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Method for Coordinating Participants in Sensor Networks

Description

Embodiments of the present invention relate to a wireless communication system with a
multitude of uncoordinatedly transmitting participants, and in particular to the transfer of a
multicast message (point-to-multipoint message) in such a communication system. Some

embodiments relate to a method for coordinating participants in sensor networks.

In typical radio networks (or wireless communication systems), such as GSM (Global
System for Mobile Communications), there is a coordinating instance that provides radio
resources to participants of the radio network, as needed, which are exclusively available

to the respective participant.

This can ensure that each participant may transfer its data in a radio resource that is
reserved exclusively for it. This avoids interferences between the participants of a radio

network and therefore maximizes the throughput.

In such radio networks, the coordination of the participants with respect to radio resources
is performed usually by means of so-called beacons which the participants of the network
listen to. With the signalization of the radio resources in these beacons, it is a requirement
for all participants to receive and evaluate them so as to be able to subsequently receive or
transmit data. Thus, a participant that rarely accesses the channel has a very high current

consumption.

In contrast, another approach is a non-coordinated radio network in which the participants
transfer their data to the receiver in a contention-based manner. Thus, a beacon that signals
when and which participant is allowed to transmit on which frequency does not have to be
received continuously. This reduces the current consumption of the participants since they

only have to be activated as needed.

However, this method has the disadvantage that there may be interferences between the
participants of the radio network. However, this disadvantage may be reduced by the use
of “Telegram Splitting Multiple Access” (TSMA) [4], which allows obtaining throughputs

similar to coordinated systems.
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In “Telegram Splitting Multiple Access” (TSMA), the transfer of a message (data packet) is
divided into a plurality of short sub-data packets (bursts) between each of which there are
transfer-free time intervals of different lengths. In this case, the sub-data packets are
distributed pseudo-randomly across time and available frequency channels, as is

exemplarily shown in Fig. 1.

In detail, Fig. 1 shows, in a diagram, an occupancy of a frequency band of a TSMA-based
communication system in the transfer of a data packet divided onto a plurality of sub-data
packets 10, wherein the plurality of sub-data packets are distributed in time and frequency.
In Fig. 1, the ordinate describes the frequency (frequency channels), and the abscissa
describes the time. In other words, Fig. 1 shows the principle of the data transfer according
to the TSMA method.

[1] showed that the TSMA method may achieve a larger capacity in the data transfer in
contrast to the transfer of a data packet in a continuous block, i.e. without subdivision into
sub-data packets 10. In order to achieve as large a system capacity as possible, as many
different time and/or frequency hopping patterns as possible should be used [3]. The total
number of the time and/or frequency hopping patterns should be finite, and should originate

from an inventory of time and/or frequency hopping patterns known in advance.

The contention-based access to the channel at random points in time results in an
asynchronous transfer, as is exemplarily shown in Fig. 2 for a communication system
without TSMA.

In detail, Fig. 2 shows, in a diagram, an occupancy of a frequency band of a contention-
based communication system in the transfer of several uplink messages 12 and several
downlink messages 14. In Fig. 2, the abscissa describes the frequency, and the ordinate
describes the time. In other words, Fig. 2 shows a schema of a transfer channel in a non-

coordinated communication system.

In a non-coordinated communication system, there are usually several participants (e.g.
terminal points) that communicate with a base station. In this case, the transfer of a
message from a participant to the base station is the uplink, and the downlink takes place

in the opposite direction.
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For reasons of energy efficiency, the participants usually only turn on their
transmission/reception module when they want to transmit a message. Thus, the reception

of one of the downlink messages 14, as shown in Fig. 2, is not possible.

To solve this problem, [4] has defined that the participant waits for a specifically defined
time after the emission of an uplink message to then open a reception window for a downlink
message. Thus, the base station can transmit a downlink message to this participant at a

certain point in time only.

Typically, the downlink to the participants employing the uncoordinated transfer is used for
messages that are to be transferred to several participants, e.g. software updates or time-

sync commands.

Due to the asynchronous network approach from [4] (contention-based access), the
downlink message has to be separately shared with each participant. Particularly in large
radio networks with many participants, this is a problem since, with a large number of

participants, it would take a very long time until all participants have obtained the data.

In coordinated communication systems it is possible to signal in a beacon a point-to-
multipoint message (multicast message) from the base station to the participants. All
participants having received the beacon may subsequently also receive the corresponding

resources of the multicast message.

DE 10 2016 220883 A1 relates to a transmission method for the wireless transmission of
data in a communication system. The method comprises a step of transmitting the data
using a frequency hopping pattern and/or time hopping pattern synchronized in time with a

reference signal.

DE 10 2017 206258 A1 relates to a transmitter that transmits data in the form of a group of
at least two partial telegrams, which together comprise the data and which are shorter than
a single telegram comprising the data. The transmitter transmits the group of partial
telegrams according to a hopping pattern which relates to the times and/or transmission
frequencies of the transmission of the individual partial telegrams. In addition, the
transmitter transmits the group of partial telegrams several times and at least twice.

Furthermore, the invention relates to a receiver and corresponding methods.
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WO 2019/015795 A1 relates to methods for distributing data, in particular update program

data, in a communication system.

WO 2017/167366 A1 relates to an optimized preamble and a method for interference robust

packet detection for telemetry applications.

Thus, the present invention is based on the object to enable the transfer of a point-to-
multipoint message in a communication system with a plurality of uncoordinatedly

transmitting participants.

This object is solved by the independent patent claims.

Advantageous further developments can be found in the dependent patent claims.

Embodiments provide a participant of a communication system, [wherein the
communication system communicates wirelessly in a frequency band [e.g. the ISM band]
used by a plurality of [e.g. mutually uncoordinated] communication systems], wherein the
participant is configured to transmit data uncoordinatedly with respect to other participants
and/or a base station of the communication system, wherein the participant is configured to
receive a synchronization data packet of a point-to-multipoint data transfer of the base
station of the communication system, wherein the synchronization data packet is transferred
in a frequency range of the frequency band of the communication system that is specified
or known to the participant, wherein the participant is configured to receive, on the basis of
the synchronization data packet, a payload data packet of the point-to-multipoint data
transfer that is referenced [e.g. synchronized; e.g. transmitted with a specified time and/or
frequency interval and/or time hopping pattern and/or frequency hopping pattern] in time

and/or frequency to the synchronization data packet.

In embodiments, the payload data packet of the point-to-multipoint data transfer may be
transferred divided onto a plurality of partial payload data packets, wherein the plurality of
partial payload data packets each comprise a part of the payload data packet and wherein
the plurality of partial payload data packets are transferred distributed in time [e.g. across
several time slots] and/or frequency [e.g. across several frequency channels] according to
a time and/or frequency hopping pattern, wherein the synchronization data packet

comprises information about the time and/or frequency hopping pattern, wherein the
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participant is configured to receive the plurality of partial payload data packets on the basis

of the information about the time and/or frequency hopping pattern.

In embodiments, the plurality of partial payload data packets may be transferred according
to a frequency hopping pattern [e.g. and optionally a time hopping pattern], wherein a
reception bandwidth of a receiver of the participant is smaller than a bandwidth of the
occupancy [e.g. of frequency channels] of the frequency band indicated by the frequency

hopping pattern at least by the factor 5 [e.g. by the factor 10].

In embodiments, the participant may be configured to switch, on the basis of the frequency
hopping pattern [e.g. at the respective times or time slots indicated by the time hopping
pattern], a reception frequency of the receiver of the participant to the respective
frequencies or frequency channels of the frequency band indicated by the frequency

hopping pattern so as to receive the plurality of partial payload data packets.

In embodiments, the synchronization data packet may comprise synchronization
information [e.g. a synchronization sequence], wherein the participant is configured to
synchronize itself [e.g. its clock generator and/or timer and/or frequency generator] to the

synchronization information.

In embodiments, the participant may be configured to transmit an uplink data transfer to the
base station of the communication system and to receive, temporally synchronized to the
transmitted uplink data transfer, a downlink data transfer from the base station, wherein the
downlink data transfer comprises signaling information, wherein the participant is configured
to receive the synchronization data packet of the point-to-multipoint data transfer on the

basis of the signaling information.

In embodiments, the signaling information may comprise information about a point in time

[e.g. a time slot] of the transfer of the synchronization data packet.

In embodiments, the signaling information may comprise information about the frequency
range in which the synchronization data packet is transferred [e.g. so that the participant

knows the frequency range].

In embodiments, the downlink data transfer may further comprise clock generator correction

information for correcting a clock deviation of a clock generator of the participant, wherein
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the participant is configured to correct a clock deviation of the clock generator on the basis

of the clock generator correction information.

In embodiments, the synchronization data packet may be emitted multiple times so that a
duration of the multiple emission of the synchronization data packet is larger than or equal

to a maximum possible time offset between the participant and the base station.

For example, a time span between the start of the first emission and the start of the last
emission may at least correspond to the time offset between the terminal point and the base

station.

In embodiments, a reception window [e.g. a temporal search range] of the participant for
receiving the synchronization data packet [e.g. in a single or multiple emission of the
synchronization data packet] may be larger than a maximum possible time offset between

the participant and the base station.

In embodiments, the synchronization data packet may be emitted multiple times, wherein
the participant in configured to receive the synchronization packet by using at least two
reception windows [e.g. wherein the two reception windows are temporally shorter than a
maximum time offset between the base station and the participant], wherein an interval
between successive emissions of the multiple emission of the synchronization data packet
and an interval between the at least two reception windows of the participant are relatively

prime with respect to each other.

In embodiments, the synchronization data packet may be emitted multiple times, wherein a
first emission of the synchronization data packet and a second emission of the
synchronization data packet are versions of each other that are shifted in time and/or

frequency.

In embodiments, the synchronization data packet may be emitted repeatedly, wherein the
repeated emissions of the synchronization data packet are periodic, wherein the participant
is configured to receive the synchronization data packets by employing the periodicity of the
repeated emissions of the synchronization data packets [e.g. on the basis of a cyclic

correlation].
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In embodiments, the synchronization data packet of the point-to-multipoint data transfer
may be transferred divided onto a plurality of partial synchronization data packets, wherein
the plurality of partial synchronization data packets each comprise a part of the
synchronization data packet, and wherein the plurality of partial synchronization data
packets are transferred distributed in time [e.g. across several time slots] and/or frequency
[e.g. across several frequency channels] according to a time and/or frequency hopping
pattern specified or known to the participant, wherein the participant is configured to receive
the plurality of partial synchronization data packets on the basis of the time and/or frequency

hopping pattern specified or known to the participant.

In embodiments, the downlink data transfer may comprise information about the time and/or
frequency hopping pattern of the synchronization data packet [e.g. so that the time and/or

frequency hopping pattern of the synchronization data packet is known to the participant].

In embodiments, the plurality of partial synchronization data packets may be transferred
according to the time and/or frequency hopping pattern of the synchronization data packet
within the frequency range specified or known to the participant, wherein the frequency
range specified or known to the participant at most corresponds to a reception bandwidth

of a receiver of the participant.

In embodiments, the partial synchronization data packets may be channel-encoded so that
only a subset of the plurality of partial synchronization data packets is required to
successfully decode the synchronization data packet, wherein the participant is configured
to receive and to decode at least a part of the plurality of partial synchronization data

packets so as to obtain the synchronization data packet.

In embodiments, the frequency range specified or known to the participant may comprise
one or several partial frequency ranges, wherein the frequency range specified or known to
the participant is wider than a reception bandwidth of a receiver of the participant, wherein,
according to the time and/or frequency hopping pattern of the synchronization data packet,
at least as many of the plurality of partial synchronization data packets are transferred per
partial frequency range within the specified frequency range as are required to successfully
decode the synchronization data packet, wherein each of the one or several partial
frequency ranges at most corresponds to the reception bandwidth of the receiver of the

participant.
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In embodiments, the plurality of partial synchronization data packets may be emitted
multiple times so that a duration of the multiple emission of the plurality of partial
synchronization data packets is larger than or equal to a maximum possible time offset

between the participant and the base station.

For example, a time span between the start of the first emission and the start of the last
emission may at least correspond to the time offset between the terminal point and the base

station.

In embodiments, a reception window of the participant for receiving the plurality of partial
synchronization data packets [e.g. in the single or multiple emission of the plurality of partial
synchronization data packet] may be larger than a maximum possible time offset between

the participant and the base station.

In embodiments, the plurality of partial synchronization data packets may be emitted
multiple times, wherein the participant is configured to receive the plurality of partial
synchronization data packets by using at least two reception windows [e.g. wherein the two
reception windows are temporally shorter than a maximum time offset between the base
station and the participant], wherein an interval between successive emissions of the
multiple emission of the plurality of partial synchronization data packets and an interval
between the at least two reception windows of the participants are relatively prime with

respect to each other.

In embodiments, the plurality of partial synchronization data packets may be emitted
repeatedly, wherein a first emission of the plurality of partial synchronization data packets
according to the time and/or frequency hopping pattern and a second emission of the
plurality of partial synchronization data packets according to the time and/or frequency

hopping pattern are versions of each other that are shifted in time and/or frequency.

In embodiments, the plurality of partial synchronization data packets may be emitted
repeatedly, wherein a first emission of the plurality of partial synchronization data packets
according to the time and/or frequency hopping pattern is within a first partial frequency
range of the frequency range specified or known to the participant, wherein a second
emission of the plurality of the partial synchronization data packets according to the time

and/or frequency hopping pattern is within a second partial frequency range of the
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frequency range specified or known to the participant, wherein the first partial frequency

range and the second partial frequency range are different.

In embodiments, the first partial frequency range and the second partial frequency range
may be separated in frequency to such an extent that an inadvertent synchronization to the
respectively other specified partial frequency range caused by a frequency offset [e.g. by

quartz offsets of the participants or the base station] is not possible.

In embodiments, the frequency hopping pattern may indicate an occupancy of frequency
channels, wherein immediately successive frequency channels indicated by the frequency
hopping pattern are separated so far in terms of frequency that they do not overlap even

with a frequency offset.

In embodiments, the frequency hopping pattern may indicate an occupancy of frequency
channels, wherein the occupancy of frequency channels indicated by the frequency hopping
pattern does not comprises any repeating identical frequency intervals between

immediately successive frequency channels.

In embodiments, the time hopping pattern may indicate an occupancy of timeslots, wherein
the occupancy of time slots indicated by the time hopping pattern does not comprise any

repeating identical time intervals between immediately successive timeslots.

In embodiments, the plurality of partial synchronization data packets may be emitted
repeatedly, wherein a first emission of the plurality of partial synchronization data packets
according to the time and/or frequency hopping pattern and a second emission of the
plurality of partial synchronization data packets according to the time and/or frequency
hopping pattern are interleaved within each other [e.g. so that partial synchronization data
packets of the first emission and of the second emission are alternatingly transferred [e.g.
implicitly resulting in a hopping pattern that has a time interval corresponding to the number

of repetitions]].

For example, the hopping pattern may be selected such that the above interleaving is

possible.

In embodiments, a first emission of the plurality of partial synchronization data packets

according to the time and/or frequency hopping pattern and a second emission of the
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plurality of partial synchronization data packets according to the time and/or frequency

hopping pattern may be versions of each other that are shifted in frequency and/or time.

In embodiments, the plurality of partial synchronization data packets may be emitted
repeatedly, wherein the repeated emissions of the plurality of partial synchronization data
packets are periodic, wherein the participant is configured to receive the plurality of partial
synchronization data packets by employing the periodicity of the repeated emissions of the

plurality of partial synchronization data packets [e.g. on the basis of a cyclic correlation].

In embodiments, the participant may be configured to receive the plurality of partial
synchronization data packets by employing the periodicity of the repeated emissions of the
plurality of partial synchronization data packets on the basis of a cyclic correlation on the

partial synchronization level.

In embodiments, a number of the plurality of partial synchronization data packets may
depend on a code rate of an error protection of the payload data packet of the point-to-

multipoint data transfer.

In embodiments, [e.g. all of] the partial synchronization data packets of the plurality of partial

synchronization data packets may be symbol-identical.

In embodiments, the synchronization data packet [e.g. the plurality of partial synchronization
data packets] and the payload data packet of the point-to-multipoint data transfer may be

encoded with the same error protection code.

In embodiments, the synchronization data packet [e.g. the plurality of partial synchronization
data packets] and the payload data packet of the point-to-multipoint data transfer may be

encoded with error protection codes of similar performance.

In embodiments, the frequency range specified or known to the participant may include at

least one frequency channel of the frequency band.

In embodiments, the frequency range specified or known to the participant may include a
plurality of frequency channels of the frequency band, wherein at least two frequency

channels of the plurality of frequency channels are spaced apart from each other up to such
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an extent that the two frequency channels are within a frequency bandwidth that

corresponds to a reception bandwidth of a receiver of the participant.

In embodiments, a receiver of the participant may comprise a reception bandwidth that
corresponds to a bandwidth of two to ten [e.g. two to four] immediately adjacent frequency

channels into which the frequency band of the communication system is divided.

In embodiments, a receiver of the participant may comprise a reception bandwidth of 250
kHz [e.g. or 100 kHZz] or less.

In embodiments, the participant may be configured to transmit data asynchronously to other

participants [e.g. to the base station] of the communication system.

For example, the participant may be configured to transmit the uplink data transfer

asynchronously to the base station.

In embodiments, the participant may be configured to transmit the uplink data transfer to

the base station at a random or pseudo-random point in time.

In embodiments, the uplink data transfer may comprise a plurality of sub-data packets
transferred distributed in time and/or frequency according to a time and/or frequency

hopping pattern.

For example, the uplink data transfer may be a telegram splitting-base data transfer. In a
telegram splitting-base data transfer, the data to be transferred [e.g. (encoded) payload
data of the physical layer] is divided onto a plurality of sub-data packets so that the plurality
of sub-data packets each comprises only a part of the data to be transferred, wherein the
plurality of sub-data packets is transferred not continuously, but distributed in time and/or

frequency according to a time and/or frequency hopping pattern.

In embodiments, the downlink data transfer may comprise a plurality of sub-data packets
transferred distributed in time and/or frequency according to a time and/or frequency

hopping pattern.

For example, the downlink data transfer may be a telegram splitting-base data transfer. In

a telegram splitting-base data transfer, the data to be transferred [e.g. (encoded) payload
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data of the physical layer] is divided onto a plurality of sub-data packets so that the plurality
of sub-data packets each comprises only a part of the data to be transferred, wherein the
plurality of sub-data packets is transferred not continuously, but distributed in time and/or

frequency according to a time and/or frequency hopping pattern.

In embodiments, the participant may be a sensor node or actuator node.

In embodiments, the participant may be battery-operated.

In embodiments, the participant may comprise an energy harvesting element for generating

electric energy.

Further embodiments provide a base station of a communication system, [wherein the
communication system communicates wirelessly in a frequency band [e.g. the ISM band]
used by a plurality of [e.g. mutually uncoordinated] communication system], wherein the
base station is configured to transmit a point-to-multipoint data transfer to uncoordinatedly
transmitting participants of the communication system, wherein the point-to-multipoint data
transfer comprises a synchronization data packet and a payload data packet referenced
[e.g. synchronized; e.g. transmitted with a specified time and/or frequency interval and/or
time hopping pattern and/or frequency hopping pattern] in time and/or frequency to the
synchronization data packet, wherein the synchronization data packet is transferred in a
frequency range of the frequency band of the communication system that is specified or

known to the participants.

