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1. Introduction

[Insert introductory subsections such as PURPOSE, SCOPE, APPLICABILITY, RATIONALE, etc. See CCSDS A20.0-Y-3, CCSDS Publications Manual (Yellow Book, Issue 3, December 2011) for the contents of section 1.]
1.1 purpose

The purpose of this Recommended Standard is to specify the Physical Layer characteristics of free-space optical communications systems that uses on-off keying modulation scheme. This standard is intended to enable vendors and operators to provide compatible laser communication equipment and services for optical on-off keying (O3K) systems, mainly but not limited to high-speed optical direct-to-earth (DTE) telemetry data downlinks. . 
1.2 scope

This Recommended Standard defines Physical Layer schemes in terms of the signal characteristics and procedures involved in the physical transmission of the optical signals.  It does not specify:
a) individual implementations or products;

b) the methods or technologies required to perform the procedures; or
c) the management activities required to configure and control the system.
Issue 1 of this Recommended Standard provides a specification for Optical On-Off keying (O3K) systems, in which the low complexity optical communication is of primary concern.
  Details of the design and implementation of O3K system can be found in references XXXXX… 

1.3 applicability

This Recommended Standard applies to the creation of Agency standards and to the future data communications over optical space links between CCSDS Agencies in cross-support situations.  It includes comprehensive specifications of the data formats and procedures for inter-Agency cross support.  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 program of each CCSDS Agency and is applicable to those missions for which cross support based on capabilities described in this Recommended Standard is anticipated.  Where mandatory capabilities are clearly indicated in sections of this Recommended Standard, they must be implemented when this document is used as a basis for cross support.  Where options are allowed or implied, implementation of these options is subject to specific bilateral cross support agreements between the Agencies involved.

1.4 rationale

The rationale for producing this Recommended Standard is that it facilitates cross support at the physical layer of optical communications systems used by CCSDS member agencies.  Such cross support requires specification of set of allowable center frequencies of transmission, along with other physical layer characteristics of the signal.

The CCSDS believes it is important to document the rationale underlying the recommendations chosen, so that future evaluations of proposed changes or improvements will not lose sight of previous decisions. The rationale for the specifications making up this Recommended Standard is expected to be documented in a forthcoming CCSDS Informational Report.

1.5 Document structure

The document is divided into 4 numbered sections and 4 annexes

a) Section 1 presents the purpose, scope, applicability, rationale, document structure , definitions and references;

b) Section 2 presents the overview of the architecture and summary of functions. 

c) Section 3 specifies O3K communication signal characteristics

d) Section 4 specifies O3K beacon signal characteristics. 

e) Annex A …

f) Annex B…

1.6 Nomenclature

1.6.1 Normative text

The following conventions apply throughout this Specification:

a) the words ‘shall’ and ‘must’ imply a binding and verifiable specification;

b) the word ‘should’ implies an optional, but desirable, specification;

c) the word ‘may’ implies an optional specification;

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

1.6.2 Informative text

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

· Overview;

· Background;

· Rationale;

· Discussion.

1.7 Conventions

In this document, the following convention is used to identify each bit in an N-bit field.  The first bit in the field to be transmitted (i.e., the most left justified when drawing a figure) is defined to be ‘Bit 0’,  the following bit is defined to be ‘Bit 1’, and so on up to ‘Bit N-1’.  When the field is used to express a binary value (such as a counter), the Most Significant Bit (MSB) shall be the first transmitted bit of the field, i.e., ‘Bit 0’ (see figure 1‑1).
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Figure 1‑1: Bit Numbering Convention
In accordance with standard data-communications practice, data fields are often grouped into 8-bit ‘words’ which conform to the above convention. Throughout this specification, such an 8-bit word is called an ‘octet’. The numbering for octets within a data structure starts with ‘0’.

NOTE
–
Throughout this document, ‘bit’ refers to the contents of the transfer frames.  A bit is a binary digit transferred between the Data Link Protocol sublayer and the Coding and Synchronization sublayer. Other symbols, whether binary or nonbinary, will be referred to by other names, such as ‘binary digits’. It should be understood that the ordering conventions described above apply equally to other types of symbols.
1.8 Terms

center frequency: The central frequency of a laser beam occupying a range of frequencies.

laser linewidth: The spectral linewidth of a laser beam.

optical pulse: An emission of photons, often constrained with respect to its amplitude, shape, and duration.

polarization extinction ratio: The ratio of optical powers of perpendicular polarization.

pulse repetition rate: The number of emitted pulses per second, or the inverse temporal pulse spacing
1.9 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.
[Only references required for the implementation of the specification are listed in the References subsection. See CCSDS A20.0-Y-3, CCSDS Publications Manual (Yellow Book, Issue 3, December 2011) for additional information on this subsection.]

2. Overview
[Non-normative overview text appears in section 2. See CCSDS A20.0-Y-3, CCSDS Publications Manual (Yellow Book, Issue 3, December 2011) for the contents of section 2.]

