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STATEMENT OF INTENT
(WHEN THIS RECOMMENDED STANDARD IS FINALIZED, IT WILL CONTAIN THE FOLLOWING 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 Recommendations and are not in themselves considered binding on any Agency.
CCSDS Recommendations take two forms: Recommended Standards that are prescriptive and are the formal vehicles by which CCSDS Agencies create the standards that specify how elements of their space mission support infrastructure shall operate and interoperate with others; and Recommended Practices that are more descriptive in nature and are intended to provide general guidance about how to approach a particular problem associated with space mission support. This Recommended Practice is issued by, and represents the consensus of, the CCSDS members.  Endorsement of this Recommended Practice is entirely voluntary and does not imply a commitment by any Agency or organization to implement its recommendations in a prescriptive sense.
No later than five years from its date of issuance, this Recommended Practice will be reviewed by the CCSDS to determine whether it should: (1) remain in effect without change; (2) be 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 Practice is issued, existing CCSDS-related member Practices and implementations are not negated or deemed to be non-CCSDS compatible. It is the responsibility of each member to determine when such Practices or implementations are to be modified.  Each member is, however, strongly encouraged to direct planning for its new Practices and implementations towards the later version of the Recommended Practice.
FOREWORD
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Questions relating to the contents or status of this document should be sent to the CCSDS Secretariat at the e-mail address indicated on page i.
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PREFACE
This document is a Technical Area-internal draft CCSDS Recommended Practice.  Its ‘White Book’ status indicates that the CCSDS Cross Support Services Area is using it as the basis for the development of a future Recommended Practice.
When the Technical Area believes the document to be technically mature, it will requat the CCSDS Secretariat to release a Draft Recommended Practice (Red Book) for formal review by appropriate technical organizations.  
As a White Book, its technical contents are not stable, and multiple iterations of it are expected to occur within the Area and in response to comments received during the review process of one or more Red Book versions.
Implementers are cautioned not to fabricate any final equipment in accordance with this document’s technical content.
Recipients of this Area-level draft are invited to submit, with their comments, notification of any relevant patent rights of which they are aware and to provide supporting documentation.
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This Recommended Practice defines the Functional Resource Reference Model. It defines the concepts and organizing principles of functional resources, identifies the set of functional resources needed to model the functions of an Earth Space Link Terminal (ESLT), and specifies the behavior of each of the functional resources.
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The Functional Resource concept was originally developed as a way to provide unique qualifiers for monitored parameter names in cases where multiple instances of those parameters could be reported simultaneously through the Monitored Data CSTS (MD-CSTS). A strawman set of Functional Resource Types was developed for the MD-CSTS (see reference [10]). The strawman Functional Resource Types were subsequently used (with modifications) to generate a proposed standard set of monitored parameters for each functional resource type.
Fundamental to the concept of Functional Resources is that each one represents a cohesive, atomic set of space communication functionality with which can be associated single instances of management parameters, monitored parameters, real-time control parameters, and event notifications. 
Functional Resources are not the physical resources (e.g., transmitters and receivers) that comprise real systems. Rather, they represent the functions or capabilities that are provided by those physical resources. A Functional Resource may be realized by several physical entities that work cooperatively to perform that function. Alternatively, for some types of functional resources, a single physical resource may be designed such that it instantiates several functional resources.
The concept has subsequently been adopted as a core concept of the CSTS Specification Framework (CSTS SFW) (see reference [4]), with standard parameter names being defined as having a functional resource identifier component. The CSTS SFW also defines a registration subtree for functional resource type Object Identifiers (OIDs) under the CCSDS registration tree. The Technical Note “Operational Scenario Implementation” (reference [11]) applied the functional resource type and monitored parameter OID structure to the proposed standard set of monitored parameters. Besides monitored parameters, the Functional Resource registration tree defined in the CSTS SFW is used to register OIDs for notifiable events and directives associated with each Functional Resource type. Notifiable events are also reported by the MD-CSTS. A directive is a control action that is invoked in real time. The directives are intended for use by a future Service Control CSTS (and possible other CSTSes). 
The Functional Resource concept has been adopted as the method for organizing the management information associated with the services to be managed via the planned Space Communication Cross Support Service Management – Service Agreement and Configuration Profile Data Formats Recommended Standard (also see reference [12]). However, for purposes of Service Management, Functional Resources are too granular – the prospect of managing all possible combinations at the individual Functional Resource level is overwhelming. Fortunately, from a real-world perspective, in many cases multiple Functional Resources are used to represent the functionality of a single technical specification (e.g., a CCSDS Recommended Standard) such that the associated set of Functional Resources can be treated as a unit. Such units are called Functional Resource Sets.
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This Recommended Practice specifies the behavior of each of the functional resources in terms of the functionality of the CCSDS Recommended Standard that the functional resource represents. This Recommended Practice does not define the individual configuration parameters, monitorable parameters, notifiable events, or directives of the functional resources. Those details are defined in the SANA Functional Resource Registry (reference [34]).
The scope of this issue of this Recommended Practice is limited to functional resources that are (a) used to provide services specified in IOAG Service Catalog #1 (reference [9]), plus the Forward Frame service of the Interagency Operations Advisory Group (IOAG) Service Catalog #2 (reference [16]), and (b) associated with what are called Earth Space Link Terminals (ESLTs) in the SCCS Architecture (reference [13]). 
The IOAG Service Catalog #1 service types (see reference [9]) that are supported by the functional resources in this vesion of this Recommneded Practice are:
· Forward CLTU;
· Return All Frames;
· Return Channel Frames;
· Return Operational Control Field;
· Raw Data Radiometric; and
· Engineering Monitoring Data Delivery.
These IOAG Service Catalog #1 and Catalog #2 services are provided by ESLTs. An ESLT provides an Earth-side termination of a space-ground link to a Space User Node (spacecraft, rover, etc.). A typical ESLT is a ground station, but in the case of a relay satellite system in which both the ground terminal and the relay satellite belong to the same operational organization such that the operation of the links between the ground terminal and the relay satellite are not exposed to the user mission (such as the NASA Space Network), the ESLT represents the functionality of both the ground terminal and the relay satellite.
Specifically, this issue of this Recommended Practice specifies the following candidate functional resources:
a) Antenna;
b) CCSDS 401 Space Link Carrier Transmission;
c) Ranging Transmission;
d) CCSDS 401 Space Link Carrier Reception;
e) Range and Doppler Extraction;
f) TC PLOP, Synchronization, and Channel Encoding;
g) Fixed Length Frame Synchronization, Channel Encoding, and Only-Idle-Data Generation:
h) Fixed Length Frame Synchronization and Channel Decoding;
i) TC Master Channel Multiplexing;
j) TC Virtual Channel Multiplexing;
k) AOS Master Channel Multiplexing;
l) AOS Virtual Channel Multiplexing;
m) Fixed Length Frame USLP Master Channel Multiplexing;
n) Fixed Length Frame USLP Virtual Channel Multiplexing;
o) TM/AOS Master Channel Demultiplexing;
p) TM/AOSVirtual Channel Demultiplexing;
q) Frame Data Sink;
r) CFDP Entity;
s) TDM Segment Generation;
t) Offline Frame Buffer;
u) TDM Recording Buffer;
v) F-CLTU Transfer Service Provider;
w) Forward Frame CSTS Provider;
x) RAF Transfer Service Provider;
y) RCF Transfer Service Provider;
z) ROCF Transfer Service Provider;
aa) Tracking Data CSTS Provider; and
ab) Monitored Data CSTS Provider.
The functional resources in this Reference Model are potentially applicable to other entities in the SCCS Architecture (e.g, Space User Nodes and Earth User Nodes). As the applicability of functional resources to other entity types are better defined, future issues of this Recommended Practice will address those use cases. Such expanded use cases may include the definition of new functional resource types, the addition of new functionality to existing functional resource types, the addition of new Functional Resource Strata (see 2.2), and/or the addition of new Service Configuration Catgoeries (see 2.4).
[bookmark: _Toc45099340]Applicability
This Recommended Practice is applicable to ESLT-provided cross support services that are based on CCSDS Cross Support Transfer Services and Cross Support Service Management that model functionality in terms of Functional Resources.
The concepts and specifications of Functional Resources, Functional Resource Sets, and Functional Resource Strata  may by applicable to other node types, but such applicability must be determined on an implementation basis
[bookmark: _Toc45099341]Rationale
Multiple CCSDS cross support services use Functional Resources as a core organizing paradigm for representing – in a uniform and implementation-independent way - the functionality of the numerous and various CCSDS Recommended Standards. This Reference Model, along with the SANA FR Registry (reference [34]), defines the collection of functional resources in an organized and consistent manner.
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Section 2 provides an overview of the various conceptual building blocks of the Functional Resource Reference Model. 
Section 2 describes the various concepts around which the Functional Resource Refernce Model is organized. In particular, it describes the concept of functional resources and the Functional Resource stratified model and Functional Resource Sets as vehicles for organizing those functional resources.
Section 3 identifies and defines the Functional Resource Sets of the Aperture Functional Resource Stratum. 
Section 4 identifies and defines the Functional Resource Sets of the Physical Channel Functional Resource Stratum. 
Section 5 identifies and defines the Functional Resource Sets of the Synchronization and Channel Coding Functional Resource Stratum. 
Section 6 identifies and defines the Functional Resource Sets of the Space Link Protocol Functional Resource Stratum. 
Section 7 identifies and defines the Functional Resource Sets of the Space Link Session Data Delivery Production Functional Resource Stratum. 
Section 8 identifies and defines the Functional Resource Sets of the Space Link Session Radiometric Data Production Functional Resource Stratum. 
Section 9 identifies and defines the Functional Resource Sets of the Offline Data Storage Functional Resource Stratum. 
Section 10 identifies and defines the Functional Resource Sets of the Data Transfer Services Functional Resource Stratum. 
Section 11 identifies and defines the Functional Resource Sets of the Service Management Functions Functional Resource Stratum. 
Section 12 identifies and defines the Functional Resource Sets of the Space Internetworking Functional Resource Stratum. 
Annex A lists the Object Identifier Offsets for the Functional Resource Strata and Functional Resource Sets
ANNEX B addresses the security, SANA, and patent considerations that are applicable to this Recommended Practice.
Annex C lists the Acronyms and Abbreviations used in this Recommended Practice (this annex is currently just a placeholder).
Annex D identifies candidates for future Functional Recource definitions.
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[bookmark: _Toc45099344]Terms
[bookmark: _Ref36456739]Terms Defined in the Cross Support Transfer Services Specification Framework, reference [4]
a) [bookmark: _Ref404002731]Association Control procedure;
b) blocking [operation];
c) Buffered Data Processing procedure;
d) complete [transfer mode];
e) CSTS;
f) functional resource;
g) latency-limit;
h) procedure configuration parameter;
i) ProcessDataInvocation;
j) qualified parameter;
k) Sequence Controlled Data Processing procedure;
l) service instance provision period;
m) [bookmark: _Ref36456721]service management parameter;
n) service-user-responding-timer;
o) timely [transfer mode].
Terms Defined in the Cross Support Reference Model, reference [1]	
a) Mission User Entity (MUE);
b) Service Package;
c) space link session.
Terms Defined in the Space Communications Cross Support Architecture Description Document, Reference [13]
a) Cross Support Service System (CSSS);
b) ESLT;
c) Earth User CSSS;
d) Earth User Node;
e) Element Management (EM);
f) Provider CSSS;
g) Provision Management (PM);
h) Service Management;
i) Space User Node;
j) Utilization Management (UM).
Terms Defined in Abstract Syntax Notation One, Reference [43]
a) Abstract Syntax Notation One (ASN.1);
b) Object Identifier.
Terms Defined in the TC, AOS, and Unified Space Data Link Protocols, References [17], [18][18], and [35], Respectively
a) Communications Operation Procedure (COP) (reference [17] only); 
b) Global Virtual Channel Identifier (GVCID);
c) Only Idle Data Frame (references [18] and [35] only);
d) Master Channel (MC);
e) Master Channel Identifier (MCID);
f) Spacecraft Identifier (SCID);
g) Transfer Frame (the format is specific to each space data link protocol);
h) Transfer Frame Primary Header;
i) Transfer Frame Version Number (TFVN);
j) Virtual Channel (VC); and
k) Virtual Channel Identifier (VCID).
[bookmark: _Ref35852896]Terms Defined in the TM Synchronization and Channel Coding Recommended Standard, Reference [6][6]
a) Attached Synchronization Marker (ASM);
b) Channel Access Data Unit (CADU);
c) Low-Density Parity-Check (LDPC);
d) [bookmark: _Ref35852912]Low-Density Parity-Check coding of a stream of Sync-Marked Transfer Frames;
e) Sync-Marked Transfer Frame (SMTF).
Terms Defined in the Forward Frame CSTS Recommended Standard, Reference [33]
a) bit masking; 
b) CADU configuration;
c) [bookmark: _Ref511814659]data processing mode;
d) [bookmark: _Ref528679132]sequence-controlled data processing mode; 
e) [bookmark: _Ref528679155]buffered data processing mode; 
f) [bookmark: _Ref36458080]functional resource parameter;
g) Only Idle Data CADU;
h) Only Idle Data SMTF;
i) Space Link Protocol Data Unit (SL-PDU);
j) Transfer Frame configuration.
Terms Defined in this Recommended Practice
a) functional resource;
b) functional resource set;
c) functional resource strata/stratum.
[bookmark: _Toc45099345]Conventions
[bookmark: _Toc45099346]components of Functional resource definitions
Sections 3 through 12 identify and define the functional resources that comprise the Functional Resource Reference Model. These definitions are organized by FR Strata (where each section corresponds to an FR Stratum) and by FR Set within those strata.
For each Functional Resource type that is defined in this Recommended Practice, the following information is specified:
a) the corresponding Functional Resource Type classifier is listed. The FR Type classifier is label of the unique Object Identifier (OID) for that FR type. The FR Type OIDs are specified in the SANA Functional Resources Registry (reference [34]) and the classifier serves as the key into that registry;
NOTE	-	The Functional Resource Type OIDs are registered under the crossSupportFunctionalities branch of the CCSDS Object Identifier Tree, which is specified in reference [4] as:
{ iso(1)  identified-organization(3)  standards-producing-organization(112)  ccsds(4) css(4)  crossSupportResources(2)  crossSupportFunctionalities(1)} 
The FR Type OID for a given FR is therefore designated in the SANA FR Registry by 
{ iso(1)  identified-organization(3)  standards-producing-organization(112)  ccsds(4) css(4)  crossSupportResources(2)  crossSupportFunctionalities(1)   
<Functional Resource Type classifier>…<FR Type OID bit>}
where FR Type OID bit is the distinguishing number of the that FR’s OID.
b) the status of the SANA Functional Resource Registry information for the functional resource as of the current version of this Recommended Practice. The status can be one of:
1) Approved – the FR has be registered in the SANA Approved FR registry and can be used by operational systems; 
2) Candidate - the FR has been posted to the SANA Candidate FR registry with a projected date for registration in the Approved FR registry. It is assumed that the FR is under review.
c) the specific functions of the pertinent CCSDS Recommended Standard(s) is(are) identified. 
1) For each Recommended Standard cited as a source of FR functionality, (a) the FR definition addresses whether the Recommended Standard specifies the managed parameters associated with that functionality, (b) if it does specify the managed parameters, the FR definition identifies any of those managed parameters that are NOT mapped to the configuration parameters of the FR, and specifies how those managed parameters are set instead;
NOTE	–	Due to the application of information sharing (see 2.6.3), parameters that are defined in a Recommneded Standard may have their values specified in an FR that is different from the FR that implements the functionality of that Recommended Standard, either directly or by derivation. 
2) If the FR performs multiple functions of the source Recommended Standard(s), a diagram of the internal structure of the FR is provided; 
d) relationships of the functional resource with other functional resources outside the Functional Resource Set are identified in terms of 
1) SAPs that are accessible by external FRs; 
2) SAPs of external FRs that are accessed by the functional resource; 
3) ancillary interfaces that are provided by the FR; and
4) ancillary interfaces that are required by the FR (and if the ancillary interfaces are optionally required, the conditions under which they are required);
This Recommended Standard uses graphical conventions based on Unified Modeling Language (UML, reference [44]) concepts and graphical notation to represent relationships among Functional Resources. In particular, the UML concepts of composition, provided interfaces, and required interfaces, and their respective graphical notations, are used. The application of these UML concepts and graphical notations is described in 2.3 and 2.5.
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The Functional Resource Reference Model is built upon the concepts of:
· functional resources; 
· functional resource stratified model; 
· functional resource set; 
· relationships among functional resource sets; and
· service configuration categories.
These conceptual building blocks are combined and refined in various combinations to create the Service Management functional resource-based Service Agreement and Configuration Profile Information Entities that are the subject of reference [7] and future CCSDS Recommended Standards.
This section describes the conceptual building blocks listed above.
[bookmark: _Toc45099349]Functional ResourceS
[bookmark: _Toc45099350]Functional Resources aS abstractions of real resources
Functional Resources are abstract representations of the functionality needed to provide space communication and navigation services, defined at a level of granularity sufficient to specify the configuration parameters, monitored parameters, and notifiable events associated with that functionality. Functional Resources exist to represent such information as it applies to a cross support interface – if a processing function does not have unique monitored parameters, notifiable events, or any configuration parameters that need to be set (possibly through configuration profiles), queried, or reconfigured (via real-time control directives), then it does not have a Functional Resource to represent it. Note that only one of these facets needs to be present in order for a function to need to be represented by a Functional Resource. 
Figure 2‑1 depicts a generic Functional Resource type and its notional interfaces.
[image: ]
[bookmark: _Ref417983696][bookmark: _Toc45099444]Figure 2‑1:  Notional Interfaces of the Generic Functional Resource Type
The horizontal interfaces represent the flow of data or a signal through an instance of the FR – the “function” of the FR is the process that it performs on this signal/data. Such processing can involve converting one type of signal to another type of signal, manipulating data to produce another type of data, generating signals from data, or extracting data from signals (e.g., space communication data modulated onto an electromagnetic carrier signal, or Doppler data derived from an electromagnetic carrier signal). An FR instance is configured via the setting of the configuration parameters for its FR type. When the FR instance is active, it emits measurements of whatever monitored parameters are defined for that FR type. The FR instance also emits event notifications if any of the notifiable events that are defined for its FR type occur. Finally, the behavior of an FR instance may be modified via the real-time control directives that are defined for its FR type (if any). 
Because FRs are abstractions, their relationships to the real physical resources that perform those functions are not specified, and will vary from ESLT to ESLT. Also, the “interfaces” by which the configurations are initially set and subsequently reconfigured, and by which parameters are monitored and events notified, are also abstract. The Element Management function(s) of any given ESLT have the (conceptual) responsibility for translating operations involving the parameters, events, and directives (PEDs) of abstract functions resources into the actual interfaces of the real physical resources that implement those functional resources within that ESLT. 
Whereas the identification of the Functional Resources and their behavior are within the purview of this Recommended Practice, the Space Assigned Numbers Authority (SANA)  Functional Resource Registry (reference [34]) is the official repository of (a) the identification and formal definitions of the PEDs of the functional resources, and (b) the specifications of the various object identifiers (OIDs) that are associated with those FRs and their PEDs. The contents of, and concepts that apply to, the SANA FR Registry are described in 2.6.
The values of most of the configuration parameters are set through the use of configuration profiles. The requirements for configurations profiles will eventually be formally standardized in the CCDS Recommended Standard Space Communication Cross Support Service Management – Service Agreement and Configuration Profile Data Formats (reference [15]). Configuration profiles are lists of configuration parameters and their values that are pre-agreed between the Provider CSSS and the User Mission. When a configuration parameter in a configuration profile is the same as a configuration parameter of a functional resource instance, the value of that parameter in the configuration profile is the initial value of the corresponding FR parameter at the start of execution of the Service Package. 
Configuration profiles specify the values of configuration parameters that do not depend on things such as the specific ESLT that is scheduled to execute a given Service Package or the trajectory of the Space User Node for the duration of the Service Package. However, some FR configuration parameters do depend on such dynamic considerations and their values can only be determined when the Service package has been scheduled for a specific ESLT for a specific period. Such configuration parameters are outside the scope of configuration profiles. Their initial values are set by Element Management (EM) as a product of the scheduling of the Service Package. 
NOTE	–	When the value of a configuration parameter of an FR is determined by EM as a result of the scheduling process, the Utilization Management (UM) function of the User Mission is informed of the values through the Service Package information entity defined in reference [38]. This process is described in greater detail in reference [7].
Many configuration parameter values of an FR may also be changed during the execution of the Service Package by invoking the ‘set control parameters’ directive for that functional rescource. Invocation of the ‘set control paramters’ directive on any given configuration parameter is subject to the guard conditions that are defined for that parameter. These guard conditions define the prerequisites for being able to change the value of the configuration parameter, and if those conditions are not present the directive will fail. 
Directives provide the mechanism by which the User Mission may alter the behavior of functional resources during the execution of a Service Package, subject to guard conditions. The CCSDS-standard directives may also be invoked by EM for purposes of local control within the Provider CSSS. There may also be additional, locally-defined directives that are available only to EM. The specification of such EM-only directives is outside the scope of this Recommended Practice and the SANA FR Registry. 
Finally, in addition to the guard conditions and restrictions to dynamic re-configuration defined as part of the CCSDS-standard definitions of the parameters, each Provider CSSS (e.g., Agency) may impose its own further restrictions on which parameters may have their values dynamically changed by UM through invocation of the ‘set control parameters’ directive, and on which other directives may be invoked by UM.
[bookmark: _Toc45099351]Core Functional Resource Types
For the IOAG Service Catalog #1 services performed by an Earth Space Link Terminal (which is the current scope of SCCS-SM), the composite functionality includes:
a) the transmission/reception of the signal on the space link with the Space User Node;
b) the channel synchronization and coding/decoding of the data on that space link;
c) the execution of the space link protocols; and
d) the provision of the cross support services by which the User missions submit data destined for their Space User Node and receive data from their Space User Node. 
This functionality nominally conforms to the specifications provided by CCSDS Recommended Standards for space link modulation (reference [23]), synchronization and channel coding (references [5] and [6]), space data link protocols (references [17] - [22] and [35]), terrestrial cross support services e.g., (references [2], [3], and [10]), and space internetworking services (references [30] and [31]).
The services provided in a Service Package can contain multiple instances of Functional Resource types (FR types). Each FR type is assigned an ISO object identifier (OID), which is referred to as the Functional Resource Type. The FR Type is used to construct unique identifiers for functional resource instances and for the monitored parameters, configuration parameters, notifiable events, and real-time control directives that those functional resources expose. A Functional Resource instance is identified by its Functional Resource Name, which is the combination of the Functional Resource Type with a Functional Resource Instance Number (see the Cross Support Transfer Service Specification Framework (reference [4]) for additional details on the formal syntax of Functional Resource identifiers).
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NOTE	–	Parts of this section are adapted from material in the Extensible Space Communication Cross Support Concept Green Book (reference [12]). That Green Book uses the modeling and terminology of the SCCS Architecture Description Document Green Book (reference [13]). That SCCS ADD terminology is also used in this section. The ADD terms that are applicable to the Functional Resource Reference Model are:
· Earth Space Link Terminal (ESLT) is the ADD term for ground station. It also applies to the combination of ground stations and relay satellite in bent-pipe relay satellite systems, i.e., in which the relay satellite is the aperture of the ground station from the perspective of the Space User Node;
· Space User Node is the ADD term for the user Mission element in space, e.g., mission spacecraft, planetary rover;
· Earth User Node is the ADD term for a terrestrial facility of the user Mission, and in particular one that hosts users of ESLT services; and
· Provider Cross Support Service System (CSSS) is the ADD term for a Tracking, Telemetry, and Command (TT&C) network.
Functional Resource Types represent specific space communication technologies and specific terrestrial cross support services. As space communication technologies evolve and new terrestrial cross support services are added over time, the FR Types that are used to represent them may need to be augmented or replaced by different FR Types. In cases where multiple FR Types are closely bound to a particular space communication technology (e.g., space link signal modulation), the replacement/addition of such a technology could involve the replacement/addition of multiple FR Types. Similarly, a terrestrial cross support service may need multiple FR Types to represent the total functionality associated with that cross support service. For example, a return offline SLE transfer services has an FR type for the service provision functions of the SLE service, and also an FR type for the offline buffer that stores the data for subsequent retrieval by the SLE service provider. 
To categorize the types of functionality that the various functional resources perform, and to help clarify what categories of functions are need to perform a given service, this Reference Model establishes the Functional Resource stratified model. The FR stratified model is similar to the layered models for ISO Open System Interconnection (seven layers) and TCP/IP (four layers), in which each layer is defined abstractly so that multiple specific protocols can be plugged as long as they meet the definition of that layer. In the case of the Functional Resource stratified model, the “lowest” stratum provides the physical link (in this case, an electromagnetic carrier signal) between the ESLT and a Space User Node and the “higher” strata perform the intermediate processing of data that is exchanged between the ESLT and an Earth User Node that is associated with that Space User Node. The FR stratified model has the following strata: 
a) aperture, which is the physical interface to the space medium. On the “ground side”, the aperture receives and/or transmits an electromagnetic carrier signal;
b) physical channel, which transfers a stream of channel bits through the aperture across the physical medium (in this case, space). In addition to the transfer of a stream of bits, the physical channel may also carry non-binary signals, e.g. for the purpose of range measurements. The space physical channel has traditionally been provided at radio frequencies using RF modulation techniques, but the use of optical physical channels is expected to increase; 
NOTE	–	In any realization of a space link, the technology used by the aperture must be compatible with the technology used by the physical channel. However, the possibility for multiple aperture technologies being applicable to the same physical channel technology (e.g., a single-feed steerable antenna, an array of geographically-separated steerable antennas, an array of fixed antenna elements that “point” by adjusting the phase differences among those antenna elements) justifies treating apertures separately from physical channels for the purposes of FR strata definition.
c) channel synchronization and coding, which consists of the error coding, randomization, and synchronization functions that are performed to convert space data link transfer frames to the bit streams that are transferred across the space physical channel, and vice versa; 
d) space data link protocols that insert/extract space-optimized protocol data units (PDUs) into/from space data link transfer frames and in some cases control the flow of those transfer frames across the space link;
e) data delivery transfer services that allow remote user mission entities to interface with the ESLT for the purpose of exchanging data with their respective Space User Node via the space links provided by the ESLT. These services include SLE Transfer Services, CSTSes, and application-level services that transform data on the way to or from the Space User Node; 
f) offline data storage, used to hold data when the transfer of data to or from the Space User Node cannot occur at the same time (or at the same data rate) as that of the space link over which the data is to be transported; 
g) internetworking protocols that provide end-to-end connectivity across multiple kinds of data links, including space links.
NOTE	–	Space Internetworking is part of IOAG Service Catalog #2 capabilities. 
For the IOAG Service Catalog #1 services performed by an ESLT (which is the current scope of this Reference Model), the composite functionality of these abstract strata conforms to the specifications provided by CCSDS Recommended Standards for space link modulation (reference [23]), synchronization and channel coding (references [5] and [6]), space data link protocols (references [17], [19], [18], and [35]), and terrestrial cross support transfer services (references [27], [2]	, [3], [29], [33], [10], and [8]). Over time, these Recommended Standards will be augmented to accommodate new space communications and tracking technologies (e.g., radio frequency vs. optical technologies at the aperture and physical channel layers). Each space communications technology may have its own set of management parameters that must be used when that technology is employed in the configuration of an ESLT. 

