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(54) A NETWORK ELEMENT FOR DISTRIBUTING TIMING INFORMATION

(57) A network element (100) for distributing timing
information comprises a signal interface for receiving sat-
ellite signals (114, 115) transmitted by a satellite system
and a processing system for producing the timing infor-
mation based on the satellite signals and on assistance
information received from a data transfer network (110).
The network element transmits the timing information to
the data transfer network in accordance with a timing
transfer protocol. At a start-up, the network element re-
quests a dynamic host configuration protocol server
(101) to send host configuration data containing a proto-
col address to be associated with the network element.
The network element reads, from the host configuration
data, information enabling the network element to get
aware of the assistance information and obtains the as-
sistance information in accordance with the read infor-
mation. Thus, the dynamic host configuration protocol
server enables the network element to operate as a net-
work-assisted source of satellite-based timing.
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Description

Field of the disclosure

[0001] The disclosure relates to a network element ca-
pable of operating as a timing source on the basis of one
or more satellite signals received from a satellite system
and assistance information received from a data transfer
network. The disclosure relates also to a dynamic host
configuration protocol "DHCP" server for enabling a net-
work element to operate as a timing source of the kind
mentioned above. The disclosure relates also to a meth-
od for configuring a network element to operate as a tim-
ing source of the kind mentioned above. The disclosure
relates also to a computer program for configuring a net-
work element to operate as a timing source of the kind
mentioned above.

Background

[0002] In many data transfer networks, there is a need
to produce timing information and/or position information
based on one or more satellite signals received from a
satellite system. The satellite system can be a Global
Navigation Satellite System "GNSS" that can be for ex-
ample the US Global Positioning System "GPS", the Rus-
sian GLONASS, the European Galileo system, or the
Chinese Beidou system. When a device for producing
the timing and/or position information starts up, the de-
vice needs sufficiently strong satellite signals from a suf-
ficient number of satellites and/or assistance information
which aids the device to start up with weaker satellite
signals from a smaller number of satellites. The assist-
ance information may comprise for example Assisted-
GPS "A-GPS" data such as almanac data indicative of
the status of the satellite constellation of the satellite sys-
tem and/or ephemeris data indicative of orbital informa-
tion related to one or more satellites of the satellite sys-
tem. Furthermore, the assistance information may com-
prise position data which expresses the geographical po-
sition of the device during the start-up.
[0003] When the above-mentioned assistance infor-
mation is not available, a typical requirement is to have
an outdoor GNSS-antenna with a clear sky view so as
to receive sufficiently strong satellite signals from a suf-
ficient number of GNSS-satellites. A receiving GNSS-
device may need many minutes to receive required data
from the GNSS-satellites so as to resolve a correct loca-
tion of the GNSS-device. A receiving GNSS-device
adapted to produce timing information will also carry out
position determination in which the GNSS-device uses
at least four satellites to average the position of the device
over a number of hours, usually over 24 hours, to achieve
a position fix. If the GNSS-antenna is in an urban canyon
or otherwise incapable of receiving sufficiently strong sat-
ellite signals from a sufficient number of satellites, the
accuracy of the position fix is limited and this will show
an error in the timing information. Therefore, in many

cases, it is important to arrange the assistance informa-
tion, e.g. the A-GPS data, to be available to the receiving
GNSS-device.
[0004] The above-mentioned A-GPS data is main-
tained in an A-GPS server from which a GNSS-device
of the kind mentioned above can retrieve the A-GPS data
by using A-GPS protocols for transferring the A-GPS da-
ta. The A-GPS protocols constitute a part of a Positioning
Protocol defined by two different standardization bodies:
the 3rd Generation Partnership Project "3GPP" and the
Open Mobile Alliance "OMA". A typical approach to en-
able a GNSS-device to run the A-GPS protocols is to
provide the GNSS-device with a dedicated A-GPS chip
that comprises means for running the A-GPS protocols.
Providing a GNSS-device with an A-GPS chip for running
the A-GPS protocols would increase the complexity and
the costs of the GNSS-device. The cost impact can be
significant especially if a data transfer network comprises
a number of GNSS-devices and each of these GNSS-
devices needs to be provided with an A-GPS chip.

Summary

[0005] The following presents a simplified summary in
order to provide a basic understanding of some aspects
of various invention embodiments. The summary is not
an extensive overview of the invention. It is neither in-
tended to identify key or critical elements of the invention
nor to delineate the scope of the invention. The following
summary merely presents some concepts of the inven-
tion in a simplified form as a prelude to a more detailed
description of exemplifying embodiments of the inven-
tion.
[0006] In accordance with the invention there is pro-
vided a new network element capable of operating as a
timing source on the basis of one or more satellite signals
received from a satellite system and assistance informa-
tion received from a data transfer network. The satellite
system can be a Global Navigation Satellite System
"GNSS" that can be for example the US Global Position-
ing System "GPS", the Russian GLONASS, the Europe-
an Galileo system, or the Chinese Beidou system. The
assistance information may comprise for example at
least a part of the Assisted-GPS "A-GPS" data such as
almanac data indicative of the status of the satellite con-
stellation of the satellite system and/or ephemeris data
indicative of orbital information related to one or more
satellites of the satellite system. Furthermore, the assist-
ance information may comprise position data which ex-
presses the geographical position of an antenna for re-
ceiving the one or more satellite signals.
[0007] A network element according to the invention
comprises a data interface for connecting to a data trans-
fer network, a signal interface for receiving one or more
satellite signals transmitted by a satellite system, and a
processing system adapted to:

- control the network element to request a dynamic
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host configuration protocol "DHCP" server of the da-
ta transfer network to send host configuration data
containing a protocol address, e.g. an Internet Pro-
tocol "IP" address, to be associated with the network
element,

- read, from the above-mentioned host configuration
data, information enabling the network element to
get aware of assistance information assisting the
network element to produce timing information
based on the one or more satellite signals,

- obtain the assistance information in accordance with
the information read from the host configuration data,

- produce the timing information based on the one or
more satellite signals and on the assistance infor-
mation, and

- control the network element to transmit the timing
information to the data transfer network in accord-
ance with a timing transfer protocol used in the data
transfer network.

