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Foreword

The role of the Radiocommunication Sector is to ensure the rational, equitable, efficient and economical use of the
radio-frequency spectrum by all radiocommunication services, including satellite services, and carry out studies without
limit of frequency range on the basis of which Recommendations are adopted.

The regulatory and policy functions of the Radiocommunication Sector are performed by World and Regional
Radiocommunication Conferences and Radiocommunication Assemblies supported by Study Groups.

Policy on Intellectual Property Right (IPR)

ITU-R policy on IPR is described in the Common Patent Policy for ITU-T/ITU-R/ISO/IEC referenced in Annex 1 of
Resolution ITU-R 1. Forms to be used for the submission of patent statements and licensing declarations by patent
holders are available from http://www.itu.int/ITU-R/go/patents/en where the Guidelines for Implementation of the
Common Patent Policy for ITU-T/ITU-R/ISO/IEC and the ITU-R patent information database can also be found.
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RECOMMENDATION ITU-R TF.2118-0

Relativistic time transfer
(2018)

Scope

This Recommendation establishes common conventional algorithms and procedures to be used in comparing
clocks on the surface of the Earth and on platforms far from the Earth but within the solar system. These
expressions are explicitly determined in the general relativity theory that is presently accepted to form the
basis of space-time reference systems. It is envisioned that these algorithms and procedures would be used
for comparisons of clocks on Earth satellites, interplanetary spacecraft, and on the surfaces of solar system
bodies.

Keywords
Relativity, time transfer, signal propagation, clock, coordinate system

Related Recommendations and Reports
Recommendations ITU-R TF.1011-1, ITU-R TF.767-2, ITU-R TF.374-5

The ITU Radiocommunication Assembly,

considering
a) that it is desirable to maintain coordination of standard time and frequency on platforms
operating in the vicinity of the Earth and in the solar system;
b) that accurate means of transferring time and frequency are required to meet the future needs
of communication, navigation, and science in the vicinity of the Earth and in the solar system;
C) that clocks are subject to path dependent time and frequency variations due to their motion
and to the gravitational potential in which they operate;
d) that the conceptual foundation for the transfer of time and frequency should be clearly
outlined,;
e) that procedures for the transfer of time and frequency in the vicinity of the Earth and across

celestial bodies and spacecraft in the solar system require the use of mathematical algorithms that
account for relativistic effects,

f) that requirements for precision and accuracy for the transfer of time and frequency in the
vicinity of the Earth and in the solar system depend on the specific application,

recommends

that the mathematical algorithms that account for relativistic effects in the transfer of time and
frequency as provided in Annex | be used as appropriate.
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1 Objective

The objective of Annex | is to outline the basic concepts and procedures to be applied to address the
effects of relativity in timekeeping, navigation, science, and communication systems. It is intended
that this may serve as a convenient reference for specific applications, including the comparison of
times registered by clocks on spacecraft in orbit around the Earth, in interplanetary space, and on
planetary surfaces with the times recorded by clocks on Earth. It is based on the IERS Conventions
(2010), the ITU-R Handbook on Satellite Time and Frequency Transfer and Dissemination (2010),
Nelson, Metrologia (2011), and Petit and Wolf, Metrologia (2005). Users may consult those
publications and references cited therein for further details.

2 Relativistic Framework

A reference system is a mathematical construction used to specify space-time events described by
four coordinates x* = (x°, x) = (x%, x%, X2, x3). The Greek indices take the values 0, 1, 2, 3 and the
Latin ones take the values 1, 2, 3, and a repeated index implies summation on that index. The index
0 refers to the time variable and the indices 1, 2, 3 refer to the three spatial coordinates. A reference
frame is a realization of the reference system usually in the form of a catalogue of positions and
motions of objects or an ephemeris.

A reference system is fixed by its metric tensor, gqp (t, X') allowing one to compute the space-time
distance between two events x* and x*+dx®:

ds® =g, (£, X' )dx“dx® = gg,c°dlt” + 2g,cdtdx’ + gdx'dx’. 1)

where c is the speed of light.

Resolutions of international scientific organizations define the reference system specifically. The
most important are:

1) IAU Resolution A4 (1991) defines the Barycentric Celestial Reference System (BCRS) and
the Geocentric Celestial Reference System (GCRS) and their time coordinates. IAU
Resolution B1 (2000) further refines the BCRS definition.

2) IUGG Resolution 2 (2007) defines the Geocentric Terrestrial Reference System (GTRS),
along with the International Terrestrial Reference System (ITRS).

Briefly, the BCRS is a system of space-time coordinates for the solar system centred at the solar
system barycentre and specified with the metric tensor given by the IAU 2000 Resolution B1.3.
(See https://www.iau.org/administration/resolutions/general_assemblies/.) The GCRS is an
Earth-centred, inertial (ECI) system of geocentric space-time coordinates centred at the geocenter
with metric tensor also specified by the 1AU 2000 Resolution B1.3. It is defined such that the
transformation between BCRS and GCRS spatial coordinates contains no rotation component, so
that GCRS is kinematically non-rotating with respect to BCRS. The Geocentric Terrestrial
Reference System (GTRS) is an Earth-Centred Earth-Fixed (ECEF) coordinate system.

In the framework of general relativity, proper time (t) refers to the actual reading of a clock or the
local time in the clock’s own frame of reference. Coordinate time (t) refers to the independent
variable in the equations of motion of material bodies and in the equations of propagation of
electromagnetic waves. It is a mathematical coordinate in the four-dimensional space-time of
the coordinate system. For a given event, the coordinate time has the same value everywhere.
Coordinate times are not measured; rather, they are computed from the proper times of clocks. The
relation between coordinate time and proper time depends on the clock’s position and state of
motion in its gravitational environment and is derived by integration of the space-time interval. In
the comparison of the proper times of two clocks, the coordinate time is ultimately eliminated. Thus
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