Figure 2‑2 depicts the set of Functional Resource Strata for the ESLT, and the possible data flows through them. As illustrated in the figure, many combinations of FR strata are possible, although most services will each use only a single flow through the strata.
NOTES
1 The possible flows shown in 
2 Figure 2‑2 are the space communications and radiometric service data flows through these FR strata. They do not include the flows by which the resources within these strata are configured and controlled in real time and by which monitored parameter values and event notifications are collected from the resources in these various strata for reporting to the Earth User Node. Such data flows can be considered to occur in a separate management dimension (see the paragraph describing the Service Management Functions stratum below). 
3 
4 Figure 2‑2 includes a Space Internetworking stratum, even though space internetworking is an IOAG Service Catalog #2 capability and outside the current scope of this Informational Report. This stratum is included to illustrate how space internetworking can be accommodated within the FR stratified model.
5 Although the set of strata identified in this Recommended Practice encompass all services of IOAG Service Catalogs 1 and 2, new SCCS services may be introduced in the future that do not easily fit into the strata defined herein. If that happens, new strata will be defined in a way that provides the same kinds of extensibility as the strata described in this Recommended Practice.
The IOAG services are distributed across multiple strata to align with the IOAG service categories defined in Service Catalogs #1 and #2 (references [9] and [16], respectively). IOAG services are categorized into data delivery services (forward and return), radiometric services, and service management functions. The data delivery and radiometric service groups are further divided into the space link interfaces and ground link interfaces of which they are composed. 
The set of strata that correspond to the Space Link Interface Standards are the Aperture, Physical Channel, Synchronization and Channel Coding, and Space Link Protocol FR strata. By definition, these strata are present only in SLS configurations (see 2.4.1).
· The Aperture stratum represents the general class of apertures through which forward space link signals are transmitted and return space link signals are received as part of SLS Service Packages. Some apertures can be used by multiple forward and/or return space links simultaneously, although specific types may be limited in directionality and/or number of simultaneous links. 
· The Physical Channel Reception stratum represents the RF modulation, (future) optical modulation, and radiometric measurement functions that are performed as part of SLS Service Packages.
· The Synchronization and Channel Coding stratum represents the coding/decoding and synchronization functions that are performed as part of SLS Service Packages. 
· The Space link Protocol stratum represents the space link protocol processing functions that are performed as part of SLS Service Packages. 
[bookmark: _Ref426449403][image: ]
[bookmark: _Toc45099445]Figure 2‑2:  Functional Resource Strata for Earth-Space Link Terminals

The strata that correspond to the ground link interfaces of the IOAG data delivery and radiometric services are the SLS Data Delivery Production stratum, the SLS Radiometric Data Production stratum, the Offline Data Storage stratum, the Data Transfer Services stratum, and the Space Internetworking stratum.
· The SLS Data Delivery Production stratum represents the additional production functions beyond those provided by the Aperture, Physical Channel, Synchronization and Channel Coding, and/or Space Link Protocol strata that are performed as part of SLS Service Packages. For forward link data, the SLS Data Delivery Production stratum functions provide the additional processing needed to transmit data that is either transferred in real time via a Data Delivery transfer service or extracted from intermediate storage. For return link data, the SLS Data Delivery Production stratum functions provide the additional processing needed to prepare the data for either intermediate storage and/or real-time delivery via a Data Transfer service. 
· The SLS Radiometric Data Production stratum represents the additional production functions (beyond the Aperture and Physical Channel strata radiometric measurement functions) that are performed as part of SLS Service Packages in order to prepare radiometric data for intermediate storage and/or real-time delivery via a Radiometric Data transfer service. 
· The Offline Data Storage stratum represents the production functions that are performed as part of Retrieval Service Packages (for return link communication and radiometric data) or a Store and Forward Service Package (for forward link communication data). For return link data, these functions include (but are not necessarily limited to) the data stores and recording buffers that hold data awaiting subsequent retrieval. For forward link data, these functions include (but are not necessarily limited to) the data stores that hold data awaiting subsequent transmission during a space link session. 
· The Data Transfer Services stratum represents the various cross-support transfer services that are used to transfer space link communication data and radiometric data across terrestrial networks between an Earth User Node and an ESLT. These services include the SLE transfer services, CSTSes that transfer communication data to be sent or that has been received through the space link, services that transfer radiometric data from the ESLT to the Earth User Node, as well as services that transfer files of communication data that is to be sent or that has been received through the space link.
· The Space Internetworking stratum represents functions performed to transfer internetwork data across the space link as part of an end-to-end internetwork data transfer. IOAG Service Catalog #1 (reference [9]) does not include internetwork services; those are covered by Service Catalog #2 (reference [16]). This stratum is included in the set of ESLT strata for accommodation of Space Internetworking services in CSSM in the future. 
The Service Management Functions stratum corresponds to the IOAG service management functions. There are two transfer services that belong to the Service Management Functions stratum: the MD-CSTS and the future SC-CSTS. As noted above, the Service Management Functions interface with functions in all of the other strata via connections that exist in a management dimension that is not illustrated in 
Figure 2‑2. 
The FR strata do not have specific management parameters, monitored parameters, notifiable events and real-time control directives. It is the specific Functional Resource types within concrete Functional Resource Sets within the strata for which parameters, events, and directives are defined. 
[bookmark: _Ref18591204][bookmark: _Toc45099353]Functional Resource Sets
As described previously, the Functional Resource Stratified model is similar to the ISO Open System Interconnection (OSI) seven-layered reference model: by itself it is abstract and incapable of being implemented, but it provides a framework for organizing the various functional resource types. A set of functional resource types that collectively perform the functions that are ascribed to a Functional Resource stratum are a Functional Resource Set.
Figure 2‑3 depicts the Functional Resource Sets that support the service configurations in IOAG Service Catalogs #1 (reference [9]) and #2 (reference [16]). Each of these FR Sets corresponds to a CCSDS Recommended Standard. Within the rounded box for each stratum, the FR Sets of that stratum are depicted as dashed-border rounded boxes. In two cases (SLS Radiometric Data Production and Offline Data Storage) the strata boxes are not large enough for all of the FR Sets. In these cases, the FR Sets are shown in separate boxes at the bottom of the diagram. 
NOTES
1	In Figure 2‑3 and subsequent figures that depict the FR Sets that specialze the FR Strata, the placement of the FR Set icons within the FR Strata icons is not related to the postion of the arrows entering and leaving the containing parent icons. The figures merely indicate that the FR Sets belong to their parent FR Strata. However, for those FR Strata that have both transmission and reception FR Sets, the transmission FR Sets are shown in the upper part of the FR Strata icons, and the reception FR Sets are shown in the lower part of the FR Strata icons.
2	The functionalities of the CCSDS 401 FR Sets of the Forward Physical Channel Transmission and Return Physical Channel Reception ASCs conform to the CCSDS 401 Recommended Standards for radio frequency and modulation (reference [23]) and optionally to the CCSDS Recommended Standard for pseudo-noise (PN) ranging (reference [24]) where Code Division Multiple Access (CDMA) is not employed. These are the two physical channel-layer Recommended Standards that are explicitly called out in IOAG Service Catalogs #1 (reference [9]) and #2 (reference [16]). IOAG services could also be performed over links that use CDMA in accordance with reference [25], for which different FR Sets of Physical Channel Transmission and Physical Channel Reception FR Strata will exist.
The functionality of a Functional Resource Set is provided by the Functional Resource(s) that comprise that Functional Resource Set. The functional resource types that comprise each of the Functional Resource Sets are identified in subsequent chapters of this Recommended Practice.
When a Functional Resource Set contains two or more functional resource types, the relationships among the functional resources in the same Functional Resource Set are expressed as UML containment relationships. These containment relationships represent the flow of data or information among the functional resources within the Functional Resource Set. By convention, the containment relationships flow away from the space link, regardless of the direction of the data flow between among) those functional resources. This convention is driven by the multiplexing and demultiplexing nature of space link communications, where multiple user data flows are multiplexed across the space link. For example, a master channel multiplexer FR instance contains multiple virtual channel multiplexer FR instances, and a master channel demultiplexer FR instance contains multiple virtual channel demultiplexer FR instances. 
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[bookmark: _Ref426462473][bookmark: _Toc45099446]Figure 2‑3:  Functional Resources Sets within the Strata
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For Service Management purposes (e.g., service agreements, configuration profile definition, and scheduling), the FR Sets (and the FRs that comprise them) are used in three categories of configurations:
a) the Space Link Session (SLS) configuration category, which comprises the functions of the ESLT that:
1) transfer data to or from one or more Space User Nodes across one or more space links during an SLS;
2) provide forward and/or return data transfer services during an executing SLS so that one or more Earth User Nodes communicate with the Space User Node(s) with end-to-end connectivity in “real time”; and
3) extract radiometric measurements from space links of an active SLS and deliver those measurements to the destination Earth User Node in “real time”.
b) the retrieval configuration category, which comprises the functions or the ESLT that:
1) deliver data that was received from a Space User Node to an Earth User Node, but not necessarily during the execution of the SLS by which the data was received; and
2) deliver radiometric measurements to the Earth User Node, but not necessarily during the execution of the SLS during which the radiometric measurements were extracted;
c) the forward offline data delivery configuration, in which the ESLT receives and stores data from an Earth User Node destined for a Space User Node, before the execution of the SLS by which the data is transmitted to the Space User Node.
These configuration categories are reflected in the service agreements, space link service profiles, and configuration profiles described in reference [7]. 
[bookmark: _Ref429989219][bookmark: _Toc45099355]SLS Configuration Category
Figure 2‑4 illustrates the FR strata and core FR Sets that are used in the SLS configurations, including the Space Internetworking FR Set for Service Catalog #2 services. The SLS configuration category involve all of the FR strata for ESLTs, but only part of the functionality of the following strata is used for the provision of services during an SLS:
a) the Data Transfer Services stratum is limited to those services that allow Earth User Nodes to interface with the ESLT for the purpose of (1) exchanging data with their respective Space User Nodes in real time via the space links provided by the ESLT, and (2) receiving radio metric data in real time. These SLS cross support transfer services include online SLE Transfer Services (see reference [1]	) and real time CSTSes (see reference [4]);
b) the Offline Data Storage stratum is constrained to those functions associated with (1) transferring to Space User Nodes data that had been received by the ESLT prior to the SLS, (2) receiving and storing data from Space User Nodes for subsequent transfer to Earth User Nodes, and (3) storing radiometric data for subsequent transfer to Earth User Nodes.
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[bookmark: _Ref426462559][bookmark: _Toc45099447]Figure 2‑4:  Functional Resource Strata Used in SLS Configurations

[bookmark: _Toc45099356]Retrieval Configuration Category
The retrieval configuration category does not require the space link communications stack, although in some cases the space link stack may be present. The minimal retrieval configuration is composed of an Offline Data Storage FR set and a Data Transfer Services FR set. The data transfer services that are included in the retrieval configuration category include offline SLE Transfer Services (see reference [1]	) and complete CSTSes (see reference [4]).
Figure 2‑5 shows the FR Sets within the FR strata used in the retrieval data delivery and retrieval radiometric data configurations and the connectivity among the FR Sets within those strata. 
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[bookmark: _Ref426463365][bookmark: _Toc45099448]Figure 2‑5:  Functional Resource Strata and FR Sets Used in Retrieval Configurations
[bookmark: _Toc45099357]Forward Offline Data Delivery Configuration
The forward offline data delivery configuration does not involve the space link communications stack – it is composed of a forward offline cross support transfer service and a forward space link data store.
This issue of this Recommended Practice does not address ant FR Sets operating in the forward offline data delivery configuration. 
[bookmark: _Toc45099358]Functional Resource Set Connectivity
Figure 2‑6 shows the connectivity among the Functional Resource Sets.
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[bookmark: _Ref28597628][bookmark: _Toc45099449]Figure 2‑6:  Functional Resource Set Connectivity
[bookmark: _Ref45027038][bookmark: _Toc45099359]Relationships Among and within Functional Resource Sets
There are two kinds of relationships between functional resources within and among FR Sets: relationships in which a functional resource provides a Service Access Point that is accessed by another functional resource, and relationships in which a functional resource provides an ancillary interface that is required by another functional resource.  The principal use of Service Access Point relationships and provided/required interfaces is to establish the necessary “wiring” among FR instances in Configuration Profiles and Service Packages. 
[bookmark: _Toc45099360]Service Access Points and Accessors
The FR stratified model allows different FR sets of a given FR stratum to substitute for each other in service configurations. The key characteristic of FR strata that enables this substitution is the use of standard interfaces between the strata: as long as an FR Set implements the essential interfaces of a given stratum, it can substitute for other FR sets that belong to that stratum. In this relationship between the FR Sets in two interacting strata, we borrow from ISO/OSI terminology and say that the FR Set in the lower stratum (i.e., the one that is “closer to” the space physical medium) provides a Service Access Point (SAP), and other FR Set is the Accessor of that SAP. 
NOTE	–	In the SAP/Accessor context, “service” refers to the service that a stratum provides to the stratum above it. It is not to be confused with “service” in the sense of SLE or Cross Support “transfer services” or “space link services” such as telemetry, command, and tracking.
The SAP/Accessor relationships are the essential relationships among FR Sets and between functional resources within any FR Set that contains multiple functional resources. Usually, the associations between a SAP and its Accessors is used to identify a relationship in which user data flows from one functional resource to the other within the ESLT. 
However, SAP/Accessor associations may also represent other kinds of relationships among functional resources, For example, a functional resource whose sole purpose is to extract directives from a metadata file in order to issue those directives to another functional resource for the purpose of controlling the behavior of that other functional resource. The first functional resource has an existential dependency on the second functional resource – the only reason that the first functional resource exists is because the second functionsl resource exists. The first functionl resource therefore has a SAP/Accessor relationship with the second functional resource. Note that in this example there may also be other essential relationships, e.g., the relationships between the second functional resource and other functional resources that represent the user data flow through for which the processing performed by the second functional resource is being shaped by the directives invoked by the first sunctional resource.
Sections 3 through 12 define the functional resources in each FR Set within each FR Stratum. FR For each FR Set, a diagram is provided that represents the functional resources that comprise that FR set and the SAP and Accessor roles of each FR (as appropriate). The diagrams use the following graphical notion to depict the SAP and Accessor roles in the essential relationships among functional resource instances.


This is the graphical notation used in the Unified Modeling Language (UML, reference [44]) to represent composition, where the filled diamond end represents the composite class or object, and the arrow end represents a component class/entity of that composite class/entity. For purposes of this Reference Model, use of composition to express these relationships represents the essential, existential relationship between the FRs – the Accessor FR exists only when the SAP FR exists. The semantics of UML composition specify that if the compound object is not present, neither are its component objects. In terms of space communication and radiometric services, if one layer of the protocol stack is missing, then all layers that exist above that layer are also missing[footnoteRef:1]. The composition begins with the FRs at the space link and “move” toward the ground interface with the user. A forward space link carrier must have an aperture in a viable space link service profile. However, the opposite is not necessarily true: an aperture can function in a space link service profile without a forward space link carrier, as in the cases of receive-only data and/or tracking operations.  [1:  One aspect of the semantics of UML composition that does not fit our service management usage is that, strictly speaking, a functional resource class is not actually composed of the FR classes “below” it. For our purposes we conveniently ignore this aspect.] 

[bookmark: _Toc45099361]Required and Provided Ancillary Interfaces
In addition to the primary SAP/Accessor relationships, functional resources may also have ancillary relationships provide information that facilitates the proper functioning of those functional resources. For example, the provision of transmission frequency information by a functional resource that generates the forward carrier on one FR Set to the functional resource that receives the return carrier when the return carrier is coherent to the forward carrier is an instance of an ancillary interface between functional resources. Another example is the relationship by which CLCWs are extracted from return link transfer frames and used on the forward link to regulate the Physical Layer Operations Procedure (PLOP) on the forward link. These ancillary relationships are represented as provided and required interfaces. The functional resource that generates the information has the provided interface, and the functional resource that consumes the information has the required interface. For the first example above, The functional resource that generates the forward carrier has the provided interface for transmit frequency information and the functional resource that transmits the return carrier has the required interface for transmit frequency information. For the second example above, the functional resource that extracts CLCWs from return link transfer frames has the provided interface for CLCWs and the forward link functional resource that uses the CLCWs to regulate the PLOP has the required interface.
Provided/required interfaces are also use to represent relationships in which there is no existential dependency of one functional resource on a single other functional resource. For example, The Tracking Data Cross Support Transfer Service (TD-CSTS, reference [8]) is capable of reporting multiple types of radiometric data from multiple functional resources concurrently. At least one of these functional resources must be present to provide its type of radiometric data to the functional resource that combines the data into the Tracking Data Messages (TDMs) that are delivered by the TD-CSTS, but there is no single radiometric data source functional resource type that is essential to the existence of the TD service: any one (or more) of several such functional resource types is sufficient. The relationships between the individual radiometric data source functional resources and the functional resource that combines the data into the TDMs are therefore represented by provided/required interfaces, where IF the TDM generation function is configured to report a given type of radiometric data THEN it requires an interface with a functional resources that provided that radiometric data type.
The FR Set diagrams use the following graphical notation to represent the Provided Interfaces and Required Interfaces:


This representation is derived from the UML “ball and socket” icons for provided/required interfaces, where the ball represents the provided interface and the socket represents the required interface. However, the graphical tools available to the author of this Recommended Practice are unable to generate the proper ball-and-socket icons, so instead this Recommended Practice substitutes the double arrow end for the socket as the representation of the required interface.
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The SANA Functional Resource Registry (reference [34]) is the official repository of (a) the identification and formal definitions of the PEDs of the functional resources, and (b) the specifications of the various object identifiers (OIDs) that are associated with those FRs and their PEDs.
[bookmark: _Ref38460765]At the top level, the SANA FR Registry is organized by Functional Resource Set (see 2.3). Within each FR Set, the component FRs are specified in Object Identifier (OID) order. For each FR in the FR Set, the following are specified:
a) the OID of the FR;
b) the semantic definition of the FR;
c) the classifier of the FR (i.e., the “short name” of the FR, e.g., Ccsds401SpaceLinkCarrierXmit);
d) the string identifier of the FR (i.e., the “long name” of the FR, e.g., ccsds-401-space- link-carrier-xmit);
e) the version of the FR definition;
f) the creation date of the FR definition;
g) [bookmark: _Ref38460779]the authorizing entity of the FR definition;
h) the parameters of the FR;
i) the events of the FR; and
j) the directives of the FR.
[bookmark: _Ref18914002][bookmark: _Toc45099363]Functional Resource parameters
For each parameter of an FR, the SANA FR Registry specifies the following:
a) the OID of the parameter;
b) the semantic definition of the parameter;
c) the classifier of the parameter;
d) the string identifier of the parameter;
e) the version of the parameter definition;
f) the creation date of the parameter definition;
g) the authorizing entity of the parameter definition, which must be the same as the authorizing authority for the functional resource definition that contains the parameter (see 2.6.2 g)); 
h) the type definition of the parameter, expressed in ASN.1;
i) the engineering unit(s) of the parameter;
j) whether or not the parameter is configured; and 
k) guard condition(s) (if any) on the configuration (setting) of the parameter value (applicable only when configured = true).
The configuration parameters input in Figure 2‑1 corresponds to SANA Registry parameters that are designated as configured = true. By definition, all parameters of a functional resource are monitorable, and so the monitored parameters output in Figure 2‑1 corresponds to all parameters, whether they are configured or not.
NOTE	–	When a cross aupport transfer service such as the Monitored Data Cross Support Transfer Service (reference [10] reports FR parameter values, each parameter value is encapsulated within a qualified parameter (see annex C of reference [4]) that not only reports the parameter value but a qualifier for that value: ‘valid’, ‘unavailable’, ‘undefined’, or ‘error’. The type definition of the FR parameter that is specified in the SANA FR Registry is the data type that applies to the parameter when the qualifier is ‘valid’.
Several concepts apply to the identification and definition of FR configuration parameters. The first is the concept of information sharing among FRs in the same operarional configuration. Often, a parameter value will be applicable to multiple FRs in an operational configuration, for example, the VC multiplexer FR, MC multiplexer FR, and synchronization and channel encoder FR for a given fixed-length-frame-carrying physical channel must all operate with frames of the same length. One approach might be to require that each of these FR instances has its own individual frame length configuration parameter. However, in such an approach, each of these frame length parameters would have to be set to the same value in the configuration profile that represents the chain of functionality associated with that physical channel, which introduces redundancy and the possibility of inconsistent settings. Under the concept of information sharing, only one FR instance contains the common parameter, and the other FRs in the same configuration profile share that common parameter value as necessary. The common configuration parameter is allocated to the lowest-common FR type where the parameter is always applicable. In some cases, a configuration parameter is derived from other configuration parameters, either within the same FR or within other FRs in the same configuration profile. In the example of frame length, the (fixed or maximum) frame length that is used by the FRs that generate and multiplex frames can be derived from the Channel Acces Data Unit (CADU) or Communication Link Transmission Unit (CLTU) size parameter plus the coding options that are configured in the synchronization and coding FR that is associated with those other FRs. 
Such shared configuration parameter values are propagated throughout an operational configuration as necessary to ensure that all functionality is configured in accordance with those values. Returning to the fixed frame length example, the shared frame length parameter value is specified as a configuration parameter of an instance of the Fixed Length Frame Synchronizaton, Channel Encoding, and Only-Idle-Data Generation (FlfSyncChnlEncodeAndOidGen) FR. If there are any Forward Frame CSTS instances associated with that FlfSyncChnlEncodeAndOidGen FR instance, that shared frame length value is  used to validate incoming frames by all of those Forward Frame CSTS instances. If there are any frame generation FR instances associated with that FlfSyncChnlEncodeAndOidGen FR instance, that shared frame length value is used to set the length of the frames generated by all of those frame generation FR instances.  
A consequence of the information sharing approach for FR configuration information is that it is assumed that all FRs in a configuration will be consistent with each other and therefore no exception-handling behavior needs to be specified for FRs regarding consistency errors (such as frames of different lengths being input to the same fixed-length-frame multiplexer).
[bookmark: _Toc45099364]Functional Resource events
For each event of an FR, the SANA FR Registry specifies the following:
a) the OID of the event;
b) the semantic definition of the event;
c) the classifier of the event;
d) the string identifier of the event;
e) the version of the event definition;
f) the creation date of the event definition;
g) the authorizing entity of the event definition, which must be the same as the authorizing authority for the functional resource definition that contains the event (see 2.6.2 g)); and
h) the value of the event, which is comprised of:
1) the semantic definition of the event value;
2) the classifier of the event value;
3) the string identifier of the event value;
4) the version of the event value definition;
5) the creation date of the event value definition;
6) the authorizing entity of the event value definition, which must be the same as the authorizing authority for the functional resource definition that contains the event value (see 2.6.2 g)); 
7) the type definition of the event value, expressed in ASN.1; and
8) the engineering unit(s) of the event value.
In general, the event values are the values of existing parameters. For example, the value of the resourceStatusChange event is the new value of the resourceStatus parameter for that FR. In these cases, the type definition of the event value and the source parameter value are the same (e.g., ResourceStat).
[bookmark: _Toc45099365]Functional Resource Directives
For each directive of an FR, the SANA FR Registry specifies the following:
a) the OID of the directive;
b) the semantic definition of the directive;
c) the classifier of the directive;
d) the string identifier of the directive;
e) the version of the directive definition;
f) the creation date of the directive definition;
g) the authorizing entity of the directive definition, which must be the same as the authorizing authority for the functional resource definition that contains the directive (see 2.6.2 g)); and
h) the qualifier of the direcitve, which is comprised of:
1) the semantic definition of the directive qualifier;
2) the classifier of the directive qualifier;
3) the string identifier of the directive qualifier;
4) the version of the directive qualifier definition;
5) the creation date of the directive qualifier definition;
6) the authorizing entity of the directive qualifier definition, which must be the same as the authorizing authority for the functional resource definition that contains the directive qualifier (see 2.6.2g)); 
7) the type definition of the directive qualifier, expressed in ASN.1; and
8) the engineering unit(s) of the directive qualifier.
Every functional resource has a set control parameters directive (xxxSetContrParams) that allows the User Mission to reset the value of configuration parameters during the execution of the Service Package. The directive qualifier of the xxxSetContrParams directive contains the identification of the parameters that are to be modified and their new values. The set of configuration parameters that are eligible to be modified using this directive is under control of the individual Provider CSSS and identified as such in service offering information and service agreements.
[bookmark: _Toc45099366]Functional Resource Status 
Every functional resource (except SLE Transfer Service Provider and CSTS Provider FRs) has a resource status parameter (xxxResourceStat) that reports the operational status of the resource(s) represented by that FR instance. The values of the resource status are: 
· 'configured': the resource has been configured, but is not yet operational; 
· 'operational': the resource is performing its function(s); 
· 'interrupted': a failure has been detected that prevents the resource from performing its function(s);
· 'halted': the resource has been taken out of service by local management (i.e., by EM).
From the perspective of the User Mission, the resource status of an FR is a read-only parameter. However, stimuli that cause an FR’s resource status to change may include directives from the Provider CSSS’s EM, e.g, a directive to transition the resource from ‘operational’ to ‘halted’. Any EM directives that relate to the resource status are within the purview of the individual EM and outside the scope of CCSDS standardization.
In addition to the xxxResourceStat parameter, each FR has the notifiable event xxxResourceStatChange, which is emited upon the change of the resource status. The event- value of the xxxResourceStatChange event is the status of the resource following the change.
[bookmark: _Toc45099367]Transfer Service Provider Functional ReSource Production Status
Each SLE Transfer Service Provider and CSTS Provider FR has a production status parameter that represents the collective resource status of the FRs that support that data transfer service instance. While the semantics of the production status are particular to each transfer service type, in general if all FRs that support a transfer service instance are operational then the production status is ‘operational’, if any support FR is halted then the production status is ‘halted’, etc. As with the resource status of the individual FRs, the production status of a transfer service is read-only from the perspective of the User Mission.
[bookmark: _Toc45099368]CSTS Provider Functional Resource Configuration change 
Every CSTS Provider FR has a ‘production configuration change’ event that is emitted when a configuration parameter of any of the FRs that support that CSTS instance changes value that applies to the production of that service instance. Such configuration changes can occur as a result of an invocation of the EXECUTE-DIRECTIVE operation (for CSTSes with EXECUTE-DIRECTIVE capability), a parameter change caused by the future Service Control CSTS; and a parameter change directed by a Sequence of Events. The ‘production configuration change’ event carries no event-value. 
[bookmark: _Toc45099369]Candidate and Approved SANA Functional Resource Registries
As of this version of this Recommended Practice, the SANA FR Registry that is available online at https://sanaregistry.org/r/functional_resources contains only Candidate (not Approved) specifications for the subset of the functional resources that are identified in this Recommended Practice. After the candidate set has been reviewed, the SANA FR registry will be reclassified from being a ‘candidate’ registry to an ‘approved’ registry. 
As new FR registry specifications are created, they will first be added to a new SANA Candidate FR registry for review and comment. As each FR registry specification is deemed to be valid, it will be moved to the Approved SANA FR registry. The status of each FR registry specification is identified in its corresponding FR definition in this Recommended Practice.
NOTE	–	When the URL has been assigned to the new Candidate registry, this section will be updated. 
[bookmark: _Toc45099370]Conceptual Model of Functional Resource Interactions
As described earlier, the functional resource is an abstraction that allows the physical resources of a node to be represented in a standard and uniform way. The functional resource concepts are inspired by the concepts of ISO Open Systems Interconnection (OSI) Systems Management (see reference [41]). In the OSI systems management model, the real resources of an enterprise are represented by a collection of standardized managed objects. Managed objects are abstractions that represent idealized groups of functions that are performed by the real resource of the enterprise. Each managed object has a standardized set of controllable and monitorable attributes (i.e., parameters), events emitted by the managed object, and operations that can be invoked on the managed object. By definition, this standard set is of interest to management. Depending on the implementations of a real resource, it may be represented by a single managed object or several managed objects, or its functionality may be combined with that of other resources and the combined functionality represented by a single managed object. The management agent (or simply agent) of a managed object marshalls the resource or resources that perform the functionality ascribed to the managed object such that it appears to management as though the managed object encapsulates the resources that perform that functionality. Each managed object class has a standardized set of attributes, event, and operations. The collection of attributes, events, and operations for all managed object classes for all managed object classes used by an enterprise constitutes the management information base (MIB) for that enterprise. If a real resource has been designed and implemented to support the standard MIB for the managed object functions that it performs, the agent functionality is embedded in the real resource and the resource interacts directly with management. However, if a real resource does not map easily into a managed object, and/or if the real resource has its own, non-standard set of parameters, events, and operations, then a proxy agent is needed to perform the translations/transformations necessary between the standardized set and the resource-specific attributes, events, and operations. 
The CCSDS functional resource is analogous to the OSI managed object, in that it is an abstract representation of the real resources used to accomplish space data communincations and navigation. The SANA Functional Resource registry is essentially the MIB for the functional resources.
As with the OSI Systems Management model, the represetation of functional resources as having one-to-one relationships with real space data system resources is an idealization. In a real implementation, the functionality that is represented by a functional resource may be performed by a real physical resource that performs the functions of multiple functional resources, the functionality may be performed by multiple real physical resources, or some combination thereof. It is also possible (and likely if there is not a one-to-one relationship between functional resource and physical resource) that the physical resource(s) do(es) not natively support the functional resource PEDs that are defined for its associated functional resource(s), but instead have non-CCSDS-standard (possibly implementation-specific) PEDs that can be translated and/or transformed into the CCSDS-standard PEDs. In such a case, a proxy agent will be needed to mediate the interface between the affected resources and Element Management. The proxy agent may be collocated (physically or logically) with the physical resources that it represents, or it may reside remotely from the represented physical resource(s) - in either case the interface(s) between the proxy agent and the physical resource(s) that it represents are implementation specific and outside the scope of this Recommended Practice.
Figure 2‑7 illustrates the conceptual model for an ESLT that is executing a Service Package that is transmitting TC frames using the Forward Frame CSTS (reference [33]). The example also includes an instance of the MD-CSTS (reference [10]) and the future Service Control CSTS.
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[bookmark: _Ref39572961][bookmark: _Toc45099450]Figure 2‑7:  Functional Resource Conceptual Model of Interaction
In this conceptual model, each managed system has a one-to-one mapping to a functional resource type, and each has an embedded agent. The Mission’s CM interacts with the Provider CSSS’s PM to schedule a Service Packge that executes the configuration profile that transmits the TC frames received by the ESLT through the FF service. PM transfers the Service Package information to the EM function of the ESLT that is to execute the Service Package using interface(s) and protocol(s) that are locally-defined by the Provider CSSS and outside the scope of this Recommended Practice.
EM selects the managed systems that will be used to host the functional resources in the configuration and configures those FRs through the embedded FR agents. The interface(s) used between EM and the embedded FR agents are standardized to the extent that they are expressed in terms of CCSDS-standard PEDs, but are otherwise implementation-specific and outside the scope of this Recommend Standard.
When Service Package execution begins and the FF-CSTS instance is bound and active, the user of the FF service is able to query the values of parameters of not only the FF-CSTS Provider instance itself but also the values of the parameters of the FR instances that form the production chain for that FF service instance. The supporting production FRs also emit event notifications (such as the ‘data processing complete’ event tha is emitted by the TC PLOP, Synchronization and Channel Encoding FR to indicate that the frame has been transmitted) that either moderate the functions of the FF-CSTS Provider or are relayed to the service user. In the conceptual mode, these parameter values and event notifications are exchanged directly among the agents of the FF-CSTS Provider FR and the supporting production FRs, as represented by the virtual network represented by the functional resource-based interactions among FRs lines in the diagram. The implementation of such a virtual network is outside the scope of this Recommended Practice.
The FF-CSTS may also issue directives to underlying production FRs, triggerd either by directives from the service user or by the processes performed by the FF-CSTS Provider FR itself. However, because directives must in general be checked against guard conditions that may involve multiple FR instances in the production chain, all directives are sent to EM for guard condition validation, and valid directives are sent from EM to the affected FR instances.
When the MD-CSTS instance is bound and active, the user of the MD service is nominally able to query the values of the parameters of all of FR instances in the Service Package, subject to Service Agreement constraints. As with the exchange of prarameter values and event notification with the FF-CSTS Provider FR, in the conceptual mode the parameter values and event notifications are exchanged directly among the agents of the MD-CSTS Provider instance and the FRs, including the FF-CSTS Provider FR.
When the SC-CSTS instance is bound and active, the user of the SC service is nominally able to issue directives to trigger actions and change the values of the configuration parameters of all FR instances in the Service Package, subject to Service Agreement constraints. As with the invocation of directives by the FF-CSTS Provider FR, all directives are sent to EM for guard condition validation, and valid directives are sent from EM to the affected FR instances.
Now consider a non-ideal (and probably more realistic in the near term) implementation/deployment in which the physical resources do not necessarily relate one-to-one to their FR types and not all managed systems have resident FR agents. Figure 2‑8 is an example of such an implement/deployment, which implements the proxy agents as part of EM. 
In this example, only the CSTS Provider FRs have built-in FR agents – the other FRs are implemented by managed systems that have management interfaces that are native to their design. Also, the TC MC Multiplexing and TC VC Multiplexing FRs are implemented by the same physical resource, which has one native management interface that configureas and controls the functions of both FRs. 
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[bookmark: _Ref39573555][bookmark: _Toc45099451]Figure 2‑8:  Functional Resource Mixed Architecture Example
In this example, EM performs various proxy agent management functions that collectively make the managed resources appear and act as functional resources. Thes proxy functions include instantiating proxy agents for each of the managed systems that do not have embedded FR agents. Each proxy agent translates/transforms between the CCSDS-standard FR PEDs and the PEDs that are native to the managed system for which it is acting as a proxy. The proxy agent management functions also interface with the FR agents of those managed systems that have embedded FR agents. And finally, the proxy agent management functions provide the virtual interconnection network among the agents and proxy agents that allow for the exchange of parameters and events among the FRs, and for the invocation and guard-condition validation of directives. 


