 PERSISTENCE is a variable used for selected Supervisory protocol activities. (Se

D

4222)

6 The selection of amSDU issues an extract data unit request to the FOP-P. (See FOP-P
data selection, déseribed in 7.2.)

7 SS = 1 indicates transmit carrier only.

8 SS =5 jndicates TX off, RX waiting for response.

6.9.4 DISCUSSION—PROVISION OF U-FRAME FOR SELECTION

The provision of a U-frame for selection through use of the procedures contained in table
6-14%1s defined in the FOP-P portion of the COP-P specification (see 7.2). Operations on a
single PCID are described in this specification. The simultaneous use of multiple PCIDs is
possible, but concurrent COP-P procedures are required and the reporting is then required to
contain the status for each PCID. Data prioritization and its multiplexing for selection into
the output coded symbol stream of simultaneous multiple PCID operations as specified
above is outside the scope of this document.
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6.6.5 DISCUSSION—EVENTS RELATED TO DATA HANDLING ACTIVITIES

NEED PLCW is set to false whenever a PLCW is chosen for output (6.2.3.6.2).
NEED_STATUS _REPORT is set to false whenever a status report is chosen for output
(6.2.3.6.2). No_Frames_Pending (6.3.2.3) occurs when none of the conditions for selecting
an SPDU (including a PLCW) or U-frame is satisfied. Output FIFO = empty (6.3.2.2) is true
when the last bit contained within the Output FIFO is extracted.

6.7 RECEIVING OPERATIONS
6.7.1 | FRAME RECEPTION

6.7.1.1 Establishment of physical channel characteristics and inititalizatien>of receiving
procedures shall be accomplished via a SET MODE (connecting-L)' lor SET MODE
(conngcting-T) local directive (see 6.3.3.1.1 and 6.2.2.1).

6.7.1.2 The Frame Sublayer shall accept for validation frames._delivered via the C&S
Sublayer Channel Access.indication service primative (see reference [5], annex B).

NOTHS

1 When the Receive State is on, the received (optionally decoded) bitstream]|is
processed by the C&S Sublayer to delimit the contained frames (this process requifes
frame synchronization and frame length\determination using the frame header length
field).

2 The delimited frame and the attached CRC-32 are processed by the C&S Sublayer|to
determine if the frame containserrors. Erred frames are rejected as invalid.

6.7.2 | FRAME VALIDATION

Framg Validation Criteria’shall be as follows:

a)| If the Frame-Version Number does not equal binary ‘10’, the frame is rejected|as
invalid

b)| If.4he-Spacecraft ID field in the transfer frame header does not contain the value|of
the Local_Spacecraft_ID (MIB parameter) when the Source-or-Destination Identifjier
value equals ‘1’, i.e., destination, the frame is rejected as invalid.

c) If the Spacecraft ID field in the transfer frame header does not contain the value equal
to the RECEIVING SCID BUFFER for all frames received (i.e.,
Remote_Spacecraft_ID, MIB parameter) when the RECEIVING_SCID_BUFFER is
non-zero and the Source-or-Destination Identifier value equals ‘0’, i.e., source, and
Test_Source is true, a session violation has occurred and the vehicle controller is
notified (see annex D). When the RECEIVING_SCID BUFFER is zero and
Test_Source is true, the value of the SCID field in the header of the first received
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frame whose Source-or-Destination ID is source is loaded into
RECEIVING_SCID _BUFFER and thereafter used for validation for the remainder of
the session. (See also related 6.2.4.2.)

NOTE - The EXPEDITED FRAME_COUNTER increments for each validated Expedited
frame received.

6.7.3 VALIDATED FRAME PROCESSING

6.7.3.1 Validated U-Frames

Validated received U-frames shall be processed per the COP-P process described in 4.3.3.

6.7.3.2 Validated P-Frames
6.7.3.2.1 Validated P-frames shall be processed by first delimiting the contained SPDUSs.

6.7.3.2.2 PLCW:s contained within SPDUs shall be transferred to the COP-P processqr.

-

6.7.3.2.3 All other reports or directives shall be processed for protocol actions.
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7 COMMUNICATION OPERATIONS PROCEDURE FOR
PROXIMITY LINKS

7.1 OVERVIEW
An important overview of the COP-P protocol is provided in 4.3.3.

The sending and recelvmg procedures for COP P use single octet varlables that are modulo-
=TS on-subtracting-or compa : aria al-handling is

— Subtraction: The difference, A-B, is the number of times B_-needs [to be
incremented to reach A.

— Comparison: B < A is true if the difference, A-B, is between 1‘and 127.
B > A is true if the difference, A-B, is between 128 and 255.

B = A is true if the difference, A-B, is0.

7.2 SENDING PROCEDURES (FOP-P)
7.2.1 QUEUE

The FOP-P shall maintain a single output queue.
NOTES

1 The Sent Frame queue contains Sequence Controlled frames that have been sgnt but
not yet acknowledged by the receiver. (This name is abbreviated to ‘Sent qugue’ in
the state table).

2 The local directive CLEAR QUEUE (Queue Type) allows for the clearing of frames
within a speeified queue.

7.2.2 FOP-<P VARIABLES

FOR-P variables are:

a) VE(S): an 8-bit positive integer whose value shall represent the sequence number
(modulo 256) of the next Expedited frame to be sent.

b) V(S): an 8-bit positive integer whose value shall represent the sequence number
(modulo 256) of the next new Sequence Controlled frame to be sent.
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c) VV(S): an 8-bit positive integer whose value shall represent the sequence number
(modulo 256) to be assigned to the next Sequence Controlled frame to be sent. It
equals V(S) unless a retransmission is in-progress.

d) N(R): an 8-bit positive integer that is a copy of the Report Value (see 3.2.4) from the
current PLCW. It shall represent the sequence number plus one (modulo 256) of the
last Sequence Controlled frame acknowledged by the receiver.

e) NN(R): an 8-bit positive integer system variable known both inside and outside of the
o alé taple. [d Of .' ad COPVY O e Xeport vVdaiue 1roilr "'O"VOI ||d

f) | R(R): a Boolean variable (i.e., its value is either true or false) that is a ©copy of the
Retransmit Flag from the current PLCW. It shall indicate whether or:et Sequerjce
Controlled frame(s) need to be retransmitted.

g)| RR(R): a Boolean variable that is a copy of the Retransmit Flagfrom the previqus
valid PLCW.

h)[ NEED_PLCW/NEED_STATUS_REPORT: Boolean system variables known both
inside and outside of the FOP-P state table. (See 6.2:3.6 for complete usage.) They
shall indicate whether or not a new PLCW or status report needs to be sent (the
PLCW needs to be sent whenever its contents change).

i) [ SYNCH_TIMER: a countdown timer that:gontains the time a sender shall wait|to
receive a valid PLCW from a receiver_béfore taking action to synchronize with the
receiver. The MIB parameter associated with this timer, Synch_Timeout, represents
a desired time value consistent with the Interval Clock frequency (see 6.3). The
SYNCH_TIMER counts down when its value is non-zero. When the SYNCH_TIMER
counts down to 1, the SYNCH_TIMER expires and the Start Local Resync Event, SE6
is triggered. Subsequently;the timer then underflows to zero, which is the inactive
state for the timer.

J) | RESYNC: a Boalean variable that tracks the status of resynchronization within the
COP-P. This variable is set to true when the SET V(R) activity occurs, indicating that
FOP-P is resynachronizing. It is reset to false by the End Local Resync event, SE7.

7.2.3 | FORP-P STATE TABLE EVENTS

7273 General Procediires
2.0, —sehRelrat+—FoceatHes

7.2.3.1.1 “Initialize’ shall set the following variables to the indicated values:
a) V(S)=VE(S) =VV(S) =NN(R) = N(R) =0;
b) R(R) = RR(R) = RESYNC = false;
c) NEED PLCW = NEED STATUS REPORT = true;
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d) CLEAR QUEUE (Sent queue); CLEAR QUEUE (Seq queue).

7.2.3.1.2 ‘Remove acknowledged frames from Sent queue’ shall remove n frames from the
Sent queue, where n = N(R) - NN(R) (i.e., the number of times that NN(R) has to be
incremented to reach N(R)).

