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1 Introduction

1.1 Purpose
The purpose of this specification is to identify the utilization profiles for interfacing the Data Protocol Sub-layer using the Unified Space Link Protocols (USLP) (reference 1) with the space link coding processes as specified in the CCSDS Coding Blue Books.  

1.2 Scope

The CCSDS has developed various coding algorithms for use primarily in telemetry applications.  These algorithms are documented in CCSDS references 2, 3 and 4.  This specification defines how the USLP Protocol utilizes the coding and synchronization sublayer to support:

a. Direct to Earth (DTE) Telemetry Links for engineering and science data

b.  Direct to Earth (DTE) Telemetry Links for very high rate science data
c. Direct from Earth (DFE) Command, sequencing and flight software loads 
d. Space to Space Links (Proximity) utilized by Orbiters for collecting and delivering data

1.3 Applicability

This Recommended Standard applies to the creation of Agency standards and to future data communications over space links between Consultative Committee for Space Data Systems (CCSDS) Agencies in cross-support situations.  This Recommended Standard applies to the utilization of CCSDS specified coding processes for transfer of USLP protocol data units.  It is neither a specification of, nor a design for, real systems that may be implemented for existing or future missions.

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

1.4 Rationale
The purpose of this document is to identify how the USLP can use the coding specifications for optimal performance in selective environments. 
1.5 References

The following publications contain provisions which, through reference in this text, constitute provisions of this document. At the time of publication, the editions indicated were valid. All publications are subject to revision, and users of this Recommended Standard are encouraged to investigate the possibility of applying the most recent editions of the publications indicated below. The CCSDS Secretariat maintains a register of currently valid CCSDS publications for Data Link Layer specifications.
1 USLP
2 TM Synchronization and Channel Coding

3 TC Synchronization and Channel Coding

3 DVB-S2
4 SCCC

5 Optical 
2 Overview
The CCSDS has divided the functions of the Data Link Layer between two sublayers: the Data Link Protocol Sublayer (DLP-SL) and the Coding and Synchronization Sublayer (CS-SL).

· The Data Link Protocol Sublayer (DLP-SL) interfaces to the users, accepting the data that is to be transported, on the sending side of the link, and delivering that data on the receiving end.  
· The Coding and Synchronization Sublayer (CS-SL) provides the encoding, randomization, and frame synchronization functions that prepares the USLP Transfer Frame for transport across the spacelink.  
The transfer of the USLP transfer frames across different types of space links is the focus of this document. The Protocol Data Unit (PDU) that is passed in both directions between the Data Link Protocol Sublayer (DLP-SL) and Coding and Synchronization Sublayer (CS-SL) is the transfer frame. The USLP frame structure provides flexibility that can be constrained by the functions utilized within the CS-SL that prepare the transfer frame for transit.  For example the USLP transfer frame contains a length field that enables the frame to be of  variable length but CS-SL under certain conditions may constrain the frame to be fixed in length.    

-
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Figure 2-1 General Model for Data Link Layer Delivery Process 

This utilization document describes the frame and code configuration modes available for use by the data link layer to provide frames across the space link.  Note that different space links have vastly different environments that require special constraints by the CS-SL. The environmental issues include the power available, the distance between the end points of the link, the complexity of the equipment available at those end points, the atmospheric conditions and radiometric frequency selection. Thus the CS-SL utilizes different forward error correcting codes and operational modes to configure the data for transit.  Figure 2-1 is a generic model of both the Data Link Protocol Sublayer and Coding and Synchronization Sublayer functions.  These operational modes identify the selection and tuning of those functions for use on different types of space links. Each of these operational modes is described in this section while their application to specific space link types are described in section 3.  

2.1 Uncoded Mode (UC-Mode)
In this mode no forward error correction is employed.  Randomization is applied to improve the physical layer‘s capability to extract bits from the communication’s medium. DLP-SL must append a CRC to assure the recipient that the data in the frame that not been modified in transit.  The CS_SL needs to prepend a TFSM to the frame to provide the ability to delimit the frame.  Idle data is inserted between frames when no frames are available.  This mode is only recommended for Proximity operation where low power and simple implementation are necessary constraints on the link. See Figure 2-2 below.
[image: image3]
Figure 2-2    Model for Uncoded Mode (UC-Mode) Process
2.2 Convolutionally only mode (CC-Mode)
In this mode, the CCSDS Convolutional code is employed.  Randomization is not required because of the symbol inversion built into the code. DLP-SL must append a CRC to assure the recipient that the data in the frame that not been modified in transit. The CS_SL needs to prepend a TFSM to the frame to provide the ability to delimit the frame. Idle octets may be introduced to the input to the encoder when no frames are available.  The entire input to the encoder is forward error correction coded using the Convolutional code. See Figure 2-3 below.