[bookmark: _Toc427051776][bookmark: _Toc427064292][bookmark: _Toc427064730][bookmark: _Toc429984891][bookmark: _Toc429985440][bookmark: _Toc427051777][bookmark: _Toc427064293][bookmark: _Toc427064731][bookmark: _Toc429984892][bookmark: _Toc429985441][bookmark: _Toc427051778][bookmark: _Toc427064294][bookmark: _Toc427064732][bookmark: _Toc429984893][bookmark: _Toc429985442][bookmark: _Toc427051797][bookmark: _Toc427064313][bookmark: _Toc427064751][bookmark: _Toc429984912][bookmark: _Toc429985461][bookmark: _Toc427051798][bookmark: _Toc427064314][bookmark: _Toc427064752][bookmark: _Toc429984913][bookmark: _Toc429985462][bookmark: _Toc427051799][bookmark: _Toc427064315][bookmark: _Toc427064753][bookmark: _Toc429984914][bookmark: _Toc429985463][bookmark: _Toc427051822][bookmark: _Toc427064338][bookmark: _Toc427064776][bookmark: _Toc429984937][bookmark: _Toc429985486][bookmark: _Toc45099371][bookmark: _Ref510189330][bookmark: _Ref510189389][bookmark: _Toc319060677][bookmark: _Toc325638148][bookmark: _Toc325638324][bookmark: _Toc326237474][bookmark: _Toc328404557][bookmark: _Toc330299649][bookmark: _Ref332722712][bookmark: _Toc333393280][bookmark: _Toc336865156]Aperture Functional Resource Stratum 
[bookmark: _Ref39138759][bookmark: _Toc45099372]General
[bookmark: _Toc19120921][bookmark: _Toc429984940][bookmark: _Toc429985489][bookmark: _Toc353200209]The Aperture FR stratum has one candidate Functional Resource Set:
· RF Aperture.
[bookmark: _Toc429984942][bookmark: _Toc429985491][bookmark: _Toc427051826][bookmark: _Toc427064342][bookmark: _Toc427064780][bookmark: _Toc429984943][bookmark: _Toc429985492][bookmark: _Toc45099373]RF Aperture Functional Resource Set of the Aperture Functional Resource Stratum
The RF Aperture Functional Resource Set of the Aperture stratum consists of the Antenna FR. Figure 3‑1 illustrates the composition of the RF Aperture FR Set.
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[bookmark: _Ref530137096][bookmark: _Toc526770818][bookmark: _Toc45099452]Figure 3‑1:  Member Functional Resource of the RF Aperture Functional Resource Set
[bookmark: _Toc45099374]Antenna
The classifier of the Antenna FR Type is Antenna.
The parameters, events, and directives of this functional resource registered in the SANACandidate FR Registry (reference [34]).
One antenna can be used by multiple forward and/or return space links simultaneously. The Antenna FR also encompasses the tracking receiver used to lock onto the RF signal for the purposes of autotracking. 
There are no CCSDS Recommended Standards that specify the behavior or managed parameters of the resources represented by the Antenna FR.
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
None.
SAPs Hosted by this Functional Resource
The Antenna FR has a Forward Modulated Waveform SAP that can be accessed by multiple Accessors (if it is a multi-band antenna).
The Antenna FR has a Return Modulated Waveform SAP that can be accessed by multiple Accessors (if it is a multi-band antenna).
Ancillary Interfaces Required by this Functional Resource
None.
Ancillary Interfaces Provided by this Functional Resource
The Antenna FR provides a Pointing Angles ancillary interface.
[bookmark: _Toc45099375]Antenna Array Functional Resource Set of the Aperture Functional Resource Stratum
NOTE- This FR will not be included in the draft Red-0.4 version of this book that will be made available for subject matter expert review.
This FR Set definition is TBD.

[bookmark: _Toc19120924][bookmark: _Toc19120925][bookmark: _Toc19120926][bookmark: _Toc19120927][bookmark: _Toc19120928][bookmark: _Toc19120929][bookmark: _Toc19120930][bookmark: _Toc19120931][bookmark: _Toc19120932][bookmark: _Toc19120933][bookmark: _Toc429984945][bookmark: _Toc429985494][bookmark: _Ref42789031][bookmark: _Toc45099376][bookmark: _Toc353200211]Physical Channel Functional Resource Stratum
[bookmark: _Toc45099377]General
The Physical Channel FR stratum has two candidate Functional Resource Sets:
· the CCSDS 401 Physical Channel Transmission Functional Resource Set); and
· the CCSDS 401 Physical Channel Reception Functional Resource Set.
[bookmark: _Toc429984947][bookmark: _Toc429985496][bookmark: _Toc45099378]CCSDS 401 Physical Channel Transmission Functional Resource Set of the Physical Channel Abstract Stratum
The CCSDS 401 Physical Channel Transmission Functional Resource Set of the Physical Channel stratum comprises the following FR types:
a) CCSDS 401 Space Link Carrier Transmission; and
b) Ranging Transmission.
Figure 4‑1 illustrates the functional resource types that constitute the CCSDS 401 Physical Channel Transmission Functional Resource Set.
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[bookmark: _Ref530137386][bookmark: _Toc526770819][bookmark: _Toc45099453]Figure 4‑1:  Member Functional Resources of the CCSDS 401 Physical Channel Transmission Functional Resource Set
[bookmark: _Toc45099379]CCSDS401 Space Link Carrier Transmission
The functional resource classifier of the CCSDS 401 Space Link Carrier Transmission FR Type is Ccsds401SpaceLinkCarrierXmit.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The CCSDS 401 Space Link Carrier Transmission FR corresponds to the radio frequency modulation transmission functions specified in the CCSDS Radio Frequency and Modulation Systems: Part 1 – Earth Stations and Spacecraft Recommended Standard (reference [23]). This Recommneded Standard does not explicitly specify the managed parameters of the functions specified therein.
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
The CCSDS 401 Space Link Carrier Transmission FR accesses a Forward Modulated Waveform SAP that can be accessed by multiple Accessors (if it is a multi-band antenna).
SAPs Hosted by this Functional Resource
The CCSDS 401 Space Link Carrier Transmission FR has a Transmit Physical Channel Symbols SAP that is accessed by zero or one Accessor.
NOTE	–	When the space link is used only for ranging, there is no Accessor for the Transmit Physical Channel Symbols SAP.
The CCSDS 401 Space Link Carrier Transmission FR has a Ranging Signal SAP that is accessed by zero or one Ranging Transmission FR.
NOTE	–	When the space link is used only for data transmission, there is no Accessor for the Ranging Signal SAP.
 Ancillary Interfaces Required by this Functional Resource
None.
Ancillary Interfaces Provided by this Functional Resource
The CCSDS 401 Space Link Carrier Transmission FR provides a Transmit Frequency ancillary interface.
[bookmark: _Toc45099380]Ranging Transmission
The Functional Resource classifier of the Ranging Transmission FR Type is RngXmit.
The parameters, events, and directives of this functional resource are registered in the SANA Candfidate FR Registry (reference [34]).
There are no CCSDS, European Cooperation for Space Standardization (ECSS), or DSN standards that specify the managed parameters of the resources represented by the Ranging Transmission FR.
The Ranging Transmission FR generates the ranging signal that is applied to the forward physical channel. Depending on the ranging technology used, the ranging signal takes the form of:
a) ranging tones as defined in the ECSS Ranging and Doppler tracking standard(reference [45]) and the DSN sequential ranging standard (reference [46]); or
b) a pseudo-noise (PN) sequence as defined in CCSDS 414 (reference [24]).
The time of radiation of the ranging signal is provided to the Range and Doppler Extraction FR so that on reception of the ranging signal replica the round-trip delay can be determined.
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
The Ranging Transmission FR accesses a Ranging Signal SAP.
SAPs Hosted by this Functional Resource
None.
Ancillary Interfaces Required by this Functional Resource
None.
Ancillary Interfaces Provided by this Functional Resource
The Ranging Transmission FR provides a Ranging Timing Signal ancillary interface.
[bookmark: _Toc19120936][bookmark: _Toc19120937][bookmark: _Toc19120938][bookmark: _Toc19120939][bookmark: _Toc19120940][bookmark: _Toc19120941][bookmark: _Toc19120942][bookmark: _Toc19120943][bookmark: _Toc19120944][bookmark: _Toc19120945][bookmark: _Toc4403350][bookmark: _Toc4416940][bookmark: _Toc4418560][bookmark: _Toc4419715][bookmark: _Toc45099381]CCSDS 401 Physical Channel Reception Functional Resource Set of the Return Physical Channel Reception Functional Resource Stratum
The CCSDS 401 Physical Channel Reception Functional Resource Set of the Physical Channel Reception Functional Resource stratum consists of the following FR types:
a) CCSDS 401 Space Link Carrier Reception; and
b) Range and Doppler Extraction.
Figure 4‑2 illustrates the internal composition of the CCSDS 401 Physical Channel Reception Functional Resource Set.
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[bookmark: _Ref510079959][bookmark: _Toc45099454]Figure 4‑2:  Member Functional Resources of the CCSDS 401 Physical Channel Reception Functional Resource Set
[bookmark: _Toc45099382]CCSDS 401 Space Link Carrier Reception
The Functional Resource classifier of the CCSDS 401 Space Link Carrier Reception FR Type is Ccsds401SpaceLinkCarrierRcpt.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The CCSDS 401 Space Link Carrier Reception FR demodulates one stream of return physical channel symbols and/or extracts ranging and/or Doppler data from a return modulated electromagnetic waveform.
The CCSDS 401 Space Link Carrier Reception FR corresponds to the radio frequency modulation reception functions specified in the CCSDS Radio Frequency and Modulation Systems: Part 1 – Earth Stations and Spacecraft Recommended Standard (reference [23]
). This Recommneded Standard does not explicitly specify the managed parameters of the functions specified therein.
NOTE	–	Although CCSDS 401 theoretically permits separate data streams to be modulated on the I and Q channels when QPSK modulation is used, no existing Provider CSSS supports such a capability and none are expected to do so. So the CCSDS 401 Space Link Carrier Reception FR as documented in the SANA Functional Resource Registry only represents systems that produce a single data stream.
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
The CCSDS 401 Space Link Carrier Reception FR accesses the Return Modulated Waveform SAP.
SAPs Hosted by this Functional Resource
The CCSDS 401 Space Link Carrier Reception FR has a Received Physical Channel Symbols SAP that can be accessed by zero or more Accessors.
NOTE	–	When the space link is used only for ranging, there is no Accessor for the Received Physical Channel Symbols SAP.
The CCSDS 401 Space Link Carrier Reception FR has a Receive Frequency and Ranging Signal SAP that is accessed by zero or one Range and Doppler Extraction FR.
NOTE	–	When the space link is used only for data reception, there is no Accessor for the Range and Doppler Extraction SAP.
Ancillary Interfaces Required by this Functional Resource
The CCSDS 401 Space Link Carrier Reception FR optionally requires a Transmit Frequency ancillary interface.	Comment by Wolfgang Hell: We may want to discuss this.Given the currently specified PEDs, only the calculation of the rtn401CarrierRcptDopplerStdDeviation parameter requires the (time-tagged) transmit frequency information. It might be more logical to move this parameter and the ancillary transmit frequency required interface to the RtnRngAndDopplerExtraction FR. If we do so, then the interface between the RtnSpaceLinkCarrierReception FR and the RtnRangeAndDopplerExtraction has to be changed to something like Receive Frequency and Ranging Signal.	Comment by John Pietras [2]: Agreed	Comment by John Pietras [2]: Thinking about this more – doesn’t 401 Space Link Carrier Receprttion need the transmit frequency when coherently related to the forward link?	Comment by Wolfgang Hell: I’m not sure what you are really asking. One can optimize the return signal acquisition when the forward carrier frequency is known, the spacecraft transponder is in coherent mode and the Doppler shift is known. But with a wider search range one can acquire in any case. Doppler measurement requires however knowledge of the transmitted carrier frequency. 
Ancillary Interfaces Provided by this Functional Resource
The CCSDS 401 Space Link Carrier Reception FR provides a Receive Frequency ancillary interface.
The CCSDS 401 Space Link Carrier Reception FR provides an Analog Waveform ancillary interface.
[bookmark: _Toc44058149][bookmark: _Toc44061327][bookmark: _Toc44312491][bookmark: _Toc45099383]Range and Doppler Extraction
The Functional Resource classifier for the Range and Doppler Extraction FR Type is RangeAndDopplerExtraction.
The parameters, events, and directives of this functional resource are planned to be registered in the SANA FR Registry (reference [34]) by 1 March 2020.
There are no CCSDS, ECSS, or DSN standards that specify the managed parameters of the resources represented by the Range and Doppler Extraction FR.
The Range and Doppler Extraction FR extracts the ranging signal that is applied to the forward physical channel by the Ranging Transmission FR. Depending on the ranging technology used, the ranging signal takes the form of:
a) ranging tones as defined in the ECSS Ranging and Doppler tracking standard(reference [45]) and the DSN sequential ranging standard (reference [46]); or
b) a pseudo-noise (PN) sequence as defined in CCSDS 414 (reference [24]).
The time of radiation of the ranging signal is provided by the Ranging Transmission FR so that on reception of the ranging signal replica the round-trip delay can be determined.
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
The Range and Doppler Extraction FR accesses a Receive Frequency and Ranging Signal SAP.
SAPs Hosted by this Functional Resource
None.
Ancillary Interfaces Required by this Functional Resource
The Range and Doppler Extraction FR optionally requires a Ranging Timing Signal ancillary interface.
The Range and Doppler Extraction FR optionally requires a Transmit Frequency ancillary interface.
Ancillary Interfaces Provided by this Functional Resource
The Range and Doppler Extraction FR provides a Range and Doppler ancillary interface.
.
[bookmark: _Toc19120959][bookmark: _Toc429984949][bookmark: _Toc429985498][bookmark: _Ref42789090][bookmark: _Toc45099384][bookmark: _Toc353200216]Synchronization and Channel Coding Functional Resource Stratum
[bookmark: _Toc45099385]General
This section identifies and defines the Functional Resource Sets of the Synchronization and Channel Coding FR stratum. 
The Synchronization and Channel Coding FR stratum has three candidate Functional Resource Sets:
· the TC Synchronization and Channel Encoding Functional Resource Set, 
· the Fixed Length Frame Synchronization and Channel Encoding Functional Resource Set, and 
· the TM Synchronization and Channel Decoding Encoding Functional Resource Set.
[bookmark: _Toc429984951][bookmark: _Toc429985500][bookmark: _Toc45099386]TC Synchronization and Channel Encoding Functional Resource Set Of the Synchronization and Channel Coding FR Stratum
[bookmark: _Ref361831337]The TC Synchronization and Channel Encoding Functional Resource Set of the Synchronization and Channel Coding FR Stratum consists of the TC PLOP, Synchronization and Channel Encoding FR. Figure 5‑1 illustrates the functional resource type that constitutes the TC Synchronization and Channel Encoding Functional Resource Set.
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[bookmark: _Ref530140700][bookmark: _Toc526770820][bookmark: _Toc45099455]Figure 5‑1:  Member Functional Resource of the TC Synchronization and Channel Encoding Functional Resource Set
[bookmark: _Toc45099387]TC PLOP, Synchronization and Channel Encoding FR
The Functional Resource classifier of the TC Synchronization and Channel Encoding FR Type is TcPlopSyncAndChnlEncode.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The TC PLOP, Synchronization and Channel Encoding FR corresponds to the following functions:
a) [bookmark: _Ref536455492]the Random Sequence Generation function of the TC Synchronization and Channel Coding Recommended Standard (reference [5]); 
b) [bookmark: _Ref536455514]the BCH Encoding function of the TC Synchronization and Channel Coding Recommended Standard; 
c) [bookmark: _Ref536455531]the LDPC Encoding function of the TC Synchronization and Channel Coding Recommended Standard; 
d) [bookmark: _Ref536455546]the CLTU Generation functions of the TC Synchronization and Channel Coding Recommended Standard; 
e) [bookmark: _Ref536455564]the Physical Layer Operations Procedure (PLOP) of the TC Synchronization and Channel Coding Recommended Standard;
f) the emission of ‘data unit processing complete’ CSTS event notifications, as required by the CSTS Data Processing procedure, Buffered Data Processing procedure, or Sequence Controlled Data Processing procedure (4.6.3.4 of reference [4]); and
g) the discarding of all data units with specified service-instance-id upon receipt of a CSTS ‘discard all data units’ request, as required by the CSTS Data Processing procedure, Buffered Data Processing procedure, or Sequence Controlled Data Processing procedure (4.6.3.4 of reference [4]).
Section 8 of the TC Synchronization and Channel Coding Recommended Standard (reference [5]) specifies the set of managed parameters that are pertinent to the functions specified in that Recommended Standard. All managed parameters from that Recommended Standard are reflected in the configuration parameters of the TC PLOP, Synchronization and Channel Encoding FR as defined in the SANA FR Registry, except for the Decoding Mode managed parameter, which applies only to the receiving end.
NOTE	–	The configuration parameters of the TC PLOP, Synchronization and Channel Encoding FR also include parameters that are not explicitly identified as managed parameters in the Recommended Standard. 
An instance of the TC PLOP, Synchronization and Channel Encoding FR is configured to process either TC channel access frame sets (groups of transfer frames) or CLTUs. 
When configured to support TC channel access frame sets, the FR performs: Random Sequence Generation ((a) above (optional for BCH, mandatory for LDPC)); either BCH Encoding ((b) above) or LDPC Encoding ((c) above); the CLTU Generation ((d) above); and the PLOP ((e) above). When configured to process CLTUs, the FR performs only the PLOP ((e) above).
Figure 5‑2 illustrates the sublayers of the TC PLOP, Synchronization and Channel Encoding FR.
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[bookmark: _Ref530140856][bookmark: _Toc526770821][bookmark: _Toc45099456]Figure 5‑2:  Internal Structure of the TC PLOP, Synchronization and Channel Encoding Functional Resource 
[bookmark: _Ref18936630]Support for Systematic Retransmission
The TC Synchronization and Channel Coding Recommended Standard (reference [5]) specifies a mechanism for the systematic retransmission of CLTUs. As formally specified in reference [5], the TC Synchronization and Channel Coding sublayer provides a Channel Access service interface through which the space data link protocol above it submits a set of frames, optionally accompanied by a Repetitions parameter. The set of frames – referred to as a TC channel access frame set in this Recommended Practice – constitutes the set of frames from which the TC Sync and Channel Coding sublayer forms the CLTU. If the Repetitions parameter has a value greater than one, then the TC Sync and Channel Coding sublayer transmits that CLTU Repetitions number of times.
However, the specifcations of the SLE Forward CLTU (reference [27]) and Forward Space Packet (reference [28]) service do not use the Repetitions parameter to implement systematic retransmission. In the case of Forward CLTU service, it is the responsibility of the service user to transfer the same CLTU multiple times to cause that CLTU to be repeated across the space link. In the case of Forward Space Packet service, the space data link protocol layer generates repeated copies of the same TC channel access frame set, based on configuration parameters set by Service Management that specify how many times Sequence-Controlled (type AD) and COP Control Command (type BC) Telecommand frames for each virtual channel are to be repeated, and whether the specific group-of-frames data unit contains any AD or BC frames that are specified to be repeated.
For consistency with the Forward CLTU and Forward Space Packet services, the TC PLOP, Synchronization and Channel Encoding FR does not support the Repetitions parameter. Any repetitions of CLTUs must be accomplished by having the space data link protocol layer submit the same TC channel access frame set multiple times. The net effect “on the space link” is the same as if the Repetitions parameter were used, and so interoperability across the space link is preserved.
NOTE	–	The term TC channel access frame set is not formally defined in any CCSDS Recommended Standard. The TC Synchronization and Channel Coding Recommended Standard does, however, define the ChannelAccess.request service primitive as the mechanism by which the TC coding sublayer receives a “data unit” of TC frames that is optionally accompanied by a Repetitions parameter. Each data unit of frames is transformed into a single CLTU, and the Repetitions parameter specifies how many times the resulting CLTU shall be transmitted. This Recommended Practice uses the term TC channel access frame set to refer to the data unit of frames of the ChannelAccess.request service primitive. Note that a TC channel access frame set is not to be confused with an TM/AOS Channel Access Data Unit (CADU). Whereas the TC channel access frame set exists at the interface between the space link protocol and coding layers, the TM/AOS CADU exists at the interface between the coding and physical layers.
Regulation of the resource status by bit lock and RF availability status of the forward space link
The resource status of the TC PLOP, Synchronization and Channel Encoding FR can be made to depend upon the bit lock and/or RF availability status of a corresponding forward space link through the tcPlopSyncClcwEvaluation configuration parameter. If either of these indicators are configured to be required, then the CLCW ancillary interface is required. When the CLCW ancillary interface is used, the resource status of the FR instance transitions between ‘operational’ and ‘interrupted’ depending on the No Bit Lock and/or No RF Available flags of the CLCWs received through that interface, as defined in Table 5‑1.
NOTE	–	The dependency on the CLCW flags only affects the resource status when the FR instance would otherwise be in ‘operational’. The CLCW flags have no effect when the resource status is either ‘configured’ or ‘halted’.
[bookmark: _Ref530141092][bookmark: _Ref28552790][bookmark: _Toc526770880][bookmark: _Toc45098927]Table 5‑1	:  Resource Status as a Function of Space Link Availability and Bit Lock
	
	CLCW Flag Settings

	tcPlopSyncClcwEvaluation  Configuration Parameter 
Settings
	No Bit Lock = true
	No Bit Lock = false
	No RF Available = true
	No RF Available = false

	noEvaluation
	operational
	operational
	operational
	operational

	evaluation: linkCondition = noEvaluation
	operational
	operational
	operational
	operational

	evaluation: linkCondition = rfAvailableVerified 
	operational
	operational
	interrupted
	operational

	evaluation: linkCondition = bitLockVerified 
	interrupted
	operational
	operational
	operational

	evaluation: linkCondition = rfAvailableAndBitLockVerified 
	interrupted
	operational
	interrupted
	operational