In embodiments, the base station may be configured to transfer the payload data packet of
the point-to-multipoint data transfer divided onto a plurality of partial payload data packets,
wherein the plurality of partial payload data packets each comprise a part of the payload
data packet, and wherein the plurality of partial payload data packets are transferred
distributed in time [e.g. across several time slots] and/or frequency [e.g. across several
frequency channels] according to a time and/or frequency hopping pattern, wherein the
base station is configured to provide the synchronization data packet with information about

the time and/or frequency hopping pattern.

In embodiments, the base station may be configured to transfer the plurality of partial
payload data packets according to a frequency hopping pattern [e.g. and optionally a time

hopping pattern], wherein a bandwidth of the occupancy [e.g. of frequency channels] of the
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frequency band that is indicated by the frequency hopping pattern is smaller than reception

bandwidths of receivers of the participants at least by the factor 5 [e.g. by the factor 10].

In embodiments, the base station may be configured to provide the synchronization data
packet with synchronization information [e.g. a synchronization sequence] for the

synchronization of the participants.

In embodiments, the base station may be configured to receive an uplink data transfer from
one of the participants and to transmit, temporally synchronized to the uplink data transfer,
a downlink data transfer to the participant, wherein the downlink data transfer comprises
signaling information, wherein the signaling information signals the synchronization data

packet.

In embodiments, the signaling information may comprise information about a point in time

[e.g. a time slot] of the transfer of the synchronization data packet.

In embodiments, the signaling information may comprise information about the frequency
range in which the synchronization data packet is transferred [e.g. so that the participant

knows the frequency range].

In embodiments, the base station may be configured to determine a clock deviation of a
clock generator [e.g. a deviation of a clock of the clock generator from a reference clock] of
the participant on the basis of the uplink data transfer, wherein the information about the
point in time or the frequency of the point-to-multipoint data transfer which the signalization
information comprises considers the clock deviation of the clock of the participant [e.g. such

that the clock deviation of the clock is compensated].

In embodiments, the base station may be configured to determine a clock deviation of a
clock generator [e.g. a deviation of a clock of the clock generator from a reference clock] of
the participant on the basis of the uplink data transfer, wherein the base station is configured
to further provide the downlink data transfer with clock correction information for correcting

the clock deviation of the clock generator of the participant.

In embodiments, the base station may be configured to emit the synchronization data

packet multiple times so that a duration of the multiple emission of the synchronization data
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packet is larger than or equal to a maximum possible time offset between the participant

and the base station.

For example, the base station may be configured to emit the synchronization data packets
as many times until and/or to select a distance between the synchronization data packets
such that a time span between the start of the first emission of the synchronization data
packet and the start of the last emission of the synchronization data packet at least

corresponds to the time offset between the terminal point and the base station.

In embodiments, the base station may be configured to emit the synchronization data
packet multiple times, wherein a first emission of the synchronization data packet and a
second emission of the synchronization data packet are versions of each other that are

shifted in time and/or frequency.

In embodiments, the base station may be configured to emit the synchronization data
packet repeatedly, wherein the repeated emissions of the synchronization data packet are

periodic.

In embodiments, the base station may be configured to transfer the synchronization data
packet of the point-to-multipoint data transfer divided onto a plurality of partial
synchronization data packets, wherein the plurality of partial synchronization data packets
each comprise a part of the synchronization data packet, and wherein the plurality of partial
synchronization data packets are transferred distributed in time [e.g. across several time
slots] and/or frequency [e.g. across several frequency channels] according to a time and/

or frequency hopping pattern specified or known to the participant.

In embodiments, the base station may be configured to provide the downlink data transfer
with information about the time and/or frequency hopping pattern of the synchronization

data packet.

In embodiments, the base station may be configured to transfer the plurality of partial
synchronization data packets according to the time and/or frequency hopping pattern of the
synchronization data packet within the frequency range specified or known to the
participants, wherein the frequency range specified or known to the participants at most

corresponds to a reception bandwidth of the receivers of the participants.
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In embodiments, the base station may be configured to channel-encode the partial
synchronization data packets so that only a subset of the plurality of partial synchronization

data packets is required to successfully decode the synchronization data packet.

In embodiments, the frequency range specified or known to the participants may comprise

one or several partial frequency ranges.

In embodiments, the frequency range specified or known to the participants may be wider
than a reception bandwidth of the receivers of the participants, wherein the base station is
configured to transfer, according to the time and/or frequency hopping pattern of the
synchronization data packet, at least as many of the plurality of partial synchronization data
packets per partial frequency range within the specified frequency range as required to
successfully decode the synchronization data packet, wherein each of the one or several
partial frequency ranges at most corresponds to the reception bandwidth of the receivers of

the participants.

In embodiments, the base station may be configured to emit the plurality of partial
synchronization data packets multiple times so that a duration of the multiple emission of
the plurality of partial synchronization data packets is larger than or equal to a maximum

possible time offset between the participant and the base station.

In embodiments, the base station may be configured to emit the plurality of partial
synchronization data packets multiple times, wherein an interval between subsequent
emissions of the multiple emission of the plurality of partial synchronization data packets
and an interval between reception windows based on which the participants receive the
plurality of partial synchronization data packets are relatively prime with respect to each

other.

In embodiments, the base station may be configured to emit the plurality of partial
synchronization data packets repeatedly, wherein a first emission of the plurality of partial
synchronization data packets according to the time and/or frequency hopping pattern and
a second emission of the plurality of partial synchronization data packets according to the

time and/or frequency hopping pattern are versions of each other that are shifted in time.

In embodiments, the base station may be configured to emit the plurality of partial

synchronization data packets repeatedly, wherein a first emission of the plurality of partial
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synchronization data packets according to the time and/or frequency hopping pattern is
within a first partial frequency range of the frequency range specified or known to the
participants, wherein a second emission of the plurality of partial synchronization data
packets according to the time and/or frequency hopping pattern is within a second partial
frequency range of the frequency range specified or known to the participants, wherein the

first partial frequency range and the second partial frequency range are different.

In embodiments, the first partial frequency range and the second partial frequency range
may be separated in frequency to such an extent that an advertent synchronization to the
respectively other specified partial frequency range caused by a frequency offset is not

possible.

In embodiments, the frequency hopping pattern may indicate an occupancy of frequency
channels, wherein immediately successive frequency channels indicated by the frequency
hopping pattern are separated in terms of frequency to such an extent that they do not

overlap even with a frequency offset.

In embodiments, the frequency hopping pattern may indicate an occupancy of frequency
channels, wherein the occupancy of frequency channels indicated by the frequency hopping
pattern does not comprise any repeating identical frequency intervals between immediately

successive frequency channels.

In embodiments, the time hopping pattern may indicate an occupancy of time slots, wherein
the occupancy of time slots indicted by the time hopping pattern does not comprises any

repeating identical temporal intervals between immediately successive time slots.

In embodiments, the base station may be configured to emit the plurality of partial
synchronization data packets repeatedly, wherein a first emission of the plurality of partial
synchronization data packets according to the time and/or frequency hopping pattern and
a second emission of the plurality of partial synchronization data packets according to the
time and/or frequency hopping pattern are interleaved within each other [e.g. such that
partial synchronization data packets of the first emission and the second emission are

alternatingly transferred].

In embodiments, a first emission of the plurality of partial synchronization data packets

according to the time and/or frequency hopping pattern and a second emission of the
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plurality of partial synchronization data packets according to the time and/or frequency

hopping pattern may be versions of each other that are shifted in frequency and/or time.

In embodiments, the base station may be configured to emit the plurality of partial
synchronization data packets repeatedly, wherein the repeated emissions of the plurality of

partial synchronization data packets are periodic.

In embodiments, a number of the plurality of partial synchronization data packets may
depend on a code rate of an error protection of the payload data packets of the point-to-

multipoint data transfer.

In embodiments, [e.g. all of] the partial synchronization data packets of the plurality of partial

synchronization data packets may be symbol-identical.

In embodiments, the synchronization data packets [e.g. the plurality of partial
synchronization data packets] and the payload data packet of the point-to-multipoint data

transfer may be encoded with the same error protection code.

In embodiments, the synchronization data packet [e.g. the plurality of partial synchronization
data packets] and the payload data packet of the point-to-multipoint data transfer may be

encoded with error protection codes of a similar performance.

Further embodiments provide a method for operating an uncoordinatedly transmitting
participant of a communication system. The method includes a step of receiving a
synchronization data packet of a point-to-multipoint data transfer of a base station of the
communication system, wherein the synchronization data packet is transferred in a
frequency range of the frequency band of the communication system that is specified or
known to the participant. Furthermore, the method includes a step of receiving, on the basis
of the synchronization data packet, a payload data packet of the point-to-multipoint data
transfer that is referenced [e.g. synchronized; e.g., transmitted with a specified time and/or

frequency interval] in time and/or frequency to the synchronization data packet.

Further embodiments provide a method for operating a base station of a communication
system. The method includes a step of transmitting a point-to-multipoint data transfer to a
plurality of uncoordinatedly transmitting participants of the communication system, wherein

the point-to-multipoint data transfer comprises a synchronization data packet and a payload
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data packet referenced [e.g. synchronized; e.g., transmitted with a specified time and/or
frequency interval and/or time hopping pattern and/or frequency hopping pattern] in time
and/or frequency to the synchronization data packet, wherein the synchronization data
packet is transferred in a frequency range of the frequency band of the communication

system that is specified or known to the participants.

Embodiments of the present invention are described in more detail with reference to the

accompanying figures, in which:

Fig. 1 shows, in a diagram, an occupancy of a frequency band of a TSMA-based
communication system in the transfer of a data packet divided onto a plurality
of sub-data packets, wherein the plurality of sub-data packets are distributed

in time and frequency,

Fig. 2 shows, in a diagram, an occupancy of a frequency band of a contention-
based communication system in the transfer of several uplink messages and

several downlink messages,

Fig. 3 shows a schematic view of a communication system with one base station
and one or several participants as well as two other communication systems,

according to an embodiment of the present invention,

Fig. 4 shows a schematic block circuit diagram of the base station and one of the
participants of the communication system shown in Fig. 3, according to an

embodiment of the present invention,

Fig. 5 shows, in a diagram, an occupancy of a frequency band of the
communication system when performing several uplink data transfers and
downlink data transfers between the base stations and several of the
participants as well as a point-to-multipoint data transfer from the base
station to several of the participants, according to an embodiment of the

present invention,

Fig. 6 shows a schematic block circuit diagram of a participant and a base station,

according to an embodiment of the present invention,
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shows, in a diagram, an occupancy of the frequency band of the
communication system when performing an uplink data transfer, a downlink
data transfer, and a point-to-multipoint data transfer, according to an

embodiment of the present invention,

shows, in a diagram, an occupancy of the frequency band of the
communication system when performing a first uplink data transfer, a first
downlink data transfer, a second uplink data transfer, a second downlink data
transfer, as well as a point-to-multipoint data transfer, according to an

embodiment of the present invention,

shows, in a diagram, an occupancy of the frequency band of the
communication system when performing an uplink data transfer, a downlink
data transfer, a transfer of a support beacon as a further data transfer, and
a point-to-multipoint data transfer, according to an embodiment of the

present invention,

shows a schematic block circuit diagram of a participant and a base station,

according to an embodiment of the present invention,

shows an occupancy of the frequency band of the communication system in
the transfer of a point-to-multipoint data transfer with a synchronization data
packet and a payload data packet, wherein the payload data packet is
divided onto a plurality of partial payload data packets, according to an

embodiment of the present invention,

shows, in a diagram, an occupancy of the frequency band of the
communication system in the transfer of a point-to-multipoint data transfer
with a synchronization data packet and a payload data packet, wherein the
synchronization data packet is divided onto a plurality of partial
synchronization data packets, and the payload data packet is divided onto a
plurality of partial payload data packets, according to an embodiment of the

present invention,

shows an occupancy of the specified frequency channel in the repeated

emission of the synchronization data packet, wherein the synchronization
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data packet is divided onto a plurality of partial synchronization data packets
transferred distributed in the specified frequency range according to a time
and frequency hopping pattern, according to an embodiment of the present

invention,

shows an occupancy of the frequency band of the communication system in
the transfer of a point-to-multipoint data transfer with a plurality of partial
payload data packets, and a repeated emission of partial synchronization
data packets on different partial frequency ranges of the specified frequency

range, according to an embodiment of the present invention,

shows an occupancy of the frequency band of the communication system in
the transfer of a point-to-multipoint data transfer with a plurality of partial
payload data packets, and a repeated emission of partial synchronization
data packets, wherein the repeated emissions of partial synchronization data
packets are interleaved within each other, according to an embodiment of

the present invention,

shows, in a diagram, an occupancy of the specified frequency range in a
periodic emission of partial synchronization data packets, and a reception
window of the receiver of the participant for receiving the partial
synchronization data packets, according to an embodiment of the present

invention,

shows, in a diagram, an occupancy of the specified frequency range in a
periodic emission of partial synchronization data packets, and a reception
window of the receiver of the participant for receiving the partial
synchronization data packet, wherein a length of the reception window
corresponds to a length of four partial synchronization data packets,

according to an embodiment of the present invention,

shows, in a diagram, an occupancy of the specified frequency range in a
repeated emission of partial synchronization data packets, and two reception
windows of the receiver of the participant for receiving the partial

synchronization data packets, wherein the repeated emissions of the partial
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synchronization data packets are versions of each other that are shifted in

time and frequency, according to an embodiment of the present invention,

Fig. 19 shows a flow diagram of a method for operating an uncoordinatedly
transmitting participant of a communication system, according to an

embodiment of the present invention, and

Fig. 20 shows a flow diagram of a method for operating a base station of a
communication system, according to an embodiment of the present

invention.

In the subsequent description of the embodiments of the present invention, the same
elements or elements having the same effect are provided in the drawings with the same

reference numerals so that their description is interchangeable.

Before describing in detail embodiments of a participant (e.g. a terminal point) and a base
station, the underlying communication system in which the participant and/or the base

station may be used is described in more detail on the basis of Figs. 3 and 4.

Fig. 3 shows a schematic view of a communication system 100 and two other

communication systems 101 and 102, according to an embodiment of the present invention.

The communication system 100 may comprise a base station 104 (or optionally several
base stations) and one or several participants (e.g. terminal points) 106_1-106_n, wherein
n is a natural number larger than one. In the embodiment shown in Fig. 3, for illustration
purposes, the communication system 100 comprises five participants 106_1-106_5,
however, the communication system 104_1 may also comprise 1, 10, 100, 1,000, 10,000

or even 100,000 participants.

The communication system 100 may be configured to communicate wirelessly in a
frequency band (e.g. a license-free and/or permission-free frequency band such as the ISM
band) used for communication by a plurality of mutually uncoordinated communication
systems, as is exemplarily indicated in Fig. 3 by the other communication systems 101 and
102.
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The frequency band used by the communication system 100 may have a significantly larger
bandwidth (e.g. at least by the factor 5 (or 10)) than reception filters of the receivers (or

transceivers) of the participant 106_1-106_n.

The participants 106_1-106_n of the communication system 100 may be configured to
transmit data uncoordinatedly (e.g. and asynchronously) with respect to other participants
and/or the base station 104 of the communication system 100. For example, the participants
106_1-106_n may be configured to transmit data in specified rough intervals (e.g. hourly,
daily, weekly, semi-annually, annually, etc.) or as a reaction to an external event (e.g. a
deviation of a sensor value from a target value). In this case, the respective participant may
itself determine the exact point in time of the transmission and/or the exact frequency, or
the exact frequency channel of the frequency band, for the transfer of the data. In this case,
the respective participant transmits the data regardless of whether another participant
and/or the base station 104 transfers data at the same point in time or with a temporal
overlap and/or on the same frequency, or on the same frequency channel of the frequency
band.

In this case, the transfer of data (e.g. a data packet) from one of the participants 106_1-
106_n, e.g. from the participant 106_1, to the base station 104 is referred to as the uplink
data transfer, whereas the transfer of data from the base station 104 to one of the
participants 106_1-106_n, e.g. to the participant 106_1, is referred to as the downlink data
transfer. Accordingly, the uplink data transfer refers to (or includes) the transfer of an uplink
data packet (or an uplink message) from the respective participant to the base station 104,
whereas the downlink data transfer refers to (or includes) the transfer of a downlink data

packet (or a downlink message) from the base station 104 to the respective participant.

Since the uplink data transfer of the respective participant 106_1-106_n takes place
uncoordinatedly and the transmission/reception unit (transceiver) of the respective
participant 106_1-106_n is usually only activated for the data transfer, the downlink data
transfer to the respective participant takes place temporally synchronized to the uplink data
transfer, i.e. after a specified time and/or frequency after the uplink data transfer, the
respective participant activates its transmission/reception unit (transceiver) for a specified
time interval (reception window) so as to receive the downlink data transfer that is
transmitted exactly within this time interval by the base station 104 as a response to (e.g.
as a reaction to) the uplink data transfer. Optionally, the downlink data transfer to the

respective participant may also be synchronized in frequency to the respective uplink data
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transfer, e.g. it may be on the same frequency (in the same frequency channel) or with a

specified frequency interval.

This has the advantage that the participants 106_1-106_n have to activate their
transmission/reception units (transceivers) only for the respective data transfer (uplink data
transfer and/or downlink data transfer) (e.g. in a normal operation mode), while their
transmission/reception units may be deactivated for the remaining time (e.g. placed into an
energy-saving mode) so as to save energy. In particular, this is of advantage if the
respective participant has only limited energy resources, e.g. because it is battery-operated

or gathers its energy from the surrounding area by means of an energy-harvesting element.

For example, the participants 106_1-106_n of the communication system 100 may be
actuator nodes and/or sensor nodes, such as heating meters, motion detectors, smoke

detectors, etc.

Optionally, the base station 104 and the participants 106_1-106_n of the communication
system 100 may be configured to transfer data on the basis of the telegram splitting method.
In this case, on the data transmitter side, the data to be transferred, e.g. a telegram or data
packet (e.g. of the physical layer in the OSI model) such as an uplink data packet or a
downlink data packet, is divided onto a plurality of sub-data packets (or partial data packets),
and the sub-data packets are not transferred continuously, but distributed in time and/or in
frequency according to a time and/or frequency hopping pattern, wherein the sub-data
packets are merged (or combined) on the data receiver side so as to obtain the data packet.
In this case, each of the sub-data packets only contains a part of the data packet.
Furthermore, the data packet may be encoded (channel-encoded or error protection-
encoded) so that not all of the sub-data packets are required to faultlessly decode the data

packet, but only a part of the sub-data packets is required.

As previously mentioned, the distribution of the plurality of sub-data packets in time and/or

frequency may be carried out according to a time and/or frequency hopping pattern.