[image: image4]
Figure 2-3    Model for Convolutional encoding only mode (CC-Mode) Process
2.3 Variable Length Frame Aligned to a Variable Length Codeblock.

In this mode the frame is allowed to be of variable length and the codeblock “rubber bands” to encapsulate the frame.  The rubber banding is accomplished by concatenating codewords until the entire frame in encapsulated and then appending fill octets to fill out the data field in the last code word.  If the coding provides an undetected error rate that satisfies the requirements of the mission then a Frame Error Control Field (FECF) need not be appended to the frame before its delivery to CS-SL.  The CCSDS specified codes that are authorized to be used in this mode are the BCH and short LDPC codes. It is recommended to apply the randomization process to the codeblock either before or after encoding based on the selected coding algorithm. Idle data is inserted into the CS-SL output symbol stream between codeblocks when no frames are available. See Figure 2-4 below.

[image: image5]
Figure 2-4 Model for Variable Length Frame Aligned to Variable Length Codeblock Mode Process
2.4 Fixed Length Frame Aligned to Fixed Length Codeblock
In this mode the frame is constrained to fit exactly within one codeblock. The DLP_SL can  optionally append a FECF to the frame to validate that the frame was  unmodified in transit but it is strongly recommend that it be appended when Turbo coding is employed. The CCSDS specified forward error correction block codes (Reed-Solomon, LDPC, Turbo, DVB-S2, SCCC) have been authorized for use in this mode. Randomization is applied to improve the physical layer‘s ability to extract bits from the communication medium. Only Idle Data frames (OID frames) are inserted when no user frames are available in order to provide the required frame for each codeblock. See Figure 2-5 below.

[image: image6]
Figure 2-5    Model for Fixed Length Frame Aligned to Fixed Length Codeblock
2.5 Frames Unaligned to fixed length Codeblocks

In this mode, the CCSDS specified forward error correction block codes (LDPC,  DVB-S2, SCCC) may be employed.  The DLP-SL supplies frames to the CS-SL as they become available. Managed Parameters will determine if the frame delivery from the DLP-SL must be continuous or not and whether the frames need to be of fixed length or not. When there is no requirement for fixed length frames nor for continuous frames then maximum frame flexibility is provided and Idle octets could be supplied to the encoder when no frame data is available.  It must be noted that this mode frees the transmitter and receiver from knowledge of the data link layer protocol because it receives a data stream for processing and delivers the decoded data stream on the receiving side.
This mode is also available for use with Variable Code and Modulation or Adaptive Coding and Modulation (VCM or ACM) operation.  In VCM the code and modulation for a codeblock can be changed at periodic intervals. The CSM is extended to include coding and modulation information that is used by the receiver to tune the receiver to process the received physical channel.  The only other change to the CS-SL for the inclusion of the VCM is the modification to the data slicer for changing the size of the slices required by the encoder.  See Figure 2-6 below.

[image: image7]
Figure 2-6    Model for Variable Length Frame Unaligned to Fixed Length Codeblock

3 utilization of the operational modes   
Section two provided an overview of the Data Link Layer Operational Modes.  There are different modes because there are different operational requirements for different types of space links and thus the communications implementation requirements differ.  In this Section the needs of each space link is outlined and how selected Operational Modes can provide the required services.
3.1 Direct From earth links (DFE)
The DFE links are used to deliver mission control data to a space entity.  The needs of robotic missions differ from human missions.  
3.1.1 DFE support to Robotic Missions

The role of DFE communications in Robotic missions is to supply the mission with the operational understanding that can’t be supplied by the on board knowledge base.  There are basically two primary needs that have somewhat different performance criteria: control commanding and software file uploads.   
For control commanding, the objective is to get a single or small set of commands into the spacecraft to correct for a performance anomaly in the spacecraft.  These commands are typically very short and they must be received even if the spacecraft is tumbling.  Another issue is that there may be computer problems on-board so the command may be directed to processing hardware that is not controlled by the computer and not overly complex. These conditions have dictated that the DFE link must have the ability to deliver a short command with high probability of being error free and require minimum on-board processing complexity.  