Relationships with external Functional Resource Sets
The TC PLOP, Synchronization and Channel Encoding FR accesses the Transmission Physical Channel Symbols SAP. 
The TC PLOP, Synchronization and Channel Encoding FR has a TC Channel Access Frame Set SAP that can be accessed by a single Accessor.
The TC PLOP, Synchronization and Channel Encoding FR has a CLTU SAP that can be accessed by a single Accessor.
The TC PLOP, Synchronization and Channel Encoding FR requires a CLCW ancillary interface when the resource status of the FR instance is configured to be regulated by the No Bit Lock and/or No RF Available flags of the CLCW.
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The Fixed Length Frame (FLF) Synchronization, Channel Encoding, and OID Generation Functional Resource Set of the Synchronization and Channel Coding FR Stratum consists of the FLF Synchronization, Channel Encoding, and OID Generation FR. 
Figure 5‑3 illustrates the functional resource type that constitutes the FLF Synchronization, Channel Encoding, and OID Generation Functional Resource Set.
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[bookmark: _Ref530403644][bookmark: _Toc45099457]Figure 5‑3:  Member Functional Resource of the FLF Synchronization, Channel Encoding, and OID Generation Functional Resource Set 
[bookmark: _Toc45099389]FLF Synchronization, Channel Encoding, and OID Generation FR
The FLF Synchronization, Channel Encoding, and OID Generation FR is used to support space data link protocols (SDLPs) that use fixed-length frames on the transmitted link. As of this issue of this Recommended Practice, there are two CCSDS SDLPs that use fixed-length frames on the transmission link, the AOS SDLP (reference [18]) and the Unified SDLP (reference [35]).
The FLF Synchronization, Channel Encoding, and OID Generation FR is also used to support the synchronization and optional convolutional encoding of already-formed Channel Access Data Units (CADUs). Although the CADUs are nominally formatted in accordance with the TM Synchronization and Channel Coding Recommended Standard (reference [6]), they can actually be any fixed-length data unit, which allows synchronization (and optional convolutional encoding) of non-CCSDS-standard fixed-length-data-units to be supported.  
The functional resource classifier of the FLF Synchronization, Channel Encoding, and OID Generation FR Type is FlfFrameSyncChnEncodeAndOidGen.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The FLF Synchronization, Channel Encoding, and OID Generation FR corresponds to the following functions:
a) the Reed-Solomon Encoding function specified in the TM Synchronization and Channel Coding Recommended Standard (reference [6]);
b) the (transfer frame) LDPC Encoding function specified in the TM Synchronization and Channel Coding Recommended Standard;
c) the Pseudo-Random Sequence Generation function specified in the TM Synchronization and Channel Coding Recommended Standard; 
d) the Attachment of Sync Markers function specified in the TM Synchronization and Channel Coding Recommended Standard; 
e) the Convolutional Encoding function specified in the TM Synchronization and Channel Coding Recommended Standard; 
f) the (sync-markered transfer frame) LDPC Encoding function specified in the TM Synchronization and Channel Coding Recommended Standard; 
g) the Only Idle Data (OID) Generation function, as described in 5.3.1.1; 
h) the emission of ‘data unit processing completed’ CSTS event notifications, as required by the CSTS Data Processing procedure, Buffered Data Processing procedure, or Sequence Controlled Data Processing procedure (4.6.7.4 of reference [4]) ; and
i) the discarding of all data units with specified service-instance-id upon receipt of a CSTS ‘discard all data units’ request, as require by the CSTS Data Processing procedure, Buffered Data Processing procedure, or Sequence Controlled Data Processing procedure (4.6.7.3 of reference [4]).
Section 12 of the TM Synchronization and Channel Coding Recommended Standard (reference [6]) specifies a set of managed parameters. All managed parameters from that Recommended Standard for the functions implemented by the Functional Resource are reflected in the configuration parameters of the FLF Synchronization, Channel Encoding, and OID Generation FR as defined in the SANA FR Registry.
NOTES
1	The TM Synchronization and Channel Coding Recommended Standard has multiple scalar configuration parameters, many of which are applicable to only one of the available encoding schemes and are therefore “not applicable” when any other coding scheme is used. The FLF Synchronization, Channel Encoding, and OID Generation FR uses the complex-structured configuration parameter flfSyncEncCodingSelection to represent the configuration parameters of the supported coding schemes in such a way that only the applicable parameter values for the selected coding scheme are specified.
2	The TM Synchronization and Channel Coding Recommended Standard managed parameter Transfer Frame Length is represented by the FLF Synchronization, Channel Encoding, and OID Generation FR configuration parameter flfSyncSlpduLength, which specifies the transfer frame length when transfer frames are being encoded and synchronized, and specifies the CADU length when CADUs are being encoded and synchronized..
3	The configuration parameters of the FLF Synchronization, Channel Encoding, and OID Generation FR also include parameters that are not explicitly identified as managed parameters in the TM Synchronization and Channel Coding Recommended Standard. 
Figure 5‑4 illustrates the component functions of the FLF Synchronization and Channel Encoding FR.
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[bookmark: _Ref530142509][bookmark: _Toc526770823][bookmark: _Toc45099458]Figure 5‑4:  Internal Structure of the FLF Synchronization, Channel Encoding, and OID Generation Functional Resource 
[bookmark: _Ref530142277]OID Generation Function
The AOS Space Data Link Protocol Recommended Standard (reference [18]) and Unified Space Data Link Protocol (USLP) Recommended Standard (reference [35]) allocate the injection of Only Idle Data to the Master Channel Multiplexing function, which is represented in this Functional Resource model by the Forward AOS MC Multiplexing FR (6.3.1). As defined in the AOS and USLP SDLPs, the Master Channel Multiplexing function generates uncoded, fixed-length OID Frames that conform to the respective transfer frame format whenever frames containing user data are not available.
However, there are cases in which the input to the FTF Synchronization, Channel Encoding, and OID Generation FR comes directly from a Forward Frame CSTS Provider FR instance, bypassing the AOS/USLP VC and MC Multiplexing functions and any OID frame generations that they might perform. In order to support FF-CSTS production configurations in which the AOS/USLP multiplexing functions are bypassed, the FLF Synchronization, Channel Encoding, and OID Generation FR must generate OID data units when user-generated data units are not available. The OID Generation function serves this purpose. 
NOTE	–	Although the allocation of the OID generation function to the FLF Synchronization, Channel Encoding, and OID Generation FR is not formally consistent with AOS and USLP Space Data Link Protocol Recommended Standards (references [18] and [35], respectively), the net effect on the data as it appears on space link is the same as if the function had been performed by the Master Channel Multiplexing function of the AOS or USLP Space Data Link Protocol in those cases where the AOS or USLP Space Data Link Protocol is applicable.
The OID Generation function of the FLF Synchronization, Channel Encoding, and OID Generation FR generates OID data units that match the coding that has already been applied to the input SL-PDUs. For example, if the incoming SL-PDUs being transferred by the Forward Frame CSTS instance are transfer frames that have already been Reed-Solomon encoded, randomized, and had the sync markers attached, such that they only require the FLF Synchronization, Channel Encoding, and OID Generation FR to convolutionally encode them (see the CADU flow, 5.3.1.2.5 below), the OID data unit itself must be a Reed-Solomon encoded, randomized, and sync-marker-attached OID Frame. In this Recommended Practice, the name OID Data Unit is used for an OID data unit that has the appropriate transformations applied to match the incoming SL-PDUs.
As noted above, the Forward Frame CSTS may even be used to transfer opaque blocks of octets – that is, SL-PDUs that are not necessarily based on the CCSDS AOS or USLP Transfer Frame format, and OID Data Units based on CCSDS OID Frames may not be appropriate. In order to support all possible combinations of prior encoding and private formatting, the OID Data Unit is itself an opaque block of octets that is set as a configuration parameter of the OID Generation function. 
NOTE	–	The content of the OID Data Unit is static, and can therefore be set as a configuration parameter. If CCSDS were to ever specify a service for placing data inside the Insert Zone, the OID Data Unit would no longer have fixed content, and therefore the method for configuring the content of the OID Data Unit would need to be changed. However, at the time of this writing, there are no plans to implement a cross-supported Insert service.
Encoding and Channel Synchronization Flows
There are five possible flows through the functions of the Forward FLF Synchronization, Channel Encoding, and OID Generation FR, each of which constitutes a set of encoding functions. All five flows include the OID Generation function. The following subsections describe the remaining functions that constitute each flow. Note that for the flows that process frames (the first four flows below), the “frames” do not necessarily conform to the CCSDS AOS or USLP Transfer Frame specifications - they can be any data units conforming to the same (possibly Mission specific) fixed length format. 
Encoding Bypass Flow. This flow is used for frames that do not require Reed-Solomon or LDPC encoding to be performed by the service provider, either because the SL-PDUs do not require any encoding or because they have already been encoded by the Mission prior to being transferred to the service provider using CCSDS-standard or Mission-specific encoding techniques. In this flow, the FLF Synchronization, Channel Encoding and OID Generation FR optionally pseudo-randomizes each data unit, adds the Attached Synchronization Marker (ASM), and optionally convolutionally encodes the resultant CADUs. 
Reed-Solomon Encoding Flow. This flow is used for frames that require CCSDS-standard Reed-Solomon encoding to be performed by the service provider. In this flow, the FLF Synchronization, Channel Encoding and OID Generation FR applies Reed-Solomon encoding to each data unit, optionally pseudo-randomizes each data unit, adds the ASM, and optionally convolutionally encodes the resultant CADUs. 
LDPC Frame Flow. This flow is used for frames that require CCSDS-standard LDPC encoding to be performed by the service provider. In this flow, the FLF Synchronization, Channel Encoding and OID Generation FR applies LDPC encoding to each data unit, optionally pseudo-randomizes each data unit, and adds the ASM. 
LDPC Slice Flow. This flow is used for frames that require slicing and LDPC encoding to be performed by the service provider. In this flow, the Forward FLF Synchronization, Channel Encoding and OID Generation FR adds the ASM to each frame to form a Sync-Marked Transfer Frame (SMTF). Then the FR performs what is called LDPC coding of a stream of SMTFs in reference [6]: a process of slicing the SMTFs into Information Blocks, LDPC-encoding each of the the resultant Information Blocks into an LDPC codeword, aggregating a specified number of codewords into an LDPC codeblock, pseudo-randomizing each LDPC codeblock, and adding the Sync Code Marker to each LDPC codeblock. 
[bookmark: _Ref523821627]CADU Flow. This flow is used for fully-formatted CADUs that require at most convolutional encoding to be performed by the service provider. In this flow, the FLF Synchronization, Channel Encoding and OID Generation FR optionally convolutionally encodes the CADUs. Note that in this flow, the “CADUs” do not necessarily conform to the CCSDS CADU specification in reference [6] – they can be any data units conforming to the same (possibly Mission specific) fixed length format.
Relationships with external Functional Resource Sets
The FLF Synchronization, Channel Encoding and OID Generation FR accesses the Transmission Physical Channel Symbols SAP. 
The FLF Synchronization, Channel Encoding and OID Generation has two SAPs that are mutually exclusive: the Transmission Fixed Length Frame SAP and the Transmission CADU SAP. A single Accessor can access one and only one of these SAPs.
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The Fixed Length Frame (FLF) Synchronization and Channel Decoding Functional Resource Set of the Synchronization and Channel Coding Functional Resource stratum consists of the FLF Synchronization and Decoding FR. Figure 5‑5 illustrates the functional resources of the TM Synchronization and Channel Decoding Functional Resource Set.
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[bookmark: _Ref510081778][bookmark: _Toc45099459]Figure 5‑5:  Member Functional Resource of the FLF Synchronization and Channel Decoding Functional Resource Set
[bookmark: _Ref4396369][bookmark: _Toc45099391]FLF Synchronization and Channel Decoding
The Functional Resource classifier of the FLF Synchronization and Channel Decoding FR Type is FlfSyncAndChnlDecode.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The FLF Synchronization and Decoding FR corresponds to the following functions: 
a) the Convolutional Decoding function specified in the TM Synchronization and Channel Coding Recommended Standard (reference [6]);
b) the (sync-marked transfer frame) LDPC Decoding function specified in the TM Synchronization and Channel Coding Recommended Standard;
c) the Frame Synchronization function specified in the TM Synchronization and Channel Coding Recommended Standard;
d) the Pseudo-Random Sequence Removal function specified in the TM Synchronization and Channel Coding Recommended Standard;
e) the (transfer frame) LDPC Decoding function specified in the TM Synchronization and Channel Coding Recommended Standard;
f) the Turbo Decoding function specified in the TM Synchronization and Channel Coding Recommended Standard; 
g) the Reed-Solomon Decoding function specified in the TM Synchronization and Channel Coding Recommended Standard; 
h) the All Frames Reception function (which performs Frame Error Control decoding) of the TM Space Data Link Protocol (reference [19]), AOS Space Data Link Protocol (reference [18]), and Unified Space Data Link Protocol (reference [35]) Recommended Standards; and
NOTE	–	The All Frames Reception function is formally defined as part of the space data link protocol. However, its functionality is included in the TM Synchronization and Channel Decoding FR so that the resultant annotated transfer frames reflect all error detection and/or correction performed on those frames.
i) the Frame Annotation function, which is described in 5.4.1.1.
Section 12 of the TM Synchronization and Channel Coding Recommended Standard (reference [6]) specifies a set of managed parameters. All managed parameters from that Recommended Standard are reflected in the configuration parameters of the FLF Synchronization and Channel Decoding FR as defined in the SANA FR Registry.  
Figure 5‑6 illustrates the component functions of the FLF Synchronization and Channel Decoding FR.
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[bookmark: _Ref510013083][bookmark: _Toc45099460]Figure 5‑6:  Internal Structure of the FLF Synchronization and Channel Decoding Functional Resource 
NOTE	-	Although Figure 5‑6 formally depicts the performance of convolutional decoding before transfer frame synchronization, implementations that perform frame sychronization on the convolutionally-encoded symbol stream have been shown to exhibit marginally better frame identification performance. Such implementations are conformant with the pertient CCSDS Recommendations in that the net effect on the processed frames is the same.  
[bookmark: _Ref4398110]Frame Annotation function
The Frame Annotation function annotates each frame with information that is reported as part of the TRANSFER-DATA PDUs of the return SLE Transfer Services (references [2]	, [3], and [29]). This information is:
· earth-receive-time of the frame;
· antenna-id of the aperture through which the frame was received;
· data-link-continuity; 
· delivered-frame-quality (set only for RAF); and
· any private annotation that is optionally bilaterally agreed between the Provider CSSS and the Mission.
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
FLF Synchronization and Channel Decoding FR accesses the Received Physical Channel Symbols SAP. 
SAPs Hosted by this Functional Resource
The FLF Synchronization and Channel Decoding FR has a Return All Valid Frames SAP that can be accessed by multiple Accessors. The All Valid Received Frames SAP carries only those frames that are valid with respect to the decoding schemes configured for the FR instance. The Accessors of this SAP are nominally the return space data link protocols, for which only the contents of valid frames are acceptable.
The FLF Synchronization and Channel Decoding FR has a All Annotated Received Frames SAP that can be accessed by a multiple Accessors. The All Annotated Received Frames SAP carries both valid and errored frames. The Accessors of this SAP are nominally return transfer services (in particular SLE transfer services) that require the per-data-unit annotation information. 
Ancillary Interfaces Required by this Functional Resource
None.
Ancillary Interfaces Provided by this Functional Resource
None.
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This section identifies and defines the Functional Resource Sets of the Space Link Protocol FR stratum. 
The Space Link Protocol FR stratum has five candidate and two future Functional Resource Sets: 
· the TC Space Link Protocol Transmission Functional Resource Set (candidate); 
· the AOS Space Link Protocol Transmission Functional Resource Set (candidate); 
· the Variable Length Frame (VLF) Unified Space Data Link Protocol Transmission Functional Resource Set (candidate);
· the Fixed Length Frame (FLF) Unified Space Data Link Protocol Transmission Functional Resource Set (candidate);
· the TM/AOS Space Link Protocol Reception Functional Resource Set (candidate); 
· the VLF Unified Space Data Link Protocol Reception Functional Resource Set (future); and
· the FLF Unified Space Data Link Protocol Reception Functional Resource Set (future).
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The FR types that comprise the TC Space Link Protocol Transmission Functional Resource Set of the Space Link Protocol Functional Resource stratum are:
a) TC Master Channel (MC) Multiplexing;
b) TC Virtual Channel (VC) Multiplexing;
c) TC Encapsulation, VC Packet Processing and VC Generation; 
d) TC Multiplexer Access Point (MAP) Multiplexing; and 
e) TC Encapsulation and MAP Packet Processing. 
NOTE	-	This issue of this Recommended Standard addresses only the TC MC Multiplexing and TC VC Multiplexing functional resources of this FR Set. These two functional resources are used to provide the Forward Frame service when the frames being transferred are Telecommand frames.
Figure 6‑1 illustrates the functional resource types that constitute the TC Space Link Protocol Transmission Functional Resource Set.
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[bookmark: _Ref429482252][bookmark: _Toc45099461]Figure 6‑1:  Member Functional Resources of the TC Space Link Protocol Transmission Functional Resource Set
[bookmark: _Toc45099395]TC Master Channel (MC) Multiplexing FR
The functional resource classifier of the TC MC Multiplexing FR Type is TcMcMux.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The TC MC Multiplexing FR corresponds to the following functions:
a) the Master Channel Multiplexing function of the TC Space Data Link Protocol Recommended Standard (reference [17]), which multiplexes the transfer frames from one or more Master Channels into a single stream of transfer frames. The TC MC Multiplexing FR implements the three multiplexing schemes required by the Forward Frame Cross Support Transfer Service (reference [33]): absolute priority, polling vector, and FIFO; and
b) the All Frames Generation function of the TC Space Data Link Protocol Recommended Standard, which optionally adds a Frame Error Control Field (FECF) to the trailer of each frame, groups transfer frames into TC channel access frame sets, and sends those TC channel access frame sets to the underlying synchroniziation and coding sublayer one or more times based on the repetition parameters specified for the virtual channels and frame types of the frames contained in those frame sets (see 6.2.1.1). 
NOTE	–	TC channel access frame set is the term used in this Recommended Practice to refer to the groups of TC frames created by the TC Space Data Link Protocol All Frames Generation function. The TC Space Data Link Protocol Recommended Standard refers to the groups simply as “data units”. The TC Synchronization and Channel Coding Recommended Standard, however, defines the ChannelAcess.request service primitive, through which the coding sublayer receives the groups of frames and associated optional repetitions parameters. The term TC channel access frame set is derived from the name of that TC Sync and Channel Coding primitive. 
Tables 5-1 and 5-2 of section 5 of the TC Space Data Link Protocol Recommended Standard (reference [17]) specify a set of managed parameters for the Phyiscal Channels and Master Channels. All managed parameters from that Recommended Standard are reflected in the configuration parameters of the TC MC Multiplexing FR as defined in the SANA FR Registry except for the managed parameters identified in Table 6‑1.
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[bookmark: _Ref28531414][bookmark: _Toc45098928]Table 6‑1	:  Managed Parameters of the Master Channel Multiplexing and All Frames Generation Functions of the TC Space Data Link Protocol Recommended Standard that are Not in the Configuration Parameters of the TC MC Multiplexing Functional Resource
	Excluded Recommended Standard Managed Parameter 
	Comment

	Physical Channel Name
	The Physical Channel Name is specified in the xxxPhysChnlName parameters of the Physical Channel stratum FRs. The TC MC Multiplexing FR inherits the value of this parameter from the Physical Channel stratum FR with which it is associated in the operational configuration. 

	Transfer Frame Version Number
	For Telecommand, this value is fixed to version 1 (‘00’ binary) and is not configurable.

	Valid Spacecraft IDs
	The spacecraft IDs of the frames are either set as part of the configuration of FRs that generate frames from user inputs, or are included in the validation parameters of FRs that receive frames from user inputs (i.e., the Forward Frame CSTS). Thus the configuration profile as a whole defines the set of valid SCIDs.

	Maximum Length of Data Unit Given to the Coding Sublayer
	This value is derived from the tcPlopSyncMaxCltuLength parameter and coding options specified for the TC PLOP, Sync and Channel Encoding FR instance that is associated with the TC MC Multiplexing FR instance.

	Maximum Bit Rate Accepted by the Coding Sublayer
	This value is derived from the xxxCarrierXmitSymbolRate parameter of the Physical Channel stratum-level FR and the coding options specified for the TC PLOP, Sync and Channel Encoding FR instance that is associated with the TC MC Multiplexing FR instance.

	Maximum value for the Repetitions parameter for the Coding Sublayer
	The annotation of frames with the desired number of repetitions is part of the configuration of the TcVcMux FR type and is assumed to be correct with respect to any limits regarding the max number of repetitions. Therefore there is no need to specify the permissible max number of repetitions as a parameter of the TcMcMux FR.


NOTE	–	The configuration parameters of the TC MC Multiplexing FR also include parameters that are not explicitly identified as managed parameters in the Recommended Standard. 
Figure 6‑2 illustrates the sublayers of the TC MC Multiplexing FR.
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[bookmark: _Ref530143834][bookmark: _Toc526770825][bookmark: _Toc45099462]Figure 6‑2:  Internal Structure of the TC MC Multiplexing Functional Resource
[bookmark: _Ref32828133]Support for Systematic Retransmission
The Master Channel Multiplexing and All Frames Generation functions of the TC Space Data Link Protocol Recommended Standard (reference [17]) use the Synchronizationa Channel Coding sublayer functions of the TC Synchronization and Channel Coding Recommended Standard (reference [5]). The TC Sync and Channel Coding Recommended Standard specifies a mechanism for the systematic retransmission of CLTUs. As formally specified in reference [5], the TC Synchronization and Channel Coding sublayer provides a Channel Access service interface through which the space data link protocol above it submits a set of frames, optionally accompanied by a Repetitions parameter. The set of frames – referred to as a TC channel access frame set in this Recommended Practice – constitutes the set of frames from which the TC Sync and Channel Coding sublayer forms the CLTU. If the Repetitions parameter has a value greater than one, then the TC Sync and Channel Coding sublayer transmits that CLTU Repetitions number of times. As formally specified in the TC Space Data Link Protocol Recommended Standard, the TC space data link protocol generates the TC channel access frame sets and an accompanying Repetitions parameter values to form the ServiceAcess.Request primitives.
As described in 5.2.1.1, the Forward CLTU and Forward Space Packet services and the TC PLOP, Synchronization and Channel Encoding FR do not support the Repetitions parameter. Any repetitions of CLTUs must be accomplished by having the space data link protocol layer submit the same TC channel access frame set multiple times. The number of times that the same TC channel access frame set is submitted to the underlying TC Sync and Channel Coding sublayer is determined by the virtual channel and type (AD or BC) of the frames contained within that TC channel access frame set. Each TC VC Multiplexer FR (see 6.2.2) instance has tcVcMuxAdFrameRepetitions and tcVcMuxBcFrameRepetitions managed tables that specify the repetitions that are to be applied for the VCs that are handled by that multiplexer instance.
The net effect “on the space link” is the same as if the Repetitions parameter were used, and so interoperability across the space link is preserved. 
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
The TC MC Multiplexing FR accesses the TC Channel Access Frame Sets SAP. 
SAPs Hosted by this Functional Resource
The TC MC Multiplexing FR has a Transmit MC Frames SAP that can be accessed by multiple instances of the TC VC Multiplexing FR.
Ancillary Interfaces Required by this Functional Resource
None.
Ancillary Interfaces Provided by this Functional Resource
None.
[bookmark: _Ref18938314][bookmark: _Toc45099396]TC Virtual Channel (VC) Multiplexing FR
The functional resource classifier of the TC VC Multiplexing FR Type is TcVcMux.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The TC VC Multiplexing FR corresponds to the Virtual Channel Multiplexing function of the TC Space Data Link Protocol Recommended Standard (reference [17]), which multiplexes the transfer frames from one or more Virtual Channels into a Master Channel. 
The TC VC Multiplexing FR also implements the three multiplexing schemes required by the Forward Frame Cross Support Transfer Service (reference [33]): absolute priority, polling vector, and FIFO.
Tables 5-2 and 5-3 of section 5 of the TC Space Data Link Protocol Recommended Standard (reference [18]) specify a set of managed parameters for Master Channels and Virtual Channels. All managed parameters from that Recommended Standard are reflected in the configuration parameters of the TC VC Multiplexing FR as defined in the SANA FR Registry except for the managed parameters identified in Table 6‑2.
[bookmark: _Ref19105442][bookmark: _Toc45098929]Table 6‑2	:  Managed Parameters of the Virtual Channel Multiplexing Function of the TC Space Data Link Protocol Recommended Standard that are Not in the Configuration Parameters of the TC VC Multiplexing Functional Resource
	Excluded Recommended Standard Managed Parameter 
	Comment

	Spacecraft ID 
	The spacecraft IDs of the frames are either set as part of the configuration of FRs that generate frames from user inputs, or are included in the validation parameters of FRs that receive frames from user inputs (i.e., the Forward Frame CSTS). Thus the configuration profile as a whole defines the set of valid SCIDs.

	Valid VCIDs (per Master Channel)
	The VC IDs of the frames are either set as part of the configuration of FRs that generate frames from user inputs, or are included in the validation parameters of FRs that receive frames from user inputs (i.e., the Forward Frame CSTS). Thus the configuration profile as a whole defines the set of valid VCIDs.

	VCID (per Virtual Channel)
	The VC IDs of the frames are either set as part of the configuration of FRs that generate frames from user inputs, or are included in the validation parameters of FRs that receive frames from user inputs (i.e., the Forward Frame CSTS). 

	COP In Effect
	This parameter is not applicable to the VC Multiplexing function. It applies to functions performed by the TC Encapsulation, VC Packet Processing and VC Generation FR.

	CLCW Version Number
	This parameter is not applicable to the VC Multiplexing function. It applies to functions performed by the TC Encapsulation, VC Packet Processing and VC Generation FR.

	CLCW Reporting Rate
	This parameter is not applicable to the VC Multiplexing function. It applies to functions performed by the TC Encapsulation, VC Packet Processing and VC Generation FR.

	Presence of Segment Header
	This parameter is not applicable to the VC Multiplexing function. It applies to functions performed by the TC Encapsulation, VC Packet Processing and VC Generation FR.

	Data Field Content
	This parameter is not applicable to the VC Multiplexing function. It applies to functions performed by the TC Encapsulation, VC Packet Processing and VC Generation FR.

	Valid MAP IDs
	This parameter is not applicable to the VC Multiplexing function. It applies to functions performed by the TC Encapsulation, VC Packet Processing and VC Generation FR.

	MAP Multiplexing Scheme
	This parameter is not applicable to the VC Multiplexing function. It applies to functions performed by the TC Encapsulation, VC Packet Processing and VC Generation FR.

	Blocking
	This parameter is not applicable to the VC Multiplexing function. It applies to functions performed by the TC Encapsulation, VC Packet Processing and VC Generation FR.


NOTE	–	The configuration parameters of the TC VC Multiplexing FR also include parameters that are not explicitly identified as managed parameters in the Recommended Standard. 
Support for Systematic Retransmission
Each TC VC Multiplexing FR (see 6.2.2) instance has tcVcMuxAdFrameRepetitions and tcVcMuxBcFrameRepetitions managed tables that specify the repetitions that are to be applied for the VCs and frame types (AD or BC) that are handled by that multiplexer instance. The TC VC Multiplexing FR annotates the frames submitted to the TC MC Multiplexing FR with these repetition values to allow the TC MC Multiplexing FR to determine how many times the TC channel access frame sets are to be submitted to underlying TC Sync and Channel Coding sublayer.
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
The TC VC Multiplexing FR accesses the Transmit MC Frames SAP of a TC MC Multiplexing FR.
Resource SAPs Hosted by this Functional
The TC VC Multiplexing FR has a Ttransmit VC Frames Minus FECF SAP that can be accessed by multiple Accessors. The SAP uses the GVCID of the frame to determine the VC into which the frame is to be multiplexed.
[bookmark: _Toc19121169][bookmark: _Toc19121170][bookmark: _Toc19121171][bookmark: _Toc19121172][bookmark: _Toc19121173][bookmark: _Toc19121174][bookmark: _Toc19121175][bookmark: _Toc19121176][bookmark: _Toc19121177][bookmark: _Toc19121178][bookmark: _Toc429984959][bookmark: _Toc429985508][bookmark: _Ref506304278][bookmark: _Toc45099397]AOS Space Link Protocol Transmission Functional Resource Set of the Space Link Protocol Transmission Functional Resource Stratum
The FR Types that compose the AOS Space Link Protocol Transmission Functional Resource Set of the Space Link Protocol Transmission Functional Resource stratum are:
a) AOS MC Multiplexing;
b) AOS VC Multiplexing; and
c) AOS Encapsulation, Packet Processing and VC Generation.
NOTE	-	This issue of this Recommended Standard addresses only the AOS MC Multiplexing and AOS VC Multiplexing functional resources of this FR Set. These two functional resources are used to provide the Forward Frame service when the frames being transferred are AOS frames.
Figure 6‑3 illustrates the internal composition of the AOS Space Link Protocol Transmission Functional Resource Set.
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[bookmark: _Ref429483151][bookmark: _Toc45099463]Figure 6‑3:  Members of the AOS Space Link Protocol Transmission Functional Resource Set
[bookmark: _Ref506799768][bookmark: _Toc45099398]AOS MC Multiplexing
The functional resource classifier of the AOS MC Multiplexing FR Type is AosMcMux.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry.
The AOS MC Multiplexing FR corresponds to the following functions:
a) the Master Channel Multiplexing function of the AOS Space Data Link Protocol Recommended Standard (reference [18]), which multiplexes the transfer frames from one or more Master Channels into a single stream of transfer frames. The AOS MC Multiplexing FR implements the three multiplexing schemes required by the Forward Frame Cross Support Transfer Service (reference [33]): absolute priority, polling vector, and FIFO; and
b) the All Frames Generation function of the AOS Space Data Link Protocol Recommended Standard, which optionally adds a Frame Error Control Field (FECF) to the trailer of each frame.
NOTES
1 The Master Channel Multiplexing function of the AOS Space Data Link Protocol Recommended Standard is also formally assigned the OID Frame Generation subfunction. However, for reasons more fully described in 5.3.1.1, the OID generation is instead performed by the OID Generation function of the Fixed-Length-Frame Synchronization, Channel Encoding, and OID Generation FR (5.3).
2 The All Frames Generation function of the AOS Space Data Link Protocol Recommended Standard is also the insertion point for Insert service data units. If the Insert SLE transfer service (or an equivalent CSTS) were ever to be implemented, its functionality would be added to the AOS MC Multiplexing FR. However, at the time of this writing, there are no plans to implement a cross-supported Insert service.
Tables 5-1 and 5-2 of section 5 of the AOS Space Data Link Protocol Recommended Standard (reference[18]) specify a set of managed parameters for the Phyiscal Channels and Master Channels. All managed parameters from that Recommended Standard are reflected in the configuration parameters of the AOS MC Multiplexing FR as defined in the SANA FR Registry except for the managed parameters identified in Table 6‑3.
[bookmark: _Ref28542280][bookmark: _Toc45098930]Table 6‑3	:  Managed Parameters of the Master Channel Multiplexing and All Frames Generation Functions of the AOS Space Data Link Protocol Recommended Standard that are Not in the Configuration Parameters of the AOS MC Multiplexing Functional Resource
	Excluded Recommended Standard Managed Parameter 
	Comment

	Physical Channel Name
	The Physical Channel Name is specified in the xxxPhysChnlName parameters of the Physical Channel stratum FRs. The AOS MC Multiplexing FR inherits the value of this parameter from the Physical Channel stratum FR with which it is associated in the operational configuration. 