7.2.3.1.3 ‘Start SYNCH_TIMER’ shall, if SYNCH_TIMER is equal to ‘0, set
SYNCH_TIMER to the value of the MIB parameter Synch_Timeout.

NOQTE - If the value of Synch_Timeout is ‘0, then the SYNCH_TIMER never expires.
7.2.3.1.4 “Clear SYNCH_TIMER’ shall set the SYNCH_TIMER value to ‘0’.
NOTE - This does not trigger a resynchronization.

7.2.3.1.5 “Store this PLCW" shall

a) assign the value of N(R) to NN(R);

b) assign the value of R(R) to RR(R).

7.2.3.1.6 ‘Send EXP (Expedited) Frame’ shall

a) remove frame from EXP queue;

b) assign VE(S) to the frame;

c) increment VE(S);

d) report VE(S) to the I/O Sublayer;

e) transfer this frame to the.Frame Sublayer.

7.2.3.1.7 ‘Resend SEQ (Sequence Controlled) Frame’ shall

a) copy framenumber VV(S) from the Sent queue;

b) incrementVV(S);

c) transfer this frame to the Frame Sublayer.

7.2.3.1:8 ‘Send New SEQ Frame’ shall

a) remove frame from SEQ queue;

b) assign V(S) to the frame;

c) insert a copy of the frame to the end of the Sent queue;
d) increment V(S);

e) increment VV(S);
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f) report V(S) to the I/O Sublayer;

g) transfer this frame to the Frame Sublayer.

7.2.3.2 SET V(R) Persistent Activity

NOTE - The SET V(R) persistent activity (including setup of the MIB parameters before
the execution of this activity) is defined below. (See 4.2.2.2, ‘Persistene’ for a

—generat overview of ow the viB parameters Tetateto the persistentactivity,)

7.2.3.2.1 Configure the SET V(R) persistent activity. The MIB Parameters thatshall [be
used fpr setup are:

a)| Activity is SET V(R), i.e., Resync;

b)[ Resync_Waiting_Period (implementation specific) is the amount.of time specified for
the Resync_Response to be received before the process declares that this activity igto
be either repeated or aborted,;

c) | Resync_Response is the acknowledgement from the Receiver Node that the SET V(R)
directive has been accepted, i.e., a valid PLCW \with report value of N(R) = NN(R)
and R(R) = false has been received, when RES¥:NC = true (see State S2, Event SE2,
FOP-P State table);

d)| Resync_Notification is a notification to-iaform the vehicle controller of success|or
failure of resynchronization;

e)| Resync_Lifetime (implementation specific) is the time period during which the
Resynchronization activity shalbbe repeated until the Resync_Response is detected

f) | Resync_Local is set to true:

7.2.3.2.2 Execute the SETV(R) persistent activity. The following shall occur:

a)| the FOP-P requests a SET V(R) Persistent Activity by setting RESYNC = true (3ee
state S1, event/'SE4 in the FOP-P state table);

b)[ the MAGC" Sublayer builds a SET V(R) directive by: 1) copying NN(R) into the
SEQ-CTRL_FSN field within the SET V(R) directive and 2) setting the PCID field|in
the'SET V(R) directive to the value associated with this FOP-P;

c) the MAC Sublayer loads this directive into the MAC queue for transmission and sets
MAC_FRAME_PENDING = true;

d) the MAC Sublayer sets PERSISTENCE = true;

NOTE - This initiates the SET V(R) persistent activity.

e) the FOP-P terminates the SET V(R) Persistent Activity when the SET V(R)
Resync_Response is received or when the Resync_L.ifetime expires. (See 7.2.3.2.1 c).)
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Event Resulting Action in Resulting Action in
Number/Name State S1 Active State S2 Resync
SEO Initialize. N/A
At Session Startup | (see note 2)
(see note 1)
SE1 If Fylnpr*li'rprl_lzmmp_A\/niInhIp:frl e N/A
Frame Sublayer Send EXP Frame.
needs frame to Else if VV(S) < V(S)
transmit # Continue the in-progress retransmission:
(see note 3) Resend SEQ Frame.
Else if
(see note 4) (SEQUENCE_CONTROLLED_FRAME_AVAILABL
E=true and V(S)-NN(R)<Transmission_Window)
Send New SEQ Frame.
Else if NN(R) <V(S)
# Initiate a Progressive Retransmission:
VV(S)=NN(R)
Resend SEQ Frame.
Else
# There is no Data Services frame'to send.
Endif
SE2 If N(R) > NN(R) If R(R) = false and
Vdlid PLCW Received Remove acknowledgedframes from Sent N(R)=NN(R)
(see note 5) queue. Resync=false
Endif Persistence=false
If R(R) = true or N(R)>VV(S) State=S1
VV(S) = N(R) Endif
Endif
Store this\RLCW.
Clear SYNCH_TIMER.
SE3 Start SYNCH_TIMER. Ignore
Invalid PLCW VV(S) = NN(R)
Received
(see note 5)
SE4 Notify vehicle controller that N/A
Synch-timer SYNCH_TIMER expired (see annex D).
Expired If Resync_Local (MIB parameter) = true
(see note 6) RR(R)=false
F\)nqynr‘:trl e
State=S2
Endif
SE5 Accept. Accept.
Set Set. Set.
Transmission_Windo
w
Request
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Event Resulting Action in Resulting Action in
Number/Name State S1 Active State S2 Resync
SE6 Accept. Accept.
Set Synch_Timeout |Set. Set.
Request
SE7 Accept. Accept.
Reset Request Initialize. Initialize.
State=S1
SES8 Reject. Reject.
Invhlid Request
NOTE$
1 At each session startup, the FOP-P enters state S1 and triggers event SEO|before allowihg any

other events to occur. If subsequent reconnection is desired without starting a new sessipn, the
FOP-P can continue data services by maintaining and using the eurrent state of the FOP-P
variables.

Procedures are in italics and are described in 7.2.3.1; comments are preceded by the ‘# sign.
3 ‘Progressive Retransmission’ causes the frames on the Sent‘queue to be retransmitted.

4 Transmission_Window (MIB parameter): The maximum:mumber of Sequence Controlled frames
that can be unacknowledged at any given time. For example, if the Transmission_Windoy is 10
and the sender sends 10 Sequence Controlled frames, the sender must wait for at least|one of
those frames to be acknowledged by the receiver before it can send any additional Sequence
Controlled frames. The value of Transmissiont:Window cannot exceed 127. When selefting a
value for this parameter, the system designer should consider the latency involved whgenever
frames are required to be retransmitted from the Sent queue before a new Sequence Coftrolled
frame can be transmitted.

5 An incoming PLCW is invalid if any:gf these conditions is true:
a) PLCW does not match PLCW-format.
b) N(R) <NN(R) ‘Invalid N(R)—too small’
c) N(R)>V(S) ‘Invalid N(R)—too large’
d) R(R)=true and N(R)=V(S) ‘Retransmit is set though all framgs are
acknowledged’
e) R(R)=false.and RR(R)= true and N(R)=NN(R) ‘Retransmit has cleared though n¢ new

frames are acknowledged’
Otherwise,xthe PLCW is valid.

