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Section 1
Introduction

11 Purpose

This Services Catalog provides a comprehensive overview of the capabilities available from the Deep
Space Network to support flight projects and experiment investigations. The capabilities described here
are focused on deep space missions, near-Earth missions above Geosynchronous Earth Orbit (GEO)
distance, and ground-based observational science, although many are potentially applicable to other
mission domains.

The descriptions given in this Services Catalog are intended to aid those preparing mission and
experiment proposals, as well as those in the early stages of project planning. More specifically, the
Services Catalog:

e Provides a standard taxonomy of services. It serves as the basis for service-level agreements and
other instruments of commitment between flight project and experiment investigation customers and
the service providers.

e Provides high-level descriptions of the capabilities. It will assist mission proposers and planners in
scoping their efforts and in establishing conceptual designs for areas concerning space
communications. In addition, since the DSN services and capabilities are constantly evolving, the
Catalog is a means to communicate with missions for new things to come and old to decommission,
so that the affected missions can plan for such changes in alignment with the DSN.

e Provides basic information regarding how to obtain services and support. It aids pre-project
customers in planning. It includes information regarding pricing that can be used in deriving life-
cycle cost estimates for mission systems. This is crucial in an era of full cost accounting, as the
mission selection process conducted by the various National Aeronautics and Space Administration
(NASA) Programs must take into account their expenditures on DSN services.

1.2 Scope

The capabilities identified in this Services Catalog come from the Deep Space Network (DSN), a multi-
mission system, which provides space communication services, i.e., acquisition and/or transport of
tracking, telemetry, and command (TT&C) data over the space links, as well as observational science
utilizing those links.

The capabilities provided to customers are data services. These are operational functions that relate
directly to the communications and tracking over space-ground communications links, and to the
acquisition of observational data pertaining to such links. These functions are performed in their entirety
by the service provider.

In accordance with established policy, this Services Catalog includes only capabilities that are either
available or have funded deployment plans and approved commitment dates at the time of its release.

Note that the Services Catalog is not a requirements, design, or interface specification. The various
documents more fully defining the capabilities and their interfaces are discussed in Section 2, "DSN
Overview", and identified in Section 3, "Data Services". The various instruments of commitment and
their usage are discussed in Section 6.4, "Commitment Process".

1.3 Notation and Terminology

Throughout this Services Catalog, references to external documents are noted by footnotes. A complete
list of references is shown in Appendix B, "Document Information".
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Terms and acronyms used within this Services Catalog are defined in Appendix A, "Glossary &
Acronyms". However, the reader should be particularly aware of some key terms. They are:

Capability............... Used generically in the Services Catalog to refer to any and all services and
support used by missions

Customer................ An organization that requires capabilities from the DSN in order to conduct a
flight project or experiment investigation

Decommissioned....... Applies to a capability or facility that is no longer supported for use by any
customer

DSN Science............ Refers collectively to Radio Science services, Radio Astronomy / Very Long

Baseline Interferometry (VLBI) services, and Radar Science services, or the data
and meta-data generated by these services

Mission.................. Used generically in the Services Catalog to refer to a flight project, and an
experiment investigation conducted in conjunction with a flight project, or an
experiment investigation using the DSN as a science instrument

Mission Data............ Data that are transported via the space-ground communications link, or are
derived from observation of that link — including command data (but not all
information pertaining to command preparation), telemetry (level 0 or
thereabouts), tracking data (but not navigation data), and DSN science data

|ULTS A person participating in flight project mission operations or an experiment
investigation, who interacts directly with services or support provided by the
DSN

1-2
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Section 2
DSN Overview

This section provides a description of the DSN in the context of mission operations, a physical view of
the DSN, and the service concept of the DSN.

2.1 Mission Operations Context

2.1.1 Functional View

Figure 2.1 depicts a functional view of the DSN in the context of mission operations. The breakdown

shown is typical for a flight project, although there can be substantial variety resulting from a particular
mission's characteristics, organization, and operational strategy.

T
! ¢ 1
_ 1 ! e - Science Plans !
Service Management | | Command A Mission 1
! Generation [ « Planning 1
\ 1 Sequencing |
| - Commands + — 1
: | - Transmit Control = (il 1 |
1 | I
Command }1 : T 1
1! )
! ; |
1 : Mission Control Flight System > Pli:r?i:ce& :
1 & Monitoring ¢ Analysis 9 |
1 : 7 Analysis | |

1 [

1! k L '
1 : w A Instrument Data :
1 i DataMgmt & [ | Processing |
Telemetry 1 1 > Archiving 1
I | -Telemetry Frames, - |
1 i Packets, Files, + - Science Data |
| : | Beacon Tones - Ancillary Data |
Tracking Tt —»|  Navigation |
| 1 -Validated Tracking 1
! ]
. 1
DSN Science v - DSN Science Data \
Radio Science, VLBI/Radio + \ I | | | 1
Astronomy, Radar Science : | T |
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1 : Ground Communications :

I
| 1

1
DSN ! MOS :

Figure 2-1. Mission Operations Context — Functional View

Three distinct operational domains are shown in the diagram above:

o Flight system — The flight system performs as a semi-autonomous operations system. It carries out a
wide variety of functions (such as command or sequence execution, making in situ or remote
measurements or other observations, on-board data management, and the on-board aspects of space
communication, etc.) that vary by mission. The flight system communicates directly with the DSN
via the space-ground communications link, and indirectly with the flight project's Mission Operations
System (MOS) through the DSN.

e DSN — The DSN operates on a multi-mission basis, serving many flight projects and experiments
concurrently. The DSN carries out a standard set of functions on the customer's behalf (e.g.,
command and telemetry data transport, tracking, and ground-based science data acquisition). These
are coordinated via a common service management function (this is not explicitly shown in the
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diagram, but is described further later on). The DSN communicates with the flight system directly
via the space-ground communications link, and with the MOS via a set of standard service interfaces.
Mission Operations System (MOS) — The flight project’s or experiment investigation's MOS operates
largely as a dedicated operations system. The MOS carries out the ground engineering functions
necessary to operate a mission (such as planning, sequence and command generation, navigation, and
analysis of flight system performance and behavior). Science planning and analysis may also be
carried out by the MOS (as shown), or may be relegated to a separate Science Operations System
which interacts closely with the MOS. The MOS communicates directly with the DSN via the service
interfaces, and indirectly with the flight system through the DSN.