File uploads on the other hand are typically directed to individual onboard computers or storage devices.  The volumes of data needed to support missions has vastly increased in recent years due to the increase in computing needs, complexity of missions and programmable hardware.  
The current TC process utilizes the Variable Frame Aligned With the Variable Codeblock Mode using the CCSDS specified BCH code for error detection. The primary driver was simplicity of implementation which was very important at the time (early 1980s). Note that there is little or no performance gained by the BCH code and therefore high power uplinks are required when the spacecraft is remote from the Earth. 

The CCSDS has recently codified a set of short LDPC codes that may be used instead of the BCH code. These codes would provide coding performance gain to reduce the reliance on high power uplinks and to improve overall performance of the link for delivering sequence planning data or updating the knowledge base of the spacecraft.  The short LDPC Codes can utilize the Variable Frame Aligned With the Variable Codeblock Mode for delivering both control commands and file loads.  
The performance gain associated with the short LDPC codes provides the opportunity to utilize the Variable Frames Unaligned to fixed length Codeblocks Mode.  In this mode the frames can vary in size and there is no requirement that they be delivered continuously.  This model fits exactly the operational mode that is used for DFE communications.  The LDPC encoding will provide significant performance gain especially above 1 kbps links. The coding is independent of the USLP frame and it can be applied with Idle octets to obtain symbol synchronization followed by codeblock synchronization. Once the uplink is in lock the data can be input and is transmitted unaligned to the codeblock.  The frame size can be much longer than the codeword or codeblock.  
3.1.2 DFE support to Robotic Missions

The International Spece Station has chosen to use the Fixed Length Frames Aligned to Fixed Length Codeblocks Mode (FA_Mode) along with the AOS protocol for their uplink.  At high rates this mode has created problems especially with CCSDS Space Link Extension (SLE) Forward Service. The requirement for the frames to be continuous and Internet ground transport of frames causes addition latencies and the inclusion at the uplink terminus to add Idle Only Frames into the uplink. 
The USLP protocol provides an alternative way to utilize the 1024 bit LDPC codeword in two different ways to satisfy mission needs without significantly changing the implementation.  The two modes that could provide the needed service are the Fixed Length Codeblocks Mode (FA_Mode) and the Variable Length Frames Unaligned to Fixed Length Codeblocks (VU_Mode)

1) The first way would be continue to use the Fixed Length Codeblocks Mode (FA_Mode) but allow the fixed frame size to have a different value for low and high rates without changing the code only the number of codewords in a codeblock  The USLP frame would be fixed length but could be significantly longer than the current frame reducing the issues that plague the SLE Forward Service. The CS-SL would delimit the frame, delivering it to the DP-SL with little change to the implementation.

2) The other way would be to use the Variable Length Frames Unaligned to Fixed Length Codeblocks (VU_Mode) with the 1024 bit LDPC code.  In this mode the frames could of of variable length or fixed for compatibility with the current mode.  The frame size would not be limited and thus could be significantly increased for very high uplink rates that are separated from the normal control links.  It should be noted that this operational protocol could be used on all links by tailoring the frame generation and link forward error coding.  


This more general approach can utilize fixed or variable length frames that are not coupled to the codeblock.  This requires a TFSM to be prepended to each frame upon delivered to the Coding and Synchronization Sublayer.  The Coding and Synchronization Sublayer prepares the received frames with their attach sync marker for delivery to the physical channel. The requirement to include fill frames when the DLP-SL can’t deliver frames to match the needs of the physical channel need not be included, allowing Idle octets to fill the void.
3.2 Direct to Earth (DTE) modes
3.2.1 Standard Telemetry

The traditional mode for telemetry is the Fixed Length Frames Aligned to Fixed Length Codeblocks Mode (FA_Mode).   This mode requires all frames to be the same size and limits flexibility.The use of the Variable Length Frames Unaligned to Fixed Length Codeblocks (VU_Mode) provides a new dynamic.  It allows different sized frames to share the same link.  The frames could be fixed sized or variable in length.  Variable length fields could utilize the signaling for Insert Zones and OCF inclusion or even for tailoring frame size to carry a full cycle’s worth of data from an instrument. Very High Rate Telemetry
Very high rate telemetry can be supported by DVB-S2, SCCC, LDPC and Optical coding.  It is possible that these links could use VCM or ACM that changes the size of the codewords in a dynamic fashion to match the changes in modulation modes in the physical layer.  This type of link uses a modified version of Variable Length Frames Unaligned to Fixed Length Codeblocks (VU_Mode) mode.  The VCM modification must be able to change the codeword size and modulation based on link or data reliability needs. The code used in the codeblock along with the modulation is signaled by the inclusion of the required information in an extended CSM. One of the benefits of the unaligned modes is that it can deliver very long frames. Very long frames reduce the operating processing of frames by the frame handling processes. 
3.3 Proximity Links

Proximity links are best serviced by the modes that do not constrain the frame length nor that frames need to be continuously delivered. The current cross support standard for proximity links supports the use of Uncoded mode, Convolutional only mode and Variable Length Frames Unaligned to Fixed Length Codeblocks (VU_Mode). 