[0008] The information read from the host configura-
tion data enables the network element to get aware of
the assistance information, and therefore the network el-
ement can start the production of the timing information
also in weak and restricted satellite signal environments.
Thus, there is no need to provide the network element
with an A-GPS chip or similar.
[0009] In cases where the host configuration data com-
prises position data expressing the geographical position
of the antenna receiving the satellite signals and the re-
ceived satellite signals happen to be sufficiently strong
and transmitted by a sufficient number of satellites for
enabling a position fix based on the satellite signals, a
check can be made between the position data and the
position fix based on the satellite signals. This function-
ality can be used for example to add robustness against
jamming and spoofing.
[0010] In accordance with the invention there is pro-
vided also a new dynamic host configuration protocol
"DHCP" server for enabling a network element to operate
as a timing source of the kind described above.
[0011] A DHCP-server according to the invention com-
prises a data interface for connecting to a data transfer
network and a processing system adapted to:

- allocate, in response to receiving a request from a
network element of the data transfer network, a pro-
tocol address to be associated with the network el-
ement,

- providing host configuration data with the allocated
protocol address and with information enabling the
network element to get aware of assistance informa-
tion assisting the network element to produce timing

information based on one or more satellite signals
transmitted by a satellite system, and

- control the DHCP-server to transmit the host config-
uration data to the network element.

[0012] In accordance with the invention there is pro-
vided also a new method for configuring a network ele-
ment to operate as a timing source of the kind described
above. A method according to the invention comprises:

- receiving, from a dynamic host configuration proto-
col "DHCP" server, host configuration data contain-
ing a protocol address to be associated with the net-
work element,

- configuring the network element to communicate
with a data transfer network in accordance with the
host configuration data,

- reading, from the host configuration data, informa-
tion enabling the network element to get aware of
assistance information assisting the network ele-
ment to produce timing information based on one or
more satellite signals transmitted by one or more sat-
ellites of a satellite system, and

- obtaining the assistance information in accordance
with the information read from the host configuration
data.

[0013] In accordance with the invention, there is pro-
vided also a new computer program for configuring a
network element to operate as a timing source of the kind
described above. A computer program according to the
invention comprises computer executable instructions
for controlling a programmable processing system of the
network element to:

- configure the network element to communicate with
a data transfer network in accordance with host con-
figuration data received from a dynamic host config-
uration protocol "DHCP" server and containing a pro-
tocol address associated with the network element,

- read, from the host configuration data, information
enabling the network element to get aware of assist-
ance information assisting the network element to
produce timing information based on one or more
satellite signals transmitted by one or more satellites
of a satellite system, and

- obtain the assistance information in accordance with
the information read from the host configuration data.

[0014] In accordance with the invention, there is pro-
vided also a new computer program product. The com-
puter program product comprises a computer readable
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medium, e.g. an optical disc, encoded with a computer
program according to the invention.
[0015] A number of exemplifying and non-limiting em-
bodiments of the invention are described in accompanied
dependent claims.
[0016] Various exemplifying and non-limiting embodi-
ments of the invention both as to constructions and to
methods of operation, together with additional objects
and advantages thereof, will be best understood from the
following description of specific exemplifying and non-
limiting embodiments when read in connection with the
accompanying drawings.
[0017] The verbs "to comprise" and "to include" are
used in this document as open limitations that neither
exclude nor require the existence of un-recited features.
The features recited in dependent claims are mutually
freely combinable unless otherwise explicitly stated. Fur-
thermore, it is to be understood that the use of "a" or "an",
i.e. a singular form, throughout this document does not
exclude a plurality.

Brief description of figures

[0018] Exemplifying and non-limiting embodiments of
the invention and their advantages are explained in great-
er detail below in the sense of examples and with refer-
ence to the accompanying drawings, in which:

figure 1 illustrates a data transfer network comprising
a network element according to an exemplifying and
non-limiting embodiment of the invention and a dy-
namic host configuration protocol "DHCP" server ac-
cording to an exemplifying and non-limiting embod-
iment of the invention,

figure 2 illustrates a network element according to
an exemplifying and non-limiting embodiment of the
invention,

figure 3 illustrates a dynamic host configuration pro-
tocol "DHCP" server according to an exemplifying
and non-limiting embodiment of the invention, and

figure 4 shows a flowchart of a method according to
an exemplifying and non-limiting embodiment of the
invention for configuring a network element to oper-
ate as a timing source.