A time hopping pattern may indicate a sequence of points in time of transmission or
transmission time intervals with which the sub-data packets are transmitted. For example,
a first sub-data packet may be transmitted at a first point in time of transmission (or in a first
transmission time slot), and a second sub-data packet may be transmitted at a second point

in time of transmission (or in a second transmission time slot), wherein the first point in time
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of transmission and second point in time of transmission are different. In this case, the time
hopping pattern may define (or specify, or indicate) the first point in time of transmission
and the second point in time of transmission. Alternatively, the time hopping pattern may
indicate the first point in time of transmission and a temporal interval between the first point
in time of transmission and the second point in time of transmission. Obviously, the time
hopping pattern may also only indicate the temporal interval between the first point in time
of transmission and the second point in time of transmission. Between the sub-data packets,
there may be transmission pauses in which no transmission takes place. The sub-data

packets may also temporally overlap (coincide).

A frequency hopping pattern may indicate a sequence of transmission frequencies or
transmission frequency hops with which the sub-data packets are transmitted. For example,
a first sub-data packet may be transmitted with a first transmission frequency (or in a first
frequency channel) and a second sub-data packet may be transmitted with a second
transmission frequency (or in a second frequency channel), wherein the first transmission
frequency and the second transmission frequency are different. In this case, the frequency
hopping pattern may define (or specify, or indicate) the first transmission frequency and the
second transmission frequency. Alternatively, the frequency hopping pattern may indicate
the first transmission frequency and a frequency interval (transmission frequency hop)
between the first transmission frequency and the second transmission frequency.
Obviously, the frequency hopping pattern may also only indicate the frequency interval
(transmission frequency hop) between the first transmission frequency and the second

transmission frequency.

Obviously, the plurality of sub-data packets may also be transferred distributed in time and
frequency. The distribution of the plurality of sub-data packets in time and frequency may
be carried out according to a time and frequency hopping pattern. A time and frequency
hopping pattern may be the combination of a time hopping pattern and a frequency hopping
pattern, i.e. a sequence of points in time of transmission or transmission time intervals with
which the sub-data packets are transferred, wherein transmission frequencies (or
transmission frequency hops) are assigned to the points in time of transmission (or

transmission time intervals).

In this case, a bandwidth of the occupancy of the frequency band indicated by the frequency
hopping pattern may be significantly larger (e.g. at least by the factor 5 (or 10)) than a

bandwidth of the reception filters of the receivers (receivers or transceivers) of the
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participants 106_1-106_n. To receive a telegram splitting-based data transfer, the
respective participant may therefore be configured to switch, on the basis of the frequency
hopping pattern (e.g. at the respective times or time slots indicated by the time hopping
pattern), the reception frequency of its receiver to the respective frequencies or frequency
channels of the frequency band indicated by the frequency hopping pattern so as to receive

the plurality of sub-data packets.

Fig. 4 shows a schematic block circuit diagram of the base station 104 and one of the
participants 106_1-106_n of the communication system 100 shown in Fig. 3, according to

an embodiment of the present invention.

The participant 106_1 may comprise a transmitter (or a transmission module) 108_1,
configured to transmit the uplink data transfer 120 to the base station 104. The transmitter
108_1 may be connected to an antenna 110_1 of the participant 106_1. Furthermore, the
participant 106_1 may comprise a receiver (or a reception module) 112_1 configured to
receive the downlink data transfer 122 from the base station 104. The receiver 112_1 may
be connected to the antenna 110_1 or a further antenna of the participant 106_1. The
participant 106_1 may also comprise a combined transmitter/receiver (e.g.

transmission/reception module; transceiver).

The base station 104 may comprise a receiver (or reception module) 114 configured to
receiver the uplink data transfer 120 from the participant 106_1. The receiver 114 may be
connected to an antenna 116 of the base station 104. Furthermore, the base station 104
may comprise a transmitter (or transmission module) 118 configured to transmit the
downlink data transfer 122 to the participant 106_1. The transmitter 118 may be connected
to the antenna 116 or a further antenna of the base station 104. The base station 104 may
also comprise a combined transmitter/receiver (or transmission/reception module;

transceiver).

For example, the communication system 100 described with respect to Figs. 3 and 4 may
be a LPWAN (low power wide area network), as is defined in the standard ETSI TS 103
357 [4], for example.

Embodiments of a participant 106_1 and a base station 104 that may be exemplarily used
in the communication system 100 described above with respect to Figs. 3 and 4 are

described in the following. Obviously, the subsequently described embodiments of the
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participant 106_1 and/or the base station 104 may also implemented in other

communication systems with uncoordinatedly transmitting participants.

1. Signaling a multicast message in non-coordinated networks

The embodiments described in the following enable implementing a multicast message
(point-to-multipoint data transfer) from the base station 104 to the participants 106_1-106_n
or part (real subset) of the participants 106_1-106_n in uncoordinated communication
systems 100 in which the participants 106_1-106_n transfer data asynchronously to the

base station 104.

For example, this could be implemented as shown in Fig. 5, wherein, during the emission
of the multicast message (point-to-multipoint data transfer) 124, there are preferably no
other data transfers (e.g. overlapping/overlaying the point-to-multipoint data transfer 124)

(e.g. uplink data transfers 120 and/or downlink data transfers 122).

In detail, Fig. 5 shows, in a diagram, an occupancy of a frequency band of the
communication system 100 when performing several uplink data transfers 120 and downlink
data transfers 122 between the base station 104 and several of the participants 106_1-
106_n, and a point-to-multipoint data transfer 124 from the base station 104 to several of
the participants 106_1-106_n, according to an embodiment of the present invention. In Fig.
5, the ordinate describes the frequency, and the abscissa describes the time. In other words,
Fig. 5 shows an example of a multicast message (point-to-multipoint data transfer) 124 in

an uncoordinated communication system.

For the participants 106_1-106_n, or a subset of the participants 106_1-106_n, of the
communication system 100 to receive such a multicast message (point-to-multipoint data
transfer) 124 according to Fig. 5, in embodiments, signaling of the point in time tmuiticast Of
the point-to-multipoint data transfer 124 or of other information based on which the
participants 106_1-106_n may receive the point-to-multipoint data transfer 124 is carried

out, as explained in the following.

Fig. 6 shows a schematic block circuit diagram of a participant 106_1 and a base station

104, according to an embodiment of the present invention.
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The participant 106_1 (e.g. terminal point) may be configured to transmit data
uncoordinatedly with respect to the base station 104 and/or other participants of the

communication system 100 (cf. Fig. 3).

Furthermore, the participant 106_1 may be configured to transmit an uplink data transfer
120 to the base station 104, and to receive, temporally synchronized to the uplink data
transfer 120, a downlink data transfer 122 from the base station 104, wherein the downlink
data transfer 122 comprises signaling information, wherein the signaling information
indicates, or signals, a subsequent point-to-multipoint data transfer 124 of the base station
104 and/or a further data transfer (e.g. a data transfer preparing the point-to-multipoint data

transfer) preceding the point-to-multipoint data transfer 124.

Furthermore, the participant 106_1 may be configured to receive the point-to-multipoint data
transfer (e.g. the multicast data transfer) 124 from the base station 104 on the basis of the

signaling information.

The base station 104 may be configured to receive the uplink data transfer 120 from the
participant 106_1 and to transmit, temporally synchronized to the received uplink data
transfer 120, the downlink data transfer 122 to the participant 106_1, wherein the downlink
data transfer 122 comprises the signaling information, wherein the signaling information
indicates, or signals, the subsequent point-to-multipoint data transfer 124 of the base station
104 and/or the further data transfer (e.g. the data transfer preparing the point-to-multipoint

data transfer) preceding the point-to-multipoint data transfer 124.

Furthermore, the base station 104 may be configured to transmit the point-to-multipoint data
transfer 124 to the participant 160 (and to one or several other participants of the

communication system 100, for example) according to the signaling information.

In embodiments, the signaling information may comprise information about a point in time
of the point-to-multipoint data transfer 124. For example, the information about the point in
time may be an absolute point in time, a relative point in time (e.g. a defined time span
between the downlink data transfer 122 and the point-to-multipoint data transfer 124), or
information from which the absolute or relative point in time may be derived, such as a

number of clock cycles of a clock generator (oscillator) of the participant.
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In embodiments, the signaling information may additionally or alternatively comprise
information about a frequency or a frequency channel (e.g. of the frequency band used by
the communication system) of the point-to-multipoint data transfer 124. For example, the
information about the frequency may be an absolute frequency, or a relative frequency (e.g.
an interval between a frequency of the downlink data transfer 122 and a frequency of the
point-to-multipoint data transfer 124). For example, the information about the frequency
channel may be an absolute frequency channel, or a relative frequency channel (e.g. a
distance between a frequency channel of the downlink data transfer 120 and a frequency

channel of the point-to-multipoint data transfer 124).

In embodiments, the point-to-multipoint data transfer 124 may comprise a plurality of sub-
data packets transmitted distributed in time and frequency according to a time and/or
frequency hopping pattern (telegram splitting transfer method). In this case, the signaling
information may further comprise information about the time and/or frequency hopping
pattern of the point-to-multipoint data transfer 124. For example, the point-to-multipoint data
transfer 124 may be a telegram splitting-based data transfer. In a telegram splitting-based
data transfer, the data to be transferred (e.g. (encoded) payload data of the physical layer)
is divided onto a plurality of sub-data packets so that the plurality of sub-data packets each
comprise only a part of the data to be transferred, wherein the plurality of sub-data packets
is transferred not continuously, but distributed in time and/or frequency according to a time

and/or frequency hopping pattern.

Detailed embodiments of the participant 106_1 and the base station 104 are described in

more detail in the following.

1.1 Signaling in the previous downlink packet

Beside messages targeted to several participants 106_1-106_n, the base station 104
typically also transfers individual information to the participants 106_1-106_n, e.g. an
authenticated confirmation or a change of parameters of the respective participant. Since

this is individual to each participant, an individual downlink has to be transferred.

This is where embodiments of the present invention come into place, by attaching the point
in time of transmission of the following multicast message (point-to-multipoint data transfer)

124 to the individually transferred downlink message (downlink data transfer) 122.
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If there are several frequency channels available, beside the signaling of the transmission

time, the information about the transmission channel may also be added (e.g. signaled).

By this signaling, a participant now knows the point in time, and possibly the frequency
channel, of the upcoming multicast message (point-to-multipoint data transfer) 124. With
the help of the same method, further participants may also be synchronized to the multicast

message (point-to-multipoint data transfer) 124.

If there is no individual data to be transmitted to the participant, only the point in time and,
possibly, the frequency channel may be transferred in the upcoming downlink message

(downlink data transfer) 124 in this case.

This method has the advantage that the point in time and, possibly, the frequency channel
is only shared with the participants (the plurality of participants 106_1-106_n of the
communication system 100) that are to receive the multicast message (point-to-multipoint
data transfer) 124. Thus, for the participants that are not to receive the multicast message
(point-to-multipoint data transfer) 124, there is no additional effort that increases the battery

consumption.

Fig. 7 exemplarily shows the process of the signaling of the multicast message (point-to-
multipoint data transfer) 124 from the uplink message (uplink data transfer) 120 to the actual
multicast message (point-to-multipoint data transfer) 124 for one participant of an

uncoordinated radio network (communication system) 100.

In detail, Fig. 7 shows, in a diagram, an occupancy of the frequency band of the
communication system 100 when performing an uplink data transfer 120, a downlink data
transfer 122, and a point-to-multipoint data transfer 124, according to an embodiment of the
present invention. In Fig. 7, the ordinate describes the frequency, and the abscissa

describes the time.

As can be seen in Fig. 7, the downlink data transfer 122 takes place temporally
synchronized to the uplink data transfer 120, e.g. after a specified (defined) time after the
uplink data transfer 120. The downlink data transfer 122 comprises signaling information

that indicates, or signals, the subsequent point-to-multipoint data transfer 124.
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As indicated in Fig. 7, the signaling information may comprise information about a point in
time of the point-to-multipoint data transfer 124, for example. Obviously, the signaling
information may also additionally or alternatively comprise information about a frequency or

a frequency channel of the point-to-multipoint data transfer 124.

In embodiments, if the point-to-multipoint data transfer 124 is transferred on the basis of the
telegram splitting transfer method (TSMA, telegram splitting multiple access), the signaling
information may comprise information about the time and/or frequency hopping pattern of

the point-to-multipoint data transfer 124.

In other words, if TSMA is used for the transfer of the multicast message (point-to-multipoint
data transfer) 124, the hopping pattern (time and/or frequency hopping pattern) may be

signalized in addition if this has not been defined globally in advance.

In embodiments, the information about the point in time of transmission and/or transmission
channel (transmission frequency) and/or the hopping pattern (only in TSMA) may be
attached to an individually generated downlink data packet (e.g. the downlink data transfer

120) to a participant.

[4] defines a so-called authenticated wakeup message and/or authentication message in
the downlink. With the help of this message, the base station 104 may transmit individually
to a participant a confirmation of the preceding uplink message. If further individual data for
the participant is available, the length of this data and the interval between the message
and the following data is also signaled in this message. Now, if there is a signaling of a
multicast message to a participant and there is no further individual data for the participant,
the additional transfer may be used for the signaling of the multicast message, beside the

wakeup message and authentication message.

In case of signaling a multicast message (point-to-multipoint data transfer) 124 only, the
fields containing the additional information for the following data (length and time
information, or PSI and TSI in [4]) may also be used for the direct signaling of the multicast
message (point-to-multipoint data transfer) 124 (time, frequency, length, etc.). This reduces
the overhead that would be required for the separate transfer beside the wakeup and

authentication message.



10

15

20

25

30

35

31 DK/EP 3932124 T3

In embodiments, in case of signaling a multicast message (point-to-multipoint data transfer)
124 only, available fields in a wakeup message and/or authentication message (downlink

data transfer according to [4]) can be used to this end.

1.2 Rough time signaling

According to section 1.1, it often takes a long time until all necessary participants have been
informed about the upcoming multicast message (point-to-multipoint data transfer) 124.
Particularly in case of participants that have been informed about the upcoming multicast
message (point-to-multipoint data transfer) 124 very early, a very large time difference has
to be signaled. Being able to resolve this in an appropriately fine manner requires many bits
to be transferred. In case of participants that are informed (temporally) very close to the
actual multicast message (point-to-multipoint data transfer) 124, in the case of the same

resolution, the upper spots of the bits of the data field are zero in the signaling.

From this follows that, depending on the (temporal) difference between the signaling and
the multicast message (point-to-multipoint data transfer) 124, a sequence of different length

would make sense for the signaling.

However, when considering a real participant that comprises a quartz, it becomes apparent
that the inaccuracy of the point in time when the participant expects the multicast message
(point-to-multipoint data transfer) 124 also depends on the time difference between the

signaling and the multicast message (point-to-multipoint data transfer) 124.

The longer the difference, the more inaccurate is the point in time which the participant
assumes for the multicast message (point-to-multipoint data transfer) 124. The more
inaccurate this point in time, the larger the search range for the multicast message (point-
to-multipoint data transfer) 124 that the participant selects. If the search range is
significantly larger than the resolution of the transferred point in time of the multicast
message (point-to-multipoint data transfer) 124, the resolution may be selected to be lower
(thus more uncertainty), without drastically increasing the search range (in the worst case,

the quartz error and the resolution error add up).

Typical values for inaccuracy in the signaling are in the range of 1 symbol (e.g. symbol

durations) to ten 10,000 symbols (symbol durations).
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Values higher than 10,000 symbols (e.g. symbol durations) have too large an inaccuracy

and would require a very extensive post-synchronization.

In the case of ideal timings, it is important to note that the uncertainty is still large enough

that a reception without post-synchronization would not be possible.

In embodiments, the resolution of the signaling may comprise a certain inaccuracy that may

be determined in the context of the post-synchronization.

Instead of or in combination with the rough signaling of the point in time, a non-linear scaling
of the point in time may be selected, e.g. a logarithmic scaling. This has the advantage that
points in time close to the upcoming multicast message (point-to-multipoint data transfer)
124 have a more precise resolution than points in time still farther away. According to the
above explanations, however, this is not critical since the inaccuracies increase as a
(temporal) interval to the multicast message (point-to-multipoint data transfer) 124
increases due to quartz offsets (e.g. frequency offsets of the quartzes). Thus, the resolution
may accordingly also become more inaccurate, the farther the point in time of the multicast

message (point-to-multipoint data transfer) 124 is in the future.

In embodiments, the resolution of the signaling may comprise a non-linear scaling.

1.3 Signaling of a further uplink message

For the signaling of the point in time of the multicast message (point-to-multipoint data
transfer) 124 according to section 1.1 or section 1.2, e.g., one variable with 16 bits is
typically transferred. In case of an exemplarily selected quantization of 1 s per LSB (Least
Significant Bit), there is a maximum difference between the signaling and the multicast
message (point-to-multipoint data transfer) 124 of 65536 seconds. This is approximately 18

hours.

Thus, it should be ensured that all required participants for the multicast message (point-to-

multipoint data transfer) 124 can be informed within 18 hours before the message.

Typically, in large networks with several hundreds of thousands of participants (e.g. nodes)
106_1-106_n, this cannot be realized since there may be participants that transfer data to

the base station 104 only once a day or even more infrequently. Thus, with the above-
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mentioned parameters, it is not possible to inform all participants (e.g. nodes) about the
upcoming multicast message (point-to-multipoint data transfer) 124, or to signal the same

to them.

Thus, in embodiments, instead of the point in time of the multicast message (point-to-
multipoint data transfer) 124, an (approximate) time at which the participants should/have
to transmit an uplink message (uplink data transfer) 120 to the base station 104 again may
be shared with all participants informed about the multicast message (point-to-multipoint

data transfer) 124 temporally before the maximum signaling length.

If this new uplink message (uplink data transfer) 120 is emitted by the participant, the base
station 104 may in turn send back a downlink message (downlink data transfer) 122 and
inform in the same about the point in time of the multicast message (point-to-multipoint data
transfer) 124.

The temporal sequence of this schema is illustrated in Fig. 8. In this case, a (rough) time
for a further uplink message (second uplink data transfer) 120_2 was transferred in the first
downlink message (first downlink data transfer) 122_1. The information about the point in
time and/or the frequency for the multicast message (point-to-multipoint data transfer) 124

then followed in the second downlink message (second downlink data transfer) 122_2.

In detail, Fig. 8 shows, in a diagram, an occupancy of the frequency band of the
communication system 100 when performing a first uplink data transfer 120_1, a first
downlink data transfer 122_1, a second uplink data transfer 120_1, and a second downlink
data transfer 122_2, as well as a point-to-multipoint data transfer 124, according to an
embodiment of the present invention. In Fig. 8, the ordinate describes a frequency, and the

abscissa describes the time.

As can be seen in Fig. 8, the first downlink data transfer 122 takes place temporally
synchronized to the first uplink data transfer 120_1, e.g. after a specified (defined) time after
the first uplink data transfer 120_1. The first downlink data transfer 122 comprises first

signaling information.

The first signaling information may indicate, or signal, a further data transfer (e.g. the data
transfer preparing the point-to-multipoint data transfer) preceding the point-to-multipoint

data transfer 124, wherein, in the embodiment shown in Fig. 8, the further data transfer may
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include both the second uplink data transfer 120_2 and the second downlink data transfer

122_2 following the same temporally synchronized.