 VU_Mode is defined to be supported by the short LDPC codes for high rate transfer of data.  The mission entities that typically communicate across a proximity space link also need to send data directly to Earth and receive data on Direct From Earth links. The adoption of the VU_Mode mode for all links would enable the mission entity to have just one Data Link Layer Protocol Sublayer process for all space links.
4 Technical specification for each mode

4.1 Uncoded Mode

The Frame shall contain a FECF.
The CS-SL shall prepend a TFSM.

The TFSM shall be the 16 pseudorandom codeword xxxxxx.
Randomization is recommend but not required.
Interface with the Physical layer shall be a continuous symbol stream at a fixed rate for the session.

Idle octets shall be used to maintain constant output data rate when no frames are available for transmission.  

This mode shall only be used when the SNR is >11 dB yielding a bit error rate of ~10-6.  
4.2 Convolutional Only mode
The Frame shall contain a FECF.
The CS-SL shall prepend a TFSM.

The TFSM shall be the 16 pseudorandom codeword xxxxxx

Randomization is not required because the CCSDS Convolutional Code has a built in symbol transition, but if used it would be applied before encoding
Interface with the Physical layer shall be a continuous symbol stream at a fixed rate for the session.

Idle octets shall be input to the encoder to maintain constant output data rate when no frames are available for transmission.  

This mode shall only be used when the SNR is > 5  dB yielding a bit error rate of ~10-6.  
4.3 variable length frame aligned to a variable length codeblock

The Frame may contain a FECF if required by the physical link managed parameters.
The Frame size is variable to the maximum size specified for the link. 
The codeblock shall contain as many codewords as required to encapsulate the frame.
The CS-SL shall prepend a CSM to the codeblock as specified for the coding algorithm.

The CS-SL shall append fill octets to the frame so that the combination of frame plus fill octets entirely fills the information portion of the codeblock starting at the first bit following the CSM.
Randomization is recommend but not necessarily required.

Randomization if applied shall be applied as required by the CCSDS Coding and Synchronization Recommendation.
Interface with the Physical layer shall be a continuous symbol stream at a fixed rate for th session.

Idle octets shall be inserted into the symbol stream from CS-SL to Physical Layer to maintain a constant output data rate when no frames are available for transmission.  

This mode shall only be used when the SNR is > 5  dB yielding a bit error rate of ~10-6.  
4.4 Fixed Length Frame Aligned to Fixed Length Codeblock

The Frame may contain a FECF if required by the physical link managed parameters

The DLP-SL shall provide frames to CS-SL continuously, Only Idle Data (OID) Frames will be supplied when no newly created frames are available for transmission.

The Frame shall be the same size as the fixed length of the information portion of the codeblock to be used by CS-SL.

The encoded Frame shall be contained within the information portion of the codeblock starting at the first bit following the CSM.

The CS-SL shall prepend a CSM to the codeblock as specified for the coding algorithm.

Randomization is recommend but not required.

Randomization, if applied, shall be applied as required by the CCSDS Coding Recommendation.
Interface with the Physical layer shall be a continuous symbol stream at a fixed rate for session.

Idle octets shall be inserted into the data stream from CS-SL to Physical Layer to maintain a constant output data rate when no frames are available for transmission.  

This mode shall only be used when the SNR is sufficient to yield a codeblock error rate of less than 10-5.  
Note:  For fixed length frames the use of random inclusion of signaled data can be used but the size of the TFDF must be shortened to compensate for the inclusion.  Note that all frames must be the same size but how that is managed may be different in each VC.  

4.5  Variable length frame unaligned to a fixed length codeblock.
The Frame may contain a FECF if required by the Physical Layer managed parameters.
The Physical Layer Managed Parameters will dictate whether the DLP-SL shall provide frames to CS-SL continuously.  If required then Only Idle Data (OID) Frames shall be supplied when no newly created frames are available for transmission. 