2.1 architecture
The Figure 2‑1 depicts the relationship between the Recommended Standard to the Open Systems Interconnection reference model (ref?). Two sublayers of the Data link layer are defined for CCSDS space link protocols. The Data link protocol sublayer provides functions for producing Transfer Frames. The synchronization and channel coding sublayer provides the function for encoding and synchronizing the Transfer Frames for transferring them error-free over an O3K link. The O3K Physical layer specified in the Recommended Standard provides the required characteristics of the Physical layer transmission from space to ground  that uses on-off-keying modulation scheme. 

[image: image3]

2.2 Summary of Functions

The overall architecture of the optical communications system is shown in Figure 2‑2. Throughout the communications session, the optical Terminal (GT) transmits a beacon.  The Terminal A(ST) receiver locks onto the beacon and uses it to assist in accurately pointing its optical transmitter. This recommendation specifies the physical layer of the Terminal A and Terminal B. In a typical application, Terminal B on the ground transmits an uplink beacon  to Terminal A in space, and Terminal A transmits a downlink telemetry signal to Terminal B

                                     
[image: image4]
Figure 2‑2: Overall architecture of the optical communications system
3. Communications Signal characterstics
After the Coding and Synchronization layer, a binary vector is created which is to be modulated by absence (0) or presence (1) of pulse in the slot by the transmitter at physical layer. The physical characteristics of these pulses at end of transmitter are described below. At the receiver, physical layer demodulates the data and delivers the information to the Coding and Synchronization layer. 
3.1 Center Frequencies
The center frequency shall be  191.6
00+ n×0.1 THz, where n is an integer ranging from -3 to 43 for choosing a band for communications downlink. These frequencies are: 191.300THz to 195.900THz
 
3.2 Center Frequency Tolerance
The center wavelength’s tolerance shall be maximum (20GHz. 


3.3 Laser Line-Width 

Laser linewidth tolerance shall be according to ITU’s DWDM specifications [Reference]
TODO: put a number here
3.4 In-Band and spillover emissions

The laser shall transmit 95 percent of its energy within ( 20 GHz of its center frequency
3.5 Laser Tuning Range

No tuning range required for fixed signal wavelengths
3.6 Laser Tuning Range Rate

NA

3.7 Laser Relative Intensity Noise

NA
3.8 Laser Frequency Noise

NA
3.9 Laser Phase Noise

NA
3.10 Polarization

3.10.1 Polarization type

N.A.  Downlink and uplink shall employ non-polarized signals 
3.10.2 Polarization Extinction Ratio
NA
3.11 Modulation

3.11.1 Modulation Scheme

OOK-NRZ with equal lengths of ones and zeros slots
3.11.2 Pulse Shape/Eye Diagram
.... to be added

! Define rise & fall time relative to pulse-
length. 
3.11.3 Accuracy and Stability of pulse shape (e.g. jitter)
+/-1% of slot length TS

3.11.4 Extinction Ratio
> 10dB ON/OFF ratio
3.12 Channel Data Rate Modes

A range of channel rates to choose from is provided. The rate r is based on fractions of 10Gbps as provided in formula below:
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 and k typically up to (but not limited to) 13 thus providing a lowest rate of 1.22070 Mbps

4. Beacon signal characterstics
After the Coding and Synchronization layer, a binary vector is created which is to be modulated by absence (0) or presence (1) of pulse in the slot by the transmitter at physical layer. The physical characteristics of these pulses at end of transmitter are described below. At the receiver, physical layer demodulates the data and delivers the information to the Coding and Synchronization layer. 
4.1 Center Frequencies

Basic uplink frequency a) shall be 188.60 THz +/- 0.059THz 
 

Alternative Uplink b) is to selected one frequency from  191.6 + 0.1*n THz, n=34, 35,…, 43,  i.e. 195.000THz to 195.900THz.  

Alternative Uplink c) 281.65 THz (1064.4 nm) to 281.91 THz  (1063.4 nm)( 
4.2 Center frequency tolerance

The center wavelength’s tolerance shall be maximum (20GHz.
4.3 Laser Tuning Range

NA
4.4 Laser Tuning Range Rate

NA
4.5 Laser Line Width

Maximum of laser line-width FWHM of the beacon uplink for basic uplink frequency a), and alternative b)  is +/-12.5GHz (0.1 nm
 )
Alternative Uplink c): Laser line-width and wavelength accuracy of the beacon uplink at  shall be +/- 0.25nm.
  

4.6 In-band and spillover emissions
The laser shall transmit 95 percent of its energy within ( 20 GHz of its center frequency.

4.7 Laser Relative Intensity Noise

NA
4.8 Laser Frequency Noise

NA
4.9 Laser Phase Noise

NA
4.10 Polarization

4.10.1 Polarization type
N.A.  
4.10.2 Polarization Extinction Ratio

NA

4.11 Modulation 

GT shall transmit its beacon signal either unmodulated (CW) or with either rectangular or   sinusoidal
 pulses with a major spectral component at one predefined frequency, which shall be in the interval  [0 , 20] kHz 
4.11.1 Spectral mask

NA
4.11.2 Pulse Shape/Eye Diagram

NA
4.11.3 Pulse Repetition Rate

Between CW to 20kHz
4.11.3.1 Accuracy and Stabilit
y (e.g. jitter)

+/-0.1%

4.11.4 Extinction Ratio

>10dB ON/OFF ratio. NA when uplink data modulation is applied.
4.11.5 Data rates (range of rates, discrete set, etc.)