6 Setting-Resync=true causes a Set V(R) persistent activity to be initiated (see 7.2.3.2, 4.2.2/2, and
annex D).
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7.3 RECEIVING PROCEDURES (FARM-P)

7.3.1 FARM-P STATE TABLE

Events Event #/Name Action
‘Entered this state’ at each session REO R(S) = false;
startup Initialization V(R) =0;
EXPEDITED_FRAME_COUNTER = 0;
NEED — —RAEPORT
=true;
Invilid frame arrives RE1 Discard the frame;
Invalid Frame
Valid ‘SET V(R)’ directive arrives RE2 R(S) = false;
SET V(R) Set V(R) to the SEQ_CTRL_FSN in the
directive;
NEED_PLCW = tiue;
Valid Expedited frame arrives RE3 Accept/Pass the frame to I/O Sublayer;
Valid Expedited Increment EXPEDITED_FRAME_COUNTER,;
Frame
Valid Sequence Controlled frame RE4 Accept/Pass the frame to I/O Sublayer;
arrjves, Sequence Frame | R(S) = false;
N($)= V(R) ‘in-sequence’ Increment V(R);
NEED_PLCW = true;
Valid Sequence Controlled frame RES5 Discard the frame;
arrjves, Sequence Frame | R(S) =true;
&
N$)>V(R) ‘gap ‘detected’ NEED_PLCW = true;
Valid Sequence Controlled frame REG6 Discard the frame;
arrjves, Sequence Frame
N($)<V(R) ‘already
received’
Frgme Sublayer requests content for RE7 Report value of R(S), V(R), and
PLCW Report PLCW EXPEDITED_FRAME_COUNTER;
contents
7.3.2 INTERNAL FARM-P VARIABLES
The internal FARM-P variables shall be:

a) V(R): an 8-bit positive integer whose value represents the sequence number plus one
(modulo 256) of the last Sequence Controlled frame acknowledged by the receiver;

b) R(S): a Boolean variable (i.e., its value is either true or false) that is copied to the
PLCW, indicating whether or not Sequence Controlled frames need to be
retransmitted;

€) N(S): an 8-bit positive integer whose value represents the sequence number (modulo
256) contained in the transfer frame header of the Proximity-1 Frame;

CCSDS 211.0-B-5
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d) EXPEDITED_FRAME_COUNTER: a 3-bit positive integer whose value represents the
number of Expedited frames received (modulo 8). This counter can be used by the
receiver to keep track of the number of Expedited frames received over a
communications session.

7.3.3 INTERFACE TO THE I/O LAYER

FARM-P shall pass valid Expedited and valid in-sequence U-frames to the 1/0 Sublayer (4.4).

NOTH - Atthe I/O Sublayer these frames are buffered, assembled into packets as required,
and then delivered via the specified output port.

CCSDS 211.0-B-5 Page 7-8 December 2013
© 1SO 2015 — All rights reserved


https://standardsiso.com/api/?name=10d31a9f4aa36666fae2f05c1561f4a0

ISO 22663:2015(E)
CCSDS RECOMMENDED STANDARD FOR PROXIMITY-1 SPACE DATA LINK PROTOCOL

8 INPUT/OUTPUT SUBLAYER OPERATIONS
8.1 OVERVIEW

The 1/0 Sublayer provides the interface with the spacecraft data provider and data recipient.
This section describes operations with a single user data source and single physical channel.
It should be noted that implementations are not limited to a single data source. The
fundamental role of the I/0O Sublayer is to form the frame data units for transfer across the
link,-and to pass received data units out to the physical and logical destinations identified in

the received frame.

8.2 SENDING OPERATIONS
NQTE - The sending side of the I/O Sublayer interfaces with the data supplier.

Aflthe sending side, the I/O Sublayer:

a) shall provide the procedures that accept the user serviCe data units and prepar¢ them
for transfer across the communications channel;

b) may be required to parse large input packets’into segments compatible with the
maximum frame data size allowed in the asynchronous link;

c) shall assemble the data units for .ipclusion into frames in accordance with the
restrictions imposed by various MIB-parameters;

d) shall receive the user service data unit along with its routing and control instructions;

NOTE - These instructions are required for the formulation of the frame headerjand to
determine whether data units can be combined into the same frame ¢r not.
The frame-censtruction rules in section 3 imply that all data units within the
same frameé must be addressed to the same spacecraft destination, contgin the
same‘PDU type ID, the same physical channel 1D, the same output Port ID,
have’the same QoS and must be of the same service data unit type (DFQ ID).

e) shall have the responsibility to inform the data supplier which service data units were
transmitted and, in the case of Sequence Controlled service, which data unit$ were
acknowledged as received by the communications partner.

NIOT Tl PR o $3 H 4200 & Ll Lol alat H 43
NOTE— TS MoticatontSe€ssentartoefante feragreaata ServiceoperattonsS-across
multiple sessions, if desired. Sending operations also includes Simplex-
Transmit.
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8.3 RECEIVING OPERATIONS

NOTE - The receiving side of the I/O Sublayer interfaces has a multitude of possible
interfaces with the spacecraft. One of eight possible output ports can be
identified in the frame using the Port ID field.

8.3.1 At the receiver side, the role of the 1/O Sublayer shall be to route a received
‘complete’ data unit to the identified port.

8.3.2 | When segmentation is used, the 1/0 Sublayer shall accept received segments and, try
to re-gssemble the user’s data unit.

8.3.3 | The 1/O Sublayer shall deliver only completely reassembled data units;-Ke., partial
data upits are not delivered to the end user.

NOTH - Receiving operations also includes Simplex-Receive.
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ANNEX A

PROTOCOL IMPLEMENTATION CONFORMANCE
STATEMENT (PICS) PROFORMA

(NORMATIVE)

Al INTRODUCTION
All OVERVIEW

THis annex provides the Protocol Implementation Conformance ¢Statement (PICS)
Rgquirements List (RL) for an implementation of Proximity-1 Space, Link Protocol{-Data
Link Layer (CCSDS 211.0-B-5). The PICS for an implementation is generated by
completing the RL in accordance with the instructions below. An“implementation claiming
copformance must satisfy the mandatory requirements referenced’in the RL.

o

THe RL support column in this annex is blank. An implementation’s completed RL is|called
the¢ PICS. The PICS states which capabilities and«eptions have been implemented. The
following can use the PICS:

— the implementer, as a checklist to reducg'the risk of failure to conform to the standard
through oversight;

— asupplier or potential acquirer of'the implementation, as a detailed indication|of the
capabilities of the implementation, stated relative to the common basjs for
understanding provided hythe standard PICS proforma;

— a user or potential user of the implementation, as a basis for initially checkipng the
possibility of interworking with another implementation (it should be noteg that,
while interwprking can never be guaranteed, failure to interwork can offen be
predicted fromincompatible PICSes);

— a tester,/as the basis for selecting appropriate tests against which to assess the claim
for conformance of the implementation.

Al1.25 ABBREVIATIONS AND CONVENTIONS

The RL consists of information in tabular form. The status of features is indicated using the
abbreviations and conventions described below.

Item Column
The item column contains sequential numbers for items in the table.

NOTE - The item-number prefix ‘DLL’ = ‘Data Link Layer’.
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Feature Column

The feature column contains a brief descriptive name for a feature. It implicitly means ‘Is
this feature supported by the implementation?’

Status Column

The status column uses the following notations:

N mandatary
mandatory
@) optional.
O.<n> optional, but support of at least one of the group of options;labeled |by
the same numeral <n> is required.

Suppdrt Column Symbols

The sypport column is to be used by the implementer to state whether a feature is supporfed
by entering Y, N, or N/A, indicating:

Y Yes, supported by the implementation.
N No, not supported by the implementation.
N/A  Not applicable.

The slipport column should also be used, when-appropriate, to enter values supported for a
given capability.