As indicated in Fig. 8, the first signaling information may signal a timespan or point in time
(e.g. a rough point in time) for the second uplink data transfer 120_2, wherein the second
uplink data transfer 122_2 takes place in the time span, or at the rough point in time,
signaled with the first signaling information, and wherein the second downlink data transfer
122_2 takes place temporally synchronized to the second uplink data transfer 120_2, e.qg.
after a specified (defined) after the first uplink data transfer 120_1. The second downlink
data transfer 122_2 may comprise second signaling information, wherein the second
signaling information indicate, or signal, the subsequent point-to-multipoint data transfer
124 of the base station 104.

For example, as indicated in Fig. 8, the second signaling information may comprise
information about a point in time of the point-to-multipoint data transfer 124. Obviously, the
second signaling information may additionally or alternatively also comprise information
about a frequency or a frequency channel of the point-to-multipoint data transfer 124. If the
point-to-multipoint data transfer 124 is transferred on the basis of the telegram splitting
transfer method (TSMA, Telegram Splitting Multiple Access), the second signaling
information may additionally or alternatively also comprise information about the time and/or

frequency hopping pattern of the point-to-multipoint data transfer 124.

In other words, Fig. 8 shows a signaling of a time for a further uplink message (e.g. a second
uplink data transfer) 120_2, wherein the further uplink message (e.g. the second uplink data
transfer) 120_2 is followed by a further downlink message (e.g. a second downlink data
transfer) 122_2 that defines a time for the multicast message (e.g. point-to-multipoint data

transfer) 124, for example.

If a participant transmits messages to the base station 104 even more infrequently, e.g. only
once per week, is also possible to request a further uplink message (uplink data transfer)

multiple times as long as the required time for the signaling is within the valid range.

In embodiments, instead of the signaling of the point in time of the multicast message (point-
to-multipoint data transfer), a (rough, approximate) time at which the participant should/has

to send a further uplink message may be defined.
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Due to the missing coordination of the communication system (radio network) 100, there
may be interferences and failures in the transfer. The communication system 100 described
herein is often operated in license-free bands in which the communication system 100
shares the resources with other communication systems (c.f. Fig. 3), wherein the
communication system 100 and the other communication systems are mutually
uncoordinated. Thus, there may also be interferences due to third-party communication

systems.

With the telegram splitting transfer method, an approach that comprises a very high
interference robustness has been developed, however, a maximum probability of getting

through cannot be guaranteed.

If a participant has been informed about a further emission of an uplink message (uplink
data transfer) according to section 1.3, the participant may expect a reliable answer of the

base station 104 in the downlink (e.g. in the form of a downlink data transfer).

However, if the participant does not receive a downlink message (downlink data transfer)
or a wrong/faulty/destroyed one, the participant knows that something in the transfer has

not gone correctly (e.g. due to an interference in the channel).

In this case, the participant may promptly transmit a further uplink message (e.g. a third
uplink data transfer) (e.g. a repetition of the previous uplink message (e.g. the second uplink
data transfer 120_2)) to the base station 104. Then, it waits for the downlink message (e.qg.
the third downlink data transfer) of the base station 104 again. If this is received correctly
again, it is ensured that the uplink message (e.g. the third uplink data transfer) has now
correctly arrived at the base station 104. Otherwise, the participant may open a further
reception window (e.g. for a further downlink data transfer) (if this is known to the base

station 104) or carry out another emission of an uplink message (uplink data transfer).

In embodiments, if no correct answer in the downlink (e.g. in the form of a second downlink
data transfer) has been obtained to the temporally (roughly) signaled further uplink message
(e.g. the second uplink data transfer), a further uplink message (e.g. a third uplink data

transfer) may be emitted (promptly).

Alternatively to signaling the multicast message (point-to-multipoint data transfer) 124, the

point in time of the multicast message (point-to-multipoint data transfer) 124 may still be
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shared, however, with another resolution (e.g. a range of 1 minute to 1.5 months). The
participant may then decide itself when (before the multicast message (point-to-multipoint
data transfer) 124) it transmits an uplink message (e.g. a fourth uplink data transfer) again

to obtain the more precise point in time (of the point-to-multipoint data transfer 124).

Through this, the participant may wait, e.g., up to 1 hour before the multicast message
(point-to-multipoint data transfer) 124 whether an uplink message (uplink data transfer) is
required anyway, and it thus obtains the precise point in time. If this is not the case, the
participant may transmit a dedicated uplink message (e.g. the fourth uplink data transfer).
In this case, the dedicated uplink message (e.g. the fourth uplink data transfer) should
obviously be placed (pseudo-)randomly in the remaining time so that not all of the
participants (e.g. nodes) not having a precise time synchronization for the multicast

message (point-to-multipoint data transfer) 124 transmit at once.

In embodiments, in the case of participants that were informed long before the actual
multicast message, the resolution may be selected to be larger in the signaling of the point
in time. Then, for the time being, the participant may wait until shortly before the multicast
message (point-to-multipoint data transfer) 124 whether there has been an uplink message
(uplink data transfer). If this is not the case, a dedicated uplink message (e.g. the fourth

uplink data transfer) may be triggered.

1.4 Signaling of the time and/or the frequency channel of a support beacon

In embodiments, prior to the transfer of a multicast message (point-to-multipoint data
transfer) 124, a so-called support beacon may be employed. Such a support beacon may
contain a signaling until the next support beacon, or until the multicast message (point-to-

multipoint data transfer) 124.

In embodiments, the participants (of the communication system 100) may be synchronized
to this support beacon. In the same way as in section 1.1, e.g., the time until the support
beacon and possibly the frequency channel of the support beacon used may be signaled,

as is schematically indicated in Fig. 9.

Fig. 9 shows, in a diagram, an occupancy of the frequency band of the communication

system 100 when performing an uplink data transfer 120, a downlink data transfer 122, and
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a point-to-multipoint data transfer 124, according to an embodiment of the present invention.

In Fig. 9, the ordinate describes the frequency, and the abscissa describes the time.

As can be seen in Fig. 9, the downlink data transfer 122 takes place temporally
synchronized to the uplink data transfer 120, e.g. after a specified (defined) time after the

uplink data transfer 120. The downlink data transfer 122 comprise first signaling information.

The first signaling information may indicate, or signal, a further data transfer (e.g. the data
transfer preparing the point-to-multipoint data transfer) preceding the point-to-multipoint
data transfer 124, wherein in the embodiment shown in Fig. 9, the further data transfer is a

support beacon 123.

As is indicated in Fig. 9, the first signaling information may comprise information about a
point in time of the support beacon 123. Obviously, the first signaling information may
additionally or alternatively also comprise information about a frequency or a frequency
channel of the support beacon. If the support beacon 123 is transferred on the basis of the
telegram splitting transfer method (TSMA, Telegram Splitting Multiple Access), the first
signaling information may additionally or alternatively also comprise information about the

time and/or frequency hopping pattern of the support beacon 124.

The support beacon may comprise second signaling information, wherein the second
signaling information indicates, or signals, a further support beacon or the subsequent point-

to-multipoint data transfer 124 of the base station 104.

For example, as is indicated in Fig. 9, the second signaling information may comprise
information about a point in time of the point-to-multipoint data transfer 124. Obviously, the
second signaling information may additionally or alternatively also comprise information
about a frequency or a frequency channel of the point-to-multipoint data transfer 124. If the
point-to-multipoint data transfer 124 is transferred on the basis of the telegram splitting
transfer method (TSMA, Telegram Splitting Multiple Access), the second signaling
information may additionally or alternatively also comprise information about the time and/or

frequency hopping pattern of the point-to-multipoint data transfer 124.

In other words, Fig. 9 shows a signaling of the time and possibly the frequency offset from

a message of a participant (downlink data transfer 120) to a support beacon 123.
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In embodiments, the information about the transmission time and/or transmission channel
(transmission frequency) and/or hopping pattern (only in case of TSMA) of a support beacon
may be added to an individually generated downlink data packet (e.g. a downlink data

transfer 120) to a participant.

1.5 Compensation of quartz offsets

As already mentioned in section 1.2, the participants 106_1-106_n and the base station 104
usually have oscillation quartzes (e.g. as clock generators) for generating internal reference
frequencies. However, these quartzes are not ideal and have so-called tolerances on the
available frequencies. These tolerances are also transferred to the internal reference

frequencies.

Among other things, the transmission frequency and the timer are fed from these reference
frequencies, determining the time differences between the messages. Thus, the tolerances

of the quartz directly affect the transfer and the reception of messages.

For example, the reception frequency of a participant is estimated in [4] from the uplink
message (uplink data transfer), and the transmission frequency in the downlink is modified
such that the participant may receive the downlink message (downlink data transfer) without
a frequency offset. In other words, the characteristics of the downlink message (downlink
data transfer) are adapted according to the frequency offset (of the quartz) of the participant

such that the participant does no longer see the frequency offset of the quartz.

This schema works perfectly as a long as there is only communication between one base
station 104 and one participant 106_1. If a base station 100 communicates with two or more
participants 106_1-106_n, the base station 104 obtains for each one of the participants

106_1-106_n a different frequency offset generated by the respective quartz.

Thus, it is not possible to send a multicast message (point-to-multipoint data transfer) 124
to all participants 106_1-106_n in such a way that all participants 106_1-106_n do not see

any or only a negligibly low frequency offset and/or time offset by their quartz.

Due to its admissible tolerances, each participant (e.g. node) has to carry out a time and
frequency synchronization at the start of the multicast message (point-to-multipoint data
transfer) 124.
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Starting from a typical oscillation quartz with a tolerance range of 20 ppm and the maximum
signaling length of approximately 18 hours, as exemplarily shown in section 1.3, there is a
maximum temporal inaccuracy of the participant at the point in time of transfer of the
multicast message (point-to-multipoint data transfer) 124 of 65536s * 20 ppm = 1.31 s. Thus,
for the correct point in time, the participant has to search through a search range of £ 1.31
s before and after the expected point in time of the multicast message (point-to-multipoint
data transfer) 124.

The same applies to the frequency offset, in case of a typical carrier frequency of 900 MHz,

the maximum offset that has to be searched by the respective participant is + 18 kHz.

If the participant has fast processors for a search in real time, it may determine the correct
point in time and the frequency offset without large storage requirements. However, if the
search cannot be carried out in real time, all baseband data may alternatively be stored for

a subsequent offline evaluation.

In the second case, the participants typically only have very small microprocessors on which

a full storage of the baseband data is not possible with such large inaccuracies.

Consider the following example: the data rate of the multicast message (point-to-multipoint
data transfer) 124 is 5 KHz. In case of the above-mentioned quartz offset of 20 ppm, the
bandwidth to be searched is therefore 2*18 kHz + 5 kHz = 41 kHz. Thus, when using a SDR
frontend in the baseband (l-phase and Q-phase), the sample rate is also at least 41
ksamples/s. Thus, in the above-mentioned search range of £1.31 seconds, it has to be
possible to buffer 107,420 samples in the memory for processing. With a typical ADC
resolution of 16 bits (I-phase of 16 bits and Q-phase of 16 bits), this requires a random
access memory of at least 429,680 kilobytes. Typical values for random access memories
on small microprocessors are below 100 kilobytes (e.g. 64 kilobytes). Thus, offline

processing of the entire search range cannot be carried out.

Both cases additionally require a very high computational effort, therefore significantly
increasing the current consumption, which is particularly critical in battery-operated

participants.
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Thus, large search ranges both in the time direction and the frequency direction have to be

avoided.

In some systems, the participants also have more than one quartz, e.g. a LF quartz (LF=
low frequency) and a HF quartz (HF= high frequency). The LF quartz usually requires less
current than the HF quartz. Thus, the LF quartz is usually operated continuously, and the
timings are derived therefrom. However, the radio chip needs a higher clock, and is
therefore operated with the HF quartz. Thus, the transmission frequency depends on the
HF quartz. For reasons of the current consumption, the HF quartz can be turned off between

the emissions.

The LF quartz typically has a higher tolerance than the HF quartz. For example, the LF
quartz may have a tolerance of 100 ppm, whereas the HF quartz may have a tolerance of

20 ppm, for example.

As already mentioned, a measurement/estimation of the carrier frequency is carried out in
[4]. The frequency offset may be determined with the help of the expected carrier frequency,
and the quartz error may be determined therefrom. Alternatively or in combination with the
estimation of the carrier frequency, it would also be possible to measure the time intervals
(between two telegrams/packets/emissions or within one emission in the case of telegram

splitting) so as to estimate the deviation of the quartz.

This offset, or these offsets, may also be transferred in the downlink (i.e. with the downlink
data transfer) together with the parameters from the previous sections 1.1to 1.4. As aresullt,
the participant now knows its quartz offset at the point in time of the emission of the uplink

message (uplink data transfer).

Alternatively, the average quartz offset from several previous uplink messages (uplink data
transfers) may be used, and/or the temperature dependency could also be considered
(informing about the temperature-normalized frequency deviation) if the temperature should

be available.

When using the method of the quartz offset determination through the time offset, the
accumulated offset (e.g. time offset) may also be determined. Here, the base station 104
knows the time between two arbitrary emissions (e.g. uplink data transfers) (i.e. not

necessarily two successive emissions). Now, the base station 104 receives the two
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emissions (e.g. uplink data transfers) and determines the temporal deviation between the
emissions (e.g. uplink data transfers). From this, the accumulated quartz offset (e.g. time
offset) may be determined. Thus, the deviations of the quartz due to temperature deviations
during the time between the two emissions (e.g. uplink data transfers) are therefore
accumulated, since the quartz has to run continuously so as to determine the points in time
of transmission, and the current environmental conditions therefore always have an

influence on the quartz.

The situation is different if the quartz offset is determined through the transmission
frequency, since only the offset (e.g. frequency offset) at the current transmission point in

time has an influence on the transmission frequency.

Typically, the environmental conditions at the respective participant do not change
immediately, so that one can assume that, if the current quartz offset (e.g. frequency offset
of the quartz) is known, the maximum error across the time between the signaling of the
multicast message (point-to-multipoint data transfer) 124 and the actual emission (of the

point-to-multipoint data transfer 124) is smaller than the maximum admissible quartz offset.

This reduces the search range both in the time direction and the frequency direction,
therefore saving computational power, storage space and also energy. When selecting the
same parameters as in the previous example, with the exception of the quartz offset in the
respective participant having been corrected on the basis of the value from the previous
uplink message (uplink data transfer) in this case, the maximum possible remaining offset

(e.g. remaining frequency offset) is reduced to 5 ppm, for example.

Thus, the maximum search range in the time direction is reduced to 328 ms, or to 4.5 kHz
in the frequency direction. Thus, only a quarter of the storage space is necessary, and the

computational power is also reduced by this factor.

If more than one quartz is installed in the respective participants, the base station 104 may
accordingly also determine the offset (e.g. frequency offset) for several quartzes, and signal
the same (e.g. in the downlink data transfer). Alternatively, the quartzes may also be
coupled in the participant (e.g. the node). As a result, (e.g. all of) the quartzes (of the
respective participant) have the same offset (e.g. frequency offset). In this case, it is
sufficient if the base station 104 estimates only the offset (e.g. frequency offset) of one

quartz, since the respective participant may directly apply the offset to the other quartzes.
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In embodiments, the quartz offset of the participant may be determined from the uplink
message (uplink data transfer), and the participant may be informed about the same in the
following downlink message (downlink data transfer). The participant may correct this offset
and accordingly select smaller search windows when receiving the multicast message

(point-to-multipoint data transfer).

Alternatively to signaling the quartz offset (e.g. frequency offset of the quartz) from the uplink
(e.g. the uplink data transfer), the base station 104 may also use the quartz offset to adapt
the signaled point in time of the multicast message (point-to-multipoint data transfer). To
this end, the base station 104 may calculate the deviation of the point in time under
consideration of the quartz offset of the participant (e.g. the terminal point) and accordingly
signal the “wrong”, or corrected, point in time. This similarly applies to the signaling of the

frequency channel and, if applicable, of the hopping pattern in the case of telegram splitting.

Thus, the participant does not have to know anything about its quartz offset and may
assume a smaller quartz error (see above) when searching for the start of the multicast

message (point-to-multipoint data transfer).
In embodiments, the quartz offset (e.g. frequency offset of the quartz) of the participant may
be considered when signaling the start time (e.g. of the point-to-multipoint data transfer 124)

and may be modified in the base station 104 accordingly.

2. Point-to-multipoint data transfer with a synchronization data packet for the

synchronization of the participants

The following assumes that there is a coordinating instance (e.g. the base station 104) as
well as non-coordinating participants (e.g. the terminal devices or terminal points) 106_1-

106_n within each network (or communication system) 100.

For the operation of low power wide area networks (LPWANS), the transfer of messages in
the form of the telegram splitting method (Telegram Splitting Multiple Access) has proven
particularly advantageous. [1], [2], [5] exemplary illustrate the basics of this transfer method.
In this case, a message (a data packet (e.g. the physical layer in the OSI model)) is divided

into a multitude of partial data packets and is transferred distributed on different
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time/frequency resources. The sequence of the emissions of the partial data packets in time

and/or frequency is referred to as channel access pattern or hopping pattern.

In the case of channel access methods, a contention-based access is often used, e.g., in
LPWAN networks. Here, there are no exclusively assigned resources available to the
participants (e.g. terminal devices) 106_1-106_n, but several participants (e.g. terminal
devices) 106_1-106_n access on their own initiative a common inventory of radio resources.
As a result, there may be access conflicts, i.e. the simultaneous occupancy of radio
resources by two or several participants. To minimize the effects of such access conflicts,
the participants (e.g. terminal devices) 106_1-106_n have a supply of different channel

access patterns (hopping patterns).

If the base station 104 wants to transmit a message to a participant (e.g. a terminal device)
106_1, this is done at a defined time and frequency point (reception window). Otherwise,
the participant (terminal device) would not be able to receive the message (e.g. the data
packet; e.g. the downlink data transfer) with its limited resources. To simultaneously transfer
a message to several participants (e.g. the terminal devices) 106_1-106_n (multicast) the
reception windows of the participants (terminal devices) 106_1-106_n have to be tuned to

each other.

However, in normal operation, the participants, (e.g. terminal devices) 106_1-106_n operate

fully asynchronously to other participants and to the base station 104.

Emissions of the base station 104 to the several participants (e.g. terminal nodes) are
referred to as multicast (point-to-multipoint data transfer). The special case of an emission
being directed to all participants (e.g. and terminals) is referred to as broadcast. This is also

covered by embodiments.

Networks (communication systems) using the telegram splitting method occupy only a very
small bandwidth for the single emission of a partial data packet. However, since the
synchronization requires the reception of several partial data packets and these are
distributed across a very large bandwidth by means of the frequency hopping method to
decrease the interference susceptibility, the synchronization with the telegram splitting

signal still has to consider a large frequency range for the initial synchronization.
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In small (often battery-operated) (low cost) participants, such a high-rate data processing
(as required for the above-mentioned frequency range) is not available, and a reception
bandwidth required to this end can usually not be provided. Thus, a (low-cost) participant
does not have the possibility to receive a multicast message (point-to-multipoint data

transfer) without additional information.