2.1.2 Physical View

Figure 2.2 depicts a physical view of the DSN in the context of mission operations, identifying the key
facilities used in supporting flight projects and experiment investigations.

Deep Space
Communications
Complex (DSCC) |
Goldstone |
| Canberra
| it e Mission Operations
Center (MOC)
o - Remote
Compatibility Test Trailer
(CTT)
I
Development Test |
Facility (DTF-21) |
Remote Operations
Center (ROC)
Mission Operations
Center (MOC
Deep Space LAN ( )JPL
Emergency Control Center Operagcs)nosCCenter
(ECC) ( )
Goldstone

Figure 2-2. Mission Operations Context — Physical View

The facilities shown in the figure are described as follows:

Deep Space Communications Complexes (DSCC) — The three DSCC facilities are located near
Barstow in Goldstone, California; Madrid in Spain; and Canberra in Australia. Each complex has a
Signal Processing Center (SPC) and a number of antennas, including at least a 70m antenna, a 34m
High Efficiency (HEF) antenna, and a 34m Beam Wave Guide (BWG) antenna. It also has the
support infrastructure and personnel needed to operate and maintain the antennas.

Figure 2.3 identifies the antenna sizes and types available at each of the locations. These stations
communicate with and track spacecraft at S-. X-band or Ka-band.. . See section 5.1, "DSN Stations
— Operating Modes and Characteristics" for a summary of the characteristics and RF capabilities of
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each antenna. A more detailed specification of the key characteristics of the DSN antennas can be
found in the DSN Telecommunications Link Design Handbook'.

In addition, the DSN has entered into an agreement with the Australian Commonwealth Scientific and
Industrial Research Organisation (CSIRO) to use the Australia Telescope Compact Array (ATCA) at
Narrabri as a backup for the one antenna at the DSN Canberra complex with Ka-band capability, and has
provided CSIRO with a set of telemetry processing equipment. The agreement required the ATCA to
provide sufficient aperture to equal or exceed the performance of the DSN 34-m antenna at Ka-band
however the details of this performance are beyond the scope of this document.

Deep Space Network Resources

i 5] -4 Fﬂ, i‘" - 1 -4

Signal Processing Signal Processing Slgnal Processing
Center SPC-10 Center SPC-60 Center SPC-40

70
Dals-_’ ' DA - I D!
i = it ® | =
Goldstone, Madrid, Canberra,
California Spain Australia

44/

CTT-%Z ;s
Con})«m ity
est

Trailer

Operations

—Center
&DTF-21 \

Figure 2-3. DSN Asset Types and Locations

! DSN Telecommunications Link Design Handbook, Document No. 810-005, Rev. E, Jet Propulsion Laboratory, Pasadena,
California. Online at http://eis.jpl.nasa.gov/deepspace/dsndocs/810-005/
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DSN Test Facilities

0 The Development Test Facility (DTF-21), located near JPL, is used to conduct tests
of RF compatibility between the DSN and the customer's flight system, and as a
development test facility for modifications to be implemented in the DSN.

0 The Compatibility Test Trailer (CTT-22) is a transportable facility for conducting
tests of RF compatibility between the DSN and the customer's flight system at the
customer's facility.

0 MIL-71 is located at Merritt Island, Florida, provides DSN-compatible launch
support for launch operations at NASA's Kennedy Space Center.

e Emergency Control Center (ECC) — This DSN facility is located at Goldstone, California. It
is a scaled-down mission operations center intended to enable limited flight operations in the
event that a natural disaster or other catastrophe disables operations at JPL.

e Deep Space Operations Center (DSOC) — This is a facility located at the JPL Oak Grove site
in Pasadena, California. The DSOC includes the computing and communications
components and the personnel that provide central monitor and control of the network, and
coordination between the globally distributed DSCCs, as well as data processing and the data
delivery interface to the missions.

e Remote Operations Center (ROC) — This comprises the facilities, equipment, and personnel
that provide day-to-day operations engineering and support functions for the DSN.

e Mission Operation Centers (MOCs) — These customer facilities house the MOS. They are
typically assigned to a single flight project, although shared MOCs are sometimes used.
Depending on the project, MOCs may be located at JPL in Pasadena, California; at a
spacecraft vendor's site; at the customer's home institution; or some combination thereof.

An alternative term that is commonly used in reference to JPL missions is Mission Support
Area (MSA). This can be thought of as a synonym for "MOC", or as a reference to a
dedicated area with a larger MOC serving multiple missions.

2.2 Service Concepts

The DSN provides a variety of different types of capabilities covering a broad range of mission functions.
The capabilities provided by the DSN are classified as follows:

e Data Services
e Engineering Support

221 Data Services

Generally, "service" means "work done on behalf of another". Within this Services Catalog, we use a
more stringent definition that conforms to the precepts of service-oriented systems architectures:

Service — A self-contained function, which accepts one or more requests and returns one or more
responses through a well-defined, standard interface. A service does not depend on the context or state of
other services or processes (although it may utilize other services via their interfaces).

Services are specified from the uset's point of view, i.e., in terms of "what it provides" rather than "how it
is performed" or "what does the job". Another way of saying this is that a service is completely specified
in terms of its behavior and performance without reference to a particular implementation.

The services described herein are "mission operations" services, i.e., a service provider (e.g., the DSN)
produces engineering or science operations results for a flight project or experiment investigation. The
service is the "whole job" in the operations sense. It will thus typically involve a combination of software

2-4



820-100, Rev. E

components, computing and communications hardware, personnel and the procedures they follow, as well
as facilities. Further, the service is also the "whole job" in the life-cycle sense. The design,
implementation, integration, verification and validation activities needed to supply the service are an
inherent part of it.