	Transfer Frame Length
	The transfer frame length is equal to the flfSyncSlpduLength parameter of the Fixed Length Frame Synchronization, Channel Encoding, and OID Generation FR instance with which the AOS MC Mux instance is associated.

	Transfer Frame Version Number
	For AOS, this value is fixed to version 2 (‘01’ binary) and is not configurable.

	Valid Spacecraft IDs
	The spacecraft IDs of the frames are either set as part of the configuration of FRs that generate frames from user inputs, or are included in the validation parameters of FRs that receive frames from user inputs (i.e., the Forward Frame CSTS). Thus the configuration profile as a whole defines the set of valid SCIDs.

	Presence of Insert Zone 
and
Insert Zone Length
	As stated in NOTE 2 above, at the time of this writing, there are no plans to implement a cross-supported Insert service If the Insert SLE transfer service (or an equivalent CSTS) were ever to be implemented, its functionality would be added to the AOS MC Multiplexing FR and appropriate configuration parameter(s) added.


NOTE	–	The configuration parameters of the AOS MC Multiplexing FR also include parameters that are not explicitly identified as managed parameters in the Recommended Standard. 
Figure 6‑4 illustrates the sublayers of the AOS MC Multiplexing FR.
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[bookmark: _Ref504992061][bookmark: _Toc45099464]Figure 6‑4:  Internal Structure of the AOS MC Multiplexing Functional Resource 
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
The AOS MC Multiplexing FR accesses the Transmit-Fixed-Length Frames SAP. 
SAPs Hosted by this Functional Resource
The AOS MC Multiplexing FR has a Transmit MC Frames SAP that can be accessed by multiple sources of AOS MC frames.
Ancillary Interfaces Required by this Functional Resource
None.
Ancillary Interfaces Provided by this Functional Resource
None.
[bookmark: _Toc45099399]AOS VC Multiplexing
The functional resource classifier of the AOS VC Multiplexing FR Type is AosVcMux.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The AOS VC Multiplexing FR corresponds to the Virtual Channel Multiplexing function of the AOS Space Data Link Protocol Recommended Standard (reference [18]), which multiplexes the transfer frames from one or more Virtual Channels into a single Master Channel. 
The AOS VC Multiplexing FR also implements the three multiplexing schemes required by the Forward Frame Cross Support Transfer Service (reference [33]): absolute priority, polling vector, and FIFO.
NOTE	–	The VC Multiplexing function defined in the AOS Space Data Link Protocol Recommended Standard also provide for generation of OID frames in the absence of user-data-bearing transfer frames from any of the input VCs and when there is only a single Master Channel on the Physical Channel. However, OID frame generation by VC Multiplexing is redundant with the OID Frame generation performed by the MC Multiplexing function and is therefore omitted by the AOS VC Multiplexing FR.
Tables 5-2 and 5-3 of section 5 of the AOS Space Data Link Protocol Recommended Standard (reference [18]) specify a set of managed parameters for Master Channels and Virtual Channels. All managed parameters from that Recommended Standard are reflected in the configuration parameters of the AOS VC Multiplexing FR as defined in the SANA FR Registry except for the managed parameters identified in Table 6‑4.
[bookmark: _Ref28548041][bookmark: _Toc45098931]Table 6‑4	:  Managed Parameters of the Virtual Channel Multiplexing Function of the AOS Space Data Link Protocol Recommended Standard that are Not in the Configuration Parameters of the AOS VC Multiplexing Functional Resource
	Excluded Recommended Standard Managed Parameter 
	Comment

	Spacecraft ID 
	The spacecraft IDs of the frames are either set as part of the configuration of FRs that generate frames from user inputs, or are included in the validation parameters of FRs that receive frames from user inputs (i.e., the Forward Frame CSTS). Thus the configuration profile as a whole defines the set of valid SCIDs.

	Valid VCIDs (per Master Channel)
	The VC IDs of the frames are either set as part of the configuration of FRs that generate frames from user inputs or are included in the validation parameters of FRs that receive frames from user inputs (i.e., the Forward Frame CSTS). Thus the configuration profile as a whole defines the set of valid VCIDs.

	VCID (per Virtual Channel)
	The VC IDs of the frames are either set as part of the configuration of FRs that generate frames from user inputs, or are included in the validation parameters of FRs that receive frames from user inputs (i.e., the Forward Frame CSTS). 

	Data Field Content
	This parameter is not applicable to the VC Multiplexing function. It applies to functions performed by the AOS Encapsulation, Packet Processing and VC Generation FR.

	Presence of VC_OCF
	This parameter is not applicable to the VC Multiplexing function as performed by the ESLT. For the version 1 AOS VC Multiplexing FR this has a fixed value of Absent.


NOTE	–	The configuration parameters of the AOS VC Multiplexing FR also include parameters that are not explicitly identified as managed parameters in the Recommended Standard. 
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
The AOS VC Multiplexing FR accesses the Transmit MC Frames SAP of the AOS MC Multiplexing FR.
SAPs Hosted by this Functional Resource
The AOS VC Multiplexing FR has a Transmit VC Frames Minus FECF SAP that can be accessed by multiple Accessors. The SAP uses the GVCID of the frame to determine the VC into which the frame is to be multiplexed.
Ancillary Interfaces Required by this Functional Resource
None.
Ancillary Interfaces Provided by this Functional Resource
None.
[bookmark: _Toc45099400]Fixed Length Frame Unified Space Data Link Protocol Transmission Functional Resource Set of the Space Link Protocol Functional Resource Stratum
The Unified SDLP (CCSDS 732.1, reference [35]) is capable of using both variable-length and fixed-length transfer frames, where for any given space link physical channel USLP must use either fixed-length or variable- length frames. This FR Set represents the fixed-length frame (FLF) functionality of USLP on the transmitting end.
The FR types that comprise the FLF Unified Space Link Protocol Transmission Functional Resource Set of the Space Link Protocol Functional Resource stratum are:
a) FLF USLP Master Channel (MC) Multiplexing;
b) FLF USLP Virtual Channel (VC) Multiplexing;
c) FLF USLP VC Generation; 
d) FLF USLP Multiplexer Access Point (MAP) Multiplexing; and 
e) FLF USLP Encapsulation and MAP Packet Processing. 
NOTE	-	This issue of this Recommended Standard addresses only the FLF USLP MC Multiplexing and FLF USLP VC Multiplexing functional resources of this FR Set. These two functional resources are used to provide the Forward Frame service when the frames being transferred are fixed-length USLP frames.
Figure 6‑5 illustrates the functional resource types that constitute the FLF Unified Space Link Protocol Transmission Functional Resource Set.
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[bookmark: _Ref16516142][bookmark: _Toc45099465]Figure 6‑5:  Member Functional Resources of the FLF Unified Space Link Protocol Transmission Functional Resource Set
[bookmark: _Ref31021767][bookmark: _Toc45099401]FLF USLP Master Channel (MC) Multiplexing FR
The functional resource classifier of the FLF USLP MC Multiplexing FR Type is FlfUslpMcMux.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The FLF USLP MC Multiplexing FR corresponds to the following functions:
a) the fixed-length frame processing of the Master Channel Multiplexing function of the Unified Space Data Link Protocol Recommended Standard (reference [35]), which multiplexes the fixed-length transfer frames from one or more Master Channels into a single stream of transfer frames. The FLF USLP MC Multiplexing FR also implements the three multiplexing schemes required by the Forward Frame Cross Support Transfer Service (reference [33]): absolute priority, polling vector, and FIFO; and
b) the fixed-length frame processing of the All Frames Generation function of the Unified Space Data Link Protocol Recommended Standard, which optionally adds a Frame Error Control Field (FECF) to the trailer of each frame, and submits each transfer frame to the underlying fixed-length frame-handling Synchronization and Channel Coding functional resource (e.g., a Fixed Length Frame Synchronization, Channel Encoding, and OID Generation FR instance). 
NOTES
1	When operating on fixed-length frames, the Master Channel Multiplexing function of the Unified Space Data Link Protocol Recommended Standard is also formally assigned the OID Frame subfunction. However, for reasons more fully described in 5.3.1.1, OID generation is instead performed by the OID Generation function of the Fixed-Length-Frame Synchronization, Channel Encoding and OID Generation FR (5.3). 
2	The USLP All Frames Generation function defined in reference [35] also provides for the insertion of Insert Service Data Units. If the Insert SLE transfer service (or an equivalent CSTS) were ever to be implemented, its functionality would be added to the USLP MC Multiplexing FR. However, at the time of this writing, there are no plans to implement a cross-supported Insert service. 
3	The USLP Recommended Standard specifies the Master Channel Generation function, the purpose of which is to optionally commutate four-octet data units into the Operational Control Field (OCF) of the transfer frames of designated virtual channels. When implemented in an ESLT, USLP does not support the commutation of OCFs into transfer frames, and so that functionality is excluded from version 1 USLP functional resources. If and when the scope of the USLP functional resources is expanded to include OCF commutation, that functioanlity will be added to the FLF USLP MC Multiplexng FR.
Tables 5-1 and 5-2 of section 5 of the Unified Space Data Link Protocol Recommended Standard (reference [35]) specify a set of managed parameters for the Physical Channels and Master Channels. All managed parameters from that Recommended Standard are reflected in the configuration parameters of the FLF USLP MC Multiplexing FR as defined in the SANA FR Registry except for the managed parameters identified in Table 6‑5.
[bookmark: _Ref34223471][bookmark: _Toc45098932]Table 6‑5	:  Managed Parameters of the Master Channel Multiplexing and All Frames Generation Functions of the Unified Space Data Link Protocol Recommended Standard that are Not in the Configuration Parameters of the FLF USLP MC Multiplexing Functional Resource
	Excluded Recommended Standard Managed Parameter 
	Comment

	Physical Channel Name
	The Physical Channel Name is specified in the xxxPhysChnlName parameters of the Physical Channel stratum FRs. The FLF USLP MC Multiplexing FR inherits the value of this parameter from the Physical Channel stratum FR with which it is associated in the operational configuration. 

	Transfer Frame Type
	For the FLF USLP MC Multiplexing FR the Transfer Frame Type is always “Fixed Length” and is not configurable.

	Transfer Frame Length
	The transfer frame length is equal to the flfSyncSlpduLength parameter of the Fixed Length Frame Synchronization, Channel Encoding, and OID Generation FR instance with which the FLF USLP MC Mux instance is associated.

	Transfer Frame Version Number
	For USLP, this value is fixed to ‘1100’ binary and is not configurable.

	Presence of Insert Zone 
and
Insert Zone Length
	As stated in Note 2 above, at the time of this writing, there are no plans to implement a cross-supported Insert service. If the Insert SLE transfer service (or an equivalent CSTS) were ever to be implemented, its functionality would be added to the USLP MC Multiplexing FR and appropriate configuration parameter(s) added.

	Generate OID Frame
	As described in6.4.1 Note 1, the OID Frame function is not performed by the FLF USLP MC Multiplexing FR but is instead performed by the Fixed-Length-Frame Synchronization, Channel Encoding and OID Generation, and so this is not a configuration parameter of this FR.

	Maximum Number of Transfer Frames Given to the Coding and Synchronization Sublayer as a Single Data Unit
	This value is always 1 for fixed-length frames and is not configurable.

	Maximum Value of the Repetitions Parameter to the Coding and Synchronization Sublayer
	Repetition of frames to the C&S sublayer is not applicable to fixed-length frames.


NOTE	–	The configuration parameters of the FLF USLP MC Multiplexing FR also include parameters that are not explicitly identified as managed parameters in the Recommended Standard. 
Figure 6‑6 illustrates the sublayers of the FLF USLP MC Multiplexing FR.
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[bookmark: _Ref16516056][bookmark: _Toc45099466]Figure 6‑6:  Internal Structure of the FLF USLP MC Multiplexing Functional Resource 
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
The FLF USLP MC Multiplexing FR accesses the Transmit Fixed Length Frames SAP. 
SAPs Hosted by this Functional Resource
The FLF USLP MC Multiplexing FR has a Transmit MC Frames SAP that can be accessed by multiple sources of FLF USLP VC frames.
Ancillary Interfaces Required by this Functional Resource
None
Ancillary Interfaces Provided by this Functional Resource
None.
[bookmark: _Toc45099402]FLF USLP VC Multiplexing
The functional resource classifier of the FLF USLP VC Multiplexing FR Type is FlfUslpVcMux.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The FLF USLP VC Multiplexing FR corresponds to the fixed-length-frame processing of the Virtual Channel Multiplexing function of the Unified Space Data Link Protocol Recommended Standard (reference [35]), which multiplexes the transfer frames from one or more Virtual Channels into a single stream of transfer frames. 
The FLF USLP VC Multiplexing FR also implements the three multiplexing schemes required by the Forward Frame Cross Support Transfer Service (reference [33]): absolute priority, polling vector, and FIFO.
Tables 5-2 and 5-3 of section 5 of the Unified Space Data Link Protocol Recommended Standard (reference [35]) specify a set of managed parameters for Master Channels and Virtual Channels. All managed parameters from that Recommended Standard are reflected in the configuration parameters of the FLF USLP VC Multiplexing FR as defined in the SANA FR Registry except for the managed parameters identified in Table 6‑6.
[bookmark: _Ref31114671][bookmark: _Toc45098933]Table 6‑6	:  Managed Parameters of the Virtual Channel Multiplexing Function of the USLP Space Data Link Protocol Recommended Standard that are Not in the Configuration Parameters of the FLF USLP VC Multiplexing Functional Resource
	Excluded Recommended Standard Managed Parameter 
	Comment

	VCIDs (per Master Channel)
	The VC IDs of the frames are either set as part of the configuration of FRs that generate frames from user inputs or are included in the validation parameters of FRs that receive frames from user inputs (i.e., the Forward Frame CSTS). Thus the configuration profile as a whole defines the set of VCIDs.

	Transfer Frame Type
	For the FLF USLP VC Multiplexing FR this is always Fixed Length and not configurable.

	VCID (per Virtual Channel)
	The VC IDs of the frames are either set as part of the configuration of FRs that generate frames from user inputs or are included in the validation parameters of FRs that receive frames from user inputs (i.e., the Forward Frame CSTS). 

	VC Count Length for Sequence Control QoS
	This parameter is not applicable to the VC Multiplexing function. It applies to functions performed by the FLF USLP VC Generation FR.

	VC Count Length for Expedited QoS
	This parameter is not applicable to the VC Multiplexing function. It applies to functions performed by the FLF USLP VC Generation FR.

	COP in Effect
	This parameter is not applicable to the VC Multiplexing function. It applies to functions performed by the FLF USLP VC Generation FR

	CLCW Version Number
	???

	CLCW Reporting Rate
	

	MAP IDs
	

	MAP Multiplexing Scheme
	

	Truncated Transfer Frame Length
	

	Inclusion of OCF Allowed
	N/A for FLF

	Inclusion of OCF Required
	OCF commutation not supported by V1 FR.

	Value for the Repetitions Parameter to the Coding Sublayer when transferring USLP Frames carrying service data on the Sequence-Controlled Service
	N/A for fisxed length frames.

	Value for the Repetitions Parameter to the Coding Sublayer when transferring USLP Frames carrying COP Control Commands
	N/A for fisxed length frames.

	Maximum delay in milliseconds for a TFDF to be completed, once started, before it must be relesased
	This parameter is not applicable to the VC Multiplexing function. It applies to functions performed by the FLF USLP VC Generation FR

	Maximum delay in milliseconds between relesases of USLP Frames on the same VC
	This parameter is not applicable to the VC Multiplexing function. It applies to functions performed by the FLF USLP VC Generation FR


NOTE	–	The configuration parameters of the FLF USLP VC Multiplexing FR also include parameters that are not explicitly identified as managed parameters in the Recommended Standard. 
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
The FLF USLP VC Multiplexing FR accesses the Transmit MC Frames SAP of the FLF USLP MC Multiplexing FR. 
SAPs Hosted by this Functional Resource
The FLF USLP VC Multiplexing FR has a Transmit VC Frames Minus FECF SAP that can be accessed by multiple Accessors. The SAP uses the GVCID of the frame to determine the VC into which the frame is to be multiplexed.
Ancillary Interfaces Required by this Functional Resource
None
Ancillary Interfaces Provided by this Functional Resource
None.
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The FR types that comprise the TM/AOS Space Link Protocol Reception Functional Resource Set of the Space Link Protocol Reception Functional Resource stratum are:
a) TM/AOS MC Demultiplexing;
b) TM/AOS VC Demultiplexing; and
c) TM/AOS Packet Extraction and De-encapsulation.
NOTE	–	The All Frames Reception function is formally defined as part of the TM and AOS space data link protocol. For TM, the All Frames Reception function consists of error detection on the Frame Error Control Field (FECF). For AOS, the All Frames Reception function consists of error detection on the FECF and extraction of Insert SDUs. With respect to error detection on the FECF, this functionality is included in the TM Synchronization and Channel Decoding FR (5.4.1) so that the resultant annotated transfer frames reflect all error detection and/or correction performed on those frames. With respect to extraction of AOS Insert SDUs, there are currently no cross-support dervices defined for processing or delivering Insert SDUs. 
NOTE	-	This issue of this Recommended Standard addresses only the TM/AOS MC Demultiplexing and TM/AOS VC Demultiplexing functional resources of this FR Set. 
Figure 6‑7 illustrates the internal composition of the TM/AOS Space Link Protocol Reception Functional Resource Set.
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[bookmark: _Ref510090735][bookmark: _Toc45099467]Figure 6‑7:  Member Functional Resources of the TM/AOS Space Link Protocol Reception Functional Resource Set
[bookmark: _Toc45099404]TM/AOS MC Demultiplexing
The functional resource classifier of the TM/AOS MC Demultiplexing FR Type is TmAosMcDemux.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The TM/AOS MC Demultiplexing FR corresponds to:
a) the MC Demultiplexing function of the TM Space Data Link Protocol Recommended Standard;
b) the MC Demultiplexing function of the AOS Space Data Link Protocol Recommended Standard; and
c) the MC Frames and MC Operational Control Field (MC_OCF) Decommutation subfunctions of the MC Reception function of the TM Space Data Link Protocol Recommended Standard. 
NOTES
1 There is no MC Reception function in the AOS Space Data Link Protocol Recommended Standard.
2 The MC Reception function of the TM Space Data Link Protocol Recommended Standard also includes an MC Frame Secondary Header (MC-FSH) Decommutation subfunction, but there is no standard CCSDS service that uses this field independently so it is excluded from the TM/AOS MC Demultiplexing FR.
Sections 5 of the TM Space Data Link Protocol Recommended Standard (reference [19] and the AOS Space Data Link Protocol Recommended Standard (reference [18]) specify sets of managed parameters, some of which are pertinent to the TM/AOS MC Demultiplexing FR. How the managed parameters of those Recommended Standards are represented in the configuration parameters of the TM/AOS MC Demultiplexing FR is To Be Specified.
Figure 6‑8 illstrates the sublayers of the TM/AOS MC Demultiplexing FR.
[image: ]
[bookmark: _Ref32831997][bookmark: _Toc45099468]Figure 6‑8:  Internal Structure of the TM/AOS MC Demultiplexing FR
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
The TM/AOS MC Demultiplexing FR accesses an All Valid Received Frames SAP.
SAPs Hosted by this Functional Resource
The TM/AOS MC Demultiplexing FR has a Received MC Frames SAP that can be accessed by multiple instances of the TM/AOS VC Demultiplexing FR. 
Ancillary Interfaces Required by this Functional Resource
None.
Ancillary Interfaces Provided by this Functional Resource
The TM/AOS MC Demultiplexing FR provides a CLCW ancillary interface.
[bookmark: _Toc42810952][bookmark: _Toc42811743][bookmark: _Toc42810955][bookmark: _Toc42811746][bookmark: _Toc45099405]TM/AOS VC Demultiplexing
The functional resource classifier of the TM/AOS VC Demultiplexing and Reception FR Type is TmAosVcDemux.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The TM VC Demultiplexing FR corresponds to:
a) the VC Demultiplexing functions of the TM Space Data Link Protocol Recommended Standard;
b) the VC Demultiplexing functions of the AOS Space Data Link Protocol Recommended Standard;
c) the Transfer Frame Data Field and VC-OCF Decommutation subfunctions of the VC Reception function of the TM Space Data Link Protocol Recommended Standard; and 
d) the Multiplexing Protocol Data Unit (M-PDU) and VC-OCF Decommutation subfunctions of the VC Demultiplexing functions of the AOS Space Data Link Protocol Recommended Standard.
NOTES
1 The VC Reception function of the TM Space Data Link Protocol Recommended Standard also includes Virtual Channel Access Protocol Data Unit (VCA_PDU) and VC Frame Secondary Header (VC-FSH) Decommutation subfunctions, but there is no standard CCSDS service that uses either of these fields independently so their decommutation is excluded from the TM/AOS VC Demultiplexing FR.
2 The VC Reception function of the AOS Space Data Link Protocol Recommended Standard also includes VCA_PDU and Bitstream_PDU Decommutation subfunctions, but there is no standard CCSDS service that uses either of these fields independently so their decommutation is excluded from the TM/AOS VC Demultiplexing FR.
Sections 5 of the TM Space Data Link Protocol Recommended Standard (reference [19] and the AOS Space Data Link Protocol Recommended Standard (reference [19] specify sets of managed parameters, some of which are pertinent to the TM VC Demultiplexing FR. How the managed parameters of those Recommended Standards are represented in the configuration parameters of the TM/AOS VC Demultiplexing FR is To Be Specified.
Figure 6‑8 illstrates the sublayers of the TM/AOS VC Demultiplexing FR.
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[bookmark: _Toc45099469]Figure 6‑9:  Internal Structure of the TM/AOS VC Demultiplexing FR

Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource 
SAPs Accessed by this Functional Resource
The TM/AOS VC Demultiplexing FR accesses a Received MC Frames SAP.
SAPs Hosted by this Functional Resource
The TM/AOS VC Demultiplexing FR has a Received Transfer Frame Data Field SAP that can be accessed by multiple instances of the TM/AOS VC Demultiplexing FR.
Ancillary Interfaces Required by this Functional Resource
None.
Ancillary Interfaces Provided by this Functional Resource
The TM/AOS VC Demultiplexing FR provides a CLCW ancillary interface.
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[bookmark: _Toc45099407]General
The SLS Data Delivery Production Functional Resource stratum is the Functional Resource Stratum for FR representing production functions that are (a) associated with Data Delivery Transfer Services and (b) performed during a Space Link Session (i.e., during the execution of an SLS Service Package). 
The SLS Data Delivery Production Functional Resource stratum has two candidate Functional Resource Sets: 
· Frame Data Sink Functional Resource Set; and
· CFDP File Data Production Functional Resource Set.
[bookmark: _Toc429984977][bookmark: _Toc429985526][bookmark: _Toc45099408]Frame Data Sink Functional Resource Set of the SLS Data Delivery Production Functional Resource Stratum 
The Frame Data Sink Functional Resource Set of the SLS Data Delivery Production Functional Resource stratum consists of the Frame Data Sink FR. Figure 7‑1 illustrates the member of the Frame Data Sink Functional Resource Set.
[image: ]
[bookmark: _Ref429488672][bookmark: _Toc45099470]Figure 7‑1:  Member Functional Resource of the Frame Data Sink Member Functional Resource Set
[bookmark: _Toc45099409]Frame Data Sink
The functional resource classifier of the Frame Data Sink FR Type is FrameDataSink.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The Frame Data Sink FR filters the stream of received annotated transfer frames from a physical channel for subsequent recording in an instance of the Offline Frame Buffer (see 9.2.1). The purpose of this FR is to accommodate data capture policies of Agencies that pre-determine which subset of all received frames are recorded for subsequent off-line retrieval. Each instance of the Frame Data Sink is tied to (and scheduled as part of) a specific SLS Service Package, whereas the Offline Frame Buffer persists across the execution of multiple SLS Service Packages.
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource 
SAPs Accessed by this Functional Resource
The Frame Data Sink FR accesses the All Annotated Frames SAP. 
SAPs Hosted by this Functional Resource
The Frame Data Sink FR has a Selected Annotated Frames SAP that can be accessed by a single Accessor.
Ancillary Interfaces Required by this Functional Resource
None.
Ancillary Interfaces Provided by this Functional Resource
None.
[bookmark: _Toc45099410]CFDP File Data Production Functional Resource Set of the SLS Data Delivery Production Functional Resource Stratum 
The FR types that comprise the CFDP File Data Production Functional Resource Set of the SLS Data Delivery Production Functional Resource stratum are:
a) the CFDP Entity; 
b) the CFDP File Transmission Processing; and.
c) the CFDP File Reception Processing.
The CFDP File Data Production Functional Resource Set is used in the production of both the IOAG Forward File Service/Forward CFDP File Service type and IOAG Return File Service/Return CFDP File Service type (reference [9]).
Figure 7‑2 illustrates the members of the CFDP File Data Production Functional Resource Set.
[image: ]
[bookmark: _Ref37776542][bookmark: _Toc45099471]Figure 7‑2:  Member Functional Resources of the CFDP File Data Production Functional Resource Set
[bookmark: _Toc45099411]CFDP Entity
The functional resource classifier of the CFDP Entity FR Type is CfdpEntity.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The CFDP Entity FR corresponds to the Core procedures of the CFDP Recommended Standard (reference [26]).
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource 
SAPs Accessed by this Functional Resource
The CFDP Entity FR does not access any SAPs. All relationships with other FRs are expressed by required ancillary interfaces. 
SAPs Hosted by this Functional Resource
The CFDP Entity FR has a File Transmission SAP that can be optionally accessed by a single CFDP File Transmission Processing Accessor.
The CFDP Entity FR has a File Reception SAP that can be optionally accessed by a single CFDP File Reception Processing Accessor.
Ancillary Interfaces Required by this Functional Resource
The The CFDP Entity FR optionally requires either a Transmit Space Packets or a Transmit Encap Data ancillary interface.
The The CFDP Entity FR optionally requires either a Received Space Packets or a Received Encap Data ancillary interface.
Ancillary Interfaces Provided by this Functional Resource
None.
[bookmark: _Toc45099412]CFDP File Transmission Processing
NOTE	-	This FR is not included in the functional resource defintions that have been posted to the SANA Candidate FR registry. The following material is included to procivde context for the CFDP Entity definition.
The functional resource classifier of the CFDP File Transmission Processing FR Type is CfdpFileXmitProcessing.
The CFDP File Transmission Processing FR corresponds to what the IOAG Forward File Data Delivery Service description calls the Forward CFDP-File Service (see reference [9]). The CFDP File Transmission Processing FR processes CFDP Transmission XFDU Packages that conform to the TGFT XFDU Package format defined in reference [37]. Each CFDP Transmission XFDU Package is a compressed folder/subdirectory that contains (a) a paylad data file that is to be transmitted using CFDP, (b) a metadata file containing TBD instructions for using CFDP to transmit the file, and (c) an XFDU Manifest file that describes the contents of the XFDU Package.
The CFDP File Transmission Processing FR performs the following functions: 
a) retrieve the CFDP Transmission XFDU Package file from the Space Data File Store;
b) extract the CFDP Transmission XFDU Package folder/subdirectory from the CFDP Transmission XFDU Package ; and
c) invoke directives on the CFDP Entity to transmit the payload file within the CFDP Transmission XFDU Package folder, based on the instructions contained in the metadata file contained within the CFDP Transmission XFDU Package folder.
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
To Be Specified.
[bookmark: _Toc45099413]CFDP File Reception Processing
NOTE	-	This FR is not included in the functional resource defintions that have been posted to the SANA Candidate FR registry. The following material is included to procivde context for the CFDP Entity definition.
The functional resource classifier of the CDP File Reception Processing FR Type is CfdpFileRcptProcessing.
The CFDP File Reception Processing FR corresponds to what the IOAG Return File Data Delivery Service description calls the Return CFDP-File Service (see reference [9]). The CFDP File Reception Processing FR generates CFDP Transmission XFDU Packages that conform to the TGFT XFDU Package format defined in reference [37]. Each CFDP Reception XFDU Package is a compressed folder/subdirectory that contains (a) a paylad data file that was received using CFDP, (b) a metadata file containing TBD information about the payload data file, and (c) an XFDU Manifest file that describes the contents of the XFDU Package.
The CFDP File Reception Processing FR performs the following functions upon completion of file reception by CFDP: 
a) generate the CFDP Reception XFDU Package folder containing: the received payload data file, the metadata file, and the XFDU Manifest file;
b) compress the CFDP Reception XFDU Package folder into a CFDP Reception XFDU Package file; and
c) initiate the transmission of the CFDP Reception XFDU Package file to the designated recipient through the Terrestrial Generic File Transfer Host.
NOTE	–	As currently defined, TGFT supports only a file-push mode. This requires the CFDP File Reception Processing FR to initiate the terrestrial file transfer. 
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
To Be Specified.
[bookmark: _Toc19121218][bookmark: _Toc19121219][bookmark: _Toc19121220][bookmark: _Toc19121221][bookmark: _Toc19121222][bookmark: _Toc19121223][bookmark: _Toc19121224][bookmark: _Toc19121225][bookmark: _Toc429984979][bookmark: _Toc429985528][bookmark: _Toc429984981][bookmark: _Toc429985530]
[bookmark: _Toc19121236][bookmark: _Toc19121237][bookmark: _Toc19121238][bookmark: _Toc19121239][bookmark: _Toc19121240][bookmark: _Toc19121241][bookmark: _Toc19121242][bookmark: _Toc19121243][bookmark: _Toc429984985][bookmark: _Toc429985534][bookmark: _Ref42789290][bookmark: _Toc45099414]SLS Radiometric Data Production Functional Resource Stratum
[bookmark: _Toc45099415]General
The SLS Radiometric Data Production Functional Resource stratum has one candidate Functional Resource Set: 
· Real-Time Radiometric Data Collection.
[bookmark: _Toc429984987][bookmark: _Toc429985536][bookmark: _Toc45099416]Real-Time Radiometric Data Collection Functional Resource Set of the SLS Radiometric Data Production Functional Resource Stratum
The Real-Time Radiometric Data Collection Functional Resource Set of the SLS Radiometric Data Production Functional Resource stratum consists of the TDM Segment Generation FR. 
Figure 8‑1 illustrates the member of the Real-Time Radiometric Data Collection Functional Resource Set.
[image: ]
[bookmark: _Ref429493554][bookmark: _Toc45099472]Figure 8‑1:  Member Functional Resources of the Real-Time Radiometric Data Collection Functional Resource Set
[bookmark: _Ref520448853][bookmark: _Toc45099417]TDM Segment Generation
The functional resource classifier of the TDM Segment Generation FR Type is TdmSegmentGen.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
TDM Segment Generation constitutes the production functions associated with collecting: angle measurements from the antenna; receive frequency, carrier power, carrier power to noise spectral density, and Doppler measurements from the return space link; range and ranging power to noise spectral density measurements from the received space link; and transmit frequency and transmit frequency rate from the transmitted space link in order to generate Tracking Data Message (TDM) segments containing those measurements.
The TDM Segment Generation FR corresponds to the TDM Segment Generation production function specified in annex F2 of the Tracking Data CSTS Draft Recommended Standard (reference [8]). There are no CCSDS Recommended Standards for the TDM Segment Generation function. The following description serves as the definition of the function.
TDM Segment Generation Function
The purpose of the TDM Segment Generation function is to collect tracking data from the various resources that produce it and create TDM Atomic Segments, as defined in reference [8]. The TDM Generation function can generate ten kinds of TDM Atomic Segments:
· carrier power;
· carrier power to noise spectral density ratio;	Comment by Wolfgang Hell: To be clarified with the experts: What shall be reported in case of a modulation scheme that suppresses the carrier?	Comment by John Pietras [2]: Sorry, the TDM book doesn’t go into that level of detail.	Comment by Wolfgang Hell: My best guess is that the total signal power is to be considered here. A domain expert review is currently ongoing in ESA, but I’ll submit the specific question in addition to them.	Comment by Wolfgang Hell: Domain experts confirmed that in case of a suppressed carrier modulation scheme the total signal power to noise spectral density ratio shall be reported.
	Comment by John Pietras [2]: What effect – if any- does this have on what is stated here?
· ranging power to noise spectral density ratio;	Comment by Wolfgang Hell: Do we have a specification of what to report in case of a GMSK return link?	Comment by John Pietras [2]: Sorry, the TDM book doesn’t go into that level of detail.	Comment by Wolfgang Hell: Before communicating my guess I’ll verify with the ESA experts and will then report back.	Comment by Wolfgang Hell: CCSDS so far did not specify this case. Experts express concern that the measurement of the total ranging power is not trivial or would be derived from the nominal ranging modulation index. But then this parameter is not really measured. What can be measured is the ranging tone loop SNR and by taking into account the loop bandwidth one knows the RGtone/No. By applying a correction factor considering that the RG signal is shared between the tone and code one could calculate the RG/No. In short, reporting the RGtone/No might be the best option. BTW, DSN does not (yet ?) support GMSK and therefore they did not express any preference. 	Comment by John Pietras [2]: What effect – if any – does that have on what’s written here?
· Doppler (instantaneous);
· Doppler (integrated);
· range;
· receive frequency;
· transmit frequency;
· transmit frequency rate; and
· antenna angle pairs.
[applicability depends on modulation scheme used] (See the Tracking Data Message Recommended Standard (reference [36]) for definitions of these terms).
In forming each TDM Atomic Segment, the TDM Segment Generation function creates a TDM Metadata Section (see 3.3 of reference [36]) that is appropriate to the data type being reported, followed by a TDM Data Section (see 3.4 of reference [36]) that contains the data being reported. A single TDM Generation function instance can process radiometric data from multiple sources within the ESLT (e.g., multiple transmitters, receivers, and antennas). 
Configuration of an instance of the TDM Segment Generation function essentially involves, for each instance of radiometric data to be reported:
a) identifying the source FR instance (e.g., the Forward 401 Space Link Carrier Transmission instance that supplies transmit frequency measurements; and 
b) associating that source FR instance with the TDM-specific metadata used to identify tracking data measurement types.
The following subsections describe the processing performed for each of the ten supported radiometric data types.	Comment by Wolfgang Hell: I appreciate that we have the material, but is this TN the appropriate home for that type of information?	Comment by John Pietras [2]: We may be able to trimsome of the definition information that is redundant with that in the TDM book.What is important for the FRRM is (a) what kind of FR creates this data, and (b) how the configuration information relates to the information found in the TDM Segments. We can discuaa this.	Comment by Wolfgang Hell: Yes, let’s discuss this in the WG. Given that this shall become a Magenta Book, I’m even more concerned that this will result in RIDs during the review process.
[bookmark: _Ref38918757]Carrier Power Atomic Segments
The carrier power (3.5.2.1 of reference [36]) “conveys the strength of the radio signal transmitted by the Space User Node as received at the ESLT.”[footnoteRef:2] [2:  This definition is a paraphrase of the TDM (reference [36]) definition of carrier power, adjusted for the context of the ESLT and cross support services terminology.] 