This is where the subsequent embodiments come into place, according to which so-called
synchronization (partial) data packets that may be used for the synchronization in time
and/or frequency by the participants addressed are added before the multicast message

(point-to-multipoint data transfer).

Thus, the embodiments described in the following allow participants 106_1-106_n (e.qg.
including the participant 106_1) working in a non-synchronized network (communication
system) 100 to synchronize themselves to a message to several participants (point-to-
multipoint data transfer 124). In this case, the participant 106_1 is not able to receive in full
bandwidth the broadband transfer of the multicast message (point-to-multipoint data

transfer) 124 and to process the same in real time.

In this case, the main aspect is directed to the two-stage synchronization process, the
establishment and detection process of the synchronization sequence in which the

unambiguous information about the reception window used is located.

Fig. 10 shows a schematic block circuit diagram of a participant 106_1 and a base station

104 according to an embodiment of the present invention.

The participant 106_1 (e.g. terminal point) may be configured to transmit data
uncoordinatedly with respect to the base station 104 and/or other participants of the

communication system 100 (cf. Fig. 3).

Furthermore, the participant 106_1 may be configured to receive a synchronization data
packet 126 of a point-to-multipoint data transfer 124 of a base station 104 of the
communication system 100, wherein the synchronization data packet 126 is transferred in
a frequency range 125 of the frequency band 103 of the communication system 100 that is

specified or known to the participant.
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In addition, the participant 106_1 may be configured to receive, on the basis of the
synchronization data packet 126, a payload data packet 128 of the point-to-multipoint data
transfer 124 that is referenced in time and/or frequency to the synchronization data packet
128.

The base station 104 may be configured to transmit the point-to-multipoint data transfer 124
to uncoordinatedly-transmitting participants 106_1-106_n of the communication system
100, including the participant 106_1, wherein the point-to-multipoint data transfer 124
comprises a synchronization data packet 126 and a payload data packet 128 referenced
(e.g. synchronized; e.g. transmitted with a specified or defined time and/or frequency
interval) in time and/or frequency to the synchronization data packet 126, wherein the
synchronization data packet 126 is transferred in a frequency range 125 of the frequency
band 103 of the communication system 100 that is specified or known to the participants
106_1-106_n.

In embodiments, the synchronization data packet 126 may comprise synchronization
information such as a synchronization sequence or pilot sequence, wherein the participant
106_1 may be configured to synchronize itself to the synchronization information (e.g. a
synchronization sequence). As a result, the participant 106_1 may know, e.g., a (relative)
point in time (or time slot) and/or a (relative) frequency (or a frequency channel) (of the
transfer) of the synchronization data packet 126. On the basis of the (relative) point in time
(or time slot) and/or the (relative) frequency (or frequency channel) of the synchronization
data packet 126 and information about a point in time (or time slot) and/or a frequency (or
frequency channel) and/or a hopping pattern (e.g. in the case of TSMA) of the transfer of
the payload data packet 128 (e.g. with respect to, or relative to, the synchronization data
packet 126), e.g., wherein said information may be contained in the synchronization data
packet 126, or may be derived from information transferred with the synchronization data
packet 126, or which is known in any other way to the participant 106_1, such as from a
previous downlink data transfer 122, or which is (firmly) defined in the system, the
participant 106_1, which actually transmits uncoordinatedly (and asynchronously) with
reference to the base station 104, is able to receive the payload data packet 128 of the

point-to-multipoint data transfer 124 of the base station 104 .

In embodiments, signaling information, e.g., transmitted with a downlink data transfer 122
from the base station 104 to the participant 106_1 may be used to signal the point-to-

multipoint data transfer 124.
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In detail, the participant 106_1 may be configured to receive temporally synchronized to an
uplink data transfer 120 transmitted a downlink data transfer 122 from the base station 104,
wherein the downlink data transfer 122 comprises signaling information, wherein the
signaling information signal the transfer of the point-to-multipoint data transfer 124, or
strictly speaking, the transfer of the synchronization data packet 126 of the point-to-

multipoint data transfer 124.

In this case, the participant 106_1 may be configured to receive the synchronization data
packet 126 of the point-to-multipoint data transfer 124 on the basis of the signaling

information.

In embodiments, the signaling information may comprise at least one of the following:

- information about a point in time (e.g. time slot) of the transfer of the synchronization
data packet 126,

- information about the (specified) frequency range 125 in which the synchronization
data packet 126 is transferred,

- information about a time and/or frequency hopping pattern on the basis of which the

synchronization data packet 126 is transferred.

For example, the information about the point in time may be an absolute point in time (or
time slot), a relative point in time (or time slot) (e.g. a defined time span between the
downlink data transfer 122 and the transfer of the synchronization data packet 126), or
information from which the absolute or relative point in time (or time slot) may be derived,

such as a number of clock cycles of an oscillator of the participant 106_1.

For example, the information about the specified frequency range 125 may be an absolute
frequency range, e.g. absolute frequency channels (e.g. c0, ¢1, ¢2; cf. Fig., 11), or a relative
frequency range, e.g. a distance between a frequency channel (e.g. c4) of the downlink
data transfer 122 and the specified frequency range (e.g. c4-c1=c3; c4-c2=c2; c4-c3=c1,
cf. Fig. 11).

For example, the synchronization data packet 126 may be transferred on the basis of the
telegram splitting transfer method (TSMA). In the transfer of the synchronization data packet

126 on the basis of the telegram spilling transfer method, the synchronization data packet
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126 (e.g. the physical layer in the OSI model) may be divided onto a plurality of partial
synchronization data packets so that the plurality of partial synchronization data packets
each comprise only a part of the synchronization data packet 126, wherein the plurality of
partial synchronization data packets is transferred not continuously, but distributed in time
and/or frequency according to a time and/or frequency hopping pattern in the specified

frequency range 125.

Detailed embodiments of the participant 106_1 and the base station 104 are described in

more detail in the following.

2.1 Emission of (partial) synchronization data packets before the payload data packet of

the point-to-multipoint data transfer

The signals having bandwidths of several MHz used in typical networks (e.g.
communication systems) 100 can usually not be received and/or processed simultaneously
in their full bandwidth by participants 106_1-106_n using very cost-efficient hardware and/or

being battery-operated.

Typically, the radio chips installed on such participants 106_1-106_n may provide a
bandwidth of a few 100 kHz. In addition, the computational power of such participants
106_1-106_n is configured such that real-time processing of these bandwidths should be

possible.

For these participants 106_1-106_n to still have the possibility to synchronize their reception
window to a multicast (e.g. point-to-multipoint data transfer) 124 for several participants
106_1-106_n, embodiments enable transferring the necessary information for the reception

window with its frequency and/or time position within a bandwidth of approximately 100 kHz.

After extracting the required data, the participant 106_1 may determine the temporal
position(s) and/or the frequency channel / the frequency channels of the reception window
(e.g. the hopping pattern of the (partial) payload data packets of the point-to-multipoint data
transfer 124) and to receive the (partial) payload data packets of the multicast message

(point-to-multipoint data transfer 124) accordingly by switching the carrier frequency.

To this end, a so-called (partial) synchronization data packet 126 may be emitted on a firmly

defined frequency at a previously agreed upon point in time in a temporally defined interval
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before the payload data packet 128 of the point-to-multipoint data transfer 124. This (partial)
synchronization data packet 126 may be used to determine the start of the payload data

packet 128 of the point-to-multipoint data transfer 124.

If a payload data packet 128 of the point-to-multipoint data transfer 124 is emitted by means
of a channel access pattern (or hopping pattern), this (partial) synchronization data packet
126 may further contain information used to derive the channel access pattern (or hopping
pattern) as well as the time and frequency position of the payload data packet 128 of the

point-to-multipoint data transfer 124, or this was agreed upon in another way in advance.

Such an emission of a (partial) synchronization data packet 126 before the actual emission
(of the payload data packet 128 of the point-to-multipoint data transfer) is shown in Fig. 11.
In this case, the (partial) synchronization data packet 126 contains the information about
the channel access pattern (e.g. hopping pattern) used for the payload data packet 128 of
the point-to-multipoint data transfer 124. The interval between the (partial) synchronization
data packet 126 and the payload data packet 128 of the point-to-multipoint data transfer
124 may be firmly defined or may be available as information in the (partial) synchronization
data packet 126.

In detail, Fig. 11 shows an occupancy of the frequency band 103 of the communication
system 100 in the transfer of a point-to-multipoint data transfer 124 with a synchronization
data packet 126 and a payload data packet 128, according to an embodiment of the present
invention. In Fig. 11 the ordinate describes the frequency (frequency channels), and the

abscissa describes the time (time slots).

As can be seen in Fig. 11, the synchronization data packet 126 may be transferred in a
specified frequency range 125 (frequency channel c0 in Fig. 11). As is indicated in Fig. 11,
for example, the specified frequency range 125 may include one frequency channel.
Obviously, the specified frequency range 125 may also include more than one frequency
channel, e.g. two or three frequency channels, if the specified frequency range 125 is
smaller than a reception bandwidth of a receiver of the participant 106_1. If the
synchronization data packet 126 is transferred on the basis of the telegram splitting method,
depending on the channel coding used, the specified frequency range 125 may also be

larger than the reception bandwidth of the receiver of the participant 106_1.
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As can be further seen in Fig. 11, the payload data packet 128 of the point-to-multipoint
data transfer 124 may be transferred on the basis of the telegram splitting method (TSMA).
In this case, the payload data packet 128 (e.g. of the physical layer in the OSI model) may
be divided onto a plurality of partial payload data packets 128_1-128_i (i=8), wherein the
plurality of partial payload data packets 128_1-128_i (i=8) is transferred distributed in time
(e.g. across several time slots) and/or frequency (e.g. across several frequency channels)

according to a time and/or frequency hopping pattern.

Thus, the synchronization data packet 128 may comprise information about the time and/or
frequency hopping pattern, wherein the participant 106_1 may be configured to receive the
plurality of partial payload data packets 128_1-128_i (i=8) on the basis of the information

about the time and/or frequency hopping pattern.

In other words, Fig. 11 shows an emission of a (partial) synchronization data packet 126
before the actual emission of the payload data packet 128 of the point-to-multipoint data

transfer 124.

In embodiments, a (partial) synchronization data packet 126, e.g. containing the necessary
information about the channel access pattern/hopping pattern used for the payload data
packet 128 of the point-to-multipoint data transfer 124, may be emitted temporally
referenced before the emission of the payload data packet 128 of the point-to-multipoint

data transfer 124.

2.2 Information of the participants about an upcoming multicast (e.q. Point-to-multipoint

data transfer)

Normally, the participants 106_1-106_n operate asynchronously in the network (e.g.
communication system) 100 and are therefore ready for the reception of a message (e.g.
the downlink data transfer 122) only after they have transmitted a telegram (e.g. the uplink
data transfer 120) to the base station 104, for example, as is the case in the communication
system specified in the ETSI Standard TS 103 357 [4].

For the participants (e.g. the devices) 106_1-106_n to still have the possibility to receive a
multicast (point-to-multipoint data transfer) 124, each of them is informed individually that a

multicast (e.g. point-to-multipoint data transfer) 124 is upcoming. In addition, the exact
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frequency of the multicast (e.g. the point-to-multipoint data transfer) 124 may be transferred,

e.g., as explained in section 1.

In addition to signaling the multicast message (e.g. the point-to-multipoint data transfer) 124
according to section 1, the base station 104 may transfer the information about time and
frequency with respect to the actual quartz offset of the participant 106_1. A possibility
would be to directly inform the participant 106_1 about the quartz offset so that it may

perform the compensation itself.

In embodiments, beside signaling the point in time of the multicast message (e.g. point-to-
multipoint data transfer) 124 according to section 1, information about time and/or frequency
and/or hopping pattern with respect to the current quartz offset of the participant may be

transferred individually to each participant.

The information about an upcoming multicast (e.g. point-to-multipoint data transfer) 124
may also take place several days in advance. However, in this case, it is to be considered
that the quartz of the participant 106_1 may have significant deviations. For example, a
simple clock quartz with £ 60 ppm would have a deviation of £ 36 seconds after 7 days.
This inaccuracy is reduced to 12 seconds across 7 days through a calibration with the HF

quartz, e.g., having an accuracy of + 20 ppm.

In embodiments, instead of the signaling of the start of the actual multicast (e.g. the actual
point-to-multipoint data transfer 124, i.e. the payload data packet 128 of the point-to-
multipoint data transfer 124) as described in section 1, the start of the (partial)
synchronization data packet 126 of the point-to-multipoint data transfer 124 may be signaled

in the individual downlink message (downlink data transfer 122).

2.3 Dividing the synchronization data packet into several partial synchronization data

packets

A (partial) synchronization data packet 126 emitted temporally referenced to a following
payload data packet 128 of the point-to-multipoint data transfer 124 has been introduced at
the start of section 2. This (partial) synchronization data packet 126 may also contain the
information as to how the channel access pattern (or hopping pattern) of the payload data

packet 128 of the point-to-multipoint data transfer 124 is composed.
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In contrast to the payload data packet 128 of the point-to-multipoint data transfer 124, which
is typically divided into several partial data packets (e.g. partial payload data packets)
128_1-128_i, the (partial) synchronization data packet 126 in the embodiment shown in Fig.

11 is a single transfer (e.g. an occupied resource element) only.

If there is a disruption during this transfer, the participants 106_1-106_n can usually not

extract the data from this (partial) synchronization data packet 126.

The typical bandwidth of a frequency channel in Fig. 11 is below 50 kHz. However, the low

cost participants 106_1-106_n can typically process up to 100 kHz and more in real time.

Thus, it is possible for the participants 106_1-106_n to receive and search through at least

two frequency channels in parallel.

It is advantageous to also divide the (partial) synchronization data packet 126 by means of
the telegram splitting transfer method. Due to the very limited size of payload data in the
(partial) synchronization data packet 126, no more than five partial data packets (e.g. partial

synchronization data packets) are typically required.

When using a coding that allows at least one partial data packet (e.g. partial synchronization
data packet) to be lost, the hopping pattern for the divided synchronization data packet 126
may be selected such that a larger bandwidth is occupied than can be received by the low
cost participant. The only important thing is that the low cost participant is always able to at
least receive the minimum number of required frequency channels, regardless of the quartz

offset.

Such an example is outlined in Fig. 12. There, the synchronization data packet 126 is
divided into three partial data packets (partial synchronization data packets) 126_1-126_k
(k=3) and is transferred on the frequency channels c0 to c2. A pause in the transfer could
also be introduced between the partial data packets (partial synchronization data packets)
126_1-126_k (k=3), and the arrangement of the partial data packets 126_1-126_k (k=3)
with respect to the frequencies could be selected differently. The only important thing is that

this structure (e.g. the hopping pattern) is known in advance to the participant 106_1.

In detail, Fig. 12 shows, in a diagram, an occupancy of the frequency band 103 of the

communication system 100 in the transfer of a point-to-multipoint data transfer 124 with a
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synchronization data packet 126 and a payload data packet 128, wherein the
synchronization data packet 126 is divided onto a plurality of partial synchronization data
packets 126_1-126_k (k=3) and the payload data packet 128 is divided onto a plurality of
partial payload data packets 128_1-128_i (i=8), according to an embodiment of the present
invention. In Fig. 12, the ordinate describes the frequency (frequency channels), and the
abscissa describes the time (time slots). In other words, Fig. 12 shows a subdivision of the
synchronization data packet 126 into three partial data packets (partial synchronization data

packets) 126_1-126_k (k=3), wherein these are transferred on different frequencies.

As can be seen in Fig. 12, the partial synchronization data packets 126_1-126_k (k=3) may
be transferred on different frequency channels (the frequency channels c0, ¢1, and c2 in
Fig. 12) within the specified frequency range 125. In this case, the specified frequency range
125 may be smaller than or equal to the reception bandwidth of the receiver of the
participant 106_1. If the partial synchronization data packets 126_1-126_k (k=3) are
channel-encoded, i.e. not all of the partial synchronization data packets 126_1-126_k are
required to successfully decode the synchronization data packet 126, but only a part of the
partial synchronization data packets 126_1-126_k is required, the specified frequency range
125 may also be larger than the reception bandwidth of the receiver of the participant 106_1,
as long as it is ensured that at least as many of the plurality of partial synchronization data
packets 126_1-126_k are transferred per partial frequency range within the specified
frequency range 125 as are required to successfully decode the synchronization data
packet 126, wherein each of the one or several partial frequency ranges at most

corresponds to the reception bandwidth of the receiver of the participant 106_1.

For illustration purposes, the synchronization data packet 126 is divided into three partial
synchronization data packets 126_1-126_k (k=3) in Fig. 12; in embodiments, the
synchronization data packets 126 may be divided into k partial synchronization data packets

126_1-126_k, with k being a natural number larger than or equal to two, k = 2.

In embodiments, the emission of the synchronization data packet 126 may be divided into
partial data packets (partial synchronization data packets) 126_1-126_k, wherein these are
placed such that a low-cost participant (a more cost-efficient participant) 106_1 may receive
at least a part of these partial data packets (partial synchronization data packets) 126_1-
126_k. That is, at least the number of partial data packets (partial synchronization data
packets) 126_1-126_k required for the faultless reception is within the bandwidth of the low-

cost receiver.
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2.4 Dividing the transmission and reception load between base station and participant

When the notification of a multicast (e.g. point-to-multipoint data transfer) 124 takes place
long before the multicast (e.g. point-to-multipoint data transfer) 124, the time difference
between the expected transfer and the actual transfer may be several seconds, e.g., £
36 seconds, due to reference time offsets (e.g. caused by quartz offsets) between the base
station 104 and the participant 106_1. For the participant 106_1 to be able to receive the
minimum number of required symbols, it is either necessary for the participant 106_1 to
perform reception for a very long time, e.g. 72 seconds, or for the base station 104 to

transmit repetitions very often.

In embodiments, the emission of the synchronization data packet 126 may be repeated so
many times (e.g. the base station 104 may be configured to repeat the same so many times)
that the duration of the complete sequence (e.g. multiple emission of the synchronization
data packet 126) is longer than the maximum offset (e.g. the time offset) between the base
station 104 and the participant 106_1.

In embodiments, the search range of the receiver (e.g. of the participant 106_1) may be
longer than the maximum possible time offset (e.g. caused by quartz offsets) between the

base station 104 and the participant 106_1.

With respect to the first possibility, it is to be considered that the base station 104 often has
only a limited transmission time per time unit (e.g. SRD in EU at a duty cycle of 10% =6
minutes per hour). In the case of the second possibility, the participant has to perform
reception for a very long time. This may not be possible due to limited resources, in the form
of the battery, the available RAM, and the CPU computational time. The solution is that the
base station emits the sync sequence (e.g. the synchronization data packet 126) more often
(e.g. multiple times) and the participant 106_1 searches for an emission more often. Using
intervals that are relatively prime with respect to each other between the emission interval
and the reception window interval, the probability of the emission (e.g. the synchronization

data packet 126) taking place at the point in time of the reception window may be increased.

In embodiments, intervals between the repeated emissions of the (partial) synchronization

data packets 126 may be relatively prime with respect to each other.
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In embodiments, the distances of the reception windows of the participant 106_1 may be
relatively prime with respect to each other. For example, in the selection of the reception
window, the participant 106_1 may be configured to select distances that are relatively

prime with respect to each other.