"Data Services" are mission operations services that relate directly to the transport of mission data over
space-ground communications links, and to the acquisition of observational data pertaining to such links.
They exhibit the following common characteristics:

e "Pick & Choose" — The data services offered by the DSN are independent of each other, i.e.,
subscribing to one service does not imply a need to also subscribe to additional, unrelated services.
Customers can thus pick and choose those services that are relevant to their purposes and cost-
effective to use.

e "Plug & Play" — DSN-provided data services are multi-mission in nature. This means that they
generally require table adaptations, provided they are used in accordance with their standard
definition. No development is required on the part of the DSN beyond configuration, parameter
updates, mission service validations and interface testing. The development needed on the customer's
side is limited to that inherent in using the standard service and meeting its interfaces.

o Standard Interfaces — DSN-provided data services are accessed via well-defined, standard data and
control interfaces. "Standard interfaces" in this usage include those formally established by standards
organizations (e.g., the Consultative Committee for Space Data Systems (CCSDS), the Space
Frequency Coordination Group (SFCG), the International Telecommunication Union (ITU), the
International Organization for Standardization (ISO)), de facto standards widely applied within
industry, and common interfaces specified by the DSN?. Where feasible, data service interface
standards have been chosen so as to enable a high degree of interoperability with similar services
from other providers. This mitigates the need for additional development effort on the part of both
the DSN and the customer, as well as maximizing the customer's opportunities to reuse service
utilization applications.

e Accountable — The performance of each data service to which a customer subscribes is routinely
measured and reported. In addition, since services are provided on a fee schedule basis, the recurring
costs of providing a particular service are also tracked.

2.2.2 Engineering Support

DSN engineering personnel can be made available to support customers in conducting pre-project studies,
mission design, MOS/GDS development, integration and test, as well as mission operations. These are
most commonly conducted on a level-of-effort basis, but may entail specific deliverables. The scope of
each engineering support activity must be assessed on a case-by-case basis, and availability of personnel
is naturally limited.

2.3 List of Services and Support
The following sections list the services and support capabilities offered by the DSN.

231 List of Standard Data Services

e Command Services
0 Command Radiation Service
0 Command Delivery Service

2 Deep Space Network / Detailed Interface Design, Document No. 820-013, Jet Propulsion Laboratory, Pasadena, California
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o Telemetry Services
Frame Service

Packet Service
Telemetry File Service
Relay Service

O O 0O oo

Beacon Tone Service

e Tracking Services
0 Validated Radio Metric Data Service
0 Delta-DOR Service

e Calibration and Modeling Services
0 Platform Calibration Service
0 Media Calibration Service

o Radio Science Services
0 Experiment Access Service
0 Data Acquisition Service

e Radio Astronomy / VLBI Services
0 Signal Capturing Service
0 VLBI Data Acquisition Service
0 VLBI Data Correlation Service

o Radar Science Services
0 Experiment Access Service
0 Data Acquisition Service

2.3.2 List of Engineering Support

e System Engineering Support

e Advanced Mission Planning Support

e Emergency Mission Operations Center Support
o RF Compatibility Test Support

e Mission System Test Support

e Spectrum and Frequency Management Support

e Spacecraft Search Support
2.3.3 List of Decommitted Capabilities

The following capabilities are decommitted and are not available to new missions (applicable service
identified in the “()”); they still may be available to missions with an existing commitment. The
information is therefore not reflected in later Services Attributes Tables in Section 3.

e Square wave subcarrier for command modulation (Command Radiation and Command
Delivery Services)

e 400 kW S-band uplink (Command Radiation and Command Delivery Services)
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Command throughput interface (Command Radiation Service)
Bit stream data in 4800-bit block interface (Telemetry Services)

Long constraint length (k=15, r=1/4 or 1/6) convolutional codes (Frame, Packet, Telemetry
File, and Relay Services)

Telemetry SFDU interfaces other than 0161-Telecom (Frame, Packet, Telemetry File, and
Relay Services)

30 day data retention (Frame, Packet, Telemetry File, and Relay Services)

Raw radiometric data (Tracking Services)

Tracking data interface TRK-2-18 (Validated Radio Metric Data and Delta-DOR Services)
Tone ranging (Validated Radio Metric Data Service)
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Section 3
Data Services

This section describes the standard data services provided by DSN. The individual data services are
grouped into eight service families. Each family is a collection of functionally related services. The
various services within a family are distinguished from one another by the level of processing involved,
their value-added function, or the type(s) of source data.

Performance values specified in this document are for conception only. Please see reference documents
for latest performance specifications.

3.1 Command Services

The Command Services transmit data to the spacecraft. Command data transmitted typically includes
commands, sequence loads, and flight software loads, but may also include any other types of data
elements. This service family is functionally divided into Command Radiation service and Command
Delivery service. The following summarizes these services in terms of their associated data modes and
protocols:

Table 3-1. Command Services Summary

Command Service Type Data Mode Protocol and Interface Specification
CCSDS SLE Forward CLTU Service®
Stream Mode 0163-Telecomm*
Command Radiation Service _
File Mode AMMOS Space Command Message File

(SCMF) Interface, 0198-Telecomm’

CCSDS File Delivery Protocol (CFDP),
0213-Telecomm®

Command Delivery Service | File Mode

3.1.1 Command Radiation Service

Command Radiation is the more rudimentary of the two services. DSN operates this service in either a
Stream Mode or a File Mode. In the stream mode, data in the form of Command Link Transmission
Units (CLTUs) is received from a customer's MOS and radiated, as prescribed in the SLE Data PDU, to a
spacecraft during a pass as a series of individual data units (that could be concatenated). Conversely, in
file mode, a command file, i.e., the Space Command Message File (SCMF) is stored at DSN DSOC prior
to, or during, a pass and radiated to the spacecraft at a customer-specified time (radiation is reliant on an

3 Space Link Extension Forward CLTU Service Specification, CCSDS 912.1, Blue Book, Issue 2, November 2004

4 Deep Space Network / Detailed Interface Design, Document No. 820-013, 0163-Telecomm, " Space Link Extension Forward Link Service and
Return Link Service”, July 2007

> Deep Space Network / Detailed Interface Design, Document No. 820-013, 0198-Telecomm-SCMF, “Spacecraft Command Message File
(SCMF) Interface”, August 2007

6 CCSDS File Delivery Protocol (CFDP), Deep Space Network / Detailed Interface Design, Document No. 820-013, 0213-Telecomm-CFDP,
“Deep Space Network (DSN) Interface for the CCDSDS File Delivery Protocol (CFDP)”, May 2009
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operator). Both modes ensure timely radiation of command data; however, error-free command delivery
to the spacecraft is not guaranteed.

The CCSDS Space Link Extension (SLE) CLTU is the standard interface protocol in stream mode, with
the DSN Command Radiation.