Description of exemplifying embodiments

[0019] The specific examples provided in the descrip-
tion below should not be construed as limiting the scope
and/or the applicability of the accompanied claims. Lists
and groups of examples provided in the description are
not exhaustive unless otherwise explicitly stated.
[0020] Figure 1 illustrates a data transfer network 110
that comprises a network element 100 according to an
exemplifying and non-limiting embodiment of the inven-

tion. The data transfer network 110 comprises also a dy-
namic host configuration protocol "DHCP" server 101 ac-
cording to an exemplifying and non-limiting embodiment
of the invention. The network element 100 is arranged
to receive one or more satellite signals transmitted by
one or more satellites of a satellite system. In the exem-
plifying case shown in figure 1, the network element 100
is connected to a Global Navigation Satellite System
"GNSS" receiver 102 that comprises one or more anten-
nas and circuitries for receiving the one or more satellite
signals. It is also possible that the network element 100
comprises the GNSS-receiver 102 as an integral part of
the network element. In the exemplifying situation shown
in figure 1, the antenna of the GNSS-receiver 102 is lo-
cated in an urban canyon and the GNSS receiver re-
ceives a satellite signal 115 directly from a satellite 111
and a reflected satellite signal 114 from a satellite 112.
As the antenna of the GNSS-receiver 102 is located in
the urban canyon, the GNSS-receiver 102 is not capable
of receiving a satellite signal transmitted by a satellite
113.
[0021] After the network element 100 has been phys-
ically installed on its site and connected to a power sup-
ply, the network element 100 requests the DHCP-server
101 to send host configuration "HC" data to the network
element 100. The HC-data contains data for enabling the
network element 100 to operate as a part of the data
transfer network 110. The HC-data may contain, among
others, a protocol address to be associated with the net-
work element 100, a protocol address of a gateway 103
providing access to an external network 116, and/or a
protocol address of a configuration server 104 that sends
a configuration data set ’Conf data’ to the network ele-
ment 100 in response to receiving a configuration request
’Conf Req’ from the network element 100. The configu-
ration data set can be e.g. a configuration file that is trans-
ferred with the file transfer protocol "FTP". The above-
mentioned protocol addresses can be for example Inter-
net Protocol "IP" addresses. The HC-data can be re-
quested for example so that the network element 100
broadcasts or multicasts, in the data transfer network
110, the Media Access Control "MAC" address of the
network element 100 together with a request for the pro-
tocol address.
[0022] The network element 100 is adapted to read,
from the above-mentioned HC-data, information that en-
ables the network element to get aware of assistance
information which assists the network element 100 to pro-
duce timing information based on the received satellite
signals 114 and 115. After the above-mentioned infor-
mation has been read from the HC-data, the network
element 100 obtains the assistance information in ac-
cordance with the read information. The assistance in-
formation may comprise for example at least a part of
the Assisted-GPS "A-GPS" data such as almanac data
indicative of the status of the satellite constellation of the
satellite system and/or ephemeris data indicative of or-
bital information related to one or more satellites of the
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satellite system. Furthermore, the assistance information
may comprise position data which expresses the geo-
graphical position of an antenna 122 for receiving the
satellite signals 114 and 115. It is also possible that the
assistance information is nothing more than the position
data.
[0023] The network element 100 is adapted to produce
timing information based on the received satellite signals
114 and 115 and on the above-mentioned assistance
information. The timing information may comprise for ex-
ample a Time-of-Day "ToD" value and/or a periodic signal
expressing a reference frequency and/or a reference
phase. The periodic signal can be for example a pulse-
per-second signal "PPS". The network element 100 is
adapted to transmit the timing information to the data
transfer network 110 in accordance with a timing transfer
protocol used in the data transfer network 110. In cases
where the timing information has sufficient quality, the
network element 100 is capable of acting as a Grand
Master Clock "GMC" source in the data transfer network
110. In cases where the quality of the timing information
fulfills the requirements of the Primary Reference Timing
Clock "PRTC" defined by the International Telecommu-
nication Union "ITU", the network element 100 is capable
of acting as a PRTC-source in the data transfer network
110. The above-mentioned timing transfer protocol can
be for example the IEEE 1588 timing transfer protocol
that suitable for packet switched data transfer networks.
The "IEEE" is the abbreviation for the Institute of Electri-
cal and Electronics Engineers.
[0024] There are many different ways to enable the
network element 100 to get aware of the assistance in-
formation. Some exemplifying ways are described below
with reference to figure 1. It is to be noted that the below-
presented exemplifying ways do not constitute an ex-
haustive set of examples.
[0025] In a data transfer network according to an ex-
emplifying and non-limiting embodiment of the invention,
the DHCP-server 101 includes the assistance informa-
tion into the HC-data and the network element 100 reads
the assistance information from the HC-data. In this ex-
emplifying case, the DHCP-server 101 may retrieve as-
sistance data from a satellite system assistance server
106. In figure 1, a message ’A-GPS Req’ is a request for
the assistance data. The satellite system assistance
server 106 can be for example an A-GPS server and the
assistance data can be for example the Assisted-GPS
data ’A-GPS data’ that can be downloaded from the A-
GPS server with the aid of the A-GPS protocols. The
DHCP-server 101 may include the whole assistance data
into the HC-data, or the DHCP-server 101 may include,
into the HC-data, only a part of the assistance data which
is relevant to the network element 100. The relevant part
of the assistance data can be determined on the basis
of for example the geographical position of the antenna
122 and/or time when the part of the assistance data will
be utilized by the network element 100. Furthermore, the
DHCP-server 101 may include, into the HC-data, position