Al.3 [ INSTRUCTIONS FOR COMPLETING THE RL

An implementer shows the extent of compliance to the Recommended Standard |by
completing the RL; that is, the’state of compliance with all mandatory requirements and the
options supported are shown. The resulting completed RL is called a PICS. The implementer
shall gomplete the RL -y entering appropriate responses in the support or values supporfed
colump, using the otation described in A1.2. If a conditional requirement is inapplicalle,
N/A should be used. If a mandatory requirement is not satisfied, exception information mpst
be supplied by~entering a reference Xi, where i is a unique identifier, to an accompanying
rationgle for;the noncompliance.
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A2 PICS PROFORMA FOR PROXIMITY-1 SPACE LINK PROTOCOL—DATA
LINK LAYER (CCSDS 211.0-B-5)

A2.1 GENERAL INFORMATION

A2.1.1 Identification of PICS

Date of Statement (DD/MM/YYYY)

Plf‘(‘ ol k.
Lo OTTIATN TTUTTTOTI

Sygtem Conformance statement
crgss-reference

A2.1.2 Identification of Implementation Under Test (IUT)

Implementation name

Implementation version

Special Configuration

Other Information

A2.1.3 Identification of Supplier

Supplier

Cantact Point for Queries

Implementation Name(s) and Versions

Other information necessary forfull
idgntification, e.g., name(s) andversion(s)
forymachines and/or operating systems;

Syptem Name(s)

A2.1.4 Ildentification of Specification

CqsbsS211.0-B-5

Have any exceptions been required? Yes[] NoJ ]

NOTE - A YES answer means that the implementation does not
conform to the Recommended Standard. Non-supported
mandatory capabilities are to be identified in the PICS,
with an explanation of why the implementation is non-
conforming.
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A2.2 REQUIREMENTS LIST

Version-3 Transfer Frame
Values
Item Description Reference | Status | Allowed Support
DLL-1 Version-3 Transfer Frame 3.2.1 M
DLL-2 Transfer Frame Header 3.2.2 M
DLL-3 Transfer Frame Version 3.2.2.2 M 2
Number
DLL-4 Quality of Service Indicator 3223 M 0.1
DLL-5 PDU Type ID 3.2.2.4 M 0,1
DLL-6 Data Field Construction ID 3.2.25 M 0-3
DLL-7 Spacecraft Identifier (SCID) 3.2.2.6 M 0-1023
DLL-8 Physical Channel Identifier 3.2.2.7 M 0,1
(PCID)
DLL-9 Port Identifier 3.2.2.8 M 0-7
DLL-1( Source-or-Destination Identifier | 3.2.2.9 M 0,1
DLL-11 Frame Length 3.2.2.10 M 4-2047
DLL-12 Frame Sequence Number 3.2.2.11 M 0-255
(Sequence Controlled or
Expedited)
DLL-11 Transfer Frame Data Field 3.2.3 M 0-2043
octets
DLL-14 PACKETS in a U-Frame (DFC 3.23.2 o1
ID=0)
DLL-11 SEGMENT DATA UNITS in a 3.2.3.3 0.1
U-Frame (DFC ID = 1)
DLL-16 CCSDS RESERVED FIELD (U- | 3.2.34 0.1
Frame) (DFC ID = 2)
DLL-17 USER-DEFINED DATA ina U- 4/3.2.3.5 0.1
Frame (DFC ID = 3)
DLL-18 Transfer Frame Data Field 3.2.3.6 M
Contents in a P-frame
0.1 For the Transfer FrameData Field at least one must be chosen.
Superyisory PDU (SPDU)
Values
Item Deéscription Reference | Status | Allowed Support
DLL-19 SUPERVISORY PDU (SPDU) 3.2.4 M
DLL-2( Fixedslength SPDU 3.24.2.1 M
DLL-21 Variable-length SPDU 3.2.4.4 M
DLL-22 Variable-Length SPDU Type 1 3.24.2.2, M
(Directives/Reports) Bl
DLL-2 Variable-Length SPDU Type 2. | 3.2.4.4.3, (@)
Time Distribution B2
DLL-24 Variable-Length SPDU Type 3: | 3.2.4.4.4 @]
Status Reports
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Data Link Layer
Values
Item Description Reference | Status | Allowed Support
DLL-25 Frame Sub-Layer Functions 411 M
DLL-26 Sending End Frame Selection 41.2 M
for Output
Medium Access Control (MAC) Sublayer
Values
tem Description Reference | Status | Allowed Suppdrt
DLL-27 Persistence 4.2.2.2 M
DL|L-28 MAC Control Mechanisms 4.2.2 M
DLL-29 Directive Decoder 4.2.3 M
DLL-30 MAC buffers 4.2.4 M
DLL-31 SENT_TIME_BUFFER 42.4.1 M
DLL-32 RECEIVE_TIME_BUFFER 4.2.4.2 M
Dgta Services Sublayer
Values
tem Description Reference |.Status | Allowed Support
DLJL-33 Send Side Functionality 4.3.1.1 M
DLL-34 Receive Side Functionality 4.3.1.2 M
DYL-35 Order in which User Data is 4.3.2.1 M
transferred
DLL-36 Two Qualities of Service 4.32.2 M
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I/O Interface Sublayer
Values
Item Description Reference | Status | Allowed Support

Send Side

DLL-37 Accept user data for transfer 4.4.1.1a) M

DLL-38 Form the Frame Data Unitand | 4.4.1.1 b) M
the Transfer Frame Header

DLL-39 Expedited SDU is radiated 44.1.1¢) M

DLL-40 Transfer of a Sequence 4.4.1.1d) M
Controlled SDU

Receive Side

DLL-41 Output SDUs 4.41.2 a) M

DLL-42 Assemble segments/verify 4.4.1.2 b) M
packets

DLL-43 Deliver only complete packets 4.4.1.2c¢) M

DLL-44 Deliver the packets/user- 4.4.1.2d) M
defined data

Interfage to the Lower Sublayers

DLL-4f SDUs to appropriate Queues 4421 M
(Sequence or Expedited)