Table 3.2 contains a set of attributes summarizing the functions, performance, and interfaces for the
Command Radiation Service. Relevant documents for this service are also identified in the table.

Table 3-2. Attributes of the Command Radiation Service

Parameter Value

Near-Earth S, X

Frequency Bands Supported Deep space S, X

S-Band:  34m BWG 99 dBW at 20 kW
34m HEF 79 dBW at 250 W*
34m HSB 77 dBW at 200W
e 70m 106 dBW at 20 kW
EIRP and Transmitting Power X-band:  34m 110 dBW at 20 kW
BWG/HEF
70m 116 dBW at 20 kW
Refer to Table 5-1.
RCP
Polarizations Supported LCP

No RCP/LCP simultaneity

BPSK on subcarrier for uplink rate < 4 kbps
Modulation Types BPSK directly on carrier for uplink rate 4 kbps to 256
kbps

NRZ: L, M, S

Modulation Formats Bi-phase L or Manchester, M, S

Modulation Index Range 0.1 - 1.4 radians

Residual carrier: sine wave

Carrier/Subcarrier Waveform Subcarrier: 8 or 16 kHz

Uplink Acquisition Types CCSDS Physical Link Operations Procedure-2 (PLOP-2)
. Maximum 256 kbps
Uplink Data Rate Minimum 7.8 bps
Channel Coding Provided by mission user
Stream of CLTUs over a TCP/IP interface
Data from MOC to DSN or
File of CLTUs
CLTU per CCSDS TC Space Link Protocol (ref. CCSDS

Data from DSN To Spacecraft

232.0-B-1)
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Parameter Value

Maximum CLTU size: 32,752 bits
Data Unit Size Minimum: 16 bits
A series of CLTUs can be contiguously radiated.

Data Retention Period No data retention other than buffer staging for radiation

CCSDS Space Link Extension (SLE) Forward CLTU

Data Delivery Methods from MOC to (ref. CCSDS 912.1-B-2), on-line delivery mode
DSN AMMOS Space Command Message File (SCMF)

Interface, on-line or off-line delivery mode

Radiation Latency < 125 milliseconds per CLTU
Service Operating Mode Automated
Nominal 95%

Service Availability Mission critical event 98%

Radiated CLTUs are verified providing a guarantee of
Data Completeness successful radiation, but no guarantee of reliable
command receipt at the spacecraft

Bit error rate: 107

ot
Data Quality CLTU error rate: 10

Accountability Reporting SLE command radiation status report

Ground Communication Interface

Methods Refer to Section 3.8

DSN documents 810-005; 810-007"; 820-013 0163-
DSN Interface Specifications Telecomm, 0191-Telecomm, 0197-Telecomm, 0198-
Telecomm

* Available at DSS-45 and DSS-65 only
T Error rates depend on received SNR at the spacecraft

The Command Radiation Service offers two ranges of uplink data rates using different command
modulation schemes — Low-Rate command and Medium-Rate command

1) Low-Rate Command — Uplink rates for Low-Rate Command range from 7.8 bps to 4 kbps. The
uplink modulation scheme for this mode complies with the CCSDS recommendation®. Command
data units from the customer's MOS are Phase Shift Key (PSK) modulated by the DSN on a 8 or
16 kHz sine wave subcarrier such that the subcarrier is fully suppressed. This PSK-modulated
subcarrier is then modulated onto the RF carrier so as to leave a residual (remaining) carrier
component.

7 DSN Telecommunications Link Design Handbook, Document No. 810-007, Rev. E, Jet Propulsion Laboratory, Pasadena, California. Online at
http://eis.jpl.nasa.gov/deepspace/dsndocs/810-007/

8 CCSDS Recommendation 401 (section 2.2.2) B-18, "Low-Rate Telecommand Systems" in Radio Frequency and Modulation System, Part 1 -
Earth Stations and Spacecraft, CCSDS 401.0-B18, December 2007
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2) Medium-Rate Command — Uplink rates for Medium-Rate Command range from 8 kbps to 256
kbps. The uplink modulation scheme for this mode complies with the CCSDS recommendation’.
Command data units from the customer's MOS are modulated onto an RF carrier (instead of
subcarrier) by the DSN so as to leave a residual (remaining) carrier component. The maximum
uplink data rate, 256 kbps as shown in Tables 3.2 and 3.3, can only be met under limited
circumstances:

a) Contiguous radiation of a sequence of CLTUs is ensured

b) The radiation duration of each CLTU (number of bits/data rate) must be greater than 100
msec

¢) The maximum CLTU size that can be accepted is 32,752 bits
Moreover, data quality identified in Tables 3.2 and 3.3 assumes sufficient Ey/N, floor provided for the
space forward link.

3.1.2 Command Delivery Service

e Command Delivery is a more comprehensive service. This service includes the functionality of lower
level services, i.e., the Command Radiation Service, and the reliable command delivery feature. It
accepts command files from a Project's MOS in either real-time or at any point prior to the time
designated for radiation. The command files are stored at the DSOC until positive confirmation of
successful file delivery to the spacecraft. Using the standard CCSDS File Delivery Protocol
(CFDP)", this service executes command radiation while providing reliable "error-free" delivery of
command data to a spacecraft. The reliable command delivery is accomplished through the selective
retransmission scheme of CFDP. Therefore, missions subscribing to this service must implement that
capability on the spacecraft compliant to the CFDP standard. This service requires the project to send
the CFDP response directives (ACK, NAK and FIN) that are received from the S/C via telemetry to
the DSN. The Command Delivery service can operate in either of two basic modes:

e Unacknowledged mode — In this mode, missing PDUs or other uncorrected errors in transmission are
not reported by the spacecraft. This mode thus does not require interactive response from the
spacecraft. However, missed data will not be automatically retransmitted. This is referred to in the
CCSDS specification as "unreliable transfer".

e Acknowledged mode — This mode guarantees complete file transfer within the parameters established
for the protocol. The spacecraft will automatically notify the MOS (via downlink telemetry) if file
segments or ancillary data are not successfully received (i.e., PDUs are missing or malformed). The
MOS can then retransmit the missed items, and the spacecraft will combine them with the portions
that were previously received. This is referred to in the CCSDS specification as "reliable transfer".

Table 3.3 contains a set of attributes summarizing the functions, performance, and interfaces for the
Command Delivery Service. Relevant documents to this service are also identified in the table.