Such an example is illustrated in Fig. 13. The base station 104 transmits the (partial)
synchronization data packets 126 (sync sequence) four times, and the participant 106_1
tries to find the sequence three times. The intervals between the emissions (of the (partial)
synchronization data packets 126) and the reception window 129 may be selected to be
orthogonal (e.g. relatively prime with respect to each other) so as to increase the probability

of an overlap.

In detail, Fig. 13 shows an occupancy of the specified frequency range 125 in the repeated
emission of the synchronization data packet 126, wherein the synchronization data packet
is divided onto a plurality of partial synchronization data packets 126_1-126_k (k=3)
transferred distributed in the specified frequency range according to a time and frequency
hopping pattern, according to an embodiment of the present invention. In this case, the
ordinate describes the frequency, and the abscissa describes the time. In other words, Fig.
13 shows mulltiple repetitions of the (partial) synchronization data packets 126 and multiple

searches for them.

As can be seen in Fig. 13, distances t1 between the reception windows 129 of the participant
and distances t; between the repeated emission of the synchronization data packet 126 or
the repeated emission of the plurality of partial synchronization data packets 126_1-126_k

(k=3) may have be relatively prime with respect to each other.

2.5 Variation of the frequencies of the (partial) synchronization data packets

In the embodiments described in sections 2.1, 2.3, and 2.4, the (partial) synchronization
data packet(s) 126 is/are transferred on the same frequency, or on the same (adjacent)
frequencies, to enable low-cost participants to have a synchronization on the payload data

packet 128 of the point-to-multipoint data transfer 124.

The emission of the payload data packet 128 of the point-to-multipoint data transfer 124
takes place in a larger frequency range. This increases the interference reliability of the

payload data packet 128 of the point-to-multipoint data transfer 124 compared to the
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(partial) synchronization data packet(s) 126. In addition, in static scenarios, it is possible
that the few frequency channels of the (partial) synchronization data packets 126 are exactly
located in a fading hole and are therefore never received by a participant. In addition, it may
be necessary in some regions (e.g. USA) to uniformly occupy frequencies so as to obtain a

certification (e.g. according to the FCC).

This problem may be circumvented by emitting the (partial) synchronization data packets
126_1-126_k multiple times on different frequencies. This schema is illustrated in Fig. 14.
There, the first emission (e.g. of the (partial) synchronization data packets 126_1-126_k)
occupies the frequency channels cO to ¢2, and the second emission (e.g. of the (partial)
synchronization data packets 126_1-126_k) occupies the channels c3 to c5. Accordingly,
the frequency channels c6 to c8 may be occupied in further emissions (e.g. of the (partial)

synchronization data packets 126_1-126_Kk).

In detail, Fig. 14 shows an occupancy of the frequency band 103 of the communication
system 100 in the transfer of a point-to-multipoint data transfer 104 with a plurality of partial
payload data packets 128_1-128_i (i=8) and a repeated emission of partial synchronization
data packets 126_1-126_k on different partial frequency ranges 125_1 and 125_2 of the
specified frequency range 125, according to an embodiment of the present invention. In Fig.
14, the ordinate describes the frequency (frequency channels), and the abscissa describes

the time (time slots).

In embodiments, the partial frequency ranges 125_1 and 125_2 may each be smaller than
a reception bandwidth of the receiver of the participant 106_1, or the receivers of the

participants (106_1-106_n) of the communication system 100.

In other words, Fig. 14 shows a variation of the frequency channels of the (partial)

synchronization data packets 126_1-126_k.

Thus, e.g., a participant 106_1 that detects no (partial) synchronization data packets 126_1-
126_k in channels c0 to c2 may change the channel and look there for (partial)
synchronization data packets 126_1-126_k again. If it does not detect anything there, it

could change the channel again, etc.
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This makes it possible for participants (e.g. nodes) that face a continuous disruption on
certain partial channels or that are in a fading hole to still participate at the multicast (e.g.

point-to-multipoint data transfer) 124.

For illustration purposes, in embodiments, an increasing order of the frequency channels
for the successive partial synchronization data packets 126_1-126_k was selected.
However, this is not mandatory, i.e. another sequence of the frequency channels (e.g.
emission n: c0,c1,c2, emission n+1: ¢10,c11,c12, emission n+2: ¢5,c6,c7, etc.) may be

determined in other embodiments.

In embodiments, the frequency channels used for the emission of the (partial)
synchronization data packets 126_1-126_k may be variable in time. In this case, there may
be a temporal periodicity with which the entire pattern of the sequence of channels is

repeated.

To maximize the transfer reliability, it is possible to derive the (partial) synchronization data
packet 126_1-126_k of the different time slots from the same synchronization information
so as to be able to use any combination of the (partial) synchronization data packets 126_1-
126_k for the reconstruction of the data. If this is the case, the receiver (e.g. of the
participant 106_1), in case of the same clustering across the time slots, cannot
unambiguously determine which frequency offset is present since it cannot determine
whether the partial synchronization data packets 126_1-126_k belonged to the emission n

or n+1 if the frequency offset is larger than the distance of the clusters.

In this case, the term cluster refers to the emission of the partial synchronization data
packets 126_1-126_k. For example, a first emission of the partial synchronization data
packets 126_1-126_k (k=3) may be referred to as first cluster 130_1, whereas a second
emission of the partial synchronization data packets 126_1-126_k (k=3) may be referred to

as second cluster 130_2 (c.f. Fig. 14).

In embodiments, the clusters 130_1-130_2 may be separated from each other in frequency
such that an accidental synchronization, due to a frequency offset, to the cluster shifted in

the frequency range is not possible.

Within a cluster 130_1-130_2, it may be of advantage to know exactly which of the (partial)

synchronization data packets 126_1-126_k have been received. For example, in case of a



10

15

20

25

30

35

57 DK/EP 3932124 T3

3-piece clustering cO+c1+c2, if one of the outer two (partial) synchronization data packets
126_1-126_k is disrupted, i.e. c0 or c2, the participant (e.g. node) 106_1 may be able to
successfully synchronize and also decode due to the error protection, but it does not know

whether it has received cO+c1 or c1+c2.

If the frequency channels cX and cX+1 are spaced apart far enough from each other that,
despite the frequency offset, one may unambiguously determine on which cX the (partial)

synchronization data packet has been transmitted, this ambiguity is no longer given.

In embodiments, the frequency channels within a cluster 130_1-130_2 may be separated
from each other in frequency such that adjacent channels do not overlap, even in case of a

frequency offset.

Another solution is to design the cluster 130_1-130_2 such that the frequency hopping
pattern within the cluster is unambiguous. That is, it is not stepwise as shown in Fig. 14, but
it is the sequence c0+c2+c1, which, in case of a successful detection of at least two (partial)
synchronization data packets 126_1-126_k, unambiguously determines which (partial)

synchronization data packets 126_1-126_k have been received.

In embodiments, the clusters 130_1-130_2 of the (partial) synchronization data packets
126_1-126_k may be selected such that there are no repeating identical intervals in time
and/or frequency of the (partial) synchronization data packets 126_1-126_k within the

cluster.
A further possibility is to identify the frequency position of the cluster 130_1-130_2 on the
basis of the distance to the payload data packet 128, or the partial payload data packets

128_1-128_i, of the point-to-multipoint data transfer 124.

In embodiments, the clusters 130_1-130_2 may have such a temporal distance that they

may be assigned unambiguously by the participant 106_1.

2.6 Interleaved clusters in case of repeated emission of the (partial) synchronization

data packets before a payload data packet of the point-to-multipoint data transfer

According to section 2.4, if the partial synchronization data packets 126_1-126_k are

emitted repeatedly, there is the possibility to temporally interleave the at least two
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emissions. This can be seen in Fig. 15 for a twofold emission in the case of a subdivision
(e.g. of the synchronization data packet 126) into three partial synchronization data packets
126_1-126_k (k=3).

In detail, Fig. 15 shows an occupancy of the frequency band 103 of the communication
system 100 in the transfer of a point-to-multipoint data transfer 104 with a plurality of partial
payload load data packets 128 _1-128_i (i=8) and a repeated emission of partial
synchronization data packets 126_1-126_k (k=3), wherein the repeated emissions of partial
synchronization data packets 126_1-126_k (k=3) are interleaved, according to an
embodiment of the present invention. In Fig. 15, the ordinate describes the frequency
(frequency channels), and the abscissa describes the time (time slots). In other words, Fig.
15 shows temporal interleaving of two emissions of partial synchronization data packets
126_1-126_k (k=3).

The advantage of this temporal interleaving is the interference robustness, since there is a
larger temporal interval between adjacent frequency channels. As to the properties for a
synchronization of a participant 106_1, there are no changes for the same, except that there
is a higher latency for the reception of the partial synchronization data packets 126_1-
126_k. However, this not problematic since, after the reception of the partial synchronization
data packet 126_1-126_k, the participant 106_1 has to wait anyway until it can receive the
payload data packet 128, or the plurality of partial payload data packet 128_1-128_i, of the

point-to-multipoint data transfer 124.

Since the distance between the last synchronization data packet 126_3 and the start of the
first partial payload data packet 128_1 of the point-to-multipoint data transfer 124 varies
from cluster 130_1 to cluster 130_2, this distance (i.e. the temporal start of the first partial
payload data packet 128_1 and of the point-to-multipoint data transfer 124) may either be

known to the participant 106_1 in advance or may be signaled appropriately.

In embodiments, in case of a repeated emission of the partial synchronization data packets
126_1-126_k (e.g. before a (partial) payload data packet 128 of the point-to-multipoint data
transfer 124), the repetitions (e.g. of the partial synchronization data packets 126_1-126_k

may be interleaved.

In case of several repetitions, all emissions (e.g. of the partial synchronization data packets

126_1-126_k) may be interleaved within each other, wherein, between the partial
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synchronization data packets 126_1-126_k of a transfer, there is a pause corresponding to

the number of repetitions.

In the example of Fig. 15, a single repetition (e.g. of partial synchronization data packet
126_1-126_k) is used so that there are pauses for exactly one hop each between the partial
synchronization data packets 126_1-126_k of the first emission rQ, i.e. the duration of a
partial synchronization data packet. In the case of a twofold repetition (e.g. of partial
synchronization data packets 126_1-126_k), the pause would be two hops (e.g. partial

synchronization data packets), etc.

Emission r1 starts with the same pattern (corresponds to a cluster) at time step t1. By
selecting the distances to be equidistant, it is ensured that there are no temporal overlaps
between the repetitions.

When using two repetitions, the second repetition would start in the time slot t2.

In embodiments, a base cluster (e.g. base hopping pattern) used in all repeated emissions

(e.g. of partial synchronization data packets 126_1-126_k) may be used.
In embodiments, temporal intervals between the partial synchronization data packets
126_1-126_k within the cluster may correspond to the number of repetitions (e.g. of the

partial synchronization data packets 126_1-126_Kk).

2.7 Virtual cyclical continuation of the sequence in case of a partial reception with cyclic

correlation

If the participant (e.g. terminal node) 106_1 does not know the exact temporal position of
the partial synchronization data packets 126_1-126_k, it may receive at least twice the
length of the sequence in order to obtain it fully once. Provided the base station 104
continuously repeats the partial synchronization data packets 126_1-126_k (e.g. without a

temporal pause).

To reduce the reception time to precisely the length of the partial synchronization data
packets 126_1-126_Kk, the receiver (e.g. of the participant 106_1) may cyclically correlate
the partial synchronization data packets and therefore receive the sequence regardless of

the position of the data received. To this end, the emission (e.g. of the partial
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synchronization data packets 126_1-126_Kk) should take place coherently across the entire
length, e.g. with a SDR frontend (SDR=Software Defined Radio).

Fig. 16 shows, in a diagram, an occupancy of the specified frequency range 125 in case of
a periodic emission of partial synchronization data packets 126_1-126_k (k=3) as well as a
reception window 129 of the receiver of the participant 106_1 for receiving the partial
synchronization data packets 126_1-126_k (k=3), according to an embodiment of the
present invention. In Fig. 16, the ordinate describes the frequency, and the abscissa
describes the time. In other words, Fig. 16 shows a cyclic reception of the sync sequence

(e.g. partial synchronization data packets 126_1-126_k (k=3)).

In embodiments, the receiver (e.g. of the participant 106_1) may use the periodicity of the

partial synchronization data packets 126_1-126_k (k=3) for a cyclic correlation.

For a more robust reception, it is possible to perform the cyclic correlation only on fully
received partial synchronization data packets. In this case, for example, the reception
window 129 is extended to the length of four partial synchronization data packets. Thus,
three partial synchronization data packets are always fully received and may be combined
to a sequence. The correlation may take place in the time or frequency domain (e.g. via an
FFT).

Fig. 17 shows, in a diagram, an occupancy of the specified frequency range 125 in case of
a periodic emission of partial synchronization data packets 126_1-126_k (k=3) as well as a
reception window 129 of the receiver of the participant 106_1 for receiving the partial
synchronization data packets 126_1-126_k (k=3), wherein a length of the reception window
129 corresponds to a length of four partial synchronization data packets, according to an
embodiment of the present invention. In Fig. 17, the ordinate describes the frequency, and
the abscissa describes the time. In other words, Fig. 17 shows a cyclic reception of the sync
sequence (e.g. partial synchronization data packet 126_1-126_k (k=3)) on the partial

synchronization data packet level.

In embodiments, the receiver (e.g. of the participant 106_1) may use the periodicity of the
partial synchronization data packets 126_1-126_k for a cyclic correlation on the partial

synchronization data packet level.
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In addition, a combination of the embodiments of sections 2.4, 2.5, and 2.6 is possible, as

is illustrated in Fig. 18.

In detail, Fig. 18 shows, in a diagram, an occupancy of the specified frequency range 125
in a repeated emission of partial synchronization data packets 126_1-126_k (k=3) as well
as two reception windows 129_1 and 129_2 of the receiver of the participant 106_1 for
receiving the partial synchronization data packet 126_1-126_k (k=3), wherein the repeated
emissions of the partial synchronization data packets 126_1-126_k (k=3) are versions of
each other that are shifted in time and frequency, according to an embodiment of the
present inventions. In Fig. s18, the ordinate describes the frequency, and the abscissa
describes the time. In other words, Fig. 18 shows a cyclic reception of the sequence (e.g.
partial synchronization data packets 126_1-126_k) on the basis of the partial

synchronization data packet level on different frequencies.

2.8 Different code rates

In order to ensure the highest possible transfer reliability, it is advantageous to provide the
transfer data with an error protection code. Depending on the requirement of the system
(communication system) 100, it may be necessary to use more (partial) synchronization
data packets so that the threshold where the packet (e.g. partial synchronization data

packet) may be synchronized is at least below the threshold where it may be decoded.

For example, if a very low-rate error protection (e.g. a convolutional code with a code rate
of ¥4 ) is used in the payload data packet 128 of the point-to-multipoint data transfer 124,
this packet is decodable up to a SNR of 0 dB, for example. Now, if very few (partial)
synchronization data packets 126_1-126_k (e.g. high-rate error protection (e.g. a
convolutional code with a code rate of 1/2)) are emitted, the (partial) synchronization data
packets 126_1-126_n may be synchronized successfully up to a SNR of +3 dB only. In this
case, the increased error protection in the payload data packet 128 of the point-to-multipoint
data transfer 124 would be wasted energy in the emission of the payload data packet 128
of the point-to-multipoint data transfer 124, since the payload data packet 128 of the point-
to-multipoint data transfer 124 may not be received without a synchronization of the (partial)
synchronization data packets 126_1-126_k, since its position and/or hoping pattern is

unknown.
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Accordingly, the number of the (partial) synchronization data packets 126_1-126_k may be
adapted to the error protection code of the payload data packet 128 of the point-to-multipoint

data transfer 124 that is to be used.

In embodiments, the number of the (partial) synchronization data packets 126_1-126_k may
be adapted to the error protection used in the payload data packet 128 of the point-to-

multipoint data transfer 124.

Since the information in the (partial) synchronization data packet should also be decodable
at the same threshold as the payload data packet 128 of the point-to-multipoint data transfer
124, it may be of advantage to provide the synchronization data packet 126 with a similar
error protection code as the payload data packet 128 of the point-to-multipoint data transfer
124.

In embodiments, the payload data packet 128 of the point-to-multipoint data transfer 124

and the synchronization data packet 126 may use the same error protection code.

In embodiments, the payload data packet 128 of the point-to-multipoint data transfer 124
and the synchronization data packet 126 may use error protection codes that have a

comparable performance.

If the synchronization data packet 126 is very short, it may be useful to use a simple
repetition code instead of a common error protection code (e.g. a convolutional code) and
to pack all of the information into each individual partial synchronization data packet 126_1-
126_k.

In embodiments, all partial synchronization data packets 126_1-126_k may be symbol-

identical.

3. Further embodiments

The embodiments described in the following may be implemented, or applied, for

themselves or in combination with the above-described embodiments.

Fig. 19 shows a flow diagram of a method 240 for operating an uncoordinatedly-transmitting

participant of communication system, according to an embodiment of the present invention.
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The method 240 includes a step 242 of receiving a synchronization data packet of a point-
to-multipoint data transfer of a base station of the communication system, wherein the
synchronization data packet is transferred in a frequency range of the frequency band that
is specified or known to the participant. Furthermore, the method 240 includes a step 244
of receiving, on the basis of the synchronization data packet, a payload data packet of the
point-to-multipoint data transfer that is referenced [e.g. synchronized; e.g. transmitted with
a specified time and/or frequency interval] in time and/or frequency to the synchronization

data packet.

Fig. 20 shows a flow diagram of a method 250 for operating a base station of a
communication system, according to an embodiment of the present invention. The method
250 includes a step 252 of transmitting a point-to-multipoint data transfer to a plurality of
uncoordinatedly-transmitting participants of the communication system, wherein the point-
to-multipoint data transfer comprises a synchronization data packet and a payload data
packet that is referenced [e.g. synchronized: e.g. transmitted with a specified time and/or
frequency interval and/or time hopping pattern and/or frequency hopping pattern] in time
and/or frequency to the synchronization data packet, wherein the synchronization data
packet is transferred in a frequency range of the frequency band of the communication

system that is specified or known to the participants.

Embodiments of the present invention are used in communication systems for the radio
transfer of data from participants [terminal devices] to a base station or from one/several
base stations to participants [e.g. terminal devices]. For example, the communication
system may be a personal area network (PAN) or a low power wide area network (LPWAN),
wherein the participants (e.g. terminal devices) may be battery-operated sensors (sensor

nodes), for example.

Embodiments of the present invention target application cases in which a message (e.g. a
data packet) is transferred to several participants (multicast) in several partial data packets
by means of the so-called telegram splitting method (Telegram Splitting Multiple Access,
TSMA).

Embodiments of the present invention concern a system (communication system) for the
digital transfer of data via a radio transfer system. The data transmitted is typically

transferred in several partial frequency channels of the overall available bandwidth.
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Embodiments of the present invention may be used in so-called non-coordinated networks
in which the radio participants transfer the data in an uncoordinated manner (without a

previous allocation of a radio resource).