DLL-4¢4 Existance of Expedited queue 4421 M
and Sequence Controlled
gueue

DLL-47 Association between SDU and | 4.4.2.3 M
frame sequence number

DLL-48 Evaluation of NNR for complete | b) M
SDU transfer

I/O Sublayer Queues and Control Signals

DLL-49 Data units stored within the 4.4:3.1 M
Sequence Controlled Frame
gueue

DLL-5( Data units stored within the 4.43.2 M
Expedited Frame queue

DLL-51 Frame extraction from €ither 4433 M
gueue
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Proximity-1 Timing Services
Values
Item Description Reference | Status | Allowed Support
Time Tag Recording
DLL-52 Time Tagged Bit 5.2.1 M
DLL-53 Time Tag Event 5.2.2 M
DLL-54 Time Tags relationship to time 5.2.3 M
reference point
DLL-55 Enterprise defined time 5.24 M
reference point
DLL-56 Operational Mode 5.25 M
DLL-57 Initiate Time Tag Collection 5.2.6 M
DLUL-58 Capture and Package Time 5.2.7 M
Tags + Meta Data
DLL-59 Time Correlation Process 5.3 0]
Transferring Time to a Remote Asset
DL|L-60 Time Distribution 5.4.1 M
DLL-61 Compute Enterprise Time 5.4.2.1 0
DYL-62 Send Side: Formulate Time 5.4.2.2 M
Distribution Directive
DUL-63 Send Side: Transmit Time 5.4.2.3 )Y/
Distribution Directive
DUL-64 Receive Side: Time Distribution | 5.4.2.4 M
Directive
Stgte Control Variables
Values
tem Description Reference | Status | Allowed Support
DLL-65 Mode 6.2.2.1 M inactive,
connecting-T,
connecting-L,
active
DLL-66 DUPLEX 6.2.2.2 M full, half,
simplex
transmit,
simplex
receive
DLL-67 TRANSMIT 6.2.2.3 M on, off
DL|L-68 SUBSSTATE 6.2.24 M 0-7
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Operational Control Variables
Values
Item Description Reference | Status | Allowed Support
DLL-69 Session Termination 6.2.3.1 M 0-5
DLL-70 COMM_ CHANGE 6.2.3.2 M 0-5
DLL-71 SYMBOL INLOCK STATUS 6.2.3.3 M 0,1
DLL-72 Modulation 6.2.3.4 M on, off
DLL-73 Persistence 4.2.2.2 M true,
false
DLL-74 NEED PLCW and 6.2.3.6 M true,
NEED STATUS REPORT false
DLL-74 REMOTE_SCID BUFFER 6.2.3.7 M 0-1023
DLL-7¢ COMMUNICATION_VALUE B | 6.2.3.8 M
UFFER
DLL-77 RECEIVING SCID BUFFER 6.2.3.9 M 0-1023
DLL-78 RECEIVING PCID BUFFER 6.2.3.10 M 0,1
Elemehts And Events That Affect State Status
Values
Item Description Reference | Status¢hAllowed Support
DLL-79 Interval Clock 6.3.1.1.1 M
DLL-8( WAIT TIMER (WT) and 6.3.1.2 M
Associated Events
DLL-81 CARRIER_LOSS TIMER and 6.3.1.3 M
Associated Events
DLL-82 PLCW TIMER and Associated 6.3.1.4 M
Events
DLL-81 OUTPUT FIFO 6.8.2.2 M
DLL-84 NO FRAMES PENDING 6.3.2.3 M
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Directives
Values
Item Description Reference | Status | Allowed Support
DLL-85 Local Directives 6.3.3.1 M
DLL-86 SET MODE 6.3.3.1.1 M
DLL-87 SET INITIALIZE MODE 6.3.3.1.1.2 M
DLL-88 Local COMM_CHANGE 6.3.3.1.3 M
(LCCD)
DLL-89 LOAD COMMUNICATIONS 6.3.3.1.4 M
VALUE BUFFER
D90 | LOCAL_NO_MORE_DATA 6.3.3.1.5 0
(LNMD)
DLL-91 SET DUPLEX 6.3.3.1.6 M
DLJL-92 SET RECEIVING SCID 6.3.3.1.7 M
BUFFER
DL|L-93 READ STATUS 6.3.3.1.8 @)
DUL-94 Remote directives 6.3.3.2 M
DL|L-95 SET TRANSMITTER 6.3.3.2.2 M
PARAMETERS directive
DL|L-96 SET RECEIVER 6.3.3.2.5 M
PARAMETERS directive
DLL-97 SET PL_EXTENSIONS 6.3.3.2.6 M
directive
DLL-98 The Set CONTROL 6.3.3.2.7 M
PARAMETERS directive (Time
Sample Field)
DYL-99 Initialized values of Proximity-1 | Table'6-6 M
control variables
Duplex/Simplex Operations
Values
tem Description Reference | Status | Allowed Support
DUYL-100 | Full duplex operations 6.4.2, M
Tables 6-7,
6-8, 6-9
DUL-101 | Half duplex-@perations 6.4.3, o
Table 6-10,
6-11, 6-12
DLL-102 | Simpléex operations 6.4.4, o]
Table 6-13
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Interfaces with the Physical Layer
Values
Item Description Reference | Status | Allowed Support
DLL-103 | Output Interfaces 6.5.1 M
DLL-104 | The TRANSMIT parameter 6.5.1.1 M On, Off
DLL-105 | Frame output 6.5.1.2 M
DLL-106 | The MODULATION parameter | 6.5.1.3 M On, Off
DLL-107 | Input interfaces 6.5.2 M
Sending Operations
DLL-1(08 | Session Establishment 6.6.1 M
DLL-109 | Reset NEED_PLCW or 6.2.3.6.2— M True,
NEED _STATUS REPORT 6.2.3.6.2 False
DLL-110 | Setting No_Frames_Pending 6.3.2.3 M True,
False
DLL-111 | Setting OUTPUT_FIFO=empty | 6.3.2.2 M True,
False
Receiving Operations
DLL-112 | Frame Reception 6.7.1 M
DLL-113 | Frame Validation Criteria 6.7.2 M
DLL-114 | Validated Frame Processing 6.7.3 M
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Communication Operations Procedure for Proximity Links COP-P
Values
Item Description Reference | Status | Allowed Support
DLL-115 Implement COP-P Protocol 7,4.3.3 M
DLL-116 | DATA SERVICES 7 M
OPERATIONS (COP-P):
Modulo-256 counters will be
used for sequence number in
the COP-P protocol
DLL-117 | SENDING PROCEDURES 7.2 M
(FOP-P)
DUL-118 | The FOP-P Sent Frame Queue | 7.2.1 M
FQP-P Variables
DLL-119 | VE(S) 7.2.2a) M
DLL-120 | V(S) 7.2.2h) M
DLL-121 | VV(S) 7.2.2¢C) M
DLL-122 | N(R): 7.2.2d) M
DLL-123 | NN(R): 7.2.2¢€) M
DLL-124 | R(R): 7.2.21) M
DLL-125 | RR(R): 7.2.2Q) M
DLL-126 | NEED PLCW/NEED_STATUS | 7.2.2h) M
REPORT
DLL-127 | SYNCH TIMER 7.2.21) M
DLL-128 | RESYNC 7.2.2)) M
DUL-129 | FOP-P General Procedures 7.2.3.1 M
DLL-130 | Set V(R) persistent activity 7.2.3.2 M
DLL-131 | Configure the SET V(R) 7.232.1 M
persistent activity
DLL-132 | Execute the SET V(R) 7.2.3.2.2 M
persistent activity
DLL-133 | FOP-P State Table 7.2.3.3 M
DLL-134 | DATA SERVICES RECEIVING | 7.3 M
OPERATIONS
DLL-135 | FARM-P STATE TABLE 7.3.1 M
INTERNAL FARM-P PARAMETFERS
DLL-136 | V(R): 7.3.2a) M
DLL-137 | R(S): 7.3.2h) M
DLL-138 | N(S): 7.3.2¢C) M
DLL-139 | EXPEDITED _FRAME_COUNT | 7.3.2d) M
ER
DLL-140 |ANTERFACE TO THE I/O 7.3.3 M
SUBLAYER
Input/Output (1/0O) Sublayer Operations
Values
Item Description Reference | Status | Allowed Support
DLL-141 | Sending Operations 8.2 M
DLL-142 | Receiving Operations 8.3 M
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Variable-length Supervisory Protocol Data Field Formats
Values
Item Description Reference | Status | Allowed Support
DLL-143 | SET TRANSMITTER B1.2 M
PARAMETERS Directive
DLL-144 | SET CONTROL B1.3 M
PARAMETERS Directive
DLL-145 | SET RECEIVER
PARAMETERS Directive B1.4 M
DLL-146 | SET V(R) Directive B1.5 M
DLL-147 | REPORT REQUEST Directive B1.6 @)
DLL-148 | SET PL EXTENSIONS B1.7 M
Directive
DLL-149 | REPORT SOURCE B1.8
SPACECRAFT ID Directive @)
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Management Information Base (MIB) Parameters (alphabetical)
Values
Item Description Reference | Status | Allowed Support
DLL-150 | Acquisition_ldle Duration 6.2.4.4 M
DLL-151 | Carrier_Loss_Timer_Duration 6.2.4.6 M
DLL-152 | Carrier_Only Duration 6.2.4.3 M
DLL-153 | Comm_Change_Lifetime 6.2.4.10 M
DLL-154 | Comm_Change Notification 6.2.4.9 M
DLL-155 | Comm_Change Response 6.2.4.8 M
DLL-156 | Comm Change Waiting Period | 6.2.4.7 M
DLL-157 | Hail_Lifetime 6.2.4.14 M
DLL-158 | Hail_Natification 6.2.4.13 M
DLL-159 | Hail_Response 6.2.4.12 M
DLL-160 | Hail_Wait_Duration 6.2.4.11 M
DLL-161 | Hailing_Channel 6.2.4.15 M
DLL-162 | Hailing_Data_Rate 6.2.4.16 M
DLL-163 | Interval_Clock 6.3.1.1.1 M
DLUL-164 | Local_PCID 3.2.2.7 M
DLL-165 | Local_Spacecraft_ID 3.2.2.9.3 M
DUL-166 | Maximum_Failed_Token_ Passes | 6.4.3, 0]
Table 6-10
DUL-167 | Maximum_Frame_Length 3.23.1 M
DLL-168 | Maximum_Packet_Size 44.1.1 M
DLL-169 6.4.2, M
Persistence_Wait_Time Table 6-8
DLL-170 | PLCW_Repeat_Interval 6.2.4.19 M
DLL-171 | Receive_Duration 6.2:4718 @)
DUL-172 612.1, M
Drop_Carrier_Duration Table 6-2
DLUL-173 | Remote_PCID 3.2.2.7 M
DLL-174 | Remote_Spacecraft _ID 3.2.2.9.3 M
DUL-175 7.2.3.21,7. M
Resync_Local 2.3.3
DLL-176 | Resync_Lifetime 7.2.3.2 M
DLL-177 | Resync_Notification 7.2.3.2 M
DUL-178 | Resync_Respense 7.2.3.2 M
DLL-179 | Resync_\Waiting_Period 7.2.3.2 M
DLL-180 | Send_Duration 6.2.4.17 @)
DLL-181 | SourCe/Destination_ID 3.2.2.9 M
DLL-182 | Syach_Timeout 7.2.2 M
DLL-183 |<Tail_Idle_Duration 6.2.4.5 M
DUL-184 N[ Test_Source 6.2.4.2 M
DL|L-185% | Transmission_Window 7.2.3.3 M
CCSDS 211.0-B-5 Page A-13 December 2013