? CCSDS Recommendation 401 (section 2.2.7) B-18, "Medium-Rate Telecommand Systems" in Radio Frequency and Modulation System, Part 1
- Earth Stations and Spacecraft, CCSDS 401.0-B-18, December 2007

10 CCSDS File Delivery Protocol (CEFDP), CCSDS 727.0-B-4, Blue Book, January 2007
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Table 3-3. Attributes of the Command Delivery Service

Parameter

Value

Frequency Bands Supported

Near-Earth S, X
Deep space S, X

EIRP and Transmitting Power

S-Band: 34m BWG 99 dBW at 20 kW
34m HEF 79 dBW at 250 W*
34m HSB 77 dBW at 200W
70m 106 dBW at 20 kW

X-band: 34m 110 dBW at 20 kW
BWG/HEF
70m 116 dBW at 20 kW

refer to Table 5-1.

Polarizations Supported

RCP
LCP
No RCP/LCP simultaneity

Modulation Types

BPSK on subcarrier for uplink rate < 4 kbps
PSK directly on carrier for uplink rate 4 kbps to 256
kbps

Modulation Formats

NRZ:L, M, S
Bi-phase L or Manchester, M, S

Modulation Index Range

0.1 - 1.51 radians

Carrier/Subcarrier Waveform

Residual carrier: sine wave
Subcarrier: 8 or 16 kHz

Uplink Acquisition Types

CCSDS Physical Link Operations Procedure-2 (PLOP-
2)

. Maximum 256 kbps
Uplink Data Rate Minimum 7.8 bps
Channel Coding Provided by mission user

Service Modes

Non-acknowledged
Acknowledged

Data from MOC to DSN

Files per CCSDS File Delivery Protocol (CFDP)
standard (ref. CCSDS 727.0-B-4)

Data from DSN To Spacecraft

Files per CCSDS File Delivery Protocol (CFDP)
standard (ref. CCSDS 727.0-B-4)

Data Unit Size

Maximum PDU size: 32,752 bits
Minimum: 16 bits

Data Retention Period

Data retention from the time of receiving the file to
successful transmission
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Parameter Value

Data Delivery Methods from MOC to | File transfer on-line during the pass or off-line before
DSN the pass

Nominal 95%
Mission critical event 98%

Service Availability

100% for acknowledged service mode (guaranteed
delivery)

CLTU error rate: 10 (with BCH encoding)

Undetected error rate: about 5x10™

Data Completeness

Data Quality'

Accountability Reporting Radiation log, event report, and CFDP transaction log

Ground Communication Interface

Methods Refer to Section 3.8

DSN documents 810-005; 810-007; 820-013 0188-
DSN Interface Specifications Telecomm, 0197-Telecomm, 0213-Telecomm-
CFDP

* Available at DSS-45 and DSS-65 only
" Error rates depend on received SNR at the spacecraft

3.2 Telemetry Services

Telemetry Services acquire telemetry data from a CCSDS compliant space link, extract communications
protocol data structures, and deliver them to a customer's MOS. Three different levels of services are
available, plus a bit stream service for legacy missions only. Subscription to a particular level
automatically includes the lower level services. The services available are:

e Frame
e Packet
e File

Accountability for performance is an essential aspect of the service paradigm. Since telemetry services
primarily involve data acquisition and delivery, accountability requires measures of the quantity,
continuity, and latency of the data delivered.

3.2.1 Telemetry Services Metrics
There are several attributes of telemetry services metrics.

3.21.1  Quantity

Quantity is defined as the volume of "acceptable" data units delivered by the service. For telemetry, data
units are Frames, Packets, and Files. Quantity is measured as the percentage of the total data return
expected from the execution of the service instances, over a period of one month, as committed in the
schedule. The DSN routinely achieves 95% delivery during the life of mission; however, up to 98% is
achievable provided there is sufficient justification and special arrangements are made, e.g., for
supporting mission critical events. These values are derived from an assessed probability of
unrecoverable data loss based upon "system availability" statistics from the DSN telemetry system. It
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must also be noted that use of acknowledged Telemetry File service will significantly improve the
percentage of original data delivered.

The quantity metrics defined above do not take into account the following causes of data loss:

Insufficient data margin for the space link

Adverse weather conditions

Solar Conjunction

Loss of data due to certain spacecraft events or anomalies, (e.g., occultation, spacecraft off-pointing
during downlink, tracking mode change, and sequence errors)

Users of any frequency band will experience some outages due to adverse weather conditions. The extent
of outages depends strongly on the user's assumptions about weather when configuring their spacecraft,
and the application of data management techniques such as CFDP. Users are advised to design their data
return strategy to be tolerant of weather caused data delays or gaps. The peak data quantity at S-, X-, and
Ka-band is currently believed to result from assuming approximately 98th, 95th, and 90th percentile
weather respectively when using long term statistical averages. Thus the user should design the data
return strategy such that planned re-transmission of 2%, 5%, or 10% is acceptable. However, since the
role of climatic fluctuation is not yet fully understood at Ka-band, some consideration should be given to
the possibility that weather will be significantly better or worse than the historical averages. For optimal
link utilization at Ka-band users should plan on near real-time data rate adjustments based on weather
conditions.

3.2.1.2  Quality

Quality is defined as the "error rate" for the delivered data units over the end-to-end path.

A major contributing factor to telemetry quality is the frame rejection rate. A frame is “rejected” when it
fails to decode or fails a checksum process. Telemetry data units typically use error-detecting and/or
error-correcting codes such as Reed Solomon, convolutional, turbo, or some combination of these. Table
3.4 gives some sample frame rejection rates for variation of block size, coding scheme, and link margin.
As the table illustrates, customers must determine the acceptable frame rejection rate for their
circumstances, select a coding scheme accordingly, and maintain an adequate link margin in order to
ensure the required performance.

Table 3-4. Example Frame Rejection Rates

Frame Block Size

Rejection Rate | (frame or packet) Coding and Link Margin

Convolutional (r=1/2, k=7), code concatenated with

-6 .
<10 8920 bits Reed-Solomon (223/255) block code; @ Ey/Ng>1.8dB
<10* 8920 bits Rate = 1/3 turbo code; @ E/Ny>0.4dB
<107 1784 bits Rate = 1/6 turbo code; @ E,/Np>0.4dB

Another contributing factor to telemetry quality, the undetected error rate introduced by ground
equipment, is less than 4 x 102, and can therefore typically be ignored.