data indicative of the geographical position of the anten-
na 122. It is also possible that the assistance information
contained by the HC-data is nothing more than the posi-
tion data.
[0026] In a data transfer network according to another
exemplifying and non-limiting embodiment of the inven-
tion, the DHCP-server 101 includes, into the HC-data, a
protocol address of a part 105 of the data transfer network
110 from which the assistance information is retrievable.
The network element 100 reads the protocol address
from the HC-data, and then the network element 100
sends a request for the assistance information ’A-inf Req’
to the part 105 of the data transfer network 110. There-
after, the network element 100 receives the assistance
information ’A-inf’ from the part 105 of the data transfer
network 110. The part 105 of the data transfer network
110 can be a single network element, e.g. a single server
device, or an entity constituted by many interconnected
network elements. A network element of the part 105 of
the data transfer network 110 may retrieve the assistance
data e.g. the ’A-GPS data’ from the satellite system as-
sistance server 106 e.g. the A-GPS server. The whole
assistance data can be included into the assistance in-
formation ’A-inf’, or only a relevant part of the assistance
data can be included into the assistance information ’A-
inf’. The relevant part of the assistance data can be de-
termined on the basis of for example the geographical
position of the antenna 122 and/or time when the part of
the assistance data will be utilized by the network element
100. Furthermore, position data indicative of the geo-
graphical position of the antenna 122 can be included
into the assistance information ’A-inf’. It is also possible
that the assistance information ’A-inf’ is nothing more
than the position data.
[0027] In a data transfer network according to an ex-
emplifying and non-limiting embodiment of the invention,
the configuration data set ’Conf data’ transmitted by the
configuration server 104 to the network element 100 con-
tains the protocol address of the part 105 of the data
transfer network 110 from which the assistance informa-
tion ’A-inf’ is retrievable.
[0028] The data transfer network 110 may comprise
many GNSS-devices similar to the GNSS-device consti-
tuted by the GNSS-receiver 102 and the network element
100. These GNSS-devices do not need to support com-
munication protocols such as the A-GPS protocols for
retrieving the assistance data from the satellite system
assistance server 106 because, as described above, the
relevant assistance information is arranged to be avail-
able in the data transfer network 110. Thus, the GNSS-
devices can be more simple and cost effective than in
cases where each GNSS-device has to communicate
with a satellite system assistance server such as the A-
GPS server.
[0029] Figure 2 illustrates a network element 200 ac-
cording to an exemplifying and non-limiting embodiment
of the invention. The network element comprises a data
interface 217 for connecting to a data transfer network
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210 via data transfer links. The data interface 217 may
comprise electric transmitters "TX" and receivers "RX"
for connecting to electric data transfer links, and/or opti-
cal transmitters and receivers for connecting to optical
data transfer links, and/or radio transmitters and radio
receivers for implementing radio links. The network ele-
ment 200 comprises a signal interface 218 for receiving
one or more satellite signals transmitted by a satellite
system, e.g. a GNSS. In the exemplifying case illustrated
in figure 2, the network element 200 receives the one or
more satellite signals from an external satellite receiver
202. It is also possible that the satellite receiver 202 is a
part of the network element in which case the signal in-
terface 218 is an internal signal interface of the network
element.
[0030] The network element 200 comprises a process-
ing system 219 that is adapted to control the network
element 200 to request a dynamic host configuration pro-
tocol "DHCP" server of the data transfer network 210 to
send host configuration "HC" data containing, among
others, a protocol address to be associated with the net-
work element 200. The processing system 219 is adapt-
ed to read, from the HC-data, information enabling the
network element 200 to get aware of assistance informa-
tion that assists the network element 200 to produce tim-
ing information based on the above-mentioned one or
more satellite signals. The processing system 219 is
adapted to obtain the assistance information in accord-
ance with the information read from the HC-data. The
processing system 219 is adapted to produce timing in-
formation based on the one or more satellite signals and
on the assistance information, and to control the network
element 200 to transmit the timing information to the data
transfer network 210 in accordance with a timing transfer
protocol, e.g. the IEEE 1588, used in the data transfer
network 210.
[0031] In a network element according to an exempli-
fying and non-limiting embodiment of the invention, the
processing system 219 is adapted to read the assistance
information from the HC-data.
[0032] In a network element according to an exempli-
fying and non-limiting embodiment of the invention, the
processing system 219 is adapted to read, from the
above-mentioned HC-data, a protocol address of a part
of the data transfer network 210 from which the above-
mentioned assistance information is retrievable. The
processing system 219 is adapted to control the network
element to transmit, to the part of the data transfer net-
work 210, a request for the assistance information.
[0033] In a network element according to an exempli-
fying and non-limiting embodiment of the invention, the
processing system 219 is adapted to read, from the
above-mentioned HC-data, a protocol address of a con-
figuration server of the data transfer network 210. The
processing system 219 is adapted to control the network
element to transmit, to the configuration server, a request
for a configuration data set. The processing system 219
is adapted to read, from the configuration data set, a pro-