© 1SO 2015 — All rights reserved


https://standardsiso.com/api/?name=10d31a9f4aa36666fae2f05c1561f4a0

ISO 22663:2015(E)
CCSDS RECOMMENDED STANDARD FOR PROXIMITY-1 SPACE DATA LINK PROTOCOL

Notifications to Vehicle Controller
Values
Item Description Reference | Status | Allowed Support
DLL-186 | 1 RESULT OF PERSISTENT Annex D M
ACTIVITY #1
DLL-187 | 2 STATE CONTROL STATUS | Annex D M
#2
DLL-188 | 3 INVALID FRAME SOURCE Annex D M
#3
DLL-189 | 4 TIMING SERVICES Annex D M
INSTANCE #4
DLL-190 | 5 NO CARRIER RECEIVED - Annex D o]
HALF DUPLEX #5
DLL-191 | 6 NO DATA TRANSFERRED - | Annex D o]
HALF DUPLEX #6
DLL-192 | 7 SENDER EXCEEDED Annex D o]
PRESCRIBED #7
TRANSMISSION PERIOD -
HALF DUPLEX
DLL-193 | 8 COP-P LOSS OF Annex D M
SYNCHRONIZATION #8
DLL-194 | 9 CARRIER_LOSS TIMER Annex D M
UNDERFLOWS #9
DLL-195 | 10 END OF SESSION(# octets | Annex D M
received) #10
DLL-196 | 11 CARRIER ONLY Annex D
RECEIVED #11 M
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ANNEX B

VARIABLE-LENGTH SUPERVISORY
PROTOCOL DATA FIELD FORMATS

(NORMATIVE)

NQTES

1 Table 3-6 should be consulted for a complete overview of the variable-length SPDU
structure including the SPDU header and SPDU data field. This anngx specifjes the
format of the data field only.

2 The Directive Type field is defined from bits 13 through 15;.inClusive, in ofder to
maintain backward compatibility with the NASA Mars>Surveyor Project| 2001
Odyssey orbiter.

B1 SPDU TYPE 1: DIRECTIVE/REPORT/PLCW.SPDU DATA FIELD
B11 GENERAL

B1.1.1 The Directive/Report/PLCW SPDU-<shall be used for space link supervisory
copfiguration and control of the transceiver-and its operation.

B1.1.2 The SPDU data field shall*he a container that can hold up to seven sixtgen-bit
digcrete self-delimiting and self-identifying directives:

a) each directive shall have.a specific functionality;

b) each directive shall.be sixteen bits in length and shall be self identified by the value
in the Directiye Type field (contained in bits 13, 14, and 15 of the directive);

c) the directives shall be concatenated without intervening bits within the data fielg.

NQTE - _-Figure B-1 shows the Type 1 SPDU Data Field Contents.
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Directive
Type
3 bits (13,14,15)
Mode Data Rate Modulation Data Encoding Frequency ‘000’ =SET
0,1,2) (3,4,5,6) @) (8,9) (10,11,12) TRANSMITTER
PARAMETERS
Time Sample | Duplex | Reserved | Remote No More Data Token ‘001’ = SET
(0,1,2,3,4,5 (6,7,8) (9,10) (11) (12) CONTROL
PARAMETERS
Mode Data Rate Modulation Data Decoding Frequency ‘010’ = SET
(0,1, (3,4,9,0) (/) (8,9) (10,11,12) RECEIVER
PARAMETERS
Regeiver Frame Sequence Number Reserved ‘011’ = SetV(R
(SEQ_CTRL_FSN)(0,1,2,3,4,5,6,7) (8,9,10,11,12)
Reserved Status Report Time-Tag PCID O PCID 1 100 5-Report
(0,1,2 Request Request PLCW Request PLCW Request
(3,4,5,6,7) (8,9,10) (11) Request (12)
‘101’ = Reserved
Direc ||Freq | Rate Carrier | Data Mode | scrambler | Diff. R-S | ‘110'=SET PL
tion ||Table | Table Mod Mod Select (9,10) Enco| Code | EXTENSIONS
) @ 1@ 34) | 56 | (7.8 ding | (12)
(11)
Source Spacecraft ID Reserved ‘111’ = Report
(0,1,2,3,4,5,6,7,8,9) (20;11,12) Source SCID

B1.2

B1.2.]

The JET TRANSMITTER PARAMETERS directive shall consist of six fields, position
contiguously in the following sequence (described from least significant bit, Bit 15, to m

Figure B-1: Type 1 SPDUData Field Contents

General

significant bit, Bit 0):

a)
b)

c)

Directive Type (3 bits);

Transmitter Frequency (3 bits);

Transmitter Data Encoding (2 bits);

SET TRANSMITTER PARAMETERS DIRECTIVE

DSt

d)

Transmitter Modulation (1 bit);

e) Transmitter Data Rate (4 bits);
f) Transmitter (TX) Mode (3 bits).

NOTE - The structural components of the SET TRANSMITTER PARAMETERS directive
are shown in figure B-2.
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Bit 0 Bit 15
TX TX TX TX TX Directive Type
Mode Data Rate Modulation Data Encoding Frequency 3 bits
3 bits 4 bits 1 bit 2 bits 3 bits
0,1,2 34,56 7 8,9 10,11,12 13,14,15

Figure B-2: SET TRANSMITTER PARAMETERS Directive

B1.2.2 Directive Type

B1.2.2.1 Bits 13-15 of the SET TRANSMITTER PARAMETERS directive_shall contain the
Directive Type.

B1.2.2.2 The 3-bit Directive Type field identifies the type of protocol control directiye and
shall contain the binary value *000” for the SET TRANSMITTER PARAMETERS directivye.
B1.2.3 Transmitter Frequency
B1.2.3.1 General

Bifs 10-12 of the SET TRANSMITTER PARAMETERS directive shall be used to get the
transmitter frequency of the partnered transceiver to the desired value.
B1.2.3.2 Return Transmitter Frequency (e.g., Orbiter as Initiator; Landed Asset as

Responder)

In|the context of the forward link, this 3-bit field shall define the transmit frequency |of the
regponder. Actual freqliency assignments are given in the Physical Layer (see reference [6]).

‘000; ‘001 ‘010’ ‘01 100’ ‘101 110° ‘111

€hOR ChiR Ch2R Ch3R Ch4R Ch5R Ch6R Ch7R

B1.2.4 Transmitter Data Encoding

Bits 8-9 of the SET TRANSMITTER PARAMETERS directive shall contain the following
coding options:

a) ‘00’ =LDPC(2048,1024) rate 1/2 code (see reference [2]);

b) ‘01" = Convolutional Code(7,1/2) (G2 vector inverted) with attached CRC-32 (see
reference [5]);
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c) ‘10’ = Bypass all codes;
d) ‘11’ = Concatenated (R-S(204,188), CC(7,1/2)) Codes.

NOTE - R-S(204,188) with CC(7,1/2) code is an ETSI standard. This option is not
required for cross support. (See reference [H1] for more details.)

B1.2.5 Transmitter Modulation

Bit 7 [of the SET TRANSMITTER PARAMETERS directive shall contain the transmissJon
modulation options:

a)| ‘0’ = Coherent frequency PSK;
b)[ ‘1’ = Non-coherent frequency PSK.

B1.2.d Transmitter Data Rate

B1.2.4.1 Bits 3-6 of the SET TRANSMITTER PARAMETERS directive shall contain one|of
the following transmission data rates (rates in kb/s, e.g., 4 =:4000 b/s) prior to encoding.