Data quality identified in Tables 3.5 - 3.7 assumes sufficient E,/N, floor provided for the space return
link. The conditions required to meet the telemetry data continuity as described in section 3.2.1.3 are also
applicable to the telemetry data quality.
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3.2.1.3  Continuity

Continuity is defined as the number of gaps in the set of data units delivered to a customer during a
scheduled pass. A gap is defined as the loss of one or more consecutive data units. Continuity is
distinguished from quality in that the former counts the number of gaps (holes) in the data set during a
scheduled pass, while the latter measures the percentage of the total number of data units returned to a
customer during the same scheduled pass.

Data units are Frames or Packets depending upon the subscribed service type. The DSN routinely
provides a gap rate less than or equal to 8 gaps in 10,000 frames provided:

The Ey/N, is sufficient for a Frame Rejection Rate < 1 x 10” at all times during the pass.
There are no spacecraft anomalies throughout the pass.

The telemetry data rate does not change during the pass necessitating a reacquisition.
No RFI events occur during the pass.

Users are advised to design their mission data return strategy to be tolerant of this nominal condition.

3.2.14 Latency

The definition of Latency for telemetry is the delay between a data unit's reception at a specified point and
its delivery to another point where it becomes accessible to a customer. For Telemetry Frame Service,
Telemetry Packet Service, and Telemetry File Service the point of reception is the antenna (or antennas)
when the corresponding frame(s) of the data unit (frame, packet, or file) are acquired and the point of
delivery is the customer's MOS. However, the latency is a function of the bandwidth between the DSN
and the customer’s MOS, which is not under the control of the DSN. In the discussions below, it is
assumed that this bandwidth is sufficiently large to ensure that it is not a constraint in the data delivery
latency.

Three grades of Quality of Service (QoS) are defined for telemetry, each corresponding to a specific

delivery mode:

Grade of Delivery Service

Delivery Mode &
Method

Timeliness

Completeness

Grade 1 - Online Timely

Data delivery is initiated immediately upon ingestion, and the
data delivery rate is equal to the data ingest rate throughout the
duration of the service instance. If the service cannot keep up
for any reason, data units will be skipped, i.e., the most recent
data will always be delivered within the time constraint.
Skipped data units may be delivered subsequently via Grade 3-
Offline complete mode.

Delivery is limited to 100 kbps per mission service instance.
Usage: Transport of data for which low latency is more

important than completeness, e.g., S/C housekeeping data, space
link accountability data.

Online Stream

~10 seconds

~95%
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Grade of Delivery Service

Delivery Mode &
Method

Timeliness

Completeness

Grade 2 - Online Complete Online Stream or | ~ minutes (for | ~99.99%
File telemetry
Data delivery is initiated immediately upon ingestion, but the data, subject to
data delivery rate may be less than the data ingest rate due to mission data
outbound bandwidth constraints, resulting in delayed delivery of rate
data units. A high degree of data completeness is guaranteed. and latency
requirement)
Delivery is limited to 1 Mbps per mission service instance.
Usage: Transport of data for requiring intermediate latency and
high completeness, e.g., engineering or science data used for
quick turnaround planning. It is meant for short-duration
download.
Grade 3 - Offline Complete Offline Stream or | 12-24 hours ~99.99%

Data delivery may be initiated at any time after ingestion starts,
including after ingestion is complete. Further, the data delivery
rate may be less than the data ingest rate due to outbound
bandwidth constraints. A high degree of data completeness is
guaranteed.

Usage: Transport of high-volume data that requires a high
degree of completeness but for which greater latency can be
tolerated, e.g., image or other science data.

File

The latencies for the above QoS are also a function of the aggregate data acquisition (capture) rates at the
DSN site, i.e., the DSCC. They will vary from time to time.

3.2.1.5  Telemetry Data Acquisition Throughput

Depending on the link performance, coding scheme, modulation method, and other factors, the maximum
telemetry acquisition or capture rate supported by the DSN is:

e 6 Mbps (deep space) and 125 Mbps (for near Earth Ka-band) for convolutional encoded data (r=1/2,

k=7) concatenated with Reed-Solomon encoding;

1.6 Mbps for Turbo encoded data (1 Mbps for 1/6 codes);
e The minimum supported data rate is 10 bps (uncoded), but it is recommended that the data rate be at

least 40 bps for a timely acquisition.

However, since multiple missions are simultaneously tracked by each DSCC, the achievable telemetry
data acquisition throughput for a given mission is constrained by the maximum aggregate data capture
rate at the DSCC, which is 13.5 Mbps for deep space missions and 125 Mbps (circa 2010) for near Earth
missions. A consequence, for example, is that the number of missions simultaneously downlinking at
higher data rate, e.g., 6 Mbps, over the same DSCC is limited.

3.2.2 Telemetry Frame Service

Telemetry Frame Service is available to missions meeting the following criteria:
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A frame structure compliant with the CCSDS Packet Telemetry'' recommendation or CCSDS
Advanced Orbiting Systems (AOS)"

A fixed length frame, where each frame is preceded by a CCSDS compliant synchronization marker.
The frame bits are pseudo-randomized according to the CCSDS Recommendation for Telemetry
Channel Coding (required for turbo coding; recommended for all other codes). In DSN processing,
the de-randomization takes place after symbol demodulation and frame synchronization.

Each frame either contains a CRC checksum or uses a block code that will reject undecodable frames
(e.g., Reed-Solomon)

The following output options are available for frame service:

All Frame service'"?, which provides both actual data frames and filler frames;

Virtual Channel service', which provides data frames, i.e., virtual channel data units (VCDUs),
within each virtual channel. All data frames within a virtual channel are delivered in order of their
acquisition time.

Table 3.5 contains a set of attributes summarizing the functions, performance, and interfaces for the
Telemetry Frame Service. Relevant documents to this service are also identified in the table.