The CS-SL shall prepend the received frame with the standard 32 bit TFSM.
The Frame and TFSM shall be placed in a FIFO buffer.

A Data Slicer shall extract a data slice from the FIFO. The required Data Slice shall contain the number of octets required to fill the information portion of a codeword.  If the buffer contents are insufficient to fill that requirement, then CS-SL shall append the required number of Idle Octets to complete the slice. 

The CS-SL shall encode the data slice with the specified forward error correction algorithm specified in the Physical Layer Managed Parameters. 
The CS-SL shall assemble a codeblock (consisting of the required number of codewords specified in the Physical Layer Managed Parameters) from the encoded codewords.   The codeblock shall then be randomized.

NOTE:  The order of processing when using DVB-S2 and SCCC shall be different. The codeblock will be assembled and randomized before encoding.
The CS-SL shall prepend a CSM to the codeblock as specified for the coding algorithm.

Interface with the Physical layer shall be a continuous symbol stream at a fixed rate for each session.

The variable length frame unaligned to a fixed length codeblock mode shall only be used when the SNR is sufficient to yield a codeblock error rate of less than 10-5.  
When VCM is included, then the codeword size can change after each codeblock. The data slicer must receive the codeword size from the VCM control process. It must also know when a codeblock begins in order to create the correct size slice and to allow for randomization as required.  The CSM will also be augmented to identify the coding and modulation algorithms used in the immediately following codeblock. 
5 Managed Parameters for defining operational modes
Parameters for a Physical  Channel that are independent of  modes on a Link
	Managed Parameter
	Allowed Values

	Physical Channel Name
	Character String

	Valid Spacecraft IDs
	Set of Integers

	Transfer Frame Version Number
	‘1100’ binary

	Transfer Frame Maximum Size
	Integer

	MC Multiplexing Scheme
	Mission Specific

	Maximum Transfer Frame Length (octets)
	Integer

	Presence of a fixed Insert Zone
	Y or N

	Fixed Insert Zone Length (octets)
	Integer

	Presence of Frame Error Control
	Present, Absent

	Frame Error Control Length (octets)
	2 or 4


Parameters for a Master Channel that are independent of  modes
	Managed Parameter
	Allowed Values

	Spacecraft ID
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	Valid VCIDs
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Selectable Set of Integers (from 0 to 62) (in addition to VCID 63)

	VC Multiplexing Scheme
	Mission Specific


Parameters for a Virtual Channel that are independent of  modes
	MAP Multiplexing Scheme 
	Mission Specific

	Valid MAP IDs 
	Set of integers (from 0 to 31)

	COP in Effect
	1, P

	VCID
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0, 1, …, 62 (63 reserved)


Managed Parameters that control Operational Mode
	Managed Parameter
	Allowed Values
	Channel