Carrier power is reported by a return space link functional resource within the Physical Channel functional resource stratum. The information necessary to configure a Carrier Power path is as follows:
a) the name of the ESLT aperture that is used by the receiving functional resource instance. This name appears in the PARTICIPANT_1 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Carrier Power path. The name shall be the name assigned to the aperture in the SANA Service Sites and Apertures registry (reference [39]); 
b) [bookmark: _Ref38918766]the name of the Space User Node that transmits the signal being measured. This name appears in the PARTICIPANT_2 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Carrier Power path. If the Space User Node has a single transponder or transmitter that can be used in the generation of radiometric measurements, then the Space User Node name shall be the abbreviated name specified in the SANA Spacecraft registry (reference [40]). If the Space User Node has multiple transponders or transmitters, the Space User Node name is that of the transponder/transmitter that is the source of the carrier signal. The name of the transponder/transmitter shall be formed by the concatenation of the SANA Spacecraft registry abbreviated name and the frequency band in which the transponder/transmitter operates: <Space User Node Name>-<frequency band>, where <frequency band> is the SANA Frequency Band Designator specified in table 2-1 of reference [42]; 
NOTE	–	For example, if the Space User Node with the SANA Spacecraft registry abbreviated name “EXOSAT” has a single transponder or transmitter that can be used in the generation of radiometric measurements, then the User Space Node name is ”EXOSAT”. However, if EXOSAT has multiple transponders /transmitters in different frequency bands that can be used simultaneously (one of which is near-Earth X-band), then the User Space Node name for the X-band transponder/transmitter is “EXOSAT-X-NE”, where the “X-NE” is the SANA Frequency Band Designator for near-Earth X-band.
c) the reporting period at which the Carrier Power Atomic Segments are to be generated, in seconds; 
NOTE	–	An ESLT implementation may have this value fixed by the implementation. In such a case, the value of this parameter is constrained to be the value that is supported by the implementation. Also, an ESLT implementation may generate Carrier Power measurements on a non-periodic basis. In such a case, the reporting period configuration parameter of the TDM Segment Generation instance is set to zero.
d) the frequency band of the carrier signal received from the Space User Node, using the SANA Frequency Band Designator specified in table 2-1 of reference [42];
e) the FR Name of the Physical Channel FR that receives the carrier (and therefore has the Receive Frequency provided interface for that carrier power data). 
Figure 8‑2 specifies the contents of the Carrier Power Atomic Segment generated by the TDM Segment Generation function.
META_START
TIME_SYSTEM	= UTC
START_TIME	= <time that the carrier power is sampled>
STOP_TIME	= <time that the carrier power is sampled>
PARTICIPANT_1	= <name of the ESLT aperture>
PARTICIPANT_2	= <name of the Space User Node[-<frequency band>]>
MODE	= SEQUENTIAL
PATH	= 2,1
RECEIVE_BAND	= <frequency band>
META_STOP

DATA_START
CARRIER_POWER	= <received carrier power in dBW>
DATA_STOP
[bookmark: _Ref520364450][bookmark: _Toc45099473]Figure 8‑2:  Contents of the Carrier Power Atomic Segment
Carrier Power to Noise Spectral Density Ratio (Pc/No) Atomic Segments
Carrier power to noise spectral density ratio (Pc/No) (3.5.2.5 of reference [36]) is reported by a return space link functional resource within the Physical Channel functional resource stratum. The information necessary to configure a Pc/No path is as follows:
a) The name of the ESLT aperture that is used by the receiving functional resource instance. This name appears in the PARTICIPANT_1 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Pc/No path. The name shall be the name assigned to the aperture in the SANA Service Sites and Apertures registry (reference [39]). 
b) The name of the Space User Node that transmits the signal being measured. This name appears in the PARTICIPANT_2 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Pc/No path. If the Space User Node has a single transponder or transmitter that can be used in the generation of radiometric measurements, then the Space User Node name shall be the abbreviated name specified in the SANA Spacecraft registry (reference [40]). If the Space User Node has multiple transponders or transmitters, the Space User Node name is that of the transponder/transmitter that is the source of the carrier signal. The name of the transponder/transmitter shall be formed by the concatenation of the SANA Spacecraft registry abbreviated name and the frequency band in which the transponder/transmitter operates: <Space User Node Name>-<frequency band>, where <frequency band> is the SANA Frequency Band Designator specified in table 2-1 of reference [42]. 
NOTE	–	See the NOTE under 8.2.1.1.1 b).
c) The reporting period at which the Pc/No Atomic Segments are to be generated, in seconds. 
NOTE	–	An ESLT implementation may have this value fixed by the implementation. In such a case, the value of this parameter is constrained to be the value that is supported by the implementation. Also, an ESLT implementation may generate Pc/No measurements on a non-periodic basis. In such a case, the reporting period configuration parameter of the TDM Segment Generation instance is set to zero.
d) The frequency band of the carrier signal received from the Space User Node, using the SANA Frequency Band Designator specified in table 2-1 of reference [42].
e) The FR Name of the Physical Channel FR that receives the carrier (and therefore has the Receive Frequency provided interface for that Pc/No data). 
Figure 8‑3 specifies the contents of the Pc/No Atomic Segment generated by the TDM Segment Generation function.

META_START
TIME_SYSTEM	= UTC
START_TIME	= <time that the Pc/No is sampled>
STOP_TIME	= <time that the Pc/No is sampled>
PARTICIPANT_1	= <name of the ESLT aperture>
PARTICIPANT_2	= <name of the Space User Node[-<frequency band>]>
MODE	= SEQUENTIAL
PATH	= 2,1
RECEIVE_BAND	= <frequency band>
META_STOP

DATA_START
PC_N0	= <Pc/No in dBHz>
DATA_STOP
[bookmark: _Ref520364567][bookmark: _Toc45099474]Figure 8‑3:  Contents of the Pc/No Atomic Segment
Ranging Power to Noise Spectral Density Ratio (Pr/No) Atomic Segments
Ranging power to noise spectral density ratio (Pr/No) (3.5.2.6 of reference [36]) is reported by a return space link functional resource within the Physical Channel functional resource stratum. The information necessary to configure a Pr/No path is as follows:
a) the name of the ESLT aperture that is used by the receiving functional resource instance. This name appears in the PARTICIPANT_1 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Pr/No path. The name shall be the name assigned to the ESLT in the SANA Service Sites and Apertures registry (reference [39]); 
b) the name of the Space User Node that transmits the signal being measured. This name appears in the PARTICIPANT_2 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Pr/No path. If the Space User Node has a single transponder or transmitter that can be used in the generation of radiometric measurements, then the Space User Node name shall be the abbreviated name specified in the SANA Spacecraft registry (reference [40]). If the Space User Node has multiple transponders or transmitters, the Space User Node name is that of the transponder/transmitter that is the source of the carrier signal. The name of the transponder/transmitter is formed by the concatenation of the SANA Spacecraft registry abbreviated name and the frequency band in which the transponder/transmitter operates: <Space User Node Name>-<frequency band>, where <frequency band> is the SANA Frequency Band Designator specified in table 2-1 of reference [42]; 
NOTE	–	See the NOTE under 8.2.1.1.1 b).
c) the reporting period at which the Pr/No Atomic Segments are to be generated, in seconds; 
NOTE	–	An ESLT implementation may have this value fixed by the implementation. In such a case, the value of this parameter is constrained to be the value that is supported by the implementation. Also, an ESLT implementation may generate Pr/No measurements on a non-periodic basis. In such a case, the reporting period configuration parameter of the TDM Segment Generation instance is set to zero.
d) the frequency band of the carrier signal received from the Space User Node, using the SANA Frequency Band Designator specified in table 2-1 of reference [42];
e) the FR Name of the Physical Channel FR that generates the Pr/No measurements (and therefore has the Range and Doppler provided interface for that Pr/No data). 
Figure 8‑4 specifies the contents of the Pr/No Atomic Segment generated by the TDM Segment Generation function.


META_START
TIME_SYSTEM	= UTC
START_TIME	= <time that the Pr/No is sampled>
STOP_TIME	= <time that the Pr/No is sampled>
PARTICIPANT_1	= <name of the ESLT aperture>
PARTICIPANT_2	= <name of the Space User Node[-<frequency band>]>
MODE	= SEQUENTIAL
PATH	= 2,1
RECEIVE_BAND	= <frequency band>
META_STOP

DATA_START
PR_N0	= <Pr/No in dBHz>
DATA_STOP
[bookmark: _Ref520364757][bookmark: _Toc45099475]Figure 8‑4:  Contents of the Pr/No Atomic Segment
Doppler (Instantaneous) Atomic Segments
Doppler (instantaneous) “represents the instantaneous range rate of the spacecraft” (3.5.2.2 of reference [36]). Doppler measurements are reported by a functional resource within the Physical Channel functional resource stratum that provides Doppler-measurements. 
The TDM Segment Generation function is limited to generating TDM Atomic Segments that contain data measurements that are available locally within the ESLT. With respect to Doppler measurements, this means that only the following Doppler measurements are reported by the TD-CSTS: one-way, two-way, and three-way when both apertures are associated with the same ESLT. 
NOTE	–	TDMs containing three-way Doppler measurements involving multiple ESLTs may be generated by a facility that has access to the information from all of the participating ESLTs. Some of the contributing information may be reported by an ESLT via the TD-CSTS. For example, if ESLT X has the aperture that transmits the forward leg of the three-way link, that ESLT can provide Transmit Frequency Atomic Segments (see 8.2.1.1.8) to a facility that integrates the source data into the three-way TDMs. If ESLT Y receives the last leg of the three-way link, it can provide Receive Frequency Atomic Segments (see 8.2.1.1.7) and (one-way) Doppler Atomic Segments to the facility that integrates the source data into the three-way TDMs.
The information necessary to configure a Doppler (instantaneous) path is as follows:
a) the name of the ESLT aperture that (1) receives the signal for one-way Doppler measurements), (2) transmits and receives the signal (for two-way Doppler measurements), or (3) transmits the signal (for three-way Doppler measurements when the receiving aperture is part of the same ESLT). This name appears in the PARTICIPANT_1 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Doppler (instantaneous) path. The name shall be the name assigned to the aperture in the SANA Service Sites and Apertures registry (reference [39]); 
b) the name of the Space User Node that transmits the signal being received by the ESLT. This name appears in the PARTICIPANT_2 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Doppler (instantaneous) path. If the Space User Node has a single transponder or transmitter that can be used in the generation of radiometric measurements, then the Space User Node name shall be the abbreviated name specified in the SANA Spacecraft registry (reference [40]). If the Space User Node has multiple transponders or transmitters, the Space User Node name is that of the transponder/transmitter that is the source of the carrier signal. The name of the transponder/transmitter shall be formed by the concatenation of the SANA Spacecraft registry abbreviated name and the frequency band in which the transponder/transmitter operates: <Space User Node Name>-<frequency band>, where <frequency band> is the SANA Frequency Band Designator specified in table 2-1 of reference [42]; 
NOTE	–	See the NOTE under 8.2.1.1.1 b).
c) if three-way Doppler measurements are taken with both transmitting and receiving apertures associated with the ESLT, the name of the ESLT aperture that receives the signal. This name appears in the PARTICIPANT_3 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Doppler (instantaneous) path. The name shall be the name assigned to the aperture in the SANA Service Sites and Apertures registry (reference [39]); 
d) the reporting period at which the Doppler (instantaneous) Atomic Segments are to be generated, in seconds; 
NOTE	–	An ESLT implementation may have this value fixed by the implementation. In such a case, the value of this parameter is constrained to be the value that is supported by the implementation. 
e) the frequency band of the carrier signal transmitted to the Space User Node, using the SANA Frequency Band Designator specified in table 2-1 of reference [42]. For one-way Doppler measurements this value is not used;
NOTE	–	Whether the Doppler measurements are one-way, two-way, or three-way is determined by the configuration of the Doppler-measuring functional resource that provides the Doppler measurements. 
f) the frequency band of the carrier signal received from the Space User Node, using the SANA Frequency Band Designator specified in table 2-1 of reference [42]; 
g) the FR Name of the Physical Channel FR that generates the Doppler measurements (and therefore has the Range and Doppler provided interface for that Doppler data).
Figure 8‑5 specifies the contents of the one-way Doppler (instantaneous) Atomic Segment generated by the TDM Segment Generation function.
META_START
TIME_SYSTEM	= UTC
START_TIME	= <time that the Doppler is sampled>
STOP_TIME	= <time that the Doppler is sampled>
PARTICIPANT_1	= <name of the ESLT aperture>
PARTICIPANT_2	= <name of the Space User Node[-<frequency band>]>
MODE	= SEQUENTIAL
PATH	= 2,1
RECEIVE_BAND	= <receive frequency band>
META_STOP

DATA_START
DOPPLER_INSTANTANEOUS	= <Doppler in km/sec>
RECEIVE_FREQ	= <receive frequency in Hz>
DATA_STOP
[bookmark: _Ref520365147][bookmark: _Toc45099476]Figure 8‑5:  Contents of the One-Way Doppler (instantaneous) Atomic Segment
Figure 8‑6 specifies the contents of the two-way Doppler (instantaneous) Atomic Segment generated by the TDM Segment Generation function.


META_START
TIME_SYSTEM	= UTC
START_TIME	= <time that the Doppler is sampled>
STOP_TIME	= <time that the Doppler is sampled>
PARTICIPANT_1	= <name of the ESLT aperture>
PARTICIPANT_2	= <name of the Space User Node[-<frequency band>]>
MODE	= SEQUENTIAL
PATH	= 1,2,1
TRANSMIT_BAND	= <transmit frequency band>
RECEIVE_BAND	= <receive frequency band>
TURNAROUND_NUMERATOR	= <turnaround numerator>*
TURNAROUND_DENOMINATOR	= <turnaround denominator>*
META_STOP

DATA_START
DOPPLER_INSTANTANEOUS	= <Doppler in km/sec>
TRANSMIT_FREQ_1	= <transmit frequency in Hz>
RECEIVE_FREQ	= <receive frequency in Hz>
DATA_STOP

_______________________________________________________
* The turnaround numerator and denominator (see TURNAROUND_NUMERATOR and TURNAROUND_DENOMINATOR in Table 3-3 of reference [36]) are determined by the frequency band of the transmitted carrier to which the received carrier is coherently related. For CCSDS 401-conformant carriers, the turnaround ratios are specified in reference [23]. For CCSDS 415-conformant carriers, the turnaround ratio is specified in reference [25]. The TDM Segment Generation FR obtains this information through the relationship identified by the Range and Doppler interface with a functional resource of the receiving carrier’s FR Set.
[bookmark: _Ref520365250][bookmark: _Toc45099477]Figure 8‑6:  Contents of the Two-Way Doppler (instantaneous) Atomic Segment
Figure 8‑7 specifies the contents of the three-way Doppler (instantaneous) Atomic Segment generated by the TDM Segment Generation function, when both the transmitting and receiving apertures are associated with the ESLT.



META_START
TIME_SYSTEM	= UTC
START_TIME	= <time that the Doppler is sampled>
STOP_TIME	= <time that the Doppler is sampled>
PARTICIPANT_1	= <name of the transmitting aperture at the ESLT>
PARTICIPANT_2	= <name of the Space User Node[-<frequency band>]>
PARTICIPANT_3	= <name of the receiving aperture at the ESLT>
MODE	= SEQUENTIAL
PATH	= 1,2,3
TRANSMIT_BAND	= <transmit frequency band>
RECEIVE_BAND	= <receive frequency band>
TURNAROUND_NUMERATOR	= <turnaround numerator>*
TURNAROUND_DENOMINATOR	= <turnaround denominator>*
META_STOP

DATA_START
DOPPLER_INSTANTANEOUS	= <Doppler in km/sec>
TRANSMIT_FREQ_1	= <transmit frequency in Hz>
RECEIVE_FREQ	= <receive frequency in Hz>
DATA_STOP

_______________________________________________________
* The turnaround numerator and denominator (see TURNAROUND_NUMERATOR and TURNAROUND_DENOMINATOR in Table 3-3 of reference [36]) are determined by the frequency band of the transmitted carrier to which the received carrier is coherently related. For CCSDS 401-conformant carriers, the turnaround ratios are specified in reference [23]. For CCSDS 415-conformant carriers, the turnaround ratio is specified in reference [25]. The TDM Segment Generation FR obtains this information through the relationship identified by the Range and Doppler interface with a functional resource of the receiving carrier’s FR Set.
[bookmark: _Ref37776893][bookmark: _Toc45099478]Figure 8‑7:  Contents of the Three-Way Doppler (instantaneous) Atomic Segment
Doppler (Integrated) Atomic Segments
Doppler (integrated) “represents the mean range rate of the spacecraft over the INTEGRATION_INTERVAL specified in the Metadata Section.” (3.5.2.3 of reference [36]) Doppler measurements are reported by a functional resource within the Physical Channel functional resource stratum that provides Doppler-measurements. 
The TDM Segment Generation function is limited to generating TDM Atomic Segments that contain data measurements that are available locally within the ESLT. With respect to Doppler measurements, this means that only the following Doppler measurements are reported by the TD-CSTS: one-way, two-way, and three-way when both apertures are associated with the same ESLT. 
NOTE	–	TDMs containing three-way Doppler measurements involving multiple ESLTs may be generated by a facility that has access to the information from all of the participating ESLTs. Some of the contributing information may be reported by an ESLT via the TD-CSTS. For example, if ESLT X has the aperture that transmits the forward leg of the three-way link, that ESLT can provide Transmit Frequency Atomic Segments (see 8.2.1.1.8) to a facility that integrates the source data into the three-way TDMs. If ESLT Y receives the last leg of the three-way link, it can provide Receive Frequency Atomic Segments (see 8.2.1.1.7) and (one-way) Doppler Atomic Segments to the facility that integrates the source data into the three-way TDMs.
The information necessary to configure a Doppler (integrated) path is as follows:
a) the name of the ESLT aperture that (1) receives the signal for one-way Doppler measurements), (2) transmits and receives the signal (for two-way Doppler measurements), or (3) transmits the signal (for three-way Doppler measurements when the receiving aperture is part of the same ESLT). This name appears in the PARTICIPANT_1 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Doppler (integrated) path. The name shall be the name assigned to the aperture in the SANA Service Sites and Apertures registry (reference [39]); 
b) the name of the Space User Node that transmits the signal being received by the ESLT. This name appears in the PARTICIPANT_2 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Doppler (integrated) path. If the Space User Node has a single transponder or transmitter that can be used in the generation of radiometric measurements, then the Space User Node name shall be the abbreviated name specified in the SANA Spacecraft registry (reference [40]). If the Space User Node has multiple transponders or transmitters, the Space User Node name is that of the transponder/transmitter that is the source of the carrier signal. The name of the transponder/transmitter shall be formed by the concatenation of the SANA Spacecraft registry abbreviated name and the frequency band in which the transponder/transmitter operates: <Space User Node Name>-<frequency band>, where <frequency band> is the SANA Frequency Band Designator specified in table 2-1 of reference [42]; 
NOTE	–	See the NOTE under 8.2.1.1.1 b).
c) if three-way Doppler measurements are taken with both transmitting and receiving apertures associated with the ESLT, the name of the ESLT aperture that receives the signal. This name appears in the PARTICIPANTS_3 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Doppler (instantaneous) path. The name shall be the name assigned to the aperture in the SANA Service Sites and Apertures registry (reference [39]);
d) the integration interval over which the Doppler measurements are to be integrated, in seconds (see INTEGRATION_INTERVAL in Table 3-3 of reference [36]); 
NOTE	–	An ESLT implementation may have this value fixed by the implementation. In such a case, the value of this parameter is constrained to be the value that is supported by the implementation. 
e) the integration reference, which specifies “the relationship between the INTEGRATION_INTERVAL and the timetag of the data, i.e., whether the timetag represents the start, middle, or end of the integration period” (see INTEGRATION_REF in Table 3-3 of reference [36]);  
f) the reporting period at which the Doppler (integrated) Atomic Segments are to be generated, in seconds; 
NOTE	–	An ESLT implementation may have this value fixed by the implementation. In such a case, the value of this parameter is constrained to be the value that is supported by the implementation.
g) the frequency band of the carrier signal transmitted to the Space User Node, using the SANA Frequency Band Designator specified in table 2-1 of reference [42]. For one-way Doppler measurements this value is not used;
NOTE	–	Whether the Doppler measurements are one-way, two-way, or three-way is determined by the configuration of the Doppler-measuring functional resource that provides the Doppler measurements. 
h) the frequency band of the carrier signal received from the Space User Node, using the SANA Frequency Band Designator specified in table 2-1 of reference [42]; 
i) the FR Name of the Physical Channel FR that generates the Doppler measurements (and therefore has the Range and Doppler provided interface for that Doppler data).
Figure 8‑8 specifies the contents of the one-way Doppler (integrated) Atomic Segment generated by the TDM Segment Generation function.



META_START
TIME_SYSTEM	= UTC
START_TIME	= <time of the Doppler (integrated) measurement>
STOPTIME	= <time of the Doppler (integrated) measurement>
PARTICIPANT_1	= <name of the ESLT aperture>
PARTICIPANT_2	= <name of the Space User Node[-<frequency band>]>
MODE	= SEQUENTIAL
PATH	= 2,1
RECEIVE_BAND	= <receive frequency band>
INTEGRATION_INTERVAL	= <integration interval in sec>
INTEGRATION_REF	= ‘START’, ‘MIDDLE’, or ‘END’
META_STOP

DATA_START
DOPPLER_INTEGRATED	= <Doppler in km/sec>
RECEIVE_FREQ	= <receive frequency in Hz>
DATA_STOP
[bookmark: _Ref520365642][bookmark: _Toc45099479]Figure 8‑8:  Contents of the One-Way Doppler (integrated) Atomic Segment
Figure 8‑9 specifies the contents of the two-way Doppler (integrated) Atomic Segment generated by the TDM Segment Generation function.