tocol address of a part of the data transfer network 210
from which the above-mentioned assistance information
is retrievable, and control the network element to trans-
mit, to the part of the data transfer network 210, a request
for the assistance information.
[0034] In a network element according to an exempli-
fying and non-limiting embodiment of the invention, the
processing system 219 is adapted to extract, from the
assistance information, position data indicative of the ge-
ographical position of an antenna for receiving the one
or more satellite signals and to utilize the position data
when producing the timing information based on the one
or more satellite signals.
[0035] In a network element according to an exempli-
fying and non-limiting embodiment of the invention, the
processing system 219 is adapted to extract, from the
assistance information, almanac data indicative of status
of a satellite constellation of the satellite system and to
utilize the almanac data when producing the timing infor-
mation based on the one or more satellite signals.
[0036] In a network element according to an exempli-
fying and non-limiting embodiment of the invention, the
processing system 219 is adapted to extract, from the
assistance information, ephemeris data indicative of or-
bital information of one or more satellites of the satellite
system and to utilize the ephemeris data when producing
the timing information based on the one or more satellite
signals.
[0037] In a network element according to an exempli-
fying and non-limiting embodiment of the invention, the
processing system 219 is adapted to repeatedly obtain
the assistance information in accordance with the infor-
mation read from the HC-data.
[0038] The processing system 219 which is schemat-
ically illustrated in figure 2 may comprise one or more
processor circuits 220 each of which can be a program-
mable processor circuit provided with appropriate soft-
ware, a dedicated hardware processor such as for ex-
ample an application specific integrated circuit "ASIC",
or a configurable hardware processor such as for exam-
ple a field programmable gate array "FPGA". The
processing system 219 may further comprise a memory
221 which may comprise one or more memory circuits
such as e.g. random access memory "RAM" circuits.
[0039] The network element 200 described above with
reference to figure 2 can be deemed to be a network
element that comprises:

- means for receiving, from a dynamic host configu-
ration protocol "DHCP" server, host configuration
"HC" data containing a protocol address to be asso-
ciated with the network element,

- means for reading, from the HC-data, information
enabling the network element to get aware of assist-
ance information assisting the network element to
produce timing information based on one or more
satellite signals transmitted by one or more satellites
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of a satellite system,

- means for obtaining the assistance information in
accordance with the information read from the HC-
data,

- means for producing the timing information based
on the one or more satellite signals and on the as-
sistance information, and

- means for transmitting the timing information to a
data transfer network in accordance with a timing
transfer protocol used in the data transfer network.

[0040] Figure 3 illustrates a dynamic host configuration
protocol "DHCP" server 301 according to an exemplifying
and non-limiting embodiment of the invention. The DH-
CP-server 301 comprises a data interface 317 for con-
necting to a data transfer network 310 via data transfer
links. The data interface 317 may comprise electric trans-
mitters "TX" and receivers "RX" for connecting to electric
data transfer links, and/or optical transmitters and receiv-
ers for connecting to optical data transfer links, and/or
radio transmitters and radio receivers for implementing
radio links. The DHCP-server 301 comprises a process-
ing system 319 adapted to allocate a protocol address
for a network element of the data transfer network 310
in response to receiving a request from the network ele-
ment. The processing system 319 is adapted to compose
host configuration "HC" data that contains, among oth-
ers, the allocated protocol address. The processing sys-
tem 319 is adapted to provide the HC-data with informa-
tion that enables the network element to get aware of
assistance information that assists the network element
to produce timing information based on one or more sat-
ellite signals transmitted by a satellite system. The
processing system 319 is adapted to control the DHCP-
server 301 to transmit the HC-data to the network ele-
ment.
[0041] In a DHCP-server according to an exemplifying
and non-limiting embodiment of the invention, the
processing system 319 is adapted provide the HC-data
with the above-mentioned assistance information so as
to enable the network element to read the assistance
information from the HC-data. In this exemplifying case,
the processing system 319 can be adapted to transmit a
request for assistance data to a satellite system assist-
ance server that is accessible via the data transfer net-
work 310. The assistance data can be e.g. the A-GPS
data and the satellite system assistance server can be
e.g. the A-GPS server. The processing system 319 is
adapted to provide the HC-data with at least a part of the
assistance data received from the satellite system as-
sistance server. In this exemplifying case, the assistance
information comprises the at least part of the assistance
data. Furthermore, the assistance information may com-
prise position data indicative of the geographical position
of an antenna for receiving the one or more satellite sig-

nals. It is also possible that the assistance information
contained by the HC-data is nothing more than the posi-
tion data.
[0042] In a DHCP-server according to an exemplifying
and non-limiting embodiment of the invention, the
processing system 319 is adapted to separate, from the
above-mentioned assistance data, a part of the assist-
ance data that is relevant to the network element so that
the rest of the assistance data is irrelevant to the network
element. In this exemplifying case, the assistance infor-
mation comprises the relevant part of the assistance da-
ta.
[0043] In a DHCP-server according to an exemplifying
and non-limiting embodiment of the invention, the
processing system 319 is adapted to provide the HC-
data with information enabling the network element to
get aware of a part of the data transfer network 310 from
which the assistance information is retrievable. For ex-
ample, a protocol address such as an IP-address of the
part of the data transfer network 310 can be included into
the HC-data.
[0044] The processing system 319 which is schemat-
ically illustrated in figure 3 may comprise one or more
processor circuits 320 each of which can be a program-
mable processor circuit provided with appropriate soft-
ware, a dedicated hardware processor such as for ex-
ample an application specific integrated circuit "ASIC",
or a configurable hardware processor such as for exam-
ple a field programmable gate array "FPGA". The
processing system 319 may further comprise a memory
321 which may comprise one or more memory circuits
such as e.g. random access memory "RAM" circuits.
[0045] The DHCP-server 301 described above with
reference to figure 3 can be deemed to be a DHCP-server
that comprises:

- means for receiving a request from a network ele-
ment of a data transfer network,

- means for allocating, in response to receiving the
request, a protocol address to be associated with
the network element,

- means for composing host configuration "HC" data
containing the protocol address and for providing the
HC-data with information enabling the network ele-
ment to get aware of assistance information assisting
the network element to produce timing information
based on one or more satellite signals transmitted
by a satellite system, and

- means for transmitting the HC-data to the network
element.