Table 3-5. Attributes of Telemetry Frame Service

Parameter Value
Near-Earth S, X, Ka
Frequency Bands Supported Deep space S, X, Ka
S-Band G/T (dB)
34m BWG 41.3
34m HEF 40.2
34m HSB 34.9
70m 51.0
G/T @ 45 Degree Elevation in dB X-Band G/T (dB)
(refer to Table 5.1) 34m BWG 55.5
34m HEF 54.0
70m 63.1
Ka-Band G/T (dB)
34m BWG 65.7
34m BWG @ 26 GHz 61.5
RCP
Polarizations Supported LCP
RCP/LCP simultaneity at some stations for S-, X-and Ka-band.
PSK on residual carrier (with or without subcarrier)
Modulation Types BPSK on suppressed carrier (no ranging)
QPSK, OQPSK* (no ranging)

1 Packet Telemetry Services, CCSDS 103.0-B-1, Blue Book, Issue 1, May 1996

12 CCSDS AOS Space Link Protocol (refer to CCSDS 732.0-B-2) Blue Book, Issue 2, July 2006

13 Space Link Extension Return All Frames Service, CCSDS 911.1, Red Book, Issue 1.7, September 1999

14 Space Link Extension Return Virtual Channel Frame Service, CCSDS 911.2, Red Book, Issue 1.7, September 1999
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Parameter

Value

Modulation Formats

NRZ:L, M, S;
Bi-phase L or Manchester, M, S

Carrier/Subcarrier Waveform

Residual carrier: sine or square wave

Downlink Data Rate
(Information and redundancy)

Maximum: 125 Mbps for near Earth Ka-band

6 Mbps for other frequencies
Minimum: 10 bps (> 40 bps recommended for timely
acquisition)

Downlink Symbol Rate

Maximum: 250 Msps for near Earth Ka-band (with 4 code)
12 Msps for other frequencies (with %2 code)
Minimum: 20 sps (with /2 code)

Forward Error Correction

Convolutional codes: (k=7, r=1/2), without punctured code
option

Reed-Solomon (RS) interleave =1 to 8

Reed-Solomon (RS) without convolutional code

Reed-Solomon (outer) concatenated with convolutional (inner)
code

Turbo codes: 1/2, 1/3, and 1/4 (1.6 Mbps max); not available for
near-Earth Ka-band

Turbo code: 1/6 (1 Mbps max); not available for near-Earth Ka-
band

Data from Spacecraft to the DSN

CCSDS TM Synchronization and Channel Coding (ref. CCSDS
131.0-B-1)

Transfer frame format conforming to CCSDS TM Space Data
Link Protocol (ref. CCSDS 132.0-B-1)

VCDUs conforming to CCSDS AOS Space Data Link Protocol
(ref. CCSDS 732.0-B-2)

Data from the DSN to MOC

Stream of frames or VCDUs

Data Unit Size (information bits
only)

TM frame or VDCU: 8920 bits (nominal), 1760 bits (safing and
critical events), 16 kbits (maximum)

Maximum Number Of Virtual
Channels Supported

64 (16 virtual channels can be processed at a given time)

Data Retention Period at the DSN

Data retention until custody transfer or for 14 days after
acquisition

Data Delivery Methods from the
DSN to the MOC

CCSDS Space Link Extension (SLE) RAF/RCF (ref. CCSDS
911.1-R-1.7 and 911.2-R-1.7)

On-line timely

On-line complete

Off-line

Data Delivery Latency (DSN to
MOC)

Engineering telemetry: Typically on-line timely (seconds) and
on-line complete (hours)

Science telemetry: Typically off-line (hours to 24 hours).
Note: Latency commitment limited by bandwidth from DSN to

project MOS
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Parameter Value

Service Operating Mode Automated

Nominal: 95%

Mission critical event: 98%
Nominal: 95% acquired frames
Mission critical data: 98%

Service Availability

Data Completeness

Data Quality' Frame rejection rate: 10™ to 107 typical
Time Taeeine Accurac 10-50 microsec in Earth Receive Time (ERT) relative to UTC
geing Y depending on downlink data rate and frame length
SLE RAF/RCEF status report
Accountability Reporting Frame accountability report

0199-Telecomm, 0206-Telecomm-SLE

Ground Communication Interface

Methods Refer to Section 3.8

* OQPSK is equivalent to SQPSK (Staggered Quadrature Phase Shift Keying)
" Error rates depend on sufficiently received SNR

3.2.3 Telemetry Packet Service

The Packet service extracts packets from frames, i.e., virtual channel data units (VCDUSs), and delivers
them to the customer's MOS. In essence, it includes the functionality of the lower services, i.e., telemetry
frame service and telemetry packet extraction capability. The customer's spacecraft must comply with the
CCSDS packet telemetry recommendation'” in order to use this service. The following output options are
available for Packet service:

e Extracted packets are ordered by Earth received time (ERT)

e Extracted packets are ordered by a combination of user-specified mission parameters (e.g.,
application identifier, packet generation time, packet sequence number, etc.)
Note: This order is a non-real time query.

Note that the Packet Service subsumes the Frame Service; separate subscription to the latter is not needed.
Also note that Packet Service may require an adaptation that is paid for by the mission.

Table 3.6 contains a set of attributes summarizing the functions, performance, and interfaces for the
Telemetry Packet Service. Relevant documents for this service are also identified in the table.

15 Packet Telemetry Services, CCSDS 103.0-B-1, Blue Book, Issue 1, May 1996
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Table 3-6. Attributes of Telemetry Packet Service

Parameter Value
Near-Earth S, X, Ka
Frequency Bands Supported Deep space S, X, Ka
S-Band G/T (dB)
34m BWG 41.3
34m HEF 40.2
34 HSB 34.9
70m 51.0
G/T @ 45 Degree Elevation in dB X-Band G/T (dB)
(refer to Table 5.1) 34m BWG 55.5
34m HEF 54.0
70m 63.1
Ka-Band G/T (dB)
34m BWG 65.7
34m BWG @ 26 GHz 61.5
RCP
Polarizations Supported LCP

RCP/LCP simultaneity at some stations for S-, X-, and Ka-band.