NA

5. Managed parameters

	Managed Parameter
	Allowed Values

	n, the telemetry signaling center frequency selection parameter
	-3 to 43

	Telemetry signaling slot width (Ts)
	0.1 ns, 0.2 ns, 0.4 ns, 0.8 ns, 1.6 ns, 3.2 ns, 6.4 ns, 12.8 ns, 25.6 ns, 51.2 ns, 102.4 ns, 204.8 ns, 409.6 ns, 819.2 ns. .

	Beacon frequency options
	188.60 THz +/- 0.059THz
195.000THz to 195.900THz

281.15THz to 282.210THz


	Beacon pulse rate
	CW ... 20KHz


ANNEX A 

service definition

[Normative ]

[Annexes contain ancillary information. Normative annexes precede informative annexes. Informative references are placed in an informative annex. See CCSDS A20.0-Y-3, CCSDS Publications Manual (Yellow Book, Issue 3, December 2011) for discussion of the kinds of material contained in annexes.]

A1 Introduction

A2 security concerns with respect to the CCSDS document

A2.1 Data privacy

A2.2 Data integrity

A2.3 Authentication of communicating entities

A2.4 Control of access to resources

A2.5 Availability of resources

A2.6 Auditing of resource usage

A3 Potential threats and attack scenarios

A4 Consequences of not applying security to the technology

ANNEX B 
SECURITY, SANA, and Patent CONSIDERATIONS

(Informative)
B1 Security Considerations

B.1.1 SECURITY BACKGROUND

It is assumed that security is provided by encryption, authentication methods, and access control to be performed at a layer above the physical layer and coding and synchronization sublayer. Mission and service providers are expected to select from recommended security methods, suitable to the specific application profile. Specification of these security methods and other security provisions is outside the scope of this Recommended Standard. The Physical Layer has the objective of delivering data with the minimum possible amount of residual errors. The associated channel coding as described in reference [1] must be used to insure that residual errors are detected and the frame flagged. There is an extremely low probability of additional undetected errors that may escape this scrutiny. These errors may affect the encryption process in unpredictable ways, possibly affecting the decryption stage and producing data loss, but will not compromise the security of the data.
B.1.2 SECURITY CONCERNS
Security concerns in the areas of data privacy, authentication, access control, availability of resources, and auditing are to be addressed in higher layers and are not related to this Recommended Standard.

B.1.3 CONSEQUENCES OF NOT APPLYING SECURITY
There are no specific security measures prescribed for the Physical Layer. Therefore consequences of not applying security are only imputable to the lack of proper security measures in other layers. Residual undetected errors may produce additional data loss when the link carries encrypted data.

B2 Sana Considerations

The recommendations of this document do not require any action from SANA.
B3 Patent Considerations

No patents are known to relate to this Recommended Standard
.
ANNEX C 

Abbreviations and Terms

(INFORMATIVE)
C1 Introduction

This annex lists key abbreviations and terms that are used throughout this Recommended Standard.
C2 Abbreviations
O3K

Optical On-Off Keying
DTE

Direct-to-Earth
OOK

On-Off Keying
ARQ

Automatic Repeat Request

WDM

Wavelength Division Multiplexing

LEO

Low-Earth-Orbit

ITU

International Telecommunication Union

MSB

most significant bit 
OSI

Open Systems Interconnection
PPM 

pulse position modulation

PRR

pulse repetition rate
NRZ

Non-return-to-zero

ST

Satellite Terminal

GT

Ground Terminal

RSSI

Received signal strength indication
.

ANNEX D 

informative references
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� A subsequent issue of this Recommended Standard may provide a specification for low-complexity and/or high-data-rate optical communications.





�We shall not focus  NOW on chapter 1 since it might be removed or completely rewritten when merged with the HPE-chapter 1 (As per discussion in Fall 2018 Meeting)


�Resonse to Curts comment. It is now copied and adjusted from HPE book.  Same for othr sections of the chapter. 


�chapter was moved from Annex as decided during Berlin Fall  2018 meeting


�to add referenced CCSDS-books later


�ITU is 193.1 – why in HPE-book different from ITU?


�nis made up to 43 to be compatible with HPE book.  Atmos transmissivity-issues moved to GB


�Curt suggested to remove  these subsections but they are kept to make clear that we do not have to specify the parameters – at least for the moment


�


�TODO:Add more information here


�this number to be checked with datasheets: not put too high demand at 10Gbps


�As per feedback, we replaced the table with the formula – table goes to GB


�L-Band channel # 26: 1589.57nm is 188.60THz . Exact frequency to be finally confirmed. 


�TBD!


�TBD if it makes sense to adjust to HPE parameters


�rectangular would cause power at other spectral components which would be filtered off later anyway


�TBD!


� TBD


�telecommand Uplink transmission shall not be in the current standard


�To be confirmed
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