META_START
TIME_SYSTEM	= UTC
START_TIME	= <time of the Doppler (integrated) measurement>
STOPTIME	= <time of the Doppler (integrated) measurement>
PARTICIPANT_1	= <name of the ESLT aperture>
PARTICIPANT_2	= <name of the Space User Node[-<frequency band>]>
MODE	= SEQUENTIAL
PATH	= 1,2,1
TRANSMIT_BAND	= <transmit frequency band>
RECEIVE_BAND	= <receive frequency band>
TURNAROUND_NUMERATOR	= <turnaround numerator>*
TURNAROUND_DENOMINATOR	= <turnaround denominator>*
INTEGRATION_INTERVAL	= <integration interval in sec>
INTEGRATION_REF	= <‘START’, ‘MIDDLE’, or ‘END’>
META_STOP

DATA_START
DOPPLER_ INTEGRATED	= <Doppler in km/sec>
TRANSMIT_FREQ_1	= <transmit frequency in Hz>
RECEIVE_FREQ	= <receive frequency in Hz>
DATA_STOP

_______________________________________________________________
*The turnaround numerator and denominator (see TURNAROUND_NUMERATOR and TURNAROUND_DENOMINATOR in Table 3-3 of reference [36]) are determined by the frequency band of the transmitted carrier to which the received carrier is coherently related. For CCSDS 401-conformant carriers, the turnaround ratios are specified in reference [23]. For CCSDS 415-conformant carriers, the turnaround ratio is specified in reference [25]. The TDM Segment Generation FR obtains this information through the relationship identified by the Range and Doppler interface with a functional resource of the receiving carrier’s FR Set
[bookmark: _Ref520365806][bookmark: _Toc45099480]Figure 8‑9:  Contents of the Two-Way Doppler (integrated) Atomic Segment
Figure 8‑10 specifies the contents of the three-way Doppler (integrated) Atomic Segment generated by the TDM Segment Generation function, when both the transmitting and receiving apertures are associated with the ESLT.



META_START
TIME_SYSTEM	= UTC
START_TIME	= <time of the Doppler (integrated) measurement>
STOPTIME	= <time of the Doppler (integrated) measurement>
PARTICIPANT_1	= <name of the transmitting aperture at the ESLT>
PARTICIPANT_2	= <name of the Space User Node[-<frequency band>]>
PARTICIPANT_3	= <name of the receiving aperture at the ESLT>
MODE	= SEQUENTIAL
PATH	= 1,2,3
TRANSMIT_BAND	= <transmit frequency band>
RECEIVE_BAND	= <receive frequency band>
TURNAROUND_NUMERATOR	= <turnaround numerator>*
TURNAROUND_DENOMINATOR	= <turnaround denominator>*
INTEGRATION_INTERVAL	= <integration interval in sec>
INTEGRATION_REF	= <‘START’, ‘MIDDLE’, or ‘END’>
META_STOP

DATA_START
DOPPLER_ INTEGRATED	= <Doppler in km/sec>
TRANSMIT_FREQ_1	= <transmit frequency in Hz>
RECEIVE_FREQ	= <receive frequency in Hz>
DATA_STOP

_______________________________________________________________
*The turnaround numerator and denominator (see TURNAROUND_NUMERATOR and TURNAROUND_DENOMINATOR in Table 3-3 of reference [36]) are determined by the frequency band of the transmitted carrier to which the received carrier is coherently related. For CCSDS 401-conformant carriers, the turnaround ratios are specified in reference [23]. For CCSDS 415-conformant carriers, the turnaround ratio is specified in reference [25]. The TDM Segment Generation FR obtains this information through the relationship identified by the Range and Doppler interface with a functional resource of the receiving carrier’s FR Set.
[bookmark: _Ref37777111][bookmark: _Toc45099481]Figure 8‑10:  Contents of the Three-Way Doppler (integrated) Atomic Segment
Range Atomic Segments
Range measurements are reported by a functional resource within the Physical Channel functional resource stratum that provides range-measurements. 
The information necessary to configure a range path is as follows:
a) the name of the ESLT aperture that transmits and receives the ranging signal (for two-way Doppler measurements) or transmits the signal (for three-way Doppler measurements when the receiving aperture is part of the same ESLT). This name appears in the PARTICIPANT_1 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a range path. The name shall be the name assigned to the ESLT in the SANA Service Sites and Apertures registry (reference [39]); 
b) the name of the Space User Node that transmits the signal being measured. This name appears in the PARTICIPANT_2 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a range path. If the Space User Node has multiple transponders or transmitters, the Space User Node name is that of the transponder/transmitter that is the source of the carrier signal. The name of the transponder/transmitter shall be formed by the concatenation of the SANA Spacecraft registry abbreviated name and the frequency band in which the transponder/transmitter operates: <Space User Node Name>-<frequency band>, where <frequency band> is the SANA Frequency Band Designator specified in table 2-1 of reference [42]; 
NOTE	–	See the NOTE under 8.2.1.1.1 b).
c) if three-way Doppler measurements are taken with both transmitting and receiving apertures associated with the ESLT, the name of the ESLT aperture that receives the signal. This name appears in the PARTICIPANT_3 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Doppler (instantaneous) path. The name shall be the name assigned to the aperture in the SANA Service Sites and Apertures registry (reference [39]);
d) the range units (see RANGE_UNITS in Table 3-3 of reference [36]). The values are ‘km’ or ‘s’;
NOTE	–	An ESLT implementation may have this value fixed by the implementation. In such a case, the value of this parameter is constrained to be the value that is supported by the implementation.
e) the integration interval over which the Range measurements are to be integrated, in seconds;
NOTE	–	The INTEGRATION_INTERVAL is not mandatory (but is optional) for range data, but no explanation is provided in reference [36]) of when it is or is not used. 
f) the integration reference, which specifies “the relationship between the INTEGRATION_INTERVAL and the timetag of the data, i.e., whether the timetag represents the start, middle, or end of the integration period” (see INTEGRATION_REF in Table 3-3 of reference [36]); 
g) the frequency band of the carrier signal transmitted to the Space User Node, using the SANA Frequency Band Designator specified in table 2-1 of reference [42]; 
h) the frequency band of the carrier signal received from the Space User Node, using the SANA Frequency Band Designator specified in table 2-1 of reference [42]; 
i) the FR Name of the Physical Channel FR that generates the range measurements (and therefore has the Range and Doppler provided interface for that range data).
Figure 8‑11 specifies the contents of the two-way Range Atomic Segment generated by the TDM Segment Generation function.

META_START
TIME_SYSTEM	= UTC
START_TIME	= <time of the range measurement>
STOP_TIME	= <time of the range measurement>
PARTICIPANT_1	= <name of the ESLT aperture>
PARTICIPANT_2	= <name of the Space User Node[-<frequency band>]>
MODE	= SEQUENTIAL
PATH	= 1,2,1
RANGE_MODE	= ‘COHERENT’ or ‘CONSTANT’ *
RANGE_MODULUS	= <modulus of the range observable>**
RANGE_UNITS	= ‘km’ or ‘s’
TRANSMIT_BAND	= <transmit frequency band>
RECEIVE_BAND	= <receive frequency band>
TURNAROUND_NUMERATOR	= <turnaround numerator>***
TURNAROUND_DENOMINATOR	= <turnaround denominator>***
INTEGRATION_REF	=  ‘START’, ‘MIDDLE’, or ‘END’
META_STOP

DATA_START
RANGE	= <range in RANGE_UNITS>
DATA_STOP

______________________________________________________________
* The range mode (see RANGE_MODE in Table 3-3 of reference [36]) is a characteristic of the type of ranging performed by of the functional resource that generates the range measurements. The TDM Segment Generation FR obtains this information through the relationship established by the Range and Doppler interface with that functional resource.
**The determination of the range modulus (see RANGE_MODULUS in Table 3-3 of reference [36]) depends on a priori knowledge of the spacecraft trajectory. The TDM Segment Generation FR obtains this information through the relationship established by the Range and Doppler interface with that functional resource.
*** The turnaround numerator and denominator (see TURNAROUND_NUMERATOR and TURNAROUND_DENOMINATOR in Table 3-3 of reference [36]) are determined by the frequency band of the transmitted carrier to which the received carrier is coherently related. For CCSDS 401-conformant carriers, the turnaround ratios are specified in reference [23]. For CCSDS 415-conformant carriers, the turnaround ratio is specified in reference [25]. The TDM Segment Generation FR obtains this information through the relationship identified by the Range and Doppler interface with a functional resource of the receiving carrier’s FR Set.
[bookmark: _Ref520366106][bookmark: _Toc45099482]Figure 8‑11:  Contents of the Two-Way Range Atomic Segment
Figure 8‑11 specifies the contents of the three-way Range Atomic Segment generated by the TDM Segment Generation function, when both the transmitting and receiving apertures are associated with the ESLT.



META_START
TIME_SYSTEM	= UTC
START_TIME	= <time of the range measurement>
STOP_TIME	= <time of the range measurement>
PARTICIPANT_1	= <name of the transmitting aperture at the ESLT>
PARTICIPANT_2	= <name of the Space User Node[-<frequency band>]>
PARTICIPANT_3	= <name of the receiving aperture at the ESLT>
MODE	= SEQUENTIAL
PATH	= 1,2,3
RANGE_MODE	= ‘COHERENT’ or ‘CONSTANT’ *
RANGE_MODULUS	= <modulus of the range observable>**
RANGE_UNITS	= ‘km’ or ‘s’
TRANSMIT_BAND	= <transmit frequency band>
RECEIVE_BAND	= <receive frequency band>
TURNAROUND_NUMERATOR	= <turnaround numerator>***
TURNAROUND_DENOMINATOR	= <turnaround denominator>***
INTEGRATION_REF	= ‘START’, ‘MIDDLE’, or ‘END’
META_STOP

DATA_START
RANGE	= <range in RANGE_UNITS>
DATA_STOP

______________________________________________________________
* The range mode (see RANGE_MODE in Table 3-3 of reference [36]) is a characteristic of type of ranging performed by the functional resource that generates the range measurements. The TDM Segment Generation FR obtains this information through the relationship established by the Range and Doppler interface with that functional resource.
**The determination of the range modulus (see RANGE_MODULUS in Table 3-3 of reference [36]) depends on a priori knowledge of the spacecraft trajectory. The TDM Segment Generation FR obtains this information through the relationship established by the Range and Doppler interface with that functional resource.
*** The turnaround numerator and denominator (see TURNAROUND_NUMERATOR and TURNAROUND_DENOMINATOR in Table 3-3 of reference [36]) are determined by the frequency band of the transmitted carrier to which the received carrier is coherently related. For CCSDS 401-conformant carriers, the turnaround ratios are specified in reference [23]. For CCSDS 415-conformant carriers, the turnaround ratio is specified in reference [25]. The TDM Segment Generation FR obtains this information through the relationship identified by the Range and Doppler interface with a functional resource of the receiving carrier’s FR Set.
[bookmark: _Toc45099483]Figure 8‑12:  Contents of the Three-Way Range Atomic Segment
[bookmark: _Ref520382812]Receive Frequency Atomic Segments
The receive frequency (3.5.2.8 of reference [36]) is reported by a return space link functional resource within the Physical Channel functional resource stratum. The information necessary to configure a Receive Frequency path is as follows:
a) the name of the ESLT aperture that is used by the receiving functional resource instance. This name appears in the PARTICIPANT_1 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Receive Frequency path. The name shall be the name assigned to the ESLT aperture in the SANA Service Sites and Apertures registry (reference [39]); 
b) the name of the Space User Node that transmits the signal being measured. This name appears in the PARTICIPANT_2 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Receive Frequency path. If the Space User Node has a single transponder or transmitter that can be used in the generation of radiometric measurements, then the Space User Node name shall be the abbreviated name specified in the SANA Spacecraft registry (reference [40]). If the Space User Node has multiple transponders or transmitters, the Space User Node name is that of the transponder/transmitter that is the source of the carrier signal. The name of the transponder/transmitter shall be formed by the concatenation of the SANA Spacecraft registry abbreviated name and the frequency band in which the transponder/transmitter operates: <Space User Node Name>-<frequency band>, where <frequency band> is the SANA Frequency Band Designator specified in table 2-1 of reference [42]; 
NOTE	–	See the NOTE under 8.2.1.1.1 b).
c) the reporting period at which the Receive Frequency Atomic Segments are to be generated, in seconds; 
NOTE	–	An ESLT implementation may have this value fixed by the implementation. In such a case, the value of this parameter is constrained to be the value that is supported by the implementation. Also, an ESLT implementation may generate Receive Frequency measurements on a non-periodic basis. In such a case, the reporting period configuration parameter of the TDM Segment Generation instance is set to zero.
d) the frequency band of the received carrier signal, using the SANA Frequency Band Designator specified in table 2-1 of reference [42];
e) the FR Name of the Physical Channel FR that receives the carrier (and therefore has the Receive Frequency provided interface for that Receive Frequency data). 
Figure 8‑13 specifies the contents of the Receive Frequency Atomic Segment generated by the TDM Segment Generation function. 
META_START
TIME_SYSTEM	= UTC
START_TIME	= <time that the carrier frequency is sampled>
STOP_TIME	= <time that the carrier frequency is sampled>
PARTICIPANT_1	= <name of the ESLT aperture>
PARTICIPANT_2	= <name of the Space User Node[-<frequency band>]>
MODE	= SEQUENTIAL
PATH	= 2,1
RECEIVE_BAND	= <receive frequency band>
META_STOP

DATA_START
RECEIVE_FREQ	= <receive frequency in Hz>
DATA_STOP
[bookmark: _Ref520366428][bookmark: _Toc45099484]Figure 8‑13:  Contents of the Receive Frequency Atomic Segment
[bookmark: _Ref520382774]Transmit Frequency Atomic Segments
The transmit frequency (3.5.2.9 of reference [36]) is reported by a forward space link functional resource within the Physical Channel functional resource stratum. The information necessary to configure a Transmit Frequency path is as follows:
a) the name of the ESLT aperture that is used by the transmitting functional resource instance. This name appears in the PARTICIPANT_1 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Transmit Frequency path. The name shall be the name assigned to the ESLT aperture in the SANA Service Sites and Apertures registry (reference [39]; 
b) the name of the Space User Node that receives the signal being measured. This name appears in the PARTICIPANT_2 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Transmit Frequency path. If the Space User Node has a single transponder or transmitter that can be used in the generation of radiometric measurements, then the Space User Node name shall be the abbreviated name specified in the SANA Spacecraft registry (reference [40]). If the Space User Node has multiple transponders or transmitters, the Space User Node name is that of the transponder/transmitter that is the source of the carrier signal. The name of the transponder/transmitter shall be formed by the concatenation of the SANA Spacecraft registry abbreviated name and the frequency band in which the transponder/transmitter operates: <Space User Node Name>-<frequency band>, where <frequency band> is the SANA Frequency Band Designator specified in table 2-1 of reference [42]; 
NOTE	–	See the NOTE under 8.2.1.1.1 b).
c) the reporting period at which the Transmit Frequency Atomic Segments are to be generated, in seconds; 
NOTE	–	An ESLT implementation may have this value fixed by the implementation. In such a case, the value of this parameter is constrained to be the value that is supported by the implementation. Also, an ESLT implementation may generate Transmit Frequency measurements on a non-periodic basis. In such a case, the reporting period configuration parameter of the TDM Segment Generation instance is set to zero.
d) the frequency band of the transmitted carrier signal, using the SANA Frequency Band Designator specified in table 2-1 of reference [42];
e) the FR Name of the Physical Channel FR that transmits the carrier (and therefore has the Transmit Frequency provided interface for that Transmit Frequency data). 
Figure 8‑14 specifies the contents of the Transmit Frequency Atomic Segment generated by the TDM Segment Generation function.
META_START
TIME_SYSTEM	= UTC
START_TIME	= <time that the carrier frequency is sampled>
STOP_TIME	= <time that the carrier frequency is sampled>
PARTICIPANT_1	= <name of the ESLT aperture>
PARTICIPANT_2	= <name of the Space User Node[-<frequency band>]>
MODE	= SEQUENTIAL
PATH	= 1,2
TRANSMIT_BAND	= <transmit frequency band>
META_STOP

DATA_START
TRANSMIT_FREQ_1	= <transmit frequency in Hz>
DATA_STOP
[bookmark: _Ref520366902][bookmark: _Toc45099485]Figure 8‑14:  Contents of the Transmit Frequency Atomic Segment
Transmit Frequency Rate Atomic Segments
The transmit frequency rate (3.5.2.10 of reference [36]) is reported by a forward space link functional resource within the Physical Channel functional resource stratum. The information necessary to configure a Receive Frequency Rate path is as follows:
a) the name of the ESLT aperture that is used by the transmitting functional resource instance. This name appears in the PARTICIPANT_1 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Transmit Frequency Rate path. The name shall be the name assigned to the ESLT aperture in the SANA Service Sites and Apertures registry (reference [39]; 
b) the name of the Space User Node that receives the signal being measured. This name appears in the PARTICIPANT_2 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for a Transmit Frequency Rate path. If the Space User Node has a single transponder or transmitter that can be used in the generation of radiometric measurements, then the Space User Node name shall be the abbreviated name specified in the SANA Spacecraft registry (reference [40]). If the Space User Node has multiple transponders or transmitters, the Space User Node name is that of the transponder/transmitter that is the source of the carrier signal. The name of the transponder/transmitter shall be formed by the concatenation of the SANA Spacecraft registry abbreviated name and the frequency band in which the transponder/transmitter operates: <Space User Node Name>-<frequency band>, where <frequency band> is the SANA Frequency Band Designator specified in table 2-1 of reference [42]; 
NOTE	–	See the NOTE under 8.2.1.1.1 b).
c) the reporting period at which the Transmit Frequency Rate Atomic Segments are to be generated, in seconds; 
NOTE	–	An ESLT implementation may have this value fixed by the implementation. In such a case, the value of this parameter is constrained to be the value that is supported by the implementation. Also, an ESLT implementation may generate Transmit Frequency Rate measurements on a non-periodic basis. In such a case, the reporting period configuration parameter of the TDM Segment Generation instance is set to zero.
d) the frequency band of the transmitted carrier signal, using the SANA Frequency Band Designator specified in table 2-1 of reference [42];
e) the FR Name of the Physical Channel FR that transmits the carrier (and therefore has the Transmit Frequency provided interface for that Transmit Frequency Rate data). 
Figure 8‑15 specifies the contents of the Transmit Frequency Rate Atomic Segment generated by the TDM Segment Generation function.


META_START
TIME_SYSTEM	= UTC
START_TIME	= <time that the carrier frequency is sampled>
STOP_TIME	= <time that the carrier frequency is sampled>
PARTICIPANT_1	= <name of the ESLT aperture>
PARTICIPANT_2	= <name of the Space User Node[-<frequency band>]>
MODE	= SEQUENTIAL
PATH	= 1,2
TRANSMIT_BAND	= <transmit frequency band>
META_STOP

DATA_START
TRANSMIT_FREQ_RATE_1	= <transmit frequency in Hz/s>
DATA_STOP
[bookmark: _Ref520367006][bookmark: _Toc45099486]Figure 8‑15:  Contents of the Transmit Frequency Rate Atomic Segment
Antenna Angles Atomic Segments
The antenna angle data (3.5.4.2 and 3.5.4.3 of reference [36]) is reported by a return space link functional resource within the Aperture functional resource stratum. The information necessary to configure an Antenna Angles path is as follows:
a) the name of the antenna (aperture). This name appears in the PARTICIPANT_1 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for an Antenna Angles path. The name shall be the name assigned to the antenna in the SANA Service Sites and Apertures registry (reference [39]; 
b) the name of the Space User Node to which the antenna points. This name appears in the PARTICIPANTS_2 metadata keyword of the Metadata sections of the TDM Atomic Segments generated for an Antenna Angles path. The Space User Node name shall be the abbreviated name specified in the SANA Spacecraft registry (reference [40]);
c) the reporting period at which the Antenna Angles Atomic Segments are to be generated, in seconds; 
NOTE	–	An ESLT implementation may have this value fixed by the implementation. In such a case, the value of this parameter is constrained to be the value that is supported by the implementation. Also, an ESLT implementation may generate Antenna Angles measurements on a non-periodic basis. In such a case, the reporting period configuration parameter of the TDM Segment Generation instance is set to zero.
d) The FR Name of the Aperture FR that represents the antenna (and therefore has the Pointing Angles provided interface for that Antenna Angles data). 
Figure 8‑16 specifies the contents of the Antenna Angles Atomic Segment generated by the TDM Segment Generation function.
META_START
TIME_SYSTEM	= UTC
START_TIME	= <time that the antenna angles are sampled>
STOP_TIME	= <time that the antenna angles are sampled>
PARTICIPANT_1	= <name of the antenna>
PARTICIPANT_2	= <name of the Space User Node[-<frequency band>]>
MODE	= SEQUENTIAL
PATH	= 1,2
ANGLE_TYPE	= ‘AZEL’, ‘RADEC’, ‘XEYN’, or ‘XSYE’*
META_STOP

DATA_START
ANGLE_1	= <angle, right ascension, or “X” angle measurement, 
          depending on ANGLE_TYPE>
ANGLE_2	= <elevation, declination, or “Y” angle measurement, 
          depending on ANGLE_TYPE>
DATA_STOP
_______________________________________________
*	 The angle type is a characteristic of the aperture. The TDM Segment Generation FR obtains this information through the relationship established by the Pointing Angles interface with the Aperture-stratum functional resource. The valid values for ANGLE_TYPE are specified in Table 3-3 of reference [36]).
[bookmark: _Ref520367974][bookmark: _Toc45099487]Figure 8‑16:  Contents of the Antenna Angles Atomic Segment
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
The TDM Segment Generation FR does not perform in the Accessor role because there is no single FR instance of another type that can contain it.
SAPs Hosted by this Functional Resource
The TDM Segment Generation FR has a TDM Segments SAP that can be accessed by multiple TD-CSTS Provider FR instances and/or one instance of the TDM Recording Buffer FR.
Ancillary Interfaces Required by this Functional Resource
The TDM Segment Generation FR requires zero or more Range and Doppler interfaces. Each Range and Doppler interface links to a source of range, Doppler, and ranging-power-to-spectral-density data (as available).
The TDM Segment Generation FR requires zero or more Receive Frequency interfaces. Each Receive Frequency interface links to a source of receive frequency, carrier power, and carrier-power-to-noise-spectral-density data (as available).
The TDM Segment Generation FR requires zero or more Transmit Frequency interfaces. Each Transmit Frequency interface links to a source of transmit frequency and transmit frequency rate data (as available).
Ancillary Interfaces Provided by this Functional Resource
None.
Configuration parameter structure in the SANA Functional Resource Registry
The configuration parameters of the TDM Segment Generation FR are specified in the SANA Functional Resource Registry (reference [34]) and registered under the parameters subtree ({TdmSegmentGen  1}), where for the configuration parameters the configured attribute = “true”. 
The TDM Segment Generation FR configuration information is organized as a set of tables, where each table contains the configuration information for all of the tracking data paths for one of the ten tracking data types reported by the TD service (carrier power, carrier power to noise spectral density ratio, ranging power to noise spectral density ratio, Doppler (instantaneous), Doppler (integrated), range, receive frequency, transmit frequency, transmit frequency rate, or antenna angle pairs). The presence of a table for each tracking data type permits a Service Package to include multiple tracking data paths (e.g., ranging on both S-band and X-band for a Mission spacecraft that can communicate on both links simultaneously). For a given Service Package, the TDM Segment Generation function configuration information may have various combinations of tracking data path tables with no entries, tables with only one path per table, and tables with multiple paths per table.
Each table is represented by a complex-valued configuration parameter consisting of zero or more lists of records, where each record contains the configuration parameters for one path for the tracking data type of that table. Because each such configuration parameter represents a whole table, the lowest level of granularity at which configuration information is initially set, retrieved, and (possibly) subsequently modified is at the whole-table level.
In each table, each record has a trackingDataPathId parameter that is unique across all records in all tables for an instance of the TDM Segment Generation FR. The primary purpose of the trackingDataPathId is to serve as an index by which a Tracking Data CSTS instance (see 10.7) can be configured to receive the tracking data paths that are of interest to the user of that TD service instance.
[bookmark: _Toc429984989][bookmark: _Toc429985538]NOTE	–	In Service Management configuration profiles, the uniqueness of the trackingDataPathId parameters is enforced by casting these parameters as XML Schema type xsd:ID.

[bookmark: _Toc19121265][bookmark: _Toc19121266][bookmark: _Toc19121267][bookmark: _Toc19121268][bookmark: _Toc19121269][bookmark: _Toc19121270][bookmark: _Toc19121271][bookmark: _Toc19121272][bookmark: _Toc429984995][bookmark: _Toc429985544][bookmark: _Ref42789337][bookmark: _Toc45099418]Offline Data Storage Functional Resource Stratum
[bookmark: _Toc45099419]General
The Offline Data Storage Functional Resource stratum is the stratum for FR types representing data storage functions that (a) store telemetry received during a Space Link Session for subsequent retrieval via offline or complete data delivery transfer services, and (b) store forward link data for subsequent transmission during a Space Link Session.
The Offline Data Storage Functional Resource stratum has two candidate Functional Resource Sets: 
· Offline Frame Buffer; and
· TDM Recording Buffer.
The Offline Data Storage functional resources are persistent in that they exist outside the lifetimes of the space link services that are executed as part of Space Link Sessions. The individual operational configuration profiles – which are instantiated only for the duration of the time that they are “scheduled” – may include offline data storage FR instances but they cannot control the configuration of such FR instances. 
As a practical matter, in most cases the physical resources that realize Offline Data Storage FR instances will reside at individual ESLTs. Each Offline Data Storage FR instance must be mappable to real storage resources in each ESLT that may instantiate that Offline Data Storage FR. 
[bookmark: _Toc429984997][bookmark: _Toc429985546][bookmark: _Toc45099420]Offline Frame Buffer Functional Resource Set of the Offline Data Delivery Production Functional Resource Stratum
The Offline Frame Buffer Functional Resource Set of the Offline Data Storage Functional Resource stratum consists of the Offline Frame Buffer FR. Figure 9‑1 illustrates the member of the Offline Frame Buffer Functional Resource Set.
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[bookmark: _Ref429553229][bookmark: _Toc45099488]Figure 9‑1:  Member Functional Resource of the Offline Frame Buffer Functional Resource Set
[bookmark: _Ref372098112][bookmark: _Toc45099421]Offline Frame Buffer
The functional resource classifier of the Offline Frame Buffer FR Type is OfflineFrameBuffer.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The Offline Frame Buffer is a repository of return transfer frames that are subsequently retrieved by offline return SLE transfer service instances that carry transfer frames or space link data units that have been transferred across the space link within those transfer frames.
The Offline Frame Buffer FR corresponds to the Offline Frame Buffer production entity defined in the SLE RAF and RCF Service Specification Recommended Standards.
NOTE	–	The Offline Frame Buffer for a given physical channel symbol stream may be shared by multiple offline RAF TS and/or Return Channel Frame TS service instances.
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
The Offline Frame Buffer FR accesses the Selected Annotated Frames SAP. 
SAPs Hosted by this Functional Resource
The Frame Data Sink FR has a Buffered Annotated Frames SAP that can be accessed by multiple Accessors.
Ancillary Interfaces Required by this Functional Resource
None
Ancillary Interfaces Provided by this Functional Resource
None.
[bookmark: _Toc19121275][bookmark: _Toc19121276][bookmark: _Toc19121277][bookmark: _Toc19121278][bookmark: _Toc19121279][bookmark: _Toc19121280][bookmark: _Toc19121281][bookmark: _Toc19121282][bookmark: _Toc429984999][bookmark: _Toc429985548][bookmark: _Toc429985001][bookmark: _Toc429985550][bookmark: _Toc520712590][bookmark: _Toc520712591][bookmark: _Toc520712592][bookmark: _Toc520712593][bookmark: _Toc520712594][bookmark: _Toc520712596][bookmark: _Toc429985003][bookmark: _Toc429985552][bookmark: _Toc520712607][bookmark: _Toc520712608][bookmark: _Toc520712609][bookmark: _Toc520712610][bookmark: _Toc520712611][bookmark: _Toc520712613][bookmark: _Ref520448960][bookmark: _Toc45099422]Tracking Data Message (TDM) Recording Buffer Functional Resource Set of the Offline Data Storage Functional Resource Stratum
The TDM Recording Buffer Functional Resource Set of the Offline Data Storage Functional Resource stratum consists of the TDM Recording Buffer FR. Figure 9‑2 illustrates the member of the TDM Recording Buffer Functional Resource Set.
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[bookmark: _Ref429555941][bookmark: _Toc45099489]Figure 9‑2:  Internal Composition of the TDM Recording Functional Resource Set
[bookmark: _Toc45099423]TDM Recording Buffer
The functional resource classifier of the TDM Recording Buffer FR Type is TdmRcrdBuffer.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The TDM Recording Buffer is a repository of tracking data segments that are subsequently retrieved by Tracking Data CSTS Provider instances operating in the complete data transfer mode (see 10.7). 
The TDM Recording Buffer FR corresponds to the Recording Buffer production entity defined in annex F3 of the Tracking Data CSTS Draft Recommended Standard ((reference [8]). 
An instance of the TDM Recording Buffer records all TDM Atomic Segments generated by the TDM Segment Generation FR instance (see 8.2.1) with which it is associated. A TDM Recording Buffer instance makes available all TDM Atomic Segments that it retains to any Tracking Data Cross Support Transfer Service (TD-CSTS) Provider FR instance (10.7.1) with which it is associated. Each TD-CSTS Provider FR instance is configured to receive a selection of TDM Atomic Segments for one or more tracking data types. The selection is configured in terms of tracking data paths that are created by the TDM Segment Generation FR instance (see 8.2.1) that is the source of TDM Segments for the TDM Recording Buffer. 
NOTE	–	The TDM Recording Buffer retains the tracking data path information associated with the TDM Atomic Segments so that the associated TD-CSTS Provider instances can be configured to retrieve and transfer the desired TDM Atomic Segments. 
Each instance of the TDM Recording Buffer has an allocated maximum storage capacity, in megabytes. Each TDM Recording Buffer instance retains all recorded TDM Segments until the maximum storage capacity is reached, at which time Segments are discarded in accordance to the data retention policy in place. There are two standard options for data retention:
a) fifo: The oldest TDM Segments are discarded first, regardless of the tracking data paths associated with the Segments; or	Comment by Wolfgang Hell: I’m not sure that I understand the difference between these two data retention options. Is option 1 not supposed to affect all segments regardless of the associated tracking data paths?	Comment by John Pietras [2]: This is a very tentative concept. I am very recveptive to a better data retention polict For now we’ll treat this as a placeholder.Perhaps we could adopt a version of the VC/MC schemes (fifo, absolute priority, or polling vector) except use tracking data paths instead of MC/VC?
b) balanced fifo: The TDM Segments are discarded equally across all tracking data paths for which the recording buffer is holding Segments. The discarding continues until the remaining Segments fit within the allocated storage space.
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
When configured as part of a Space Link Session (SLS) configuration, the TDM Recording Buffer accesses a TDM Segment Generation FR instance (see 8.2.1) via a TDM Segments SAP.
When configured as part of a retrieval configuration, the TDM Recording Buffer can be accessed by multiple Accessors.
SAPs Hosted by this Functional Resource
The TDM Recording Buffer FR has a Buffered TDM Segments SAP that can be accessed by multiple TD-CSTS Provider FR instances.
Ancillary Interfaces Required by this Functional Resource
None.
Ancillary Interfaces Provided by this Functional Resource
None.
[bookmark: _Toc429985007][bookmark: _Toc429985556]