Modulation Types

PSK on residual carrier (with or without subcarrier)
BPSK on suppressed carrier (no ranging)
QPSK, OQPSK (no ranging)

Modulation Formats

NRZ: L, M, S;
Bi-phase L. or Manchester, M, S

Carrier/Subcarrier Waveform

Residual carrier: sine or square wave

Downlink Data Rate
(Information and redundancy)

Maximum: 125 Mbps for near Earth Ka-band

6 Mbps for other frequencies
Minimum: 10 bps (> 40 bps recommended for timely
acquisition)

Downlink Symbol Rate

Maximum: 250 Msps for near Earth Ka-band (with 4 code)
12 Msps for other frequencies (with Y4 code)
Minimum: 20 sps (with ¥ code)

Forward Error Correction

Convolutional codes: (k=7, r=1/2), without punctured code
option

Reed-Solomon (RS) interleave = 1 to 8

Reed-Solomon (RS) without convolutional code

Reed-Solomon (outer) concatenated with convolutional (inner)
code

Turbo codes: 1/2, 1/3, and 1/4 (1.6 Mbps max); not available for
near-Earth Ka-band

Turbo code: 1/6 (1 Mbps max); not available for near-Earth Ka-
band

3-13




820-100, Rev. E

Parameter Value

Packets conforming to CCSDS TM Space Packet Protocol (ref.

Data from Spacecraft to DSN CCSDS 133.0-B-1)

Data from DSN to MOC Queried packets

Data Unit Size TM packet: maximum of 30 kbytes plus SFDU header

Maximum Number Of Virtual

Channels Supported 64 (16 virtual channels can be processed at a given time)

Data retention until custody transfer or for 14 days after

Data Retention Period at DSN CL
acquisition

Data Delivery Methods from the |Query access to the database, on-line during the pass or off-line
DSN to the MOC after the pass

Engineering telemetry: Typically on-line timely (seconds) and
complete (seconds to 5 minutes)

Data Delivery Latency (DSN to Science telemetry: Typically off-line (hours to 24 hours).

MOC) Note: Latency commitment limited by bandwidth from DSN to
project MOS.
Service Operating Mode Automated
1 . 0
Service Availability Nominal: 95%

Mission critical event: 98%

Nominal: 95% acquired frames

Data Completeness Mission critical data: 98%

Data Quality’ Frame rejection rate: 10 to 107 (typical)

10-50 microsec in Earth Receive Time (ERT) relative to UTC

Time Tagging Accuracy depending on downlink data rate and frame length

Accountability Reporting Gap report

Ground Communication Interface

Methods Refer to Section 3.8

DSN Interface Specifications DSN document 810-005; 810-007; 820-013 0172-Telecomm

" Error rates depend on sufficiently received SNR
3.2.4 Telemetry File Service

The Telemetry File service recovers files transmitted according to the CCSDS File Delivery Protocol
(CFDP)'. The service extracts Protocol Data Units (PDUs) from packets and re-assembles the PDUs into
files. The resulting files are then made available to the customer's MOS, along with the meta-data
contained within the transaction and the metadata summarizing the file contents and the time of receipt of

16 CCSDS File Delivery Protocol (CEFDP), CCSDS 727.0-B-4, Blue Book, January 2007
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the initial and final PDUs. This service also supports transfer of directory listings, file transmission
status, and other messages as specified in the protocol. The Telemetry File service can operate in either
of two basic modes:

e Unacknowledged mode — In this mode, missing PDUs or other uncorrected errors in transmission are
not reported to the spacecraft. This mode thus requires neither use of an uplink nor interactive
response from the spacecraft. However, missed data will not be automatically retransmitted. This is
referred to in the CCSDS specification as "unreliable transfer". The file will be delivered with
transactions contained metadata and the transaction completeness data.

e Acknowledged mode — This mode guarantees complete file transfer within the parameters established
for the protocol. The DSN will automatically notify the MOS if file segments or ancillary data are not
successfully received (i.e., PDUs are missing or malformed); the notification is done using the SLE
Return PDU (RPDU) interface'’. The DSN can also automatically respond to the spacecraft with
acknowledgement or non-acknowledgement PDUs. The spacecraft can then retransmit the missed
items, and the DSN will combine them with the portions that were previously received.
Acknowledged mode requires use of an uplink and that the spacecraft cooperate in accord with the
CFDP specification. This is referred to in the CCSDS specification as "reliable transfer".

CFDP is a content-independent protocol, which requires no knowledge about the content or structure of a
transferred file. The time needed to deliver a final, complete file via the CFDP is a function of the file
size, data rate, and round-trip-light-time effect (this is particularly significant in the case of the
acknowledged mode).

Note that the File Service subsumes the Frame and Packet Services; separate subscription to the latter is
not needed. Also note that File Service may require an adaptation that is paid for by the mission.

Table 3.7 contains a set of attributes summarizing the functions, performance, and interfaces for the
Telemetry File Service. Relevant documents for this service are also identified in the table.

17 Deep Space Network / Detailed Interface Design, Document No. 820-013, 0213-Telecomm-CFDP, "Deep Space Network (DSN) Interface for
CCSDS File Delivery Protocol (CFDP)”, May 2009
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Table 3-7. Attributes of Telemetry File Service

Parameter Value
Near-Earth S, X, Ka
Frequency Bands Supported Deep space S, X, Ka
S-Band G/T (dB)
34m BWG 41.3
34m HEF 40.2
34m HSB 34.9
70m 51.0
G/T @ 45 Degree Elevation in X-Band G/T (dB)
dB (refer to Table 5.1) 34m BWG 55.5
34m HEF 54.0
70m 63.1
Ka-Band G/T (dB)
34m BWG 65.7
34m BWG @ 26 GHz 61.5
RCP
Polarizations Supported LCP

RCP/LCP simultaneity at some stations for S-, X- and Ka-band.

Modulation Types

PSK on residual carrier (with or without subcarrier)
BPSK on suppressed carrier (no ranging)
QPSK, OQPSK (no ranging)

Modulation Formats

NRZ: L, M, S;
Bi-phase L or Manchester, M, S

Carrier/Subcarrier Waveform

Residual carrier: sine or square wave

Downlink Data Rate
(Information and redundancy)

Maximum: 125 Mbps for near Earth Ka-band

6 Mbps for other frequencies
Minimum: 10 bps (> 40 bps recommended for timely
acquisition)

Downlink Symbol Rate

Maximum: 250 Msps for near Earth Ka-band (with 4 code)
12 Msps for other frequencies (with 4 code)
Minimum: 20 sps (with % code)

Forward Error Correction

Convolutional codes: (k=7, r=1/2), without punctured code
option

Reed-Solomon (RS) interleave = 1 to 8

Reed-Solomon (RS) without conv