NOTH - Because of the NASA Mars Surveyor Rroject 2001 Odyssey implementation,
there is an added constraint on the use:of the values in the Data Rate field for] 8,
32, 128, 256 kb/s. Data rate selectiof is linked to the modulation field value|as
shown in the tables below. NCHindicates non-coherent PSK, and C indicates
coherent PSK. R1 through R4-indicate the field is reserved for future definition
by the CCSDS. 1, 512, 1024;-and 2048 kb/s data rates can only be selected using
the SET PL EXTENSIONS directive (see B1.7).

B1.2.4.2 Ordered by Data Rate:

1000’ | ‘4001’ | ‘0000’ | ‘00071’ | :2200' | ‘0010' | ‘0011" | ‘1101 | ‘0100’ | ‘0101’ | ‘'O110’ | ‘'O111’ | 1010’ | “1011' | ‘1110’ | ‘1p1Y1°
2 4 8NC | 8C 16 |32NC| 32C 64 |128NC| 128 C 256 NC| 256 C | R1 R2 R3 R4
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B1.2.6.3 Ordered by Bit pattern:

‘0000’ | ‘0001’ | ‘0010’ | ‘0011’ | ‘0100’ | ‘0101" | ‘0110’

‘0111’

1000 | ‘1001’

1010’

1011’

1100’

‘1101’

1110’

1111

128 NC| 128 C [256 NC

8NC | 8C [32NC| 32C

256 C

2 4

R1

R2

16

64 R3

R4

B1.2.6.4 Proximity-1 coded symbol (R.s) and data rate (Ry) table:

Prox-1Coded Prox-1 Uncoded

Prox-1 Convolutionally

Prox-1 LDPC computed

SymbotRates— Data Rates(Rg)— Cuded Data Rates(Ry) tataTates {Ry)
(Res) R4 = Res R4 =.5*Res Ry =.48484 * R
1000 1000 N/A N/A
2000 2000 1000 969.696969y
4000 4000 2000 1939.393939
8000 8000 4000 3878.787879
16000 16000 8000 7757.575758
32000 32000 16000 15515.1515p
64000 64000 32000 31030.30308
128000 128000 64000 62060.60606
256000 256000 128000 124121.2121
512000 512000 256000 248242.424p
1024000 1024000 512000 496484.848b
2048000 2048000 1024000 992969.697
4096000 N/A 2048000 1985939.39%4
B1.2.6.,5 1, 512, 1024] and 2048 kb/s data rates can only be selected using the SET PL
EXTENSIONS directive (see B1.7).
B1.2.7 Transmitter Mode
Bifs-0~2 of the SET TRANSMITTER PARAMETERS directive shall contain the Trangmitter
Mede—options—This-field-identifiesthe operating-modeof the transmitter:
a) ‘000’ = Mission Specific;
b) ‘001’ = Proximity-1 Protocol;
c) ‘010’ = Mission Specific;
d) ‘011’ = Mission Specific;
e) ‘100’ = Mission Specific;
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f) “101’ = Mission Specific;
g) ‘110’ = Reserved by CCSDS;
h) ‘111’ = Reserved by CCSDS.

NOTE - Annex F should be consulted for NASA Mars Survey Project 2001 Odyssey
Orbiter Transmitter Mode mission-specific values.

B1.3 | SET CONTROL PARAMETERS
B1.3. General

B1.3.1.1 The SET CONTROL PARAMETERS directive shall consist of six fields, positiored
contiguously in the following sequence (described from least significant-bit;’Bit 15, to mpst
significant bit, Bit 0):

a) | Directive Type (3 bits);

b)| Token (1 bit);

¢)| Remote No More Data (1 bit);
d)| Reserved (2 bits);

e) | Duplex (3 bits);

f) | Time Sample (6 bits).

B1.3.1.2 This directive is used to Set from zero to four control parameters at a time:|1)
setting the token for half-duplex_operations; 2) setting the Remote No More Data conditjon
for segsion termination in full grhalf duplex; 3) setting the Duplex parameter; 4) setting the
number of time samples to be-tdken during timing services.

NOTH - The structural’components of the SET CONTROL PARAMETERS directive gre
shown in figure B-3.

Bit 0 Bit 15
Time;Sample | puplex | Reserved | Remote No Token Directive Type
6 bits : , More Data , 3 bits
3 bits 2 bits 1 bit
1 bit
0,1,2,3,4,5 6,7.8 9,10 11 12 13,14,15

Figure B-3: SET CONTROL PARAMETERS Directive
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B1.3.2 Directive Type

B1.3.2.1 Bits 13-15 of the SET CONTROL PARAMETERS directive shall contain the
Directive Type.

B1.3.2.2 The 3-bit Directive Type field identifies the type of protocol control directive and
shall contain the binary value ‘001’ to identify the SET CONTROL PARAMETERS directive.

B1.3.3 Token

Bif 12 of the SET CONTROL PARAMETERS directive shall contain the value ©0f-the [Token
fidld as follows:

a) ‘0’ = No Change;
b) ‘1’ = Transmit.

NOTE - This field either notifies the remote node that there is no change in wio has
permission to transmit (i.e., ignore this field)-6r)commands the remote npde to
the transmit state.

B1.3.4 Remote No More Data

Bit 11 of the SET CONTROL PARAMETERS directive shall contain the Remote No| More
Da3ta field as follows:

a) ‘0’=No Change;
b) ‘1’ = Remote Node hastNo More Data to Send (RNMD).

NOTE - This field either notifies the recipient node that there is no change in the femote
node’s data_state (i.e., ignore this field) or notifies the recipient node that the
remote~-node has no more data to send, in which case the session may be
terminated when the recipient node locally has no more data to send.

B1.3.5 _“Reserved

Bifs9-10 of the SET CONTROL PARAMETERS directive shall contain spares and bef set to
‘all zero’.

B1.3.6 Duplex

Bits 6-8 of the SET CONTROL PARAMETERS directive shall contain the Duplex field as
follows:

a) ‘000’ = No Change;
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b) ‘001’ = Full Duplex;

c) ‘010’ = Half Duplex;

d) ‘011’ = Simplex Transmit;
e) ‘100’ = Simplex Receive;
f) ‘101’ = Reserved;

g) -t —=Reserved;

h)[ ‘111" = Reserved.

NOTH - This field either notifies the recipient node that there is no change-imthe remgte
node’s Duplex state (i.e., ignore this field) or notifies the recipient node [to
change the directionality of communication accordingly.

B1.3.4 Time Sample

Bits 05 of the SET CONTROL PARAMETERS directive shall*contain the Time Sample figld.
When(|this field is non-zero, it notifies the recipient to capture the time and frame sequence
number (associated with the Proximity timing service,zsee section 5) for the next n frames
received, where n is the number of Proximity transfer frames contained within the Time
Sample Field.

B1.4 | SET RECEIVER PARAMETERS BIRECTIVE
B1.4.1 General

The $ET RECEIVER PARAMETERS directive shall consist of six fields, positiorjed
contiguously in the following Sequence (described from least significant bit, Bit 15, to mpst
significant bit, Bit 0):

a) | Directive Type (3 bits);
b)[ ReceiverFrequency (3 bits);
c)| Receiver Data Decoding (2 bits);

d) —Receiver Modutation (1 bit);
e) Receiver Data Rate (4 bits);
f) Receiver (RX) Mode (3 bits).

NOTE - The structural components of the SET RECEIVER PARAMETERS directive
are shown in figure B-4.
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Bit 0 Bit 15
RX RX RX RX RX Directive Type
Mode Rate Modulation Data Decoding Frequency 3 bits
3 bits 4 bits 1 bit 2 bits 3 bits
0,1,2 3,4,5,6 7 8,9 10,11,12 13,14,15

Figure B-4: SET RECEIVER PARAMETERS Directive

B1.4.2 Directive Type

B1.4.2.1 Bits 13-15 of the SET RECEIVER PARAMETERS directive shall contgin the

Directive Type.

B1.4.2.2 The 3-bit Directive Type field identifies the type of protecol control directiye and

shall contain the binary value ‘010’ for the SET RECEIVER PARAMETERS directive.

B1.4.3 Receiver Frequency

B1.4.3.1 General

Bifs 10-12 of the SET RECEIVER PARAMETERS directive shall be used to set the rgceiver

frgquency of the partnered transceiver to the desired value.