	Transfer Frame Fixed length
	Y or N
	Physical

	Signaled IZ allowed
	Y or N
	Virtual

	Signaled OCF allowed
	Y or N
	Virtual

	TFDF Fixed Size
	Y or N
	Virtual

	Maximum TFDF Length
	Integer
	Virtual


5.1 Uncoded Mode

Managed Parameters that Control Uncoded Operational Mode

	Managed Parameter
	Allowed Values
	Channel

	Transfer Frame Fixed length
	No
	Physical

	Error Correction Code
	None
	Physical

	Randomization
	Yes or No
	Physical

	CSM
	None
	Physical

	TFSM
	16 bit Barker Code
	Physical

	Idle Octets or OID Frames
	Idle Octets
	Physical

	Maximum Transfer Frame Length (octets)
	Integer
	Physical

	Signaled IZ allowed
	Y or N
	Virtual

	Signaled OCF allowed
	Y or N
	Virtual

	TFDF Fixed Size
	N
	Virtual

	Maximum TFDF Length
	Integer
	Virtual


5.2 Convolutional OnLy mode

Managed Parameters that Control CC Only Operational Mode

	Managed Parameter
	Allowed Values
	Channel

	Transfer Frame Fixed length
	No
	Physical

	Maximum Transfer Frame Length (octets)
	Integer
	Physical

	Error Correction Code
	CC Only
	Physical

	Randomization
	Yes or No
	Physical

	CSM
	None
	Physical

	TFSM
	16 bit Barker Code
	Physical

	Idle Octets or OID Frames
	Idle Octets
	Physical

	Signaled IZ allowed
	Y or N
	Virtual

	Signaled OCF allowed
	Y or N
	Virtual

	TFDF Fixed Size
	N
	Virtual

	Maximum TFDF Length
	Integer
	Virtual


5.3 variable length frame aligned to a variable length codeblock

Managed Parameters that Control VA Operational Mode

	Managed Parameter
	Allowed Values
	Channel

	Transfer Frame Fixed length
	No
	Physical

	Maximum Transfer Frame Length (octets)
	Integer
	Physical

	Error Correction Code
	BCH or short LDPC
	Physical

	Randomization
	Yes
	Physical

	CSM
	Selected for coding algorithm
	Physical

	TFSM
	None
	Physical

	Idle Octets or OID Frames
	Idle Octets
	Physical

	Signaled IZ allowed
	Y or N
	Virtual

	Signaled OCF allowed
	Y or N
	Virtual

	TFDF Fixed Size
	N
	Virtual

	Maximum TFDF Length
	Integer
	Virtual


5.4 Fixed Length Frame Aligned to Fixed Length Codeblock

Managed Parameters that Control VA Operational Mode

	Managed Parameter
	Allowed Values
	Channel

	Transfer Frame Fixed length
	YES
	Physical

	Maximum Transfer Frame Length (octets)
	Integer
	Physical

	Error Correction Code
	Turbo, LDPC, DVB-S2, SCCC, CC+R-S,  R-S
	Physical

	Randomization
	Yes
	Physical

	Number of codewords per codeblock
	Integer
	Physical

	CSM
	Selected for coding algorithm
	Physical

	TFSM
	None
	Physical

	Idle Octets or OID Frames
	OID Frames
	Physical

	TFDF Fixed Size
	Yes
	Virtual

	Maximum TFDF Length
	Integer
	Virtual

	Signaled IZ allowed
	Y or N
	Virtual

	Signaled OCF allowed
	Y or N
	Virtual


5.5  Variable length frame unaligned to a fixed length codeblock.

Managed Parameters that Control VA Operational Mode

	Managed Parameter
	Allowed Values
	Channel

	VCM Included
	Yes or No
	Physical

	Transfer Frame Fixed length
	Yes or No
	Physical

	Error Correction Code
	LDPC, DVB-S2, SCCC
	Physical

	Number of codewords per codeblock
	Integer
	Physical

	CSM
	Selected for coding algorithm
	Physical

	TFSM
	32 bit Standard
	Physical

	Randomization
	Yes
	Physical

	Idle Octets or OID Frames
	Idle Octets or OID Frames
	Physical

	TFDF Fixed Size
	Yes or No
	Virtual

	Maximum TFDF Length
	Integer
	Virtual

	Signaled IZ allowed
	Y or N
	Virtual

	Signaled OCF allowed
	Y or N
	Virtual


ANNEX A 

Implementation Conformance 
Statement (ICS) Proforma

(normative)
ANNEX B 

Security, SANA, and Patent Considerations

(Informative)
B1 Security Considerations
B1.1 security concerns with respect to the CCSDS document

B1.1.1 Data Privacy
B1.1.2 Data Integrity
B1.1.3 Authentication of Communicating Entities
B1.1.4 Control of Access to Resources
B1.1.5 Availability of Resources
B1.1.6 Auditing of Resource Usage
B1.2 Potential threats and attack scenarios

B1.3 Consequences of not applying security to the technology
B2 SANA Considerations

[See CCSDS 313.0-Y-1, Space Assigned Numbers Authority (SANA)—Role, Responsibilities, Policies, and Procedures (Yellow Book, Issue 1, July 2011).]
B3 Patent Considerations

[See CCSDS A20.0-Y-4, CCSDS Publications Manual (Yellow Book, Issue 4, April 2014).]

Emergency telemetry has traditionally been either BCH or Convolutionally only encoded.  The process that is used requires a Transfer Frame Synchronization Marker (TFSM) to be prepended to the frame and to optionally include a FECF in the frame.  The TFSM enables the frame to be delimited and the FECF is to assure that the frame contents were not erroneously modified in transit..  The physical layer requires a continuous bitstream so if the Data Protocol Sublayer does not supply a continuum of frames, then the CS-SL must provide Idle octets between frames to satisfy the continuous bitstream requirement.  Figure 2 is a specific model of the interface between the DP-SL and the CS-SL for an uncoded link.  

This type is identified as the “Uncoded Mode” by the managed parameters
.. 

�All This is good info but it is not blue book material and really deals with NASA’s specific implementation. Can you make it less implementation and NASA specific ?
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