[0046] Figure 4 shows a flowchart of a method accord-
ing to an exemplifying and non-limiting embodiment of
the invention for configuring a network element to operate
as a timing source. The method comprises the following

11 12 



EP 3 358 808 A1

8

5

10

15

20

25

30

35

40

45

50

55

actions:

- action 401: receiving, from a dynamic host configu-
ration protocol "DHCP" server, host configuration
"HC" data containing a protocol address to be asso-
ciated with the network element,

- action 402: configuring the network element to com-
municate with a data transfer network in accordance
with the HC-data,

- action 403: reading, from the HC-data, information
enabling the network element to get aware of assist-
ance information assisting the network element to
produce timing information based on one or more
satellite signals transmitted by one or more satellites
of a satellite system, and

- action 404: obtaining the assistance information in
accordance with the information read from the HC-
data.

[0047] In a method according to an exemplifying and
non-limiting embodiment of the invention, the assistance
information is obtained repeatedly in accordance with the
information read from the HC-data.
[0048] A method according to an exemplifying and
non-limiting embodiment of the invention comprises
reading the assistance information from the HC-data.
[0049] A method according to an exemplifying and
non-limiting embodiment of the invention comprises:

- reading, from the HC-data, a protocol address of a
part of the data transfer network from which the as-
sistance information is retrievable, and

- transmitting, to the part of the data transfer network,
a request for the assistance information.

[0050] A method according to an exemplifying and
non-limiting embodiment of the invention comprises:

- reading, from the HC-data, a protocol address of a
configuration server of the data transfer network,

- transmitting, to the configuration server, a request
for a configuration data set,

- reading, from the configuration data set, a protocol
address of a part of the data transfer network from
which the assistance information is retrievable, and

- transmitting, to the part of the data transfer network,
a request for the assistance information.

[0051] A method according to an exemplifying and
non-limiting embodiment of the invention comprises ex-
tracting, from the assistance information, position data

indicative of the geographical position of an antenna re-
ceiving the one or more satellite signals and utilizing the
position data when producing the timing information
based on the one or more satellite signals.
[0052] A method according to an exemplifying and
non-limiting embodiment of the invention comprises ex-
tracting, from the assistance information, almanac data
indicative of status of a satellite constellation of the sat-
ellite system and utilizing the almanac data when pro-
ducing the timing information based on the one or more
satellite signals.
[0053] A method according to an exemplifying and
non-limiting embodiment of the invention comprises ex-
tracting, from the assistance information, ephemeris data
indicative of orbital information of one or more satellites
of the satellite system and utilizing the ephemeris data
when producing the timing information based on the one
or more satellite signals.
[0054] A computer program according to an exempli-
fying and non-limiting embodiment of the invention com-
prises computer executable instructions for controlling a
programmable processing system to carry out actions
related to a method according to any of the above-de-
scribed exemplifying and non-limiting embodiments of
the invention.
[0055] A computer program according to an exempli-
fying and non-limiting embodiment of the invention com-
prises software modules for configuring a network ele-
ment to operate as a timing source. The software mod-
ules comprise computer executable instructions for con-
trolling a programmable processing system of the net-
work element to:

- configure the network element to communicate with
a data transfer network in accordance with host con-
figuration "HC" data received from a dynamic host
configuration protocol "DHCP" server and containing
a protocol address associated with the network ele-
ment,

- read, from the HC-data, information enabling the net-
work element to get aware of assistance information
assisting the network element to produce timing in-
formation based on one or more satellite signals
transmitted by one or more satellites of a satellite
system, and

- obtain the assistance information in accordance with
the information read from the HC-data.

[0056] The software modules can be for example sub-
routines or functions implemented with programming
tools suitable for the programmable processing system.
[0057] A computer program product according to an
exemplifying and non-limiting embodiment of the inven-
tion comprises a computer readable medium, e.g. an op-
tical disc, encoded with a computer program according
to an exemplifying embodiment of invention.
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[0058] A non-transitory computer readable medium, e.
g. an optical disc, according to an exemplifying and non-
limiting embodiment of the invention is encoded with a
computer program according to an exemplifying embod-
iment of invention.
[0059] A signal according to an exemplifying and non-
limiting embodiment of the invention is encoded to carry
information defining a computer program according to an
exemplifying embodiment of invention.
[0060] The specific examples provided in the descrip-
tion given above should not be construed as limiting the
scope and/or the applicability of the appended claims.
Lists and groups of examples provided in the description
given above are not exhaustive unless otherwise explic-
itly stated.

Claims

1. A network element (100, 200) comprising a data in-
terface (217) for connecting to a data transfer net-
work, a signal interface (218) for receiving one or
more satellite signals transmitted by a satellite sys-
tem, and a processing system (219) adapted to:

- produce timing information based on the one
or more satellite signals and on assistance in-
formation received from the data transfer net-
work,
- control the network element to request a dy-
namic host configuration protocol server of the
data transfer network to send host configuration
data containing a protocol address to be asso-
ciated with the network element, and
- control the network element to transmit the tim-
ing information to the data transfer network in
accordance with a timing transfer protocol used
in the data transfer network,

characterized in that the processing system is fur-
ther adapted to read, from the host configuration da-
ta, information enabling the network element to get
aware of the assistance information, and to obtain
the assistance information in accordance with the
information read from the host configuration data.