B1.4.3.2 Forward Receive Frequency (e.g., Orbiter as Initiator; Landed Asset as
Responder)

In|the context of the forward link, this 3-bit field shall define the receive frequency |of the

regponder. Actual frequency assignments are given in the Physical Layer (see reference [6]).
‘000’ 001 ‘010’ ‘011’ 100’ ‘101’ 110’ ‘111
ChOF ChlF Ch2F Ch3F Ch4F Ch5F Ch6F Ch7F

B1.4.4 »Receiver Data Decoding

Bits-8—9-of the- SEFRECENERPARAMETFERSdirectiveshal-containthefoHowinrg-€oding

options:

CCSDS 211.0-B-5

‘00" =

LDPC (2048,1024) rate 1/2 code (see reference [2]);

‘01’ = Convolutional Code(7,1/2) (G2 vector inverted) with attached CRC-32 (see
reference [5]);

‘10’ = Bypass all codes;
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‘11’ = Concatenated R-S(204,188), CC(7,1/2).

NOTE - R-S(204,188) with CC(7,1/2) code is an ETSI standard. This option is not
required for cross support. (See reference [H1] for more details.)

B1.4.5 Receiver Modulation

Bit 7 of the SET RECEIVER PARAMETERS directive shall contain the following transmission
modulation options:

a)| ‘0’ = Coherent frequency PSK;
b)[ ‘1 = Non-coherent frequency PSK.

B1.4.4 Receiver Data Rate

B1.4.4.1 Bits 3-6 of the SET RECEIVER PARAMETERS directive‘shall contain one of the
following receiver data rates (rates in kb/s, e.g., 4 = 4000 b/s) after, decoding.

NOTH - Because of the NASA Mars Surveyor Project 2001 Odyssey implementation,
there is an added constraint on the use of the.values in the Data Rate field for| 8,
32, 128, and 256 kb/s. Data rate selection is linked to the modulation field value
as shown in the tables below (‘NC’ indicates non-coherent, and c indicates
coherent). R1 through R4 indicates the field is reserved for future definition [by
the CCSDS. 1, 512, 1024, and 2048-Kb/s data rates can only be selected using the
SET PL EXTENSIONS directive(see B1.7).

B1.4.4.2 Ordered by Data Rate:

‘1000’ | ‘1001’ | ‘0000’ | ‘0001’ | 1100 | ‘0010 ‘0011’ | 1101’ | ‘0100’ | ‘0101’ | ‘0110’ | ‘0111’ | 1010’ | 1011’ | '1110" | "1[111’

2 4 8NC | 8C 16 _|82NC| 32C 64 [128NC|128C |[256 NC| 256 C | R1 R2 R3 R4

B1.4.4.3 Ordered by Bit pattern:

‘0000’ | ‘001’ | ‘0010’ *6011’ | ‘0100’ | ‘0101’ | ‘0110’ | ‘0111’ | 1000’ | ‘1001’ | ‘1010’ | ‘1011’ | ‘1100’ | ‘1101’ | 1110’ | ‘1[L11’
8NC | |IBC |32NE/ 32C |128 NC| 128 C |256 NC| 256 C 2 4 R1 R2 16 64 R3 R4

CCSDS 211.0-B-5 Page B-10 December 2013
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B1.4.6.4 Proximity-1 coded symbol (R.s) and data rate (Rg) table:

Prox-1 Coded
Symbol Rates

Prox-1 Uncoded
Data Rates (Ry)

Prox-1 Convolutionally
Coded Data Rates (Rq)

ISO 22663:2015(E)
CCSDS RECOMMENDED STANDARD FOR PROXIMITY-1 SPACE DATA LINK PROTOCOL

Prox-1 LDPC Computed
Data Rates (Rg)

=T PL

mode

(Res) Ro = Res Ro=.5*Res Rq = 48484 * Res
1000 1000 N/A N/A
2000 2000 1000 969.6969697
2000 2000 2000 1939393939
8000 8000 4000 3878.787879
16000 16000 8000 7757575758
32000 32000 16000 15515.15152
64000 64000 32000 31030.30303
128000 128000 64000 62060.60606
256000 256000 128000 124121.2121
512000 512000 256000 248242.4242
1024000 1024000 512000 496484.8485
2048000 2048000 1024000 992969.697
4096000 N/A 2048000 1985939.394
NOTE - 1, 512, 1024, and 2048 kh/s-data rates can only be selected using the SI
EXTENSIONS directive.(see B1.7).
B1.4.7 Receiver Mode
Bifs 0-2 of the SET_RECEIVER PARAMETERS directive shall contain the receiver
options. This field-identifies the operating mode of the receiver:
a) ‘000’ =/Mission Specific;
b) “001’= Proximity-1 Protocol;
¢)\.010° = Mission Specific;
d) ‘011’ = Mission Specific;
e) ‘100’ = Mission Specific;
f) “101’ = Mission Specific;
g) ‘110’ = Reserved by CCSDS;
h) ‘111’ = Reserved by CCSDS.

CCSDS 211.0-B-5
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NOTE - Annex F should be consulted for NASA Mars Survey Project 2001 Odyssey
Orbiter Receiver Mode mission-specific values.

B1.5 SET V(R) DIRECTIVE

B1.5.1 General

The SET V(R) directive shall consist of three fields, positioned contiguously in the following
sequemce (described from least significant bit, Bit 15, to most significant bit, Bit 0):

a) | Directive Type (3 bits);
b)| Spare (5 bits);
c)| Receiver Frame Sequence Number (SEQ_CTRL_FSN) (8 bits).

NOTH - The structural components of the SET V(R) directive are shown in figure B-5.

Bit 0 Bit 15
Receiver Frame Sequence Number Spdare Directive Type
SEQ_CTRL_FSN 5bits 3 bits
8 bits
0,1,2,3,4,5,6,7 8,9,10,11,12 13,14,15

Figure B-5SET V(R) Directive

B1.5.2 Directive Type

B1.5.4.1 Bits 13-15 of the SET V(R) directive shall contain the Directive Type.
B1.5.4.2 The 3-bit Directive Type field identifies the type of protocol control directive and
shall dontain the binary value ‘011’ to identify the SET V(R) directive.

B15.3 Spare

Bits 8+12'0of the SET V(R) directive shall contain spare bits, set to ‘all zero’

B1.5.4 Receiver Frame Sequence Number

Bits 0—7 of the SET V(R) directive shall contain the value of the Frame Sequence Number
(SEQ_CTRL_FSN) to which the receiving unit of the partnered transceiver is to be set.
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B1.6 REPORT REQUEST DIRECTIVE
B1.6.1 General

The REPORT REQUEST directive is the mechanism by which either (1) a status report, (2) a
time-tag, or (3) a PLCW per PCID can be requested of a Proximity-1 node. It shall consist of
seven fields, positioned contiguously in the following sequence (described from least
significant bit, Bit 15, to most significant bit, Bit 0):

a) Directive Type (3 DIts);

b) PCID 1 PLCW Request (1 bit);
c) PCID 0 PLCW Request (1 bit);
d) Time-Tag Request (3 bits);

e) Status Request (5 bits);

f) Spare (3 bits).

NOQTE - The structural components of the REPORT. REQUEST directive are shgwn in

figure B-6.
Bit 0 Bit 15

Spare Status Time-Tag PCID 0O PCID 1 Directive
Report Request PLCW PLCW Type
Request Request Request

3 bits 3 bit 1 bit 1 bit 3 bits

5 bits
0,1,2 3,4,5,6,7 8,9,10 11 12 13,14,15

Figure B-6: Report Request

B1.6.2 Directive Type
B1.6.2.1 Bits 13-15 of the REPORT REQUEST directive shall contain the Directive Tlype.

B1.6.2.2 The 3-bit Directive Type field identifies the type of protocol control directiye and
shall-contain the binary value ‘100

B1.6.3 Physical Channel ID 1 PLCW Report Request Field

Bit 12 of the REPORT REQUEST directive shall indicate whether a PLCW report for PCID 1
IS required:

a) ‘1’ =PLCW report is needed for PCID 1; transmit this report on the same PCID that
the report request arrived on.
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