For example, embodiments of the present invention may be used in a communication
system as defined in the ETSI TS 103 357 standard [4].

Embodiments provide a participant [e.g. a terminal point] of a communication system,
[wherein the communication system communicates wirelessly in a frequency band [e.g. the
ISM band] used by a plurality of [e.g. mutually uncoordinated] communication systems],
wherein the participant is configured to transmit data uncoordinatedly with respect to other
participants and/or a base station of the communication system, wherein the participant is
configured to receive, temporally synchronized to a transmitted uplink data transfer to the
base station of the communication system, a downlink data transfer from the base station,
wherein the downlink data transfer comprises signaling information, wherein the participant
is configured to receive a point-to-multipoint data transfer [e.g. a multicast data transfer]

from the base station on the basis of the signaling information.

In embodiments, the signaling information may comprise information about a point in time

of the point-to-multipoint data transfer.

For example, the information about the point in time may be an absolute point in time, a
relative point in time [e.g. a defined time span between the downlink data transfer and the
point-to-multipoint data transfer], or information from which the absolute or relative points in

time may be derived, such as a number of clock cycles of an oscillator of the participant.

In embodiments, the signaling information may further comprise information about a
frequency channel [e.g. of the frequency band used by the communication system] of the

point-to-multipoint data transfer.

For example, the information about the frequency channel may be an absolute frequency
channel or a relative frequency channel [e.g. a distance between a frequency channel of

the downlink data transfer and a frequency channel of the point-to-multipoint data transfer].

In embodiments, the point-to-multipoint data transfer may comprise a plurality of sub-data

packets transferred distributed in time and/or frequency according to a time and/or
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frequency hopping pattern, wherein the signaling information further comprises information

about the time and/or frequency hopping pattern.

For example, the point-to-multipoint data transfer may be a telegram splitting-based data
transfer. In a telegram splitting-based data transfer, the data to be transferred [e.g.
[encoded] payload data of the physical layer] is divided onto a plurality of sub-data packets
so that the plurality of sub-data packets each comprises only a part of the data to be
transferred, wherein the plurality of sub-data packets is transferred not continuously, but

distributed in time and/or frequency according to a time and/or frequency hopping pattern.

In embodiments, the information about the point in time of the point-to-multipoint data
transfer may comprise a defined [e.g. desired or intentional] inaccuracy that is at least large
enough so that a receiver-side synchronization to the point-to-multipoint data transfer is
required for receiving the point-to-multipoint data transfer, wherein the participant is
configured to perform a synchronization to the point-to-multipoint data transfer so as to

receive the point-to-multipoint data transfer.

In embodiments, the defined inaccuracy may be in the range of 1 to 10,000 symbol

durations.

In embodiments, the defined inaccuracy may be subject to non-linear scaling [e.g. a
logarithmic scaling] as a function of a temporal interval to the point-to-multipoint data
transfer so that the inaccuracy is larger as the interval to the point-to-multipoint data transfer

increases.

In embodiments, the downlink data transfer may further comprise clock generator correction
information [e.g. a quartz offset in ppm is used for a timer and a frequency generator] for
correcting a clock deviation of a clock generator of the participant, wherein the participant
is configured to correct a clock deviation of the clock generator on the basis of the clock

generator correction information.

In embodiments, the uplink data transfer may be a first uplink data transfer, wherein the
downlink data transfer may be a first downlink data transfer, wherein the signaling
information is first signaling information, wherein the first signaling information signals a
period of time or point in time [e.g. a rough point in time] for a second uplink data transfer

[e.g. following the first uplink data transfer], wherein the participant is configured to transmit
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the second uplink data transfer to the base station in the signaled period of time and to
receive, temporally synchronized to the second uplink data transfer, a second downlink data
transfer from the base station, wherein the second downlink data transfer comprises second
signaling information, wherein the participant is configured to receive the point-to-multipoint
data transfer [e.g. the multicast data transfer] on the basis of the second signaling

information.

In embodiments, the second signaling information may comprise information about a point

in time of the point-to-multipoint data transfer.

In embodiments, the second signaling information may further comprise information about
a frequency channel [e.g. of the frequency band used by the communication system] of the

point-to-multipoint data transfer.

In embodiments, the point-to-multipoint data transfer may comprise a plurality of sub-data
packets transferred distributed in time and/or frequency according to a time and/or
frequency hopping pattern, wherein the second signaling information further comprises

information about the time and/or frequency hopping pattern.

In embodiments, the participant may be configured, if the second downlink data transfer
could not be received successfully [e.g. if the second downlink data transfer did not occur
or was interrupted], to transmit a third uplink data transfer to the base station and to receive,
temporally synchronized to the third uplink data transfer, a third downlink data transfer from
the base station, wherein the third downlink data transfer comprises third signaling
information, wherein the participant is configured to receive the point-to-multipoint data

transfer [e.g. the multicast data transfer] on the basis of third signaling information.

In embodiments, the first downlink data transfer or the second downlink data transfer may
further comprise clock generator correction information describing a clock deviation of a
clock generator of the participant with respect to a reference clock, wherein the participant
is configured to receive the point-to-multipoint data transfer by using the clock generator
correction information [e.g. to correct a clock deviation of the clock generator on the basis
of the clock generator correction information for receiving the point-to-multipoint data

transfer].
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In embodiments, the uplink data transfer may be a first uplink data transfer, wherein the
downlink data transfer is a first downlink data transfer, wherein the signaling information is
first signaling information, wherein the first signaling information comprises information
about a rough point in time of the point-to-multipoint data transfer, [e.g. wherein the
information about the rough point in time of the point-to-multipoint data transfer is too
inaccurate for a reception of the point-to-multipoint data transfer], wherein the participant is
configured to transmit a fourth uplink data transfer to the base station before the rough point
in time of the point-to-multipoint data transfer and to receive, temporally synchronized to the
fourth uplink data transfer, a fourth downlink data transfer from the base station, wherein
the fourth downlink data transfer comprises fourth signaling information, wherein the
participant is configured to receive the point-to-multipoint data transfer [e.g. the multicast

data transfer] on the basis of the fourth signaling information.

In embodiments, the fourth signaling information may comprise information about a point in

time of the point-to-multipoint data transfer.

In embodiments, the fourth signaling information may further comprise information about a
frequency channel [e.g. of the frequency band used by the communication system] of the

point-to-multipoint data transfer.

In embodiments, the point-to-multipoint data transfer may comprise a plurality of sub-data
packets transferred distributed in time and/or frequency according to a time and/or
frequency hopping pattern, wherein the fourth signaling information may further comprise

information about the time and/or frequency hopping pattern.

In embodiments, the first downlink data transfer or the fourth downlink data transfer may
further comprise clock generator correction information for correcting a clock deviation of a
clock generator of the participant, wherein the participant is configured to correct a clock

deviation of the clock generator on the basis of the clock generator correction information.

In embodiments, the signaling information may be first signaling information, wherein the
first signaling information comprises information about a point in time of a support beacon,
wherein the participant is configured to receive the support beacon on the basis of the first
signaling information, wherein the support beacon comprises fifth signaling information,
wherein the participant is configured to receive the point-to-multipoint data transfer [e.g. the

multicast data transfer] on the basis of the fifth signaling information.
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In embodiments, the first signaling information may further comprise information about a
frequency channel [e.g. of the frequency band used by the communication system] or a

frequency offset of the support beacon.

In embodiments, the fifth signaling information may comprise information about a point in

time of the point-to-multipoint data transfer.

In embodiments, the fifth signaling information may further comprise information about a
frequency channel [e.g. of the frequency band used by the communication system] of the

point-to-multipoint data transfer.

In embodiments, the point-to-multipoint data transfer may comprise a plurality of sub-data
packets transferred distributed in time and/or frequency according to a time and/or
frequency hopping pattern, wherein the fifth signaling information further comprises

information about the time and/or frequency hopping pattern.

In embodiments, the downlink data transfer or the support beacon may further comprise
clock generator correction information for correcting a clock deviation of a clock generator
of the participant, wherein the participant is configured to correct a clock deviation of the

clock generator on the basis of the clock generator correction information.

In embodiments, the participant may be configured to transmit data asynchronously to other

participants and/or the base station of the communication system.

For example, the participant may be configured to transmit the uplink data transfer

asynchronously to the base station.

In embodiments, the participant may be configured to transmit the uplink data transfer to

the base station at a random or pseudo-random point in time.

In embodiments, the uplink data transfer may comprise a plurality of sub-data packets
transferred distributed in time and/or frequency according to a time and/or frequency

hopping pattern.
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For example, the uplink data transfer may be a telegram splitting-base data transfer. In a
telegram splitting-base data transfer, the data to be transferred [e.g. (encoded) payload
data of the physical layer] is divided onto a plurality of sub-data packets so that the plurality
of sub-data packets each comprises only a part of the data to be transferred, wherein the
plurality of sub-data packets is transferred not continuously, but distributed in time and/or

frequency according to a time and/or frequency hopping pattern.

In embodiments, the downlink data transfer may comprise a plurality of sub-data packets
transferred distributed in time and/or frequency according to a time and/or frequency

hopping pattern.

For example, the downlink data transfer may be a telegram splitting-base data transfer. In
a telegram splitting-base data transfer, the data to be transferred [e.g. (encoded) payload
data of the physical layer] is divided onto a plurality of sub-data packets so that the plurality
of sub-data packets each comprises only a part of the data to be transferred, wherein the
plurality of sub-data packets is transferred not continuously, but distributed in time and/or

frequency according to a time and/or frequency hopping pattern.

In embodiments, the participant may be a sensor node or actuator node.

In embodiments, the participant may be battery-operated.

In embodiments, the participant may comprise an energy harvesting element for generating

electric energy.

Further embodiments provide a base station of a communication system [wherein the
communication system communicates wirelessly in a frequency band [e.g. the ISM band]
used by a plurality of [e.g. mutually uncoordinated] communication systems], wherein the
base station is configured to receive an uplink data transfer from a participant of the
communication system, wherein the uplink data transfer is uncoordinated, wherein the base
station is configured to transmit, temporally synchronized to the received uplink data
transfer of the participant, a downlink data transfer to the participant, wherein the downlink
data transfer comprises signaling information, wherein the signaling information signals a
subsequent point-to-multipoint data transfer or a further data transfer preceding the point-
to-multipoint data transfer, wherein the base station is configured to transmit [e.g. to a

plurality of participants of the communication system, wherein the participant is part of the
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plurality of participants] the point-to-multipoint data transfer according to the signaling

information.

In embodiments, the signaling information may comprise information about a point in time

of the point-to-multipoint data transfer.

For example, the information about the point in time may be an absolute point in time, a
relative point in time [e.g. a defined time span between the downlink data transfer and the
point-to-multipoint data transfer], or information from which the absolute or relative points in

time may be derived, such as a number of clock cycles of an oscillator of the participant.

In embodiments, the signaling information may further comprise information about a
frequency channel [e.g. of the frequency band used by the communication system] of the

point-to-multipoint data transfer.

For example, the information about the frequency channel may be an absolute frequency
channel or a relative frequency channel [e.g. a distance between a frequency channel of

the downlink data transfer and a frequency channel of the point-to-multipoint data transfer].

In embodiments, the point-to-multipoint data transfer may comprise a plurality of sub-data
packets transferred distributed in time and/or frequency according to a time and/or
frequency hopping pattern, wherein the signaling information further comprises information

about the time and/or frequency hopping pattern.

For example, the point-to-multipoint data transfer may be a telegram splitting-based data
transfer. In a telegram splitting-based data transfer, the data to be transferred [e.g.
[encoded] payload data of the physical layer] is divided onto a plurality of sub-data packets
so that the plurality of sub-data packets each comprises only a part of the data to be
transferred, wherein the plurality of sub-data packets is transferred not continuously, but

distributed in time and/or frequency according to a time and/or frequency hopping pattern.

In embodiments, the information about the point in time of the point-to-multipoint data
transfer may comprise a defined [e.g. desired or intentional] inaccuracy that is at least large
enough so that a receiver-side synchronization to the point-to-multipoint data transfer is

required for receiving the point-to-multipoint data transfer.
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In embodiments, the defined inaccuracy may be in the range of 1 to 10,000 symbol

durations.

In embodiments, the defined inaccuracy may be subject to non-linear scaling as a function
of a temporal interval to the point-to-multipoint data transfer so that the inaccuracy is larger

as the interval to the point-to-multipoint data transfer increases.

In embodiments, the base station may be configured to determine a clock deviation of a
clock generator of the participant on the basis of the uplink data transfer of the participant,
wherein the base station is configured to provide the downlink data transfer with clock
generator correction information for correcting the clock deviation of the clock generator of

the participant.

In embodiments, the base station may be configured to determine a clock deviation of a
clock generator of the participant on the basis of the uplink data transfer to the participant,
wherein the information about the point in time of the point-to-multipoint data transfer which
the signaling information comprises considers the clock deviation on the clock generator of
the participant [e.g. such that the clock deviation of the clock generator is compensated],
and/or wherein the information about the frequency channel of the point-to-multipoint data
transfer which the signaling information comprises considers the clock deviation of the clock
generator of the participant [e.g. such that the clock deviation of the clock generator is

compensated].

In embodiments, the uplink data transfer may be a first uplink data transfer, wherein the
downlink data transfer is a first downlink data transfer, wherein the signaling information is
first signaling information, wherein the first signaling information signals a period of time or
point in time [e.g. a rough point in time] for a second uplink data transfer [e.g. following the
first uplink data transfer], wherein the base station is configured to receive the second uplink
data transfer from the participant in the signaled period of time and to transmit, temporally
synchronized to the second uplink data transfer, a second downlink data transfer to the
participant, wherein the second downlink data transfer comprises second signaling
information, wherein the second signaling information signals the subsequent point-to-
multipoint data transfer [e.g. wherein the second uplink data transfer and/or the second
downlink data transfer is the further data transfer], wherein the base station is configured to

transmit [e.g. to a plurality of participants of the communication system, wherein the



10

15

20

25

30

35

72 DK/EP 3932124 T3

participant is part of the plurality of participants] the point-to-multipoint data transfer

according to the second signaling information.

In embodiments, the second signaling information may comprise information about a point

in time of the point-to-multipoint data transfer.

In embodiments, the second signaling information may further comprise information about
a frequency channel [e.g. of the frequency band used by the communication system] of the

point-to-multipoint data transfer.

In embodiments, the point-to-multipoint data transfer may comprise a plurality of sub-data
packets transferred distributed in time and/or frequency according to a time and/or
frequency hopping pattern, wherein the second signaling information further comprises

information about the time and/or frequency hopping pattern.

In embodiments, the base station may be configured to determine a clock deviation of a
clock generator of the participant on the basis of the second uplink data transfer of the
participant, wherein the base station is configured to provide the second downlink data
transfer with clock generator correction information for correcting the clock deviation of the

clock generator of the participant.

In embodiments, the base station may be configured to determine a clock deviation of clock
generator of the participant on the basis of the first or second uplink data transfers of the
participant, wherein the information about the point in time of the point-to-multipoint data
transfer which the second signaling information comprises considers the clock deviation of
the clock generator of the participant [e.g. such that the clock deviation of the clock

generator is compensated].

In embodiments, the uplink data transfer may be a first uplink data transfer, wherein the
downlink data transfer is a first downlink data transfer, wherein the signaling information is
first signaling information, wherein the first signaling information comprises information
about a rough point in time of the point-to-multipoint data transfer [e.g. wherein the
information about the rough point in time of the point-to-multipoint data transfer is too
inaccurate for a reception of the point-to-multipoint data transfer], wherein the base station
is configured to receive a fourth uplink data transfer from the participant before the rough

point in time of the point-to-multipoint data transfer and to transmit, temporally synchronized
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to the fourth uplink data transfer, a fourth downlink data transfer to the participant, wherein
the fourth downlink data transfer comprises fourth signaling information, wherein the fourth
signaling information signals the subsequent point-to-multipoint data transfer, [e.g. wherein
the fourth uplink data transfer and/or the fourth downlink data transfer is the further data
transfer], wherein the base station is configured to transmit [e.g. to a plurality of participants
of the communication system, wherein the participant is part of the plurality of participants]

the point-to-multipoint data transfer according to the fourth signaling information.

In embodiments, the fourth signaling information may comprise information about a point in

time of the point-to-multipoint data transfer.

In embodiments, the fourth signaling information may further comprise information about a
frequency channel [e.g. of the frequency band used by the communication system] of the

point-to-multipoint data transfer.

In embodiments, the point-to-multipoint data transfer may comprise a plurality of sub-data
packets transferred distributed in time and/or frequency according to a time and/or
frequency hopping pattern, wherein the fourth signaling information may further comprise

information about the time and/or frequency hopping pattern.

In embodiments, the base station may be configured to determine a clock deviation of a
clock generator of the participant on the basis of the fourth uplink data transfer of the
participant, wherein the base station is configured to provide the fourth downlink data
transfer with clock generator correction information for correcting the clock deviation of the

clock generator of the participant.

In embodiments, the base station may be configured to determine a clock deviation of a
clock generator of the participant on the basis of the fourth uplink data transfer of the
participant, wherein the information about the point in time of the point-to-multipoint data
transfer which the fourth signaling information comprises considers the clock deviation on
the clock generator of the participant [e.g. such that the clock deviation of the clock
generator is compensated], and/or wherein the information about the frequency channel of
the point-to-multipoint data transfer which the fourth signaling information comprises
considers the clock deviation of the clock generator of the participant [e.g. such that the

clock deviation of the clock generator is compensated)].
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In embodiments, the signaling information may be first signaling information, wherein the
first signaling information comprises information about a point in time of a support beacon,
wherein the base station is configured to transmit [e.g. to a plurality of participants of the
communication system, wherein the participant is part of the plurality of participants] the
support beacon according to the first signaling information, wherein the support beacon
comprises fifth signaling information, wherein the fifth signaling information signals the
subsequent point-to-multipoint data transfer [e.g. wherein the support beacon is the further

data transfer].

In embodiments, the first signaling information may further comprise information about a
frequency channel [e.g. of the frequency band used by the communication system] of the

support beacon.

In embodiments, the fifth signaling information may comprise information about a point in

time of the point-to-multipoint data transfer.

In embodiments, the fifth signaling information may further comprise information about a
frequency channel [e.g. of the frequency band used by the communication system] of the

point-to-multipoint data transfer.

In embodiments, the point-to-multipoint data transfer may comprise a plurality of sub-data
packets transferred distributed in time and/or frequency according to a time and/or
frequency hopping pattern, wherein the fifth signaling information further comprises

information about the time and/or frequency hopping pattern.

In embodiments, the base station may be configured to determine a clock deviation of a
clock generator of the participant on the basis of the uplink data transfer of the participant,
wherein the base station is configured to provide the downlink data transfer or the support
beacon with clock generator correction information for correcting the clock deviation of the

clock generator of the participant.