2. A network element according to claim 1, wherein the
processing system is adapted to read the assistance
information from the host configuration data.

3. A network element according to claim 1, wherein the
processing system is adapted to:

- read, from the host configuration data, a pro-
tocol address of a part of the data transfer net-
work from which the assistance information is
retrievable, and
- control the network element to transmit, to the

part of the data transfer network, a request for
the assistance information.

4. A network element according to claim 1, wherein the
processing system is adapted to:

- read, from the host configuration data, a pro-
tocol address of a configuration server of the
data transfer network,
- control the network element to transmit, to the
configuration server, a request for a configura-
tion data set,
- read, from the configuration data set, a protocol
address of a part of the data transfer network
from which the assistance information is retriev-
able, and
- control the network element to transmit, to the
part of the data transfer network, a request for
the assistance information.

5. A network element according to any of claims 1-4,
wherein the processing system is adapted to extract,
from the assistance information, position data indic-
ative of geographical position of an antenna for re-
ceiving the one or more satellite signals and to utilize
the position data when producing the timing informa-
tion based on the one or more satellite signals.

6. A network element according to any of claims 1-5,
wherein the processing system is adapted to extract,
from the assistance information, almanac data indic-
ative of status of a satellite constellation of the sat-
ellite system and to utilize the almanac data when
producing the timing information based on the one
or more satellite signals.

7. A network element according to any of claims 1-6,
wherein the processing system is adapted to extract,
from the assistance information, ephemeris data in-
dicative of orbital information of one or more satel-
lites of the satellite system and to utilize the
ephemeris data when producing the timing informa-
tion based on the one or more satellite signals.

8. A network element according to any of claims 1-7,
wherein the processing system is adapted to repeat-
edly obtain the assistance information in accordance
with the information read from the host configuration
data.

9. A dynamic host configuration protocol server (101,
301) comprising a data interface (317) for connecting
to a data transfer network and a processing system
(319) adapted to:

- allocate, in response to receiving a request
from a network element of the data transfer net-
work, a protocol address to be associated with
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the network element, and
- control the dynamic host configuration protocol
server to transmit, to the network element, host
configuration data containing the allocated pro-
tocol address,

characterized in that the processing system is fur-
ther adapted to provide the host configuration data
with information enabling the network element to get
aware of assistance information assisting the net-
work element to produce timing information based
on one or more satellite signals transmitted by a sat-
ellite system.

10. A dynamic host configuration protocol server accord-
ing to claim 9, wherein the processing system is
adapted to:

- transmit a request for assistance data to a sat-
ellite system assistance server accessible via
the data transfer network, and
- provide the host configuration data with at least
a part of the assistance data received from the
satellite system assistance server, the assist-
ance information comprising the at least part of
the assistance data.

11. A dynamic host configuration protocol server accord-
ing to claim 10, wherein the processing system is
adapted to separate, from the assistance data, the
part of the assistance data so that the separated part
is relevant to the network element and rest of the
assistance data is irrelevant to the network element.

12. A dynamic host configuration protocol server accord-
ing to any of claims 9-11, wherein the processing
system is adapted to provide the assistance infor-
mation with position data indicative of geographical
position of an antenna for receiving the one or more
satellite signals.

13. A dynamic host configuration protocol server accord-
ing to claim 9, wherein the processing system is
adapted to provide the host configuration data with
information enabling the network element to get
aware of a part of the data transfer network from
which the assistance information is retrievable.

14. A method for configuring a network element, the
method comprising:

- receiving (401), from a dynamic host configu-
ration protocol server, host configuration data
containing a protocol address to be associated
with the network element,
- configuring (402) the network element to com-
municate with a data transfer network in accord-
ance with the host configuration data,

characterized in that the method further comprises:

- reading (403), from the host configuration data,
information enabling the network element to get
aware of assistance information assisting the
network element to produce timing information
based on one or more satellite signals transmit-
ted by one or more satellites of a satellite system,
and
- obtaining (404) the assistance information in
accordance with the information read from the
host configuration data.

15. A computer program for configuring a network ele-
ment, the computer program comprising computer
executable instructions for controlling a programma-
ble processing system of the network element to con-
figure the network element to communicate with a
data transfer network in accordance with host con-
figuration data received from a dynamic host config-
uration protocol server and containing a protocol ad-
dress associated with the network element, charac-
terized in that the computer program further com-
prises computer executable instructions for control-
ling the programmable processing system of the net-
work element to:

- read, from the host configuration data, infor-
mation enabling the network element to get
aware of assistance information assisting the
network element to produce timing information
based on one or more satellite signals transmit-
ted by one or more satellites of a satellite system,
and
- obtain the assistance information in accord-
ance with the information read from the host con-
figuration data.

Amended claims in accordance with Rule 137(2)
EPC.

1. A network element (100, 200) comprising a data in-
terface (217) for connecting to a data transfer net-
work, a signal interface (218) for receiving one or
more satellite signals transmitted by a satellite sys-
tem that is a Global Navigation Satellite System, and
a processing system (219) adapted to:

- produce timing information based on the one
or more satellite signals and on assistance in-
formation received from the data transfer net-
work, the assistance information being based
on A-GPS assistance data,
- control the network element to request a dy-
namic host configuration protocol server of the
data transfer network to send host configuration
data containing a protocol address to be asso-
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ciated with the network element, and
- control the network element to transmit the tim-
ing information to the data transfer network in
accordance with a timing transfer protocol used
in the data transfer network, the network ele-
ment operating as a timing source based on the
one or more satellite signals and on the assist-
ance information,

characterized in that the processing system is fur-
ther adapted to read, from the host configuration da-
ta, information enabling the network element to get
aware of the assistance information, and to obtain
the assistance information in accordance with the
information read from the host configuration data.