[bookmark: _Toc19121330][bookmark: _Toc19121331][bookmark: _Toc19121332][bookmark: _Toc19121333][bookmark: _Toc19121334][bookmark: _Toc19121335][bookmark: _Toc19121336][bookmark: _Toc19121337][bookmark: _Toc520712632][bookmark: _Ref42789396][bookmark: _Toc45099424]Data Transfer ServiceS Functional Resources Stratum
[bookmark: _Toc45099425]General
Data Transfer Services FR stratum has six candidate Functional Resource Sets:
· SLE Forward CLTU Functional Resource Set);
· Forward Frame CSTS Functional Resource Set;
· SLE Return All Frames Functional Resource Set;
· SLE Return Channel Frames Functional Resource Set;
· SLE Return Operational Control Fields Functional Resource Set; and
· Tracking Data CSTS Functional Resource Set.
[bookmark: _Toc429985013][bookmark: _Toc429985562][bookmark: _Toc45099426]SLE Forward CLTU Functional Resource Set of the Data Transfer ServiceS Stratum
The SLE Forward CLTU Functional Resource Set of the Data Transfer Services Functional Resource stratum consists of the F-CLTU Transfer Service Provider FR. Figure 10‑1 illustrates the member of the SLE Forward CLTU Functional Resource Set.
[image: ]
[bookmark: _Ref429564116][bookmark: _Toc45099490]Figure 10‑1:  Member Functional Resource of the SLE Forward CLTU Functional Resource Set
[bookmark: _Toc45099427]F-CLTU Transfer Service Provider
The functional resource classifier of the FCLTU TS Provider FR Type is FcltuTsProvider.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The FCLTU TS Provider FR corresponds to the functions specified in the SLE Forward CLTU Service Specification Recommended Standard (reference [27]).
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
The FCLTU TS Provider FR accesses the CLTU SAP. 
SAPs Hosted by this Functional Resource
None.
Ancillary Interfaces Required by this Functional Resource
None
Ancillary Interfaces Provided by this Functional Resource
None.
[bookmark: _Toc44312592][bookmark: _Toc19121341][bookmark: _Toc19121342][bookmark: _Toc19121343][bookmark: _Toc19121344][bookmark: _Toc19121345][bookmark: _Toc19121346][bookmark: _Toc19121347][bookmark: _Toc19121348][bookmark: _Toc45099428]Forward Frame CSTS Functional resource Set of the Data Transfer ServiceS Spectrum
The Forward Frame CSTS SC Functional Resource Set of the Data Transfer Services Stratum consists of the Forward Frame CSTS Provider FR. Figure 10‑2 illustrates the functional resource type that constitutes the Forward Frame CSTS Functional Resource Set.
[image: ]
[bookmark: _Ref429564252][bookmark: _Toc45099491]Figure 10‑2:  Member of the Forward Frame CSTS Functional Resource Set
[bookmark: _Ref523999295][bookmark: _Toc45099429]Forward Frame CSTS Provider
The functional resource classifier of the Forward Frame CSTS Provider FR Type is FwdFrameCstsProvider.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The Forward Frame CSTS Provider FR corresponds to the functions specified in the Forward Frame CSTS Specification Recommended Standard (reference [33]).
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
In any given operational procedure, the Forward Frame CSTS Provider FR is configured to access one and only one of two SAPs:
a) Transmit VC Frames Minus FECF SAP, when the FR is configured to carry transfer frames; or
b) Transmit CADUs SAP, when the FR is configured to transfer CADUs. 
SAPs Hosted by this Functional Resource
None.
Ancillary Interfaces Required by this Functional Resource
None.
Ancillary Interfaces Provided by this Functional Resource
None.
[bookmark: _Toc39138738][bookmark: _Toc39141810][bookmark: _Toc42811028][bookmark: _Toc42811819][bookmark: _Toc44058260][bookmark: _Toc44061430][bookmark: _Toc44312595][bookmark: _Toc19121351][bookmark: _Toc19121352][bookmark: _Toc19121353][bookmark: _Toc19121354][bookmark: _Toc19121355][bookmark: _Toc19121356][bookmark: _Toc19121357][bookmark: _Toc19121358][bookmark: _Toc45099430]SLE Return All Frames Functional Resource Set of the Data Transfer ServiceS Functional Resource Stratum
The Return All Frames (RAF) Functional Resource Set of the Data Transfer Service Functional Resource stratum consists of the RAF TS Provider FR. Figure 10‑3 illustrates the member of the Return All Frames Functional Resource Set.
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[bookmark: _Ref429565319][bookmark: _Toc45099492]Figure 10‑3:  Member Functional Resource of the Return All Frames Functional Resource Set
[bookmark: _Toc45099431]RAF TS Provider
The functional resource classifier of the RAF TS Provider FR Type is RafTsProvider.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The RAF TS Provider FR corresponds to the functions specified in the SLE Return All Frames Service Specification Recommended Standard.
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
In any given operational procedure, the RAF TS Provider FR is configured to access one and only one of two SAPs:
a) Return All Annotated Transfer Frames SAP, when the FR is configured to operate in online mode; or
b) Return All Buffered Transfer Frames SAP, when the FR is configured to operate in offline mode. 
SAPs Hosted by this Functional Resource
None.
Ancillary Interfaces Required by this Functional Resource
None.
Ancillary Interfaces Provided by this Functional Resource
None.
[bookmark: _Toc44312598][bookmark: _Toc19121360][bookmark: _Toc19121361][bookmark: _Toc19121362][bookmark: _Toc19121363][bookmark: _Toc19121364][bookmark: _Toc19121365][bookmark: _Toc19121366][bookmark: _Toc19121367][bookmark: _Toc45099432]SLE Return Channel Frames Functional Resource Set of the Data Transfer ServiceS Functional Resource Stratum
The Return Channel Frames (RCF) Functional Resource Set of the Data Transfer Service Functional Resource stratum consists of the RCF TS Provider FR. Figure 10‑3 illustrates the member of the Return Channel Frames Functional Resource Set.
[image: ]
[bookmark: _Toc45099493]Figure 10‑4:  Member Functional Resource of the Return Channel Frames Functional Resource Set
[bookmark: _Toc45099433]RCF TS Provider
The functional resource classifier of the RCF TS Provider FR Type is RcfTsProvider.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]) by 1 January 2020.
The RCF TS Provider FR corresponds to the functions specified in the SLE Return Channel Frames Service Specification Recommended Standard.
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
In any given operational procedure, the RCF TS Provider FR is configured to access one and only one of two SAPs:
a) Return All Annotated Transfer Frames SAP, when the FR is configured to operate in online mode; or
b) Return All Buffered Transfer Frames SAP, when the FR is configured to operate in offline mode. 
SAPs Hosted by this Functional Resource
None.
Ancillary Interfaces Required by this Functional Resource
None.
Ancillary Interfaces Provided by this Functional Resource
None.
[bookmark: _Toc44312601][bookmark: _Toc19121369][bookmark: _Toc19121370][bookmark: _Toc19121371][bookmark: _Toc19121372][bookmark: _Toc19121373][bookmark: _Toc19121374][bookmark: _Toc19121375][bookmark: _Toc19121376][bookmark: _Toc45099434]SLE Return Operational Control Fields Functional Resource Set of the Data Transfer Services Functional Resource Stratum
The Return Operational Control Fields (ROCF) Functional Resource Set of the Data Transfer Services Functional Resource stratum consists of the ROCF Transfer Service Provider FR. Figure 10‑5 illustrates the member of the Return Operational Control Fields 
[image: ]
[bookmark: _Ref429566030][bookmark: _Toc45099494]Figure 10‑5: Member Functional Resource of the Return Operational Control Fields Functional Resource Set	Comment by Wolfgang Hell: Although any non-real-time delivery of OCFs containing CLCWs does not make sense, the service specification permits that and therefore the figure should reflect buffered frames as input. Given that the OCF may carry privately defined reports, there could be scenarios where non-real-time delivery may make sense.	Comment by John Pietras [2]: Very interesting! A number of years ago the NASA Space Network Ground Segmetn Sustainment (SGSS) Project struggled with whether offline ROCF was necessary to be supported, and the decision was made to eliminate it because NASA’s only expected use for ROCF was to “close the COP” and of course that’s only a real-time function. Also, there were no stated intentions on any agency’s part for implementing offline ROCF. Over time I have allowed this interpretation (offline ROCF is not needed) to overwrite my reading of the ROCF blue book.  But of course you are correct that the Blue Book itself covers offline ROCF extensively. That being the case, I agree that we should consider offline ROCF in the Ref Model.

But this raises an issue – the ROCF BB describes an “OCF Buffer”. That means that the OCFs must be decommutated from the frames prior to buffering. That, in turn, means an extra FR between the sync and decoding function and the ROCF service. Do we really think that if offline ROCF were ever to be implemented, we would have separate ROCF buffers, or would we just use the frame buffers already used by RAF and RCF and decommutate when the frames are processed for transfer? 

What if we do this – we could say that even thought the ROCF Book calls out an OCF buffer, we assume that the full frames are buffered. Given that no one has any real-life use cases today for offline ROCF, that’s a reasonable compromise. If in the future someone needs to truly store only OCFs, the Ref Model can be fiangled then (and I seriously doubt that will ever happen).	Comment by Wolfgang Hell: Given that by definition the CCSDS Recommended Standards do not specify implementation details, we can specify with respect to the FR that it has an input filter which outputs the OCF only. This is similar to RCF where we assume that the FR discards all incoming frames not annotated as ‘good’. It is however a bit weird that we describe what has to happen in conceptually different ways in different CCSDS documents. Let’s discuss this issue in the WG before we decide how to deal with this topic in the FRRM Magenta Book and in the FR type sematic definitions. 
[bookmark: _Toc45099435]ROCF Transfer Service Provider
The functional resource classifier of the ROCF TS Provider FR Type is RocfTsProvider.
The parameters, events, and directives of this functional resource are registered in the SANA CandidateFR Registry (reference [34]).
The ROCF TS Provider FR corresponds to the functions specified in the SLE Return Operational Control Fields Service Specification Recommended Standard (reference [29]).
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
To Be Specified.
[bookmark: _Toc19121378][bookmark: _Toc19121379][bookmark: _Toc19121380][bookmark: _Toc19121381][bookmark: _Toc19121382][bookmark: _Toc19121383][bookmark: _Toc19121384][bookmark: _Toc19121385][bookmark: _Ref520710667][bookmark: _Toc45099436]Tracking Data CSTS Functional Resource Set of the Data Transfer Services Functional Resource Stratum
The Tracking Data CSTS Functional Resource Set of the Data Transfer Services Functional Resource stratum consists of the Tracking Data CSTS Provider FR. Figure 10‑6 illustrates the member of the Tracking Data CSTS Functional Resource Set.
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[bookmark: _Ref429566468][bookmark: _Toc45099495]Figure 10‑6:  Member Functional Resource of the Tracking Data CSTS Functional Resource Set
[bookmark: _Ref520717733][bookmark: _Toc45099437]Tracking Data CSTS Provider
The functional resource classifier of the Tracking Data CSTS Provider FR Type is TdCstsProvider.
The parameters, events, and directives of this functional resource are registered in the SANA CandidateFR Registry (reference [34]).
The Tracking Data CSTS Provider FR corresponds to the functions specified in the Tracking Data CSTS Draft Recommended Standard (reference [8]).
NOTE	–	The TD-CSTS provides the IOAG Real-Time Data Radiometric service. In addition to delivering radiometric data in “real time” (that is, during the execution of the SLS), the TD-CSTS may also be used to deliver tracking data after the conclusion of the SLS. However, the tracking data measurements will have been sampled at a defined rate.
Service Access Points (SAPs) and Ancillary Interfaces Used by this Functional Resource
SAPs Accessed by this Functional Resource
When configured to operate in real-time data delivery mode (see reference [8]) the Tracking Data CSTS Provider accesses the TDM Segments SAP of a TDM Segment Generation FR instance (see 8.2.1). 
When configured to operate in complete data delivery mode (see reference [8]) the Tracking Data CSTS Provider accesses the Buffered TDM Segments SAP of a TDM Recording Buffer FR instance (see 9.3).
SAPs Hosted by this Functional Resource
None.
Ancillary Interfaces Required by this Functional Resource
None.
Ancillary Interfaces Provided by this Functional Resource
None.


[bookmark: _Ref42789451][bookmark: _Toc45099438]Service Management Functions Functional Resource Stratum
[bookmark: _Toc45099439]General
The Service Management Functions Functional Resource stratum has one candidate Functional Resource Set: 
· Monitored Data.
[bookmark: _Toc45099440]Monitored Data Functional Resource Set of the Service Management Funcitons Functional Resource Stratum
The FR that comprises the Monitored Data Functional Resource Set of the Service Management Functions Functional Resource stratum is the Monitored Data CSTS Provider FR.
Figure 11‑1 illustrates the member of the Monitored Data Functional Resource Set.
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[bookmark: _Ref429566841][bookmark: _Toc45099496]Figure 11‑1:  Member Functional Resource of the Monitored Data Functional Resource Set
[bookmark: _Toc45099441]Monitored Data CSTS Provider
The functional resource classifier of the Monitored Data CSTS Provider FR Type is MdCstsProvider.
The parameters, events, and directives of this functional resource are registered in the SANA Candidate FR Registry (reference [34]).
The Monitored Data CSTS Provider FR corresponds to the functions specified in the Monitored CSTS Recommended Standard (reference [10]).
Relationships with external Functional Resource Sets
The Monitored Data CSTS Provider FR has read-access to all available parameter values and notification events of all FR instances that execute in the same Service Package as that which contains the instance(s) of the Monitored Data CSTS Provider FR (where by “available” is meant the subset of parameters and events that are published in the Service Agreement under which the Service Package is defined). As such, the Monitored Data CSTS Provider FR does not access any specific SAP.
NOTE	–	There is some consideration being given to establishing an FR type to represent the Service Package itself. If such an FR is created, it could have a Monitored Data SAP that is accessed by one or more instances of the Monitored Data CSTS Provider FR.
[bookmark: _Toc19121389][bookmark: _Toc19121390][bookmark: _Toc19121391][bookmark: _Toc19121392][bookmark: _Toc19121393][bookmark: _Toc19121394][bookmark: _Toc19121395][bookmark: _Toc19121396]
[bookmark: _Toc19121398][bookmark: _Toc19121399][bookmark: _Toc19121400][bookmark: _Toc19121401][bookmark: _Toc19121402][bookmark: _Toc19121403][bookmark: _Toc19121404][bookmark: _Toc19121405][bookmark: _Ref42788075][bookmark: _Toc45099442][bookmark: _Toc353200286]Space Internetworking Functional Resource Stratum
[bookmark: _Toc45099443]General
There are currently no candidate or approved CCSDS-standard Functional Resource Sets (or Functional Resource types) defined for the Space Internetworking Functional Resource stratum. 


[bookmark: _Toc427051912][bookmark: _Toc427064428][bookmark: _Toc427064867][bookmark: _Toc427051913][bookmark: _Toc427064429][bookmark: _Toc427064868][bookmark: _Toc427051914][bookmark: _Toc427064430][bookmark: _Toc427064869][bookmark: _Toc427051921][bookmark: _Toc427064437][bookmark: _Toc427064876][bookmark: _Toc427051925][bookmark: _Toc427064441][bookmark: _Toc427064880][bookmark: _Toc427051926][bookmark: _Toc427064442][bookmark: _Toc427064881][bookmark: _Toc427051927][bookmark: _Toc427064443][bookmark: _Toc427064882][bookmark: _Toc427051928][bookmark: _Toc427064444][bookmark: _Toc427064883][bookmark: _Toc427051929][bookmark: _Toc427064445][bookmark: _Toc427064884][bookmark: _Toc427051930][bookmark: _Toc427064446][bookmark: _Toc427064885][bookmark: _Toc427051931][bookmark: _Toc427064447][bookmark: _Toc427064886][bookmark: _Toc427051935][bookmark: _Toc427064451][bookmark: _Toc427064890][bookmark: _Toc427051936][bookmark: _Toc427064452][bookmark: _Toc427064891][bookmark: _Toc427051937][bookmark: _Toc427064453][bookmark: _Toc427064892][bookmark: _Toc427051939][bookmark: _Toc427064455][bookmark: _Toc427064894][bookmark: _Toc427051940][bookmark: _Toc427064456][bookmark: _Toc427064895][bookmark: _Toc427051942][bookmark: _Toc427064458][bookmark: _Toc427064897][bookmark: _Toc427051944][bookmark: _Toc427064460][bookmark: _Toc427064899][bookmark: _Toc427051947][bookmark: _Toc427064463][bookmark: _Toc427064902][bookmark: _Toc427051949][bookmark: _Toc427064465][bookmark: _Toc427064904][bookmark: _Toc427051950][bookmark: _Toc427064466][bookmark: _Toc427064905][bookmark: _Toc427051952][bookmark: _Toc427064468][bookmark: _Toc427064907][bookmark: _Toc427051953][bookmark: _Toc427064469][bookmark: _Toc427064908][bookmark: _MON_1407148733][bookmark: _MON_1407149088][bookmark: _MON_1408268040][bookmark: _MON_1408268231][bookmark: _MON_1408268360][bookmark: _MON_1408268455][bookmark: _MON_1407149110][bookmark: _MON_1407149339][bookmark: _MON_1407149652][bookmark: _MON_1407149733][bookmark: _MON_1405773107][bookmark: _MON_1405773113][bookmark: _MON_1405777582][bookmark: _MON_1405772192][bookmark: _MON_1407562398][bookmark: _MON_1405772292][bookmark: _MON_1405772375][bookmark: _MON_1408268389][bookmark: _MON_1408268532][bookmark: _MON_1408268579][bookmark: _MON_1405772417][bookmark: _MON_1405772439][bookmark: _MON_1405773065][bookmark: _MON_1407149372][bookmark: _MON_1407149488][bookmark: _MON_1407149553][bookmark: _MON_1407149570][bookmark: _MON_1408268586][bookmark: _MON_1405772717][bookmark: _MON_1408341318][bookmark: _MON_1405772876][bookmark: _MON_1406985615][bookmark: _MON_1405773032][bookmark: _MON_1405773048][bookmark: _MON_1407149510][bookmark: _MON_1407149521][bookmark: _MON_1407149596][bookmark: _MON_1407149663][bookmark: _MON_1407149673][bookmark: _MON_1407149750][bookmark: _MON_1405778476][bookmark: _MON_1405772486][bookmark: _MON_1405843773][bookmark: _MON_1405844113][bookmark: _MON_1407562409][bookmark: _MON_1407562425][bookmark: _MON_1407562439][bookmark: _MON_1407562447][bookmark: _MON_1405844122][bookmark: _MON_1405772701][bookmark: _MON_1408268424][bookmark: _Ref39149639]

Object Identifier Offsets for the Functional Resource Strata and Functional Resource Sets

(informative)
The OIDs of the Functional Resources are organized according to a scheme in which the OIDs are assigned based on the Functional Resource strata of the FRs. In this scheme, the strata are assigned” OID offsets” beginning with 10000 for the Aperture stratum and incrementing by 10000 for every stratum. Wtihin a given stratum, each FR Set is given an OID offset beginning with 100 and incrementing by 100 for each FR Set within the stratum. The OID Offset for a given FR Set is allocated to the root FR of that FR Set, and if there is more than one FR in the FR Set, each subsequent FR in the FR Set is allocated the next OID value, incrementing by 1. The FR Model Editor allows the offset to be entered for the FR Set, and the Editor automatically assigns the OIDs to the member FRs. 
This allocation scheme allows for up to 99 FR Sets within each stratum, and 100 FRs within each FR Set. The OID Offset allocation is as follows:
10000 – Aperture FR stratum
10100 – RF Aperture
10200 – [next Aperture FR Set] 

20000 – Physical Channel FR stratum
20100 – CCSDS 401 Physical Channel Transmission
20200 - CCSDS 415 Physical Channel Transmission
20300 – CCSDS 401 Physical Channel Reception
20400 - CCSDS 415 Physical Channel Reception
20500 – [next Physical Channel FR Set]

30000 – Sync and Channel Coding FR stratum
30100 – TC Sync and Channel Coding
30200 – FLF Sync, Channel Encoding, and OID Generation
30300 – FLF Syn and Channel Decoding
30400 – [next Sync and Channel Coding FR Set]

40000 – Space Link Protocol FR stratum
40100 – TC Space link Protocol Transmission
40200 - AOS Space link Protocol Transmission
40300 – VLF Unified Space link Protocol Transmission
40400 - FLF Unified Space link Protocol Transmission
40500 – TM/AOS Space link Protocol Reception
40600 – VLF Unified Space link Protocol Reception
40700 - FLF Unified Space link Protocol Reception
40800 – [next Space Link Protocol FR Set]

50000 – SLS Data Delivery Production FR stratum
50100 – Frame Data Sink
50200 – CFDP File Data Production
50300 - Packets File Data Transmission Production
50400 - Packets File Data Reception Production
50500 - [next SLS Data Delivery Production FR Set]

60000 – SLS Radiometric Data Production FR stratum
60100 – TDM Segment Generation
60200 – Non-validated RM Data Collection
60300 – Delta-DOR Raw Data Collection
60400 – Open Loop Receiver/Formatter
60500 - [next TDM Segment Generation FR Set]

70000 – Offline Data Storage FR stratum
70100 – Offline Frame Buffer
70200 – TDM Recording Buffer
70300 – Non-validated RM Data Store
70400 – Validated RM Data Store
70500 – Delta-DOR Raw Dara Store
70600 – Open Loop Data Store
70700 – Return File Data Store
70800 – Forward File Data Store
70900 - [next Offline Data Storage FR Set]

80000 – Data Transfer Services FR stratum
80100 – SLE FSP
80200 – SLE Forward CLTU
80300 – FF-CSTS
80400 – SLE RAF
80500 – SLE RCF
80600 – SLE ROCF
80700 – TD-CSTS
80800 – TGFT Host
80900 - [next Data Transfer Services FR Set]

90000 – Service Management Functions FR stratum
90100 – MD-CSTS
90200 – SC-CSTS
90300 - [next Service Management Functions FR Set]

100000 – Space Internetworking FR stratum
100100 – DTN
100200 - [next Space Internetworking FR Set] 
[bookmark: annex_B][bookmark: _Ref45098688]

Security, SANA, and Patent Considerations

(informative)
Security Considerations With respect to this Recommended Practice
This Recommended Practice does not directly address security considerations. Instead, secuity considerations, if any, are addressed by (a) the CCSDS Recommended Standards and other standards that specify the functionality represented by the Functional Resources defined in this Reference Model, and/or (b) the CCSDS Recommended Standards that make use of the Functional Resources defined in this Reference Model.
SANA Considerations With respect to this Recommended Practice
This Recommended Practice identifies the CCSDS Functional Resources, defines them at the top level, and defines their interactions. The detailed definitions of the paramters, event, and directives for each of these Functional Resources is defined in the SANA Approved Functional Recource registry at https://sanaregistry.org/r/functional_resources (reference [34]). 
Patent Considerations With respect to this Recommended Practice
This Recommended Practice does not in itself have any patent considerations. However, there may be patent considerations with respect to the individual CCSDS Recommended Standards and other standards that specify the functionality represented by the Functional Resources defined in this Reference Model. When considering implementing any of the Functional Resources defined in this Recommended Practice, the reader is referred to the Patent Consideration annex of the respective source Recommended Standard(s).
[bookmark: _Ref510184230]

Acronyms and Abbreviations

(informative)
To be Supplied



[bookmark: _Ref510184274]
Identified Future Functional Resource Sets

[Informative]
This section lists future candidate Functional Resoruce Sets that have been identied as of this time, with emphasis on relevance to IOAG Service Catalog #1 and ESLTs. FR Sets associated with Space Internetworking and other services in IOAG Service Catalogs #2 and #3 will be addressed in more detail in future issues of this Recommended Standard.
Future Candidate FR Sets by FR Strata
A1.1 Aperture FR Stratum
· Antenna Array (no CCSDS Recommended Standard);
· Optical Aperture (no CCSDS Recommended Standard)?.
A1.2 Physical Channel FR Stratum
· CCSDS 415 Physical Channel Transmission Functional Resource Set; 
· CCSDS 415 Physical Channel Reception Functional Resource Set;
· CCSDS 131.2 SCCC Functional Resource Set(s);
· CCSDS 131.3 DVB-S2 Functional Resource Set(s);
· CCSDS 141.0 Optical Communications Physical Channel Transmission Functional Resource Set;
· CCSDS 141.0 Optical Communications Physical Channel Reception Functional Resource Set.
A1.3 Synchronization and Channel Coding FR Stratum
· CCSDS 131.2 (SCCC) Functional Resource Set(s)?;
· CCSDS 131.3 (DVB-S2 Functional Resource Set(s)?;
· CCSDS 142.0 Optical Communications Encoding and Synchronization Functional Resource Set;
· CCSDS 142.0 Optical Communications Decoding and Synchronization Functional Resource Set.
A1.4 Space Link Protocol FR Stratum
· TC Space Link Protocol Transmission Functional Resource Set (complete the remaining FRs);
· TC Space Link Protocol Transmission Functional Resource Set (complete the remaining FRs);
· Variable Length Frame (VLF) Unified Space Data Link Protocol Transmission Functional Resource Set; 
· Fixed Length Frame (FLF) Unified Space Data Link Protocol Transmission Functional Resource Set (complete the remaining FRs);
· TM/AOS Space Link Protocol Reception Functional Resource Set  (complete the reemaioning FRs);
· VLF Unified Space Data Link Protocol Reception Functional Resource Set;
· FLF Unified Space Data Link Protocol Reception Functional Resource Set.
A1.5 SLS Data Delivery Production FR Stratum
· CFDP File Data Production Functional Resource Set (complete the remaining FRs);
· Packets File Data Transmission Production Functional Resource Set;
· Packets File Data Reception Production Functional Resource Set.
A1.6 SLS Radiometric Data Production FR Stratum
· Non-Validated Radiometric Data Collection Functional Resource Set;
· Delta-DOR Raw Data Collection Functional Resource Set;
· Open Loop Receiver/Formatter Functional Resource Set.
A1.7 Offline Data Storage FR Stratum
· Non-validated Radiometric Data Store Functional Resource Set;
· Delta-DOR Raw Data Store Functional Resource Set;
· Open Loop Data Store Functional Resource Set Functional Resource Set;
· Validated Radiometric Data Store Functional Resource Set;
· Return File Data Store Functional Resource Set;
· Forward File Data Store Functional Resource Set.
A1.8 Service Management Functions FR Stratum
· Service Control Functional Resource Set.
A1.9 Space Internetworking Functions FR Stratum
· Delay Tolerant Networking Functional Resource Set(s);
· Internet Protocol Suite Functional Resource Set(s).
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