In embodiments, the base station may be configured to determine a clock deviation of a
clock generator of the participant on the basis of the uplink data transfer of the participant,
wherein the information about the point in time of the point-to-multipoint data transfer which
the fifth signaling information comprises considers the clock deviation of the clock generator

of the participant [e.g. such that the clock deviation of the clock generator is compensated].
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Further embodiments provide a method for operating a participant of a communication
system. The method includes a step of transmitting an uplink data transfer to a base station
of the communication system, wherein the uplink data transfer is uncoordinated.
Furthermore, the method includes a step of receiving, temporally synchronized to the uplink
data transfer, a downlink data transfer from the base station, wherein the downlink data
transfer comprises signaling information. Furthermore, the method includes a step of
receiving a point-to-multipoint data transfer [e.g. a multicast data transfer] from the base

station on the basis of the signaling information.

Further embodiments provide a method for operating a base station of a communication
system. The method includes a step of receiving an uplink data transfer from a participant
of the communication system, wherein the uplink data transfer is uncoordinated.
Furthermore, the method includes a step of transmitting, temporally synchronized to the
uplink data transfer, a downlink data transfer to the participant, wherein the downlink data
transfer comprises signaling information, wherein the signaling information signals a
subsequent point-to-multipoint data transfer or a further data transfer preceding the point-
to-multipoint data transfer. Furthermore, the method includes a step of transmitting [e.g. to
a plurality of participants of the communication system, wherein the participant is part of the
plurality of participants] the point-to-multipoint data transfer according to the signaling

information.

Even though some aspects have been described within the context of a device, it is
understood that said aspects also represent a description of the corresponding method, so
that a block or a structural component of a device is also to be understood as a
corresponding method step or as a feature of a method step. By analogy therewith, aspects
that have been described within the context of or as a method step also represent a
description of a corresponding block or detail or feature of a corresponding device. Some
or all of the method steps may be performed while using a hardware device, such as a
microprocessor, a programmable computer or an electronic circuit. In some embodiments,

some or several of the most important method steps may be performed by such a device.

Depending on specific implementation requirements, embodiments of the invention may be
implemented in hardware or in software. Implementation may be effected while using a
digital storage medium, for example a floppy disc, a DVD, a Blu-ray disc, a CD, a ROM, a
PROM, an EPROM, an EEPROM or a FLASH memory, a hard disc or any other magnetic



10

15

20

25

30

35

76 DK/EP 3932124 T3

or optical memory which has electronically readable control signals stored thereon which
may cooperate, or cooperate, with a programmable computer system such that the
respective method is performed. This is why the digital storage medium may be computer-

readable.

Some embodiments in accordance with the invention thus comprise a data carrier which
comprises electronically readable control signals that are capable of cooperating with a
programmable computer system such that any of the methods described herein is

performed.

Generally, embodiments of the present invention may be implemented as a computer
program product having a program code, the program code being effective to perform any

of the methods when the computer program product runs on a computer.

The program code may also be stored on a machine-readable carrier, for example.

Other embodiments include the computer program for performing any of the methods

described herein, said computer program being stored on a machine-readable carrier.

In other words, an embodiment of the inventive method thus is a computer program which
has a program code for performing any of the methods described herein, when the computer

program runs on a computer.

A further embodiment of the inventive methods thus is a data carrier (or a digital storage
medium or a computer-readable medium) on which the computer program for performing
any of the methods described herein is recorded. The data carrier, the digital storage

medium, or the recorded medium are typically tangible, or non-volatile.

A further embodiment of the inventive method thus is a data stream or a sequence of signals
representing the computer program for performing any of the methods described herein.
The data stream or the sequence of signals may be configured, for example, to be

transmitted via a data communication link, for example via the internet.

A further embodiment includes a processing unit, for example a computer or a
programmable logic device, configured or adapted to perform any of the methods described

herein.
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A further embodiment includes a computer on which the computer program for performing

any of the methods described herein is installed.

A further embodiment in accordance with the invention includes a device or a system
configured to transmit a computer program for performing at least one of the methods
described herein to a receiver. The transmission may be electronic or optical, for example.
The receiver may be a computer, a mobile device, a memory device or a similar device, for
example. The device or the system may include a file server for transmitting the computer

program to the receiver, for example.

In some embodiments, a programmable logic device (for example a field-programmable
gate array, an FPGA) may be used for performing some or all of the functionalities of the
methods described herein. In some embodiments, a field-programmable gate array may
cooperate with a microprocessor to perform any of the methods described herein.
Generally, the methods are performed, in some embodiments, by any hardware device.
Said hardware device may be any universally applicable hardware such as a computer

processor (CPU), or may be a hardware specific to the method, such as an ASIC.

For example, the apparatuses described herein may be implemented using a hardware

device, or using a computer, or using a combination of a hardware device and a computer.

The apparatuses described herein, or any components of the apparatuses described
herein, may at least be partially implement in hardware and/or software (computer

program).

For example, the methods described herein may be implemented using a hardware device,

or using a computer, or using a combination of a hardware device and a computer.

The methods described herein, or any components of the methods described herein, may

at least be partially implement by performed and/or software (computer program).

The above-described embodiments merely represent an illustration of the principles of the
present invention. It is understood that other persons skilled in the art will appreciate
modifications and variations of the arrangements and details described herein. This is why

it is intended that the invention be limited only by the scope of the following claims rather
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than by the specific details that have been presented herein by means of the description

and the discussion of the embodiments.
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Patentkrav

1. Deltager (106_1) i et kommunikationssystem (100),

hvor deltageren (106_1) er udformet til at sende data asynkront til en basissta-
tion (104) af kommunikationssystemet (100),

hvor deltageren (106_1) er udformet til at modtage en synkroniseringsdata-
pakke (126) af en multicast-dataoverfersel (124) fra basisstationen (104) i
kommunikationssystemet (100), hvor synkroniseringsdatapakken (126) over-
fores i et af deltageren (106_1) kendt frekvensomrade (125) af frekvensbandet
(103) af kommunikationssystemet (100), hvor det af deltageren kendte fre-
kvensomrade hgjst svarer til en modtagebandbredde af en modtager af delta-
geren, hvor frekvensbandet, der anvendes af kommunikationssystemet, om-
fatter en bandbredde, der er sterre end modtagebandbredden af modtageren
af deltageren med mindst faktor 5,

hvor deltageren (106_1) er udformet til at modtage, pa basis af synkronise-
ringsdatapakken (126), en nyttelastdatapakke (128) af multicast-dataoverfaers-
len (124), der i tid og/eller frekvens refererer til synkroniseringsdatapakken
(126);

hvor synkroniseringsdatapakken (126) af multicast-dataoverfersien (124)
overfgres opdelt pa en flerhed af partielle synkroniseringsdatapakker (126_1-
126_K), hvor flerheden af partielle synkroniseringsdatapakker (126_1-126_k)
hver omfatter en del af synkroniseringsdatapakken (126), og hvor flerheden af
partielle synkroniseringsdatapakker (126_1-126_k) overfgres fordelt i tid og
frekvens i overensstemmelse med et af deltageren (106_1) kendt tids- og fre-
kvenshoppemaenster,

hvor deltageren (106_1) er udformet til at modtage flerheden af partielle syn-
kroniseringsdatapakker (126_1-126_Kk) pa basis af det af deltageren (106_1)
kendte tids- og frekvenshoppemaeanster,

hvor flerheden af partielle synkroniseringsdatapakker (126_1-126_k) overfa-

res inden for det frekvensomrade, som deltageren kender.
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2. Deltager (106_1) ifelge krav 1,

hvor nyttelastdatapakken (128) af multicast-dataoverferslen (124) overfgres
opdelt pa en flerhed af partielle nyttelastdatapakker (128 1-128 i), hvor fler-
heden af partielle nyttelastdatapakker (128_1-128 i) hver omfatter en del af
nyttelastdatapakken (128), og hvor flerheden af partielle nyttelastdatapakker
(128_1-128_1i) overfares fordelt i tid og/eller frekvens i overensstemmelse med
et tids- og/eller frekvenshoppemeanster,

hvor synkroniseringsdatapakken (126) omfatter information om tids- og/eller
frekvenshoppemeansteret,

hvor deltageren (106_1) er udformet til at modtage flerheden af partielle nytte-
lastdatapakker (128 1-128 i) pa basis af informationen om tids- og/eller fre-

kvenshoppemaeansteret.

3. Deltager (106_1) ifelge et af de foregaende krav,

hvor deltageren (106_1) er udformet til at sende en uplink-dataoverfarsel (120)
til basisstationen (104) af kommunikationssystemet (100) og til at modtage en
downlink-data overfersel (122), der er midlertidigt synkroniseret med den
transmitterede uplink-dataoverfarsel (120), fra basisstationen (104), hvor
downlink-dataoverfarslen (122) omfatter signaleringsinformation,

hvor deltageren (106_1) er udformet til at modtage synkroniseringsdatapakken

(126) af multicast-dataoverfarslen (124) pa basis af signaleringsinformationen.

4. Deltager (106_1) ifalge krav 3,

hvor signaleringsinformationen omfatter information om et tidspunkt for over-
farslen af synkroniseringsdatapakken (126),

og/eller

hvor downlink-dataoverfagrslen (122) omfatter information om tids- og/eller fre-

kvenshoppemaeansteret af synkroniseringsdatapakken (126).



10

15

20

25

30

DK/EP 3932124 T3

5. Deltager (106_1) ifelge et af de foregaende krav,

hvor synkroniseringsdatapakken (126) udsendes flere gange, hvor en farste
udsendelse af synkroniseringsdatapakken (126) og en anden udsendelse af
synkroniseringsdatapakken (126) er versioner af hinanden, der er forskudt i tid

og/eller frekvens.

6. Deltager (106_1) ifelge et af de foregaende krav,

hvor synkroniseringsdatapakken (126) og nyttelastdatapakken (128) af multi-
cast-dataoverfarslen (124) er kodet med den samme fejlbeskyttelseskode,
og/eller

hvor de partielle synkroniseringsdatapakker (126_1-126_Kk) er kanalkodede,
saledes at kun en delmeengde af flerheden af partielle synkroniseringsdata-
pakker (126_1-126 k) er pakreevet for en vellykket afkodning af synkronise-
ringsdatapakken (126), hvor deltageren (106_1) er udformet til at modtage og
afkode i det mindste en del af flerheden af partielle synkroniseringsdatapakker

(126_1-126 k) for at opna synkroniseringsdatapakken (126).

7. Deltager (106_1) ifelge et af de foregaende krav,

hvor deltageren (106_1) er en sensorknude eller aktuatorknude,

og/eller

hvor deltageren (106_1) er batteridrevet,

og/eller

hvor deltageren (106_1) omfatter et energih@stelement til generering af elek-

trisk energi.

8. Basisstation (104) af et kommunikationssystem (100),

hvor basisstationen (104) er udformet til at sende en multicast-dataoverfarsel
(124) til asynkront sendende deltagere (106_1-106_n) af kommunikationssy-
stemet (100), hvor multicast-dataoverferslen (124) omfatter en synkronise-

ringsdatapakke (126) og en nyttelastdatapakke (128), der i tid og/eller frekvens
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refererer til synkroniseringsdatapakken (126), hvor synkroniseringsdatapak-
ken (126) overferes i et af deltagerne (106_1-106_n) kendt frekvensomrade
(125) af frekvensbandet (103) af kommunikationssystemet (100),

hvor basisstationen (104) er udformet til at overfere synkroniseringsdatapak-
ken (126) af multicast-dataoverferslen (124) opdelt pa en flerhed af partielle
synkroniseringsdatapakker (126_1-126_Kk), hvor flerheden af partielle synkro-
niseringsdatapakker (126_1-126_k) hver omfatter en del af synkroniserings-
datapakken (126), og hvor flerheden af partielle synkroniseringsdatapakker
(126_1-126_K) overferes fordelt i tid og frekvens i overensstemmelse med et
tids- og frekvenshoppemanster, der er kendt af deltageren (106_1),

hvor flerheden af partielle synkroniseringsdatapakker (126_1-126_k) overfa-
res i overensstemmelse med tids- og frekvenshoppeme@nsteret af synkronise-
ringsdatapakken (126) inden for det frekvensomrade (125), som deltagerne
(106_1-106_n) kender,

hvor det af deltagerne (106_1-106_n) kendte frekvensomradet (125) hajst sva-
rer til en modtagebandbredde af modtageren af deltagerne (106_1-106_n),
hvor frekvensbandet, der anvendes af kommunikationssystemet, omfatter en
bandbredde, der er starre end modtagebandbredden for deltagernes modta-

gere i det mindste med faktoren 5.

9. Basisstation (104) ifelge krav 8,

hvor basisstationen (104) er udformet til at overfare nyttelastdatapakken (128)
af multicast-dataoverfarslen (124) opdelt pa en flerhed af partielle nyttelastda-
tapakker (128_1-128 i), hvor flerheden af partielle nyttelastdatapakker
(128_1-128_i) hver omfatter en del af nyttelastdatapakken (128), og hvor fler-
heden af partielle nyttelastdatapakker (128_1-128 i) overferes fordelt i tid
og/eller frekvens ifglge et tids- og/eller frekvenshoppemeanster,

hvor basisstationen (104) er udformet til at forsyne synkroniseringsdatapakken

(126) med information om tids- og/eller frekvenshoppemeansteret.
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10. Basisstation (104) ifalge et af de foregaende krav,

hvor basisstationen (104) er udformet til at modtage en uplink-dataoverfarsel
(120) fra en af deltagerne (106_1) og til at sende en downlink-dataoverfarsel
(122), der er midlertidigt synkroniseret til uplink-dataoverfersien (120), til del-
tageren (106_1), hvor downlink-dataoverferslen (122) omfatter signaleringsin-
formation, hvor signaleringsinformationen signalerer synkroniseringsdatapak-
ken (126).

11. Basisstation (104) ifalge et af de foregaende krav,

hvor basisstationen (104) er udformet til at udsende synkroniseringsdatapak-
ken (126) flere gange,

hvor en farste udsendelse af synkroniseringsdatapakken (126) og en anden
udsendelse af synkroniseringsdatapakken (126) er versioner af hinanden, der

er forskudt i tid og/eller frekvens.

12. Basisstation (104) ifalge et af de foregaende krav,

hvor synkroniseringsdatapakkerne (126) og nyttelastdatapakken (128) af mul-
ticast-dataoverferslen (124) er kodet med den samme fejlbeskyttelseskode,
og/eller

hvor basisstationen (104) er udformet til at kanalkode de partielle synkronise-
ringsdatapakker (126_1-126 k), saledes at kun en delmeengde af flerheden af
partielle synkroniseringsdatapakker (126_1-126_k) er nedvendig for at afkode
synkroniseringsdatapakken (126).

13. Fremgangsmade til at betjene en asynkront sendende deltager (106 _1) af
et kommunikationssystem (100), hvor fremgangsmaden omfatter:

at modtage en synkroniseringsdatapakke (126) af en multicast-dataoverfersel
(124) af basisstationen (104) af kommunikationssystemet (100), hvor synkro-
niseringsdatapakken (126) overferes i et af deltageren (106_1) kendt frekvens-

omrade (125) af frekvensband (103) af kommunikationssystemet (100),
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at modtage, pa basis af synkroniseringsdatapakken, en nyttelastdatapakke
(128), som i tid og/eller frekvens refererer til synkroniseringsdatapakken (126),
af multicast-dataoverferslen (124)

hvor synkroniseringsdatapakken (126) af multicast-dataoverfersien (124)
overfgres opdelt pa en flerhed af partielle synkroniseringsdatapakker (126_1-
126_Kk), hvor flerheden af partielle synkroniseringsdatapakker (126_1-126 k)
hver omfatter en del af synkroniseringsdatapakken (126), og hvor flerheden af
partielle synkroniseringsdatapakker (126_1-126_k) overfgres fordelt i tid og
frekvens i overensstemmelse med et tids- og frekvenshoppemenster, der er
kendt af deltageren (106_1),

hvor flerheden af partielle synkroniseringsdatapakker (126_1-126_k) modta-
ges pa basis af det tids- og frekvenshoppemenster, som deltageren kender
(106_1),

hvor flerheden af partielle synkroniseringsdatapakker (126_1-126_k) overfa-
res inden for det frekvensomrade, som deltageren kender,

hvor det frekvensomrade, som deltageren kender, hgjst svarer til en modtage-
bandbredde af en modtager af deltageren,

hvor frekvensbandet, der anvendes af kommunikationssystemet, omfatter en
bandbredde, der er starre end modtagebandbredden af modtageren af delta-

geren i det mindste med faktoren 5.

14. Fremgangsmade til drift af en basisstation (104) af et kommunikationssy-
stem (100), hvor fremgangsmaden omfatter:

at sende en multicast-dataoverfersel (124) til en flerhed af asynkront sendende
deltagere (106_1-106_n) af kommunikationssystemet (100), hvor multicast-
dataoverfagrslen (124) omfatter en synkroniseringsdatapakke (126) og en nyt-
telastdatapakke (128), der i tid og/eller frekvens refererer til synkroniserings-
datapakken (126), hvor synkroniseringsdatapakken (126) overfgres i et af del-
tagerne (106_1-106_n) kendt frekvensomrade (125) af frekvensbandet (103)

af kommunikationssystemet (100),
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hvor synkroniseringsdatapakken (126) af multicast-dataoverfersien (124)
overfgres opdelt pa en flerhed af partielle synkroniseringsdatapakker (126_1-
126_Kk), hvor flerheden af partielle synkroniseringsdatapakker (126_1-126 k)
hver omfatter en del af synkroniseringsdatapakken (126), og hvor flerheden af
partielle synkroniseringsdatapakker (126_1-126_k) overfgres fordelt i tid og
frekvens i overensstemmelse med et tids- og frekvenshoppemenster, der er
kendt af deltageren (106_1),

hvor flerheden af partielle synkroniseringsdatapakker (126_1-126_k) overfa-
res i overensstemmelse med tids- og frekvenshoppem@nsteret for synkronise-
ringsdatapakken (126) inden for det frekvensomrade (125), som deltagerne
kender (106_1-106_n),

hvor frekvensomradet (125), som deltagerne kender (106_1-106_n), hajst sva-
rer til en modtagebandbredde af modtageren af deltagerne (106_1-106_n),
hvor frekvensbandet, der anvendes af kommunikationssystemet, omfatter en
bandbredde, der er starre end modtagebandbredden for deltagernes modta-

gere i det mindste med faktoren 5.

15. Computerprogram til udferelse af fremgangsmaden ifalge et hvilket som
helst af kravene 13 og 14, nar computerprogrammet kerer pa en computer, en

mikroprocessor eller en softwaredefineret radio.
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Receiving a synchronization data packet of a point-to-multipoint
data transfer of a base station of the communication system,
wherein the synchronization data packet is transferred
in a frequency range of the frequency band of
the communication system that is specified or
known to the participant

242

|

Receiving, on the basis of the synchronization data packet,
a payload data packet of the point-to-multipoint data transfer
that is referenced to the synchronization data packet
in time and/or frequency

—~—244

|

Fig. 19
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Transmitting a point-to-multipoint data transfer to
a plurality of uncoordinatedly transmitting participants of
the communication system, wherein the point-to-multipoint
data transfer comprises a synchronization data packet ~—252
and a payload data packet that is referenced to
the synchronization data packet in time and/or frequency,
wherein the synchronization

|

Fig. 20
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