2. A network element according to claim 1, wherein the
processing system is adapted to read the assistance
information from the host configuration data.

3. A network element according to claim 1, wherein the
processing system is adapted to:

- read, from the host configuration data, a pro-
tocol address of a part of the data transfer net-
work from which the assistance information is
retrievable, and
- control the network element to transmit, to the
part of the data transfer network, a request for
the assistance information.

4. A network element according to claim 1, wherein the
processing system is adapted to:

- read, from the host configuration data, a pro-
tocol address of a configuration server of the
data transfer network,
- control the network element to transmit, to the
configuration server, a request for a configura-
tion data set,
- read, from the configuration data set, a protocol
address of a part of the data transfer network
from which the assistance information is retriev-
able, and
- control the network element to transmit, to the
part of the data transfer network, a request for
the assistance information.

5. A network element according to any of claims 1-4,
wherein the processing system is adapted to extract,
from the assistance information, position data indic-
ative of geographical position of an antenna for re-
ceiving the one or more satellite signals and to utilize
the position data when producing the timing informa-
tion based on the one or more satellite signals.

6. A network element according to any of claims 1-5,
wherein the processing system is adapted to extract,

from the assistance information, almanac data indic-
ative of status of a satellite constellation of the sat-
ellite system and to utilize the almanac data when
producing the timing information based on the one
or more satellite signals.

7. A network element according to any of claims 1-6,
wherein the processing system is adapted to extract,
from the assistance information, ephemeris data in-
dicative of orbital information of one or more satel-
lites of the satellite system and to utilize the
ephemeris data when producing the timing informa-
tion based on the one or more satellite signals.

8. A network element according to any of claims 1-7,
wherein the processing system is adapted to repeat-
edly obtain the assistance information in accordance
with the information read from the host configuration
data.

9. A dynamic host configuration protocol server (101,
301) comprising a data interface (317) for connecting
to a data transfer network and a processing system
(319) adapted to:

- allocate, in response to receiving a request
from a network element of the data transfer net-
work, a protocol address to be associated with
the network element, and
- control the dynamic host configuration protocol
server to transmit, to the network element, host
configuration data containing the allocated pro-
tocol address,

characterized in that the processing system is fur-
ther adapted to provide the host configuration data
with information enabling the network element to get
aware of assistance information assisting the net-
work element to produce timing information based
on one or more satellite signals transmitted by a sat-
ellite system, wherein the timing information enables
the network element to operate as a timing source,
the satellite system is a Global Navigation Satellite
System, and the assistance information is based on
A-GPS assistance data.

10. A dynamic host configuration protocol server accord-
ing to claim 9, wherein the processing system is
adapted to:

- transmit a request for assistance data to a sat-
ellite system assistance server accessible via
the data transfer network, and
- provide the host configuration data with at least
a part of the assistance data received from the
satellite system assistance server, the assist-
ance information comprising the at least part of
the assistance data.
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11. A dynamic host configuration protocol server accord-
ing to claim 10, wherein the processing system is
adapted to separate, from the assistance data, the
part of the assistance data so that the separated part
is used by the network element when producing the
timing information and rest of the assistance data is
useless to the network element when producing the
timing information.

12. A dynamic host configuration protocol server accord-
ing to any of claims 9-11, wherein the processing
system is adapted to provide the assistance infor-
mation with position data indicative of geographical
position of an antenna for receiving the one or more
satellite signals.

13. A dynamic host configuration protocol server accord-
ing to claim 9, wherein the processing system is
adapted to provide the host configuration data with
information enabling the network element to get
aware of a part of the data transfer network from
which the assistance information is retrievable.

14. A method for configuring a network element, the
method comprising:

- receiving (401), from a dynamic host configu-
ration protocol server, host configuration data
containing a protocol address to be associated
with the network element,
- configuring (402) the network element to com-
municate with a data transfer network in accord-
ance with the host configuration data,

characterized in that the method further comprises:

- reading (403), from the host configuration data,
information enabling the network element to get
aware of assistance information assisting the
network element to produce timing information
based on one or more satellite signals transmit-
ted by one or more satellites of a satellite system,
and
- obtaining (404) the assistance information in
accordance with the information read from the
host configuration data,

wherein the timing information enables the network
element to operate as a timing source, the satellite
system is a Global Navigation Satellite System, and
the assistance information is based on A-GPS as-
sistance data.

15. A computer program for configuring a network ele-
ment, the computer program comprising computer
executable instructions for controlling a programma-
ble processing system of the network element to con-
figure the network element to communicate with a

data transfer network in accordance with host con-
figuration data received from a dynamic host config-
uration protocol server and containing a protocol ad-
dress associated with the network element, charac-
terized in that the computer program further com-
prises computer executable instructions for control-
ling the programmable processing system of the net-
work element to:

- read, from the host configuration data, infor-
mation enabling the network element to get
aware of assistance information assisting the
network element to produce timing information
based on one or more satellite signals transmit-
ted by one or more satellites of a satellite system,
and
- obtain the assistance information in accord-
ance with the information read from the host con-
figuration data,

wherein the timing information enables the network
element to operate as a timing source, the satellite
system is a Global Navigation Satellite System, and
the assistance information is based on A-GPS as-
sistance data.
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